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EAHHOe on&caHHe npSIMhiX H peaoHaHCH&IX npoueccoa 

B p8AH8DHOHHOM 38XB8Te DHOHOB !IAp8MH 

06Cy)f(Jl8CTC!I p8JlR8UHOHHbll! 38XBllT DHOHO::l nerKilMR llllPSMR Ha OCHOBC 

eAH&oA reopHn np!IM&IX H peaoHaHCHhiX npoucccos. B paMKax '!aCTR'!Ho

A&Ipoqnoro sapeaHTa o6ono'le'!Holl Moaenu c KOHTHHYYMOM paCC'!RTAHbl 

CDCKTp )f(CCTKHX y -KB8HTOB H yrJIOBil!I yo- KOppenniiJBI B pC8K1lHH 
Ulo(, , yn) 15N. 

Pa6ora sblnonHeHa a Jla6oparopuu reoperu'!ecKoll «jluanKR 011.RH. 

flpenpHHT 06bellHHeHHOr'O HHCTHTyTa MepHblX HCCnellOB8HHH. lly6Ha 1978 
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The Unified Description of Direct and Resonance 
Processes in the Radiative Pion Capture 

The radiative pion capture by light nuclei is discussed 
in the framework of the unified theory of direct and resonance 
reactions. For the target nucleus 16 0 the spectrum of hard y -
rays and the yo- correlation function of the ("-, yn) -reaction 
are calculated in a particle-hole continuum shell-model version. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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© 1978 06f>e/l8BeHHb1S BHCTHf'YT llJlepHbiJC BCCRe!lOBDHHil /1y6HB 

1of3y'leHRe pa,nRaD;ROHHOrO 3aXBaTa UJiOHOB JI,IlpaMRDpe,ll

CTaBJIJieT caMOCTOJITeJihHhlii RHTepec R RMeeT BalKHOe 3Ha

'leHRe ,llJIJI pa3BRTRJI BCeii Jl,llepHOB ~R3RKR npoMe>KyTO'IHhiX 

3HeprRii. B HaCTOJIID;ee speMJI B CBJI3B C BBO,IlOM B ,lleBCTBRe 

Me30HHhiX ~6pRK Ha'IRHaeTCJI HOBhiB 3TaD 3KCDepRMeH

TaJihHOrO R3y'leHRJI 3Toro nponecca. Y>Ke swnoJIHeHY nep

swe R3MepeHRJI B SIN R LAMP.F/1.2/.Bce 6onee pean~~o
aoii npe,llCTaBJIJieTCJI nepcneKTRBa RCDOJih30BaHRJI pa,llRa

D;ROHHOrO 3aXBaTa KaK MeTO,Ila Jl,llepHOB CDeKTpOCKODRR, 

oco6eHHO ,llJIJI R3y'leHRJI CTpyKTyphl Jl,llepHhiX COCTOJIHRi 

B o6nacTR aenpepwsaoro cnexTpa/s/. JiwcTpoe pa3BRTRe 

3KCDepRMeHTa 3aCTaBJIJieT o6paTRThCJI K Ba>KHOB HepemeH

HOB npo6JieMe TeopRR pa,llRaD;ROHHOrO 3aXBaTa - 0 COOTHO

WeHRR DpJIMhiX R pe30HaHCHhiX nepeXO,IlOB npH B036y>K,Ile

HRR R pacmenneHRR JI,Ilep s 3TOM nponecce. 

B aacToJimee speMJI WRpoxo pacnpocTpaaeaa TO'IKa 

3peHRJI, COrJiaCHO KOTOpOii npJIMOB BYJieT HeiiTpOHa B pa

,llRaD;ROHHOM 3aXBaTe B B036f)K,IleHBe KBa3BCTaD;BOHapHhiX 

COCTOJIHBB pa3JIB'IHOB MYJihTBDOJihHOCTB /B TOM 'IBCJie 

raraHTCKBX pe30HaHCOB/ npe,llCTaBJIJIIDT co6oii ,llBa He3a

BBCBMhiX npou;ecca B ,llaiDT a,ll,llBTBBHhiB BKJia,ll B cneKTp 

>KeCTKBX y-KBaHTOB. 3TO, KOHe'IHO, CBJihHOe ynpoiD;eHBe. 

HcnOJih30BaHHe, B COOTBeTCTBBH C 3TOB TO'IKOB 3peHBJI, 

cxewaTB'Iecxoii "nonrocaoii Mo,llena" I 41 npRBO.JlHT K 3asw

weaaoii oneaxe BKJia,lla O.llHO'IaCTB'IHYX nepexo,lloB. C ,llpyroii 

CTOpOHhl, R3BeCTHhl paC'IeTY pa,llBaD;BOHHOr~ 38,XBaTa, BY

DOJIHeHHYe B paMKaX 060JIO'Ie'IHOB MO,IleJIB &,S/, B KOTO

pYX DOJIHOCThiD BrHOpHpyeTCJI pOJih npJIMhiX nepeXO,IlOB 

s aenpepwsawii cneKTp. Taxoii DO.IlXO.Il npaBBJihHO no,ll'lep

KBBaeT ,llOMRHBpyroiD;BB BKJia,ll pe30HaHCHOrO MeXaHB3Ma 
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B UOnHyro BepOJITHOCTL pa,IJ;Ha:QBOHHOrO 3aXBaTa, HO OH 
OKa3WBaeTCJI HeUO.IJ;XO.IJ;JI~HM, ecnH 06paTBTLCJI K ,IJ;aHHWM 
o pa.IJ;Ha:QBOHHOM 3axaan~. nony'leHHLIM B pe3ynLTaTe Kop-

penJI:uuo7Bflx 
(rr-' yn) 7 • 

3KcnepBMeHTOB no B3y'leHmo npo:uecca 

Kmoq K npaBHnLHOMy UOHHMaHHJO MeXaHH3Ma pa.IJ;Ha

:QHOHHOrO 3aXBaTa MOlKeT .IJ;aTL e,IJ;HHOe OUHCaHHe 

npJIMWX H pe30HaHCHWX nepeXO.IJ;OB B 3TOM npo:Qecce, 

UO.IJ;06HO TOMY, KaK 3TO ,IJ;enaeTCJI UpH paCCMOTpeHHH .IJ;py

rHX U~O'eJCOB,_ OTHOCJI~~7JI K 4!B3HKe UpOMelKyTO'IHWX 
3Hepruu 

8 I p. - 3axaaT 9 , Heynpyroe pacceJIHHe 3neKT

POHOB H 7POTOHOB /10/, o6pa30BaHHe rHnepJI.IJ;ep B peaK:QHB 
(K-, 77 -), U/ B .IJ;p.j. llpB TaKOM OUBCaHBB BOnHOBaJI <ilYHK· 

:QHJI KOHe'IHOrO COCTOJIHHJI JI.IJ;pa CTpOBTCJI C Y'leTOM CBJI3B 

MelKAY pa3nB'IHWMB KaHanaMH ero pac~enneHBJI. B pa,IJ;aa

:QHOHHOM 3axaaTe rnaaHyro ponL arparoT KaHanw npocTei

wei KOH4!Brypa:QHB "npoTOHHaJI .IJ;LipKa·HeHTpOH", KOTOpWe 
JIBnJIIDTCJI BXO.IJ;HLIMB B 3TOM npo:uecce. 

B .IJ;aHHoi 3aMeTKe MW ny6naKyeM HeKoTopwe pe3ynL

TaTw paC'IeTOB, BWUOnHeHHWX B paMKaX e,IJ;BHOrO UO.IJ;XO,IJ;a 

.IJ;nJI npo:uecca pa,IJ;Ha:QBOHHOrO 3aXBaTa UBOHOB JI.IJ;paMB 16 0 
/.IJ;eTanH pac'leTOB B BX UO.IJ;p06HOe o6cylK,IJ;eHBe 6y.IJ;yT 

B3nolKeHw OT.IJ;enLHo/. HcnonL3yeTcJI lp- lh aapuaHT 

o6ono'le'IHOH MO.IJ;enB C KOHTBHYYMOM, npe,IJ;nolKeHHWH B 

pa3pa6oTaHHLIH a pa6oTax /12/. ITapaMeTpw O.IJ;HO'IaCTB'IHoro 

noTeH:QBana /a <llopMe By,IJ;ca-CaKcoHa/ B ABYX'IaCTB'IHoro 
B3aBMO,IJ;eHCTBBJI /B 0 -o6pa3HOH <jlopMe, C y'leTOM CUB

HOBO :.06MeHHWX CBn/ B3JITW B3 pa60TLilta/.3cWJeKTBBHWH 

raMBIILTOHBaH (rr-, y) -npo:uecca, BOnHOBLie <ilYHK:QBB 

UBOHa Ha op6BTaX Me30aTOMa H Me30aTOMHWe napaMeT
pLI - Te lKe, 'ITO a pa6oTe I 14/ • 

Pac'leTw noKa3LIBaroT, 'ITO .IJ;OMBHBPYJOI:QBi /oKono 85~/ 
BKna,IJ; B pa,IJ;Ba:QBOHHLIH 3aXBaT UBOHOB JI.IJ;pOM 1SQ .IJ;aiDT 

nepexo,IJ;LI c p -op6BT Me3oaToMa. Pacnpe,IJ;eneHae aepoJIT

HOCTei 3TBX nepeXO.IJ;OB dA
2

p /dE .IJ;nJI 3aXBaTa C 2p -
op6BTLI UOKa3aHO Ha puc. 1 B 3aBBCHMOCTB OT 3HeprBH 

B036y)I(,IJ;eHBJI JI.IJ;pa 16 N. qTO KacaeTCJI 3aXBaTa C S-op-

6BT, To ponL nepexo,IJ;oB BToporo nopJI.IJ;Ka /"KBa.IJ;pynonL

HLix"/ a 3TOM cnyqae MeHLWe, a ponL nepexo,IJ;OB nepaoro 

nopJI.IJ;Ka /".IJ;HnonLHLIX"/ - 6onLwe, 'leM npa 3axaaTe c p-
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Puc. 1. lfsu!PfliepeH~uaAI>Hble 6epo.R111HOC111U dA 2p I dE 
peaK~uu 1 O(rr-,yn)1 N npu aax6a111e nuoHa c 2p- op6u-
1111>1 6 aa6ucuMoc•u 011 3Hepzuu 6oa6yxoeHUJI E npoMexy-
1/IO'IHOZO .110pa 16 N. BepxH.RJI 'IOC1111> pucyHKa - nepexo01>1 
6 6036yJICOeHHOe COCIIOJIHUe (lPa/ 2 ) -1 JIOpa 15 N; HUJIC~JIJI 
'IQC1/Ib - nepeXOObl 6 OCH06HOe COC1/IOJIHUe (lp 1; 2 ) - • 
TOHKUe CnAOUIHble AUHUU - 6KAOO nepeX0006 noAOJICUIIeAbHOU 
'le111Hoc•u; nyHK111UP - 6KAao ooHo'laC111U'IHI>IX nepexooo6 
aa 61>1'1e1/loM ld 3; 2 u 1f 7; 2 ooHo'laCIIU'IHI>IX peao-
HaHC06. 

op6BT. HH<ilopMa:QHJI 0 COOTHOWeHBB aepOJITHOCTeH nepexo

.IJ;OB pa3nB'IHOH MynLTBUOnLHOCTB CO,IJ;eplKBTCJI B II06A. 1. 
B :uenoM npaae,IJ;eHHWe pe3ynLTaTw MOlKHO paccMaT

paaaTL cne,IJ;yro~M o6pa3oM. B o6nacTB 3HeprBB ao36ylK

,IJ;eHBJI, r,IJ;e pacnonolKeHw xopowo c<llopMapoaaHHWe Y3KBe 

pe3oHaHcw /3.1J;ecL - .IJ;O 20 MaB/, HawB pe3ynLTaTw 

onpaa.IJ;waaroT, a npBH:QBne, pacqeTLI, awnonueHHWe B paM

Kax o6ono'le'IHOH MO,IJ;enB 6e3 KOHTBHyyMa. llpB O'leHL 
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Ta6Au14a 1 

BKna~~ nepexo~os pa3nHqHoi MYJJhTHnonhHOCTH 
B pa~HaUHOHH~H 3aXBaT UHOHOB JI~pOM 160 

CKOpOCTD 38XB8T8 C . CKOpOCTD SaxEaTa C . 
Is -op<5HTH . 2p-op6HTH . 

(IOI6 S -I) . 
(roi2 5 -I) . . . 

o- - 1.9 
1- 12.0 28.8 
2- 15.5 90.1 
3- 0.5 12.3 
4- 0.4 !0.3 

z.g_-) 28.4 143.4 

o+ - 0.2 
I+ 0.4 !2.2 
2+ !.8 18.0 
3+ 2.1 29.9 
4+ o. o. !.2 

2. <a+) 4.4 61.5 

2. 32.8 204.9 

6QnhWHx :mepraJix /E>35 M3B/ Hawa pacqeT~ ~OJDKH~ 
6~Th 6JJH3KH K TOMY, qTO MO)I(HO nonyqHTh UO MeTO~y 

HCK8.)l(eHH~X BOJJH. B npoMe>KyToqHOH o6naCTH, r~e WHpH

H~ pe3oHaHcos ~OCTHraiOT HeCKOJJhKHX M3B, npaMeHeHHe 

TOrO HJJH HHOrO BapHaHTa e~HHOH TeOpHH JIBJJJieTCJI, no

BH~HMOMY, e~HHCTBeHHOH B03MO>KHOCThiO npaBHJJhHO yqeCTh 

CBJI3h Me>K~Y pa3J1HqH~MH nepexo~aMH. 

~nJI pa3BHTHJI TeopHH pa~aanaoHHoro 3axsaTa oco6eH

Ho Ba>KH~MH B HaCTOJIIUee BpeMJI JIBJJJIIOTCJI 3KCUepHMeHThl 
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KoppenJIUHOHHoro THna, Kor~a clloToH, o6pa3YIOIUHHCJI npa 

3aXBaTe UHOHa, perHCTpHpyeTCJI Ha COBUa~eHHe C HeHTpo

HOM, B~JJeTaiOIUHM H3 JI~pa. TaKHe 3KCUepHMeHT~ U03BO· 

JJJIIOT nonyqHTh ~aHHhle, qyBCTBHTeJJhHIJ.!:e He TOJJhKO K CO• 

OTHOWeHHIO sepOJITHOCTeH nepexo~OB pa3nHqHOH MYnhTH

UOJJhHOCTH, HO H K ciJa30BhiM COOTHOWeHHJIM Me>K~y COOT

BeTCTBYIOIUHMH aMUJJHTy~aMH nepexo~OB. flpH OUHCaHHH 

nponecca (rr- , yn) npeHMYJUeCTBa e~HHOH TeopHH npoJis

JJJIIOTCJI OC06eiUIO UOJJHO. 0Ha ~aeT B03MO)I(HOCTh, He B~
XO~JI 3a paMKH UpHMeHJieMOH MO~enH, npocne~HTh 3a co

OTHOWeHHeM pa3HhiX KaHaJJOB paCIUenneHHJI JI~pa H ciJopMOH 

yrnOBOH KOppeJJJIUHH Me~y HeHTpOHOM H y·KBaHTOM UpH 

nepexo~e OT O~HOH 3HeprHH B036y~eHHJI K ~pyrOH, OT 

o6naCTH XOpOWO H30JJHpOBaHH~X pe30HaHCOB K o6naCTH 

~OMHHBPYIOIUBX npJIMhiX nepexo~os. Ha puc. 2-4 noKa3aHa 

~ .. en 
'> 1!.1 
l: 

'f's;2 30 -
~

~ 
oc 
-ac: 

~200 

..... 

180" 

16.29 MeV 

..... /--...... ...... ...... , - - ,."" 
135" go· 45' rf 
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Puc. 2. YzAoeaJJ yn - lcop-
peAJII4UJI 6 peaKI4UU 
160(rr -, yno)1 5N g.s. 
npu 3Hepzuu eo36yxoeHUJI 
16,29 M3B /coo•eellcllleyro
Uierl noAoxeHUIO Y3Kozo pe-
30HaHca 2-/. CnAOUIHaJI Au
HUJI - pac~e• c y~ellloM s
u p -op6u11; nyHKIIIUP - yn -
KoppeAJ114UJI npu 3axea111e c 
S -op6UIII. 

paccqaTaHHaJI sepoJITHOCTh acnycKaHHJI ciJoToHa B Hanpas

neHHH {l }' H HeHTpOHa B HanpasneHHH {l n B 3aBHCHMOCTH 

OT yrna (J Me>K~y 3THMH ~BYMJI HanpasneHHJIMH B peaK

UHH 16 0(rr- , yn) • BKJJa.IJ,hl nepexo.IJ,OB c p- H s -op6HT 
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Puc. 3. Yz11oeaJ1 yn -Koppeii.RI.IUJI 6 peaKI.IUU 16 0(71-,ynoJ15Ng.8 
u 160(71-, yn 1) 15N* npu 3Hepzuu 6036yxc>eHUJI 19,9 M3B. · 

paCC'IHTaHW C y'leTOM COOTHOWeHHJI DOJIHWX BepOJITHOCTei 

norJIOuteHHJI DHOHa C pa3JIH'IHWX Me30aTOMHWX op6HT: 

dR 

dEdO d{} 
y n 

=iii~ 
nf r tot 

nf 

dAnf 

dE df!ydf!n 

fipH He60JII.tWHX 3HeprHJIX B036y)l(.z.eHHJI, B OKpeCTHOCTH 

XOpOWO H30JIHpOBaHHWX pe30HaHCOB c)yHK:UHJI yrJIOBOH KOp

peJIJI:UHH DO'ITH CTporo CHMMeTpH'IHa OTHOCHTeJILHO DJIOC

KOCTH, nepneH.Z.HKYJI.IIpHOH HMDYJILCy c)OTOHa. C yBeJIH'Ie

HHeM 3HeprHH B036y)l(.z.eHHJI DOJIBJIJieTCJI 3aMeTHaJI aCHM

MeTpHJI 3TOrO pacnpe.z.eneHHJI, DpH'IeM, KaK 3TO COOTBeT-

CTByeT npe.z.cTaBJieHHJIM 0 np.IIMOM npo:uecce, HeiTpOHW 

BWJieTaiOT npeHMYIIteCTBeHHO B DOJiycc)epy, o6paTHYIO ·DO 

OTHOWeHHIO K HanpaBJieHHIO BWJieTa c)OTOHa /eCTeCTBeHHO, 

qepTw np.IIMoro npo:uecca B KaHane n 0 Ha'IHHaiOT npo.IIB

JIJITLCJI npH MeHLWHX 3Ha'leHHJIX 3HeprHH B036y)I(.Z.eHHJI, 'leM 

a Kauane n 1 I. 
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Puc. 4. Yz11o6aJ1 yn - Koppeii.RI.IUJI 6 peaKI.IUU 16Q (rr- , yn 0) 
6 3a6ucuMocmu om 3Hepzuu 6036yxOeHUJI npoMexymo~Hozo 
JIOpa 16 N. 

ba3HC lp-lh COCTOJIHHH JIBJIJieTCJI CJIHWKOM 6e.z.HWM 

.Z.JIJI KOJIH'IeCTBeHHOrO ODHCaHHJI nepeXO.Z.OB .Z.a)l(e B TaKOM 

.11.z.pe, KaK 16 0; DpHMeHHTeJILHO K pa.z.Ha:UHOHHOMY 3aXBa Tf 

DHOHOB 3TO 6WJIO OC06eHHO CHJILHO no.z.qepKHYTO B pa6oTEI 14/. 
,lJ;eiCTBHTeJILHO, paCC'IHTaHHWH HaMH CDeKTp c)OTOHOB 
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Puc. 5. G~enrp ,PoltloHoe npu pa()uaf#UOHHOM aaxea•e nuoHoe 
Jl()paMu 00. CnAOIUHaJI AUHUJI - peayAr,•a••• •eopeltlu'lecrco
zo pac'leltla, ycpe()HeHHble no rjopMyAe JiopeHI#a c auupuHoil 
ycpe()HeHUJI 2 MaB; nyHKIIIUP - eKAa() o()Ho'laCIIIU'lHbiX nepe
xo()oe 30 6bl'leiiiOM 1d 3; 2 U 1f 7; 2 o()HO'lQCIIIU'lHbiX 
pe30HQHC06i ZUCIIIOZpaMMQ - 3KCnepuMeHIII /15/. 

/puc. 5/ nHWb KaqecTBeHHO cornacyeTcs c TeM, qTo H3-
uepeHo 3KcnepHMeHTanbHO. TeM He MeHee, MW HaAeeucs, 
qTO y~e npHBeAeHHWe pe3ynbTaTW 6YAYT CTBMynBpOBaTb 
AanhHeiiwae 3KcnepaMeHTanbHWe pa6oTw no B3yqeHBJO npo
:u;ecca (rr-, yn). 

ABTOPW 6naroAapHW M.rMBTpO, r.JI.KopeHMaHy, 
P .A.CaKaeBy, P .A.3paM~RHY 3a nnOAOTBOpHWe o6C}')I<Ae

HBR. 
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