CraTuctudeckast Mogenb
ceveHmnii PoTOoSAAEPHbBIX peakL i

[. N. Beixano

Mockosckuii locypapcteerHbiii YHnsepcuteT um. M.B.JTomoHocoBa, ®Pusunyeckuii dakynbteT

Cemunap otgena O3MNBASA, HUNAD MTV, Mockea, 12/X1/2019



Obuiasa xapakTepucTka oTosSAEPHbIX peakLmnii B obnacty

sHepruii [ 1P Ha cpepHux n Tskenbix sgpax
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PaccmaTpusaetca obnacTb sHepruii HajeTaloWMX raMMa-KBaHTOB OT
HyknoHHoro nopora (okono 7 MaB) po aHeprum obpasoBaHus Me3oHa
(okono 140 MsB).

XapakTepHble BeNMHMHbI (POTOHENTPOHHBIX CEYEHNIi OT AECATKOB MO
(nerkue sigpa) fo coted M6 (Tspkenbie sippa).

PesynbtaTom peakuun siBnsietcst BoineT n, p, ¥, dotogenerune (Tsxkensle
SAPa), pexxe — BbIJIET (¢ U AP. COCTABHbIX HaCTuUL.

CeyeHne pe3ko yMeHbLIAETCA C POCTOM HUCNA BbIIETAIOLNX HaCTuL,.

CnexTpbl BbINETAIOWMX YaCTUL, FOBOPAT O MPENMYLLECTBEHHO
CTAaTUCTUYECKOM MexaHu3Me peakuuu. Bknag npsimbix npoueccos
(Hanpumep, npsimoe BbIbUBaHME HYKNOHOB C 06004KM) HEBENK.



|. Onucanue TeopeTnyeckunx
MOZeNeli, NCNoNb3yeMbIX AN

pacyeTa cevyeHnii PoTosAAEPHBIX

pPeakuum B pamMKax
CTaTUCTUYECKOro NoAxXoAa



lcnonb3oBaHue cTaTUCTUYECKUX MofeNell Anst pacHeTa cedeHul

POTOSIAEPHBIX peakLuii

VIHrpeaneHTbl pacyeTHOl MoAenn ceyeHnii

>
| 4

rEbleAHOrO KaHana

Mmnotesa Bopa: 0 = Y Tnpomenyr.

CeyeHne (DOTOMOMNOLWEHNS Tabs X ) Tnpomesyr. (33 NCKIIOHEHNEM peaKLynii
NpsIMOVi HYK/IOHHOM nepeaayqn)

HayanbHas ctagus peakumu — poTOMNOMNOLLEHNE, KOHEYHAA CTaAUs —
pacnaj paBHOBECHOW COCTaBHOW CUCTEMBI, @ B MPOMEXYTKEe — €€ Nnepexos B
COCTOSIHWNE PAaBHOBECUSI B MPOLECCe TepMannsaunm (xaotusaumum)
KONNEKTUBHOMO PE30HAHCHOrO COCTOSIHMS, TaKXKe COMpOBOXAAtoLuiics
BbIIETOM YacTul,.

B npouecce TepmManmnsaynmm CMCTeMa HaxoguTCa CHadala B
Hpep.paBHOBeCHOVI, a NOTOM B paBHOBeCHOﬁ ctagunn.

KoHeuHoe saapo obpasyeTcst B BO3DY)XAEHHOM COCTOSIHUM 1 MEPEXOANT B
OCHOBHOE WJIN MeTacTabuiibHOe COCTOSIHME 3a CYET Y-MEPEXOLOB.

WNtak, cTaTuctudeckas mMogenb BbleTa YacTul B .9.p. AO/DKHA BKKOYaTb
B cebs:

> Mopenu pasinyHbIX NPOLLECCOB MOr/oWeHNs hOTOHa;

MOZESb 3BOJIIOLUN CUCTEMbI B NpeapaBHOBECHON hase;
MOZeNb UCMYCKaHUS YaCTuL, U3 PAaBHOBECHOIO COCTOSIHUS;
CBeZIEHNS1 O CTPYKTYPE YPOBHEN 1 NepeXoAoB B KOHEHHOM siape.

vvyy



lcnapeHune HYKJIOHOB B MOAENN COCTaBHOrO sipa

1. Pacnag coctagHoii cuctemsl Ha coctosHue o : (E, J¥) koHedHoro sapa B
obLuem cnydae cocToUT U3 BONBLLOTO KOANYECTBA Y3KIX PE3OHAHCOB.
[MnhaBHOe noBeaeHne ceveHUs NONYHAETCA NYyTEM YCPELHEHUS PE3OHAHCOB!

272 Mopl o 272 (Cap)(Tarp)
o' (E L = ap a'p ) — Waar -2 L ’
<J ( 7Jtot)> 2 thot <Za/ r > k2 thot <Ea/ ra’>

rae Waor = 1 — dakTop doiykTyauum wnpriHel B POTOSAEPHBIX PEAKLUSIX.

2. HeusBecTHoe OTHOLUEHWE LUINPUH BbIYUCISIETCS KaK OTHOLUEHME
KO3 PULNEHTOB MPOXOXKAEHUS:

(Tap) Tarp) _ Tap T
CaTa) Yo Tar’

rge 3Ha4eHnsa HaxogAaTcAa C NOMOLbHO rnobanbHbIX ONTUYECKNX
NOTEHLUMNANOB KaK Heynpyrasa 4acTtb C€4eHUA O6paTHOI7I peakunn.

3. YT0bbI y4ecTb BO3MOXHOCTL 0Dpa30BaHMs KOHEYHOrO sipa BO BCEX
COCTOSIHUSAX, HEODXOAMMO YCPEefHUTL MO BCeM & C Y4ETOM MJIOTHOCTH
KOHEYHbIX YPOBHeEIA:

(Turp(E, JP)) = / OE T p(E)p(E, JP).



lcnapeHune HYKJIOHOB B MOAENN COCTaBHOrO sipa

Cxema pacyeta cedveruns B nogxoge HF

o

23

CocTaBHas cuctema

HavanbHoe sapo




lcnapeHune HYKJIOHOB B MOAENN COCTaBHOrO sipa

1. Wtorosoe cevenmne B noaxone Xaysepa—Pewbaxa nonyyaercs nytem
CYMMUPOBAHUS MO KOHEYHbIM COCTOSIHUSIM:

2 T//
=S Y Y g e~

N 2.y

[(Ex, J'7') 272 22
= Z T 2 S Z w2 Tiip(Ex) -
JP

gl

O'JP(E)

2. Ecnn npeHebpeyb TpeboBaHNEM COXPaHEHMS MOMEHTA B MPOMEXYTOUYHOM
COCTOSIHUM, TO NOJIY4aeTCs YNPOLUEHHAs NCNapUTebHash Mogesb
Baiickonda—3IBuHra:

Tj/p
Zj’l’p/ Tirrp

3. Bbluucnenue CNEKTPOB BbIJIETAOWNX HaCTuUL NponNCxXoanT B Xoae
dHAJIOrM4YHOro npouecca CyMMmnpoBaHus.

ojw(E) = o(E)



DKCUTOHHAS MOAENb NPeApPaBHOBECHON CTaAUN PeaKLuy

> HeobxogumocTb yyeTa npefpaBHOBECHOR CTaAuMn BUAHA U3 NPOCTOro hakra:
BOMPEKUN SKCMEPUMEHTY TeOp. CNEKTPbl NCNApUTENbHBIX HYKJIOHOB
N30TPOMHbI.

» Cncrema ypaBHEHMIT HaKOMIEHNS N Pacnafa YMCcna COCTOSIHNIA B SKCUTOHHOIA
mogenn (m = {np, np} — YNCNO SKCUTOHOB, T.e. p 1 h, B 4AHHOM COCTOSIHWN)

dvm(t) _ - 1
% = Vm+1/\m+1 =+ Vm—l)‘m—l + l/ma,

roe AT — ckopocTn nepexoga COCTOSIHMIA C YMCIOM 3KcUTOHOB m £ 1 B
JaHHOe, a T — cpefjHee BpeMsl XKU3HN AAHHOFO COCTOSIHUS.

» Pewas ee, MOXHO MONy4nNTb CeveHUe BblIeTa HacTuubl k ¢ aHeprueii Eg:

1(Ex) = Onorn. »_ Wie(m, Ex)r(m)P(m).

3aece Wi (m, Ex) — ckopocTb ucnyckaHust 4acTuy, Tuna k U3 AaHHoro

COCTOSIHWS, MOXET ObITb HalijeHa M3 NJOTHOCTel ph-COCTOSHNIA:

w(m', E — Ey)
w(m,E)

25 +1
Wk(m, Ek) = TﬂkEka&).(Ek)
wh
P(m) — BEposITHOCTL TOrO, 4TO LENOYKa SKCUTOHHBIX MEPEXOAOB,
Ha4daBLWasACAa Ha npeabiaywmnx Ctagnax, npoganTtca Ao CTaamum m.



DKCUTOHHAS MOAENb NPeApPaBHOBECHON CTaAUN PeaKLuy

CxeMa nepexofoB B 3KCUTOHHOW Mogenu

A.J. Koning, M.C. Duijvestijn / Nuclear Physics A 744 (2004) 15-76 19

L1011 | 2 [2.100]
(1022 2 (2111 | 2 [3200]

(1033 2 [2122| S 3211 |

Fig. 1. Schematic picture of the possible reaction pathways contributing in a proton-induced reaction. Each class
of states is characterized by a set of numbers corresponding to the values of the particle and hole numbers for
protons and neutrons: py, hy, py,and hy.




DKCUTOHHAS MOAENb NPeApPaBHOBECHON CTaAUN PeaKLuy

Mpoponyxerne

> BeposiTHoCTb P(m) BbIYMCNSETCS U3 SMUCCUOHHOI (MCMyCKaHne HacTuupl) n
crpefoBoii (yBEANYEHNE YNCIA SKCUTOHOB) WPUH COCTOSIHWS M

m’)
I e e

P DMUCCMOHHAs LWINPWHA - 3TO CYMMapHasi CKOPOCTb pacnaga AaHHOro
COCTOSIHUSA C UCMYyCKaHMeM JtobOI HacTuLbI:

FT = hZ/dE Wk(m, Ek).
k

» CnpegoBasi wmpuHa:
M =2rM2w(m+ 1),
rae M? — OCHOBHOIA NapameTp SKCUTOHHOI Mogenu, KeaapaT MaTpPUHHOTO
31EMEHTA MEPEXOLA MEXAY SKCUTOHHBIMU COCTOSIHUSIMU.
» OnucaHHasi O4HOKOMMOHEHTHAs! SKCUTOHHAsi MoAenb obobLyaeTcs B

ABYXKOMMOHEHTHYIO 3ameHol m Ha {m,, m,} n gobaBneHnem BO3MOXHOCTM
NpeBpaLleHnst HeTPOH-HEMTPOHHBIX ph-nap B MPOTOH-MPOTOHHbIE U 06PaTHO.



Mogenn nnoTHOCTW ypoBHei

» Hauborsbliee pacnpocTpaHeHMe NOAYHMIN BbIPAXKEHUS MIOTHOCTM
COCTOSIHWI KOHEYHOrO sifpa, OCHOBaHHble Ha Moaenn Pepmu-rasa:

(E JP) (1 2J 41 _wd? y f e2Va(E-4)
e =\ 2ovamst 12 al/4(E — A)5/%

rae a — napamMeTp MJOTHOCTU YPOBHel, A — 3Heprus cnapvBaHus, a o
XapaKTepusyeT LIMPUHY pa3bpoca COCTOSIHNIA C OAUHAKOBbLIM CMIHOM.

» B mogenu MNmabbepta-KamepoHa nioTHOCTU COCTOSAHMIA BbilLe HEKOTOPOI Ep,

onucsliBatoTcst popmynoit Pepmu-rasa, a HUXKe CLUMBAKOTCS C PYHKLMEN,
COOTBETCTBYIOLEN KNAaCCMYeCKOMY ra3sy C MOCTOSAHHOW TemnepaTypoli:

1 -5

pec(E)lece, ~ 7¢7

» 3HayeHusi NnapameTpoB a, o, A HaxoAsaTCst U3 PEHOMEHONOMNYECKNX
cMCTeMaTUK, IMbO MOryT ObiTk B3siTbl U3 6a3 faHHbIX, Takux kak RIPL.



CeueHune doTonornoLeHns

» B paccmatpuaemoii obnactu sHepruii oaps(Ey) = orp(Ey) + oka(Ey)-

> [115 KBa3uAEHTPOHHOro MexaHW3ma, JOMUHUPYIOWEro Npu SHEPTUSX Bbille
sHeprun 1P, Hanbonee 4acTo npuMeHsieTCa SMNUPUYECKas MOAENb
JleBunpyxepa:

NZ (D(EV — W,)3/?

okpn(Ey) = LT X E3
3

) *FE),
rae f(E,) — dynkuyus Maynu-610Knposkm, annpokcummpyemas no
SKCNEPUMEHTANbHLIM AAHHBIM NOJMHOMOM C U3BECTHLIMU
KoahpuumeHTamu.



CeueHune doTonornoLeHns

[MranTckne pesoHaHChl

> B 3aBMCcMMOCTM OT 4UMC/Ia yHUTLIBAEMbIX Pe30HaHCOB (kak MuHumym, [P)

ore(E) = Y AE; EAT).
pes

pasHbIX
TUNoB

rae fi(Ey; E?, Ai,T;) — cunosas yHkuus i-ro pesoHaca c wupuHoii [,
amnnuTygoii A; n sHeprueii EC.

» Mogenn cunoBoii yHKUNM:
> ®yHkuyus JlopeHua (B cooTBeTcTBUN C runoTtesoli Bpurka-Akcens):

2 AE2T

f(Ey; E°,AT) =
(B EAD= e Err e

B
> @. JlopeHua, nnaeHo 3aTtyxaowas k E, < B (3gecb Az = [ dE,f(E,)):
0

0 E, <B
F/(Eyi E% A T) = AETEE-E) g < £ < 2B
Af(E)
Alez E,>2B

» Pasnuunbie Bugbl MmoguduunposarHoii dyHkuuu JlopeHua ¢ gobaBoyHbIMU
cnaraembimu B6aM3M nopora.



MoandpuunposatHblie pyHkuu Jloperua

VBenmyeHHoe 3Ha4Y€HNE Tnorn. B MPUMNOPOroBoin obnactu

FIG. 42: E1 ~-decay strength function plotted against energy
€y for “0Zr; experimental data are taken from Ref. [327].

[R. Capote et al., NDS 110, 3107 (2009)].



[onymukpockonmnyeckas mMogenab OTOMNOMIOLIEHUS

>

2

HegosmoxnocTs 100%-mukpockonuyeckoro onucanus P seuay
TpeboBaHWUii TOYHOCTU 1N CKOPOCTW BblYUCIEHMUIA.

Onsi onucanmsa gunonbHbIX Y KBagpynoJbHbIX OCUUIASUNAR UCMONb3YeTCs
raMuabTOHMaH BMBPaUMOHHbLIX BO3DYXaeHWii ¢ cenapabenbHbiM
MYNBTUNOb-MYALTUNOBHBIM B3aUMOAERCTBIEM (YUNTbIBAOLLNIA
kBagpynoabHyto gedpopmauuto (2J + 1) gedopmaLmoHHbIX KOMMOHEHTOB
KaXK[Oro pesoHaHca), AuaroHannsupyemslii B NpoCTpaHCTBe
1plh-cocTosHuii. AMNANTYLA KaXXAOrO pe3oHaHca A; HaXo4UTCA Kak CymMa
OCLMIATOPHBIX CUN. IMUCCMOHHAs WinpuHa (ONNCHIBAOLLAS NOYNPSMO
pacnag P c Bbinetom vactuubl) [+ — Kak CyMMa COOTBETCTBYHIOLLMX LIMPUH
ONS KAXKOOW 13 pe3ysibTUPYHOLLNX KOHDUTYpaLWid.

Ons Haxoxaenus wnpuHbl pacnaga [P Ha 2p2h 1 Bonee cnoxHble
kondurypauun ("cnpegosas"wmpuna )), a Takxe sHeprun E°
NCMOJIb3YIOTCS CUCTEMATUKMY, NMOJyYEHHbIE MYTEM MapaMeTpusauum
SKCMEPUMEHTAJIbHBIX AAHHBIX.

» [MonHas wmpuna I =T4 +1T.



N3ocnnHosoe pacuiennenue '[P
NBI AP cootsetcteyer nornowenuio dotona ¢ T = 1. B pesynbraTte
dopmupytoTcs gBa Habopa ypoBHeii cocTtasHoli cuctembl: T = Tg u
T~ = To + 1. Boinetatowne p uam n yHocsaT t = % BeposiTHocTb obpaszoBaHus
KOHEYHOIO COCTOSIHNSI C KOHKPETHLIM M30CMHOM OMpefensieTcs
KKl -koadhbrmeHTaMun BEKTOPHOTO CIOXKEHUS 1 MAOTHOCTSMU KOHEYHbIX
ypoBHENA C AaHHbIM T . Pe3ynbTaT: nogassieHne Bbixoga N U3 COCTOsSIHUSA T

re1 =Tt

[B. C. Nwxanos, BMY. ®us. (2), 3 (2010)]

B KM®P Bbluncnsietcsi BeposiTHOCTb Bo3byxaeHusi T, T~-komnonent [P, a
MAOTHOCTb YPOBHEA KOHEYHOrO COCTOSIHUSA T~ OLEHWBAETCS MO MIOTHOCTSM
YpOBHeii n306ap-aHanorogoro sgpa.



[onymukpockonmnyeckas mMogenab OTOMNOMIOLIEHUS

[Mpnmep pacyeTa napameTpoB pe3oHaHCOB

Mpumep: cunbHo gecdbopmuposaHHoe sgpo °4Sm, § = 0.32

Type E (MeV) [ A(mb MeV) | T] rh ' (MeV)
GDR T« (2) 12.13 924.663 0.000 | 0.167 | 2.753
GDR Ts (2) 22.92 37.593 0.293 | 0.000 | 4.905
GDR T< (x+y) | 15.95 1849.326 0.001 | 0.353 | 4.758
GDR2 35.45 77.457 0.842 | 1.672 | 7.929
GQR (1) 22.12 32.201 0.091 | 0.707 | 3.269
GQR (2) 23.99 75.708 0.161 | 0.840 | 3.542
GQR (3) 27.07 96.421 0.307 | 1.060 | 3.994

GDR(z) n GDR(x+y) — BeTBu gecopmaumontoro pacwennenus [P,

GDR T. n T~ — n30cnuHOBOe pacLlenieHue;

GQR(1,2,3) — Beten gedopmanmontoro paciennequs TKP (M =0, +1,+2);
GDR2 — obepton 1P (nepexog 3hw).



HOﬂyMI/IKpOCKOI'II/I‘-IeCKaSI MOJENb (,JpOTOI'IOFJ'IOLLI,eH nA

Mpumep pacuyeta napameTpoB pe3oHaHCOB

154gm
350 T T T T T T T T
Total withQD ——
(gamma,abs) [Gurevich 1981] —=—
GDR T<(Z) ——
GDR T-:ng-r‘r’i E—
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HOﬂyMI/IKpOCKOI'II/I‘-IeCKaﬂ MOJENb CbOTOI'IOFJ'IOLLI,eH nA

Mpumep pacuyeta napameTpoB pe3oHaHCOB
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[Mpnmep pacyeTa napameTpoB pe3oHaHCOB

[onymukpockonmnyeckas mMogenab OTOMNOMIOLIEHUS

+8cq (gamma,abs)
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[|. CpaBHeHve pe3ynbTaToB
TEOPETUYECKNX PACHETOB C
SKCMEPVMEHTANIBHBIMUN CEYEHUSIMU



VHuBepcanbHbIli NakeT MogesnpoBaHns saaepHoix peakunii TALYS

%,

TALYS-1.§8°

A nuclear reaction program

“TALYS is a computer code system for
the analysis and prediction of nuclear
reactions. The basic objective behind its
construction is the simulation of nuclear
reactions that involve neutrons, photons,
protons, deuterons, tritons, 3He- and
alpha-particles, in the 1 keV - 200 MeV
energy range and for target nuclides of
mass 12 and heavier. To achieve this, we
have implemented a suite of nuclear
reaction models into a single code
system. This enables us to evaluate
nuclear reactions from the unresolved
resonance range up to intermediate

User Manual

Arjan Koning energies."

Stephane Hilaire
Stephane Goriely

C Toukn 3peHus ¢.s.p. TALYS =
oabs(RIPL) + X® + JkcutoHHas
mMozeNb.



KomburuposarHas mogens doTosigepHbix peakunii (KM®P)

> KombuHuposaHHas mogenb doTosgepHbix peakuyuii (KM®PP) —
BbIHUCANTENbHAA MOAENb AN ONNCAHNA ce4yeHunm napuuvanbHbIX peaKLLI/Iﬁ n
SHEPreTNYECKMX CNEKTPOB BbIJIETAOWMX YacTuL, B (DOTOAAEPHBIX PEaKLUAX B
obnactu anepruii FIAP. Astop mogenn B. H. Opaun (HUNAD MIY).

> B, < E, < E; (7 M3B < E, <140 M3B, akcnepumenTansHo nposepeHbl 0
60 MaB).

» Peakuumn Ha cpepHnx u Tsxenbix sapax 40 < A < 240.

» MoryT 6bITb pacHnTaHbl CEHEHNS MHOrOYaCTUYHbIX (DOTOSIAEPHBIX peakuuii
c NtobbIM Yncnaom BbineTatowmx n u p (y4TéH hOTOHHBIN KaHan pacnaga).

> [puMmepbl NCNOABb30BaHNA: OLEeHKa POTOSAEPHBIX AaHHbIX, NPUKAAAHbIE
3agaqm, actpodusumka, etc.



CTpykTypa KOMOUHMPOBAHHON MoAEnN (POTOSAEPHbIX PeaKLnii
(KM®P)

Semimicroscopic model Photonuclear
of nuclear vibrations > reaction cross
sections

A4

Combined model of
photonuclear
reactions

Quasideuteron model

A 4

Photoneutron and
.| photoproton
"| spectra

Exciton model

h 4

Evaporation model

A4

[B. S. Ishkhanov et al., (Nova, New York), P. 111]

» OCHOBHbIE KOMMOHEHTbI r106aNbHON CTPYKTYPbl CeHeHUst (POTOMOrNOLLEHNS,
yuntbieaemble 8 KM®P: TP, TKP u ux cybkomnoneHTbl, obeptoH [P,
KBa3NAEATPOHHbLINI MEXaHN3M MOM/IOWEHNS DOTOHA.

> B Xo4e pacnada AN KaXXgoro KOMMNOHEHTa CbOTOI'IOFJ'IOLLI.eHI/ISI BEPOATHOCTHU
pacnaga BblHUCNAKOTCA HE3ABUCUMO.

» VyuTbiBaetca obonodeyHas CTPYKTYpa BXOA4HOIO COCTOAHUA.

» Pacnap: skcuToHHas mogens + B.-3.



Peakunn ¢ BbIneTomM HeliTPOHOB

» llenb cpaBHEHUS He B UAeanbHOM BOCMPOU3BELEHUN SKCNEPUMEHTANbHbBIX
JaHHbIX, a B AEMOHCTpaLN NPeaCcKasaTesibHOl Cuiibl Mogeneii ¢
napamMeTpaMu «mno yMOJYaHUo».

P> DkcnepumeHTasbHbIe faHHble B3sTbl B OCHOBHOM 13 ba3bl atnaca IAEA NDS
1999, asnstoulerocs CTaHAapPTHLIM UCTOYHUKOM PEKOMEHJOBAHHbIX
doTosiAepHbIX AAHHBIX.

» B cpasHenue He Bkatodanucs oueHku LLADD, nonyyerHsbie ¢
ncnons3oaHunem mogenn KM®OP.

» Pacyer TALYS BbinosnHeH ¢ Habopom NapaMeTpoB MO YyMOJHAHUIO.

» Pacyer KM®P BbINosHEH C NCMNOJIb30BaHWEM ABYX MOZLENER U30CMUHOBOMO
pacwennexus: ocHosHasi Mogens KM®P1 (obosnauenne T1), mogens
KM®P2 (T2) [S. Fallieros et al., NP A 147, 593 (1970)].
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48ca(y,n)

T T
++0'Keefe etal., 1987 —=—
+ KMFRT1T ——
! KMFRT2 — - — -

. ++ " TALYS ——
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48Ca(y,2n)

10 12 14 16 18 20 22 24 26

COrnacue 3KCNepUMEHTaNIbHBIX U TeopeTndeckux pacyetos (y,2n).



54Fe § = 0,038

54Fe(y,n)
120 T T T T T T
B. S. Ratner et al., 1977 —=—
L. Katz et al., 1951 o
100 - J. W. Norbury et al., 1978 ——
KMFRT1 ——
KMFRT2 —-—-
80 - TALYS ————
[l=]
£ 60 -
[}
40
20 +
0 !
10 12

3KCI'IepI/IMeHTaJ'IbeIe AaHHbl€ CUNIBbHO OT/INYAKOTCA.
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3HaumMTeNIbHOE OTNNYNE PE3YNLTATOB Npu 3HEPrusix Boiwe Bo,. LLuprHa

33Co(y,n), (v,2n)

T T
S.C. Fultz et al., 1962 —=—
R. A. Alvarez et al., 1979 —a—

T
S.C. Fultz et al., 1962 —=—
R. A. Alvarez et al., 1979 —&—

G. Baciu et al., 1965
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CeyeHunst pOTONPOTOHHbBIX peaKLnii

4 3KCI'IepI/IMeHTaJ'IbeIe ceyeHuns I'Ipe,El,CTaBﬂeHbl Ha TeEX XKe ﬂAan.
> Bonpochl K HAAEXHOCTU AAHHBIX BBUAY COXKHOCTER M3MEPEHUS
doTONpoTOHOB.
> TpymnoemMKoCTb aKTUBALMOHHON METOAUNKMU;
> [psimas perncrpaymsi NPOTOHOB B YC/IOBUSIX CUBHOrO hoHa;
» [puMeHeHMe TOPMO3HOro n3sy4eHus TpebyeT peleHns obpaTHOI 3agayn.
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3akato4eHne

» C nomoLLbio CTaTUCTUYECKX MOIENEA BO3MOXEH pacyeT ceveHuii
doTosaepHbIx peakuunii B obnactu [P.

> XapakTepHasi TO4HOCTb pac4eToB B obnactn cTabunbhbix agep okono 20%.

> [lns agekBaTHOro onucaHus bOTONPOTOHHBIX peakuuii TpebyeTcs ydeT
cneuunduyecknx ocobeHHocTeli hopmuposarust u pacnaga AP,
HanpuMmep,ero 0bosI04eHHOI CTPYKTYPbI, N30CMUHOBOrO 1 AehOpMaLMOHHOIo
pacLuienneHus.

> B 2019 rogy mopens KM®P 6bina nepereceHa Ha Linux/gfortran.



[Nepebiii nyban4dtbii pennsz KM®P, ntons 2019

eee < fit ® =8 depni.sinp.msu.ru/~hatta/kmfr/index. htmi s} © | AA [

nnpy

[Home]  [Abou]  [Download]  [Installation and usage]

KMFR: A combined model of photonuclear reactions

This is the combined model of photonuclear reactions (KMFR), a program for calculation of cross sections and particle
emission spectra in nuclear reactions on medium and heavy nuclei triggered by photons with energies from the nucleon
separation threshold (about 7--8 MeV) to the meson production energy (about 140 MeV). Cross sections of reactions with
different numbers of outgoing neutrons and protons can be computed taking into account photon emission.

KMFR is being developed since 1990s by Vadim Orlin at the Skobeltsyn Institute of Nuclear Physics, a department of the
Moscow State University. It is used for evaluation of data, analysis of expert results, and simulation.

Please note that this page is under construction and detailed documentation on the model and its usage is currently missing
and will appear later.

News

* 2019-06-30. First public release of the KMFR source code.

© 2019. Page maintained by V. N. Orlin, G. 1. Bykhalo, K. A. Stopani, Moscow State University

http://depni.sinp.msu.ru/ hatta/kmfr/index.html

VlCXO,EI,HbIVI KO, PYKOBOACTBO MO YCTAHOBKE, OOKYMEHTAUNA.
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Practical requirements for a computational model of photonuclear
reactions

» In comparison with general-purpose computational models of nuclear
reactions, based on the statistical approach, such as TALYS and EMPIRE, a
specialized model of photonuclear reactions has to include description of
specific effects significantly affecting the observed cross sections.

» Energies, amplitudes, and widths of giant resonances (GR) in the considered
energy range.

» Deformation and its effect on the global structure of photoabsorption cross
section.

» Isospin (approx.) conservation effect, resulting in enhancement of
photoproton yields.

» Collective structure of the doorway excitation state, affecting the spectra of

outgoing pacticles and the contribution of semi-direct nucleon emission,
especially for exotic nuclei far from the beta-stability valley.



Decay of the collective excitation

» Decay of each component is handled independently.

v

Shell-structure of doorway states of resonances is respected.

v

Two-component exciton model describes the semi-direct and preequilibrium
stages of nucleon emission.

v

Weisskopf-Ewing evaporation model is used at the thermalized decay stage.

v

Calculation of exclusive particle spectra.
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Reproduction of the proton emission channel
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Reproduction of the proton emission channel




Decay of the collective excitation

209 Bi
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