KARADENIZ TEKNIK UNIVERSITESI
FEN BiLIMLERI ENSTITUSU

FiZiK ANABILIM DALI

ELASTIK VE INELASTIK p-**’Ar REAKSIYONLARI VE VERILERIN

SRM iLE ANALIZi

DOKTORA TEZIi

Filiz KORKMAZ GORUR

TEMMUZ 2006
TRABZON



KARADENIZ TEKNIK UNIVERSITESI
FEN BiLIMLERI ENSTITUSU

FiZiK ANABILIM DALI
ELASTIK VE INELASTIK p-**Ar REAKSIYONLARI VE VERIiLERIN

SRM iLE ANALIZi

Filiz KORKMAZ GORUR

Karadeniz Teknik Universitesi Fen Bilimleri Enstitiisiince
) “Fizi.k Doktora”
Unvam Verilmesi I¢cin Kabul Edilen Tezdir.

Tezin Enstitiiye Verildigi Tarih : 12.06.2006
Tezin Savunma Tarihi : 07.07.2006

Tez Damisman : Prof. Dr. Nazmi Turan OKUMUSOGLU

Jiiri Uyesi : Prof. Dr. Hasan GUMUS

Jiiri Uyesi : Doc. Dr. Belgin KUCUKOMEROGLU
Jiiri Uyesi : Doc. Dr. A. Hakan YILMAZ

Jiiri Uyesi : Doc. Dr. Selami SASMAZ

Enstitii Miidiirii : Prof. Dr. Emin Zeki BASKENT

Trabzon 2006



ONSOZ

Bu calisma, Karadeniz Teknik Universitesi Fen Bilimleri Enstitiisii Fizik Anabilim
Dali’nda “Doktora Tezi” olarak hazirlanmustir. Calismada, protonlarin *°Ar ¢ekirdeginden
sacilmalarina ait verilerin Soft Rotator Modeli (SRM, Yumusak Rotator Modeli) ile insa
edilen ciftlenme semasina dayanan, ¢iftlenmis kanal analizi (CC) yapilmasi1 amaclandi ve
gergeklestirildi.

Bana bu tez konusunu ve deneysel verilerini veren, Ozel kiitiiphanesinden
faydalanmami saglayan, calismalarim sirasinda karsilastigim  biitiin - giicliiklerin
asilmasinda beni yonlendiren, ilgi ve yardimlarim1 esirgemeyen, engin bilgi ve
deneyimlerinden yararlandigim, saygi deger hocam ve danismanim Prof. Dr. Nazmi Turan
Okumusoglu’na saygi ve siikranlarimi sunmay1 bir borg bilirim.

Tez calismamda kullandigim OPTMAN ve SHEMMAN programini bana saglayan ve
karsilastigim tiim zorluklarda yardimlarin1 esirgemeyen Nuclear Data Evaluation
Laboratory, Minsk-Sosny, Belarus, baskam1 Prof.Dr. Efrem Soukhovitski saygi ve
stikranlarim1 sunarim.

Lisans derslerimi aldigim Ondokuz Mayis Universitesi Egitim Fakiiltesi Fizik Egitimi
Boliimii 6gretim tiyelerine, yiiksek lisans ve doktora derslerimi aldigim Karadeniz Teknik
Universitesi Fen-Edebiyat Fakiiltesi Fizik Boliimii 6gretim iiyelerine, bu giine kadar
tizerimde emegi olan biitiin 6gretmenlerime saygi ve siikranlarimi sunarim.

Tez caligmalarim sirasinda karsilastigim giicliikleri asmamda bana her tiirlii destegi
saglayan esim Yrd. Dog. Dr. Osman Goriir’e tesekkiirlerimi sunmayi bir borg bilirim.

Beni yetistiren ve bugiin bulundugum yerde olmamda sonsuz katkilar1 olan anneme,

babama ve agabeyime tesekkiir ederim.

Filiz KORKMAZ GORUR
Trabzon 2006

II



ICINDEKILER

Sayfa No

ONSOZ....iti e I
ICINDEKILER ......cocoovitiieieieteic ettt 111
OZET ..ottt ettt ettt ettt ettt \Y%
SUMMARY ottt ettt ettt et e et e et e s b e e bt e e bt e e e e VI
SEKILLER DIZINT .....ooviiiioiiiioeeeeeeeeeeeeeeeee ettt A1
TABLOLAR DIZINI ..ot X
L. GENEL BILGILER ........coiiiiiiiiiiiieiciete et 1
| DR € 51 1O OO P PP PO OPRR 1
1.2.  Niikleer Sagilma Reaksiyonlart...........ccccoeriiiiiiiiiiiiiieiee e 5
1.3.  Sacilma Teorisi ve Diferansiyel Tesir Kesiti .........ccccceviviieiinniiiiiiniiiciniieeeieen, 5
L4, Sacima GENIIGi .. .eeveeiiiiiieiiiiee ettt ettt et e e eee e e 8
1.5.  Soft- Rotator Model (Yumusak Rotator Modeli)............coooeeeiiiiiiiiiiiiiiiieicccn, 11
1.6.  Optiksel Potansiyel ve Ciftlenmis Kanallar...............occccoooiiiiiiniiiiinineeee 22
1.6.1. Soft Rotator Model Uzerine Kurulan Ciftlenmis Kanal (CC) Yapisinin

ANA ESASIAIT. c..oiiiiiiiiiieii e e 27
1.7.  Sacgilma Problemlerinin COZUMIL. ........ceeveriiiiiriiiiee e 29
1.7.1. Radyal Fonksiyonlar I¢in Ciftlenmis Kanal Sisteminin Hassas

COzUMi Ve “MatChING” ...eeiiiiiiiiieee ettt e e e e et e e e e s eeaaas 30
1.7.2. Ciftlenmis Denklemler Sisteminin Coziimii Icin Iterasyon Yaklagimi .................. 32
1.7.3. Niimerik Coziimler ile Karsilastirmak icin Kullanilan Asimptotik Niimerik

Dalga FOnKSIYONIATIT .....coeviiiiiiiiiiiiiiict ettt 34
1.8.  C Matrisi ve Ciftlenmis Kanallarin Optiksel Model Tahmini ...........cccooceeeennnnneee. 35
1.9.  Sacilan Parcaciklarin Agisal Dagiliminin Legendre Polinomu A¢ilimi................. 37
1.10. Optiksel Potansiyel Parametrelerinin Enerjiye Baglilig1........cccccoovieiinniiiannien. 38
1.11. Relativistik Olmayan Schrodinger Denkleminin Relativistik Genellestirilmesi .... 40
1.12.  Potansiyel Ayarlamast ..........oeeecuviiiieeririiiiiiiieee e eiiieieeeeeeeseirieeeeeeesenireeeeeesesnnns 41
1.13. B(E2) Veri ANAlZi......coooovviiiiiiiiiiiiii e 41
2. YAPILAN CALISMALAR ..ottt 43
2.1, Deneysel SISLEIM ....coeeiiiiii ittt et e et e et tee e e et e e e aeee e e eaneeeeeas 43
2.2, Analiz Giicii (A,) Olgiimii I¢in Deneysel DUzenek.............ccevveveverierereeiierennnnn. 43
2.3.  Verilerin Degerlendirilmesi ...........coeeiiiiiiriiiiie e 46



2.3.1. Diferansiyel Tesir Kesiti OICHMI. ...........c.cocoovrevererereeieiceeeeeeteeeeceeseeeeeseseeceeens 47
2.3.2. Analiz Glicti OICHMI ...........ovoveveeeeeeceeeeee et 47
2.4.  OPTMAN Bilgisayar Programi............ccccooiiiiiiiiiiieiieiiee e 48
2.4.1. Alt Programlar...........ccooieiiiiiiiiee ettt et e e e eeaee s 48
2.4.2. FONKSIYONIAT ....ccttiiiiiiieie ettt e et e ettt e e et te e e aeee e e enneeeeeas 52
2.4.3. OPTMAN Bilgisayar Programinin Blok Semasi ...........cccoeiiiiiiiiiiiiiiieee 53
2.4.4. OPTMAN Bilgisayar Programinda Kullanilan Ornek Giris (INPUT)

Verms KOG .oeeeoueeieee ettt ettt e et ee e e eeeeeeas 55
2.4.5. OPTMAN Giris Veri Kiitiigi Elemanlarinin A¢iklanmasi.......ccccoeeveeeeniieeennnnen. 58
2.5.  SHEMMAN Bilgisayar Programi ...........ccccoooieiiiiiiiiinniiiiiiiciece e, 65
2.5.1 SHEMMAN Bilgisayar Programinda Kullanilan Ornek Giris INPUT)

Verms KUHGU...coovuveeeeiiiieie ettt e e 66
2.5.2. SHEMMAN Giris Veri Kiitiigii Elemanlarinin A¢iklanmasi .........cccceeevvieeennnnee.. 66
2.6. ECISO03 Bilgisayar Programi..........cccoooiiiiiiiiiie ettt 68
3. BULGULAR ..ottt sttt ettt et ettt e e s e 69
3.1.  p-"Ar’in Elastik ve inelastik Sagilmalarinin Analizi..............occccocoveereeereennnnn. 69
3.2.  “Ar’in Kolektif Niikleer Diizey Yapisinin SRM AnaliZi........ccccoeeviieeieeiieenennnen. 69
3.2.1. OPTMAN programi ile B(E2) ANaliZi .......ccceerriiiiiiniiiiiiiiiiieiiie e 82
3.2.2. *°Ar Cekirdegi i¢in Legendre Polinom Katsayilarinin Hesabi.............c...ccco.o...... 82
3.3.  ECIS03 Programi ile Yapilan AnalizIer ...........ccoccceeviiniiiiniiiniiiiiiceiccec e, 85
3.4. 4}0.7 MeV Enerjili Polarize Protonlarin OAr Cekirdeginden Elastik ve

Inelastik Sacilmasinin ANAliZi ........ccceeeiiiiiiiriiiiie e 91
3.4.1. Optiksel Model Parametreleri (OMP) .........ccooviiiiiiiiiiiiiiiie e 91
3.4.2. 1.46 MEV (27) DUIUMU. ....eoveeeieiieeeeeeeeeeeeee ettt et e e eee e 95
3.4.3. 3.68MeV (3) DUIUMU ....oooooiiiiiii e 97
3.44. 449 MeV (5) DUIUMU ...coouviiiiiiiiiiiiiieeeeee ettt et 98
4. TARTISMA L.ttt ettt sttt et e et eeaaeenas 103
5 SONUGLAR ...ttt ettt ettt ettt st e e eneee 110
6. ONERILER ..ottt 111
7 KAYNAKLAR . ..ottt ettt ettt st 112
8 EKLER ... oottt ettt sttt sttt et 116
OZGECMIS ..ottt 140

v



OZET

Bu ¢alismada, 25.1, 32.5 ve 40.7 MeV enerjili protonlarin *°Ar ¢ekirdeginden inelastik
sacilmalarina ait verilerin Soft Rotator Modeli (SRM, Yumusak Done¢ Modeli) niikleer
Hamiltoniyen dalga fonksiyonlar1 temeline dayanan ciftlenme ile ¢iftlenmis kanal analizi
(CC) yapilmastir. “Arin taban durumunun (G.S.) yaninda daha once deneysel olarak
incelenen 1.46 MeV (27) , 3.68 MeV (3) ve 4.49 (5) MeV uyarilmis durumlarini da iceren
ilk sekiz diisiik seviyedeki uyarilmis durumlar diisiiniildii. SRM analizinde, “Ar'm
deneysel olarak olgiilen uyarilmis durumlarina en yakin diizeyleri bulan niikleer
Hamiltoniyen parametreleri elde edildi. Elde edilen bu niikleer Hamiltoniyen dalga
fonksiyonlari, CC hesaplarinda uyarilmis durumlar arasinda c¢iftlenmeyi kurmak icin
kullanildi. CC hesaplari her bir enerji i¢in en iyi uyum parametrelerini arayan optik model
(OM) kodu OPTMAN kullanilarak tamamlandi. inelastik ve elastik deneysel verileri
oldukga iyi tanimlayan OM parametreleri bulundu. Elde edilen OM parametreleri, niikleer

optik tesir kesitleri hesaplarinda kullanilabilir. En iyi uyumda *“°Ar'm B,,B; ve Bs
deformasyon parametreleri bulundu. B(E2) 7y-geg¢isleri hesaplandi ve deneysel degerlerle

uyum ic¢inde oldugu goriildii. Diferansiyel tesir kesiti verilerini temsil eden Legendre
polinom katsayilar1 elde edildi ve enerji ile degisiminin diizgiin oldugu bulundu. Sonug
olarak, ortalama hatas1 %2 den kiiciik hataya sahip mevcut deneysel verilerin
tanimlanmasima izin veren OM potansiyeli aym zamanda, mevcut p-"’Ar deneysel
verilerinin tamaminin analizi ile elde edildi. SRM’ye dayanan CC metodu, baslica niikleer
yapt etkilerinden arinmis ortalama alan potansiyelini vermesi acisindan 6nemlidir. CC
SRM analizinde 2* ve 3 diizeyleri i¢in agisal veriler iyi bir sekilde tanimlanir. 4.49+0.03
MeV uyarma enerjisi igin agisal veriler 2" ve 3™ diizeyleri kadar iyi degildir. Tezde ayrica
ECIS kodu ile de CC hesaplar1 yapilmistir. OPTMAN kodunda giris olarak kullandigimiz
OMP, ECIS kodunda giris olarak kullanild1 ve analiz giicii verileri i¢in oldukga iyi teorik

sonuclar elde edildi.

Anahtar Kelimeler: Niikleer Reaksiyonlar, Kolektif Seviyeler 1.46, 3.68 and 4.49 MeV,
Ciftlenmis Kanal (CC) Analizi, SRM, OPTMAN, E=25.1, 32.5, 40.7
MeV Tesir Kesitleri, Analiz Giicii, B(E2)



SUMMARY

Analysis of Proton- YAr Inelastic Scattering Data With Coupled Channel (CC)
Formalism Based On Soft Rotator Model (SRM)

In this study, analysis of proton- *’Ar inelastic scattering data at 25.1, 32.5 and 40.7 MeV
incident energies has been done with a CC formalism with coupling built on SRM nuclear
Hamiltonian wave functions. Besides ground states (G.S.) of “’Ar first eight low-lying excited
states, including 1.46 MeV (2%), 3.68 MeV (3") and 4.49 MeV (5), for which experimental
data was investigated, were considered. In the SRM analysis, nuclear Hamiltonian parameters
for °Ar nucleus, reproducing the experimentally well established excited states of “’Ar were
obtained. Nuclear wave functions of this Hamiltonian, were used to build the coupling between
excited states accounted in CC calculations. Then CC calculations were carried out for each
energy, using OPTMAN optical model (OM) code best fit parameters search option. OM
parameters describing elastic and inelastic experimental data reasonably well were found. The

optical model parameters (OMP) obtained can be used in the calculations of nearby nuclear

optical cross-sections. The best fit “*Ar deformation parameters namely B,.B3 and Bs were

obtained. These parameters were checked to give coincidence between the calculated and the

experimental B(E2) v - transitions. Also Legendre polynomial coefficients representing the

differential cross-section data were obtained and their variation with energy was found to be
smooth. Finally the OM potential allowing the description of the available experimental data
within less than 2 errors in average was obtained by the analysis on all of the available p-*"Ar
experimental data simultaneously. It is important that the mean field optical potential
determined by CC analyses based on SRM; is much less dependent of nuclear structure, as the
latter is already accounted by SRM coupling through the individuality of model wave
functions. In the CC SRM analyses angular data for 2* and 3" states is well described, which
is not as good for 5 level excitation case, excitation energy for which was found to be 4.49+
0.03 MeV .In the thesis CC calculations with ECIS code, was also done. These were necessary
especially to get the theoretical results for analyzing powers data for which we used OPTMAN
OMP as input and got very good results.

Key Words: Nuclear Reactions, 40Ar(f),p'), Collective Levels 1.46, 3.68 and 4.49 MeV,

Coupled Channel (CC) Analyses, SRM, OPTMAN, E=25.1, 32.5, 40.7 MeV
Cross Sections, Analyzing Powers , Deformation Parameters, B(E2)
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1. GENEL BIiLGILER

1.1. Giris

Niikleer fizigin temel amaci, atom cekirdegini olusturan niikleonlar (proton ve
notronlar) arasindaki niikleer kuvvetin, bununla ilgili niikleer potansiyelin ve niikleer
yapinin incelenmesi, anlasilmasi ve belirlenmesidir.

Niikleon-niikleon etkilesmesinin detayli olarak bilinmesi serbest niikleonlarla
cekirdekler arasindaki etkilesmenin anlasilmasinda bir yol gostericidir. Eldeki bilgiler,
maalesef, iki niikleon problemini heniiz tam olarak ¢6zmemize yeterli degildir.
Bildiklerimiz yeterli goriilse bile, onlarla niikleon-¢ekirdek ve cekirdek-cekirdek
etkilesmelerini tam olarak anlamak ve ifade etmek, niikleer fizikte ¢ok parcacik
probleminin {iistesinden gelmek demektir ki bu da heniiz ¢6ziilememis, matematiksel
zorluklart olan, dnemli bir problemdir. Bu nedenle ¢ok pargacikli sistemlerde parcaciklar
arasindaki ve parcgacikla parcacik gruplar arasindaki bireysel kuvvetler iizerinde durmak
yerine, bu parcaciklarin meydana getirdigi sistemin 6nemli davramiglarimi karsilayan
basitlestirilmis, yar1 deneysel modeller yapilmasi yaygin kullanilan bir yontemdir [1].

Giliniimiize kadar atomlar, molekiiller veya elemanter parcaciklarin yapisini
ogrenmekte “sacilma” olarak adlandirilan deneysel yontem ilk sirada gelmistir: Sagilma
olayinda duran (veya belli bir enerjide hareket eden) bir hedef pargacik iizerine, belirli bir
enerjiye sahip diger bir pargacik gonderilir. Carpisma sonrasit c¢ikan, “sacilan”,
parcaciklarin yon ve enerjileri gozlenir. Gelen parcacik ile hedef arasindaki etkilesme
potansiyeli, sacilan parcaciklarin agisal dagilimini ve enerjilerini etkileyen baslica
faktordiir.

Tipik bir niikleer reaksiyon

a+X > Y+b (1)

seklinde yazilir. Diger bir gosterimi X(a,b)Y seklindedir. Burada a gelen parcacik, X hedef

cekirdek, Y ¢ikan agir iiriin, b de sagilan (gbzlenen) parcaciktir.



Gelen (a) ve gozlenen (b) parcaciklar aymi ise, dolayisiyla X ve Y’de aymi ¢ekirdekler
ise, yani X(a,a)X, reaksiyonu bir sa¢ilmadir. Sagilma da ikiye ayrilir:

1) Y ve b reaksiyon iiriinlerinin taban durumunda oldugu elastik sa¢ilma, ve

ii) Uriin cekirdek Y’nin uyarilmis durumda oldugu inelastik sa¢ilma. Inelastik sagilma,
genel olarak X(a,a”)X, seklinde gosterilir.

Sacilma olayinda, gelen (hizlandirilmig) parcacigin enerjisi belirli sabit bir degerdir.
Sonsuzdan gelen parcaciklar, sacici merkez tarafindan sagildiktan sonra tekrar sonsuza
giderler. Sagic1 potansiyel sonsuzda sifir oldugundan, sacici merkezinden yeterince uzakta,
parcaciklar serbest parcacik gibi davranirlar. Sagilma olaymnda etkilesme potansiyelinin,
sacilma sonucunda c¢ikan (sagilan) pargaciklarin enerjisini ve acgisal dagilimini nasil
etkiledigi arastirilir.

Niikleon-cekirdek sagilma caligsmalarinda incelenen 6nemli konulardan biri de sag¢ilma
potansiyeli olarak alinan optik potansiyelin (fenomenolojik, lokal, karmasik) [2]
ozelliklerinin (geometrisi, enerjiye baghligi ve deformasyon parametreleri gibi)
ozelliklerinin belirlenmesidir.

Bu caligma da p—4OAr inelastik sacilmasini ve bu sagilmanin sonuglarini inceleyecegiz.
p—40Ar elastik sacilmasi, ayn1 amaclarla cesitli bilim adamlarinca [1,3,4,5,6,7]
incelenmistir.

20-50 MeV enerji bolgesinde PAr ile polarize ve polarize olmayan protonlarin elastik
sacilmasi, cogunlukla optiksel model potansiyel ( OMP ) parametrelerinin belirlenmesi igin
kullanilmustir.

Johnson ve Griffiths [3] tarafindan yapilan ¢alismada 24.8 MeV’de gelen protonlarin
“Ardan sagilmasi incelenmis, elastik sacilma tesir kesitleri optiksel modelle analiz
edilmistir. “°Ar’in baz1 diizeylerine ait inelastik sacilmalarimin agisal dagilimlari, DWBA
(tedirgin edilmis Born yaklasimi ) analizi kullanilarak elde edilen kolektif model sonuglari
ile karsilastirllmis, elde edilen deformasyon parametreleri, spinler, pariteler ve diizey
semast, daha once elde edilen teorik degerlerle karsilastirilmistir. Johnson ve Griffiths’in
calismasindaki veriler sadece 80°den kiiciik laboratuar agilarina aittir, ancak ¢alismada
ayrica “Ar'm 1.46 MeV diizeyine ait inelastik diferansiyel tesir kesiti sonuglar1 da rapor
edilmektedir.

Rush ve arkadaglart [4], 30.4 ve 49.4 MeV enerjili protonlarin “Ar’dan elastik sacilma
ve 1.46, 2.53, 2.91, 3.23 ve 3.71 MeV diizeylerinden inelastik sa¢ilmalarinin diferansiyel

tesir kesitlerinin agisal dagilimini Ol¢gmiislerdir. Ayrica p—4OAr elastik sacilmasi icin



polarizasyonlar ve 1.46 MeV diizeyinden inelastik sagilma igin asimetriler ol¢iilmiistiir.
Rush ve arkadaslan, elastik sa¢ilma sonuglarinin optiksel model analizi, inelastik sac¢ilma
verilerinin de DWBA ve Kuvvetli-Ciftlenme Yaklagimi1 (SCA) ile analizini yapmustir.

Ayrica Fabrici ve arkadaslan [5] p—40Ar sacilmasina ait 20.9, 23.5, 26.3, 29.3, 30.4,
32.2, 35.2, 38.2, 40.7, 44.1 ve 49.4 MeV enerjilerindeki kendilerine ait diferansiyel tesir
kesiti sonuglarimi proton-gcekirdek sacilmasina ait optiksel model analizi c¢alismalarinda
kullanmiglardir.

Okumusoglu [1] tarafindan 22.6, 25.1, 27.5, 30, 32.5, 36.7 ve 40.7 MeV enerjili
protonlarin “Ar cekirdeginden elastik sagilmasina ait diferansiyel tesir kesitleri ve 25.1,
32.5 ve 40.7 MeV’de analiz giiclerinin agisal dagilimi Sl¢limii ve sonuclarin optiksel
modelle analizi yapilmistir. Bu calismada ayrica L’ye bagh optiksel modelin sunulmasiyla
tesir kesitlerindeki geri ac1 problemine bir ¢dziim getirilmistir [8].

Okumusoglu ve arkadaslar tarafindan ayrica 25.1 , 32.5 ve 40.7 MeV enerjili polarize
protonlarin “Ar cekirdeginden 30°-158° acisal bolgesinde elastik [8] ve inelastik
sacilmalar i¢in analiz giicii 6l¢timleri yapilmistir.

De Leo ve arkadaslarn [6], 29.6 ve 35.1 MeV enerjili protonlarin “°Ar’dan elastik
sacilma ve 1.46, 2.12, 2.524, 2.893, 3,208, 3,681 ve 3.919 MeV diizeylerinden inelastik
sacilmalarimin  diferansiyel tesir kesitlerinin agisal dagilimimi Slgmiislerdir. Leo ve
arkadaslari, elastik sacilma sonuglarinin optiksel model analizi, inelastik sagilma
verilerinin de DWBA ve ciftlenmis kanal (CC) ile analizini yapmistir.

Genel olarak, inelastik sacilma verileri genelde cekirdeklerin (bu cahismada *°Ar’in)
uyarilmis diizeylerinin spin ve paritelerinin (J”) atanmasindaki belirsizlikleri ¢dzmede, “Ar
icin basit titresimler modelin gecerliliginin test edilmesinde ve “Ari kuvvetli uyarilmig
1.46 ve 3.68 MeV durumlar1 ve 4.49 MeV durumu i¢in, CC ve DWBA hesaplamalar1
sonucu, deformasyon parametrelerini (6rnegin 3, ve P3) elde etmede kullanilabilir.

Ayrica, E. Sh. Soukhovitski ve Arkadaslar1 tarafindan bir orijinal c¢iftlenmis kanal
optiksel model kodu olan OPTMAN gelistirilmisti. OPTMAN baslangigta niikleer
reaktorlerde 6nemli olan notron-cekirdek etkilesmeleri, 6zellikle 20 MeV’e kadar olan

233U, 235U, 236U, 238Pu,

enerjideki notronlar i¢in 239py v.b. cekirdek sonuglarinin elde

edilmesi ve sonuglarin eski Sovyetler birliginin derlenmis Niikleer Veri Kiitiiphanesi

BROND [9] de tutulmasi i¢in kullanmilmistir. OPTMAN’da, standart kati rotator ve

harmonik salinici ciftlenme semalarin1 dikkate alan ve yaygin kullanilan JUPITER [10] ve



ECIS [11] kodlarindan farkli olarak, cift-¢ift c¢ekirdekler icin eksensel olmayan ve bir
yumusak rotator modeline dayanan niikleer seviye ciftlenme semalar1 dikkate alinmaktadir.
Bu, yumusak cekirdeklerin donme sonucu olusan ve sekilsel degisimleri nedeniyle
uyarilmis kolektif seviyelerin denge deformasyonlarindaki degismelerin de taban
durumundaki gibi dikkate alinmasim saglamaktadir. Bu ciftlenmis kanallar metodu ile
giivenilir sonuglar ¢ikarmak i¢in kritik bir noktadir [12,13,14]. 1997°de OPTMAN Japonya
Atom Enerjisi Arastirma Enstitiisiiniin (JAERI) Niikleer Veri Merkezine kurulmus ve bu
zamandan sonra gii¢ reaktorleri, zirthlanma tasarimi, radyoterapi, niikleer atiklarin degisimi
ve niikleosentez gibi ¢ok cesitli uygulamalardan gelen talepler iizerine bir¢ok yeni 6zellik
koda katilmustir.

Bugiin OPTMAN ile 200 MeV enerjiye kadar sahip proton ve nétronlarin
(niikleonlarm) c¢ekirdeklerle olan etkilesmelerine ait hesaplar yapilabilmektedir [15].
OPTMAN, niikleer hacim korunumu altinda, eksensel olmayan kuadropol (dort kutuplu),

oktupol (sekiz kutuplu ) ve hekzapol (onalti kutuplu) deformasyonlar ve ,,83 ve v-
salinimlarin1 dikkate almaktadir. OPTMAN, kolektif seviye yapisim E2, E3, E4 7y-gecis

ihtimallerini ve reaksiyon verilerini kendi i¢inde tutarli olarak analiz edebilir. Modelin
esnekligi OPTMAN’n sadece agir rotasyonel cekirdeklere [16] degil, ¢ok hafif '*C
cekirdegine [17,18], hafif bir ¢ekirdek olan **Si’e [19] ve **Cr [20], *°Fe [21,22] ve *®Ni
[23] gibi vibrasyonel (salinic1) ¢cekirdeklere de cok basaril bir sekilde uygulanmstir.

Bu tezin amaci, SRM ile CC hesabi yapan OPTMAN programini protonlarin *’Ar
cekirdegiyle olan etkilesmelerine uygulamaktir. OPTMAN’1n, niikleonlarin, hafif, orta ve
agir cekirdekler gibi genis bir araliktaki, ¢ekirdeklerle olan etkilesmelerin analizlerine
uygulanabilme 6zelligi, bir¢cok niikleer veri talebinin karsilanmasinda c¢ok ©nemlidir.
Ayrica, ECIS programu ile yapilan hesaplarda ciftlenme sadece taban durumu ile olurken,
OPTMAN ile yaptigimiz hesaplarda ciftlenme taban durumu ve uyarilmis durumlar
arasinda da olmaktadir. OPTMAN programi analiz giici verilerini kullanmadigindan
dolay1 biz bu ¢alismada, bu program ile elde edilen potansiyel parametrelerini ECIS03
programinda kullanarak, analiz giicii verileri ile de ECISO3 programinin sonuglarini da

ayrica yapmaktayiz.



1.2. Niikleer Sacilma Reaksiyonlari

Reaktor veya hizlandiricidan (ya da radyoaktif bir kaynaktan) ¢ikan enerjik parcaciklar
madde iizerine diisiiriilirse, niikleer bir reaksiyon meydana gelmesi miimkiindiir.
Calismada kullamilan veriler Manitoba Universitesi siklotronunda ve Berkeley (LBL) 88”
siklotronunda hizlandirilan protonlarla elde edilmistir.

Niikleer reaksiyon sonucunda toplam enerji, lineer momentum, proton ve ndtron
sayilari, parite ve agisal momentum korunur.

Temel bir a +X — b+Y reaksiyonunda enerjinin korunumu
myc’ +Ty +m,c> +T, =m,c> +T, +m,c’ +T, 2)

seklindedir. Buradan reaksiyonun Q degerini

(milk - msan )C2

(mx +m, —my _mb)c

3)

0=
Q — 2
seklinde tanimlanir. Q degeri pozitif, negatif ve sifir olabilir. Q>0 ( mjj >mge, veya Tson
> Tix) ise reaksiyona ekzoerjik veya ekzotermik denir. Bu durumda niikleer kiitle veya
baglanma enerjisi son {iriin pargaciklarin kinetik enerjisi olarak saliverilir. Q<0 (mjj < mgon
veya Tson < Tik) ise reaksiyon endoerjik veya endotermiktir denir, ve ilk kinetik enerji
niikleer kiitle veya baglanma enerjisine doniisiir. Elastik sa¢ilma durumunda Q=0 durumu

gecerlidir.

1.3. Sacilma Teorisi ve Diferansiyel Tesir Kesiti

Kuantum mekanigine gére bir parcacigin (veya dalganin) tiim 6zellikleri kendisine eslik
ettigi varsayilan dalga fonksiyonu (Y¥) ile karakterize edilir. Fiziksel sistem hakkindaki
tiim bilgiler sisteme uygun Schrodinger denkleminin ¢6ziim fonksiyonlarindan ¢ikarilir.
Hamiltonyenin kesikli spektrumunun 6zdegerleri bagli durumlarin enerji diizeylerini verir.

Hamiltonyene ait 6zfonksiyonlarin asimtotik formundan da ¢arpisma tesir kesiti bulunur.



Tipik bir ¢arpisma deneyinde tek enerjili, aym siddete sahip parcaciklar demeti, bir
hedefe carpar. J akim yogunlugunun biiyiikliigi (yayilma dogrultusuna dik birim
ylizeyden birim zamanda gecen pargaciklarin sayisi), olsun. n gelen demette birim

hacimdeki pargaciklarin sayisi ve V gelen pargaciklarin hiz1 ise:
J=nV “4)

dir. Deney sartlar1 altinda n Oyle kiigiik olur ki parcacilarin birbirine etkilesmeleri ihmal
edilebilir, yani her bir parcacigin carpismast diger parcaciklarin varligindan bagimsiz
olarak g6z oniine alimir. Uygun sayilar vasitasiyla €(6,0) dogrultusunda yerlesen dQ kati
acisina birim zamanda sacilan parcaciklarin N sayis1 Olciilebilir. N gelen akimla direkt

olarak orantilidir.

N = JZ(Q)dQ (5)

Burada, X(Q) , yiizey boyutlarma sahip olup parcacigin hedefle carpismasmin

karakteristik parametresidir. Hedef tarafindan parcaciklarin Q sagilma tesir kesiti olarak
adlandirilir.

Pratikte hedef, biiyiik sayida, N, , atom veya sacici merkezden meydana gelmistir.
Atomlar yada atomik cekirdekler arasindaki uzakliklarin gelen parcaciklara oranla
yeterince bilyiik oldugunu kabul edelim ve boylece sacicilar tarafindan sagilan dalgalar
arasindaki biitiin girisimleri ihmal edebilelim. Gelen parcacigin dalga boyunun yeterince
kiiciik oldugu varsayimi altinda, her bir sacici merkezin yalmiz ve tek basina etki edecegi
aciktir. Boylece her bir pargacik tek bir sagici tarafindan sagilir. O halde dQ kat1 agisina

birim zamanda diisen parcaciklarin sayis1 NV direk olarak N, sacic1 sayisiyla orantilidir.

N=IN, 6, (Q)dQ ©)

o, (Q) alamina, Q dogrultusunda sacict merkez tarafindan sacilan parcacigin

diferansiyel tesir kesiti denir. Eger bir sagic1 atomun bulundugunu ( N,=1) varsayarsak;

N=Jo,(Q)dQ (7



olur. Sacilma ihtimali sagilan parcaciklarin gelen parcacik sayisina orani oldugundan
? =0,dQ=doc @®)

diferansiyel sacilma ihtimalini verir. Bdylece birim kat1 a¢1 basina diisen diferansiyel tesir

kesiti

_N/dQ _ do
J 4o

®)

d

dir. Bir pargacik, ¢ alaninindc ile gosterilen kesrine rastlarsa dQ uzay acgist bolgesine

sagilir.

Sekil 1. Kati1 ag1

dQ kat1 agisinin degeri, diferansiyel alanin sagic1 merkeze uzakligiin (r) karesine orant

olarak tanimlanir, dolayist ile,

dﬂzﬁzwzsined&w (10)

2 2
r r

ifadesi ile verilir. Gelen akim yogunlugunu I ile, birim zamanda (r,8,¢) noktasndaki

birim kat1 agiya sacilan parcacik sayisini da 1(0,0) ile gosterirsek,



10,0)=N/dQ , I=1J] (11)
olacagindan

B, (0.9)= %) (12)

aQ I

seklinde yazilabilir. 6, 4%t toplam kat1 aciya sagilma tesir kesitidir.

Gelen parcaciklarin siirekli olarak aym1 yonde ve aym enerjide gonderildigi
disiiniiliirse,sacilma sonucu parcaciklar da gelen parcacigin enerjisi E ve dedektoriin
yerlestirildigi 6 acisina bagli olarak sagilacaklardir.

Diferansiyel tesir kesitinin tiim acilar iizerinden integrali alinirsa toplam tesir kesiti, G,

elde edilir:

dG 1:2nd
=|dQ—= ——sin0d0d 13
9 J. -([;[dﬂsm (o] (13)

1.4. Sacilma Genligi

Sacilma probleminde iki temel varsayim vardir:

1. Once, sagilma merkezinin orijinde durdugu varsayilir. Eger hedef ¢ok agir bir
parcacik ise, carpisma sonucu hedefin hareketi de ihmal edilebilir. Eger hedef ve gelen
parcacign kiitleleri birbirine yakinsa, bu kez de hidrojen atomu probleminde oldugu gibi
iki parcacik problemine indirgeyip, sabit bir merkezden indirgenmis kiitlenin sag¢ilimini
inceleyerek ayn1 sonuca ulasmis oluruz.

2. Etkilesme potansiyeli sonlu bir bolgede etkin olmalidir. Baska bir degisle, gelen
parcacik sonsuzdan yola c¢iktiginda, higcbir potansiyel etkisi altinda olmayan serbest bir
parcacik olmalhidir. Bu varsayim, asimtotik olarak diizlem dalga kullanabilme olanag:
saglar. Bu varsayimin matematiksel ifadesi V(r) potansiyelinin sonsuzdaki limitinin sifir

olmasin gerektirir. Bagka bir ifade ile

limrV(r)— 0 (14)

r—oo



olur, dolayis1 ile potansiyel, 1/r'den daha hizli olarak sifira gitmelidir.
HY =EY, H=T+V Schrodinger denkleminin ¢6ziimii olan dalga fonksiyonu, ¥,
merkezden uzakta, yani potansiyelin etkin olmadigi bolgede

\Pr_)m Y +¥ sagilan (15)

gelen

seklinde, iki terimin toplam olarak yazilabilir.
Gelen parcacik sonsuzda serbest oldugu icin diizlem dalga ile temsil edilir. Enerjisi E

olan serbest parcacigin dalga sayisi ile enerjisi arasindaki iliski

E=L£ - (16)

seklindedir. Diizlem dalganin +z yoniinde ilerledigini varsayarsak, parcacigi temsil eden

gelen dalga fonksiyonu

lI; :ei];‘; :eikz (17)

gelen

olur.

Sacilma sonucu, bu diizlem dalgaya r = 0 noktasindan disa dogru yayilan bir kiiresel
dalga bileseni eklenir. Sacilma elastik oldugundan sagilma sonrasi dalga sayisinin
biiyiikliigii ayn1 kalir, yani k = k" olur. Her yonde aym genlikte yayilan (izotropik) kiiresel
dalga ifadesi e” /r seklindedir. Burada 1/r faktorii dalganin yayildikca genliginin
azalacagim gosterir. ancak, en genel durumda, potansiyelin etkisiyle, kiiresel dalganin
genligi her yonde ayni olmayabilir, yani anizotropik olabilir. Bunu hesaba katmak
amaciyla, kiiresel dalganin genligini (0,¢) acilarina bagli bir carpanla carpilirsa, sacilan

parcacigin dalga fonksiyonu

ikr

¥ sagtlan = f(e, q))e— (18)

r

seklinde ifade edilir. Buradaki f(6,0)’ye sacilma genligi adi verilir.
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Gelen ve sagilan parcaciklarm yogunluklar ((r,, ¢) de bulunma olasiliklar) sirasiyla:

“Pg (r, (9,(1))‘2 ve |‘PS (r,f),q))|2 ile tammlanir.Diferansiyel tesir kesitini denklem (9) da

tanimlamistik. Burada J gelen pargacik akisidir.

Sekil 2. Gelen ve sagilan pargaciklarin birim zamanda kapladiklar1 hacimler

+z yoniinde ilerleyen k dalga sayili serbest pargaciklarin, kesit alam1 S olan bir yiizeye
girdikleri varsayilirsa (Sekil 2a), gelen pargacik akisi,
J = At zaman aralifinda S yiizeyine giren parcacik sayis1 / kesit alan1 x At

= gelen parcacik yogunlugu x S alanmi x h1iz x At/ S At

_ W[ s var e
19)

olarak bulunur. Benzer sekilde, dN,, ifadesi icinde (Sekil 2) den
dN, = dS kesitini At zaman araliginda gecen parcacik sayis1 / kat1 ac1 x At

= Sacilan pargacik yogunlugu x dS kesit alan1 x hiz x At/ dQ At

B ARE Y
dQ At (20)

2 2
rey

=|111

s
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elde edilir. Burada v=p/m=nhk/m gelen ve sacilan parcaciklarin hizidir (elastik

sacilma). Denklem (18) ve sacilan pargacik olasiligl tantmindan

2

=|r6.0) = @1

iki
el r

@ |" = ‘f(9,¢)

r

bulunur. Denklem (21) ve denklem (19), denklem (9)’da yerine yazilirsa, diferansiyel tesir

kesiti igin

2

|£(6,0)| (22)

do _
dQ

ifadesi bulunur.

1.5. Soft- Rotator Model (Yumusak Rotator Modeli)

Kiiresel olmayan c¢ift-cift cekirdeklerde (A=¢ift, Z=¢ift) gozlenen diisiik uyarilmis
durumlarin, donmenin, birlesimi gibi (B-kuadropol ve oktupol titresimlerin ve y-kuadropol
titresimlerin) gosterilebilecegini farz edelim. Bu tiir uyarilmis durumlara karsilik gelen

anlik sekiller cisim merkezli bir sistemde :

R(0',¢")= Ryrp(6',¢")
=Ry {1 + ZBMLYML (0, (P,)}

A

/ 7 1 . ’ ’ ’ ’
1+52{COSYY20(9 @)+ —=siny (Y5, (0%,9")+ Y2 ,(0",¢ ))}
V2 (23)

’ ’ 1 . ’ ’ ’ ’
=Ry +B3[COS11Y30(9 N0 )+ESIHH(Y32(9 ©)+Y3_,(0%,0 ))}

+byoYs0(0,0)+ D byy, (v 4 (6,07)+ Y, (6, ¢))
u=2.4

biciminde temsil edilebilirler [24,25].
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Hesaplan basitlestirmek i¢in, 1. uyarilmis durumlarda kagimilmaz olup [26] gibi, i¢

oktupol degiskenlerin

Bar1 =PB3+3 =0, Pz =PB32 (24)

sartlarin1 sagladigini varsayalim:
Soft-Rotator modelinde Hamiltonyeni H, eksensel olmayan cekirdegin kuadropol,

oktupol ve hekzapol deformasyonlarda donme kinetik enerji terimlerini, 8, , y-kuadropol

ve oktupol titresim modu kinetik enerji terimleri ile titresim potansiyellerinden olusur [13].

Aot L L e B ) evs) s
28, BZ+B—27+7 r+E B3+B—2 Y)+V(B2)+V(Bs3 (25)
2 2

burada, ii¢ titresim modu arasindaki ¢iftlenme ihmal edilmistir ve

A 1 0 4 0

fo =—— 2 [p4_2 26)
P2 B3 B2 (BZ aﬁzj

A 1 df. 0

Ty=- - BYg(sm 3ya—yJ (27)
n 1 0 3 0

Tp =——— | B3 2= (28)
P g3 9Bs [63 aﬁgj

3 ] :
F=2 = l (29)

ifadesi ile tanimlanir.

Burada, 7J i(” cisim merkezli sistemde i. eksen yoniindeki, sirasiyla A=2,3,4 e karsilik

gelen kuadropol (A=2), oktupol (A=3) ve hegzapol (A=4) deformasyonlar icin, eylemsizlik
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momentidir. I; sembolii ise agisal momentum operatoriiniin cisim merkezli koordinat

1

sistemindeki i. eksen yoniindeki izdiisiimii (bileseni) olur. B,, taban durumunda (G.S.)
kuadropol deformasyon parametresini ve B; ise A multipolarite kiitle parametresini
gostermektedir. Denklem (25) ile tanimlanan Hamiltonyen operatoriiniin Q 6zfonksiyonlari
altt1 dinamik degiskeni bir uzayda

0<PBy <oo, —o0<P3 <00, n—;SyS(nzl)n

seklinde tanimlanir. Bu uzaydaki hacim elemant;

y OSGISZTC, 0392 <T ve 0393 <2m

dt= Bg Bg |sin3Y|dB, dB3 dydo; sin®, d8, d®; ve multipolaritesi A olan ve

B}% = ZBMB;‘»H cekirdegin deformasyon Ol¢iistidiir. Asagida, oktupol transvers (enine)

ve hegzadekapol titresimleri i¢in kat1 ¢ekirdekleri dikkate aldik.
Denklem (23) ile tanimlanan ¢ekirdek sekilleri icin [27] te J i(” ifadesi

JP =4B,B2sin(y-2/3mi),  (i=1.3) (30)
J1(3) :4B3B§[%cosz n+$sin 21]+1j (3D
J§3) :4B3B§[%cosz n—gsin 21]+1j (32)
I =4B3p2 sin’ (33)

@ Z 4B, 202 +4b2, +b2, + 2 10bsgbss +\Tbysb 34
Jl = 3454()"‘ 42"‘ 44+5 40042 + 42044 (34
J® Zap, (262 1 ap2 452, — 2 0bsgbay —Tbarb 35

2 =4By| Thig+abip +biy =5 N10bsobsr 42b4s (35)
79 4B, (w2 +862,) (36)

bi¢imindedir. Buradaki b,, de:

bao :[34(\/7/12 cosdy ++/5/12sindy cosy4) (37)

b42 =—B4\/1/2sin 54 sin Y4 (38)
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by =By172(V5/12 cos 84 —7/12 sin 8, cos v, ) (39)
ifadeleri ile verilmistir. Denklem (37), (38) ve (39) deki m,3, ve y,parametreleri oktupol
ve hegzadekopol deformasyonlarin eksenselden sapmalarini belirleyen parametreleridir.

T, semboliinii daha kullanigh yapmak i¢in asagidaki gibi tekrar yazalim

= (40)
2 . 3
4B,B3 151 ji° )+a32],( ' tag ¥
Denklem (40) de j™ =1™/4B,B} ve a,, =(B, /B,)(B, /B,)> dir. Schrodinger

denklemini pertiirbasyon yolu ile ¢dzmek icin Denklem (40)’i oktupol ve kuadropol

titresimlerinin potansiyel enerjilerinin minimumu civarinda yani B,y ve B3 cinsinden

acarsak,
~
ji |
i +axn i +ag i [52 620
B_BS()
P i? (
Y—Yo)
aY[ +a321( )+a42] ]BZ BZ()
BS_BB()
p) i? 5
3 asno
, 1 5 daz; jl-(z) +a32]( ) +a42] Bz Bzo
4B2P3 i=1 Ba on
X[B3 P30 B2 —Bzo}r """
B30 Bao
0 i
dagy jl'(2)+a3zjl'( )+a42]l() B2 =B2
Y=Yq
BB BS() (41)
<2ag [Bz ﬁzo}
B2o
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burada,  aj 0 =(By /By)(Bao /[320)2 ve Bj, i Oniindeki +isareti, cift-¢ift oktupol
deforme cekirdegin potansiyel enerjisinin +p,,da iki simetrik oktupol sekline karsilik

gelen iki minimuma sahip oldugunu hatirlamamizi gostermektedir. Boyle cekirdekler ¢ift

dejenere seviyeler ile karakterize edilir [28].

352 72

s=————(e*ep)’ 42)
8B3p3  2B3uePoo

V(B3)+

Niikleer donmelerin sebep oldugu merkezi kuvvetlerden dolayi, denge oktupol

deformasyon f53,B, ile dogru orantili olarak B, =B,e seklinde degisir. Potansiyelin
denklem (42) deki formda secilmesi, bize ¢ift-cift cekirdeklerin negatif ve pozitif parite
bandlan i¢in deneysel olarak gozlenen diizey enerjisi araliklar i¢in degisik diizenlemeleri
liretme imkanmi verir. Simdi Schrodinger denklemini, donme enerjisi islemcisi T, nin
aciliminin sifirici derece yaklasimda ¢6zelim. Q = (552[3;3’ 2 )/ sin3yu oldugunu varsayarak

u i¢cin agagidaki denklemi elde ederiz.

_h2 8214_ 72 azu_ 2 9%y
2B; B3 2B3B5 0e*  2B,P3

212 i? | . )
2 2 3 @, =

2B,B3 4351 ]i( )+a32]i( )+a4zj,-( ) 5@;?20
B3=Bso

2 4 2 .2

h _ h 91+sin”3

HV(B2)+ e P + 2y () S,
2B3uep3 5 2B,p3 ¢ sin” 3y

Denklem (43) den goriilecegi gibi oktupol ve kuadropol degiskenleri simdi ayrilmistir.

Bundan dolayi, u fonksiyonunu asagidaki gibi yazabiliriz.

u=y"(,,7.0)0> () (44)

g3

burada
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¢,p. (€)= CJ"% [xB (et )= Xng, (e ) (45)
T =ete (46)

Denklem (45) deki Xng, (1:3) fonksiyonlar1 denklem (47)i saglayan harmonik salinici

ozfonksiyonlaridir:

L (eFeg)? (ti)—hco( +1/2) (ri) (47)
2B3 882 2B3ug 0 XnBS €/ e \71 ng, €

burada ®, :h/(B3u§) ifadesi ile verilen frekans, ng =0,12,. ve C,5 normalizasyon

sabitidir. Denklem (45)’deki %, e, ——¢,gecisi altindaki simetriyi belirtmektedir. Pozitif
pariteli niikleer durumlar osilator 6zfonksiyonlarinin simetrik kombinasyonlar ile, negatif

pariteli niikleer durumlar ise osilator fonksiyonlarimin antisimetrik kombinasyonlar ile

temsil edilir.

wi (B,.v.©) fonksiyonu:

1282 92yt . 2 oyt . SR i? | o
2By aB% 2B, a'yz 2B, 41':1 ji(2) +a32jl~(3) +a42jl.(4) E’é?fzo
B3=Bso (43)

2 )
2 4 h* 91+sin“3y  _+ 2|+
B3V (B,)+ BV (1) -2—2 vEY —E -0
B2V (B2)+B50Vo(v) 2,4 sty B B3 |w

denklemi saglar. Burada, E’:_FB :hcog(n53 +1/ 2)1 9, oktupol boyuna yiizey
3

titresimlerinin enerjisidir ve 28, tiinel olaymdan dolay1 ¢ift dejenere seviyenin enerji
yarilmasidir. Eksensel olmayan deformasyonlu c¢ift-cift cekirdeklerde pozitif pariteli
donme ve titresim durumu icin de T, donme operatoriiniin 6zfonksiyonlarinin, dikkate

alman durumun paritesine bagliliginin hesaba katilmasi1 gereklidir. Bu, denklem (48) ile
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[13] teki karsilik gelen denklem arasindaki tek farktir. Bizim durumumuzda oldugu gibi

K’nin oldugu durumlarda bu fonksiyonlar

@7, (0)= Y| IMK £)AT, (49)
K=0

seklindedir. Burada
/2
| IMK %) = ((21 + 1)/(167t2 (1+8 KO)))l [DI{H( (©)+(-1Y D, _ K(@)] (50)

ve Dy (®)sembolii donme fonksiyonudur. Cift-¢ift c¢ekirdeklerde, pozitif pariteli
seviyelerin olusturdugu donme bantlar;, donen kati cisim (rigit rotator)|IMK.+) ile
gosterilen ve D, grubunun A temsili gibi transform eden dalga fonksiyonlar ile temsil
edilirler. K degeri ¢ift olan negatif pariteli seviyelerin olusturdugu bantlar |IMK.-) ile
tanimlanir ve D, grubunun B, temsili ile temsil edilirler.

T.nin sifirnca yaklasimiyla ve cift-gift cekirdeklerin kuadropol ve oktupol

deformasyonu i¢in [13] deki sonuclar1 kullanarak, rotasyonel-vibrasyonel (donen-salinan)

diizeylerin enerjilerini, niikkleer Hamiltonyenin 6zdegerlerini elde ederek

1/2
E; = hayg (v? +1/2j>< 4-3/P;
Ttylgs Mg, Tygs gy Tyig.,

5 -
1 lVLBzo 2 + + +
+EPT MT(VHY _VOY)+8I‘C +8”B3 _80[&3 (51)
I‘CnynB3 L Yo
- 2
6
1 lVLBzo 2 + + +
+EPT MT(VHY —Vo, )tER + 8”53 —%:OBz
I‘CnynB3 L Yo ’
bigciminde hesaplayabiliriz. Denklem 51 da, burada,
2B
e =""2f* P denklemin bir kkiidiir.

"By B2 B Itnyng,
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+ +3 4| 2 ( ) + .t +
P —-1|P = —1\V, —Vgy |+€&7 +€ —€ 52
(h:nYnB3 j Itnyng, Mﬁzo uz ny 0, I, ng, 0g, (52)
Yo

denkleminin kokiidiir. Burada 7wy, Hg,, - My, V€Yo dikkate alman cift-cift c¢ekirdegin

deneysel olarak belirlenmis enerji diizeyleri (band yapilarin1) hesapla iiretmek igin

ayarlanan model parametreleridir. 7w, parametresi diizey enerjilerinin ortak skala (esel)

faktoriidiir. Hp,, > Hy, VeMe ise sirasiyla [’)2_ , Y—ve oktupol salimimlarinin elastiklik

parametrelerine baghdir ve Y da y-salimminin denge noktasidir.

Yukaridaki denklemde bulunan diger nicelikler asagidaki gibi tammlamr.vny niceligi,

ny kuantum sayisina karsilik gelen 7-titresimlerinin 6zdegeridir. 8% niceligi denklem

41’in sag tarafindaki ilk terimine karsilik gelen asimetrik doniicii hamiltonyeninin [29, 30]

ozdegeridir,
A0 5t + 5t
T, P =€rPimne (53)

Vo, sembolii  7y-titresimleri igin sinir sartlarina karsilik gelen iki denklemli bir

denklem sistemiyle belirlenir ve n, ¢6ziimlerin sayisidir:

(54)

d? 1 y2
{—+vn +E——:| Vn, =0 (55)
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bir salinic1 denkleminin ¢oziimiinii gostermektedir ve iki tane bagimsiz ¢oziimiin lineer

kombinasyonudur:
Yo, (D =cn, | Dy, (D+an Ve )] (56)

burada Dy bilinen Weber fonksiyonunu gostermektedir. Ve sembolii denklem

v Ttny g gy
(54) deki sinir sartlariyla da belirlenebilir. 3, degiskeni i¢in, siir sartlarindan biri

sonsuzdur ve bu durumda yukaridaki denklemdeki V fonksiyonu iraksar. Bundan dolay1

denklem (55) iin miimkiin ¢6ziimii

vy (y) =cyDy(y) (57)

seklindedir, dolayisiyla V}—Lmynﬁ ngs B, =0 da asagidaki denklemle belirlenir.
3
1/4
+
\/Ephtnynf,3 3
D+ - 4-— =0 (58)
e Pron s,

Sonug olarak, soft rotator (yumusak doniicii) Hamiltonyeni i¢in toplam dalga

fonksiyonu

+ + CHB B_ZB_3 /2
o5 =Ct 372 73 IMK,+)A T
IM‘cnynB3n[32 I’cnynB3nB2 \/5 m KZ>()| > IK

XD 2 (Bz —p* J (59)

Tnyngng2 BZOME Hrnyng,
zltny

V2 _
XVn, {Q (Y="Y0) [Xn[33 (tg) £ Xng, (Te )l

nB31B2
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biciminde yazilir. Burada
> =By P;, 60
B BaoP;, nym, (60)

dir ve denklem (60) gergin, donen kati c¢ekirdegin ImY g, durumu i¢in denge

deformasyonunu gostermektedir ve p,[;‘r bu durum i¢in ¢ekirdegin yumusakligi,
2t nyng 3
3i(v —vo ) +ef +et -l
2 ny OY It nB3 OB3
1 1 My
+4 -7t ptd 61
Mﬁzltnyn[;:; MBZO ITnY”B?)

bagintist ile tanimlanmaktadir. Donen ve titresen durumlarin denklem (41)’deki lineer

+

terimlere acilimindan gelen AE I
Ty gy Ny

enerji diizeltmesi, perturbasyon yolu ile

kolaylikla hesaplanabilir.

Eger (ng, 21durumlar deneysel olarak ayrilan (belirlenen) diizeylerin iizerinde

oldugu icin) ng, = 0 alinirsa bu diizeltme
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Mz B
+ B 3.2
E =hwy——{—=¢
Ieny g, (Z0)mg, *82, {Bz ’
3 52 ]
i=07"32 | J; T tazp )i tag); | Y=vo
B3=Bs
o272 ]

. o €0/ Me Me . Me $IJ_erfc(i-:O/ug) + (I/yz)
T O T T °
+ 2

- IT"Y"B3"2 ((y_l)/y )}

I"c'n; né3 nf;z
By o2
5, B3
3 72
i=0 42| Ji o taz g taq; Eyzygo
B3=Bs
+ 2
Iengngng, (7DD
It nyng, ng,
Burada
+ T V2 +
+ - D N2 |y-pP
B, UON=Jr0ID |2 (yope
I't'n né n[; 0 uBz,
Y b3 2 Tny nB3ng,y
2
XD i,/ ., , _+ \/_ (y_Pi:T,n’n’ n/ j dy
IT”V"BS"BZ ME v B3 B2
21'1'11§{ nB3 nBz
(63)
% V2 + j -1/2
x D,. = |y-Pt d
E';f(y) V ey sy, HE (y Itnyng,ng, Y
27 Tny 11[3311[32
-1/2
S 2 ’ ’
X IDVi,,, P #()} _Pi:‘c'n'n' ng jdy
lrn7n33n32 - v "B3 B2
0 Mg o
211n7n53n52
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1.6. Optiksel Potansiyel ve Ciftlenmis Kanallar

Deforme niikleer sekillerden kaynaklanan deforme niikleer potansiyelin multipolleri s6z

konusu potansiyellerin denklem (23) deki (ZBKMY;\H(G',(p'))ﬁn kiigiik oldugunu
A

varsayarak Taylor serisi acilimi ile belirlenir:

max t
V(r,RO,0)=V(r,Ro)+ > M
=1 OR

t
[ZBMYM )J (64)
RO.0)=R, U

Buradaki (6’,¢’) cisim merkezli koordinat sistemi koordinatlar1 D dénme fonksiyonunu

kullanarak laboratuar sistemine kolaylikla doniistiirebilir:
Yy, (67 Z DMv Yy (6, (65)

Oyleki ¢iftlenme (coupling) potansiyeli asagidaki formda yazilabilir:

Vcoupling (’597 0,2, By, ) = th (r)Bi_m_nBT'BK”
t—m..—n20
(66)
ZQ tm.alM A A )*Yvu(9,¢)

t
Vt (}") _ a V(V,R)
oR'

standart kiiresel formdaki deforme optiksel
R(®".0')=R,

burada

potansiyeldir. Fakat simdi deforme ani niikleer durumlarin1 da hesaba katarsak

V(r.R®.0") = Vg fr(r.R(6".¢"))

+i{4wDaD%fD (r RE"0) -y [f?Yfr;'fﬁf;ﬁﬁ)i(ea¢»>J} (67)

2
h d 4 /7 — 4 ’
R (—J Vso +iWso oL o (rs RO'.0)81+ Vg, RE,0)

[V rdr
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buradaki form faktorleri (sekil ¢arpanlar)

1

fi= )] ) R (0,0 =riA' g (6,97) (68)
1+ exp|:rl’¢i|
a;
’ ’ 2
o el [0
aw (69)

Ry (6.0)= Ry 3(6.0") =y A 1r3(67,¢)

seklinde verilir. rB(G', ®)  denklem (23)’deki gibi tanimlanmustir. i=R,V,D gibi alt
indisleri reel hacim, sanal hacim, sanal yiizey ve reel spin-yoriinge (SO) potansiyellerini
gostermektedir.

Yukarida bahsedilen nedenlerden dolayi, deformasyona belirgin bicimde baglh
potansiyel acilimina ihtiyacimiz vardir. V,,,; (r,R(8",¢")) Coulomb  potansiyeli igin
Satchler ve arkadaslarinin 6nerdigi gibi [31] yiik yogunlugu R, Coulomb yarigapi icinde
(sabit) diizgiin, disinda sifir olan bir elipsoid i¢cin Coulomb potansiyelinin multipol a¢ilimi

kullanilir. z BauYaunin ikinci derecesine kadar
A

’ 2 2 ’ 2
, o, /7 77
chul(V,R(e,(b)): = 3- ”2 9(RC _r)+ ‘ B(V—Rc)
2R, Ré r

’ 2
+y 37z e [erE(“l)G(RC —r)+ Rér_(Ml)B(r ~R¢ )kBMLYw )
n 2A+1

(70)
'Y 377 0>
o 2A+1

[0 R0 Do(Re. — )+ (1 + 2R 0o~ R )|

AL
x Y ——=_(AA00A0)> By ®By )y, Y
}\Z}\'” (475)1/27\‘( | )% A A }\_H XLL

burada Z’,Z sirasiyla gelen parcaci@in ve cekirdegin yiikleridir, A= (27\,+1)1/ 2 ve ®

sembolil de vektor toplami, yani
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B @By = 2 (VA RN Ba By (71)
pu”

ve eger r>0 ise O(r)=1, r<0ise O(r)=0 dir. Bu formda ki bir actlim t=1 ve 2 i¢in v’ (r)
ye gelen katkilar ve niikleer potansiyeldeki ciftlenmelerden katkilari icerir.

Coulomb potansiyeli deformasyonlari, ciftlenme potansiyeli multipollerinin r ye

baglilig pAl seklindedir, dolayisiyla R yaricapindaki uyum hatasi R™ mertebesinde
olmalidir. Bu nedenle uyum yarigap1 dikkate deger miktarda artirilmali veya Coulomb
diizeltmesi [32] uygulanmalidir.

Potansiyel multipolii olarak A acisal momentum transferini belirler. Bu J* =27

seviyesinin uyarilmasi i¢in 6nemlidir (taban durumu J" = 0" ) fakat daha biiyiik spinli
seviyeler i¢in daha az 6nemlidir.
Bu c¢alismada kullanilan Coulomb potansiyeli, (70) denklemindeki formiilde yapilan

baz1 degisiklikleri icerdi. Rc Coulomb yaricapi i¢inde diizgiin, disinda sifir yilk yogunlugu

e

icin  verilen 2z’ {3 —%} G(RC —-r)+ 2z’ o(r— RC) kiiresel terimi yerine,
R¢ r
fc= [1 +exp(r— Rc )/ ac]_l ye esit yik yogunluk form faktorii ile yiikk dagiliminin
yayginlig1 hesaba katilarak bulunan Coulomb potansiyelinin kiiresel terimi kullamlabilir.
Soft Rotator Modeli kuadropol, oktupol ve hegzadekapol ani niikleer deformasyonlari
igerir, yani potansiyelin Coulomb ac¢ilimi, ag¢isal momentum transferi 0 dan 8’e kadar olan
kolektif seviyeler arasindaki ¢iftlenme siddetine ek katki verebilir.

Bu modelde sifir agisal momentum gecisine gotiiren dinamik kare terimleri kesilir. Bu

denklem (23) de verilen radyal agilima, B, gibi bir dinamik negatif deformasyon

tanimlamaya esdegerdir:

Boo = (-1)* 2

> I (B ®Ba)oo (72)

Bu niikleer hacmin, yani niikleer yiikiin korunmasin1 saglamak i¢in gerekli sarttir. Bu

diizeltme, Coulomb potansiyelinin kiiresel teriminin dogru asimtotik davranigsa sahip
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r 2

olmas1 igin gereklidir. Coulomb potansiyeline bagli, ek ye esit ciftlenme

niikleerdeki gibi [29] yukarida anlatilan deforme yarigap i¢in ayni sekilde elde edilir.

Soft rotator niikleer modeldeki dinamik BML olarak diisiiniildiigtinden dolay1 denklem
(23) de tanimlanan niikleer sekil niikleer kiitle korunumunu bozacaktir. Diizgiin niikleer
yogunluk durumunda niikleer kiitle korunumunu saglamak i¢in, denklem (23) de verilen
radyal agilima [, gibi bir negatif deformasyon eklenmelidir. Bu niikleer hacmin

dolayisiyla niikleer kiitle ve yiikiin korunma sartidir [29]. Bundan dolay:1 sabit hacimli

cekirdegin seklini tanimlayan yarigcap

R(6",0") = Roq1+BooYoo + X Ban¥au (67.9") (73)
Au

bicimine gelir. Eklenen B, deformasyonu giftlenen diizeyleri esit (1™), spin ve pariteli ek

bir sifir niikkleer potansiyel multipolu olusturur.

Yayginlik iceren niikleer yogunluk durumunda niikleer kiitle korunumu ig¢in

[33] Boo sifir multipol deformasyonu sifir asagidaki denklem kullanilmalidir.

Jazf(r,R,a) rzdr
i RO ax2 X
Boo == - [Boo — (74)
2a J'a f(r,R,a) r2dr
ox

Burada f(r,R,a)= f(x), niikleer yogunluk form faktoriinii gostermektedir ve

- -R
x=_ R X = i\ Yukaridaki denklemi i¢indeki integrallerin sabit degerler
a a

oldugunu dikkate alarak asagidaki gibi yazabiliriz,

Boo = CpBoo (75)
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OPTMAN kodunda, denklem (75) teki Cp nin bir degerine yakin olmas1 nedeniyle

niikleer yogunluk form faktorii yerine niikleer reel potansiyel form faktoriinii fg (r,R,a)

kullanilmaktadir. Bu tiir bir yaklasim, niikleer deformasyonlarda hacim integralinin
niikleer hacim ve reel potansiyel eszamanli korunmasini saglar.

Boylece, niikleer kiitle ve niikleer yiik korunumunu dikkate alarak, deforme olan
niikleer sekilden kaynaklanan niikleer potansiyelin multipolleri, niikleer potansiyelin bir
Taylor serisi agitlimiyla belirlenir. Denklem (23) deki (B00Y00+ZB7»LLY7»H( ,0')) niin

A

kii¢iik oldugu varsayilarak:

V(r,R(0,0)=V(r,Ry)+

max atV(r,R) (76)

2

-1 OR'

Rt
[Booyoo + D Bt (659)
R(6".0)=R, M

yazilir. Buradan niikleer hacim korunumunun niikleer potansiyelin birinci tiirevinden

baslayan bir ek sifir multipol terimi olusturdugu goriilebilir. Bu terim (BML )2 ile orantilidir

ve deneysel verileri tutarli bicimde ifade edebilmek igin (BML )46 kadar olan terimler

gerektiginden dikkate alinmalidir.

Niikleon + ¢ekirdek sisteminin [10]

Z ‘]nln./n )(ls)Jn’ TnanBS;JM>

J .
-1 ( + (77)
=T z R‘]nlnjn ( ) Z ‘]nI m M 1 ]‘4,{5}’[Y nBSn
‘]nlnjn m MI P2

seklinde tamimlanan tam dalga fonksiyonunu Schrodinger denkleminde yerine yazarak

radyal dalga fonksiyonlari i¢in

a2 1+1) 2 2Went
P i )+’<n——:§r G ZVnz,nz, ("R, 1y () 78)
r r /
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denklemini elde ederiz. Burada anj,n’l’j’(’”) Soft Rotator Niikleer Hamiltonyeninin dalga

fonksiyonlar1 iizerine kurulan ¢iftlenme potansiyelidir.

Bu ciftlenme potansiyeli:

Vijny (r) = <(1S)j;ltnp,2”y”B3 ?JM‘ 2 gy BB

t—m..—n=0

X ZQST“M AT )*Yvu (G,q))( ('s)j"; I%'ng, nyng. ;JM>
viL

:(_I)J—I’—s+j+j’+(l’—l)/2 1 %

Jan 7 (79)
T0) S BB B
t t—m..—n=>0

x> (100 vOW (I T; v )W (Ijl"; sv)
A%

17'n;

)

% <I,my ‘Q 5z‘um..n7u'7»”..7u”')*

seklinde yazilabilir. Burada |l> ve | f > sirastyla, 5 degiskenlerinin farkli modlarina baglt

niikleer dalga fonksiyonlarinin ilk ve son durumlaridir. ‘I‘Cny> ise toplam niikleer dalga

fonksiyonunun kalan kismimi gostermektedir. ‘I’my> da I niikleer diizey donme

(rotasyonel) kuantum sayisina, T’ya ve Y da eksensel olmayan 7-salinimlarina baglilig
icermektedir. Kati, cisim dénme veya harmonik salinici durumunda, ciftlenmis denklemler

sistemi denklem (78)’deki ile ayn1 formdadir, fakat anj,n'l'j'(r) ciftlenme potansiyeli

farklidir ve [10] de bulunabilir.

1.6.1. Soft Rotator Model Uzerine Kurulan Ciftlenmis Kanal (CC) Yapisimn Ana
Esaslar

SRM’deki dalga fonksiyonlarinin farkli titresim modlan i¢in carpanlarina ayrilmis

olmasi nedeniyle, denklem (79)’de dordiincii satirdaki matris eleman1 da ayrilabilir:

(BB

i) = (B ™ ")

By

0L By i) (50)
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Burada |ik> ve | fx>, A multipol titresimlerini tanimlayan niikleer dalga

fonksiyonlarinin c¢arpanlarina ayridmis kisimlaridir ve baslangic ve son durumlarini

gostermektedir.

Kati cisim dénme durumunda: { f3, |Ba|zx> =(GS |B&|GS> = ((fk |B§L| i, >y = Ba = B;»G.S

Soft rotator dalga fonksiyonlar1
t
By

Bir bandtan baslangi¢ ve son durumlar icin genellikle: ( I |[3a| ik>/<G.S |B&|GS > ~1

) # (G5B G.s) = (1 B i) # Bl

durumunda: £y, |B5 |ir ) # (f,

fakat bandlar aras1 durumda 1 den kiiciik olabilir. Kuadropol titresimler i¢in

. + . + )
(frza BS |inza) =Bhyt - [yf]. Buradaki Ji, [£(y)] denklem (63)’le
I"E'n:{ nf% néz I"E'n; néB néz
bulunur.

Boylece, kati cisim donme modeline [10] kiyasla, bu modelde, deforme niikleer
potansiyelin agilimindaki dinamik degiskenlerin SRM hamiltonyeninin uygun niikleer sekil
deformasyonlar1 icin ¢oziimilyle verilen dalga fonksiyonlar1 iizerinden ortalamasinin

almmasindan kaynaklanan ciftlenme kuvvetinin (siddetinin) artmasim1 anlamak kolay
olacaktir. Bu tiir artmalar <i;L |B;\| fk>/ B;» G.s Ye esittir ve bu oran genellikle 1 den

biiyiiktiir. Ciinkii donen yumusak cekirdek yiiksek I spinli kolektif diizeylerde artan bir
hizla donmektedir ve bdylece merkezka¢ kuvveti nedeniyle daha da gerilmis olacaktir.

Kisaca, dengedeki yiiksek I spinli diizeylerdeki deformasyonlar [3;»17, dengedeki taban

durumu (G.S.) deformasyonlarindan (ﬁx G.S.) biiyiiktiir. SRM’deki deformasyon

potansiyel enerjisi V (B, ) niikleer yumusaklik (J'LX) cinsinden V (B, ) ~ %(Bh -Birc. S.)2
)

seklinde dikkate alindigindan, ciftlenme artis1 yumusaklig (uk) fazla olan cekirdekler icin

daha fazla olacak ve kiiciik Wy’ cekirdeklerde sifir olacaktir. Siiphesiz bu,

’’ 7

Q(tm"n}L A7) T ny> matris elemaninda goriilen cos?y ve sin Yy

Vi

denklem (79)’deki <h-nY

fonksiyonlar ile de iliskilidir. Bu fonksiyonlarin sirasiyla eksensel olmayan 7v-salinim

ozfonksiyonlarn iizerinden ortalamasi alinmaktadir. Farkli baslangic ve final kanali

kombinasyonlar icin farkl ¢iftlenme siddeti artmalari elde edilir. Ciftlenme siddetindeki
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degismeler potansiyel aciliminin ¢ kuvvetine (derecesine) de baglhidir. Boylece, yumusak
donen cisim modeli (SRM) ciftlenme siddetinin tekrar dagilimimi, yani kanallar arasi
parcacik akimim kestirir. Boylece bu model baska varsayimlar veya parametreler

kullanmadan dogrudan diizey uyarma tesir kesitini degistirir.

1.7. Sacilma Problemlerinin Coziimii

Denklem (78)’daki denklem sistemini daha elverigli bir formda tekrar yazalim:

2
d”f;(r)
L—=>Vu(r)fi(r) 81)
dr X
Sacilma problemini ¢ozmek icin, niikleer kuvvetlerin olmadigi asimtotik bolgede gelen
diizlem dalga haline gelen fn§~ (r) normalize ¢oziimlerini bulmamiz gerekir. Baslangic (i)

kanalinda birim akimda gelen ve giden diizlem dalga ve biitiin diger ¢ikis (f) kanallarinda

sadece giden dalgalardan olusan ¢oziimler
. k: ‘
ﬁﬁ@0=55Fbmﬂﬂ+};%CUQ%erFﬂGU@Lﬂ) (82)
J

seklindedir. Burada F; Mm,r) ve G (m,r) Coulomb fonksiyonlaridir ki bunlar birim akima

normalize edilmis fonksiyonlardir. C;; matrisi sagilma matrisidir. 1) sembolii

Z'Zezp,
n=—-;
'k

(83)

seklinde tanimlanan Sommerfeld parametresidir.
Burada Z, Z’,|L ve k sirasiyla gelen pargacigin yiikii, hedefin yiikii, indirgenmis kiitle

ve dalga sayisin1 gostermektedir.
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1.7.1. Radyal Fonksiyonlar icin Ciftlenmis Kanal Sisteminin Hassas Coziimii ve
“Matching”
Eger denklem (81)'un f J’.” (r) bagimsiz ¢oziimlerinin oldugu bir denklem sisteme

sahipsek, Cj-matrisini belirleyen ¢oziimler bulunabilir. Orijin ¢evresinde, merkezi

potansiyelin sabit ve degerinin de orijindekine V. (0) esit oldugu ve ciftlenme
potansiyeli anj,n’l’j"(r) ve Coulomb potansiyelininde sifir oldugu varsayilabilir.

Dolayisiyla denklem (78) asagidaki denkleme indirgenir:

a2 1(i+1 2UV e (0
d_z_(_2)+kr%_“:—ezﬂc()JRnlj(r):o (84)
r r

Eger coziimlerin orijindeki r’ye bagliligi

f7H(r)=38,,r A+ (85)

biciminde ise denklem (84)’nin ¢éziimleri bagimsiz olur.

Bu baghilik, denklem (81)’un daki integral alirken sinir sartlar1 gibi gerekli bagimsiz
¢Oziimlerini bulmak icin kullanilabilir.

OPTMAN kodu, orijinden “matching” (asimtotik bolge ile i¢ bolge c¢oziimlerinin
birbiriile cakistirildigi yaricap) yarigapina kadar adim adim integral algoritmasi olarak

algoritmasini kullanir:

fj"n(”JFh):2fjm(”)—fjm(r—h)+h2{229zvjk(r)fkm(”)}
—1762 wr=h)f(r +194Z i (r=2n) " (r—2h) (86)

—962ij (r=3n) " (r—3h) +19Zij (r—4h)f," (r—4h)
k k
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Yukaridaki denklemde, homojen ciftlenmis denklemler sisteminin integralinin alindig1

ve f _]”(r ) = ZV jk (r) f 3 (r) kullanildig1 not edilmelidir.
k

N ciftlenmis denklem durumunda, bir sistem dogrultusunda bir integral adimindaki
aritmetik islemlerin sayist N x(M +L)dir. Burada M, Vi ciftlenme potansiyelini

hesaplamak icin gerekli islemlerin sayisidir ve L (~10), denklem (86)’de kullanilan bir
integral adimini icin her bir k degerindeki artis ve toplama yapmak icin gerekli islemlerin
aritmetik sayisim gostermektedir. Biitiin sistemler i¢in bir integral adimindaki aritmetik

islemlerin sayis1t NxNx(M + L) ile orantiidir. Eger j K integral adimlarinin sayisi ise,

ciftlenmis denklem sisteminin bir bagimsiz ¢oziimiinii elde etmek icin gerekli aritmetik

islemlerin sayis1t N 2 x (M x L)x K ile orantihdir. Sonug olarak, karsilastirmak icin gerekli
N bagimsiz ¢oziimleri elde etmek i¢in N h% (M xL)xK gereklidir.

f ";(r) bagimsiz ¢oziimleri bulunduktan sonra Cj; matrisi kolaylikla elde edilebilir.

Niimerik ¢oziimler diistiniildiigiinde f "} (r), sadece ikanali icin gecerli her bir gelen dalga

uzayinda fni- (r) normalize ¢oziimlerin lineer bir kombinasyonudur. R bolgesinde

asimtotik yaricap i¢in asagidaki gibi yazabiliriz:

m ki .
f! (Rih)=zi:ami{Fj(Rih)8ij+ k—jCij[Fj(Rih)ﬂGj(Rih)]} (87)

Daha sonra matrisler agagidaki gibi tanimlanir:

B .Efj’-"(R+h)Gj(R—h)—fj’-”(R—h)Gj(R+h)
Y F (R+1)G(R-h)~F; (R-h)G (R +1)
. ki
= Zi:am,- {5,-1- +i \/k:jc,-j} (88)
ijEf}”(R h)Gj(R_h)_f]m(R_h)Gj(R_h):_Zami kic,
F; (R+h)G;(R-h)-F; (R-h)G;(R+h) ; k;
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, ki
ij = —Z (Aml + lei) k_lclj (89)
i J

Denklem (89)’u, C,-j elamanlarin1 elde etmek icin denklem (88) ile hesaplanan

kompleks elemanlar ile (Am,- +iB,,; )tersini bulmak icin gereklidir.

fn§~ (r) normalize ¢oziimleri

i ki -1 rm
fli(r)==> |-=Cy B £1"(r) (90)
k,m kk

seklinde bulunur.

1.7.2. Ciftlenmis Denklemler Sisteminin Coziimii icin iterasyon Yaklasim

Ciftlenmis kanal sisteminin dogru ¢oziimil icin yukarida tarif edilen algoritma hizlidir
fakat yinede ¢ok fazla kullanilmaz ciinkii gerekli asimtotik davraniglar ile bir ¢6ziim elde
etmek icin ilk 6nce N tane bagimsiz ¢oziim elde etmek gerekir. J. Raynal [34] tarafindan
gelistirilen “ciftlenmis denklemler i¢in sirali iterasyon metodu” ECIS, OPTMAN kodunda
da uygulanir. Daha hizlidir fakat bazi 6zel sacilma durumlan ig¢in problem iterasyon
yakinsamasi icin kars1 karsiya kalmaktir.

Denklem (81)’zu tekrar yazarsak, homojen ciftlenmemis denklemin homojen olmayan

terimi gibi ¢iftlenmis denklemler sisteminin j. ¢iftlenimi:

d’f;(r)
5 =Vl )+ 2V (i) o)
dr k#j
Eger denklem (91)’un n. derece iterasyon ¢oziimii f j” (r)  sahipsek, f}lﬂ(r) bir

sonraki iterasyon W ; (r)= E Vik (r)f"(r) ile bulunabilir:
k
k# j
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a2 Fm(r) 1

——— =V ()" )+ W) (92)
dr y

Sacilma problemini ¢dzmek i¢in, baslangic kanallar i¢in gelen dalga uzayinda dogru

asimtotik fiziksel davranisa sahip olan f ntl (r) ¢oziimii tiiretilmelidir.
j

[lk olarak normalize olmayan f f”l (r) ¢oziimii
J

)= AR, )+ BlE, () + Gy (1) (93)

J

seklinde verilir. f f”l(r) normalize etmek i¢in homojen olmayan bir ¢6ziime herhangi bir
J

homojen ¢oziim ilave edilebilir. Eger normalize homojen ¢6ziim f jH (r) asagidaki

asimtotik forma sahipse
()= ( )
£ )= F (r)+C\F, (r)+ G (1) (94)
normalize fonksiyon

f}l+1 = ;H-l (r)_(A_Sij )fjH (I’) (95)

burada i’nin anlami taban durumundan sag¢ilan dalga fonksiyonlarmi gostermektedir.
Denklem (95)’in normalize durumundan kolaylikla goriilebiliyor ki C;; matrisi

gostermektedir: C i = B-C (A -9 i )

Numerov [35] metodu homojen olmayan (92) denklemini integre etmek i¢in uygulanir.

Homojen olmayan denklem icin:

F)=vr)f )+ wir) (96)
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integrasyon algoritmasi u(r) = (th(r)+ htv? (r)/ 12k(r) ile
E(r+h)=28(r)-E(r—h)+u(r)+[W(r+h)+10W(r)+ W(r—h)]/12 ve
F(r)=&(r)+ulr)/12.

1.7.3. Niimerik Coziimler ile Karsilastirmak Icin Kullamilan Asimptotik Niimerik
Dalga Fonksiyonlar:

Niimerik ¢oziimler Fj (kr) ve Gy (kr) Coulomb dalga fonksiyonlari ile karsilastirilabilir

ki bunlar niikleer potansiyelin ve ciftlenmenin olmadigi dis bolgede denklem (78) nin

¢coziimleridir. Coulomb fonksiyonlart asagidaki denklemin ¢oziimleridir:
u;m)z—b0+1yp2+2n/p¢1plm)=o (97)

Z'Ze’n
h2i?

F positif ve negatif kanallar i¢in isarettir,p=kr mMn= . Pozitif enerjiler icin

F (kr) ve G, (kr) Coulomb fonsiyonlari [36] sirasiyla p =0 da diizenli ve diizensizdir.
N =0o0ldugu durumda bu fonksiyonlar p ile carpilarak kiiresel Bessel ve Neuman

fonksiyonlarina indirgenir:

1/2 ©8)
Gl(m:(—l){"—"j J-e12)®)= 1) iy ()= —pn p)

Kapali kanallar icin ve 1> 0oldugu durumda sadece izin verilen ¢oziim Whittaker

fonsiyonlari iistel olarak azalir:

up(p)=W(-n,1+1/22p) (99)
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Ancak, denklem (87)’in ve denklem (93)’deki birinci iterasyonun dogru ¢6ziim
prosediirii icin ¢Oziim lineer bagimsiz olarak artmalidir. Boyle fonksiyonlarin yiiksek
dogrulukla ¢oziimii basit degildir. Kapali kanallarda Coulomb fonksiyonunu elde etmek
icin R-h ve R+h degerlerinde denklem (97)’in adim adim niimerik integrasyonu alinir.
Boylece integral dogru fonksiyon degerleri verir. Hesaplanan fonksiyonun dogrulugu

Wronskian iliskisi kullanilarak kontrol edilir:
F(p)Gi (p) - F{(p)G, (p) = sbt (100)

oyleki Fj (p) ve G (p) fonksiyonlar i¢in kontrol k(R—h)ve k(R + h)noktalarinda

ayndir.

1.8. C Matrisi ve Ciftlenmis Kanallarin Optiksel Model Tahmini

C matrisi kullamlarak biitiin optiksel model tesir kesitleri hesaplanabilir.l; niikleer
hedefin spini ve s gelen parcacigin spini olmak iizere n. uyarilmis seviyenin diferansiyel

tesir kesiti asagidaki gibi hesaplanabilir:

do, _ (-1)™h
dQ 2k (21, +1)

. o~ Jy *J, ADADA A Aras
X Z.exp[l (Gl1 S )]Cllljlvnll’jl’ Cllzjz,nléj; JiJ2j1i2d172
Jljgjgjzlllz
Jii2lil
15+l
1 - L
X ZPL(cose)—[H(—l)ll”z L][1+(—1)ll”2 L] (101)
L=l -1 4

x (j1j21/2=1/2L0)(j{ j51/ 2 =1/ 2LOW (I j1J 5 jo s LYW (1 j{ T 2 33 11L)

1

o
") & (21, +1)

>+ DRelexplioy, )5 @), B (cose)+ 7, (6)?

Jily
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'z 2
Burada o; ve n, = de H Coulomb faz kaymasina ve Sommerfeld parametresine
" h’k,
karsilik gelir. f,. (9) = —n—lzexp 2i [611 -1 Insin 6/ 2] Coulomb genligidir.
2kysin“0/2

0, sacilma tesir kesiti denklem (101)’un integrali alinarak iiretilebilir. Hatirlamahy1z ki

sifir derecede Coulomb siireksizdir, boylece elastik proton sacilmasi icin integrasyon

imkansizdir.

2
G, = 4m > (27 +1)(cf

' (102)
1ljnl
kE (21 +1)(2s+1) ji77 ljnl’j

Toplam nétron tesir kesiti 6,,7 optiksel teorem [37] ile gOsterilir:

4T
kE 21y +1)(25+1) 77

(27 +1)ImC’,

i (103)

Cpur =

ve birlesik formda tesir kesiti:

G, =67 — .0, = 4n
AT k2 +1)(2s+1)

J J
<> (27 +1)[ImCllj”j - [Cihy

Jij nl’j

ZJ (104)

Denklem (104) gosterilen genellestirilmis gecis katsayilari:

’.

2
J _ J J
1] = 4[ImCUjUJ. - chwnl,j, J (105)
n
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1.9. Sacilan Parcaciklarin Acisal Dagiliminin Legendre Polinomu Acilim

Denklem (101), deneysel ol¢iimlerle karsilastirilan sacilan ¢ekirdegin agisal dagilimini
hesaplamak i¢in izin verir. Diger bir degisle OPTMAN kodu Legendre polinomlarinin
acilimi gibi boyle acisal dagilimlar1 vermeyi tasarlamaktadir.

ENDF-6 [38] formatina gore notronlarin acisal dagilimi (bu protonlarin inelastik

sacilmasina da uygulanabilir ):

ds, o, Y& 2L+1

=— Ar\E)P, 0 106
oo X eI eono (106)

(101) denklemine baktigimizda gorebiliriz ki, Ay (E)reel sayilardir ve maksimum L say1st

NL = max(l5 +1{ )ile asagidaki gibi verilebilir:

2n(—1)11 =1 : J %)
AL(E): eXp[l (Gl’ _Gl' )]C l. ’ ./C 2 7
Gnklz(2L+l)(211 +1) J112%21112 1 2 Uyji.nlijy "Usja.nlsy j;
Jii2hls
Xfffzzfﬁzfiféi 1+(—1)ll+lz"L][l+ (—l)lf”é"L] (107)

x (1 j1/2=1/2|L0)(j{ j31/2 =11 2LO)W (J1 1 5 jo: LL)W (I i j53 1y L)

Protonlarin elastik sacilmasi durumunda Coulomb acilimi da hesaba katilmalidir.

ENDF-6 formatina gore protonlarin acisal dagilimi asagidaki gibi olmalidir:

do,, n? n

dQ  ak?sin*0/2 sin26/2

ML
X Re{exp in ln(sin2 0/ 2)] z 2L1+ ! ar, (E)PL (cos 9)} (108)

NL
+ z 2L+l bL(E)PL (cos@)
L=0

denklem (101) ile ENDF-6 formati karsilagtirlldiginda L say1s1 ML = max(ll) ile Ay (E):
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1 J
AL (E)= > 27 +1)C; 11, (109)

kEL+1)2n +1) 17

br (E) reel degerler alirken, Ar (E)komplex degerlere sahiptir, notronlar igin A (E)

benzer sekilde:
()it : J %
by (E)= exp[z (Gl’ -0y )]C Lo, Ct
k12 (2L+1)(211 +1) 1112%21112 1 2 1, jy,nly jy " Uy jounly gy
Jiialils
RV | — ]l —
><112J22J1J2J1J2Z[H(—l)llﬂ2 L][1+(—1)ll+lz L] (110)

x(j1ja 1/ 2=1/2JL0)(j{ 5112~ 11 2LOYW (I jy J 5 jos LLW (I j{J 5 j5 311 L)

gosterilir. Notron ve protonlar igin tesir kesiti formiiliindeki tek fark ©,, /27 degeridir.

1.10. Optiksel Potansiyel Parametrelerinin Enerjiye Baghhig

SRM calismalarinda genel olarak 200 MeV e kadar olan deneysel nétron ve proton
verilerini eszamanli olarak analiz etmek amaglandigindan ¢alismada optik potansiyelin bir
global bi¢imi kullanilmistir. Bu potansiyel, Fermi enerjisinde yok olan bir sanal bilesene ve
Delaroche ve arkadaglarinin [22] 6nerdigi dispersiyon bagintisim1 dikkate alarak tiiretilen,
yiiksek enerjide doyma davranisi iceren, enerjiye bagli bir potansiyeldir. Ifadesi asagida
verilen, enerjiye bagli bu tiir bir potansiyel, ndtron ve protona ait optiksel verilerin, secilen

biitiin enerji bolgesinde fiziksel olmayan kesiklilikler olmaksizin, analizine imkan saglar.

Vi =V +V(E, — E o )+ VISP e En~Enr)

, 111)
2l A-2Z 7z (
+(_1) " Cviso A +Cc0ul A1/3 Pcoul (Ep)
DISP Z'+1 A-27
WD S +(_ 1) " Cwiso A
Wy, = (112)

_xl)(Ep _Eﬁn) (EP _Efm)S

e (£, —Ez ) +WID}
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WV _ W\]?ISP (Ep - Efm)s

. (113)
(E, — Eg | + WIDY
Vso = Voe x Er Eum) (114)
S
E, —E
Wgo = WEISP £y =) (115)

(£, —Epm ) +wiDS,

Burada, Efm(Z,A):—%[SP(Z,A)+SP(Z+1,A +1)] fermi enerjisi, Sp(Z,A), Z atom

numarali ve A kiitle numarali cekirdegin son protonunu ayirmak icin gerekli enerji

miktaridir. Z' gelen parcacigin atom numarasi, Z hedef parcacigin atom numarasi, A

77
cekirdegin kiitle numarasi ve E, ise gelen parcacigin enerjisidir. C.q —73 Pcoul (Ep) reel
potansiyel icin Coulomb diizeltmesini gostermektedir.

’ -2Z . C . . . -
(- I)Z +1cwiso A sirasiyla reel ve sanal yiizey terimleri i¢in ilave izospin terimleridir.

E = (E »—E fm) olmak iizere Coulomb diizeltmesinin enerjiye baglilig

®coul (Ep ): xvi%)ISPe_kR(Ep Epm ) _Vlli - ZVI%E*

116)
3 1 2l A-27 (
—3VRpE | 1+———— (-1 C iy ——

R Vg +VRDISP ( ) Viso A

seklindedir. WIDp, WIDy, Wg ISP ,WVD ISP ,WSDOISP ,Apvelp proton ve ndtronlar igin
esittir.
rrverc reel Coulomb potansiyel yaricapt deneysel veri analizlerinin [39,40]

dipersiyona benzer enerji baghligini gosterdigi gibi enerjiye baglh oldugunu diisiinebiliriz:

*S

CrE

rR(E*):rlg 1- *SR S arn
E'S +wiID$
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(118)

Potansiyel yayginligi a; enerjiye baghdir, niikleer uyarma enerji ile azalabilir veya

artabilir:

a;j=a’ +aE" (119)

alD “in Egp,r enerjisi tistiinde sifir oldugu kabul edilir.

Eger kolektif uyarilmis seviyelere ragmen enerji diisiiyorsa, farkli kanallar i¢in lokal

optiksel potansiyel agsagidaki gibi hesaba katilabilir:

E,+E
Vi =V(Ep _’TfJ

burada i ve f, E; ve Efenerji seviyelerine karsilik gelen ilk ve son kanallar1 gostermektedir.

1.11. Relativistik Olmayan Schrodinger Denkleminin Relativistik Genellestirilmesi

OPTMAN kodunda gelen enerjinin iist sinirinin 200 MeV civarinda oldugu farzedilir.

Relativistik form niikleon dalga sayis1 k’y1 icerir:
2
(nk)? = [Ez —(Mpcz) }/c2 (120)

burada E gelen parcacigin toplam enerjisi, M, par¢acigin durgun kiitlesi ve ¢ 151k hizidir.
Mr hedefin durgun Kkiitlesi ile relativistik olmayan harekete izin vermek igin gelen
parcacig@in kiitlesi M, formiilde yer degistirir. Bundan dolay1 k* ve optiksel potansiyel

degerleri asagidaki katsayi ile carpilir:
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1

. (121)
1+E/‘MTC )

1.12. Potansiyel Ayarlamasi

xzdegerinin otomatik olarak minumum olarak bulundugu optiksel potansiyel

parametreleri en iyi uyumdur:

2
dS i 1 dQpes — do ;1 dQ g,
K, AG;; 1 dQ g

g LIS LY
N+M+L+3| 5K i 2

+§: Gtophesi _Gtopevali
iz Ao

10D pyqy i

I 2 0 0 2
N Z Greakhesi - Greakem,l_ N Shes - Seval
=il Ao AS,,

eval

(122)

reak,,, i

ol _gt Ve N
+ hes ~ °eval + (Rhes B Reval J
1 7
AS AR

eval eval
burada K i gelen enerjisi i¢in Olciilen agisal dagilimlarin sayisi, N boyle enerjilerin toplam

sayisi, M ve L sirasiyla reaksiyon ve toplam tesir kesiti 6l¢timlerinin sayisidir. S 0 S Lve R’

sembolleri sirasiyla s-p dalga fonksiyonlar ve sagilma yaricapidir. Diger biitiin optiksel

gozlenirler x2 arama kriterinde de bulunabilirler.

1.13. B(E2) Veri Analizi

Soft rotator modelin B(E?\.), Y gecis ihtimalide hesaplanabilir. qu dinamik

degiskenlerinin lineer teriminin hesaba katildig1 homojen yiiklii deforme elipsoide B(E2) yi

hesaplamak i¢in:
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B(EZ; Itnyn53 ng, = I"C'ng(nf;3 nl'32 ):
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2. YAPILAN CALISMALAR

Bu boliimde, danismanmim tarafindan bana saglanan verilerin Sl¢iimlerinin yapildigi
deneysel sistem ve Olgiimlerin analizinde kullandigim OPTMAN ve ECISO3 bilgisayar

programlar1 hakkinda bilgi verilmektedir.

2.1. Deneysel Sistem

Bu calismada kullanilan verilerden p—40Ar inelastik sacilmasinin etkin (tesir) kesitinin,
25.1, 32.5 ve 40.7 MeV proton enerjilerinde 6l¢iimii Kanada’nin Manitoba Universitesi
Siklotron Laboratuari’nda, p—40Ar inelastik sagilmasinin analiz giicliniin 25.1, 32.5 ve40.7
MeV enerjilerde olgiimii  de Kaliforniya Universitesinin Lawrence Berkeley
Laboratuari’'nda 88 inch siklotronunda Okumusoglu ve arkadaslari [1] tarafindan

yapilmistir.

2.2. Analiz Giicii (Ay) Olciimii icin Deneysel Diizenek

Atomik demet yontemi ile iyon kaynaginda kutuplanmig (spinleri aym1 yone yonelmis),
2-3 pA akim siddetindeki proton demeti, siklotron merkezine getirilip, hedefe
vardiklarinda arzulanan enerjide olacak bi¢cimde hizlandirilmistir. 88 inch siklotronu es
frekansli  (isocronous)ve pargali odakli (sector-focused) akim siddeti yiiksek bir pozitif
iyon hizlandiricisidir ve hakkinda literatiirde [41] genis bilgi bulunmaktadir.

Hizlandirllmis proton demeti Sekil 3’de gosterilen ulastirma, odaklama
elemanlarindan gecerek, “CAVE 4B” isimli kutuplama deneyleri odasinda bulunan 38 inch
capindaki sacilma odasinin merkezindeki argon gazi hedefe odaklanmistir. Hedefe gelen
demetin siddeti 50-80 nA kutuplanmasi, Py = 0.82 dir.

Proton demeti, Sekil 3 ve Sekil 4’de goriildiigii gibi esas hedeften gectikten sonra, doner
bir teker iizerine yerlestirilen degisik kalinliklardaki aliiminyum yapraklar vasitasiyla
yavaslatilmistir. Bu yavaslatmanin amaci, demet durdurucu Faraday bardaginin oniindeki

proton — *He polarimetresinde (demetin kutuplanma degerini Slgen aygitta) demet



44

enerjisini, 4He(f),p)4 He sagilmasinin analiz giicti Ay (*He), degeri bilinen, 24.0, 32.2 ve
39.8 MeV enerjilerine diistirmektir.

Argon hedeften sagilan protonlar, demetin iki tarafina esit agilara 30° ara ile yerlestirilen
iki ¢ift dedektor teleskobu ile gozlenmistir. Teleskoplardan her biri, goriis agilart +0,5°

icinde belirleyen bir cift tantalum kolimator sistemi, 0,5 mm kalinligindaki AE ve 3+5 mm
kalinlhigindaki E, silikon yiizey engelli dedektérden olusmaktadir. Sacilma agilar 0.1° ye
kadar ayarlanabilmektedir.

Polarimetre, ortasinda 8 cm capinda, i¢i 2 atmosfer basingta helyum gazi dolu olan
havar pencereli, silindirik seklinde bir hedef hiicresi ve demete gore simetrik agilara

konmus iki dedektor teleskopundan olusmaktadir.

Bu dedektor teleskoplari 25.1 MeV deneyinde 6, = F77° ye 32.5 ve 40.7 deneylerinde

0, = F120° ye yerlestirilmistir. Polarimetredeki dedektor teleskoplarin her biri bir cift

tantalum kolimatér ve kalinliklar1 0,5 mm ve 1,5 mm olan , AE+E, yiizey engelli

dedektorden ibarettir.



45

POmpa Sikbtron

istasyonu )
dortkutup  dort
no2 nol s

faraday bardag

polorimetre
f yutucu doner tekerlek
SaClima odas
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2.3. Verilerin Degerlendirilmesi

Deneyde kullanilan ve goriis acilar1 +0,5° olan dedektor teleskoplarinin solda olanlar
“S”, sagda olanlarisa “Sa” indisleri ile belirtilmisti. Deneyde, polarize p-*"Ar
sacilmasindan, Olciim yapilan her © laboratuar acisinda, sol ve sag simetrik dedektorlere,
kutuplanmalar (spinleri) yukar (Y) ve asagi (A) durumlarinda gelen protonlarin ayn ayri
spektrumlar elde edilmistir.

Dedektor teleskoplarinin biriyle, E, =40.7 MeV, 6= 118° icin elde edilen tipik bir
proton spektrum asagidaki sekilde gosterilmistir. Sekil 5 **Ar’in taban durumundan ve 1.46
MeV, 370 MeV ve 4.43 MeV diizeylerinden elastik ve inelastik sagilan protonlarin

enerjilerine kars1 sayimlarim1  gdstermektedir.

1000 N .
40Ar(p,p')‘mAr
E,=40.7 MeV
800 368Mev  6=50" GS.
3 0
1.46 MeV
>
600 + 4.49 MeV
IS 5
=
©
n
400 +
2.89 MeV
200 — 4
0 -
T T T T T T T T T T T T
430 440 450 460 470 480 490

Kanal Sayisi

Sekil 5. 40.7 MeV enerjili protonlarin “Ar cekirdeginden sacilmasina ait tipik
bir spektrum
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2.3.1. Diferansiyel Tesir Kesiti Ol¢iimii
Gaz hedefle yapilan bir esnek sagilmanin diferansiyel tesir kesiti

= ne
bagintisiyla verilir. Burada 0 laboratuar sagilma agisi, Ny(0), 6 acisinda sagilan protonlarin
sayist, Np, hedef ilizerine gelen, faraday bardaginin saydigi, proton sayisi, N birim
hacimdeki hedef cekirdek sayisi ve G’de sistemin geometrisine bagi geometri carpanidir.
Degisik sistemler i¢in G geometri ¢arpam Silverstein [42] tarafindan hesaplandigindan bu
carpana Silverstein geometri ¢arpani da denilmektedir.

Kutuplanmis demetin tesir kesiti, bir dedektore gelen kutuplanmasi asagi ve

kutuplanmasi yukari parcacik sayilar, (Ng, +Ng, ) veya (N, + N, ) toplanarak,

=f(Ng, +Ng ) (124)

bagintisindan hesaplanir. Burada f, mutlak tesir kesiti elde edilmesi icin gerekli
normalizasyon carpanidir. Kutuplanmis demetle 6l¢iilen bagil tesir kesitinin ayn1 enerjide

onceden Olgiilen tesir kesitine uyumundan elde edilir.

2.3.2. Analiz Giicii Ol¢iimii

Spektrumlardan, her bir “Ar enerji diizeyi i¢in, zemin (arka plan) diizeltmesi yapilarak,

N4y, Ngi,Ngy ve Ng,, sayilart elde edilmis, bu sayilardan da © agisindaki simetrik

dedektorler i¢in kullanilan

_ NSA NSaY . _ [I_PYAY(G)]
B(—J “i+ A O) 12

SZ(NS_Nsa]:Ei;E; (126)
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bagintilar1 yardimu ile sag ve sol asimetrisi 8(9) bulunmustur. Bulunan 8(9) degeri ve ayni

zamanda Olciilen demet kutuplanmasi, Py ile analiz giicii Ay(0) arasindaki

A, (0)=2Y (127)

bagintis1 kullanilarak analiz giicii hesaplanmistir. Analiz giiciiniin igaretinin dogru olmasi
kutuplanma asimetrisinin hesaplanmasinda da analiz giicliniin hesaplanmasindaki
yontemin kullanilmasiyla saglanmistir. Simetrik dedektdr kullammi yontemiyle Slgiilen

analiz giicii degerlerindeki deneysel hata sadece istatistikten gelen hatadir. Bu hata

172
AAY:L[ Bz}( L, ity 1] (128)
Py (1+B) Nga Ngy Nga Ny

2.4. OPTMAN Bilgisayar Programm

OPTMAN bilgisayar programi ROTAT ana programi, 44 tane alt program, 2 tane
fonksiyon ve bir tane blok-datadan olugmaktadir. Alt programlarin, fonksiyonun ve blok
datanin aciklamasi asagida verilmisti. OPTMAN bilgisayar programinin blok semasi

Sekil 6-8 de verilmistir.

2.4.1. Alt Programlar

1. ROTAT: Bu program ana programdir. Bu programda 2 ana secenek kullaniriz.
1- Optiksel model parametreleri ayarlanmadan optiksel model hesaplari
2- Deneysel optiksel veriler kullanilarak ayarlanan potansiyel parametreleri
ROTAT ana programi, eger 1.secenek secilirse ABCT alt programim 2. secenek secilmisse
DATET alt programini ¢agirir.

2. ABCT: Bu alt program optiksel model parametreleri ayarlanmadan optiksel model
hesaplarinin yapilmasini saglayan alt programdir. PREQU, RIPAT, ASFUT, KNCOE ve
QUANT alt programlarini ¢agirir. Eger eksensel olmayan cekirdek hesaba katilirsa sirayla
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PREQU ve KNCOE cagirilir. Sagilan pargacigin acisal dagilimi hesaplanacaksa DISCA alt
programi cagirilir ve sonuglar ¢ikis dosyasina yazdirilir.

3. PREQU: Bu alt program kuadropol deformasyon B, , ¥ ve oktupol deformasyon 35
dinamik degiskenlerini hazirlar. Bu alt program SHEM, OVLAO, OVLAB ve OVLAGE
alt programlarini ¢agirir.

4. SHEM: Bu alt program denklem (51,62) ile gosterilen kolektif uyarilmis durumlarin
enerjilerini tanimlar. Baslangi¢ ve sonug¢ kolektif durum dalga fonksiyonlar i¢in B, , v,
B3 ortalama degerlerine ihtiya¢ vardir. Bu alt program ANUDF, OVLAB, ANDETO,
OVLAG, INERMO, MATAM, EIT12 alt programlarin1 ve ERFC(XX) fonksiyonunu
cagirir.

5. ANUDF ve ANDETO: Bu alt programlar denklem (54,58) daki sinir sartlarini
saglayan [,,y ve Pz osilator fonksiyonlarini bulur. ANUDF alt programi
DGAMMA (XX) fonsiyonunu, ANDETO alt programi1 DETX12 alt programini kullanir.

6. DETX12: Sinir sartlart ile bagimsiz osilatér fonksiyonlarindan olusan bir matrisin
determinantini hesaplayan alt programdir. Bu alt program FUNDU alt programini ¢cagirir.

7. OVLAG: Bu alt program baz1 gerekli 7y titresim fonksiyonlarinin ortalamasin alir.
Bu alt program FUNDU alt programini ¢agirir.

8. FUNDU: Bu alt program Weber- Dv(y) ve lineer bagimsiz V,, (y) fonksiyonlarin
hesaplar. Bu alt program DGAMMA(XX) fonksiyonunu kullanir ve dinamik
degiskenlerinin ortalamasin alan biitiin alt programlari ¢agirir.

9. OVLAB, OVLAGE ve OVLAO: Bu alt programlar sirasiyla ,, vy, B3 titresim
fonksiyonlarinin ortalamasini alir. Bu alt program FUNDU alt programini ¢agirir.

10. INERMO: Kuadropol ve oktupol titresimlerin potansiyel enerjisi minumum
oldugunda deformasyon ile eksensel olmayan kati1 cekirdek icin eylemsizlik momentini

veren alt programdir.

11. MATAM: BirI™icin farkli K ile donme fonksiyonlarimin ciftlenimini gdsteren
matrisi olusturan alt programdir. Bu alt program VECNO alt programini ¢agirir.

12. VECNO: Bu alt programda ciftlenme matrisini kdsegen yapar boylece eksensel

olmayan kat1 donme i¢in €7; donme enerjileri problemini ¢ézer. Donme fonksiyonlari i¢in

AITK agirhigi gereklidir, bu alt programda o da hazirlanir.
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13. EIT12: Bu alt program Y, donmelerine ragmen uyarilmis kolektif seviyelerin enerji

diizeltmelerini hesaplar. INERMO alt programi ¢agirilir.
14. RIPAT: Bu alt program c¢iftlenmis denklemler sisteminin integralini almak igin,
farkli kanallarda sagilan parcaciklarin dalga sayilarini ve biitiin noktalardaki potansiyel

aciliminin “matching” yaricapim hazirlar. Eger optiksel potansiyel agilim1 Y (0) kiiresel

fonksiyonlar ile deforme optiksel potansiyelin integralinin bir sonucu gibi ortaya ¢ikarsa

RIPAT alt programi POTVOL ve SPHEPOT alt programlarinda aktif hale gelir. Coulomb

potansiyel multipolleri de eksensel ve eksensel olmayan niikleer durum icin de hesaplanir.
15. POTVOL: Bu alt program optiksel potansiyellerin hacim integrallerini hesaplar. Bu

alt programda kiiresel reel potansiyel hesaplarindan denklem (74) yi kullanarak gerekli Cg

katsayilarin1 hazirlar.

16. SPHEPOT: Bu alt program yiik yogunlugunun yiizey dagilim ile yiiklii kiirenin
Coulomb potansiyelini hesaplar. Bu alt programda SPHER alt programi kullanilir.

17. SPHER: Bu alt program yiik yogunlugunun yiizey dagilimu ile bir kiire i¢indeki
yiikii hesaplar.

18. POTET: R(6)nin fonksiyonu gibi optiksel potansiyelleri veren alt programdir.

19. ASFUT: Sagilan parcacigin acisal momentumunun I,x maksimum degerini ve
Coulomb parametresini belirleyen alt programdir. Eger yiiklii parcacigin sacilmasi icin
hesaplamalar yapilacaksa, Coulomb hesaplar1 icin COPHA alt programini ¢agirir. Daha
sonra baglangi¢ ve bitis kanallar icin sirasiyla BENEC ve BESIM alt programlari ¢agirilir.

20. COPHA: Bu alt program I,,x’a kadar agisal momentum ve biitiin uyarilmis sag¢ilma

kanallar1 icin Coulomb fazlarin1 6 1, (n kanal say1s1) degerini hesaplar.

21. BENEC ve BESIM: Bu alt program sirasiyla baslangic ve bitis kanallar
“matching” yaricapinda diizenli ve diizensiz ¢oziimleri hesaplar.

22. BESIMC: Bu alt program diisik “matching” noktasindan yiiksege Coulomb
denkleminin integrali ile iki “matching” moktalarinda iki bagimsiz Coulomb denkleminin
¢cOziimlerini hesaplar.

23. RCWF: Bu alt program “matching”  yaricapinda  Coulomb  fonksiyonlarini

hesaplar.

r’ 7

Q(tm..nh AN ) It ”y> katsayisini

Vi

24.KNCOE: Bu alt program denklem (79) deki <I‘CnY

hesaplar ve KLEGO alt programini ¢agirir.
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25. KLEGO: Bu alt program BLOCK DATA’dan verileri kullanarak Clebsch-Gordan
katsayilarin1 belirler.

26. BLOK DATA: /SENUY/ veri deposu ANUDF alt programinin kullandigi rasyonel
yaklagim katsayilarini, /[LOFAC/ veri deposu KLEGO alt programimnin kullandig1 Racah ve
Clebsch-Gordan kaysayilarin1 hesaplamak i¢in kullamilan faktoryelin logaritmalarini
depolar.

27. QUANT: Bu alt program belirli gelis enerjisinde belirli spin ve parite igin
ciftlenmis kanallar sistemini olusturur ve LOGMO alt programi cagirillarak sagilan
parcaciklarin gerekli biitlin kuantum sayilart belirlenir. Bu alt program da CMATC alt
programi cagirilir. QUANT alt programi GNASH [43] ve STAPRE [44] istatistiksel kod

ve Sp,Sve S, fonksiyonlar: tarafindan kullamilan formatta gecis katsayilarimi ve tesir

kesitlerini hazirlar.

28. LOGMO: Bu alt programda bilesik cekirdegin secilen J”* giden dalganin ve diger
uyarilmis durumlarin olas1 agisal momentumunu {iretir.

29. CMATC: Bu alt program ciftlenmis kanallar ¢oziimii icin farkli secenekler saglar. 4
tane secenek secgebiliriz: 1- Standart tam ¢6ziim, 2- Biiyiik sistemler i¢cin kullanilan
iterasyonlarin ¢oziimii ve kiiciik sistemler icin standart tam ¢6ziim, 3- Sifir yaklasiklik gibi
ciftlenme olmadan biitiin sistemler i¢in iterasyonlar, 4- Birkac ciftlenmis denklemlerin tam
¢oziimiinden elde edilen sifir yaklagim iterasyonlari. Bu alt program KNDIT, SOSIT,
MASCT ve ECISS alt programlarini ¢agirir.

30. KNDIT: Bu alt programda belirli J™icin ¢iftlenmis kanallar sisteminde farkl
denklemlerin ciftlenme siddetini belirler. Eksensel olmayan cekirdegin hesaplarinda boyle
ciftlenme denklem (79) ile gosterilir. Bu alt program RACAH ve KLEGO alt
programlarini ¢agirir.

31. RACAH: Bu alt program Racah katsayilarint hesaplar.

32. SOSIT: Bu alt program “matchin” yaricapina uygun ag noktalarinda bagimsiz
¢Oziimleri verir ve ciftlenmis denklemler sisteminin integralini alir.

33. MASCT: Bu alt program C-matris elemanlarim1 verir ve arzulanan asimtotik
davranis ile ¢oziimleri karsilastirir. Bu alt program INMAT alt programini ¢agirir.

34. INMAT: A ve B reel olmak iizere C=A+iB kompleks matrisinin tersini alan alt
programdir ve bu alt programda INVER alt programi ¢agirilir.

35. INVER: Bu alt program reel matrisin tersini alir.
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36. ECISS: Bu alt programda bir ciftlenmis sistemde kullanilan iterasyonlarin
integralini alir. Iterasyonlar icin 2 secenek miimkiindiir: 1- Sifir yaklagimlar gibi kullanilan
kiiresel ciftlenmemis optiksel ¢oziimler, 2- ciftlenmis denklemlerin kiigiik bir sayisi icin
standart ¢oziim. Bu alt program MATCH ve PADE alt programlarini ¢agirir.

37. MATCH: Bu alt program segilen kanalda ¢oziimleri karsilastirir ve C-matris
elemanlarin verir.

38. PADE: C-matris elemanlarim belirlemek icin Pade [45] yaklagimini kullanan alt
programdir. Bu alt programda MATIN alt program cagirilir.

39. MATIN: Standart prosediirii kullanarak reel matrisin tersini alan alt programdir.

40. DISCA: Bu alt program C-matris elemanlarini ve analitik formiilleri kullanmak i¢in
proton ve notronlar da s=1/2 olan pargaciklar i¢in acisal dagilimi hesaplar. Bu alt program
PLEGA, KLEGO ve RACAH alt programlarin1 ¢agirir. Ayrica sagilan parcaciklarin acisal
dagilimimin Legendre Katsayilarini hazirlar.

41. PLEGA: Bu alt programda verilen acilarda Legendre polinomlar1 hesaplanir.

42. DATET: Bu alt programinda ayarlanan optiksel model parametreleri ile optiksel
model hesaplari icin biitiin giris verilerini diizenler. Ilk olarak optiksel model parametreleri
okunur ve deneysel optiksel veriler girilir. Bu alt programda PREQU, ABCT ve SEART

alt programlari ¢cagirilir.

43. SEART: x2f0nksiyonunu minimum yapan alt programdir. Burada grandyant

metodu kullanilir ve bu alt programda XISQT ve DEFGT alt programlari ¢agirilir.

44. XISQT: xzdegerinin hesaplandig1 alt programdir. Bu alt programda PREQU,
RIPAT, ASFUT, KNCOE, QUANT ve DISCA alt programlan cagirilir ve her bir enerji

noktasinda xz degeri hesaplanir.

45. DEFGT: Optiksel parametrelerin ayarlandig1 bir fonksiyon gibi inin grandyanti
hesaplanir. Bu alt programda XISQT alt programi ¢agirilir.

2.4.2. Fonksiyonlar

1. ERFC(XX): erfc(x) hata fonksiyonunu hesaplayan fonksiyondur.
2. DGAMMA(XX): F(x) gama fonksiyonunu hesaplayan fonksiyondur.



2.4.3. OPTMAN Bilgisayar Programinin Blok Semasi

OTAT
[
v v
ABCT DATET
[
v v v v
QUANT PREQU SEART
lf‘l 8 1?'1 7 v
€K1 €K1
5 5 DEFGT
v v v v XISQT
RIPAT KNCOE DISCA ASFUT

W

(O8]

POTVOL POTET KLEGO RACAH
A
SPHEPOT PLEGA
SPHER
v v v
COPHA BENEC BESIM
RCWF BESIMC
Sekil 6. OPTMAN kodunun blok semasi. v v v v v v

PREQU KNCOE ASFUT QUANT RIPAT DISCA
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PREQU
OVLAO SHEM
|
\ 4
OVLAGE * * *
ANDETO EIT12 MATAM
A\ 4
OVLAB v
DETX12 A v
v INERMO
OVLAG ERFC(XX)
A
¢ VECNO
FUDNU |« ANUDF
COMMON/LOFAC
Sekil 7. OPTMAN kodunun blok semasi
QUANT
[
v v
CMATC LOGMO
|
v v v v
SOSIT MASCT KNDIT ECISS
INMAT KLEGO | | RACAH PADE MATCH
v v v v
INVER BLOCK DATA MATIN
COMMON/LOFAC

Sekil 8. OPTMAN kodunun blok semasi
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2.4.4. OPTMAN Bilgisayar Programinda Kullamlan Ornek Giris (INPUT) Veri
Kiitiigii

Fortran programa dilini kullanan OPTMAN’in c¢alisir hale getirilmesi Compaq Visual

Fortran 6 fortran derleyicisi ile basarilmigtir. Asagida 25.1 MeV proton enerjisinde sagilan

*Ar cekirdeginin taban durumu ve uyarilmis durumlar icin Srnek veri kiitiigii asagida

verilmistir. 25.1, 32.5 ve 40.7 MeV proton enerjilerinde “Ar cekirdeginin taban durumu ve

uyarimis durumlart icin OPTMAN programi ile elde edilen cikti dosyast Ek 1’de

verilmisgtir.

OPTMAN=> Ar-40 parameters bet3=ksi*bet2

0202050001040202000001000101 ME: JOB POT HAM CHA PRI SOL SHA SHO HAO
0.12134E+01 0.19956E+01 0.22544E+00 0.40376E+00 0.09370E+00 0.12400E-00
0.61771E-01 0.11360E+00 0.69743E+00 1.19000E+00 0.80489E-01 0.539087137
0.35000E+00 0.26583E-01 0.00000E+00 0.49157E+01 0.00000E+00
008001004004000060080099001 NUR NST NPD LAS LLMA NCMA NSMA KODMA
.2510000+02 .3250000+02 .407000E+02 .650000E+02

010101010101

0.000000000 00+101000000 ES(),JU(),NPI(I),NTU(I),NNB1),NNG(I),NNO)
1.460860000 04+101000000 ES(I),JUI),NPI(I), NTU(I),NNB(I),NNG(I),NNO(I)
2.120770000 00+101010000

2.524080000 04+102000000 Levels of Ar-40

2.893000000 08+101000000

3.208330000 04+101010000

3.680971000 06-101000001

4.49400000 10-101000001

1.00866520 .5000000-00 .4000000+02 .1800000+02-.7983850+01-.1016852+02
-.3677000+02 .0285000-00 .0001800+00 .0000000+00 .9635000+02 .4751000-02
.0000000+01-.0000000-00 .0000000+01 .1078000+02 .1066000+02 .1741000-01
.0000000+01-.0000000-00 .0000000+01 .1241000+02 .7886000+02 .0000000+01
.6180000+01 .0050000000 .0000000+01-.0000000-00 -3.100  160.

.1179400+01 .0000  .1000000+03 2.00 .6880000-00 .0000000-03
.1196900+01 .5960000-00 .0000000-02 .1194100+01 .6680000+00 .0000000-02
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.1000000+01 .1000000+01 .0000000-00 .1208100+01 .6690000-00-.0000000-02
.1131200+01 .00 .1000000+01 .3600 1.0500  .1000000+01
.1150000+02 .2000000+02

0000000000

00000000

00000000

0000

0000000000

000

0000000

0

000000000

000000 NPJ(I)=0, WITHOUT SEARCH

000000030000

.2180000+01 .0550000-00 .0000000-00 .0000000-00 no total 25.1. MeV
010159020245070746080842

1.84600E+01 1.38900E+00 7.45138E-02 2.05000E+01 9.90000E-01 5.30932E-02
2.30700E+01 5.70000E-01 3.05853E-02 2.56300E+01 2.99000E-01 1.60429E-02
2.73214E+401 1.86975E-01 1.02986E-02 2.81800E+01 1.10000E-01 5.91628E-03
3.07000E+01 2.78900E-02 1.81390E-03 3.28000E+01 1.72700E-02 9.55893E-04
3.48300E+01 1.01000E-02 7.17722E-04 3.68700E+01 2.09000E-02 1.34076E-03
3.89500E+01 3.74800E-02 2.20397E-03 4.09500E+01 5.68300E-02 3.05426E-03
4.35000E+01 7.43700E-02 3.99121E-03 4.60500E+01 8.47700E-02 4.54834E-03
4.85900E+01 8.53500E-02 4.57899E-03 4.90000E+01 8.48500E-02 4.56303E-03
5.11400E+01 8.08300E-02 4.34302E-03 5.36700E+01 6.85500E-02 3.69488E-03
5.62100E+01 5.57500E-02 3.00038E-03 5.87500E+01 4.29200E-02 2.31942E-03
6.12800E+01 2.91500E-02 1.56499E-03 6.33000E+01 2.11900E-02 1.13971E-03
6.54000E+01 1.49700E-02 8.10156E-04 6.73500E+01 1.07800E-02 5.86021E-04
6.94000E+01 8.13000E-03 4.40616E-04 7.13000E+01 6.82000E-03 3.72533E-04
7.39100E+01 6.70000E-03 3.63077E-04 7.64300E+01 7.40000E-03 4.03113E-04
7.89400E+01 8.46000E-03 4.59705E-04 8.14600E+01 9.52000E-03 5.16310E-04
8.39600E+01 9.8 1000E-03 5.29708E-04 8.64800E+01 9.96000E-03 5.40466E-04
8.89800E+01 9.25000E-03 5.03891E-04 9.14800E+01 8.43000E-03 4.62344E-04
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9.39800E+01 7.42000E-03 4.04031E-04 9.64800E+01 6.16000E-03 3.38325E-04
9.89600E+01 4.95000E-03 2.70844E-04 1.01460E+02 3.92000E-03 2.11698E-04
1.03940E+02 2.74000E-03 1.49563E-04 1.06430E+02 2.30000E-03 1.25399E-04
1.08910E+02 1.71000E-03 9.06104E-05 1.11390E+02 1.50000E-03 8.07775E-05
1.13300E+02 1.38000E-03 7.52396E-05 1.18810E+02 1.20000E-03 6.70820E-05
1.21280E+02 1.28000E-03 7.06824E-05 1.23250E+02 1.22000E-03 6.79779E-05
1.26210E+02 1.18000E-03 6.61891E-05 1.28670E+02 1.09000E-03 5.80539E-05
1.31140E+02 1.22000E-03 6.41950E-05 1.33590E+02 9.20000E-04 5.01597E-05
1.36040E+02 8.50000E-04 4.69707E-05 1.38500E+02 8.30000E-04 4.60679E-05
1.40950E+02 8.30000E-04 4.60679E-05 1.43400E+02 8.80000E-04 4.83322E-05
1.48800E+02 9.60000E-04 5.20000E-05 1.50740E+02 9.80000E-04 5.29245E-05
1.52720E+02 9.80000E-04 5.29245E-05 1.55630E+02 1.00000E-03 5.38517E-05
1.58570E+02 9.80000E-04 5.29245E-05

3.07500E+01 6.73000E-03 6.89514E-04 3.27900E+01 5.88000E-03 5.96443E-04
3.48400E+01 5.44000E-03 5.61726E-04 3.58600E+01 4.71000E-03 4.77746E-04
3.89500E+01 4.95000E-03 5.03115E-04 4.09600E+01 4.75000E-03 4.81690E-04
4.40300E+01 3.72000E-03 3.80505E-04 4.73340E+01 3.25800E-03 3.33235E-04
5.11500E+01 2.79000E-03 2.83445E-04 5.62300E+01 2.43000E-03 2.48091E-04
6.13000E+01 2.27000E-03 2.32441E-04 6.33200E+01 2.31000E-03 2.36349E-04
6.53400E+01 2.19000E-03 2.24635E-04 6.63600E+01 2.14000E-03 2.19764E-04
6.94000E+01 1.99000E-03 2.05185E-04 7.14000E+01 1.88000E-03 1.94535E-04
7.44400E+01 1.70000E-03 1.72627E-04 7.64400E+01 1.46000E-03 1.49050E-04
7.87340E+01 1.25000E-03 1.31244E-04 8.14700E+01 1.08000E-03 1.12089E-04
8.45110E+01 8.82000E-04 9.68465E-05 8.64900E+01 7.20000E-04 7.47262E-05
9.15000E+01 6.40000E-04 6.70522E-05 9.64900E+01 7.30000E-04 7.56902E-05
1.01470E+02 8.20000E-04 8.44038E-05 1.04460E+02 7.80000E-04 8.05233E-05
1.06440E+02 8.30000E-04 8.53756E-05 1.07440E+02 8.90000E-04 9.12195E-05
1.11400E+02 7.50000E-04 7.76209E-05 1.13390E+02 6.50000E-04 6.80074E-05
1.16360E+02 5.80000E-04 6.13515E-05 1.19320E+02 4.70000E-04 4.80521E-05
1.21300E+02 4.80000E-04 4.90306E-05 1.23270E+02 3.90000E-04 4.02616E-05
1.26230E+02 3.50000E-04 3.64006E-05 1.29180E+02 2.80000E-04 2.97321E-05
1.31150E+02 2.60000E-04 2.78568E-05 1.34090E+02 2.60000E-04 2.78568E-05
1.37040E+02 2.40000E-04 2.60000E-05 1.42920E+02 2.70000E-04 2.87924E-05
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1.45860E+02 2.80000E-04 2.97321E-05 1.48800E+02 3.10000E-04 3.25730E-05
1.52700E+02 3.50000E-04 3.64006E-05 1.55630E+02 3.50000E-04 3.64006E-05
1.58570E+02 3.20000E-04 3.35261E-05

3.07900E+01 4.03000E-03 6.11163E-04 3.28400E+01 3.55000E-03 5.35870E-04
3.48800E+01 4.00000E-03 6.06713E-04 3.59100E+01 3.90000E-03 5.90445E-04
3.89700E+01 4.30000E-03 6.51249E-04 4.10100E+01 4.17000E-03 6.31942E-04
4.40800E+01 3.49000E-03 5.29577E-04 4.70110E+01 3.19240E-03 4.83949E-04
5.12100E+01 2.85000E-03 4.33193E-04 5.62900E+01 2.32000E-03 3.54970E-04
6.13600E+01 2.08000E-03 3.15981E-04 6.33900E+01 2.03000E-03 3.08578E-04
6.54200E+01 2.04000E-03 3.10058E-04 6.64300E+01 1.93000E-03 2.93786E-04
6.94600E+01 2.10000E-03 3.18944E-04 7.15000E+01 2.05000E-03 3.11539E-04
7.45100E+01 2.03000E-03 3.05974E-04 7.65200E+01 1.95000E-03 2.96743E-04
8.15500E+01 1.73000E-03 2.61228E-04 8.65700E+01 1.32000E-03 2.02000E-04
8.93200E+01 1.14700E-03 1.74646E-04 9.15800E+01 9.20000E-04 1.39442E-04
9.44510E+01 8.06000E-04 1.23458E-04 9.65700E+01 6.70000E-04 1.02471E-04
9.95820E+01 5.79000E-04 9.03766E-05 1.01550E+02 4.90000E-04 7.41772E-05
1.04530E+02 4.00000E-04 6.08276E-05 1.06520E+02 4.30000E-04 6.52706E-05
1.07510E+02 4.70000E-04 7.12057E-05 1.11480E+02 3.90000E-04 5.93486E-05
1.13460E+02 3.63000E-04 5.53607E-05 1.16430E+02 3.70000E-04 5.63937E-05
1.19380E+02 3.30000E-04 5.05000E-05 1.21360E+02 3.50000E-04 5.34439E-05
1.23340E+02 3.30000E-04 5.05000E-05 1.26290E+02 2.90000E-04 4.46346E-05
1.29240E+02 3.30000E-04 5.05000E-05 1.31210E+02 3.20000E-04 4.90306E-05
1.34150E+02 2.70000E-04 4.17163E-05 1.37100E+02 2.70000E-04 4.17163E-05
1.42970E+02 2.60000E-04 4.02616E-05 1.45910E+02 2.70000E-04 4.17163E-05
1.48840E+02 2.52000E-04 3.91004E-05 1.52740E+02 2.00000E-04 3.16228E-05
1.55670E+02 1.80000E-04 2.87924E-05 1.58590E+02 1.80000E-04 2.87924E-05
.500000-03 .500000-03 .500000-03 .500000-03 .500000-03 .500000-03

2.4.5. OPTMAN Giris Veri Kiitiigii Elemanlarinin Ac¢iklanmasi

Yukaridaki giris veri kiitiigiiniin elemanlarinin agiklamasi asagida verilmistir.
1. Satirdakiler:

Bu satirda yapilan hesap i¢in agiklama yazilmaktadir.
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2. Satirdakiler:
Bu satirda tarif edilen modele gore secenekler verilir:
MEJOB: (2) 1-Parametreler ayarlanmadan hesaplamalar yapilir
2-Optiksel potansiyel parametreleri ayarlanarak hesaplama
MEPOT: (2) 1-Donme model potansiyeli
2-Tiirevler alinarak potansiyel agilir
MEHAM: (5) 1-Kat1 donme modeli
2-Heniiz kullanilmiyor
3-Davydov-Chaban modeli
4-Davydov-Fillipov modeli
5-Soft Rotator model
MEPRI: (0) 0-Kisa cikis dosyasi
MESOL: (1) 1-Ciftlenmis kanallar sistemi ¢oziim metodu i¢in kod secilir
2-Tam ¢oziim
3-Iterasyonlar kullanilarak yapilan ¢oziim
MESHA: (4) 1-Kat1 hegzapol deformasyonlar hesaba katilmayacak
2- Kat1 hegzapol deformasyonlar hesaba katilayacak

3-74 =7 ve Oy = cos_l[1 /% cos 37} eksensel olmayan parametreler ile

Kat1 hegzapol deformasyonlar
4-En genel durumda kati hegzapol deformasyonlar, burada v, ve &4
secilen durumdan bagimsiz
MESHO: (2) 0-Oktupol deformasyonlar olmadan niikleer durum
1-Eksensel Oktupol deformasyonlar ile niikleer durum
2- Eksensel olmayan Oktupol deformasyonlar ile niikleer durum
MEHAO: (2) 0-Oktupol deformasyonlar i¢in kati cekirdek
1-Simetrik olmayan oktupol durum i¢in yumusak cekirdek
2- Simetrik oktupol durum i¢in yumusak ¢ekirdek
3. Satirdakiler:
HW: hwgenerji Olgegi
AMBO: 1B, niikleer yumugaklik

AMGO: Hy, niikleer yumusaklik
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GAMO: 0<vyg <7/3 raydan araliginda eksensel olmayan vy,

BETO: Eksensel olmayan Hamiltonyen i¢in 3, deformasyonu

BET4: Eksensel olmayan Hamiltonyen i¢in kat1 34 deformasyonu

4. Satirdakiler:

BB42: as = B4 !By(Ba/Bo ) burada By, kiitle parametreleridir.

GAMG:  Eksensel olmayan 4 parametresi, Y4

DELG:  Eksensel olmayan 4 parametresi, 04

BET3: Eger MEHAO=2 ise BET3=¢g;, ve Pj30=PB20€9=BET3*BETO0,
MEHAO=3 ise B3y =€7 = BET3

ETO: Eksensel olmayan [35parametresi, 1

AMUO:  ugniikleer yumusaklik

5. Satirdakiler:
HWO: Eger MEHAO=1 ise oktupol titresimler i¢in enerji 6lgegi, fiwg

2
BB32: a3 =B3/B;(B30/Bao)
GAMDE: Heniiz kullanilmiyor
DPAR: Oktupol titresimler icin simetrik potansiyel kuyusunda farkli parite

durumlari i¢in enerji kaymast, J,,

GSHAPE: Negatif B, deformasyonlarina izin veren parametre

6. Satirdakiler:

NUR: Optiksel model hesaplarinda ¢iftlenmis seviyelerin sayisi (NUR< 20)

NST: Eger MEJOB=1 ise optiksel model hesaplamalar icin enerji noktalarinin
sayis1; MEJOB=2 ise optiksel parametrelerin ayarlanmasi i¢in kullanilan deneysel verilerin
enerji noktalarinin sayis1 (NST<50)

NPD: Deforme yaricap agiliminda en yiiksek multipol Y;;, donme modeli i¢in
lnax = NPD (MEPOT=MEHAM=1, NPD<38).

LAS: Deforme potansiyel agiliminda en yiiksek multipol Y;,, donme modeli i¢in
Imax = NPD (MEPOT=MEHAM=1, LAS<8). Eksensel olmayan Niikleer Hamiltonyen

modellerinde (MEPOT=2, MEHAM>2) deforme potansiyel ac¢ilimi icin iiretilen

potansiyellerin sayisi, bunlar 4 den biiyiik olmamalidir.
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LLMA:  Sacilan niikleonlarin hesaba katilan maksimum ag¢isal momentumu. Bu

deger cok biiyiik olursa ihmal edilir, LLMA<90.
NCMA:  J™icin ciftlenmis denklemlerin maksimum sayisi, NCMA < 200

NSMA:  Ciftlenmis kanallar sistemi icin J™ durumlariin maksimum ¢oziimlerinin
say1st, NSMA <180

KODMA: 0-Ciftlenmis denklemler birinden digerine siralanir, birincisi ilk seviyeye.

1-Sagilan niikleonlarin biiyiiyen agisal momentumu ile birinden digerine
siralanan ¢iftlenmis denklemler, ciftlenmis denklemlerin toplam say1s1i<NCMA.

7. Satirdakiler:

MEJOB=1 ise hesaplanan optiksel model hesaplarinin enerjileri, MEJOB=2 ise
potansiyel ayarlamalari icin kullanilan deneysel noktalarin enerjileri; NST< 50
( EE(I),I=1,NST)

8. Satirdakiler:

Hesaplanan enerjiler i¢in gelen parcacigin atom numarasi

9.-15. Satirdakiler:

Niikleer seviyelerin karakteristikleri

ES(D): I. seviyenin enerjisi
JU®): Seviyenin spininin 2 ile ¢arpilmis hali
NPI(D): +1 ise seviyenin spini pozitif, -1 ise negatiftir.

NTU{): Donme enerji ¢oziimlerinin sayisi, <.

NNB(I): B, titresim fonksiyonlarinin ¢dziimiiniin sayzst, ng, -
NNG(): vy titresim fonksiyonlarinin ¢oziimiiniin sayist, n .
NNO(I):  Pj titresim fonksiyonlarinin ¢dziimiiniin sayist, ng, -

16. Satirdakiler:

Gelen pargacik ve ¢ekirdegin karakteristigi
ANEU:  Gelen parcacigin kiitlesi

ASP: Gelen pargacigin spini

AT: Hedef cekirdegin kiitlesi
ZNUC: Hedef cekirdegin Z yiikii
EFERMN: Nétronlarin fermi enerjisi
EFERMP: Protonlarm fermi enerjisi

17. Satirdakiler:
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Optiksel model parametreleri

VRO: Vr reel optiksel potansiyelin karal1 terimi V,?
VRI1: Vr reel optiksel potansiyelin dogrusal terimi VI%
VR2: Vr reel optiksel potansiyelin kare terimi VI%
VR3: Vr reel optiksel potansiyelin kiibik terimi V,%
VRLA: Vr reel optiksel potansiyelin iistel terimi VI? ISP

ALAVR: Vg reel optiksel potansiyelin iistel sabit terimi A p
18. Satirdakiler:

Optiksel model parametreleri

WDO: Whp sanal yiizey potansiyelin karali terimi ng

WDI1: Whp sanal yiizey potansiyelin dogrusal terimi Wll)

WDA1: Gelen parcacigin enerjisi E’den biiylikse Wp sanal yilizey potansiyelin

dogrusal terimi Wé

WDBW: Wy sanal yiizey potansiyelin iistel terimi Wl? ISP
WDWID: Wy sanal yiizey potansiyelin dagilim genisligi WIDp
ALAWD: Wy, sanal yiizey potansiyelin iistel sabiti A p

19. Satirdakiler:

Optiksel model parametreleri

WCO: Wy sanal hacim potansiyelin karal1 terimi W‘9

WCI: Wy sanal hacim potansiyelin dogrusal terimi W‘}

WCAI1: Gelen parcacigin enerjisi E’den biiyilkkse Wy sanal hacim potansiyelin

dogrusal terimi W‘}

WCBW: W sanal hacim potansiyelin {istel terimi WCD ISP

WCWID: Wo¢ sanal hacim potansiyelin dagilim genisligi WIDy
BNDC:  Sinir enerjisi
20. Satirdakiler:

Optiksel model parametreleri
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VS: Reel spin yoriinge potansiyeli Vgo

ALASO:  Reel spin yoriinge potansiyeli Vgo in iistel sabiti A g

WSO0: Sanal spin yoriinge potansiyeli Wy in kararh terimi WLQO

WSI: Sanal spin yoriinge potansiyeli Wsp in dogrusal terimi W;O
. C .o - . .. DISP

WSBW:  Sanal spin yoriinge potansiyeli Wy in iistel terimiW g

WSWID:  Sanal spin yoriinge potansiyeli Wso in dagilim genisligi WID ¢,
21. Satirdakiler:

Optiksel model parametreleri

RR: Reel potansiyelin yaricapt  Rp

RRBWC: Reel potansiyelin yaricapt Rp 'nin dagilim sabiti Cg

RRWID: Reel potansiyelin yaricapt Rg 'nin dagilim genisligi WIDg
PDIS: Dagilim gii¢ sabiti S

ARO: Reel potansiyelin yayginlig1 ag nin karal terimi a%

ARI: Reel potansiyelin yayginligt ag nin dogrusal terimi a}g

22. Satirdakiler:

Optiksel model parametreleri

RD: Sanal yiizey potansiyelin yaricap1 Rp

ADO: Sanal yiizey potansiyelin yayginligi ap nin karal terimi aOD
ADI: Sanal yiizey potansiyelin yayginlig1 ap nin dogrusal terimi a})
RC: Sanal hacim potansiyelin yaricap1 Ry

ACO: Sanal hacim potansiyelin yaygimligi ay nin karali terimi a‘g
ACI: Sanal hacim potansiyelin yaygiligi ay nin dogrusal terimi a‘l/

23. Satirdakiler:
Optiksel model parametreleri

RW: Sanal Gausssan potansiyelin yarigap1 Ry,

AWO: Sanal Gausssan potansiyelin yayginligi ay nin karal terimi ag/
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AW1: Sanal Gausssan potansiyelin yaygimligi aw nin dogrusal terimi a‘ly
RS: Spin-yoriinge potansiyelinin yaricap1 Ry

ASO: Spin-yoriinge potansiyelinin yayginlig1 agp nin karali terimi ago
AS1: Spin-yoriinge potansiyelinin yayginlig1 agy nin lineer terimi a}g‘o

24. Satirdakiler:

Optiksel model parametreleri

RZ: Yiiklii elipsoidin yaricap1 R

RZBWC: Yiiklii elipsoidin yaricapi Rc’in dagilim sabiti Cc
RRWID: Yiiklii elipsoidin yarigapt R¢’in dagilim genisligi WIDc
AZ: Yiiklii elipsoidin yarigcap yayginligt Ceoy

ALF: Sanal hacim ve Gausssan potansiyelleri icin katsayi, o.
25. Satirdakiler:

Optiksel model parametreleri

CISO: Reel potansiyelin izospin terimi i¢in sabit C;,
WCISO:  Sanal yiizey potansiyelin izospin terimi i¢in sabit C,,;q,

26-35. Satirdakiler:

Bu satirdakiler MEHAM=1 alindiginda okunur. Biz Soft Rotator Model i¢in
MEHAM=2 aldigimizdan dolay1 bu terimler sifirdir.

36. Satirdakiler:

Deneysel verilerin ayarlanmasi i¢in kullanillan parametreleri belirlemek icin giris

isaretleri
NT): Toplam tesir kesitinin igareti
NR(D): Reaksiyon tesir kesitinin isareti

NGN(): Bir grup uyarilmis seviyelerin tesir kesiti integralinin isareti. Boyle
gruplarin sayisi, NGN(I), 5’den biiyiik olmamalidir.

NGD(): Bir grup uyarilmis seviyelerde sacgilan niikleonlarin acisal dagiliminin
isareti. Boyle gruplarin sayisi, NGD(I), 5’den biiyiik olmamalidir.

NSF1(I): Sy fonksiyonunun isareti

NSF2(I): S, fonksiyonunun isareti

37. Satirdakiler:

Gecerli enerjide toplam ve reaksiyon tesir kesitleri i¢in deneysel veriler
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STE():  Deneysel toplam tesir kesiti

DST():  Deneysel toplam tesir kesitin hatasi

SRE(I):  Deneysel reaksiyon tesir kesiti

DSR():  Deneysel reaksiyon tesir kesitinin hatasi

38. Satirdakiler:

Uyarilmis durumdaki sagilan niikleonlarin agisal dagilimi icin deneysel verilerin
tanitimi. Burada (NID(I,K), NFD(I,K),MTD(I,K), K=1,NGD()) dir. NGD(I) degeri bizim
verilerimiz i¢in 3 diir.

NID(I,K): Bir grupta birinci uyarilmis durumun sayisi

NFD(L,K): Bir grupta birinci uyarilmis durumun sayisi

MTD(,K): Uyarilmis seviyelerde deneysel agisal dagilimda agilarin sayisi

39. Satirdakiler:

Bir grupta birinci uyarilmis seviyelerin deneysel agisal dagilimi. Bu boliimde NGD(I)=0
ise veri okumasi durdurulur. (TED(I,K,L), SNGD(I,K,L), DSD(I,LK,L), L=1, MTD(I,K))

TED(,K,L): Acisal dagilim i¢in merkezi kiitle acilar

SNGD(I,K,L): Deneysel diferansiyel tesir kesiti (b/sr)

DSD(LLK,L): Deneysel diferansiyel tesir kesitinin hatasi (b/sr)

Bu islem bizim hesabimizda 3 enerji oldugu icin bu ii¢ enerjinin taban durumu ve
uyarilmis durumlar i¢in degerler verilir.

Son satirdakiler:

Bu satirda bir 6nceki xz degeri verilir.

2.5. SHEMMAN Bilgisayar Program

SHEMMAN kodu, OPTMAN kodunda kullanilan niikleer hamilyonyen parametrelerini
ve deneysel olarak hesaplanan enerji seviyelerine en iyi uyan enerji seviyelerini hesaplar.

OPTMAN gibi burada da ayn1 arama prosediirii kullanilir.
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2.5.1. SHEMMAN Bilgisayar Programinda Kullanilan Ornek Giris INPUT) Veri

Kiitiigii

SHEMMAN=> Ar-40 parameters bet3=ksi*bet2

200805040202

0.12134E+01 0.19956E+01 0.22544E+00 0.40376E+00 0.09370E+00 0.12400E-00

0.61771E-01 0.11360E+00 0.69743E+00 1.19000E+00 0.80489E-01 0.539087137

0.35000E+00 0.26583E-01 0.00000E+00 0.49157E+01 0.00000E+00

0.000000000 00+101000000

1.460860000 02+101000000

2.120770000 00+101010000

2.524080000 02+102000000 Levels of Ar-40

2.893000000 04+101000000

3.208330000 02+101010000

3.680971000 03-101000001

4.49400000 05-101000001

100000000000000

1.0000-05

2.5.2. SHEMMAN Giris Veri Kiitiigii Elemanlarinin Ac¢iklanmasi

Yukanidaki giris veri kiitiigiiniin elemanlarinin aciklamasi asagida verilmistir.
1.Satirdakiler:
Bu satirda yapilan hesap i¢in a¢iklama yazilmaktadir.

2. Satirdakiler:

NPRI: Niikleer hamiltonyen parametreleri ve Xz izerinde yapilacak arama sayisi.

NUR: Ayarlanan deneysel seviyelerin sayisi
MEHAM, MESHA, MESHO, MEHAQO parametreleri OPTMAN programinda
aciklanmisgtir.

3, 4 ve 5. Satirdakiler:

Bu satirlardaki parametreler eksensel olmayan niikleer hamiltonyen parametreleridir

3.Satr: HW, AMBO, AMGO, GAMO, BETO, BET4
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4. Satir: BB42, GAMG, DELG, BET3, ETO, AMUO

5. Satir: HWO0, BB32, GAMDE, DPAR, GSHAPE

Bunlarin detayli aciklamast OPTMAN programinin elemanlarinin acgiklanmasinda
verilmistir.

6-13. Satirdakiler:

Niikleer seviyelerin karakteristikleri

ES): I. seviyenin enerjisi
JUD): Seviyenin spininin 2 ile ¢arpilmig hali
NPI(I): +1 ise seviyenin spini pozitif, -1 ise negatiftir.

NTU{): Donme enerji ¢oziimlerinin sayisi, <.

NNB(): B, titresim fonksiyonlarinin ¢dztimiiniin sayisi, ng, -
NNG(D): vy titresim fonksiyonlarinin ¢6ziimiiniin sayisi, ny .
NNO(I): B titresim fonksiyonlarinin ¢6ziimiiniin sayist, ng. -

14. Satirdakiler:

Bu satirdaki 16 degisken degerleri asagida agiklanmaktadir. Bu degerler 1 oldugunda bu

parametreler {izerinde ayarlama yapilir, eger deger O ise ayarlama yapilmaz.

NPJ(1): hog, HW enerji slaka faktorii

NPI(2): HB,, AMBO niikleer yumusaklik
NPI(3): Hy, » AMGO niikleer yumusaklik

NPJ(4):  Eksensel olmayan Yy, GAMO

NPJ(5): BB42

NPJ(6):  Eksensel olmayan y4, GAMG

NPJ(7):  Eksensel olmayan &4, DELG

NPJ(8):  Eger MEHAO=2 ise 35 deformasyonu, MEHAO=3 ise B3, deformasyonu
NPJ(9): B3 deformasyonu i¢in eksensel olmayan n, ETO

NPJ(10): B3 deformasyonu i¢in yumusaklik p. , AMUO

NPJ(11): Eger MEHAO=1 ise oktupol salinimlar i¢in enerji skalasi
NPJ(12): BB32

NPJ(13): Kullanilmiyor

NPJ(14): §,,, DPAR
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NPJ(15):  Kullanilmiyor
NPJ(16): Seviyeler arasindaki Yy gecisleri hesaplanir (eger NPJ(16)=1 ise diger

degiskenler ihmal edilir.

2.6. ECISO03 Bilgisayar Programm

ECIS (Ciftlenmis Denklemler igin Ardisik iterasyon) bilgisayar progranu [46] 20 MeV
civarinda inelastik proton sagilmasinda polarizasyon etkilerini aragtirmak igin gelistirildi.
Bu program, ECIS68 den baglayarak, bugiin son versiyonu olan ECIS03’e cesitli eklemeler
yapilarak gelmistir.

ECIS niikleer model hesaplarinda ortaya cikan ciftlenmis diferansiyel denklemleri
¢6zmek icin ardisik bir iterasyon metodunu kullanir. iterasyon teknigi bir ¢ok matematiksel
olasilik arasinda gerekli bir ¢6ziimii aragtirir. Hesaplanan sonuglari deneysel verilere
uydurmak icin de parametre aramalar1 yapilmaktadir.

Inelastik analiz giicleri iizerinde biiyiik etkisi olan spin-y6riinge deformasyonunu hesaba
katar. Son versiyonunda Dirac dogasi da eklenmistir.

Metot kanallarin bir siralanmasini varsayar: birincisi taban durumu, sonra ona
kuvvetlice c¢iftlenen durum. Biitiin kanallar énde bulunan bir kanala ciftlenmelidir. Her
iterasyon sonucu bu segilen siraya baghdir. Eger taban durumuna bagli birden fazla
denklem varsa, tiim hesaplama tekrarlanmalidir. Metodun verimi, taban durumuna bagl
denklemlerin sayisina denklemlerin toplam sayisinin oraniyla orantilidir.

Alisilmis metotlar da kullanilir, spin-yoriinge deformasyonu ve Dirac formalizmi i¢in
iterasyon metodu gereklidir.

ECISO3 kodu 75 tane alt programdan ve 6 tane fonksiyondan olusmaktadir. Bu

programin genis bir sekilde anlatini [7] de verilmistir.



3. BULGULAR
3.1. p-’Ar’n Elastik ve inelastik Sacilmalarinin Analizi

Bu boliimde, Boliim 2.4’te ayrintili olarak anlatilan, OPTMAN programi kullanilarak
25.1, 32.5 ve 40.7 MeV enerjili protonlarin “°Ar cekirdeginden inelastik sagilmasi sonucu
elde edilen deneysel diferansiyel tesir kesitlerine en iyi uyan teorik diferansiyel tesir kesiti

degerleri, Legendre polinom katsayilar1 ve y gec¢is ihmali B(E2) hesaplanmistir. Ayrica

OPTMAN programi sonucunda elde edilen optiksel potansiyel parametreleri ECIS03
programinda kullamilarak, 25.1, 32.5 ve 40.7 MeV enerjili protonlarin “Ar cekirdeginden
inelastik sacilmasi sonucu elde edilen deneysel olarak Olciilen analiz giicii degerlerine
karsilik teorik analiz giicii degerleri hesaplanmistir. Yine ECISO3 programi kullamlarak
40.7 MeV enerjili protonlarin “Ar cekirdeginden inelastik sagilmasi sonucu elde edilen
deneysel diferansiyel tesir kesitleri ve analiz giicii degerlerine karsilik gelen teorik degerler

ve deformasyon parametreleri 3,,B3 ve B5 elde edilmistir.

3.2. “*Ar’m Kolektif Niikleer Diizey Yapisimin SRM Analizi

Baslangicta; daha dnceki benzer ¢alismalardan yararlanilarak *’Ar n taban durumu

dénme bandindaki spin ve pariteleri J® =07(GS.), 2;— (1.46MeV) ve 4f (2.89MeV)
olan diizeyleri i¢in T=1,ny=ng =ng =0; J"=0;(2.12MeV), 27 (3.20MeV)
diizeyleri  i¢cin  t=1 ny=ng =0 veng =1;  JT=27(252MeV) diizeyi
T=2,ny=ng, =ng =0 SRM kuantum  sayilarnt  secildi.  Negatif  pariteli
J™ =37 (3.68MeV) diizeyi i¢in iset=1,n, =ng =ng =0 segildi. 1.46 MeV, 3.68 MeV
uyarilmis durumlan gibi deneysel verileri bulunan 4.49 MeV uyarilmis durumu i¢in spin

ve parite 5 olarak varsayildi ve SRM kuantum sayilann T=1,ny = ng, =ng = 0 olarak

secildi. ’Ar’in deneysel enerji diizeyleri i¢in secilen bu SRM kuantum sayilari, bize

“Ar'in secilen deneysel diizeylerini tanimlayan baslangic SRM niikleer Hamiltoniyen
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parametrelerini bulmamizi sagladi. Bu baslangic SRM niikleer Hamiltoniyen parametreleri
girdi olarak verilip, “’Ar'in deneysel enerji semasina en yakin hesaplanan enerji
diizeylerini elde etmek icin niikleer Hamilyoniyen parametreleri ayarlandi ve Tablo 2’de
verilen sonug niikleer Hamiltoniyen parametreleri elde edildi. Deneysel enerji diizeylerine

en iyi uyan Hamiltoniyen parametrelerini bulmak icin yapilan ¢calismada elde edilen bazi

sonuglar ve X2 degerleri Tablo 1’de verilmistir.

Tablo1. Hamiltonyen parametrelerine karsilik gelen xz degerleri

hoy B, X2 Enerji (MeV)
1.46 1.32
1.1444 2.3857 112.06 3.68 3.63
4.49 4.59
1.46 1.31
1.1417 2.3688 106.14 3.68 3.61
4.49 4.58
1.46 1.30
1.1452 2.3435 98.25 3.68 3.62
4.49 4.58
1.46 1.2887
1.1918 2.092 42.71 3.68 3.613
4.49 4.54
1.46 1.29
1.201 2.0636 40.76 3.68 3.66
4.49 4.61
1.46 1.293
1.219 2.0358 38.89 3.68 3.676
4.49 4.626
1.46 1.28
1.2134 1.9956 6.48 3.68 3.67
4.49 4.63
1.46 1.35
1.20040 1.9840 6.58 3.68 3.639
4.49 4.475

Elde edilen hamiltonyen parametreleri kullanilarak OPTMAN program ile deneysel

diferansiyel tesir kesiti degerlerine en iyi uyan teorik diferansiyel tesir kesiti degerleri icin

en kiigiik X2 degeri bulundu. Bu parametreler Tablo 2’de verilmistir.
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Tablo2. “°Ar’in secilen deneysel enerji diizeylerine en yakin hesaplanan enerji diizeylerini
veren SRM niikleer Hamiltoniyen parametreleri

fiwg = 1.2004 ag =0.06177 4 =0.11360 Yo = 0.49304
up,, =1.9840 1 = 0.08049 lLe =0.54815 84 =0.69743
azy =0.02658 My, =0.22544 5, =4.9157

Tablo 2.deki Mg, yumusakhik parametresinin degerinin 1.9840 olmasi bize “°Ar’m

yumusak [, deformasyonlarina sahip oldugunu gostermektedir. Sekil 9’da “Ar'n
deneysel enerji diizeylerine en yakin olan ve SRM ile hesaplanan enerji diizeyleri
gosterilmistir.

Sekil 9’daki ince cizgiler “Ar'in hesaba katilmayan deneysel enerji diizeylerini
gostermektedir. Tablo 3°de “’Ar i¢cin SRM ile hesaplanan enerji seviyeleri ile deneysel

enerji seviyeleri karsilastirilmigtir
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¥ ¥
1+ T:I—RT:HBEZDHB.]:J-

~+ ~+

1=2 Ny =R, = N, =0

0+
T= l:a..‘, =hp; =Ulig, = L

L] 1]
1= ln? =ng, =np, = 0

Deneycel Heszaplanan

Sekil 9.%Ar cekirdegi icin deneysel ve SRM ile hesaplanan diizeylerin karsilastiriimasi
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Tablo 3. Deneysel ve SRM ile hesaplanan OAr uyarilmis enerji diizeylerinin
karsilastirilmas1 ve SRM niikleer hamiltoniyen parametreleri

Uyarilmis Deneysel Enerji SRM ile Hesaplanan
durumlar (J™) Diizeyleri(MeV) | Enerji Diizeyleri MeV) | © ng, | ny | np,
ot 0 0 1 1 0 0
21 1.46 1.3525 1 0 0 0
0f 2.12 2.0668 1 1 0 0
7t 2.52 2.1124 2 0 0 0
2
4f 2.89 2.5824 1 0 0 0
2t 3.20 3.5786 1 1 0 0
3
37 3.68 3.6394 1 0 0 1
57 4.49 4.4750 1 0 0 1

CC hesaplarinda, Tablo 2’de parametreleri verilen ayarlanmis niikleer Hamiltoniyenin

SRM niikleer dalga fonksiyonlar;, “’Ar’in sekiz kolektif diizeyi arasindaki Sekil 10’da

gosterilen ¢iftlenmelerin kurulmasinda kullanildi. Bu diizeyler, 07 (G.S.), 2{“ (1.46 MeV ),

0f (2.12MeV), 23 (2.52MeV), 4] (2.89MeV), 2§ (3.20MeV),  37(3.68MeV) ve

57 (4.49 MeV ) dir.
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Sekil 10. Ciftlenme Semast

Baska diizeylerin eklenmesinin sayisal sonuclari, deneysel hatalardan cok kiigiik
miktarda etkiledigi on hesaplarda goriildii. Bizim modelimizdeki hesaplarda, degisik
bantlardaki diizeylerin sadece taban durumu bandi ile degil birbirleriyle de ciftlendigini
belirtmemiz 6nemlidir. Bu 6zellik daha 6nceki analizlerin ¢ogunlugunda yoktu veya sik
olarak kullanilan DWBA analizlerinde imkénsizdir.

A=40 ve Z=18 olan cekirdek i¢in deneysel verilerine en iyi uyan teorik sonuglari veren
optik potansiyel parametreleri Tablo 4’de verilmistir. Tablo 4’de katsayilar ve E,’nin

birimi MeV, yaricap ve yayginlik parametrelerinin birimi fm’dir.
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Tablo 4. p—4OAr (A=40, Z=18) sacilmas1 optik potansiyel parametreleri

Vg =-36.93+0.0285(, — Epp )+ 96.37c" 00476 Ewn) 11 s(_p)Z 41 %
ZZ’
+ 09@ Pcoul (Ep )
7741 A=2Z _ —0.0174E,-E,,) (Ep_Efm)2
Wp =10.01+20(-1) ' —Zxe P 5 5
A (B, —E P +13.39

(Ep _Efm )2
E, —Egy ) +73.092
€y - Egm)
~0.00476(E , ~Ey,, )

WV = 165

VSO =5.76¢e

(Ep_Efm)2
E. —Eq J +1602
( p fm)

Wgo =-3.1 Efm(Z,A):—%[SP(Z,A)+SP(Z+1,A+1)]
Bzo =0.0891

aso=0.6120  ar=0.6820 ap=0.5290 az=0.3600 a.=0.6820 a,=1.00
rso =1.0877  rr=1.1919 rp=1.28 rz=1.1407 r.=1.1919 ry=1.00

Uzun aramalar sonucunda p—40Ar elastik ve inelastik sagilmasinin deneysel tesir kesiti

verilerinin OPTMAN programi sonucu elde edilen agisal dagilimlarinin teorik sonuglarla

uyumunu gosteren X2 degeri 6.58 olarak bulunmustur. Bu teorik degerlerin deneysel

degerlerle karsilagtirllmast Sekil 11-22°de gosterilmistir. Buradaki grafikler 25.1, 32.5 ve

40.7 MeV enerjili protonlarin  Ar-40 ¢ekirdeginden inelastik sacilmasi sonucu 1.46, 3.68

ve 4.49 MeV uyarilmis durumlarinda deneysel olarak ol¢iilen diferansiyel tesir kesitlerine

en iyi uyan diferansiyel tesir kesitlerini gostermektedir.
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0 20 40 60 80 100 120 140 160
T — 71 r 1 - 1 - 1 1 ' T ' 1
1000 - 4 1000
3 m  Deneysel Veri ]
OPTMAN
E =25.1 MeV G.S.
100 4 100
do/dQ
(mb/sr) ]
10 410
15 ER
T T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160
8, . (deg.)

Sekil 11. *Ar ¢ekirdeginin 25.1 MeV enerjili protonlardan sacilmasinin
taban durumu i¢in diferansiyel tesir kesiti acisal dagilimi

20 40 60 80 100 120 140 160
10 5 — T T 1 71— 13 10

do/dQ
(mb/sr)

u

m  Deneysel Veri e

OPTMAN
0.1 Ep=25.1 MeV J'=2" (1.46) Jo,1
T T T T T T T T T T T T T T
20 40 60 80 100 120 140 160
6 (deg.)

c.m.

Sekil 12. *°Ar cekirdeginin 1.46 MeV diizeyine gore 25.1 MeV enerjili
protonlarin inelastik sacilmasi icin diferansiyel tesir kesiti acisal
dagilimi
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20 40 60 80 100 120 140 160
T T T T T T T
10 410
m Deneysel Veri
= OPTMAN
ol E =25.1 MeV J'=3 (3.68)
do/dQ
(mb/sr) 14 11
0,1 T T T T T T T T T T T T T T 0,1
20 40 60 80 100 120 140 160
8, . (deg.)

Sekil 13. *Ar cekirdeginin 3.68 MeV diizeyine gore 25.1 MeV enerjili
protonlarin inelastik sacilmasi i¢in diferansiyel tesir kesiti acisal
dagilim

20 40 60 80 100 120 140 160
10 5 —T T T 1 T 1 —— 71— 10

m  Deneysel Veri
OPTMAN

E,=25.1 MeV J"=5 (4.49)

do/dQ 1
(mb/sr) |

0,1

T T T T T T T
20 40 60 80 100

6. (deg.)

T T T
120 140 160

Sekil 14. ““Ar ¢cekirdeginin 4.49 MeV diizeyine gore 25.1 MeV enerjili
protonlarin inelastik sa¢ilmasi i¢in diferansiyel tesir kesiti acisal
dagilimi
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0 20 40 60 8 100 120 140 160 180
———
1000 4 < 1000

m  Deneysel Veri

] —— OPTMAN ]
100 4 Ep=32.5 MeV G.S. < 100
do/dQ
(mib/sr) 10 § 410
14 41
e B A B e A pamas AL
0 20 40 60 80 100 120 140 160 180
6, . (deg.)

Sekil 15. *Ar ¢ekirdeginin 32.5 MeV enerjili protonlardan sacilmasinin
taban durumu i¢in diferansiyel tesir kesiti acisal dagilimi

20 40 60 80 100 120 140 160

T T T T T T T T T T T T T T T
7w = Deneysel Veri 11
~) —— OPTMAN
E,=32.5 MeV J'=2"(1.46) |
do/de | ip
(mb/sr) ]
0,1 40,1
T T T T T T T

T T T T T T T T
20 40 60 80 100 120 140 160
6, (deg.)

c.m.

Sekil 16. *°Ar ¢ekirdeginin 1.46 MeV diizeyine gore 32.5 MeV enerjili
protonlarin inelastik sacilmasi icin diferansiyel tesir kesiti agisal
dagilimi
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20 40 60 80 100 120 140 160
L L L L AL A BN B A

10 - m  Deneysel Veri -4 10
] —— OPTMAN 3
E,=32.5 MeV J'=37(3.68)

do/dQ
(mb/sr)
0.1 o1
0,01 T T T T T T T T T T T T T T T 0,01
20 40 60 80 100 120 140 160
6, . (deg.)

Sekil 17. “°Ar cekirdeginin 3.68 MeV diizeyine gore 32.5 MeV enerjili
protonlarin inelastik sag¢ilmasi i¢in diferansiyel tesir kesiti acisal
dagilimi

20 40 60 80 100 120 140 160
L L AL E A AL RN B

10 4 410
m  Deneysel Veri
—— OPTMAN
Ll = "5
- - E =32.5 MeV J'=5 (4.49)
1 41
do/dQ
(mb/sr)
0,1 0.1
0,01 -4 0,01
T T T T T T T T T T T T T T T
20 40 60 80 100 120 140 160
6 (deg.)

c.m.

Sekil 18. *°Ar cekirdeginin 4.49 MeV diizeyine gore 32.5 MeV enerjili
protonlarin  inelastik sacilmasi i¢in diferansiyel tesir kesiti
acisal dagilimi
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0 20 40 60 80 100 120 140 160
T T T T T T T T
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(mb/sr)
1 41
0,14 a 301
0,01 — 77T — 0,01
0 20 40 60 80 100 120 140 160
6 (deg.)

c.m.

Sekil 19. Ar cekirdeginin 40.7 MeV enerjili protonlardan sacilmasinin
taban durumu i¢in diferansiyel tesir kesiti acisal dagilimi

20 40 60 80 100 120 140 160
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Sekil 20. *°Ar cekirdeginin 1.46 MeV diizeyine gore 40.7 MeV enerjili
protonlarin inelastik sa¢ilmasi icin diferansiyel tesir kesiti agisal
dagilimi
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Sekil 21. *°Ar ¢ekirdeginin 3.68 MeV diizeyine gore 40.7 MeV enerjili
protonlarin inelastik sa¢ilmasi icin diferansiyel tesir kesiti agisal

dagilimi
20 40 60 80 100 120 140 160
T T T T T T T T T T T T T T
104 . m  Deneysel Veri 310
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n E,=40.7 MeV J"=5'(4.49)
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14 41
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0,14 40,1
0,01 4001
1E-3 T T T T T T T T T T T T T T 1E-3

20 40 60 80 100 120 140 160
6, (deg.)

Sekil 22. *°Ar cekirdeginin 4.49 MeV diizeyine gore 40.7 MeV enerjili
protonlarin inelastik sa¢ilmasi icin diferansiyel tesir kesiti agisal
dagilimi
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OPTMAN programu ile yaptigimiz analizler sonucunda “Ar cekirdegi igin B, =0.2522,
B3 =0.2387 ve PB5=0.2235 olarak bulunmustur. OPTMAN programinda diger
programlardan farkli olarak biitiin c¢iftlenmis durumlarda ayr ayr1 deformasyonlar
hesaplanabilir. B,,B; ve Ps degerleri sirasiyla *’Ar 1.46, 3.68 ve 4.49 MeV uyarilmis
durumlarinin  taban durumuyla ciftlenmesi sonucunda elde edilen deformasyon

parametreleridir. Ornegin, 1.46 MeV ve 3.68 MeV uyarilmis durumlari arasindaki

ciftlenme sonucu elde edilen deformasyon parametresi 3 =0.27" dir.

3.2.1. OPTMAN Program ile B(E2) Analizi

SRM modeli ile uyarilmig durumlar ve taban durumu arasindaki y gecis ihtimali B(Ej )

da hesaplanabilir. Bu programda, A =2 icin gecis ihtimali hesaplanabilmektedir. Daha
biiyiik A degerleri i¢in gecis ihtimali hesaplari i¢in ¢alismalar siirmektedir. Bu hesaplama

genel bilgiler kisminda ayrintili  olarak  anlatilmistir. “Ar cekirdegi ig¢in
B(E2:OJr (G.S.)—>2+) gecis ihtimali 0.029 e’b? olarak, B(E2:2Jr -0 (G.S.)) gecis
ihtimali 0.0058 25> hesaplanmistir. Bu gecisler arasinda 2J+1 ¢arpani kadar fark vardir.

J=2  oldugundan B(E2:0+(G.S.)—>2+)=5xB(E2:2+%0+(G.S.)) dir Burada e,

elektronun yiikii, b is e barn’dir. Bu deger deneysel degerle uyum icerisindedir.

3.2.2. “Ar Cekirdegi icin Legendre Polinom Katsayilarinin Hesabi

OPTMAN programi ile istedigimiz her bir enerjide Legendre polinom katsayilarini
hesaplayabiliriz. Genel bilgiler kisminda bolim 1.9. da denklem 109°da verilen Ay,
Legendre polinomu katsayilarim1 bulunmus ve enerji ile degisiminin diizgiin oldugu
goriilmiistiir. Bu nedenle Legendre polinomu katsayilarin1 deneysel veri bulunmayan
enerjilerdeki tesir kesiti degerlerinin interpolasyonla hesaplanmasina imkan saglamistir.
Hesaplanan Ap degerleri denklem 106’da kullanilarak diferansiyel tesir kesiti degerleri
hesaplanabilir. Sekil 23-26’daki grafiklerde L[=0,1,2,3 icin A;, Legendre polinom
katsayilarinin enerji ile degisimi gosterilmistir. Ayrica *°Ar cekirdegi i¢in 25.1, 32.5 ve

40.7 MeV enerjilerinde Legendre polinom katsayilar1 L=36’ya kadar ekte verilmistir.
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10 20 30 40 50

2,5 T T T T T ™ 25
L=0

2,0 420

1,5 J'=2" (1.46 MeV) A x1000 41,5

L1 - 1,0
1 J=0" GS.Ax10 1
0,5 - -405
i J'=3" (3.68 MeV) A0x100 i
0’0 . W_ 0’0
05 : J =5' ( 4.49IMeV) AOX(»1) : ' : ' Iy

10 20 30 40 50
Enerji (MeV)

Sekil 23. L=0 i¢in Legendre polinom katsayis1 Ag’1in enerji ile degisimi

10 15 20 25 30 35 40 45 50

2 T T T T T T T T T T T T T T T T 2
J=2" (1.46 MeV) A x1000
A
g J=0" G.S.Ax10
04 o —40

J=5 (4.49 MeV) A x1000

J=3 (3.68 MeV) A x(-1000)

L e e B e |
10 15 20 25 30 35 40 45 50

Enerji (MeV)

Sekil 24. L=1 i¢in Legendre polinom katsayis1 A;’1n enerji ile degisimi
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J'=2" (1.46 MeV) A x1000

J=3 (3.68 MeV) Ax1007%°

0,0
J=0" G.S. AxT

J'=5" (4.49 MeV) A,x10000
05 T T 71— T T 71— 71— 05
10 15 20 25 30 35 40 45 50

Enerji (MeV)

Sekil 25. L=2 i¢in Legendre polinom katsayisi A;’1n enerji ile degisimi

1,0 L L L L L L L ——7 1.0
L=3
0,5 405
J'=0" G.S. Ax10

AL 00 J'=8" (3.68 MeV) A x1000- 0,0
J'=5" (4.49 MeV) A x10000

-0,5 1 < -0,5
J'=2" (1.46 MeV) Ax(-1000) 1

-1,0 T T T T T T T T T T T T T T T T — -1.0

10 15 20 25 30 35 40 45 50
Enerji (MeV)

Sekil 26. L=3 i¢in Legendre polinom katsayis1 As’1n enerji ile degisimi
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3.3. ECIS03 Programu ile Yapilan Analizler

Bu boliimde OPTMAN programi sonucu elde edilen ve Tablo 3’de verilen potansiyel
parametreleri kullanilarak ECIS03 programu ile 25.1, 32.5 ve 40.7 MeV enerjili protonlarin
taban durumunda ve 1.46, 3.68 ve 4.49 MeV durumlarinda deneysel olarak ol¢iilen analiz
giicii degerlerine karsilik gelen teorik analiz giicii verilerinin karsilastirilmast Sekil 27-

38’de verilmistir.

20 40 60 80 100 120 140 160
T T T T T T T T T T T
1,0 410
0,8 Hos8
0,6 Ho06
0,4 Ho04
0,2 Ho2
A | .
¥ 0,0 400
0,2 N 4-02
0,4+ 404
, L
1 m  Deneysel Data E
0,6 OPTMAN Potansiyelleri ile ECIS | -0.6
S N ECIS03 108
] E,=25.1 MeV G.S. 1
1,0 — 1,0
20 40 60 80 100 120 140 160

6, . (deg.)

Sekil 27. *Ar ¢ekirdeginin 25.1 MeV enerjili protonlardan sacilmasinin
taban durumu i¢in analiz giicii verilerinin agisal dagilimi
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20 40 60 80 100 120 140 160
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m  Deneysel Data
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20 40 60 80 100 120 140 160
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c.m.

Sekil 28. *Ar cekirdeginin 1.46 MeV diizeyine gore 25.1 MeV enerjili
protonlarin inelastik sacilmasi i¢in analiz giicii verilerinin agisal

dagilim
20 40 60 80 100 120 140 160
0,8 — ] 0,8
0,6 - 0,6
0,4 Ho04
0,2 - 0.2
Ay 0,0 - 0,0
0,2 v ® 402
—— OPTMAN Potansiyelleri ile ECIS \m
1 m  Deneysel Data - 1
044 | T ECIS03 J-04
i Ep=25.1 MeV J'=3 (3.68 MeV) 1
0,6 T T T T T T T T T T T T T T -0,6
20 40 60 80 100 120 140 160

6. (deg.)

Sekil 29. *Ar cekirdeginin 3.68 MeV diizeyine gore 25.1 MeV enerjili
protonlarin inelastik sacilmasi i¢in analiz giicii verilerinin agisal
dagilim
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Sekil 30. *°Ar cekirdeginin 4.49 MeV diizeyine gore 25.1 MeV enerjili
protonlarin inelastik sagilmasi i¢in analiz giicii verilerinin agisal

dagilimi
20 40 60 80 100 120 140 160
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C.ITI.(

Sekil 31. “Ar cekirdeginin 32.5 MeV enerjili protonlardan sagilmasinin
taban durumu i¢in analiz giicii verilerinin agisal dagilimi
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Sekil 32. *°Ar cekirdeginin 1.46 MeV diizeyine gore 32.5 MeV enerjili
protonlarin inelastik sagilmasi i¢in analiz giicii verilerinin agisal

dagilimi
20 40 60 80 100 120 140 160
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Sekil 33. *°Ar cekirdeginin 3.68 MeV diizeyine gore 32.5 MeV enerjili
protonlarin inelastik sagilmasi i¢in analiz giicii verilerinin agisal
dagilimi
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Sekil 34. “Ar cekirdeginin 4.49 MeV diizeyine gore 32.5 MeV enerjili
protonlarin inelastik sagilmasi i¢in analiz giicii verilerinin agisal

dagilimi
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Sekil 35. *Ar cekirdeginin 40.7 MeV enerjili protonlardan sagilmasinin
taban durumu i¢in analiz giicii verilerinin acisal dagilim
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Sekil 36. *Ar cekirdeginin 1.46 MeV diizeyine gore 40.7 MeV enerjili
protonlarin inelastik sacilmasi i¢in analiz giicii verilerinin agisal

dagilim
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Sekil 37. “Ar ¢ekirdeginin 3.68 MeV diizeyine gore 40.7 MeV enerjili
protonlarin inelastik sagilmasi i¢in analiz giicii verilerinin agisal
dagilimi
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Sekil 38. *Ar cekirdeginin 4.49 MeV diizeyine gore 40.7 MeV enerjili
protonlarin inelastik sagilmasi i¢in analiz giicli verilerinin agisal
dagilimi

3.4. 40.7 MeV Enerjili Polarize Protonlarm PAr Cekirdeginden Elastik ve
Inelastik Sacilmasinin Analizi

3.4.1. Optiksel Model Parametreleri (OMP)

Bu calismada, Becchetti ve Greenless’in [47], Fabrici ve arkadaslarinin [5] ve
Okumusoglu ve arkadaslarimin [8] 40.7 MeV enerjili polarize protonlarin “Ar
cekirdeginden elastik sacilmasina ait optiksel model parametreleri iizerine arama yapildi.
Bu aramalar, hacim reel potansiyel, hacim sanal potansiyel, yiizey sanal potansiyel ve reel
spin-yoriinge potansiyeli i¢in yapildi. ECISO3 programina ait veri kiitiikleri olusturuldu ve
programda uzun aramalar sonucunda sonug kiitiikleri elde edildi.

Programda giris olarak kullanilan optiksel model parametreleri Tablo 5 ’de verilmistir.
ECIS03 de uzun aramalar sonucu elde edilen optiksel model parametreleri Tablo 6’de

gosterilmistir. Elde edilen teorik degerlerle deneysel diferansiyel tesir kesiti ve analiz giicii

degerleri arasindaki uyumu gosteren xz /' N degerleri Tablo 7°de verilmistir. Elde edilen

teorik diferansiyel tesir kesiti ve analiz giicii degerleri ile deneysel diferansiyel tesir kesiti

ve analiz giicii degerlerinin acisal dagilimlar Sekil 39 ve Sekil 40’da gosterilmistir.
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Tablo 5. “Ar(p,p)*Ar, E,=40.7MeV, giris olarak kullanilan optiksel model

parametreleri, r,, =rp ve a,, =ap alindi

Parametreler a b C d
Vo: Hacim Reel Pot. 45.48 46.89 45.7664 46.590
(MeV)
W,: Hacim Sanal Pot. 6.25 5.36 5.8337 5.2277
(MeV)
Wp: Yiizey Sanal Pot. 2.83 3.65 3.8252 3.646
(MeV)
Vs.o0.: Reel Spin-Yoriinge 6.9168 6.2084 5.9325 4.2056
Pot. MeV)
ro:  Yarigap (fm) 1.17 1.14 1.14 1.14
ap:  Yayginlik (fm) 0.75 0.75 0.75 0.75
ry:  Yaricap (fm) 1.32 1.30 1.30 1.30
ay: Yayginlik (fm) 0.58 0.66 0.66 0.66
rso.: Yaricap (fm) 1.01 1.01 1.01 1.01
aso.: Yaygimlik (fm) 0.75 0.56 0.56 0.56
Baglangi¢ Parametreleri [47] [5] [8] [8]
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Tablo 6. 40Ar(p, p)40Ar, E » =40.7MeV , elde edilen optiksel model parametreleri,

ry =Tp ve a,, =ap alind

Parametreler a b C d
Vo: Hacim Reel Pot. 45.48 46.89 45.7664 46.590
MeV)
W,: Hacim Sanal Pot. 6.25 5.36 5.8337 5.2277
(MeV)
Wp: Yiizey Sanal Pot. 2.83 3.65 3.8252 3.646
MeV)
Vs.0.: Reel Spin-Yoriinge 6.9168 6.2084 5.9325 4.2056
Pot. (MeV)
ro:  Yarigap (fm) 1.17 1.14 1.14 1.14
ap:  Yayginlik (fm) 0.75 0.75 0.75 0.75
ry:  Yaricap (fm) 1.32 1.30 1.30 1.30
ay:  Yayginlik (fm) 0.58 0.66 0.66 0.66
rso.: Yaricap (fm) 1.01 1.01 1.01 1.01
agso.: Yayginlik (fm) 0.75 0.56 0.56 0.56
Baslangic Parametreleri [47] [5] [8] [8]

Tablo 7. Diferansiyel tesir kesiti ve analiz giicii i¢in X2 / N degerleri (stitun harfleri Tablo

5 deki siitun harflerine karsilik gelmektedir. )

a b C d
c 34.181 40.78 40.79 40.75
Ay 72.76 23.41 23.426 23.437
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Sekil 39. 40.7 MeV enerjili protonlarin “Ar cekirdeginden elastik
sacilmasina ait diferansiyel tesir kesiti agisal dagilimi optiksel
model uyumu

20 40 60 80 100 120 140 160
1,6 T T T T T T T T T 1,6

(a)

149 m Deneysel Veri

0.2 T T T T T T T T T T T T T T 0.2
20 40 60 80 100 120 140 160
6 (deg.)

o

Sekil 40. 40.7 MeV enerjili protonlarin “Ar cekirdeginden -elastik
sacilmasina ait analiz giicli agisal dagilimi optiksel model
uyumu

Sekilde isaretlenen harfler Tablo 5’deki siitun harflerini gostermektedir
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En iyi uyum Fabrici ve arkadaglariin [5] ve Okumusoglu ve arkadaslarinin [8] optiksel
model parametrelerinin baslangi¢ olarak kullanilmasindan elde edilen parametrelerden

oldugu aciktir.

3.4.2.1.46 MeV (2°) Durumu

PAr cekirdeginin 1.46 MeV durumunun calismasinda, Becchetti ve Greenless’in [47],
Fabrici ve arkadaglarinin [5] ve Okumusoglu ve arkadaslarinin [8] 40.7 MeV enerjili
polarize protonlarin “Ar cekirdeginden elastik sagilmasina ait optiksel model parametreleri
baslangi¢ parametreleri olarak kullanildi. Bu aramalar dinamik parametreler icin yapildi.

“Ar cekirdeginin her bir uyarilmis durumu (1.46, 3.68 ve 4.49 MeV) icin optiksel
model baslangi¢c parametreleri kullanildi. ECISO3 programi ile uzun aramalar sonucu elde
edilen potansiyel parametrelerinin ortalamalar1 alindi. Bu ortalamalar PAr cekirdeginin her
bir uyarilmis durumu icin ortak kullanild: ve sonuglar elde edildi. Ornegin Tablo 9’in (d)
siitununda gosterilen Okumusoglu ve arkadaslarinin 2. baslangic parametreleri her bir
uyarilmis durum icin kullamldiginda 1.46 MeV (2%) durumu icin dinamik parametreler
Vo =45.743510 MeV, Wy = 4.450032 MeV, Wp =4.155018 MeV , Vso=6.177783 MeV
; 3.68 MeV (3) durumu igin Vo = 45.263472 MeV, Wy = 3.684161 MeV,
Wp = 4436926 MeV, Vso= 6.559635 MeV ; 449 MeV (5) durumu icin
Vo = 43.579167 MeV, Wy = 4.964970 MeV , Wp = 3.471357 MeV , Vgo= 5.638551
MeV elde edildi. Bu parametrelerin ortalamasi1 alinarak her bir uyarilmis durum igin
parametre aramasi yapilmadan kullanildi. Elde edilen sonuglar Tablo 9’in (d) sonug
kisminda verilmistir. Ayrica burada deformasyon parametreleri iizerine de arama yapildi.
Baslangic parametreleri olarak, Johnson ve Griffiths [3]’in 25 MeV proton enerjisi i¢in
elde ettigi 1.46 MeV ic¢in 0.21, 3.68 MeV i¢in 0.26 ve 4.49 MeV igin 0.19 parametreler
kullanildi. Elde edilen deformasyon parametreleri Tablo 8 ve Tablo 9 de verilmistir.

ECIS programi ciftlenmis kanal hesaplarinin yani sira DWBA hesaplamasi da
yapabilmektedir. Bu hesaplama 92. mantiksal kontrol “T” yapilarak gerceklestirilmistir.
Ciftlenmis kanal calismasinda elde edilen parametreler, DWBA hesabinda da
kullanilmustir.

Elde edilen en iyi diferansiyel tesir kesiti acisal dagilimi Sekil 41°de, en iyi analiz
giicii dagilimi Sekil 42’de verilmektedir. Sekillerdeki harfler Tablo 5’de verilen siitun

harflerine karsilik gelmektedir. Tablo 10°da ise uzun aramalar sonucu elde edilen
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diferansiyel tesir kesiti ve analiz giicii degerlerinin deneysel degerlere uyumunu gosteren

x2 / N degerleri verilmektedir.

40 60 80

100 120 140 160

dolde ]
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(d) cC

———————— (d) DWBA

E =40.7 MeV J'=2" (1.46 MeV)

0.1

20

40 60 80

T T T T
100 120 140 160

6, (deg.)

c.m.

Sekil 41. 40.7 MeV enerjili protonlarin 1.46 MeV diizeyine gore PAr
cekirdeginden inelastik sagilmasina ait diferansiyel tesir kesiti

20

acisal dagilimi
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0,8
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A o4-
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0,6

0,4

0,2

0,0
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€ . 40. eV enerjili protonlarin 1. e tizeylne gore r
Sekil 42. 40.7 MeV enerjili protonlarin 1.46 MeV diizeyine gore “°A
cekirdeginden inelastik sacilmasina ait analiz giicli acisal

dagilimi
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3.4.3. 3.68 MeV (3°) Durumu

P Ar cekirdeginin 3.68 MeV durumunun calismasinda, Becchetti ve Greenless’in [47],
Fabrici ve arkadaslarinin [5] ve Okumusoglu ve arkadaslarinin [8] 40.7 MeV enerjili
polarize protonlarin “Ar cekirdeginden elastik sagilmasina ait optiksel model parametreleri
baslangi¢c parametreleri olarak kullanildi. Bu aramalar dinamik parametreler i¢in yapildi.
Yapilan caligma 1.46 MeV durumunda yapilan calismaya benzerdir ve Boliim 3.4.2°de
ayrintili olarak aciklanmaktadir. Sonuglar Tablo 8 ve Tablo 9°da verilmistir. Elde edilen en
iyi diferansiyel tesir kesiti agisal dagilimi Sekil 43’de, en iyi analiz giicli dagilimi

Sekil 44’de verilmektedir.

20 40 60 80 100 120 140 160

. m  Deneysel Veri
(d) CcC

——————— (d) DWBA ]
E =40.7 MeV J'=3 (3.68 MeV) | ]

do/dQ 14
(mb/sr)

0,14 = 40,1

T T T T T T T T T T T
20 40 60 80 100 120 140 160
0 (deg.)

c,m,(

Sekil 43. 40.7 MeV enerjili protonlarin 3.68 MeV diizeyine gore PAr
cekirdeginden inelastik sacilmasina ait diferansiyel tesir kesiti
acisal dagilim
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A
y
0,4 Ho04
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-0,2 = 4-0,2
T T T T T T T T T T T T T T
20 40 60 80 100 120 140 160

deg.)

C.m.(

Sekil 44. 40.7 MeV enerjili protonlarin 3.68 MeV diizeyine gore PAr
cekirdeginden inelastik sacilmasina ait analiz giicli agisal
dagilim

3.4.4.4.49 MeV (5) Durumu

OAr cekirdeginin 4.49 MeV durumunun calismasinda, Becchetti ve Greenless’in [47],
Fabrici ve arkadaglarinin [5] ve Okumusoglu ve arkadaglarinin [8] 40.7 MeV enerjili
polarize protonlarin “Ar cekirdeginden elastik sagilmasina ait optiksel model parametreleri
baslangi¢c parametreleri olarak kullanildi. Bu aramalar dinamik parametreler i¢in yapildi.
Yapilan calisma 1.46 MeV durumunda yapilan caligmaya benzerdir ve Bolim 4.2°de
ayrintili olarak agiklanmaktadir. Sonuglar Tablo 8 ve Tablo 9’de verilmistir. Elde edilen en
iyi diferansiyel tesir kesiti agisal dagilimi Sekil 45°de, en iyi analiz giici dagilimi

Sekil 46’de verilmektedir.
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Sekil 45. 40.7 MeV enerjili protonlarin 4.49 MeV diizeyine gore *’Ar
cekirdeginden inelastik sacilmasina ait diferansiyel tesir kesiti

acisal dagilim
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Sekil 46. 40.7 MeV enerjili protonlarin 4.49 MeV diizeyine gore *’Ar
cekirdeginden inelastik sacilmasina ait analiz giicii acisal

dagilimi
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Tablo 8. p-“Ar, E p =40.7MeV  Ciftlenmis kanal parametreleri ve elde edilen

deformasyon parametreleri. Burada r,, = rp ve a,, =ap alind1

Parametreler a a b b

Baslangic Sonug¢ Baslangic Sonug¢

Vo: Hacim Reel Pot. (MeV) | 45.48 43.841343 46.89 44.861267

W,: Hacim Sanal Pot. 6.25 4.292363 5.36 4.366403

MeV)

Wp: Yiizey Sanal Pot. 2.83 4.336017 3.65 4.020951

MeV)

Vs.o0.: Reel Spin-Yoriinge 6.9168 7.072368 6.2084 6.125316

Pot. (MeV)

ro:  Yarigap (fm) 1.17 1.17 1.14 1.14

ap:  Yayginlik (fm) 0.75 0.75 0.75 0.75

Iy:  Yaricap (fm) 1.32 1.32 1.30 1.30

ay:  Yayginlik (fm) 0.58 0.58 0.66 0.66

rso.: Yaricap (fm) 1.01 1.01 1.01 1.01

ago.: Yaygimlik (fm) 0.75 0.75 0.56 0.56

B(2+) 0.21 0.32151 0.21 0.32628

5(3-) 0.26 0.34696 0.26 0.36100

- .1 .30102 .1 3131
B(S) 0.19 0.3010 0.19 0.31316
Baslangic Parametreleri [47] [5]
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Tablo 9. p—40Ar, E, =40.7MeV  Ciftlenmis kanal parametreleri ve elde edilen

deformasyon parametreleri. Burada r,, = r, ve a,, = ap alindi

Parametreler C C d d
Baslangic Sonug¢ Baslangic Sonug¢

Vo: Hacim Reel Pot. 45.7664 44.860706 | 46.590 44.861277
MeV)
W,: Hacim Sanal Pot. 5.8337 4.366619 | 5.2277 4.367246
MeV)
Wp: Yiizey Sanal Pot. 3.8252 4.02042 3.646 4.020299
(MeV)
Vs.o0.: Reel Spin-Yoriinge 5.9325 6.12467 4.2056 6.124694
Pot. (MeV)
ro:  Yarigap (fm) 1.14 1.17 1.14 1.14
ap:  Yayginlik (fm) 0.75 0.75 0.75 0.75
Iy:  Yaricap (fm) 1.30 1.32 1.30 1.30
ay:  Yayginlik (fm) 0.66 0.58 0.66 0.66
rso.: Yaricap (fm) 1.01 1.01 1.01 1.01
ago.: Yaygimlik (fm) 0.56 0.75 0.56 0.56
B(2+) 0.21 0.32629 | 0.21 0.32631
5(3-) 0.26 0.36105 | 0.26 0.36110

- .1 31321 .1 31314
B(S ) 0.19 0.313 0.19 0.313
Baslangic Parametreleri [8] [8]
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Tablo 10. Diferansiyel tesir kesiti ve analiz giicii degerleri i¢in x2 /' N degerleri. Siitun
harfleri Tablo 4.1 de verilen siitun harflere karsilik gelmektedir

a b C d a b C d
CcC CC CC CcC DWBA | DWBA | DWBA | DWBA
G (2+) 26.13 14.10 14.10 14.10 28.62 10.93 10.931 | 10.95
+. | 27.03 26.09 26.11 26.10 45.48 28.96 28.98 28.98
Ay @4
6 (37) 30.96 18.48 18.47 18.44 33.40 19.81 19.82 19.77
- 37.16 14.19 14.22 14.22 53.87 32.19 32.22 32.22
4, (37)
G (57) 43.85 43.81 43.81 43.81 65.14 65.62 65.68 65.58
- | 46.96 42.51 42.51 42.52 104.9 63.29 63.25 63.28
Ay 57)

40.7 MeV enerjili protonlarmn *°Ar’dan inelastik sacilmasinda bazi degerler tedirgin

edilmis born yaklasimi (DWBA) ciftlenmis kanal analizinden daha iyi sonuglar

vermektedir. Genel olarak 3 uyarilmis durum i¢in yapilan analizlerde CC analizleri daha

iyi sonu¢ vermektedir. Tablo 10 da goriildiigii gibi CC analizlerinde xz/N degerleri

diismektedir. Her ii¢ grubun baslangic parametrelerinin [47,5,8] kullanilmasinda elde

edilen sonuclar deneysel degerlerle uyumludur.

Fabrici ve arkadaslarinin [5] ve

Okumusoglu ve arkadaslarinin [8] baslangic parametreleri kullanilarak yapilan analiz

sonuclar birbirine olduk¢a yakindir.




4. TARTISMA

“Ar i¢in hesaplanan SRM enerji diizeyleri deneysel diizeylerle karsilastirildiginda
Tablo 3’den goriildiigii gibi bizim verilerimizin bulundugu 31_(3.68 MeV) diizeyi icin

bulunan 3.6394 MeV ve 51_(4.49MeV) diizeyi i¢in hesaplanan 4.4750 MeV degerleri

deneysel degerlere ¢ok yakindir. Bu da 4.49 MeV civarindaki diizeyin spin ve paritesini

J® =57 olarak belirlememizi saglar. 2f (1.46MeV) diizeyi icin bulunan 1.3525 MeV ise

deneysel degerden biraz asagidadir. Diger diizeylerin karsilastirmasinin oldukga iyi oldugu
Tablo 3’den ve Sekil 9’dan goriilmektedir.

Tablo 11°de *Ar icin belirlenen kuadropol SRM niikleer Hamiltoniyen parametreleri:
enerji skala carpani 7w, kuadropol yumusakligi Hp,, Ve kuadropol deformasyonu B,
12¢, 3¥Ni, *°Cr ve Fe cekirdeklerinin karsilik gelen parametreleri ile karsilastirilmistir.
Tablo 8’den goriildiigii lizere “Ar cekirdegi 12C, *Ni ve “Cr gibi olduk¢a yumusak
(MB,, degeri yiiksek) fakat, *°Fe ¢ok daha fazla katidur.

Tablo 11. Degisik cekirdekler i¢in deneysel enerji diizeylerine yakin SRM diizeyleri elde
etmek icin ayarlanan ana kuadropol Hamiltoniyen parametrelerinin

karsilastirilmasi
Cekirdek  fhiwg Mg, Bo 1A 3hwolug, BaoP]  Referans
“Ar 1.2004  1.9840  0.0891 0.0557 Bu calisma
2c 42825 27943  0.170 0.325 [13]
Nj 1.25 1.91 0.0788 0.041 [14]
2Cr 1.48 1.21 0.131 0.037 [21]
e 2.57 0.489 0.231 0.037 [15]

SHEMMAN programinda elde edilen hamiltonyen parametreleri ~OPTMAN

programinda kullanilarak p—4OAr elastik ve inelastik sacilmasinin deneysel tesir kesiti
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verilerinin agisal dagilimlarimin teorik sonuglarla karsilagtirilmalant  Sekil 11-22°de
gosterilmistir. Ancak 5™ diizeyi tesir kesit hesaplar1 ¢iftlenmelerin yeterli olmamasi ve
OPTMAN programimin L=3’e kadar olan acisal momentum degerlerinde proton-cekirdek
sacilmalarim iyi tasvir ettigi i¢in ¢ok iyi degildir ve SRM sonuglan diisiiktiir.

“Ar cekirdegi icin daha once farkli programlar kullanilarak caligmalar yapilmistir.

Becchetti ve Greenless’in 25 MeV deki DWBA [47] analizinde, B, =0.21, B3 =0.26 ve
Bs =0.19 bulunmusken bu calismada, B, =0.2522, B3 =0.2387 ve [B5=0.2235

bulundu.

Rush ve arkadaslarinin yaptigi 30 MeV’deki DWBA analizinde [4] B, =0.24 ve CC
analizinde 0.25 iken bu ¢alisgmada P, =0.2522 bulunmustur, yine DWBA analizinde

B3 =0.27 bulunmusken bu galismada 0.2387 bulunmustur.

Tasan tarafindan [7] 25.1 ve 32.5 MeV de yapilan CC ve DWBA analizlerinde sirasiyla
By =0.24,0.25, B3=0.25,0.26 ve P5=0.19,0.20 bulunmusken, bu caligmada

B, =0.2522, B3 =0.2387 ve B5 =0.2235 bulundu.

p-40Ar inelastik sacilmasinda 40.7 MeV proton enerjisi icin ECISO3 ile yaptigim
analizlerde B, =0.32629, B3 =0.36105 ve P5 =0.31321 bulundu. Aymi enerji i¢in

OPTMAN programut ile yapilan ¢alismada ise B, =0.2522, B3 =0.2387 ve B5 =0.2235

bulundu.

p—4OAr inelastik sacilmasinda, OPTMAN programi hesaplanan <y gecis ihtimali bu

calisma icin B(E2)=0.029 e’b? hesaplanirken, deneysel deger 0.0316 e’b? [48] dir.
Burada e, elektronun yiikii b ise barn’dir.

p-4OAr inelastik sacilmasi i¢in, Rush ve arkadaslarmin [4] 30.4 ve 49.6 MeV proton
enerjilerinde, Leo ve arkadaglarinin [6] 29.6 ve 35.1 MeV proton enerjilerinde taban
durumu, 1.46 MeV ve 3.68 MeV uyarilmis durumlart i¢in deneysel diferansiyel tesir
kesitleri i¢cin de OPTMAN programi ile SRM analizi yapildi. Bu analiz sonucunda elde
edilen teorik degerler ve bizim verilerimizin sonuclari toplu halde Sekil 46-48’de
gosterildi. Grafiklerden de goriildiigii gibi elde edilen teorik degerler deneysel degerlerle

uyum icerisindedir.
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Sekil 47. “Ar cekirdeginin degisik enerjili protonlardan sa¢ilmasinin taban durumu
icin diferansiyel tesir kesiti acisal dagilimi
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Sekil 48. “°Ar cekirdeginin degisik enerjili protonlardan sagilmasinin 1.46 MeV
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uyarilmis durumu i¢in diferansiyel tesir kesiti agisal dagilimi
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Sekil 49. “°Ar cekirdeginin degisik enerjili protonlardan sa¢ilmasinin 3.68 MeV
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p-"Ar elastik ve inelastik sacilmasimin deneysel tesir kesitine karsilik gelen 25.1 ve
32.5 MeV’deki teorik degerler daha once ECIS98 programi ile yapilmistir [7]. Bu
enerjilerde OPTMAN programi ile yapilan analizler sonucu elde edilen teorik diferansiyel
tesir kesiti acisal dagilimlan ile ECIS03 program ile elde edigim degerler 32.5 MeV
enerjisinde 1.46 MeV uyarilmis durumu icin Sekil 50’de , ayni enerjide 3.68 MeV
uyarilmis durumu icin Sekil 51°de verilmistir. Grafikden de goriilecegi gibi deneysel
degerler analiz sonucunda elde edilen degerler ile uyum igerisindedir. OPTMAN
programinda ECIS programinda oldugu gibi potansiyel parametreleri ve deneysel degerlere
yakin teorik degerler iizerinde arama yapilmamaktadir. Bu yiizden uyum OPTMAN

programin ECIS programin gére daha kétiidiir.

20 40 60 80 100 120 140 160
LS L L L L L L L

J10

do/do ]

(mb/sr) 4
014 m  Deneysel Veri T w401
] OPTMAN ]
———————— ECIS03

T T T T T T T T
20 40 60 80 100 120 140 160
ec.m.(deg')

Sekil 50. *Ar cekirdeginin 1.46 MeV diizeyine gore 32.5 MeV enerjili
protonlarm inelastik sagilmasi i¢in diferansiyel tesir kesiti
acisal dagilimlar
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Sekil 51. *Ar cekirdeginin 3.68 MeV diizeyine gore 32.5 MeV enerjili
protonlarin  inelastik sagilmasi icin diferansiyel tesir kesiti
acisal dagilimlar



5. SONUCLAR

Bu calisgmada, SRM modeli dalga fonksiyonlarina ciftlenmis kanal yaklagimu,
OPTMAN programi, kullanilarak deneysel degerleri Okumusoglu ve arkadaslar tarafindan
olgiilen E,= 25.1, 32.5 ve 40.7 MeV  enerjilerindeki p-"Ar elastik ve inelastik
sacilmasinin deneysel verilerinin analizi yapilmistir. Bu enerjilerde elde edilen teorik
diferansiyel tesir kesiti degerleri ile deneysel diferansiyel tesir kesiti degerlerinin
karsilastirilmasi grafik olarak verilmistir. Model L=3 ve 4.5 MeV uyarma enerjisine kadar
olan niikleer enerji diizey yapisint ve 20- 40 MeV bolgesinde proton —cekirdek
etkilesmesini iyi tasvir etmekte basarilidir. Bu yilizden uyarma enerjisi 4.49 MeV olan 5
durumunda uyum digerlerine gore daha kotiidiir. Calismada Legendre polinom katsayilart
bulunmus ve enerji ile degisiminin diizgiin oldugu goriilmiistiir. Bu nedenle deneysel veri
bulunmayan enerjilerdeki tesir kesiti degerlerinin interpolasyonla hesaplanmasina imkan
saglamistir. Bu calismada yine diizeyler arasindaki B(E2) y-gecis ihtimali hesaplanmis ve
deneysel degerlerle uyum icerisinde oldugu goriilmiistiir.

Ayrica ECISO3 programu ile 40.7 MeV enerjili protonlarin OAr cekirdeginden elastik
sacilma diferansiyel tesir kesiti ve analiz giicli degerlerinin optiksel model ve inelastik
sacilma diferansiyel tesir kesiti ve analiz giicii degerlerinin ciftlenmis kanal (CC) ve
tedirgin edilmis dalga born yaklasimi (DWBA) analizleri yapildi. Calismada, baslangic
potansiyel parametreleri olarak , Becchetti ve Greenless’in [47], Fabrici ve arkadaslarinin
[5] ve Okumusoglu ve arkadaslarinin [8] optiksel model parametreleri kullanildi. Bu
parametreler iizerine aramalar yapilarak, optiksel model parametreleri, ciftlenmis kanal
parametreleri ve deformasyon parametreleri bulundu. Elde edilen parametreler Tablo 6’da
verilmigtir. Bu enerji i¢in en iyi uyumun Fabrici ve arkadaslarinin [5] ve Okumusoglu ve
arkadaslarimin [8] optiksel model parametrelerinin baslangi¢ olarak kullanilmasindan elde
edilen parametrelerden oldugu aciktir. 40.7 MeV enerjili protonlarin **Ar’dan inelastik
sacilmasinda baz1 degerler tedirgin edilmis born yaklasimi (DWBA) ciftlenmis kanal

analizinden daha iyi sonuglar vermektedir. Genel olarak 3 uyarilmis durum icin yapilan

analizlerde CC analizleri daha iyi sonu¢ vermektedir. CC analizlerinde X2 /N degerleri

daha kiiciik oldugu Tablo 10’da verilmistir.



6. ONERILER

OPTMAN programi1 sadece diferansiyel tesir kesiti degerleri {izerine uyum
yapmaktadir. Bu programa analiz giicii verileri de eklenerek analizler daha uyumlu hale
getirilebilir. Ayrica OPTMAN programi L=3"e kadar olan niikleer enerji diizey yapisini
iyi tasvir etmektedir. Program daha biiyiik L degerlerinde daha iyi sonug verebilecek hale
getirilebilir.

ECIS kodunda, ciflenmis kanal parametrelerinin aranmasi caligmalarinda, dinamik
parametre aramalarmin yaninda geometrik arama parametre aramalar1 da yapilabilir.
Ayrica ECIS koduna [’ye bagl terim eklenmesi daha iyi sonuclar vererek geri agi

problemine bir ¢oziim getirilebilir.
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8. EKLER

Ek 1. p-"Ar inelastik Sacilmasimn OPTMAN ile Analizine Ait Ornek Cikti
Kiitiigii

OPTMAN=> Ar-40 parameters bet3=ksi*bet2
INTERACTION OF PARTICLE HAVING SPIN = 0.50
WITH NUCLEI A= 40.0000000
COUPLED CHANNELS METHOD
RELATIVISTIC KINEMATICS AND POTENTIAL DEPENDENCE
COULOMB CORRECTION PROPORTIONAL REAL POTENTIAL DER-VE
CHARGE RADIUS IS ENERGY DEPENDENT
REAL RADIUS IS ENERGY DEPENDENT
WITH AC. NONAXIAL GEXADECAPOLE DEFORMATIONS

HAMILTONN-N 5SPAO0  POTENTIAL EXPANDDED BY BETO
WITH AC. NONAXIAL OCTUPOLE SOFT DEFORMATIONS

NUMBER OF COUPLED LEVELS= 8 NPD =4
NUMBER OF TERMS IN POTENTIAL EXPANSION= 4

ENERGY LEVEL'S SPIN*2 NTU NNB

Z
Z
Q

NNO NPO

.0000000E+00
.1460860E+01
.2120770E+01
.2524080E+01
.2893000E+01
.3208330E+01
.3680971E+01
.4494000E+01
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o+ 0O R~O
— et DN e
o oo~ OO
(=Nl NoNoNo Nl
—_——_0 o0 o oo
UL VGG G

1

PARAMETERS OF HAMILTONIAN
HW= 1.20040 AMBO0=1.98400 AMGO= 0.28544 GAMO= 0.49304 BETO0=0.09570
BET4= 0.17300 BB42=0.06177 GAMG=0.11360 DELG= 0.69743
BET3= 1.21000 ETO= 0.08049 AMUO=0.54815 HWO= 0.35000 BB32=0.02658
GAMDE= 0.00000 DPAR= 4.9157 GSHAPE= 0.00000

[01= 1102= 1 NNT= 1 FOLAR= 0.0000000D+00 ANUI1= 0.8366425D-02 ANU2= 0.8366425D-02
[01= 1102= 1 NNT= 2 FOLAR= 0.1095018D+01 ANUI= 0.8366425D-02 ANU2= 0.8366425D-02
[01= 1102= 2 NNT= 1 FOLAR= 0.1000029D+01 ANUI= 0.8366425D-02 ANU2= 0.1063363D+01
[01= 1102= 2 NNT= 2 FOLAR= 0.0000000D+00 ANU1= 0.8366425D-02 ANU2= 0.1063363D+01
[01= 2102= 2 NNT= 1 FOLAR= 0.0000000D+00 ANUI1= 0.1063363D+01 ANU2= 0.1063363D+01
[01= 2102= 2 NNT= 2 FOLAR= 0.1110323D+01 ANUI1= 0.1063363D+01 ANU2= 0.1063363D+01
JUI=1JU2=1NNT=1FOV(JUIL,JU2,NNT)= 0.2496114D+01 ANUIl= 0.5272148D+00 ANU2= 0.5272148D+00
JUI=1JU2=1NNT=2FOV(JUIL,JU2,NNT)= 0.7287377D+01 ANUIl= 0.5272148D+00 ANU2= 0.5272148D+00
JUI=1JU2=1NNT=3 FOVJULJU2,NNT)= 0.2393875D+02 ANUl= 0.5272148D+00 ANU2= 0.5272148D+00
JU1=11JU2=1NNT=4 FOV(JU1,JU2,NNT)= 0.8643605D+02 ANUI= 0.5272148D+00 ANU2= 0.5272148D+00
JUI=1JU2=2 NNT=1 FOV(JUL,JU2,NNT)= 0.2636102D+01 ANUIl= 0.5272148D+00 ANU2= 0.3837297D-01
JUI=1JU2=2 NNT=2 FOV(JUL,JU2,NNT)= 0.8091909D+01 ANUIl= 0.5272148D+00 ANU2= 0.3837297D-01
JUI=1JU2=2 NNT=3 FOV(JUL,JU2,NNT)= 0.2748387D+02 ANUIl= 0.5272148D+00 ANU2= 0.3837297D-01
JUI=1JU2=2 NNT=4 FOV(JU1,JU2,NNT)= 0.1012725D+03 ANUIl= 0.5272148D+00 ANU2= 0.3837297D-01
JUI=1JU2=3 NNT=1 FOV(JUL,JU2,NNT)= 0.9993480D+00 ANU1= 0.5272148D+00 ANU2= 0.2248939D+01
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JU1= 1 JU2=3 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 1 JU2=3 NNT= 3 FOV(JUL,JU2,NNT)=
JU1= 1 JU2=3 NNT= 4 FOV(JU1,JU2,NNT)=
JUl=1JU2=4 NNT= | FOV(JU1,JU2,NNT)=
JU1= 1 JU2= 4 NNT= 2 FOV(JUL,JU2,NNT)=
JU1= 1 JU2= 4 NNT= 3 FOV(JUL,JU2,NNT)=
JUl= 1 JU2=4 NNT= 4 FOV(JU1,JU2,NNT)=
JUl=1JU2=5 NNT= | FOV(JU1,JU2,NNT)=
JU1= 1 JU2= 5 NNT= 2 FOV(JUL,JU2,NNT)=
JUl=1JU2=5 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 1 JU2= 5 NNT= 4 FOV(JUL,JU2,NNT)=
JUl=1JU2= 6 NNT= | FOV(JU1,JU2,NNT)=
JU1= 1 JU2= 6 NNT= 2 FOV(JUL,JU2,NNT)=
JU1= 1 JU2= 6 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 1 JU2= 6 NNT= 4 FOV(JU1,JU2,NNT)=
JU1= 1 JU2=7 NNT= 1 FOV(JUL,JU2,NNT)=
JUl=1JU2="7 NNT= 2 FOV(JU1,JU2,NNT)=
JUl=1JU2="7 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 1 JU2=7 NNT= 4 FOV(JU1,JU2,NNT)=
JU1= 1 JU2= 8 NNT= 1 FOV(JUL,JU2,NNT)=
JU1= 1 JU2=8 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 1 JU2= 8 NNT= 3 FOV(JUL,JU2,NNT)=
JU1= 1 JU2=8 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=2 JU2=2 NNT= 1 FOV(JUL,JU2,NNT)=
JU1=2 JU2=2 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 2 JU2=2 NNT= 3 FOV(JUL,JU2,NNT)=
JU1=2 JU2=2 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=2 JU2=3 NNT= | FOV(JU1,JU2,NNT)=
JU1=2 JU2=3 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 2 JU2= 3 NNT= 3 FOV(JUL,JU2,NNT)=
JU1=2 JU2=3 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=2 JU2=4 NNT= | FOV(JU1,JU2,NNT)=
JU1= 2 JU2= 4 NNT= 2 FOV(JU1,JU2,NNT)=
JU1=2 JU2=4 NNT= 3 FOV(JU1,JU2,NNT)=
JU1=2 JU2=4 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=2 JU2= 5 NNT= 1 FOV(JUL,JU2,NNT)=
JU1=2 JU2= 5 NNT= 2 FOV(JUL,JU2,NNT)=
JU1=2 JU2=5 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 2 JU2= 5 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=2 JU2= 6 NNT= | FOV(JU1,JU2,NNT)=
JU1= 2 JU2= 6 NNT= 2 FOV(JUL,JU2,NNT)=
JU1=2 JU2= 6 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 2 JU2= 6 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=2 JU2=7 NNT= | FOV(JU1,JU2,NNT)=
JU1=2 JU2="7 NNT= 2 FOV(JU1,JU2,NNT)=
JU1=2 JU2="7 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 2 JU2=7 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=2 JU2=8 NNT= | FOV(JU1,JU2,NNT)=
JU1=2 JU2=8 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 2 JU2= 8 NNT= 3 FOV(JUL,JU2,NNT)=
JU1=2 JU2= 8 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=3 JU2=3 NNT= | FOV(JU1,JU2,NNT)=
JU1=3 JU2=3 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 3 JU2=3 NNT= 3 FOV(JUL,JU2,NNT)=
JU1=3 JU2=3 NNT= 4 FOV(JU1,JU2,NNT)=
JU1= 3 JU2= 4 NNT= 1 FOV(JUL,JU2,NNT)=
JU1= 3 JU2= 4 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 3 JU2= 4 NNT= 3 FOV(JUL,JU2,NNT)=
JU1=3 JU2=4 NNT= 4 FOV(JU1,JU2,NNT)=
JU1= 3 JU2= 5 NNT= 1 FOV(JUL,JU2,NNT)=
JU1= 3 JU2= 5 NNT= 2 FOV(JUL,JU2,NNT)=
JU1=3 JU2=5 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 3 JU2= 5 NNT= 4 FOV(JUL,JU2,NNT)=

117

0.5766238D+01
0.2810265D+02
0.1339494D+03
0.2694734D+01
0.8930509D+01
0.3244895D+02
0.1270444D+03
0.2686512D+01
0.9057212D+01
0.3340942D+02
0.1325919D+03
0.5623855D+00
0.4473967D+01
0.2376543D+02
0.1169908D+03
0.2494996D+01
0.9241731D+01
0.3703600D+02
0.1583856D+03
0.2336102D+01
0.9023002D+01
0.3752226D+02
0.1659264D+03
0.2857180D+01
0.9148328D+01
0.3195362D+02
0.1197910D+03
0.1439846D+01
0.7324328D+01
0.3433709D+02
0.1602394D+03
0.3007553D+01
0.1030606D+02
0.3821059D+02
0.1511432D+03
0.3016329D+01
0.1049306D+02
0.3942354D+02
0.1578168D+03
0.9864737D+00
0.5961402D+01
0.2974484D+02
0.1425279D+03
0.2880213D+01
0.1087715D+02
0.4394198D+02
0.1878292D+03
0.2721149D+01
0.1065601D+02
0.4445902D+02
0.1956872D+03
0.3573404D+01
0.1568358D+02
0.7531290D+02
0.3804021D+03
0.2217207D+01
0.1067449D+02
0.5029960D+02
0.2403308D+03
0.2391005D+01
0.1145833D+02
0.5419177D+02
0.2606002D+03

ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANUI=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANUI=
ANUI=
ANU1=
ANUI=
ANUI=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANUI1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANUI=
ANU1=
ANU1=
ANU1=
ANUI=
ANU1=
ANU1=
ANUI=
ANU1=

0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00
0.5272148D+00

ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=

0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=
0.3837297D-01 ANU2=

0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01

ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=

0.2248939D+01
0.2248939D+01
0.2248939D+01
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.3837297D-01
0.3837297D-01
0.3837297D-01
0.3837297D-01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
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JU1=31JU2=6 NNT=1 FOV(JU1,JU2,NNT)= 0.3376952D+01 ANUIl= 0.2248939D+01 ANU2= 0.1194208D+01

JU1= 3 JU2= 6 NNT= 2 FOV(JUL,JU2,NNT)=
JU1=3 JU2= 6 NNT= 3 FOV(JU1,JU2,NNT)=
JU1=3 JU2= 6 NNT= 4 FOV(JU1,JU2,NNT)=
JU1= 3 JU2=7 NNT= 1 FOV(JUL,JU2,NNT)=
JU1= 3 JU2=7 NNT= 2 FOV(JUL,JU2,NNT)=
JU1=3 JU2="7 NNT= 3 FOV(JU1,JU2,NNT)=
JU1=3 JU2="7 NNT= 4 FOV(JU1,JU2,NNT)=
JU1= 3 JU2= 8 NNT= 1 FOV(JUL,JU2,NNT)=
JU1=3 JU2= 8 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 3 JU2= 8 NNT= 3 FOV(JUL,JU2,NNT)=
JU1=3 JU2= 8 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=4 JU2= 4 NNT= 1 FOV(JUL,JU2,NNT)=
JU1=4 JU2=4 NNT= 2 FOV(JU1,JU2,NNT)=
JU1=4 JU2= 4 NNT= 3 FOV(JUL,JU2,NNT)=
JU1=4 JU2= 4 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=4JU2=5 NNT= | FOV(JU1,JU2,NNT)=
JU1=4 JU2=5 NNT= 2 FOV(JU1,JU2,NNT)=
JU1=4 JU2= 5 NNT= 3 FOV(JU1,JU2,NNT)=
JU1=4 JU2= 5 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=4JU2= 6 NNT= | FOV(JU1,JU2,NNT)=
JU1=4 JU2= 6 NNT= 2 FOV(JU1,JU2,NNT)=
JU1=4 JU2= 6 NNT= 3 FOV(JU1,JU2,NNT)=
JU1=4 JU2= 6 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=4JU2=7 NNT= | FOV(JU1,JU2,NNT)=
JU1=4 JU2=7 NNT= 2 FOV(JU1,JU2,NNT)=
JU1=4 JU2="7 NNT= 3 FOV(JU1,JU2,NNT)=
JU1=4 JU2="7 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=4 JU2=8 NNT= | FOV(JU1,JU2,NNT)=
JU1=4 JU2= 8 NNT= 2 FOV(JUL,JU2,NNT)=
JU1=4 JU2= 8 NNT= 3 FOV(JU1,JU2,NNT)=
JU1=4 JU2= 8 NNT= 4 FOV(JU1,JU2,NNT)=
JU1= 5 JU2= 5 NNT= 1 FOV(JUL,JU2,NNT)=
JU1=5JU2=5 NNT= 2 FOV(JU1,JU2,NNT)=
JU1=5 JU2=5 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 5 JU2= 5 NNT= 4 FOV(JU1,JU2,NNT)=
JU1= 5 JU2= 6 NNT= 1 FOV(JUL,JU2,NNT)=
JU1=5 JU2= 6 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 5 JU2= 6 NNT= 3 FOV(JUL,JU2,NNT)=
JU1=5 JU2= 6 NNT= 4 FOV(JU1,JU2,NNT)=
JU1= 5 JU2=7 NNT= 1 FOV(JUL,JU2,NNT)=
JU1=5JU2="7 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 5 JU2=7 NNT= 3 FOV(JU1,JU2,NNT)=
JU1=5JU2="7 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=5JU2=8 NNT= | FOV(JU1,JU2,NNT)=
JU1=5 JU2= 8 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 5 JU2= 8 NNT= 3 FOV(JUL,JU2,NNT)=
JU1=5 JU2= 8 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=6 JU2= 6 NNT= | FOV(JU1,JU2,NNT)=
JU1= 6 JU2= 6 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 6 JU2= 6 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 6 JU2= 6 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=6 JU2=7 NNT= | FOV(JU1,JU2,NNT)=
JU1= 6 JU2= 7 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 6 JU2=7 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 6 JU2=7 NNT= 4 FOV(JU1,JU2,NNT)=
JU1= 6 JU2= 8 NNT= 1 FOV(JUL,JU2,NNT)=
JU1= 6 JU2= 8 NNT= 2 FOV(JU1,JU2,NNT)=
JU1= 6 JU2= 8 NNT= 3 FOV(JU1,JU2,NNT)=
JU1= 6 JU2= 8 NNT= 4 FOV(JU1,JU2,NNT)=
JU1=7 JU2=7 NNT= 1 FOV(JUL,JU2,NNT)=
JU1=7JU2="7 NNT= 2 FOV(JU1,JU2,NNT)=
JU1=7 JU2=7 NNT= 3 FOV(JU1,JU2,NNT)=

0.1441305D+02
0.6765725D+02
0.3340918D+03
0.3238507D+01
0.1556887D+02
0.7597561D+02
0.3806715D+03
0.3510749D+01
0.1708247D+02
0.8493191D+02
0.4345389D+03
0.3341545D+01
0.1222069D+02
0.4798288D+02
0.1998584D+03
0.3393222D+01
0.1258951D+02
0.5006357D+02
0.2109354D+03
0.1759371D+01
0.9152933D+01
0.4448275D+02
0.2146305D+03
0.3477318D+01
0.1394919D+02
0.5945384D+02
0.2667739D+03
0.3394843D+01
0.1409436D+02
0.6194803D+02
0.2858766D+03
0.3455536D+01
0.1300439D+02
0.5236847D+02
0.2231740D+03
0.1934279D+01
0.9898395D+01
0.4803561D+02
0.2325525D+03
0.3598806D+01
0.1462978D+02
0.6309881D+02
0.2862031D+03
0.3539797D+01
0.1488654D+02
0.6618893D+02
0.3086810D+03
0.3313272D+01
0.1366469D+02
0.6256071D+02
0.3025144D+03
0.2791011D+01
0.1374052D+02
0.6732599D+02
0.3347414D+03
0.3063346D+01
0.1508506D+02
0.7474700D+02
0.3774088D+03
0.4105390D+01
0.1793430D+02
0.8251410D+02

ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANUI=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANUI=
ANUI=
ANU1=
ANUI=
ANUI=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANUI1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANUI=
ANU1=
ANU1=
ANU1=
ANUI=
ANU1=
ANU1=
ANUI=
ANU1=

0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.2248939D+01
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.6405050D-03
0.6405050D-03
0.6405050D-03

ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=

0.1194208D+01
0.1194208D+01
0.1194208D+01
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.8625930D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.6009718D-02
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.1194208D+01
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.6405050D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.2009332D-03
0.6405050D-03
0.6405050D-03
0.6405050D-03
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JU1=7JU2="7 NNT=4 FOV(JU1,JU2,NNT)= 0.3970518D+03 ANUI1= 0.6405050D-03 ANU2= 0.6405050D-03
JUI=7]JU2=8 NNT=1 FOV(JUL,JU2,NNT)= 0.4211350D+01 ANUI1= 0.6405050D-03 ANU2= 0.2009332D-03
JU1=7JU2=8 NNT=2 FOV(JU1,JU2,NNT)= 0.1898813D+02 ANUI1= 0.6405050D-03 ANU2= 0.2009332D-03
JU1=7JU2=8 NNT=3 FOV(JU1,JU2,NNT)= 0.8989936D+02 ANUI1= 0.6405050D-03 ANU2= 0.2009332D-03
JU1=7]JU2=8 NNT=4 FOV(JUL,JU2,NNT)= 0.4441365D+03 ANU1= 0.6405050D-03 ANU2= 0.2009332D-03
JUI=8JU2=8 NNT=1 FOV(JUL,JU2,NNT)= 0.4404382D+01 ANU1= 0.2009332D-03 ANU2= 0.2009332D-03
JUI=8JU2=8 NNT=2 FOV(JU1,JU2,NNT)= 0.2047575D+02 ANUI1= 0.2009332D-03 ANU2= 0.2009332D-03
JU1=8JU2= 8 NNT=3 FOV(JU1,JU2,NNT)= 0.9967923D+02 ANUI1= 0.2009332D-03 ANU2= 0.2009332D-03
JU1=8JU2=8 NNT=4 FOV(JUL,JU2,NNT)= 0.5052758D+03 ANU1= 0.2009332D-03 ANU2= 0.2009332D-03
POTENTIAL PARAMETERS V(R)

VR0=-36.770 VR1=0.0285 VR2=0.0001800 RR=1.1866 ARO0=0.6670 ARI1=0.0000
WDO0=0.0000 WDI1=0.0000 VR3=0.0000000 RD=1.1893 ADO0=0.6090 ADI=0.0000
WC0=0.0000 WC1=0.0000 RC=1.1866 ACO0=0.6670 AC1=0.0000

RW=1.0000 AWO0=1.0000 AW1=0.0000
VSO=5.5700 RS=1.2081 AS0=0.6690 ASI1=0.0000
ALF=1.0000 ANEU=1.0087 RZ=1.1312 AZ0=0.3600
BNDC= 0.00 WDAI1=0.0000 WCA1=0.0000 CCOUL=1.0500 CISO=11.500 WCISO=20.000
WS0= 0.0000 WS1= 0.0000 VRLA=96.4500 ALAVR= 0.00475 WCBW=12.3900
WCWID=78.8600
WDBW=10.6300 WDWID=10.6600 ALAWD= 0.0174 EFERMN= -7.984 EFERMP=-10.169
ALASO=0.0050
PDIS=2.0000 WSBW=-3.1000 WSWID= 160.00 RRBWC= 0.0000 RRWID=100.00 RZBWC=
0.0000
RZWID= 1.0000

NUCLEUS CHARGE = 18.0000
EXPERIMENTAL DATA FOR ENERGY=25.100000 MeV

000400
.2180000E+01.5500000E-01.0000000E+00.0000000E+00

11592245

7746 8 842

ANGL(CENT) EXP. C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.1846000E+02.1389000E+01.7451380E-01.2050000E+02.9900000E+00.5309320E-01 ( 25.1 MeV G.S.)
.2307000E+02.5700000E+00.3058530E-01.2563000E+02.2990000E+00.1604290E-01
.2732140E+02.1869750E+00.1029860E-01.2818000E+02.1100000E+00.5916280E-02
.3070000E+02.2789000E-01.1813900E-02.3280000E+02.1727000E-01.9558930E-03
.3483000E+02.1010000E-01.7177220E-03.3687000E+02.2090000E-01.1340760E-02
.3895000E+02.3748000E-01.2203970E-02.4095000E+02.5683000E-01.3054260E-02
.4350000E+02.7437000E-01.3991210E-02.4605000E+02.8477000E-01.4548340E-02
.4859000E+02.8535000E-01.4578990E-02.4900000E+02.8485000E-01.4563030E-02
.5114000E+02.8083000E-01.4343020E-02.5367000E+02.6855000E-01.3694880E-02
.5621000E+02.5575000E-01.3000380E-02.5875000E+02.4292000E-01.2319420E-02
.6128000E+02.2915000E-01.1564990E-02.6330000E+02.2119000E-01.1139710E-02
.6540000E+02.1497000E-01.8101560E-03.6735000E+02.1078000E-01.5860210E-03
.6940000E+02.8130000E-02.4406160E-03.7130000E+02.6820000E-02.3725330E-03
.7391000E+02.6700000E-02.3630770E-03.7643000E+02.7400000E-02.4031130E-03
.7894000E+02.8460000E-02.4597050E-03.8146000E+02.9520000E-02.5163100E-03
.8396000E+02.9810000E-02.5297080E-03.8648000E+02.9960000E-02.5404660E-03
.8898000E+02.9250000E-02.5038910E-03.9148000E+02.8430000E-02.4623440E-03
.9398000E+02.7420000E-02.4040310E-03.9648000E+02.6160000E-02.3383250E-03
.9896000E+02.4950000E-02.2708440E-03.1014600E+03.3920000E-02.2116980E-03
.1039400E+03.2740000E-02.1495630E-03.1064300E+03.2300000E-02.1253990E-03
.1089100E+03.1710000E-02.9061040E-04.1113900E+03.1500000E-02.8077750E-04
.1133000E+03.1380000E-02.7523960E-04.1188100E+03.1200000E-02.6708200E-04
.1212800E+03.1280000E-02.7068240E-04.1232500E+03.1220000E-02.6797790E-04
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.1262100E+03.1180000E-02.6618910E-04.1286700E+03.1090000E-02.5805390E-04
.1311400E+03.1220000E-02.6419500E-04.1335900E+03.9200000E-03.5015970E-04
.1360400E+03.8500000E-03.4697070E-04.1385000E+03.8300000E-03.4606790E-04
.1409500E+03.8300000E-03.4606790E-04.1434000E+03.8800000E-03.4833220E-04
.1488000E+03.9600000E-03.5200000E-04.1507400E+03.9800000E-03.5292450E-04
.1527200E+03.9800000E-03.5292450E-04.1556300E+03.1000000E-02.5385170E-04
.1585700E+03.9800000E-03.5292450E-04

ANGL(CENT) EXP.C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.3075000E+02.6730000E-02.6895140E-03.3279000E+02.5880000E-02.5964430E-03
.3484000E+02.5440000E-02.5617260E-03.3586000E+02.4710000E-02.4777460E-03
.3895000E+02.4950000E-02.5031150E-03.4096000E+02.4750000E-02.4816900E-03
.4403000E+02.3720000E-02.3805050E-03.4733400E+02.3258000E-02.3332350E-03
.5115000E+02.2790000E-02.2834450E-03.5623000E+02.2430000E-02.2480910E-03
.6130000E+02.2270000E-02.2324410E-03.6332000E+02.2310000E-02.2363490E-03
.6534000E+02.2190000E-02.2246350E-03.6636000E+02.2140000E-02.2197640E-03
.6940000E+02.1990000E-02.2051850E-03.7140000E+02.1880000E-02.1945350E-03
.7444000E+02.1700000E-02.1726270E-03.7644000E+02.1460000E-02.1490500E-03
.7873400E+02.1250000E-02.1312440E-03.8147000E+02.1080000E-02.1120890E-03
.8451100E+02.8820000E-03.9684650E-04.8649000E+02.7200000E-03.7472620E-04
.9150000E+02.6400000E-03.6705220E-04.9649000E+02.7300000E-03.7569020E-04
.1014700E+03.8200000E-03.8440380E-04.1044600E+03.7800000E-03.8052330E-04
.1064400E+03.8300000E-03.8537560E-04.1074400E+03.8900000E-03.9121950E-04
.1114000E+03.7500000E-03.7762090E-04.1133900E+03.6500000E-03.6800740E-04
.1163600E+03.5800000E-03.6135150E-04.1193200E+03.4700000E-03.4805210E-04
.1213000E+03.4800000E-03.4903060E-04.1232700E+03.3900000E-03.4026160E-04
.1262300E+03.3500000E-03.3640060E-04.1291800E+03.2800000E-03.2973210E-04
.1311500E+03.2600000E-03.2785680E-04.1340900E+03.2600000E-03.2785680E-04
.1370400E+03.2400000E-03.2600000E-04.1429200E+03.2700000E-03.2879240E-04
.1458600E+03.2800000E-03.2973210E-04.1488000E+03.3100000E-03.3257300E-04
.1527000E+03.3500000E-03.3640060E-04.1556300E+03.3500000E-03.3640060E-04
.1585700E+03.3200000E-03.3352610E-04

ANGL(CENT) EXP.C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.

.3079000E+02.4030000E-02.6111630E-03.3284000E+02.3550000E-02.5358700E-03
.3488000E+02.4000000E-02.6067130E-03.3591000E+02.3900000E-02.5904450E-03
.3897000E+02.4300000E-02.6512490E-03.4101000E+02.4170000E-02.6319420E-03
.4408000E+02.3490000E-02.5295770E-03.4701100E+02.3192400E-02.4839490E-03
.5121000E+02.2850000E-02.4331930E-03.5629000E+02.2320000E-02.3549700E-03
.6136000E+02.2080000E-02.3159810E-03.6339000E+02.2030000E-02.3085780E-03
.6542000E+02.2040000E-02.3100580E-03.6643000E+02.1930000E-02.2937860E-03
.6946000E+02.2100000E-02.3189440E-03.7150000E+02.2050000E-02.3115390E-03
.7451000E+02.2030000E-02.3059740E-03.7652000E+02.1950000E-02.2967430E-03
.8155000E+02.1730000E-02.2612280E-03.8657000E+02.1320000E-02.2020000E-03
.8932000E+02.1147000E-02.1746460E-03.9158000E+02.9200000E-03.1394420E-03
.9445100E+02.8060000E-03.1234580E-03.9657000E+02.6700000E-03.1024710E-03
.9958200E+02.5790000E-03.9037660E-04.1015500E+03.4900000E-03.7417720E-04
.1045300E+03.4000000E-03.6082760E-04.1065200E+03.4300000E-03.6527060E-04
.1075100E+03.4700000E-03.7120570E-04.1114800E+03.3900000E-03.5934860E-04
.1134600E+03.3630000E-03.5536070E-04.1164300E+03.3700000E-03.5639370E-04
.1193800E+03.3300000E-03.5050000E-04.1213600E+03.3500000E-03.5344390E-04
.1233400E+03.3300000E-03.5050000E-04.1262900E+03.2900000E-03.4463460E-04
.1292400E+03.3300000E-03.5050000E-04.1312100E+03.3200000E-03.4903060E-04
.1341500E+03.2700000E-03.4171630E-04.1371000E+03.2700000E-03.4171630E-04
.1429700E+03.2600000E-03.4026160E-04.1459100E+03.2700000E-03.4171630E-04
.1488400E+03.2520000E-03.3910040E-04.1527400E+03.2000000E-03.3162280E-04
.1556700E+03.1800000E-03.2879240E-04.1585900E+03.1800000E-03.2879240E-04

ANGL(CENT) EXP.C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.3080000E+02.1100000E-02.2220360E-03.3285000E+02.1194000E-02.2406770E-03
.3490000E+02.1220000E-02.2538420E-03.3592000E+02.1190000E-02.2398830E-03

(25.1 MeV 2%)

(25.1 MeV 3)

(25.1 MeV 5)
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“Ek 1’in devamr”
.3899000E+02.1220000E-02.2458370E-03.4103000E+02.1310000E-02.2667280E-03
.4410000E+02.1500000E-02.3014960E-03.5123000E+02.1340000E-02.2696740E-03
.5631000E+02.1110000E-02.2240180E-03.6139000E+02.1000000E-02.2022370E-03
.6342000E+02.9500000E-03.1910500E-03.6544000E+02.8900000E-03.1791200E-03
.6645000E+02.8900000E-03.1791200E-03.6949000E+02.9400000E-03.1890610E-03
.7151000E+02.8900000E-03.1791200E-03.7453000E+02.7800000E-03.1572770E-03
.7779000E+02.7350000E-03.1483540E-03.8 158000E+02.6400000E-03.1295530E-03
.8386600E+02.5780000E-03.1173170E-03.8660000E+02.4600000E-03.9676780E-04
.9160000E+02.3340000E-03.6754440E-04.9660000E+02.2800000E-03.5688590E-04
.1015800E+03.2500000E-03.5099020E-04.1045600E+03.2200000E-03.4512210E-04
.1065500E+03.2800000E-03.5688590E-04.1075400E+03.2700000E-03.54918 10E-04
.1115100E+03.2900000E-03.5885580E-04.1134900E+03.3100000E-03.6280130E-04
.1164500E+03.3030000E-03.6141950E-04.1194200E+03.2500000E-03.5099020E-04
.1233600E+03.2200000E-03.4512210E-04.1263100E+03.1900000E-03.3929380E-04
.1292600E+03.1700000E-03.3544010E-04.1312300E+03.1700000E-03.3544010E-04
.1341700E+03.1800000E-03.3736310E-04.1371200E+03.1600000E-03.3352610E-04
.1429900E+03.1300000E-03.2785680E-04.1459200E+03.1000000E-03.2236070E-04
.1488500E+03.8000000E-04.1886800E-04.1527600E+03.7700000E-04.1836190E-04
.1556800E+03.7000000E-04.1720470E-04.1586000E+03.8000000E-04.1886800E-04

EXPERIMENTAL DATA FOR ENERGY= 32.500000 MeV

000400
.2180000E+01.5500000E-01.0000000E+00.0000000E+00

11662242

7749 8 846

ANGL(CENT) EXP. C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.1846000E+02.1294000E+01.6944530E-01.2050000E+02.8449000E+00.4529500E-01
.2256000E+02.5140300E+00.2756750E-01.2461000E+02.2860000E+00.1533560E-01
.2666000E+02.1366100E+00.7326540E-02.2870000E+02.5534000E-01.2992640E-02
.2972000E+02.3709000E-01.1993010E-02.3075000E+02.2494000E-01.1339820E-02
.3177000E+02.2006000E-01.1083560E-02.3279000E+02.2153000E-01.1159200E-02
.3381000E+02.2650000E-01.1423390E-02.3484000E+02.3407000E-01.1830520E-02
.3586000E+02.4400000E-01.2362120E-02.3841000E+02.6643000E-01.3563210E-02
.4096000E+02.8558000E-01.4589710E-02.4351000E+02.8924000E-01.4785640E-02
.4606000E+02.8552000E-01.4586910E-02.4860000E+02.7475000E-01.4008920E-02
.5114000E+02.5812000E-01.3125270E-02.5369000E+02.4204000E-01.2256280E-02
.5521000E+02.3396000E-01.1829100E-02.5622000E+02.2872000E-01.1541330E-02
.5876000E+02.1845000E-01.9902560E-03.6028000E+02.1432000E-01.7688020E-03
.6231000E+02.1033000E-01.5575590E-03.6433000E+02.7660000E-02.4150770E-03
.6534000E+02.7200000E-02.3900000E-03.6635000E+02.6770000E-02.3663090E-03
.6888000E+02.6830000E-02.3690830E-03.7140000E+02.7400000E-02.3992490E-03
.7392000E+02.7970000E-02.4294210E-03.7644000E+02.8 160000E-02.4420000E-03
.7896000E+02.7810000E-02.4220070E-03.8147000E+02.7080000E-02.3844680E-03
.8398000E+02.6190000E-02.3356940E-03.8649000E+02.5000000E-02.2692580E-03
.8899000E+02.3800000E-02.2061550E-03.9149000E+02.2940000E-02.1587730E-03
.9400000E+02.2170000E-02.1194670E-03.9649000E+02.1610000E-02.8989020E-04
.9898000E+02.1240000E-02.6887670E-04.1014700E+03.1050000E-02.5618050E-04
.1039600E+03.9500000E-03.5153880E-04.1064400E+03.9360000E-03.5129560E-04
.1089200E+03.9670000E-03.5271360E-04.1114000E+03.9830000E-03.5344830E-04
.1138800E+03.9490000E-03.5188930E-04.1163500E+03.9200000E-03.5056680E-04
.1188200E+03.8550000E-03.4762940E-04.1212900E+03.7700000E-03.4250000E-04
.1237600E+03.6970000E-03.3794100E-04.1262200E+03.5350000E-03.3066860E-04
.1286800E+03.4140000E-03.2498980E-04.1311400E+03.3230000E-03.1899530E-04
.1336000E+03.2370000E-03.1488030E-04.1360600E+03.1870000E-03.1060290E-04
.1385100E+03.1580000E-03.8854940E-05.1409600E+03.1610000E-03.8989020E-05
.1434100E+03.1860000E-03.1055890E-04.1458600E+03.2260000E-03.1235680E-04
.1483000E+03.2830000E-03.1625490E-04.1507500E+03.3390000E-03.1874310E-04
.1537900E+03.3800000E-03.2147090E-04.1556300E+03.3800000E-03.2147090E-04

(32.5MeV G.S)
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“Ek 1’in devam”

.1605100E+03.4330000E-03.2384790E-04.1654000E+03.3830000E-03.2115950E-04
ANGL(CENT) EXP. C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.2666000E+02.8950000E-02.9240810E-03.2870000E+02.7770000E-02.8023270E-03
.3075000E+02.5570000E-02.5853620E-03.3279000E+02.5490000E-02.5777550E-03
.3381000E+02.5330000E-02.5594540E-03.3586000E+02.4730000E-02.4932840E-03
.3950000E+02.3620000E-02.3755580E-03.4190000E+02.2880000E-02.3120000E-03
.4403000E+02.2250000E-02.2304890E-03.5114000E+02.2140000E-02.2197640E-03
.5622000E+02.2270000E-02.2324410E-03.5930000E+02.1950000E-02.2013080E-03
.6128000E+02.2090000E-02.2237880E-03.6330000E+02.1860000E-02.1926030E-03
.6635000E+02.1600000E-02.1649240E-03.6930000E+02.1370000E-02.1427200E-03
.7140000E+02.1010000E-02.1053610E-03.7444000E+02.8900000E-03.9121950E-04
.7644000E+02.7810000E-03.8014740E-04.8147000E+02.5910000E-03.6122750E-04
.8649000E+02.4990000E-03.5240240E-04.9148000E+02.4657000E-03.4924190E-04
.9695000E+02.4330000E-03.4582460E-04.1013940E+03.3930000E-03.4171920E-04
.1041130E+03.3990000E-03.4196440E-04.1079000E+03.3880000E-03.4061330E-04
.1104000E+03.3100000E-03.3228000E-04.1145000E+03.2600000E-03.2692580E-04
.1163500E+03.2110000E-03.2256570E-04.1193000E+03.1900000E-03.1992490E-04
.1212900E+03.1660000E-03.1707510E-04.1232500E+03.1870000E-03.1935690E-04
.1262200E+03.1610000E-03.1658950E-04.1291800E+03.1280000E-03.1341040E-04
.1342000E+03.1000000E-03.1044030E-04.1400000E+03.1120000E-03.1159480E-04
.1431000E+03.1060000E-03.1101640E-04.1458600E+03.1100000E-03.1140180E-04
.1488000E+03.1040000E-03.1082400E-04.1527200E+03.1110000E-03.1149830E-04
.1557900E+03.1190000E-03.1227230E-04.1585700E+03.1160000E-03.1198170E-04
ANGL(CENT) EXP.C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.2666000E+02.7120000E-02.1078480E-02.2870000E+02.7690000E-02.1164540E-02
.3075000E+02.6370000E-02.9657020E-03.3279000E+02.6970000E-02.1056210E-02
.3381000E+02.6900000E-02.1045810E-02.3586000E+02.6510000E-02.9879540E-03
.3950000E+02.5420000E-02.8249660E-03.4122000E+02.4424000E-02.6762140E-03
.4403000E+02.3380000E-02.5132730E-03.4669500E+02.2947000E-02.4475580E-03
.4907050E+02.2498000E-02.3794730E-03.5114000E+02.2100000E-02.3189440E-03
.5622000E+02.1650000E-02.2507120E-03.5930000E+02.1500000E-02.2304890E-03
.6128000E+02.1760000E-02.2686930E-03.6330000E+02.1830000E-02.2790170E-03
.6433000E+02.1850000E-02.28 19690E-03.6635000E+02.1770000E-02.2684960E-03
.6930000E+02.1700000E-02.2598560E-03.7140000E+02.1600000E-02.2433110E-03
.7444000E+02.1540000E-02.2344380E-03.7644000E+02.1390000E-02.2123020E-03
.7915600E+02.1150000E-02.1770770E-03.8147000E+02.9200000E-03.1412230E-03
.8649000E+02.6460000E-03.9821210E-04.8941400E+02.5110000E-03.7851260E-04
.9149000E+02.3860000E-03.5913050E-04.9649000E+02.2890000E-03.4408200E-04
.1014700E+03.3040000E-03.4647970E-04.1040500E+03.2770000E-03.4231320E-04
.1064400E+03.2890000E-03.4408200E-04.1104000E+03.3080000E-03.4706850E-04
.1134000E+03.2610000E-03.3977090E-04.1163500E+03.2420000E-03.3679250E-04
.1193000E+03.1940000E-03.2952640E-04.1212900E+03.1780000E-03.2716410E-04
.1232500E+03.1500000E-03.2285280E-04.1262200E+03.1150000E-03.1770770E-04
.1291800E+03.7500000E-04.1164310E-04.1311400E+03.8500000E-04.1309820E-04
.1342000E+03.6700000E-04.1048820E-04.1374000E+03.6800000E-04.1063200E-04
.1400000E+03.6800000E-04.1063200E-04.1431000E+03.6100000E-04.9629250E-05
.1458600E+03.7500000E-04.1164310E-04.1488000E+03.9400000E-04.1465640E-04
.1527200E+03.1080000E-03.1668650E-04.1557900E+03.1160000E-03.1785390E-04
.1585700E+03.1130000E-03.1741560E-04

ANGL(CENT) EXP.C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.2646000E+02.1350000E-02.2765860E-03.3075000E+02.1320000E-02.2707320E-03
.3279000E+02.1450000E-02.2983290E-03.338 1000E+02.1420000E-02.2925000E-03
.3586000E+02.1500000E-02.3080580E-03.3841000E+02.1737000E-02.3509800E-03
.4430000E+02.1960000E-02.3931460E-03.5114000E+02.1878000E-02.3767960E-03
.5730000E+02.1490000E-02.3006730E-03.5930000E+02.1330000E-02.2706580E-03
.6128000E+02.1120000E-02.2260000E-03.6330000E+02.1010000E-02.2042160E-03
.6433000E+02.9800000E-03.1982830E-03.6635000E+02.8800000E-03.1771330E-03
.6930000E+02.8930000E-03.1794070E-03.7140000E+02.6930000E-03.1396390E-03

(32.5 MeV 2*)

(32.5 MeV 3)

(32.5 MeV 5)



123

“Ek 1’in devam”
.7444000E+02.5940000E-03.1198730E-03.7644000E+02.6190000E-03.1248300E-03
.7712500E+02.5080000E-03.1027010E-03.7984500E+02.4550000E-03.9239590E-04
.8147000E+02.3810000E-03.7713910E-04.8649000E+02.2930000E-03.5928710E-04
.9149000E+02.2620000E-03.5300720E-04.9419900E+02.2340000E-03.4765750E-04
.9649000E+02.1990000E-03.4024970E-04.1014700E+03.2050000E-03.4143670E-04
.1043000E+03.1930000E-03.3892250E-04.1064400E+03.1970000E-03.3971600E-04
.1103500E+03.1920000E-03.3872420E-04.1133000E+03.1470000E-03.2967090E-04
.1163500E+03.1280000E-03.2591060E-04.1193000E+03.1110000E-03.2255750E-04
.1212900E+03.9200000E-04.1864300E-04.1237600E+03.9500000E-04.1923540E-04
.1262200E+03.7200000E-04.1470920E-04.1291800E+03.4600000E-04.9414880E-05
.1311400E+03.5400000E-04.1098360E-04.1342000E+03.4100000E-04.8440380E-05
.1362000E+03.3400000E-04.7432360E-05.1400000E+03.3000000E-04.6708200E-05
.1434100E+03.3700000E-04.7984990E-05.1458600E+03.4800000E-04.1040000E-04
.1488000E+03.5600000E-04.1189290E-04.1527200E+03.5800000E-04.1227030E-04
.1557900E+03.5700000E-04.1208140E-04.1585700E+03.6000000E-04.1264910E-04

EXPERIMENTAL DATA FOR ENERGY= 40.700000 MeV

000400
.2180000E+01.5500000E-01.0000000E+00.0000000E+00

11332229

7727 8 827

ANGL(CENT) EXP. C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.2050000E+02.7650000E+00.4119650E-01.2350000E+02.3100000E+00.1671640E-01
.2660000E+02.1040000E+00.5657990E-02.3074000E+02.3840000E-01.2095710E-02
.3586000E+02.6730000E-01.3652350E-02.3780000E+02.7910000E-01.4297030E-02
.4090000E+02.8600000E-01.4653860E-02.4403000E+02.7620000E-01.4113220E-02
.5000000E+02.3680000E-01.1986980E-02.5623000E+02.1220000E-01.6592420E-03
.6434000E+02.6140000E-02.3374150E-03.6637000E+02.6580000E-02.36158 10E-03
.6940000E+02.6350000E-02.3469960E-03.7142000E+02.6320000E-02.3456240E-03
.7444000E+02.5350000E-02.2974160E-03.7645000E+02.4850000E-02.2662820E-03
.8148000E+02.2620000E-02.1485290E-03.8650000E+02.1590000E-02.9391620E-04
.9150000E+02.8500000E-03.4740520E-04.9650000E+02.7050000E-03.3913520E-04
.1015000E+03.6810000E-03.3805790E-04.1075000E+03.5830000E-03.3278300E-04
.1104200E+03.4590000E-03.2637620E-04.1134000E+03.3520000E-03.2075480E-04
.1193300E+03.2010000E-03.1224760E-04.1213000E+03.1750000E-03.1060950E-04
.1262300E+03.1240000E-03.7964920E-05.1311500E+03.1240000E-03.7964920E-05
.1370500E+03.9700000E-04.6286690E-05.1400000E+03.8900000E-04.5983520E-05
.1429300E+03.7200000E-04.4686150E-05.1488000E+03.7600000E-04.484 1490E-05
.1556400E+03.8100000E-04.5040090E-05

ANGL(CENT) EXP. C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.3074000E+02.1020400E-01.1065010E-02.3586000E+02.5230000E-02.5635860E-03
.4090000E+02.2770000E-02.3387540E-03.4403000E+02.2210000E-02.2514780E-03
.5000000E+02.2671000E-02.2815380E-03.5623000E+02.3421000E-02.3511030E-03
.6434000E+02.2220000E-02.2414730E-03.6637000E+02.1762000E-02.1956310E-03
.6940000E+02.1154000E-02.1319590E-03.7142000E+02.9130000E-03.9777880E-04
.7444000E+02.8770000E-03.9681060E-04.7645000E+02.8050000E-03.8944970E-04
.8148000E+02.8440000E-03.8991310E-04.8650000E+02.7690000E-03.8183890E-04
.9150000E+02.6070000E-03.6957360E-04.9650000E+02.3970000E-03.4916390E-04
.1015000E+03.2310000E-03.2868120E-04.1075000E+03.1540000E-03.3283530E-04
.1104200E+03.1420000E-03.2292680E-04.1134000E+03.1400000E-03.2280350E-04
.1193300E+03.1370000E-03.2106400E-04.1213000E+03.1440000E-03.2152580E-04
.1262300E+03.1290000E-03.2055260E-04.1311500E+03.9600000E-04.1386220E-04
.1370500E+03.7300000E-04.1011390E-04.1400000E+03.6900000E-04.9143850E-05
.1429300E+03.6300000E-04.7462570E-05.1488000E+03.5700000E-04.6441270E-05
.1556400E+03.8300000E-04.9213580E-05

(40.7 MeV G.S.)

(40.7 MeV 2%
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“Ek 1’in devamr”
ANGL(CENT) EXP.C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.3074000E+02.1995000E-01.3188270E-02.3586000E+02.158 1000E-01.2536540E-02  (40.7 MeV 3")
.4403000E+02.8660000E-02.1378040E-02.5623000E+02.3760000E-02.5727970E-03
.6434000E+02.3560000E-02.5399590E-03.6637000E+02.3250000E-02.4940210E-03
.6940000E+02.2280000E-02.3456360E-03.7142000E+02.1750000E-02.2642090E-03
.7444000E+02.1360000E-02.2078850E-03.7645000E+02.1530000E-02.2372140E-03
.8148000E+02.7380000E-03.1146930E-03.8650000E+02.6300000E-03.9568310E-04
.9150000E+02.5120000E-03.7844900E-04.9650000E+02.4800000E-03.7375640E-04
.1015000E+03.4720000E-03.7305230E-04.1075000E+03.2820000E-03.4346600E-04
.1104200E+03.1840000E-03.3190240E-04.1134000E+03.1590000E-03.2765540E-04
.1193300E+03.1130000E-03.2198410E-04.1213000E+03.1340000E-03.2449510E-04
.1262300E+03.1380000E-03.2498980E-04.1311500E+03.1330000E-03.2437220E-04
.1370500E+03.9300000E-04.1906840E-04.1400000E+03.1010000E-03.1932670E-04
.1429300E+03.1000000E-03.1920940E-04.1488000E+03.6200000E-04.1164000E-04
.1556400E+03.8300000E-04.1428290E-04

ANGL(CENT) EXP.C.-S ERR.C.S. ANGL(CENT) EXP.C.-S ERR.C.S.
.3074000E+02.4740000E-02.9597940E-03.3586000E+02.5860000E-02.1188940E-02  (40.7 MeV 5)
.4403000E+02.6470000E-02.1312570E-02.5623000E+02.5590000E-02.1126730E-02
.6434000E+02.2300000E-02.4627090E-03.6637000E+02.2000000E-02.4031130E-03
.6940000E+02.1490000E-02.3006730E-03.7142000E+02.1060000E-02.2141120E-03
.7444000E+02.1010000E-02.2042160E-03.7645000E+02.8270000E-03.1666050E-03
.8148000E+02.7310000E-03.1473040E-03.8650000E+02.5260000E-03.1062640E-03
.9150000E+02.4770000E-03.9690280E-04.9650000E+02.3020000E-03.6122220E-04
.1015000E+03.1920000E-03.3886590E-04.1075000E+03.1460000E-03.2962500E-04
.1104200E+03.1600000E-03.3275670E-04.1134000E+03.8700000E-04.1810410E-04
.1193300E+03.7000000E-04.1486610E-04.1213000E+03.5400000E-04.1120890E-04
.1262300E+03.5000000E-04.1019800E-04.1311500E+03.5200000E-04.1059060E-04
.1370500E+03.4800000E-04.9806120E-05.1400000E+03.4600000E-04.9414880E-05
.1429300E+03.4600000E-04.9414880E-05.1488000E+03.5800000E-04.1198170E-04
.1556400E+03.3400000E-04.7432360E-05

SPHERICAL VOLUME INTEGRALS OF REAL POTENTIAL F-FACTORS AND DERIVATIVES:
VIRO= 28.218 VIRI1= 72.762 VIR2= 66.855 VIR3= 22.226 CBETO= 1.000

SPHERICAL VOLUME INTEGRALS OF IMAGINARY (WC) F-FACTORS AND DERIVATIVES:
WICO= 28.218 WICI= 72.762 WIC2= 66.855 WIC3= 22.226 CBETC= 0.919

SPHERICAL VOLUME INTEGRALS OF IMAGINARY (WD) F-FACTORS AND DERIVATIVES:
WIDO= 43.270 WID1= 80.614 WID2= 40.249 WID3= 0.113 CBETD= 0.499

SPHERICAL VOLUME INTEGRALS OF IMAGINARY (WW) F-FACTORS AND DERIVATIVES:
WIWO0= 0.000 WIW1= 0.000 WIW2= 0.000 WIW3= 0.000 CBETW= 0.000

POTENTIAL VALUES FOR INCIDENT ENERGY= 25.100000 MeV:
VR= 48.867 WC= 2.065 WD= 6.263 VSO= 4.670 WSO= -0.144 RELPOT= 1.013

PROTON ENERGY = 25.100000
TOTAL CR-SECT.= 1.813695
REACTION CR-SECT. = 0.948675

NMAX CR-SECT. OF LEVEL EXCITATION
0.797403
0.024617
0.003795
0.004149
0.007236
0.004932
0.019212
0.003675

0NN N W~
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STRENGTH FUNCTIONS
SFO= 0.2547086E-04 SF1= 0.2544830E-04 SF2= 0.2921897E-04
ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES

MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.18460D+02 0.13890D+01 0.12876D+01 2 0.20500D+02 0.99000D+00 0.88228D+00
30.23070D+02 0.57000D+00 0.51043D+00 4 0.25630D+02 0.29900D+00 0.26080D+00
50.27321D+02 0.18698D+00 0.15021D+00 6 0.28180D+02 0.11000D+00 0.10813D+00
7 0.30700D+02 0.27890D-01 0.29804D-01 8 0.32800D+02 0.17270D-01 0.44507D-02
9 0.34830D+02 0.10100D-01 0.30772D-02 10 0.36870D+02 0.20900D-01 0.15475D-01
11 0.38950D+02 0.37480D-01 0.34646D-01 12 0.40950D+02 0.56830D-01 0.53793D-01
13 0.43500D+02 0.74370D-01 0.73628D-01 14 0.46050D+02 0.84770D-01 0.84905D-01
15 0.48590D+02 0.85350D-01 0.86879D-01 16 0.49000D+02 0.84850D-01 0.86403D-01
17 0.51140D+02 0.80830D-01 0.80932D-01 18 0.53670D+02 0.68550D-01 0.69634D-01
19 0.56210D+02 0.55750D-01 0.55628D-01 20 0.58750D+02 0.42920D-01 0.41407D-01
21 0.61280D+02 0.29150D-01 0.28838D-01 22 0.63300D+02 0.21190D-01 0.20685D-01
23 0.65400D+02 0.14970D-01 0.14252D-01 24 0.67350D+02 0.10780D-01 0.10124D-01
25 0.69400D+02 0.81300D-02 0.74982D-02 26 0.71300D+02 0.68200D-02 0.63572D-02
27 0.73910D+02 0.67000D-02 0.62480D-02 28 0.76430D+02 0.74000D-02 0.70779D-02
29 0.78940D+02 0.84600D-02 0.82059D-02 30 0.81460D+02 0.95200D-02 0.91910D-02
31 0.83960D+02 0.98100D-02 0.97511D-02 32 0.86480D+02 0.99600D-02 0.97830D-02
33 0.88980D+02 0.92500D-02 0.93029D-02 34 0.91480D+02 0.84300D-02 0.84154D-02
35 0.93980D+02 0.74200D-02 0.72673D-02 36 0.96480D+02 0.61600D-02 0.60142D-02
37 0.98960D+02 0.49500D-02 0.48039D-02 38 0.10146D+03 0.39200D-02 0.37210D-02
39 0.10394D+03 0.27400D-02 0.28463D-02 40 0.10643D+03 0.23000D-02 0.21925D-02
41 0.10891D+03 0.17100D-02 0.17565D-02 42 0.11139D+03 0.15000D-02 0.15032D-02
43 0.11330D+03 0.13800D-02 0.14042D-02 44 0.11881D+03 0.12000D-02 0.13730D-02
45 0.12128D+03 0.12800D-02 0.13933D-02 46 0.12325D+03 0.12200D-02 0.13974D-02
47 0.12621D+03 0.11800D-02 0.13687D-02 48 0.12867D+03 0.10900D-02 0.13113D-02
49 0.13114D+03 0.12200D-02 0.12302D-02 50 0.13359D+03 0.92000D-03 0.11381D-02
51 0.13604D+03 0.85000D-03 0.10475D-02 52 0.13850D+03 0.83000D-03 0.96978D-03
53 0.14095D+03 0.83000D-03 0.91377D-03 54 0.14340D+03 0.88000D-03 0.88297D-03
55 0.14880D+03 0.96000D-03 0.89514D-03 56 0.15074D+03 0.98000D-03 0.91703D-03
57 0.15272D+03 0.98000D-03 0.94233D-03 58 0.15563D+03 0.10000D-02 0.97612D-03
59 0.15857D+03 0.98000D-03 0.99627D-03

ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES

MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.30750D+02 0.67300D-02 0.83095D-02 2 0.32790D+02 0.58800D-02 0.78929D-02
3 0.34840D+02 0.54400D-02 0.73334D-02 4 0.35860D+02 0.47100D-02 0.70067D-02
50.38950D+02 0.49500D-02 0.58766D-02 6 0.40960D+02 0.47500D-02 0.50901D-02
7 0.44030D+02 0.37200D-02 0.39447D-02 8 0.47334D+02 0.32580D-02 0.29365D-02
9 0.51150D+02 0.27900D-02 0.21713D-02 10 0.56230D+02 0.24300D-02 0.17304D-02
11 0.61300D+02 0.22700D-02 0.16194D-02 12 0.63320D+02 0.23100D-02 0.15932D-02
13 0.65340D+02 0.21900D-02 0.15594D-02 14 0.66360D+02 0.21400D-02 0.15380D-02
15 0.69400D+02 0.19900D-02 0.14555D-02 16 0.71400D+02 0.18800D-02 0.13887D-02
17 0.74440D+02 0.17000D-02 0.12761D-02 18 0.76440D+02 0.14600D-02 0.11996D-02
19 0.78734D+02 0.12500D-02 0.11134D-02 20 0.81470D+02 0.10800D-02 0.10160D-02
21 0.84511D+02 0.88200D-03 0.91722D-03 22 0.86490D+02 0.72000D-03 0.85890D-03
23 0.91500D+02 0.64000D-03 0.73316D-03 24 0.96490D+02 0.73000D-03 0.63934D-03
25 0.10147D+03 0.82000D-03 0.57504D-03 26 0.10446D+03 0.78000D-03 0.54802D-03
27 0.10644D+03 0.83000D-03 0.53359D-03 28 0.10744D+03 0.89000D-03 0.52704D-03
29 0.11140D+03 0.75000D-03 0.50358D-03 30 0.11339D+03 0.65000D-03 0.49180D-03
31 0.11636D+03 0.58000D-03 0.47225D-03 32 0.11932D+03 0.47000D-03 0.44923D-03
33 0.12130D+03 0.48000D-03 0.43175D-03 34 0.12327D+03 0.39000D-03 0.41308D-03
35 0.12623D+03 0.35000D-03 0.38406D-03 36 0.12918D+03 0.28000D-03 0.35671D-03
37 0.13115D+03 0.26000D-03 0.34103D-03 38 0.13409D+03 0.26000D-03 0.32383D-03
39 0.13704D+03 0.24000D-03 0.31598D-03 40 0.14292D+03 0.27000D-03 0.32919D-03
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41 0.14586D+03 0.28000D-03 0.34584D-03 42 0.14880D+03 0.31000D-03 0.36379D-03
43 0.15270D+03 0.35000D-03 0.38141D-03 44 0.15563D+03 0.35000D-03 0.38472D-03
45 0.15857D+03 0.32000D-03 0.37671D-03

ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES

MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.30790D+02 0.40300D-02 0.53281D-02 2 0.32840D+02 0.35500D-02 0.53624D-02
30.34880D+02 0.40000D-02 0.53588D-02 4 0.35910D+02 0.39000D-02 0.53395D-02
50.38970D+02 0.43000D-02 0.51997D-02 6 0.41010D+02 0.41700D-02 0.50308D-02
7 0.44080D+02 0.34900D-02 0.46626D-02 8 0.47011D+02 0.31924D-02 0.42044D-02
9 0.51210D+02 0.28500D-02 0.34508D-02 10 0.56290D+02 0.23200D-02 0.25732D-02
11 0.61360D+02 0.20800D-02 0.19103D-02 12 0.63390D+02 0.20300D-02 0.17196D-02
13 0.65420D+02 0.20400D-02 0.15685D-02 14 0.66430D+02 0.19300D-02 0.15065D-02
15 0.69460D+02 0.21000D-02 0.13626D-02 16 0.71500D+02 0.20500D-02 0.12928D-02
17 0.74510D+02 0.20300D-02 0.12135D-02 18 0.76520D+02 0.19500D-02 0.11686D-02
19 0.81550D+02 0.17300D-02 0.10592D-02 20 0.86570D+02 0.13200D-02 0.93602D-03
21 0.89320D+02 0.11470D-02 0.86228D-03 22 0.91580D+02 0.92000D-03 0.80002D-03
23 0.94451D+02 0.80600D-03 0.72097D-03 24 0.96570D+02 0.67000D-03 0.66405D-03
25 0.99582D+02 0.57900D-03 0.58713D-03 26 0.10155D+03 0.49000D-03 0.54025D-03
27 0.10453D+03 0.40000D-03 0.47530D-03 28 0.10652D+03 0.43000D-03 0.43631D-03
29 0.10751D+03 0.47000D-03 0.41827D-03 30 0.11148D+03 0.39000D-03 0.35491D-03
31 0.11346D+03 0.36300D-03 0.32851D-03 32 0.11643D+03 0.37000D-03 0.29493D-03
33 0.11938D+03 0.33000D-03 0.26804D-03 34 0.12136D+03 0.35000D-03 0.25317D-03
35 0.12334D+03 0.33000D-03 0.24054D-03 36 0.12629D+03 0.29000D-03 0.22528D-03
37 0.12924D+03 0.33000D-03 0.21349D-03 38 0.13121D+03 0.32000D-03 0.20713D-03
39 0.13415D+03 0.27000D-03 0.19929D-03 40 0.13710D+03 0.27000D-03 0.19270D-03
41 0.14297D+03 0.26000D-03 0.18050D-03 42 0.14591D+03 0.27000D-03 0.17354D-03
43 0.14884D+03 0.25200D-03 0.16533D-03 44 0.15274D+03 0.20000D-03 0.15193D-03
45 0.15567D+03 0.18000D-03 0.13993D-03 46 0.15859D+03 0.18000D-03 0.12657D-03

ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES

MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.

1 0.30800D+02 0.11000D-02 0.25585D-03 2 0.32850D+02 0.11940D-02 0.27337D-03

3 0.34900D+02 0.12200D-02 0.29208D-03 4 0.35920D+02 0.11900D-02 0.30178D-03

50.38990D+02 0.12200D-02 0.33210D-03 6 0.41030D+02 0.13100D-02 0.35278D-03

7 0.44100D+02 0.15000D-02 0.38373D-03 8 0.51230D+02 0.13400D-02 0.44767D-03

90.56310D+02 0.11100D-02 0.48030D-03 10 0.61390D+02 0.10000D-02 0.49853D-03

11 0.63420D+02 0.95000D-03 0.50133D-03 12 0.65440D+02 0.89000D-03 0.50141D-03
13 0.66450D+02 0.89000D-03 0.50040D-03 14 0.69490D+02 0.94000D-03 0.49301D-03
15 0.71510D+02 0.89000D-03 0.48441D-03 16 0.74530D+02 0.78000D-03 0.46614D-03
17 0.77790D+02 0.73500D-03 0.43964D-03 18 0.81580D+02 0.64000D-03 0.40183D-03
19 0.83866D+02 0.57800D-03 0.37671D-03 20 0.86600D+02 0.46000D-03 0.34595D-03
21 0.91600D+02 0.33400D-03 0.29299D-03 22 0.96600D+02 0.28000D-03 0.25180D-03
23 0.10158D+03 0.25000D-03 0.22731D-03 24 0.10456D+03 0.22000D-03 0.22051D-03
25 0.10655D+03 0.28000D-03 0.21871D-03 26 0.10754D+03 0.27000D-03 0.21849D-03
27 0.11151D+03 0.29000D-03 0.22081D-03 28 0.11349D+03 0.31000D-03 0.22305D-03
29 0.11645D+03 0.30300D-03 0.22646D-03 30 0.11942D+03 0.25000D-03 0.22872D-03
31 0.12336D+03 0.22000D-03 0.22802D-03 32 0.12631D+03 0.19000D-03 0.22380D-03
33 0.12926D+03 0.17000D-03 0.21603D-03 34 0.13123D+03 0.17000D-03 0.20886D-03
35 0.13417D+03 0.18000D-03 0.19543D-03 36 0.13712D+03 0.16000D-03 0.17914D-03
37 0.14299D+03 0.13000D-03 0.14136D-03 38 0.14592D+03 0.10000D-03 0.12161D-03
39 0.14885D+03 0.80000D-04 0.10246D-03 40 0.15276D+03 0.77000D-04 0.79200D-04
41 0.15568D+03 0.70000D-04 0.64294D-04 42 0.15860D+03 0.80000D-04 0.51880D-04

SPHERICAL VOLUME INTEGRALS OF REAL POTENTIAL F-FACTORS AND DERIVATIVES:
VIRO= 28.218 VIRI1= 72.762 VIR2= 66.855 VIR3= 22.226 CBETO= 1.000

SPHERICAL VOLUME INTEGRALS OF IMAGINARY (WC) F-FACTORS AND DERIVATIVES:
WICO= 28.218 WICl= 72.762 WIC2= 66.855 WIC3= 22.226 CBETC= 0.919
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SPHERICAL VOLUME INTEGRALS OF IMAGINARY (WD) F-FACTORS AND DERIVATIVES:
WIDO= 43.270 WID1= 80.614 WID2= 40.249 WID3= 0.113 CBETD= 0.499

SPHERICAL VOLUME INTEGRALS OF IMAGINARY (WW) F-FACTORS AND DERIVATIVES:
WIWO0= 0.000 WIW1= 0.000 WIW2= 0.000 WIW3= 0.000 CBETW= 0.000

POTENTIAL VALUES FOR INCIDENT ENERGY= 32.500000 MeV:
VR= 46.225 WC= 2.806 WD= 5.656 VSO= 4.500 WSO= -0.206 RELPOT= 1.017

PROTON ENERGY = 32.500000
TOTAL CR-SECT.= 1.863459
REACTION CR-SECT. = 0.890826

NMAX CR-SECT. OF LEVEL EXCITATION
0.905747
0.024289
0.003595
0.003204
0.007351
0.003857
0.021884
0.002706

0NN B WN —

STRENGTH FUNCTIONS
SFO= 0.2202321E-04 SF1= 0.2228075E-04 SF2= 0.2416523E-04
ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES

MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.18460D+02 0.12940D+01 0.12829D+01 2 0.20500D+02 0.84490D+00 0.84291D+00
3 0.22560D+02 0.51403D+00 0.51047D+00 4 0.24610D+02 0.28600D+00 0.27932D+00
50.26660D+02 0.13661D+00 0.13250D+00 6 0.28700D+02 0.55340D-01 0.52667D-01
7 0.29720D+02 0.37090D-01 0.31884D-01 8 0.30750D+02 0.24940D-01 0.20862D-01
9 0.31770D+02 0.20060D-01 0.17747D-01 10 0.32790D+02 0.21530D-01 0.20493D-01
11 0.33810D+02 0.26500D-01 0.27396D-01 12 0.34840D+02 0.34070D-01 0.37062D-01
13 0.35860D+02 0.44000D-01 0.48016D-01 14 0.38410D+02 0.66430D-01 0.74990D-01
15 0.40960D+02 0.85580D-01 0.93612D-01 16 0.43510D+02 0.89240D-01 0.99841D-01
17 0.46060D+02 0.85520D-01 0.94453D-01 18 0.48600D+02 0.74750D-01 0.80935D-01
19 0.51140D+02 0.58120D-01 0.63483D-01 20 0.53690D+02 0.42040D-01 0.45787D-01
21 0.55210D+02 0.33960D-01 0.36308D-01 22 0.56220D+02 0.28720D-01 0.30688D-01
23 0.58760D+02 0.18450D-01 0.19343D-01 24 0.60280D+02 0.14320D-01 0.14512D-01
25 0.62310D+02 0.10330D-01 0.10161D-01 26 0.64330D+02 0.76600D-02 0.78214D-02
27 0.65340D+02 0.72000D-02 0.72342D-02 28 0.66350D+02 0.67700D-02 0.69449D-02
29 0.68880D+02 0.68300D-02 0.71040D-02 30 0.71400D+02 0.74000D-02 0.78290D-02
31 0.73920D+02 0.79700D-02 0.84851D-02 32 0.76440D+02 0.81600D-02 0.87182D-02
33 0.78960D+02 0.78100D-02 0.84159D-02 34 0.81470D+02 0.70800D-02 0.76421D-02
35 0.83980D+02 0.61900D-02 0.65502D-02 36 0.86490D+02 0.50000D-02 0.53225D-02
37 0.88990D+02 0.38000D-02 0.41277D-02 38 0.91490D+02 0.29400D-02 0.30797D-02
39 0.94000D+02 0.21700D-02 0.22420D-02 40 0.96490D+02 0.16100D-02 0.16420D-02
41 0.98980D+02 0.12400D-02 0.12547D-02 42 0.10147D+03 0.10500D-02 0.10406D-02
43 0.10396D+03 0.95000D-03 0.95093D-03 44 0.10644D+03 0.93600D-03 0.93708D-03
45 0.10892D+03 0.96700D-03 0.95750D-03 46 0.11140D+03 0.98300D-03 0.98121D-03
47 0.11388D+03 0.94900D-03 0.98799D-03 48 0.11635D+03 0.92000D-03 0.96751D-03
49 0.11882D+03 0.85500D-03 0.91735D-03 50 0.12129D+03 0.77000D-03 0.84070D-03
51 0.12376D+03 0.69700D-03 0.74439D-03 52 0.12622D+03 0.53500D-03 0.63758D-03
53 0.12868D+03 0.41400D-03 0.52892D-03 54 0.13114D+03 0.32300D-03 0.42681D-03
55 0.13360D+03 0.23700D-03 0.33819D-03 56 0.13606D+03 0.18700D-03 0.26803D-03
57 0.13851D+03 0.15800D-03 0.21926D-03 58 0.14096D+03 0.16100D-03 0.19206D-03
59 0.14341D+03 0.18600D-03 0.18489D-03 60 0.14586D+03 0.22600D-03 0.19455D-03
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61 0.14830D+03 0.28300D-03 0.21660D-03 62 0.15075D+03 0.33900D-03 0.24631D-03
63 0.15379D+03 0.38000D-03 0.28648D-03 64 0.15563D+03 0.38000D-03 0.30941D-03
65 0.16051D+03 0.43300D-03 0.35447D-03 66 0.16540D+03 0.38300D-03 0.36999D-03

ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES
MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.26660D+02 0.89500D-02 0.11152D-01 2 0.28700D+02 0.77700D-02 0.10367D-01
30.30750D+02 0.55700D-02 0.93387D-02 4 0.32790D+02 0.54900D-02 0.81142D-02
50.33810D+02 0.53300D-02 0.74530D-02 6 0.35860D+02 0.47300D-02 0.60962D-02
7 0.39500D+02 0.36200D-02 0.39120D-02 8 0.41900D+02 0.28800D-02 0.28415D-02
9 0.44030D+02 0.22500D-02 0.22057D-02 10 0.51140D+02 0.21400D-02 0.18041D-02
11 0.56220D+02 0.22700D-02 0.20736D-02 12 0.59300D+02 0.19500D-02 0.21046D-02
13 0.61280D+02 0.20900D-02 0.20458D-02 14 0.63300D+02 0.18600D-02 0.19303D-02
15 0.66350D+02 0.16000D-02 0.16835D-02 16 0.69300D+02 0.13700D-02 0.14107D-02
17 0.71400D+02 0.10100D-02 0.12222D-02 18 0.74440D+02 0.89000D-03 0.98493D-03
19 0.76440D+02 0.78100D-03 0.86048D-03 20 0.81470D+02 0.59100D-03 0.66480D-03
21 0.86490D+02 0.49900D-03 0.59277D-03 22 0.91480D+02 0.46570D-03 0.56070D-03
23 0.96950D+02 0.43300D-03 0.50181D-03 24 0.10139D+03 0.39300D-03 0.42781D-03
25 0.10411D+03 0.39900D-03 0.37838D-03 26 0.10790D+03 0.38800D-03 0.31446D-03
27 0.11040D+03 0.31000D-03 0.27901D-03 28 0.11450D+03 0.26000D-03 0.23467D-03
29 0.11635D+03 0.21100D-03 0.21964D-03 30 0.11930D+03 0.19000D-03 0.20021D-03
31 0.12129D+03 0.16600D-03 0.18910D-03 32 0.12325D+03 0.18700D-03 0.17892D-03
33 0.12622D+03 0.16100D-03 0.16386D-03 34 0.12918D+03 0.12800D-03 0.14873D-03
35 0.13420D+03 0.10000D-03 0.12436D-03 36 0.14000D+03 0.11200D-03 0.10618D-03
37 0.14310D+03 0.10600D-03 0.10391D-03 38 0.14586D+03 0.11000D-03 0.10641D-03
39 0.14880D+03 0.10400D-03 0.11260D-03 40 0.15272D+03 0.11100D-03 0.12292D-03
41 0.15579D+03 0.11900D-03 0.12911D-03 42 0.15857D+03 0.11600D-03 0.13093D-03
ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES
MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.26660D+02 0.71200D-02 0.83524D-02 2 0.28700D+02 0.76900D-02 0.85103D-02
3 0.30750D+02 0.63700D-02 0.85691D-02 4 0.32790D+02 0.69700D-02 0.85015D-02
50.33810D+02 0.69000D-02 0.84136D-02 6 0.35860D+02 0.65100D-02 0.81197D-02
7 0.39500D+02 0.54200D-02 0.72248D-02 8 0.41220D+02 0.44240D-02 0.66652D-02
9 0.44030D+02 0.33800D-02 0.56417D-02 10 0.46695D+02 0.29470D-02 0.46435D-02
11 0.49071D+02 0.24980D-02 0.38142D-02 12 0.51140D+02 0.21000D-02 0.31827D-02
13 0.56220D+02 0.16500D-02 0.20978D-02 14 0.59300D+02 0.15000D-02 0.17469D-02
15 0.61280D+02 0.17600D-02 0.16127D-02 16 0.63300D+02 0.18300D-02 0.15261D-02
17 0.64330D+02 0.18500D-02 0.14952D-02 18 0.66350D+02 0.17700D-02 0.14493D-02
19 0.69300D+02 0.17000D-02 0.13926D-02 20 0.71400D+02 0.16000D-02 0.13451D-02
21 0.74440D+02 0.15400D-02 0.12535D-02 22 0.76440D+02 0.13900D-02 0.11773D-02
23 0.79156D+02 0.11500D-02 0.10574D-02 24 0.81470D+02 0.92000D-03 0.94598D-03
25 0.86490D+02 0.64600D-03 0.70273D-03 26 0.89414D+02 0.51100D-03 0.57538D-03
27 0.91490D+02 0.38600D-03 0.49583D-03 28 0.96490D+02 0.28900D-03 0.34666D-03
29 0.10147D+03 0.30400D-03 0.25410D-03 30 0.10405D+03 0.27700D-03 0.22364D-03
31 0.10644D+03 0.28900D-03 0.20328D-03 32 0.11040D+03 0.30800D-03 0.18093D-03
33 0.11340D+03 0.26100D-03 0.16951D-03 34 0.11635D+03 0.24200D-03 0.16008D-03
35 0.11930D+03 0.19400D-03 0.15070D-03 36 0.12129D+03 0.17800D-03 0.14384D-03
37 0.12325D+03 0.15000D-03 0.13650D-03 38 0.12622D+03 0.11500D-03 0.12425D-03
39 0.12918D+03 0.75000D-04 0.11102D-03 40 0.13114D+03 0.85000D-04 0.10205D-03
41 0.13420D+03 0.67000D-04 0.88339D-04 42 0.13740D+03 0.68000D-04 0.75263D-04
43 0.14000D+03 0.68000D-04 0.66141D-04 44 0.14310D+03 0.61000D-04 0.57377D-04
45 0.14586D+03 0.75000D-04 0.51518D-04 46 0.14880D+03 0.94000D-04 0.47024D-04
47 0.15272D+03 0.10800D-03 0.43000D-04 48 0.15579D+03 0.11600D-03 0.40636D-04
49 0.15857D+03 0.11300D-03 0.38583D-04
ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES
MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.26460D+02 0.13500D-02 0.15450D-03 2 0.30750D+02 0.13200D-02 0.18032D-03
3 0.32790D+02 0.14500D-02 0.19713D-03 4 0.33810D+02 0.14200D-02 0.20670D-03
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5 0.35860D+02 0.15000D-02 0.22817D-03 6 0.38410D+02 0.17370D-02 0.25859D-03
7 0.44300D+02 0.19600D-02 0.33810D-03 8 0.51140D+02 0.18780D-02 0.42538D-03
9 0.57300D+02 0.14900D-02 0.47660D-03 10 0.59300D+02 0.13300D-02 0.48452D-03
11 0.61280D+02 0.11200D-02 0.48730D-03 12 0.63300D+02 0.10100D-02 0.48457D-03
13 0.64330D+02 0.98000D-03 0.48095D-03 14 0.66350D+02 0.88000D-03 0.46942D-03
15 0.69300D+02 0.89300D-03 0.44254D-03 16 0.71400D+02 0.69300D-03 0.41697D-03
17 0.74440D+02 0.59400D-03 0.37294D-03 18 0.76440D+02 0.61900D-03 0.34128D-03
19 0.77125D+02 0.50800D-03 0.33025D-03 20 0.79845D+02 0.45500D-03 0.28700D-03
21 0.81470D+02 0.38100D-03 0.26261D-03 22 0.86490D+02 0.29300D-03 0.20130D-03
23 0.91490D+02 0.26200D-03 0.16806D-03 24 0.94199D+02 0.23400D-03 0.16116D-03
25 0.96490D+02 0.19900D-03 0.15982D-03 26 0.10147D+03 0.20500D-03 0.16394D-03
27 0.10430D+03 0.19300D-03 0.16616D-03 28 0.10644D+03 0.19700D-03 0.16612D-03
29 0.11035D+03 0.19200D-03 0.16040D-03 30 0.11330D+03 0.14700D-03 0.15094D-03
31 0.11635D+03 0.12800D-03 0.13720D-03 32 0.11930D+03 0.11100D-03 0.12136D-03
33 0.12129D+03 0.92000D-04 0.11001D-03 34 0.12376D+03 0.95000D-04 0.95935D-04
35 0.12622D+03 0.72000D-04 0.82599D-04 36 0.12918D+03 0.46000D-04 0.68226D-04
37 0.13114D+03 0.54000D-04 0.59998D-04 38 0.13420D+03 0.41000D-04 0.49439D-04
39 0.13620D+03 0.34000D-04 0.44067D-04 40 0.14000D+03 0.30000D-04 0.37032D-04
41 0.14341D+03 0.37000D-04 0.33936D-04 42 0.14586D+03 0.48000D-04 0.33377D-04
43 0.14880D+03 0.56000D-04 0.34345D-04 44 0.15272D+03 0.58000D-04 0.38086D-04
45 0.15579D+03 0.57000D-04 0.42668D-04 46 0.15857D+03 0.60000D-04 0.47796D-04
SPHERICAL VOLUME INTEGRALS OF REAL POTENTIAL F-FACTORS AND DERIVATIVES:
VIRO= 28.218 VIR1= 72.762 VIR2= 66.855 VIR3= 22.226 CBETO= 1.000
SPHERICAL VOLUME INTEGRALS OF IMAGINARY (WC) F-FACTORS AND DERIVATIVES:
WICO= 28.218 WICIl= 72.762 WIC2= 66.855 WIC3= 22.226 CBETC= 0.919
SPHERICAL VOLUME INTEGRALS OF IMAGINARY (WD) F-FACTORS AND DERIVATIVES:
WIDO= 43.270 WID1= 80.614 WID2= 40.249 WID3= 0.113 CBETD= 0.499
SPHERICAL VOLUME INTEGRALS OF IMAGINARY (WW) F-FACTORS AND DERIVATIVES:
WIWO0= 0.000 WIW1= 0.000 WIW2= 0.000 WIW3= 0.000 CBETW= 0.000
POTENTIAL VALUES FOR INCIDENT ENERGY= 40.700000 MeV:
VR= 43.440 WC= 3.641 WD= 4.990 VSO= 4.319 WSO= -0.285 RELPOT= 1.021
PROTON ENERGY = 40.700000
TOTAL CR-SECT.= 1.938038
REACTION CR-SECT. = 0.829882
NMAX CR-SECT. OF LEVEL EXCITATION
1.047059
0.022362
0.003065
0.002483
0.006786
0.002867
0.021619
0.001916
STRENGTH FUNCTIONS
SFO= 0.1951759E-04 SF1= 0.1989952E-04 SF2= 0.2087823E-04
ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES
MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.20500D+02 0.76500D+00 0.78144D+00 2 0.23500D+02 0.31000D+00 0.32959D+00
3 0.26600D+02 0.10400D+00 0.10514D+00 4 0.30740D+02 0.38400D-01 0.38952D-01
5 0.35860D+02 0.67300D-01 0.80235D-01 6 0.37800D+02 0.79100D-01 0.92996D-01
7 0.40900D+02 0.86000D-01 0.96921D-01 8 0.44030D+02 0.76200D-01 0.82979D-01
9 0.50000D+02 0.36800D-01 0.39279D-01 10 0.56230D+02 0.12200D-01 0.11208D-01
11 0.64340D+02 0.61400D-02 0.63646D-02 12 0.66370D+02 0.65800D-02 0.68357D-02
13 0.69400D+02 0.63500D-02 0.71465D-02 14 0.71420D+02 0.63200D-02 0.69237D-02
15 0.74440D+02 0.53500D-02 0.60003D-02 16 0.76450D+02 0.48500D-02 0.51320D-02
17 0.81480D+02 0.26200D-02 0.28671D-02 18 0.86500D+02 0.15900D-02 0.13515D-02
19 0.91500D+02 0.85000D-03 0.77161D-03 20 0.96500D+02 0.70500D-03 0.70364D-03
21 0.10150D+03 0.68100D-03 0.71597D-03 22 0.10750D+03 0.58300D-03 0.59256D-03

O UNBWN —
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23 0.11042D+03 0.45900D-03 0.48910D-03 24 0.11340D+03 0.35200D-03 0.37970D-03

25 0.11933D+03 0.20100D-03 0.20958D-03 26 0.12130D+03 0.17500D-03 0.17409D-03
27 0.12623D+03 0.12400D-03 0.12633D-03 28 0.13115D+03 0.12400D-03 0.11470D-03
29 0.13705D+03 0.97000D-04 0.11199D-03 30 0.14000D+03 0.89000D-04 0.10809D-03
31 0.14293D+03 0.72000D-04 0.10153D-03 32 0.14880D+03 0.76000D-04 0.83299D-04
33 0.15564D+03 0.81000D-04 0.64696D-04
ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES
MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.30740D+02 0.10204D-01 0.87335D-02 2 0.35860D+02 0.52300D-02 0.41266D-02
3 0.40900D+02 0.27700D-02 0.18087D-02 4 0.44030D+02 0.22100D-02 0.16200D-02
50.50000D+02 0.26710D-02 0.22789D-02 6 0.56230D+02 0.34210D-02 0.23627D-02
7 0.64340D+02 0.22200D-02 0.13413D-02 8 0.66370D+02 0.17620D-02 0.10855D-02
9 0.69400D+02 0.11540D-02 0.78552D-03 10 0.71420D+02 0.91300D-03 0.64729D-03
11 0.74440D+02 0.87700D-03 0.52447D-03 12 0.76450D+02 0.80500D-03 0.48559D-03
13 0.81480D+02 0.84400D-03 0.45913D-03 14 0.86500D+02 0.76900D-03 0.42939D-03
15 0.91500D+02 0.60700D-03 0.35270D-03 16 0.96500D+02 0.39700D-03 0.25644D-03
17 0.10150D+03 0.23100D-03 0.17510D-03 18 0.10750D+03 0.15400D-03 0.11213D-03
19 0.11042D+03 0.14200D-03 0.93080D-04 20 0.11340D+03 0.14000D-03 0.79514D-04
21 0.11933D+03 0.13700D-03 0.65195D-04 22 0.12130D+03 0.14400D-03 0.62853D-04
23 0.12623D+03 0.12900D-03 0.58731D-04 24 0.13115D+03 0.96000D-04 0.53339D-04
25 0.13705D+03 0.73000D-04 0.42997D-04 26 0.14000D+03 0.69000D-04 0.37280D-04
27 0.14293D+03 0.63000D-04 0.32336D-04 28 0.14880D+03 0.57000D-04 0.27189D-04
29 0.15564D+03 0.83000D-04 0.29376D-04
ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES
MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.30740D+02 0.19950D-01 0.11239D-01 2 0.35860D+02 0.15810D-01 0.95939D-02
3 0.44030D+02 0.86600D-02 0.48051D-02 4 0.56230D+02 0.37600D-02 0.15053D-02
5 0.64340D+02 0.35600D-02 0.13975D-02 6 0.66370D+02 0.32500D-02 0.13430D-02
7 0.69400D+02 0.22800D-02 0.12066D-02 8 0.71420D+02 0.17500D-02 0.10862D-02
9 0.74440D+02 0.13600D-02 0.88340D-03 10 0.76450D+02 0.15300D-02 0.74690D-03
11 0.81480D+02 0.73800D-03 0.45314D-03 12 0.86500D+02 0.63000D-03 0.26893D-03
13 0.91500D+02 0.51200D-03 0.18382D-03 14 0.96500D+02 0.48000D-03 0.15394D-03
15 0.10150D+03 0.47200D-03 0.14039D-03 16 0.10750D+03 0.28200D-03 0.11847D-03
17 0.11042D+03 0.18400D-03 0.10379D-03 18 0.11340D+03 0.15900D-03 0.87336D-04
19 0.11933D+03 0.11300D-03 0.55896D-04 20 0.12130D+03 0.13400D-03 0.47158D-04
21 0.12623D+03 0.13800D-03 0.30863D-04 22 0.13115D+03 0.13300D-03 0.22422D-04
23 0.13705D+03 0.93000D-04 0.19429D-04 24 0.14000D+03 0.10100D-03 0.19300D-04
25 0.14293D+03 0.10000D-03 0.19309D-04 26 0.14880D+03 0.62000D-04 0.18330D-04
27 0.15564D+03 0.83000D-04 0.14634D-04
ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES
MTET ANGL(CENT) EXP. C.-S. CALC. C.-S. MTET ANGL(CENT) EXP. C.-S. CALC. C.-S.
1 0.30740D+02 0.47400D-02 0.14703D-03 2 0.35860D+02 0.58600D-02 0.19467D-03
3 0.44030D+02 0.64700D-02 0.30536D-03 4 0.56230D+02 0.55900D-02 0.41298D-03
50.64340D+02 0.23000D-02 0.37391D-03 6 0.66370D+02 0.20000D-02 0.34933D-03
7 0.69400D+02 0.14900D-02 0.30589D-03 8 0.71420D+02 0.10600D-02 0.27491D-03
9 0.74440D+02 0.10100D-02 0.23002D-03 10 0.76450D+02 0.82700D-03 0.20336D-03
11 0.81480D+02 0.73100D-03 0.15503D-03 12 0.86500D+02 0.52600D-03 0.13374D-03
13 0.91500D+02 0.47700D-03 0.12772D-03 14 0.96500D+02 0.30200D-03 0.12123D-03
15 0.10150D+03 0.19200D-03 0.10543D-03 16 0.10750D+03 0.14600D-03 0.76350D-04
17 0.11042D+03 0.16000D-03 0.61629D-04 18 0.11340D+03 0.87000D-04 0.48240D-04
19 0.11933D+03 0.70000D-04 0.29689D-04 20 0.12130D+03 0.54000D-04 0.26060D-04
21 0.12623D+03 0.50000D-04 0.21380D-04 22 0.13115D+03 0.52000D-04 0.20608D-04
23 0.13705D+03 0.48000D-04 0.21167D-04 24 0.14000D+03 0.46000D-04 0.21225D-04
25 0.14293D+03 0.46000D-04 0.20920D-04 26 0.14880D+03 0.58000D-04 0.19172D-04
27 0.15564D+03 0.34000D-04 0.15905D-04
KEV X KEV X KEV X KEV X KEV X KEV X

FU= 0.6587645E+01
NI= 0 FM= 0.658764456678300D+01
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Ek 2. p-40Ar Inelastik Sacilmasmin 25.1, 32.5 ve 40.7 MeV Enerjilerinde Legendre
Polinom Katsayilari

EN= 10.000 MeV LKK=28 LCOUL= 15
1.00000E+01 1.60460E+00 9.15426E-01 6.53247E-01 1.38722E-02 4.13192E-03 4.11718E-03 1.99732E-
03 6.70369E-03 3.50038E-03 1.60017E-03

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS ( G.S.0")
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.5198374E-01 0.2755651E-01 0.1881191E-01 0.1488471E-01 0.7154539E-02 0.4289412E-02
0.2907140E-02 0.1285841E-02 0.4324858E-03 0.1127301E-03 0.2519461E-04 0.4982764E-05
0.8960067E-06 0.1486060E-06 0.2302127E-07 0.3375121E-08 0.4735788E-09 0.6364482E-10
0.8229683E-11 0.1025047E-11 0.1225706E-12 0.1380605E-13 0.1445549E-14 0.1388434E-15
0.1203065E-16 0.9163003E-18 0.5807846E-19 0.2560271E-20

LEGANDR. COEFFICIENTS FOR SCATTERED PROTONS
ANGULAR DISTRIBUTIONS - COULOMB AMPLITUDE
-0.6498629E-04 0.1939216E-03 -0.2961645E-03 -0.5943198E-04 -0.1462474E-03 -0.1060121E-03
-0.1329872E-05 -0.6880041E-04 -0.8680915E-05 -0.3576484E-04 -0.2912732E-05 -0.5531296E-05
-0.3255552E-06 -0.8895034E-06 -0.2452766E-07 -0.1409492E-06 0.1331227E-09 -0.2058762E-07
0.4800662E-09 -0.2701906E-08 0.1093091E-09 -0.3145815E-09 0.1692188E-10 -0.3248677E-10
0.2101006E-11 -0.2996709E-11 0.2228422E-12 -0.2498792E-12 0.8168660E-14 -0.6783015E-14

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (1.46 MeV 2")
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.1103911E-02 0.2752383E-03 0.2733580E-04 -0.2909546E-04 -0.1004791E-03 -0.4986439E-04
0.4863761E-05 0.1645810E-04 0.9904019E-05 0.2548379E-05 0.3244082E-06 -0.6486320E-08
0.1527342E-07 0.2155380E-07 0.1154200E-07 0.4132197E-08 0.1147769E-08 0.2638968E-09
0.5207619E-10 0.8984182E-11 0.1369028E-11 0.1846454E-12 0.2197885E-13 0.2292076E-14
0.2066329E-15 0.1573176E-16 0.9592938E-18 0.3914685E-19

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (2.12 MeV 0%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.3288073E-03 0.1213060E-03 0.1066758E-03 0.7847975E-04 0.1746057E-04 -0.5918336E-05
0.7762206E-05 -0.2283363E-05 0.4716796E-06 0.1312590E-07 0.4190955E-07 0.1712542E-07
0.3929299E-08 0.7873522E-09 0.1344964E-09 0.2015045E-10 0.2728243E-11 0.3401891E-12
0.3928273E-13 0.4282519E-14 0.4362679E-15 0.4203260E-16 0.3750584E-17 0.3043176E-18
0.2198551E-19 0.1374560E-20 0.7003892E-22 0.2428824E-23

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (2.52 MeV 2%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.3276344E-03 0.3597826E-04 -0.1542554E-04 -0.5127143E-04 -0.1261289E-04 0.3781736E-05
0.7008305E-05 0.6463938E-06 0.1996003E-06 0.3847497E-07 0.1108553E-07 0.2096044E-08
0.4300569E-09 0.7656554E-10 0.1241222E-10 0.1887041E-11 0.2842965E-12 0.4287938E-13
0.6353923E-14 0.8995890E-15 0.1202947E-15 0.1448023E-16 0.1553944E-17 0.1469139E-18
0.1206225E-19 0.8396025E-21 0.4694862E-22 0.1760871E-23

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (2.89 MeV 4%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.1589420E-03 0.3488480E-04 0.2639876E-05 -0.4926376E-05 -0.1576597E-07 0.2984504E-05
0.1197339E-06 -0.3120413E-06 -0.7012300E-07 0.9268158E-08 0.1022004E-07 0.3521618E-08
0.6145402E-09 0.8571258E-10 0.4539774E-11 -0.9131303E-12 -0.3001700E-12 -0.5045395E-13
-0.5494422E-14 -0.3585625E-15 0.6404690E-17 0.5761644E-17 0.9322004E-18 0.1122172E-18
0.1057303E-19 0.8067443E-21 0.4856262E-22 0.1921445E-23
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LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (3.20 MeV 2%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.5334630E-03 0.9457384E-04 -0.1938885E-04 -0.6683381E-04 -0.2115242E-04 0.2776379E-05
0.3838615E-05 0.1249174E-05 0.1039787E-05 0.4297212E-06 0.1253787E-06 0.3318326E-07
0.7448228E-08 0.1730912E-08 0.4180328E-09 0.9776137E-10 0.2089263E-10 0.3965564E-11
0.6659759E-12 0.9909757E-13 0.1314118E-13 0.1546098E-14 0.1608121E-15 0.1467774E-16
0.1159189E-17 0.7736660E-19 0.4138158E-20 0.1481780E-21

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (3.68 MeV 3")
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.2785514E-03 0.4394827E-04 0.7416502E-05 0.2413317E-05 -0.6949470E-05 0.1397055E-05
0.2267520E-05 -0.4410765E-06 -0.5508211E-06 -0.1932606E-06 -0.3713252E-07 0.1805191E-11
0.1538098E-08 0.4941476E-09 0.1014443E-09 0.1005297E-10 -0.5654514E-13 -0.2858179E-12
-0.7355932E-13 -0.1276672E-13 -0.1785288E-14 -0.2114575E-15 -0.2152521E-16 -0.1866130E-17
-0.1441778E-18 -0.9385552E-20 -0.4903553E-21 -0.1712198E-22

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (4.49 MeV 5)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.1273375E-03 0.2901542E-04 0.7781636E-05 -0.3320856E-05 -0.8808015E-06 0.4280125E-06
0.4680666E-07 -0.1835484E-07 -0.2409108E-08 0.8457768E-10 0.9273534E-11 -0.2367556E-10
-0.1061732E-10 -0.2571625E-11 -0.4315211E-12 -0.5440695E-13 -0.5525091E-14 -0.4559299E-15
-0.3088010E-16 -0.1711894E-17 -0.7354786E-19 -0.1721043E-20 0.6943308E-22 0.1123908E-22
0.7796090E-24 0.3484141E-25 0.7064019E-27 -0.1494015E-28

EN= 25.100 MeV LKK=36 LCOUL=19
2.51000E+01 1.81369E+00 9.48675E-01 7.97403E-01 2.46174E-02 3.79541E-03 4.14850E-03 7.23644E-
03 4.93181E-03 1.92120E-02 3.67511E-03

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS ( G.S. 0%
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.6345532E-01 0.4936408E-01 0.3295022E-01 0.2044569E-01 0.1382655E-01 0.1267672E-01
0.1511240E-01 0.1648821E-01 0.1459258E-01 0.1039063E-01 0.6034479E-02 0.2983004E-02
0.1303052E-02 0.5162262E-03 0.1895345E-03 0.6519929E-04 0.2109260E-04 0.6431423E-05
0.1854013E-05 0.5078370E-06 0.1329227E-06 0.3338491E-07 0.8054677E-08 0.1863757E-08
0.4129335E-09 0.8747252E-10 0.1766514E-10 0.3382678E-11 0.6106489E-12 0.1031881E-12
0.1618446E-13 0.2332558E-14 0.3047117E-15 0.3523338E-16 0.3416497E-17 0.2328706E-18

LEGANDR. COEFFICIENTS FOR SCATTERED PROTONS
ANGULAR DISTRIBUTIONS - COULOMB AMPLITUDE

0.9005122E-05 0.4834753E-04 -0.2053522E-04 0.2981227E-04 -0.2596729E-04 0.3678228E-05
-0.2174687E-04 -0.2099343E-04 -0.2032827E-04 -0.3053273E-04 -0.2100913E-04 -0.1876579E-04
-0.1087253E-04 -0.3703668E-05 -0.3274195E-05 -0.6656826E-06 -0.9258725E-06 -0.2100629E-06
-0.2576157E-06 -0.7414582E-07 -0.6784264E-07 -0.2494114E-07 -0.1663747E-07 -0.7607440E-08
-0.3699714E-08 -0.2044254E-08 -0.7370159E-09 -0.4800959E-09 -0.1314636E-09 -0.9871341E-10
-0.2116275E-10 -0.1793287E-10 -0.3110883E-11 -0.2915742E-11 -0.4222262E-12 -0.4300536E-12
-0.1717411E-13 -0.2189274E-13

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (1.46 MeV 2")
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.1958993E-02 0.1183115E-02 0.6962280E-03 0.3872966E-03 0.1997922E-03 0.7697770E-04
0.8144339E-05 -0.1109340E-04 -0.1573081E-06 0.3261875E-04 0.4511395E-04 0.4490758E-04
0.3224142E-04 0.1696422E-04 0.6160103E-05 0.8407752E-06 -0.6639590E-06 -0.5710393E-06
-0.2269816E-06 -0.3641304E-07 0.1815394E-07 0.1894142E-07 0.1012397E-07 0.4109485E-08
0.1391601E-08 0.4088501E-09 0.1062692E-09 0.2469948E-10 0.5154954E-11 0.9658828E-12
0.1618914E-12 0.2410321E-13 0.3149464E-14 0.3530193E-15 0.3220788E-16 0.2002978E-17
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LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (2.12 MeV 0%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.3020291E-03 0.8350838E-04 0.3184271E-04 0.1615462E-04 0.2845752E-04 0.2029430E-04
0.8102140E-05 0.1580975E-04 0.2539300E-04 0.1543191E-04 0.5793311E-05 0.4837264E-05
0.5137635E-05 0.3290404E-05 0.1730680E-05 0.7800052E-06 0.3104204E-06 0.1107933E-06
0.3581227E-07 0.1057306E-07 0.2877902E-08 0.7286916E-09 0.1729691E-09 0.3866950E-10
0.8153275E-11 0.1621857E-11 0.3045883E-12 0.5384099E-13 0.8909108E-14 0.1370415E-14
0.1940416E-15 0.2498332E-16 0.2875330E-17 0.2877987E-18 0.2367331E-19 0.1343773E-20

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS  (2.52 MeV 2%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.3301273E-03 0.1921846E-03 0.1091985E-03 0.5567940E-04 0.3793364E-04 0.3384054E-04
0.4103454E-04 0.2979493E-04 0.1646880E-04 0.1167734E-04 0.5816550E-05 0.2584989E-05
0.1144446E-05 0.3626134E-06 0.1190825E-06 0.4115204E-07 0.1521148E-07 0.5412081E-08
0.1751506E-08 0.5128222E-09 0.1396741E-09 0.3679934E-10 0.9611444E-11 0.2486943E-11
0.6267760E-12 0.1508560E-12 0.3409031E-13 0.7131976E-14 0.1366851E-14 0.2382858E-15
0.3751530E-16 0.5283285E-17 0.6564571E-18 0.7025708E-19 0.6140218E-20 0.3667069E-21

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS  (2.89 MeV 4%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.5758574E-03 0.2582890E-03 0.4685790E-04 -0.2009372E-04 -0.3055661E-04 -0.1209061E-04
0.2603366E-05 0.8225986E-05 0.6223070E-05 0.4703370E-06 -0.2241717E-05 -0.2014083E-05
-0.9638014E-06 -0.2054023E-07 0.2113638E-06 0.1623657E-06 0.8688057E-07 0.3560610E-07
0.1184759E-07 0.3290562E-08 0.7762325E-09 0.1565252E-09 0.2685050E-10 0.3841272E-11
0.4428806E-12 0.3895676E-13 0.2579037E-14 0.3137262E-15 0.1197818E-15 0.3928580E-16
0.9349581E-17 0.1748087E-17 0.2676799E-18 0.3383172E-19 0.3408798E-20 0.2270121E-21

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (3.20 MeV 2%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.3924612E-03 0.1865816E-03 0.8938148E-04 0.3485299E-04 0.1111753E-04 0.5853614E-05
0.5046989E-05 -0.3706810E-05 0.3151270E-05 0.1462269E-04 0.1089290E-04 0.5448035E-05
0.2927659E-05 0.1794851E-05 0.1038953E-05 0.4781920E-06 0.1643705E-06 0.4359854E-07
0.1148420E-07 0.4986458E-08 0.2939374E-08 0.1549580E-08 0.6724675E-09 0.2449320E-09
0.7693543E-10 0.2123430E-10 0.5213533E-11 0.1147521E-11 0.2271354E-12 0.4039895E-13
0.6433012E-14 0.9105813E-15 0.1131933E-15 0.1207801E-16 0.1049614E-17 0.6219861E-19

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (3.68 MeV 3)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.1528840E-02 0.8384081E-03 0.2948410E-03 0.3224867E-04 -0.7048634E-04 -0.9584962E-04
-0.7715101E-04 -0.2949659E-04 0.1658603E-05 0.8452584E-05 0.1508121E-05 -0.5041674E-05
-0.6731434E-05 -0.5070773E-05 -0.2728460E-05 -0.1114762E-05 -0.3392517E-06 -0.6819088E-07
-0.2803331E-08 0.4487604E-08 0.2303567E-08 0.7077862E-09 0.1525148E-09 0.1940862E-10
-0.1365207E-11 -0.1764149E-11 -0.6666731E-12 -0.1824386E-12 -0.4102250E-13 -0.7892770E-14
-0.1320401E-14 -0.1928794E-15 -0.2448726E-16 -0.2654710E-17 -0.2340447E-18 -0.1398201E-19

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (4.49 MeV 5)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.2924563E-03 0.4943475E-04 -0.3099722E-04 -0.2002529E-04 -0.1263819E-04 0.6651953E-05
0.4232489E-05 -0.2032681E-05 -0.9009399E-07 0.3629936E-06 0.4852708E-08 -0.2240756E-06
-0.9537932E-07 0.7694566E-08 0.1390534E-07 0.3071610E-08 -0.1347024E-08 -0.1591895E-08
-0.8607101E-09 -0.3382450E-09 -0.1081969E-09 -0.2975099E-10 -0.7278184E-11 -0.1612509E-11
-0.3271885E-12 -0.6140290E-13 -0.1073056E-13 -0.1742914E-14 -0.2616923E-15 -0.3615863E-16
-0.4569899E-17 -0.5245416E-18 -0.5406825E-19 -0.4905404E-20 -0.3724931E-21 -0.1931633E-22

EN= 32.500 MeV LKK=40 LCOUL=21
3.25000E+01 1.86346E+00 8.90826E-01 9.05747E-01 2.42887E-02 3.59539E-03 3.20401E-03 7.35100E-
03 3.85682E-03 2.18844E-02 2.70620E-03
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LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS ( G.S.0")

ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.7207702E-01 0.6166563E-01 0.4791535E-01 0.3569968E-01 0.2770508E-01 0.2429554E-01
0.2405095E-01 0.2410604E-01 0.2211061E-01 0.1789669E-01 0.1259966E-01 0.7732711E-02
0.4193066E-02 0.2050896E-02 0.9245613E-03 0.3904197E-03 0.1559230E-03 0.5911899E-04
0.2129501E-04 0.7291864E-05 0.2379204E-05 0.7426404E-06 0.2226703E-06 0.6430486E-07
0.1789401E-07 0.4790124E-08 0.1230450E-08 0.3025467E-09 0.7108060E-10 0.1591817E-10
0.3387838E-11 0.6827483E-12 0.1296630E-12 0.2306765E-13 0.3817864E-14 0.5828697E-15
0.8105375E-16 0.1002679E-16 0.1044543E-17 0.7684525E-19

LEGANDR. COEFFICIENTS FOR SCATTERED PROTONS
ANGULAR DISTRIBUTIONS - COULOMB AMPLITUDE
0.9094086E-05 0.2117398E-04 -0.8197781E-05 0.1144317E-04 -0.1440904E-04 -0.7652551E-07
-0.1802365E-04 -0.1098166E-04 -0.1973764E-04 -0.1664218E-04 -0.1900510E-04 -0.1290755E-04
-0.1329123E-04 -0.3914493E-05 -0.5413707E-05 -0.1819153E-06 -0.1814876E-05 0.5778148E-07
-0.5999481E-06 0.8325261E-08 -0.1949616E-06 -0.5138394E-08 -0.6071015E-07 -0.4923711E-08
-0.1768970E-07 -0.2503576E-08 -0.4693862E-08 -0.9558729E-09 -0.1118324E-08 -0.2959891E-09
-0.2387585E-09 -0.7694850E-10 -0.4597827E-10 -0.1720029E-10 -0.8071920E-11 -0.3375323E-11
-0.1305713E-11 -0.5926689E-12 -0.1960390E-12 -0.9463202E-13 -0.9364206E-14 -0.5658404E-14

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (1.46 MeV 2")
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.1932831E-02 0.1361688E-02 0.8573897E-03 0.5414262E-03 0.3478974E-03 0.2051186E-03
0.1004361E-03 0.2369805E-04 -0.2196229E-04 -0.2150191E-04 0.1009300E-04 0.4501688E-04
0.5500889E-04 0.4553237E-04 0.2930258E-04 0.1479574E-04 0.5190459E-05 0.4987883E-06
-0.8646543E-06 -0.7545637E-06 -0.3578192E-06 -0.9898330E-07 0.1166414E-08 0.2035130E-07
0.1484458E-07 0.7390693E-08 0.2983230E-08 0.1034132E-08 0.3163872E-09 0.8673483E-10
0.2149247E-10 0.4833977E-11 0.9875254E-12 0.1828584E-12 0.3055074E-13 0.4571140E-14
0.6050005E-15 0.6921338E-16 0.6492929E-17 0.4186691E-18

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (2.12 MeV 0")
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.2861123E-03 0.1227478E-03 0.3314140E-04 0.5056877E-05 0.6701189E-05 0.3096733E-05
0.1925043E-05 -0.3424383E-05 0.6049973E-05 0.1440896E-04 0.1379295E-04 0.1311789E-04
0.1136775E-04 0.8903534E-05 0.6246253E-05 0.3704662E-05 0.1937808E-05 0.9113619E-06
0.3902617E-06 0.1531560E-06 0.5533734E-07 0.1850790E-07 0.5767634E-08 0.1685750E-08
0.4646355E-09 0.1211978E-09 0.2994948E-10 0.7009274E-11 0.1551618E-11 0.3244439E-12
0.6391477E-13 0.1181971E-13 0.2042098E-14 0.3274069E-15 0.4830031E-16 0.6483506E-17
0.7794441E-18 0.8174049E-19 0.7072258E-20 0.4245905E-21

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (2.52 MeV 2%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.2549669E-03 0.1775687E-03 0.1169906E-03 0.7988343E-04 0.6007292E-04 0.4998873E-04
0.4484260E-04 0.3673241E-04 0.2245224E-04 0.1378218E-04 0.1006495E-04 0.7392945E-05
0.4131064E-05 0.1802287E-05 0.7017344E-06 0.2540923E-06 0.9469247E-07 0.3847054E-07
0.1603112E-07 0.6318527E-08 0.2269374E-08 0.7461309E-09 0.2312126E-09 0.6991227E-10
0.2105627E-10 0.6294399E-11 0.1834071E-11 0.5103122E-12 0.1336870E-12 0.3265466E-13
0.7390291E-14 0.1542372E-14 0.2956326E-15 0.5178741E-16 0.8237056E-17 0.1179083E-17
0.1498747E-18 0.1651849E-19 0.1496696E-20 0.9340004E-22

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS  (2.89 MeV 4%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.5849737E-03 0.3403169E-03 0.1119134E-03 -0.6766040E-05 -0.4518062E-04 -0.3739578E-04
-0.1544882E-04 0.5256296E-05 0.1266615E-04 0.7767658E-05 0.1346055E-05 -0.2624263E-05
-0.3260003E-05 -0.1890348E-05 -0.5689750E-06 0.1179478E-06 0.2835023E-06 0.2224664E-06
0.1244872E-06 0.5606214E-07 0.2126535E-07 0.6969864E-08 0.2009682E-08 0.5171726E-09
0.1201803E-09 0.2545257E-10 0.4961629E-11 0.9032038E-12 0.1568878E-12 0.2664420E-13
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0.4536741E-14 0.7845194E-15 0.1361758E-15 0.2304456E-16 0.3684686E-17 0.5424968E-18
0.7190379E-19 0.8346394E-20 0.8036284E-21 0.5278834E-22

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (3.20 MeV 2%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.3069161E-03 0.1787937E-03 0.9793428E-04 0.5640002E-04 0.3539450E-04 0.2398003E-04
0.1450605E-04 0.3731019E-05 -0.8892923E-05 -0.3927624E-05 0.8669209E-05 0.1228167E-04
0.8206013E-05 0.4277080E-05 0.2439096E-05 0.1556694E-05 0.9142775E-06 0.4212110E-06
0.1411204E-06 0.3131828E-07 0.4627214E-08 0.2348537E-08 0.2724448E-08 0.2093616E-08
0.1168301E-08 0.5219677E-09 0.1970464E-09 0.6480678E-10 0.1892632E-10 0.4966477E-11
0.1179797E-11 0.2546314E-12 0.4995249E-13 0.8887970E-14 0.1427705E-14 0.2054962E-15
0.2617686E-16 0.2883666E-17 0.2606108E-18 0.1619361E-19

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS  (3.68 MeV 3")
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.1741501E-02 0.1151626E-02 0.5370555E-03 0.1487908E-03 -0.4571619E-04 -0.1268905E-03
-0.1445715E-03 -0.1100422E-03 -0.4555633E-04 0.3728191E-05 0.1733442E-04 0.9590625E-05
-0.1868883E-05 -0.7845702E-05 -0.8107412E-05 -0.5743001E-05 -0.3169760E-05 -0.1403380E-05
-0.4920043E-06 -0.1280627E-06 -0.1857472E-07 0.2949246E-08 0.3280859E-08 0.1388655E-08
0.4065125E-09 0.8461017E-10 0.8805402E-11 -0.2198547E-11 -0.1682271E-11 -0.6378595E-12
-0.1857945E-12 -0.4555733E-13 -0.9718675E-14 -0.1829064E-14 -0.3051869E-15 -0.4509864E-16
-0.5856808E-17 -0.6554973E-18 -0.6014473E-19 -0.3772948E-20

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (4.49 MeV 5)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.2153525E-03 0.5689410E-04 -0.2304028E-04 -0.2725856E-04 -0.1136938E-04 0.9308101E-06
0.1026315E-04 0.2760819E-05 -0.2849662E-05 -0.1221690E-05 0.5762405E-06 0.1722840E-07
-0.3310388E-06 -0.1597756E-06 -0.1307231E-07 0.2386361E-07 0.1451928E-07 0.2118028E-08
-0.2798511E-08 -0.2880277E-08 -0.1694022E-08 -0.7613645E-09 -0.2854532E-09 -0.9333679E-10
-0.2740620E-10 -0.7360268E-11 -0.1826333E-11 -0.4215588E-12 -0.9087248E-13 -0.1831600E-13
-0.3441133E-14 -0.6001740E-15 -0.9677955E-16 -0.1436437E-16 -0.1952593E-17 -0.2414674E-18
-0.2687908E-19 -0.2639519E-20 -0.2174746E-21 -0.1228919E-22

EN= 40.700 MeV LKK=44 LCOUL=23
4.07000E+01 1.93804E+00 8.29882E-01 1.04706E+00 2.23621E-02 3.06485E-03 2.48297E-03 6.78565E-
03 2.86664E-03 2.16188E-02 1.91600E-03

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (G.S. 0%)

ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.8332231E-01 0.7586770E-01 0.6510946E-01 0.5424627E-01 0.4545240E-01 0.3957609E-01
0.3607981E-01 0.3347278E-01 0.3005853E-01 0.2526657E-01 0.1953872E-01 0.1372811E-01
0.8725775E-02 0.5045065E-02 0.2685631E-02 0.1334415E-02 0.6264710E-03 0.2802608E-03
0.1199537E-03 0.4915011E-04 0.1926957E-04 0.7231478E-05 0.2603131E-05 0.9016619E-06
0.3013745E-06 0.9734154E-07 0.3036931E-07 0.9134328E-08 0.2641556E-08 0.7325358E-09
0.1944000E-09 0.4930173E-10 0.1193311E-10 0.2752477E-11 0.6037408E-12 0.1255295E-12
0.2463600E-13 0.4541008E-14 0.7815440E-15 0.1246201E-15 0.1817768E-16 0.2366626E-17
0.2599681E-18 0.2021233E-19

LEGANDR. COEFFICIENTS FOR SCATTERED PROTONS
ANGULAR DISTRIBUTIONS - COULOMB AMPLITUDE
0.3520100E-05 0.8986602E-05 -0.7192940E-05 0.4157260E-05 -0.1143726E-04 -0.1093082E-05
-0.1457114E-04 -0.5128495E-05 -0.1646377E-04 -0.7459928E-05 -0.1581661E-04 -0.6479840E-05
-0.1235389E-04 -0.2698049E-05 -0.6684531E-05 0.2742803E-06 -0.2680459E-05 0.5184763E-06
-0.1001727E-05 0.2294555E-06 -0.3726669E-06 0.8007894E-07 -0.1365874E-06 0.2493621E-07
-0.4834900E-07 0.6698878E-08 -0.1607244E-07 0.1443168E-08 -0.4879812E-08 0.1967160E-09
-0.1332256E-08 -0.9344491E-11 -0.3261000E-09 -0.1632403E-10 -0.7198345E-10 -0.6249791E-11
-0.1447586E-10 -0.1677155E-11 -0.2680055E-11 -0.3672517E-12 -0.4603342E-12 -0.6991756E-13
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-0.7359699E-13 -0.1201061E-13 -0.3937383E-14 -0.9659923E-15

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (1.46 MeV 2%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.1779520E-02 0.1380236E-02 0.9304754E-03 0.6032869E-03 0.3974307E-03 0.2561625E-03
0.1476247E-03 0.5927392E-04 -0.1049006E-04 -0.5088269E-04 -0.4631120E-04 -0.7004177E-05
0.3436152E-04 0.5531225E-04 0.5326011E-04 0.3926732E-04 0.2369855E-04 0.1143943E-04
0.3739267E-05 0.6981329E-07 -0.9681824E-06 -0.8241781E-06 -0.4295694E-06 -0.1486975E-06
-0.2053680E-07 0.1618665E-07 0.1708176E-07 0.1022884E-07 0.4788575E-08 0.1901842E-08
0.6635593E-09 0.2072423E-09 0.5860898E-10 0.1511677E-10 0.3570270E-11 0.7731653E-12
0.1533758E-12 0.2778794E-13 0.4574995E-14 0.6792203E-15 0.8979964E-16 0.1032937E-16
0.9804949E-18 0.6443360E-19

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS  (2.12 MeV 0")
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.2438927E-03 0.1412780E-03 0.5571413E-04 0.1367328E-04 0.1460148E-05 -0.3029842E-05
-0.5394599E-05 -0.7888764E-05 -0.7355950E-05 -0.1283891E-05 0.6768160E-05 0.1180431E-04
0.1411915E-04 0.1470685E-04 0.1294766E-04 0.9578933E-05 0.6207819E-05 0.3580374E-05
0.1882869E-05 0.9188410E-06 0.4168668E-06 0.1760590E-06 0.6935333E-07 0.2557068E-07
0.8866053E-08 0.2904430E-08 0.9021802E-09 0.2662433E-09 0.7466866E-10 0.1988084E-10
0.5017229E-11 0.1198114E-11 0.2702963E-12 0.5749700E-13 0.1150775E-13 0.2160337E-14
0.3787205E-15 0.6163315E-16 0.9239525E-17 0.1262807E-17 0.1550037E-18 0.1665453E-19
0.1482309E-20 0.9201780E-22

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS  (2.52 MeV 2%)

ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.1975885E-03 0.1511859E-03 0.1060751E-03 0.7758271E-04 0.6080261E-04 0.5037698E-04
0.4285566E-04 0.3526072E-04 0.2518128E-04 0.1540171E-04 0.1038785E-04 0.8886891E-05
0.7034603E-05 0.4479296E-05 0.2323778E-05 0.1033279E-05 0.4223691E-06 0.1711685E-06
0.7353053E-07 0.3343529E-07 0.1508016E-07 0.6365152E-08 0.2465008E-08 0.8859854E-09
0.3041323E-09 0.1027484E-09 0.3469333E-10 0.1163827E-10 0.3806578E-11 0.1190346E-11
0.3509493E-12 0.9677196E-13 0.2484913E-13 0.5927757E-14 0.1311296E-14 0.2684141E-15
0.5068015E-16 0.8787193E-17 0.1390552E-17 0.1991316E-18 0.2546790E-19 0.2840703E-20
0.2620021E-21 0.1675620E-22

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS  (2.89 MeV 4%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.5399847E-03 0.3659288E-03 0.1629797E-03 0.2205568E-04 -0.4468763E-04 -0.5744987E-04
-0.4044741E-04 -0.1353372E-04 0.9330634E-05 0.1753645E-04 0.1235190E-04 0.2981882E-05
-0.2946852E-05 -0.4320457E-05 -0.3122020E-05 -0.1405131E-05 -0.2441912E-06 0.2498425E-06
0.3290647E-06 0.2458088E-06 0.1424119E-06 0.6912575E-07 0.2907270E-07 0.1081858E-07
0.3619844E-08 0.1103838E-08 0.3102803E-09 0.8113518E-10 0.1988040E-10 0.4593994E-11
0.1007428E-11 0.2108692E-12 0.4229881E-13 0.8149564E-14 0.1507453E-14 0.2666214E-15
0.4477234E-16 0.7075266E-17 0.1041966E-17 0.1414154E-18 0.1742726E-19 0.1903042E-20
0.1745859E-21 0.1110534E-22

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (3.20 MeV 2%)

ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.2281200E-03 0.1524785E-03 0.9070109E-04 0.5381299E-04 0.3752858E-04 0.2750994E-04
0.1999498E-04 0.9297069E-05 -0.1550606E-05 -0.1071283E-04 -0.7521246E-05 0.3589934E-05
0.9360878E-05 0.8362758E-05 0.5299763E-05 0.3090572E-05 0.1952531E-05 0.1262266E-05
0.7179412E-06 0.3183485E-06 0.9658085E-07 0.1211135E-07 -0.4705704E-08 -0.1976929E-08
0.1322951E-08 0.2053888E-08 0.1495065E-08 0.8016142E-09 0.3532736E-09 0.1341368E-09
0.4500932E-10 0.1355639E-10 0.3702638E-11 0.9232037E-12 0.2109267E-12 0.4421178E-13
0.8493269E-14 0.1490824E-14 0.2379034E-15 0.3424822E-16 0.4392261E-17 0.4902731E-18
0.4517748E-19 0.2882666E-20
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LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (3.68 MeV 3°)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.1720367E-02 0.1273319E-02 0.7141036E-03 0.2786117E-03 0.1090448E-04 -0.1276872E-03
-0.1809202E-03 -0.1741574E-03 -0.1211906E-03 -0.4549276E-04 0.1212729E-04 0.3075672E-04
0.2166944E-04 0.5432804E-05 -0.5584215E-05 -0.9237466E-05 -0.8230047E-05 -0.5606012E-05
-0.3140947E-05 -0.1468349E-05 -0.5667555E-06 -0.1737693E-06 -0.3731041E-07 -0.2041140E-08
0.2844745E-08 0.1759947E-08 0.6614158E-09 0.1813353E-09 0.3359885E-10 0.1142257E-11
-0.2344297E-11 -0.1305453E-11 -0.4797048E-12 -0.1431883E-12 -0.3687970E-13 -0.8400845E-14
-0.1711351E-14 -0.3131577E-15 -0.5148467E-16 -0.7576028E-17 -0.9884227E-18 -0.1119861E-18
-0.1047307E-19 -0.6748452E-21

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (4.49 MeV 5)

ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.1524703E-03 0.5620944E-04 -0.1153097E-04 -0.2359225E-04 -0.1141963E-04 -0.2248625E-06
0.5854837E-05 0.6214622E-05 0.5818952E-06 -0.2618316E-05 -0.1098371E-05 0.2655854E-06
0.9813483E-08 -0.3457394E-06 -0.2367806E-06 -0.4594607E-07 0.2962732E-07 0.3231492E-07
0.1436883E-07 0.8867814E-09 -0.4027848E-08 -0.3973111E-08 -0.2498038E-08 -0.1241209E-08
-0.5241752E-09 -0.1954961E-09 -0.6600973E-10 -0.2051506E-10 -0.5925599E-11 -0.1599027E-11
-0.4042260E-12 -0.9582624E-13 -0.2128215E-13 -0.4416824E-14 -0.8540203E-15 -0.1533561E-15
-0.2548860E-16 -0.3906789E-17 -0.5498187E-18 -0.7060317E-19 -0.8185302E-20 -0.8394245E-21
-0.7242841E-22 -0.4307268E-23

EN= 50.000 MeV LKK=46 LCOUL=24
5.00000E+01 1.97971E+00 7.70106E-01 1.15698E+00 1.94538E-02 2.46126E-03 1.92063E-03 5.91024E-
03 2.06050E-03 1.94932E-02 1.32368E-03

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS ( G.S. 0%

ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.9206924E-01 0.8679856E-01 0.7863033E-01 0.6951396E-01 0.6089999E-01 0.5362546E-01
0.4776425E-01 0.4274064E-01 0.3768326E-01 0.3202184E-01 0.2586015E-01 0.1964444E-01
0.1391186E-01 0.9139307E-02 0.5576787E-02 0.3181239E-02 0.1711840E-02 0.8767301E-03
0.4303892E-03 0.2033465E-03 0.9257703E-04 0.4058754E-04 0.1712369E-04 0.6955368E-05
0.2724940E-05 0.1032181E-05 0.3787261E-06 0.1346695E-06 0.4635477E-07 0.1540904E-07
0.4932242E-08 0.1515959E-08 0.4464542E-09 0.1257843E-09 0.3385628E-10 0.8692758E-11
0.2124399E-11 0.4925728E-12 0.1079008E-12 0.2222049E-13 0.4277231E-14 0.7636574E-15
0.1248621E-15 0.1823928E-16 0.2249278E-17 0.1966756E-18

LEGANDR. COEFFICIENTS FOR SCATTERED PROTONS
ANGULAR DISTRIBUTIONS - COULOMB AMPLITUDE
-0.6575904E-06 0.5132964E-05 -0.7180161E-05 0.2783738E-05 -0.9785627E-05 0.2306535E-06
-0.1139987E-04 -0.1314925E-05 -0.1242849E-04 -0.2060049E-05 -0.1205905E-04 -0.1886606E-05
-0.9989072E-05 -0.7340273E-06 -0.6576651E-05 0.6878302E-06 -0.3237938E-05 0.9463387E-06
-0.1371239E-05 0.5383626E-06 -0.5641871E-06 0.2342057E-06 -0.2310690E-06 0.9302853E-07
-0.9366137E-07 0.3500052E-07 -0.3689323E-07 0.1235210E-07 -0.1370499E-07 0.3991968E-08
-0.4664272E-08 0.1153320E-08 -0.1429789E-08 0.2943082E-09 -0.3932070E-09 0.6655837E-10
-0.9751927E-10 0.1361110E-10 -0.2202636E-10 0.2601885E-11 -0.4578651E-11 0.4803809E-12
-0.8830395E-12 0.8671254E-13 -0.1586261E-12 0.1506302E-13 -0.9469902E-14 0.6222769E-17

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (1.46 MeV 2")
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.1548086E-02 0.1280143E-02 0.9242586E-03 0.6192012E-03 0.4029064E-03 0.2553166E-03
0.1480231E-03 0.6306494E-04 -0.5906129E-05 -0.5681300E-04 -0.8075935E-04 -0.6803337E-04
-0.2624237E-04 0.1992196E-04 0.4875520E-04 0.5500449E-04 0.4595874E-04 0.3156714E-04
0.1824312E-04 0.8467753E-05 0.2555282E-05 -0.2052515E-06 -0.9680735E-06 -0.8208248E-06
-0.4620151E-06 -0.1865992E-06 -0.4376058E-07 0.8032068E-08 0.1696371E-07 0.1241198E-07
0.6708074E-08 0.3023828E-08 0.1189234E-08 0.4173450E-09 0.1324157E-09 0.3828764E-10
0.1013360E-10 0.2458879E-11 0.5465583E-12 0.1109767E-12 0.2048388E-13 0.3411101E-14
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0.5061676E-15 0.6539473E-16 0.6977836E-17 0.5162518E-18

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (2.12 MeV 0%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.1958612E-03 0.1366925E-03 0.7305419E-04 0.3108530E-04 0.1037992E-04 0.1103170E-05
-0.3250167E-05 -0.6189122E-05 -0.7559824E-05 -0.6766157E-05 -0.2641237E-05 0.3465075E-05
0.9785782E-05 0.1469311E-04 0.1670128E-04 0.1556254E-04 0.1240675E-04 0.8694814E-05
0.5498346E-05 0.3199806E-05 0.1736989E-05 0.8854047E-06 0.4245641E-06 0.1915496E-06
0.8139056E-07 0.3265047E-07 0.1240804E-07 0.4481765E-08 0.1542152E-08 0.5059409E-09
0.1581590E-09 0.4703222E-10 0.1327675E-10 0.3550627E-11 0.8978100E-12 0.2142172E-12
0.4811714E-13 0.1014206E-13 0.1997073E-14 0.3651966E-15 0.6154412E-16 0.9460836E-17
0.1306985E-17 0.1581669E-18 0.1586705E-19 0.1112369E-20

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS  (2.52 MeV 2%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.1528392E-03 0.1241148E-03 0.9057120E-04 0.6603256E-04 0.5061112E-04 0.4064911E-04
0.3336981E-04 0.2704218E-04 0.2049088E-04 0.1379659E-04 0.8871425E-05 0.7218350E-05
0.7129827E-05 0.6291657E-05 0.4476765E-05 0.2619506E-05 0.1321078E-05 0.6053278E-06
0.2675372E-06 0.1213207E-06 0.5819186E-07 0.2867317E-07 0.1371298E-07 0.6125281E-08
0.2534093E-08 0.9851437E-09 0.3695709E-09 0.1372625E-09 0.5104947E-10 0.1887442E-10
0.6812445E-11 0.2355862E-11 0.7700656E-12 0.2359598E-12 0.6746490E-13 0.1795092E-13
0.4435673E-14 0.1015432E-14 0.2146428E-15 0.4170411E-16 0.7402480E-17 0.1190164E-17
0.1710644E-18 0.2146441E-19 0.2229311E-20 0.1608221E-21

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS  (2.89 MeV 4%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.4703221E-03 0.3498170E-03 0.1876458E-03 0.5195198E-04 -0.3095279E-04 -0.6339924E-04
-0.5996537E-04 -0.3690861E-04 -0.8840451E-05 0.1316000E-04 0.2138239E-04 0.1611995E-04
0.5685503E-05 -0.2193227E-05 -0.5040006E-05 -0.4351391E-05 -0.2484192E-05 -0.8961976E-06
-0.7625303E-08 0.3187477E-06 0.3406843E-06 0.2508005E-06 0.1510218E-06 0.7844952E-07
0.3607243E-07 0.1493697E-07 0.5646685E-08 0.1971199E-08 0.6413189E-09 0.1957927E-09
0.5636123E-10 0.1534934E-10 0.3964466E-11 0.9723968E-12 0.2264743E-12 0.5002240E-13
0.1045299E-13 0.2058960E-14 0.3804653E-15 0.6558264E-16 0.1047595E-16 0.1537538E-17
0.2046987E-18 0.2415943E-19 0.2399450E-20 0.1656492E-21

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (3.20 MeV 2%)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.1639693E-03 0.1214706E-03 0.7829576E-04 0.4822620E-04 0.3130641E-04 0.2238822E-04
0.1641332E-04 0.9663258E-05 0.1346774E-05 -0.6158409E-05 -0.1114911E-04 -0.9082659E-05
-0.1121485E-05 0.5444237E-05 0.7025875E-05 0.5596763E-05 0.3721242E-05 0.2393387E-05
0.1572391E-05 0.9933395E-06 0.5424889E-06 0.2290307E-06 0.5998654E-07 -0.2657283E-08
-0.1223194E-07 -0.6229000E-08 -0.6279973E-09 0.1550879E-08 0.1617197E-08 0.1046580E-08
0.5343823E-09 0.2315914E-09 0.8811199E-10 0.2999271E-10 0.9242688E-11 0.2597869E-11
0.6687738E-12 0.1579129E-12 0.3417166E-13 0.6757465E-14 0.1215211E-14 0.1972332E-15
0.2853501E-16 0.3595627E-17 0.3743263E-18 0.2702505E-19

LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS  (3.68 MeV 3)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE

0.1551222E-02 0.1235812E-02 0.7887579E-03 0.3807014E-03 0.8543659E-04 -0.9520404E-04
-0.1842268E-03 -0.2051748E-03 -0.1753742E-03 -0.1114399E-03 -0.3583379E-04 0.2120129E-04
0.4242182E-04 0.3457567E-04 0.1588162E-04 0.2171520E-06 -0.7699594E-05 -0.9293784E-05
-0.7652771E-05 -0.5132303E-05 -0.2934809E-05 -0.1443740E-05 -0.6066771E-06 -0.2129681E-06
-0.5891122E-07 -0.1035704E-07 0.6843556E-09 0.1549777E-08 0.7994488E-09 0.2794224E-09
0.7017698E-10 0.9574105E-11 -0.1955757E-11 -0.2070355E-11 -0.9673863E-12 -0.3438649E-12
-0.1030404E-12 -0.2700895E-13 -0.6293318E-14 -0.1312614E-14 -0.2454620E-15 -0.4103627E-16
-0.6079011E-17 -0.7818712E-18 -0.8302682E-19 -0.6077163E-20
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LEGANDR. COEFFICIENTS FOR SCATTERED NUCLEONS (4.49 MeV 5°)
ANGULAR DISTRIBUTIONS - NUCLEAR AMPLITUDE
0.1053349E-03 0.4957040E-04 -0.7554614E-06 -0.1680936E-04 -0.1025431E-04 -0.5559437E-06
0.3749559E-05 0.3850200E-05 0.1905687E-05 -0.5340483E-06 -0.1343146E-05 -0.5908653E-06
-0.3584256E-07 -0.1733376E-06 -0.3713377E-06 -0.2781136E-06 -0.8362758E-07 0.3089632E-07
0.5367920E-07 0.3592341E-07 0.1382640E-07 0.2509192E-09 -0.4692456E-08 -0.4751288E-08
-0.3210201E-08 -0.1747241E-08 -0.8184055E-09 -0.3417524E-09 -0.1301155E-09 -0.4580542E-10
-0.1502971E-10 -0.4615939E-11 -0.1329552E-11 -0.3592896E-12 -0.9095546E-13 -0.2151441E-13
-0.4740889E-14 -0.9702007E-15 -0.1837936E-15 -0.3211720E-16 -0.5154927E-17 -0.7552507E-18
-0.9994695E-19 -0.1170733E-19 -0.1154910E-20 -0.7843467E-22
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