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KypenRH A.B., lliyllbll r .• BB6Bxe X.H. 

AaanB3 pacceHBBa npoTo&oB c saeprBel 12 ~sB HAP8MB 
DO M8TO.QY CBSI38HHbiX X8H8nOB J u, J 114 Sm 

P4-6039 

npoH3Beaea aKanH3 ynpyroro B aeynpyroro pacceaBBB npoTOHOB HAP8MB 

1 41 • 1 H S'" c noMOIIII>IO nporpaMM&l CBB38RH&IX xaaanoB KACTOP, coaepJKa-
weti 0Tb!CK8HH9 R8Hny'lll1HX napaMeTpOB no M9TOAY H8HM911bll1BX XB8Ap8TOBo 
Hccne.aoaaaa ponb tjlepMH9BCXOro pacnpeaeneHHll 38pHA8 B RApe MBll19HHo no
ny'I8HHhl8 ODTH'I8CXH8 napaMeTpbl H napaMeTpbl aecj!opM8IlHH H8XOAliTCll B XOp< ~ 
ll18M COrnaCHH C A8HHbiMB apyrBX pa.6oT. 

Openpa'l' 0CM.-eBIIOI"' IIIIO'I'II'I'Jft ...,...a •cc.~~paad. 
aJ&Ia, 1971 

Kurepin A.B., Schulz H., Wlebicke H.J. 

Coupled Channel Analysis of 12 MeV Proton 
Scattering on 141.1114 Sm 

P4-6039 

By means of the coupled channel program KASTOR which 
contains a least square fitting procedure the elastic and Inelastic scatter
ing on 1 41• J u S m is analyzed.· The effect of a Fermi charge distri
bution for the target nucleus is investigated. The optical and defor
mation parameters obtained are in good agreement ,IIIith those given 
in other works. 

PNprlat. Jolat laatitate fw Naelear lleaeareh. 
DUaa, 1971 



BBeaeHHe 

14ss 1s4Sm napaMeTpbi ae<jlopMaUHH smep m H 
/1-3/ 

6bWH onpeaeneHbi He-

):{BBHO nyTeM BHBnH3B pacceRHHR 'IBCTHU 9THMH RapaMH no MeToay 
/1/ CBR3BHHbiX KaHanoB. T aK, XeaapH H ap. HccneaoBanH ynpyroe H aeynpy-

roe pacceRHHe anb<jla-qacrHu c aaeprHeil 50 MaB RapaMH 
/2/ 

Bpaya H CTonep npoBenH HOBbiH aaanHa paccemmR 16 

148.154 Sm 

/4/ 
MaB npoTOHOB 

/5/ 
lOnHrep-1 • H aKoaeu, AnoHHK 9THMH )1{9 RJ:lpBMH, HCnonb30BBB nporpaMMY 

/3/ 
H ap. npoBenH aaanHa ynpyroro H Heynpyroro pacceHHHR anb<jla-'IaCTHU c 

aaeprHeil 30 MaB 9THMH H30TonaMH, a TBK)Ke apyrHMH RapaMH peaKoaeMenb

HOH o6naCTH Raep. 

Bo Bcex pac'IeTax npHHHManocb, 'ITO 
148 

Sm HBnReTCR c<jlepH'IeCKHM 

MpOM B OCHOBHOM COCI'OHHHH H HMeeT BH6paUHOHHbie HH3KOne)K8lliH9 B036y)K

):{9HHbl9 COCI'OHHHH H 'ITO 154 
Sm HMeeT CTBI'H'IeCKYJO ae<jlopMBUHJO H HH3KQ

ne)K8lliH9 B036y>:<):{9HHbi9 COCTOHHHR BpamaTenbHOro THna. 

/5/ ~ 
XopOlllO H3B9Cl'HO 0 'ITO OKOnO 20% MHHMOH 'IBCTH OnTH'-19CKOro no-

TeHUHana, HcnonbayeMoro anH pac'leTa ynpyroro pacceHHHR, o6ycnoBneao 
+ 

CBH3b!O C COCI'OHHHeM 2 (npH {3 
2 

=0,2). Pac'leTbi no M9TO):{y CBR38HHblX 

X 
2 16/ 

KaaanoB c Hcnonb30BaHHeM MeToaa noKaaanH, 'ITO H apyrHe ua-
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I' 
' i 

l 
paMeTpbl OITTIP-IeCKOll MO)lemf 6onee Hnlf MeHee MeH5110TC51 rrpH y'!eTe CB5131f 

KaHanos. 

To'!HOCTb orrpeneneHH51 rrapaMerpos ne~opMaUHH H3 3KcrrepHMeHranb-

HhlX /lAHHhlX CyWeCTBeHHO B03paCTaeT Dplf HanH'IIfH ll8HHhlX an51 pa3nH'!HNX 

rranaiOWHX qacrnu rrpH pa3nH'-!HbiX 3Heprn51X. B 3TOM cnyqae B 3Ha'lnTenb

HOfi CTeiTeHH ycTpaH5110TC 51 OWH6KH, Bbi3B8HHbie HeTO'IHOCTb!O If HeOJlH03H8'1-

HOCTb!O BbJ6opa rrapaMeTpOB OITTH'IeCKOI'O ITOTeHUHana. 

8 3T0ll CTaTbe Mbl llpllBOillfM peaynbTaTbi aHannaa ITO MeTO/ly CB513aH

HbiX KaHanos yrrpyroro n Heyrrpyroro pacceSJHH51 rrpoToHOB c 3Heprnefi 12M3B 

1'48.154 Sm 171 
51/lp8Mif • DoCKOnbKY 3Hepi'HSI '!aCTHU B 3TOM 3KCITepHMeH-

Te 6nH3Ka K BbJCOTe KynOHOBCKOI'O 6apbepa, H3BneKaeMbJe rrapaMeTpbl )le(l•op

M8UifH MOI'YT MeH51TbC51 B 38BHCHMOCTH OT Bb16paHHOI'O BH/l8 pacrrpeneneHU51 

aapMa S!Apa MHWeHn • 

.UnSJ nnniOCTpaunn 6binH rrposeneHbi pac'!eTbi c KynoHOBCKHM rroTeHuua

/8/ 
noM cneny10wero BHila 

rne Ze H 

, 2 , , , I I ... ..., I d-+, V =ll e[p(r,e,¢) r-r r 
couf 

4 rr Z Z' e 
2 2. p ( < e ', ¢') / ( 2 A + I ) 
AJl. 

(1) 

Z 'e 3apSI/lbl HaneTa!OWefi 'IBCTHUbl If Sl)lpa MHWeHH COOT-

BeTCTBeHHO, a P ( r', 8', ¢,) orrpenenSJeT pacrrpeneneHHe 38pSI/l8 B 51/lpe Mlf-

weHH. 

B nanbHefiwnx pacqerax rrpnHHManHCb cnenyiOWHe ~opMbi pacrrpeneneHHSJ 
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l, p ( r', 8 ', cP,) nOCTOHHHO BHyTpH KynOHOBCKOI'O paAHyCa Rc ( 8 ', cP,) 
J 

H paBHO Hymo BH9 Hero: 

I'Ae 

rAe 

3 
p(r',8 ',¢') = --- S(R/8',¢')-r~) , 

4rr R 3 
c 

r > 0 
8 {r) = 

0 r < 0 

2, ~epMHeBCKoe pacnpeAeneHHe sapRAa: 

P ( r', 8 ', ¢ ') 

(2) 

(3) 

(5) 

nocne ITOACT8HOBKH (2) B (1) H (4) B (1) 6bin paCC'IHT8HKynOHOBCKHll 

IIOTPIIUHlln I' coul C y'leTOM BC9X nopRAKOB pasnmKeHH'il no f3 2 H f3 4 , 

Jlpn :->TO~! pa3n0f:(9HH9 Bblp8}1{9HH'il (1) npOBOAHnOCb no r f3A y)t./(j) t a 

/5/ 
11<' 11o creiWIHIM YAo ( 8) ( CM, TaK}I{9 ) , 
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~1sMepeHHR yrrpyroro u Heyrrpyroro pacceRHHR rrpoTOHOB c aHeprueh 

12 Maa R.OpaMH 148 Sm 
H 

154 
Sm 6binH rrpoae.oeHbi a TaH.oeMCKOH na6opa-

Topuu HHCTHTyra HM, H. Eopa, PesynhTBTbi 6bmH .oono>KeHJ:,I Ha KOHcpepeH

l.lHH ITO R.QepHOH CIT8KTpOCKOITHH B MOCKB€ B RHBape 1966 H ony6nHKOB8Hbl 
171 

a Tpy.oax 3Toil KOH<iJepeHllHH • Ebmo saMe'ieHo, 'iTO .oaHHbie no pacceRHHIO 

npoTOHOB ccpep!f'IeCKHM R.opoM 
148 

Sm n .oe<iJopMnpoaaHHbiM 15 4 Sm cywecr

BeHHo pa3nH'iHbl M8>K.OY C06oi1, H8CMOTpR H8 TO, 'iTO OITTH'i8CKH8 rrapaMeT

pbl .QnR 8THX COC8.0HHX H30TOITOB .OOn>KHbl 6b!Tb npaKTH'18CKH O.OHHBKOBblMH, 

OcunnnRI.IHH B yrnoaoM pacnpe.oeneHHH ynpyroro pacceRHHR u Heynpyroro 
+ 

pacceRHHR c aos6y*.08HHeM ypoaHeil 2 3Ha'lnTenhHO 6onee RpKo Bblpa>KeHbi 

.onR pacceRHHR Ha c<iJepuqecKoM R.ope. 3ToT act><PeKT 6bm saTeM TaK>Ke o6Ha

py>KeH npu pacceRHHH npoToHOB c aHeprueil 16 Maa
141 

H anb<Pa-'iaCTHll c 
Ill 

8Heprueil 50 Maa usoTonaMH Sm • 

B ycnoauRx xopowero aKcnepuMeHTanhHoro paspeweHHR u npu Hannquu 

O.OHOpO.OHOH C8MOIT0.0.08p)KHB810W8HCR MHW8HH 6blnO B03MO>KHO rrpOBeCTH TaK-

>Ke H3MepeHHR Heynpyroro pacceRHHR nporoHOB c aos6y*.OeHueM .opyrux 

154 + 
ypOBH8H BpaWaTenhHOH rronoCbl OCHOBHOPO COCTORHHR R.Opa Sm ( 4 rrpH 

+ 
0,267 Maa, 6 npu 0,545 Maa), 

3KCrrepHM8HTanhHbie .08HHbl8 6binH BrrepBbl€ rrpoaHanH3HpOB8Hb! C HC
/9,10/ 

nonb30BaHneM aToporo nopR.oKa 6opHoBcKoro npu6nn*eHHR • Pasnuque 

B ynpyPOM pacceRHHH R.Op8MH 148 Sm 
H 

154Sm 

HH8M CBR3H K8H8llOB, 6binO TaK>Ke paCC'iHTBHO C8'i8HHe B036y>K.Q8HHR ypOBHR 

4 + 
154 

Sm • O.oHaKo .onR pac'ieTa aos6y>K.oeHHR .opyrux apawaTenhHLIX ypoa-

Heii: H H8.08>KHOPO OITpe.oeneHHR napaMeTpOB .oe<iJopM8llHH H OITTH'i8CKOH MO.OenH 

Heo6xo.onMo npoae.oeHne nonHoil cxeMbi pacqeTa no MeTo.oy CBR3aHHbiX KaHanoa. 

PesynhTaTbi TaKoro pac'ieTa npuao.oRTCR HH>Ke. 
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' 

3. PeayllbTaThi aHanHaa H <ficy)I<J:leHHe 

Ill/ 
Pac'leTbi nposonHnHCb no nporpaMMe CBSI3aHHbiX KaHanos KACTOP • 

B nporpaMMe 6bWO Hcnonb30BaHo anHa6aTH'IeCKoe npH6nH*eHHe. 
2 

Haxo*AeHHe HaHny'lwHx napaMerpoB npoBOAHnocb no Merony X 

OAHOBpeMeHHO AnSI BCeX H3MepeHHb!X yrnOBbiX pacnpeaeneHHH C B036Y*Ae

HHeM BpawarenbHbiX ypOBHei!: OCHOBHOH nonOChlo 8 noTeHUHanax o6o6meHHOH 

onTH'IeCKOil MOAenH 6binH y'ITeHhl BCe nOpSIAKH napaMeTpOB Jle«lJOpM8UHH {3 
2 

H {3 4 • 8 nporpaMMY He BKniO'IeHO CnHH-Op6HTanbHOe B38HMOJleHCTBHe. 0JlHa

KO HeCKOnbKO paC'IeTOB 6bin0 npOBeJleHO no nporpaMMe, OCHOB8HHOH Ha MeTo-
/12/ 

Jle HTepaUHH C y'leTOM CnHH-Op6HTanbHb!X a«tJ«lJeKTOB • Mbi 06Hapy)KHnH, 

'ITO BnHSIHHe CnHH-Op6HTanbHOI'O noTeHUHana npeHe6pe)K·HMO Mano JlnSI ce

'leHHSI ynpyi'Or'O pacceSIHHSI B paCCMaTpHBaeMOM cnyqae. nnSI Ce'leHHH Hey-
+ + 

npyi'OI'O pacceSIHHSI C B036y)KJleHHeM ypOBHei!: 2 H 4 BnHSIHHeM CnHH~Op6HTa-

llbHOI'O B3aHMOJlei!:cTBHSI MO)KHO npeHe6pe'lb AnSI yrnoB MeHbWHX 160°. B 
+ 

yrnosoM pacnpeJleneHHH Heyrrpyroro pacceSIHHSI c so36Y*lleHHeM ypoBHSI 6 

S!Apa 154 Sm BKn~'leHHe CnHH-Op6HT8llbHOI'O B38HMOJleHCTBHSI MeHSieT nHWb 
0 

rny6HHy MHHHM)'Ma B6nH3H 120 rrpHMepHO Ha 20%. DOCKOllbKy rrporpaMMa 

KACTOP cot:~ep)KHT paano*eHHe rroreHUHanoB no MynbTHrronSIM TOllhKO JlO 

'leTBeproro nopSIJlKa• pac'leTbi Heynpyroro pacceSIHHSI c B036Y*lleHHeM ypoB-
+ /12/ 

HSI 6 6hinH rrpoBeJleHbl no rrporpaMMe np. >K. Pei!:HanSI c y'leTOM cne-

I . llY~lllHX qneHOB paano*eHHSI, 
I 

3.1. P acceSIHHe rrpoToHOB SIJlpaMH 
1 54 

Sm 

3KcnepHMeHTanbHbie JlBHHbie JlnSI pacceSIHHSI 12 MaB rrpoTOHOB Slllpa-

MH 154 Sm H TeopeTH'IeCKHe KpHBbie, Jla~mHe HaHnyqwee cornacHe rrpH 

Bb16ope pacnpet:~eneHHSI aapSIJla B «tJopMe (4), rrpHBeJleHhi aa pHc. 1. Dapa

MeTPhi OnTH'IeCKOr'O noTeHUHana npeJlCTaBneHbl B Ta6n. }, DapaMeTpbi KB8Jlp

ynollbHOH H I'eKCaJleKanonbHOH Jle«lJopMaUHH paBHbl COOTBeTCTBeHHO {3 =0,284 
2 

7 



0 

1 

Qcm 

TS'I Sm ( ) lAS p,p m 
cp ·t2MeV 
(32 •0,284 
(3, "0.046 

PHc. 1. YrnoBbie pacrrpet:teneHIHI yrrpyro H Heyrrpyro p[lCCeHHHbiX 12MaB 

rrporoHOB HAPBMH 154 Sm .To'IKH- 3KCrrepHMeHranbHbie ADHH~>Ie. CrrnowHhie 

KpHB~e - p8C'!AT C ¢epMHeBCKHM pacrrpet:teneHHeM BOpHJla, rryHKTHpH~e -

C OCTpblM KpaeM, 
8 



H {3 4 =0,046. Ha puc. 1 noKa38Hhi nyHKTHpHoil(KPHBOH T8K)Ke pe3ynbTaThi 
+ + • + 

pacqera ceqeHnil B036yx<neHHg yposHeil 0 2 4 c pacnpeneneHHeM 3apgna 

(2) c ucnonb30BaHHeM rex )Ke caMhiX napaMerpoB onraqecKoro noTeHuaana 

H ue~OpM8UHH. KaK BHUHO H3 pHCyHKa, HaH60nee 3HaquTellbHO MeHgercg npH 

HCnOllb30B8HHH 6onee 060CHOB8HHOf'O ~epMHeBCKOf'O pacnpeneneHHg 3apgna 
+ 

(4) ceqeHHe paccegHHg c so36y1KlleHHeM yposHg 2 • 0TMeTHM, qro corna-

cue c 9KCnepuMeHTOM npa pacqere c pe3KHM o6phiBOM pacnpeneneHH9 3a

pgna Ha rpaHHUe gupa (2) MQ)KeT 6biTb UOCTHf'HyTO TOllbKO npH yBeJJHqeHHH 

{3 npHMepHO Ha 15%. 
2 

PaccMoTpHM nonyqeHHhle rrapaMeTphl orrraqecKoil Monena. PanuanbHhlH 

rrapaMeTp neilcTBHTenbHOH qacru noTeHuuana r =1,204 ornuqaercg or 3Ha-
o /13/ 

qeHHg 1,17, rrpennox<eHHoro EeKqeTTH u fpuHneccoM • OnHaKo cqorsercr-

syiOmee H3MeHeHue rny6HHhi neH.crsurenbHOH qacru noTeHuaana v npHBQ-

nuT K TOMY, qro HailneHHbie HaMH reoMerpuqecKHe napaMeTpbi Haxongrcst 
/13/ 

B npenenax, nasaeMbiX s • B ra6n. 2 rrposonurcg cpasHeHue reoMerpa-

qeCKHX napaMerpos v H r 
0 

ung paccesiHag nporoHOB Ha 154 Sm , Haii
/2,14/ 

B Ham ell. pa6ore u B , co "cpenHHMU" neHHbiX npa pa3nHqHhiX 3Heprugx 

/13/ 
napaMeTpaMH pa60Tbl • npa 8TOM yqHTbiB8JJOCb ynoMgHyTag Bbiiiie 803-

/13/ 
MO)KHOCTb BapHaUHH napaMeTpOB, nasaeMbiX B • KaK BUUHO, TOllbKO npH 

16 Mas pacxo):<neHHe BenuKo, qro MOJKHO o6'bgCHHTb HeroqHOCTb!O pacqera 
/2/ 

nposenenHoro 6e3 Merona x 2 

napaMeTpbl ne~opMaUHH gnpa 154 Sm • nonyqeHHbie B Hacrogmeil 
/1-3/ 

pa6oTe H B , npHBeneHhl B Ta6n. 3. npu pa3J1HqHH reoMeTpuqeCKHX 

napaMerpoB MO)KHO cpaBHHBaTb numb senaqHHbi npoH3BeneHHH {3 R ana f3r • 
0 

lleii.CTBHTeJ1bH0 0 3TH 3HaqeHHg ung KBanpynOllbHOH ne~OpMaUHH, KOTOpag 

onpeneneHa 6onee roqHo, cornacy10rcg Mefi<lly co6oil nosonbHO xopomo. 

9 



.f 
3,2. PaccesiHue npoToHoB siL!paMH 148 Sm 

.llnsr pacqeTa paccesrHusr SIJlpaMH 148 Sm 6hinH B3SIThi Te )l{e napaMeTphi, 

OUTH"leCKOPO noTeHUuana, "'TO H Jlnsr 154 Sm 1 H UOJl6Hpanacb TOnbKO Be-

nuquHa KB8JlpynonbHOH Jle$OpMaUHH, fl Ony"leHHOe 3H8"leHHe ~ =0, 13 HaXo-

>< u 6 /2/ "' llHTCsr B xoporneM coPnacuu c Benu"'HHon, llBBaeMou B pa oTe • vKCnepu-

MeHTanbHbie u TeopeTu"leCKue yrnoBbie pacnpeJleneHusr, KaK BHilHO H3 puc.2, 

COPnacyJOTCSI Jl0CT8TO"'HO XOpOlliOo 

ABTOphi Bhlpa)KaJOT npu 3HaTenbHOCTb npo$. B.r. ConoBbeBy u 

B.K. flyKbsrHOBY 3a none3Hhie o6cy)KJleHusr H )f(, PeifHanJO 3a npellOCTaBneHue 

B03MO)I{HOCTH npoBeCTH HeKOTOpbie pacqeTbl no ePO npOPpaMMe, 

fluTepaTypa 

1. D.L. Hendrie, N.K. Glendenning, E.G. Harvey, O.N. Yarvis, H.H. Duhm, 

J, Saudinos, J. Mahoney. Phys.Lett., 26B, 127 (1968). 

2. P.H. Brown, P. Stoler. Phys.Rev., 2C, 765 (1970). 

3.AA. Aponick, C.M. Chesterfield, D.A. Bromley, N.K. Glendenning. 

Nucl.Phys., 159, 367 (1970). 

4. P. Stoler, M. Slagowitz, W, Makofske, T. Kruse. Phys.Rev., 155, 

1334 (196·7). 

5. T. Tamura, Rev.Mod,Phys., R 679 (1965). 

6. H Schulz, H.J. Wiebicke. Unpublished, 

7. A.B. Kurepin, B. Madsen, B. Elbek, Izv.Akad.Nauk. SSSR, ser, 

fizich., ]_!, 195 (1967) (English translation Bull.Academy of 

Sciences USSR Physical series ]_!, 174 (1967)). 

8, R.H. Bassel, R.M. Drisko, G.R. Satchler, Report ORNL-3240 (1962). 
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9. J.M. Bang, K. Y. Chan, A.B. Kurepin, .P· Saethre. Nucl.Phys., 

A122 I 34 (1968). 

10. A.B. Kurepin, Izv.Akad.Nauk SSSR ser. fizich., B 1946 (1968). 

(English translation Bull. Academy of Sciences USSR physical 

series _;g. 1791 (1968). 

11. H. Schulz, H.J. Wiebicke, R. F'Ulle, D. Netzband, K. Schlott. 

Nucl.Phys., A159 1 324 (1970). 

12.1. Raynal. Proc. Symp. Quebec (1969). 

13. F.D. Becchetti, G.W. Greenless. Phys.Rev., 182, 1190 (1969). 

14. P.B. Woollam, R.J. Griffiths, J.F. Grace, V.E. Lewis. Nucl Phys., 

A154, 513 (1970). 

Ta6JIHga I 

PyKOITHCb ITOCTyrrHna B H3aaTenbCKH~ OTaen 

17 ceHTg6pg 1971 rona. 

llapaMeTpu orrTHqecxoro ITOTeHI..J;I1IaJia .ztJIH pacceHHHH 
I2 MaB rrpOTOHO:B H.ztpaMM 148, I 54 slY} 

v M•' w~'h' r(l '"'" r., f.M. a,"' a if"" Y'c f'M a,.,... 
56,69 8,62 I,204 I,243 0,74I 0,629 I,204 O, ?4I 
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Ta6Du§ 2. 

DeoueTpxqeoKie napaMeTPH v H r" ,1tJUl paooeBBKH 
UpOTOHO:J upaJIII ~I"'\ 

; 

upo EM~' v,.. ... , ..... 0 

"" JiuepaTypa 
1111meu 

!54$,.., 12 56,69 1,204 .ltBBHaH pa6on 

12 57,46 1,204 [13] 

154s,.., 16 54,03 1,204 [2] 

16 56,18 !,204 rnJ 

148s~ 49,5 46,55 1,168 [14] 

49,5 46,72 I, I? [13] • 
Ta6uga 3 ,.. 

Cpa:aaeue napa.aTpo:a Ae(iOp~• HJlP& 154~ 

oo AaKIKK pas~ pa6o~ 

f,_ ~., r. p& r. ~, r. b~epa'l:fpa 

0,284 0,046 1,204 0,342 0,054 n••• paCSon 

0,250 0,050 1,204 0,301 0,060 [2] 

0,324 0,064 [1] 

0,225 0,050 1,492 0,336 0,075 [3J 
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r 
I 

10 
,.,, Sm(p,p) 1"1sm 

E' p• 12,Me\f 

'i:' Pa• 0,13 

~ JJ .. = 0,0 
E 2t -c: ·-
~ 1 
~ 
~ 

o+ 

1'200 
acm--........ 

Puc. 2. YrnoBbie pacrrpeneneHHSI pacceSIHHSI 12 M::m rrpoToHoB S!JlpaMH 
148 Sm. To'iKH - 3KCrrepuMeHTanbHbie naHHbie. CrrnowHbie KpHBbie - pac'ieT 

c ~epMHeBCKHM pacrrpeneneHHeM aapSILla. 
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