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CxeMBI KOMIITOHOBCKOI'0O MCTOYHHMKA

BO3MOXHBI ~ CIEOYIOIIUE  CXEMbl  KOMIITOHOBCKOIO
HMCTOYHMKA, o0ecrneYrBaroIIne PA3IUYHYIO 4acTOTy
CTOJIKHOBEHUSI  DJICKTPOHHBIX CTYCTKOB C  JIa3€pHBIMHU
uMiyiabcamu. (1) WMIOyIbCHBIA JHUHEHHBIA YCKOPUTEIIh B
Ka4yeCTBE MCTOYHHKA OJUHOYHBIX CTYCTKOB, CIEIYIOIIUX C
gacToTo paborel ero cucrtembl CBY nwuranusg;, (2)
UMIYJIbCHBIN  JIMHEWHBIA  YCKOPUTENb, pa0OTaOMUNA B
MHOTOCTYCTKOBOM peXuMe; (3) pEHUPKYISAIHSA 3JICKTPOHOB B
KOJIBIIC C YCTaHOBJICHHBIM B HEM JIa3€pHBIM pe30HaTopoM; (4)
CBEPXITPOBOAAIINN JUHEUHBIA YCKOPUTENb, PadOTaroNIdil B
HETIPEPHIBHOM PEKUME.




Oco0EHHOCTH BO3MOKHBIX AKCIIEPUMEHTOB Ha ITy4Ke
MOHOXPOMATHYE€CKOTO raMMa-U31y4YCHHUS

[Tnanupys snepHo-GpuU3NYecKre HKCIIEPUMEHTHI HA MOHOXPOMAaTHYECKOM TaMMa-TyuKe
KOMITOHOBCKOT'O MCTOYHHKA, HEOOXOAMMO MPUHUMATh BO BHUMAHHE CJIEIYIONINE OCOOEHHOCTH.

1. BO3MOXHOCTbh JOCTUKEHNS BBICOKOM CTEIICHU MOISPU3ALNNA U3ITYUEHUS.

2. KopoTkast JJIUTENbHOCTh UMITYJIbCA U3TYUYECHUS — JJISl JUHEUHOTO YCKOPUTENS — HECKOJIBKO
MUKOCEKYH/. BO3MOXKHOCTh peanu3anuu BpeMSIPOIETHON METOAUKHU C BBICOKUM Pa3pelIeHUEM Ha
KOPOTKOH 0ase.

3. Masas yroBast pacxoguMocTh u3inyuyenus, Menee 100 mxpan, aist mupunsl criekrpa 0.5%. Ha
pacctostnuu 10 M quaMeTp Mmydka ¢ TAaKO MOHOXPOMAaTUYHOCTBIO COCTABUT OKOJIO 1.5 MM, 4TO
oTpeesieT pa3Mepbl 001aCTH B3aUMOJICUCTBUS C MUILICHBIO.

4. KomnuecTBO raMMa KBaHTOB B mipeaenax nonockl 0.5% npu yactore 1000 ' B eAuHUIY BpEMEHH
coctaBut okoo 4.5x 1077 ¢-1. Ilpu ceuennn peaknuu ~1m0, Beixoa ~100 gacTury/uMirysc.

HpOBe,Z[GHI/Ie I/ICCJIe,Z[OBaHI/II\/II Ha ITYYKC MOHOXPOMATHUYCCKOI'O raMmMa-u3jiydCHusl KOMIITOHOBCKOI'O

UCTOYHHKA TpeOyeT pa3pabOTKH HOBBIX METOJIUK HKCIIEPUMEHTA.

Oco060€e BHUMaHUE CIEAyeT YAeasiTh (POHY MapasuTHOTO TOPMO3ZHOTO U3TyUEHHUSs, TEHEPHUPYEMOTO
ANEKTPOHAMH, TEPSEMBIMU B MIPOLIECCE YCKOPEHHUS B JINHEWHOM YCKOPHUTEIIE.




M CTOYHMKHA MOHOXPOMAaTHYE€CKHUX ITyYKOB FaMMa-KBAaHTOB /ISl
SICPHOM (DUBHKHU.

Ey,MeV | AEy | Iy, ph/sec
ELI-NP (VEGA) 0.2-19.5 0.5 ~108
NewSubaru 0-76 1.2 ~10°
HIyS 0-100 0.8-10 ~107
0-15.3 .
HII®M - HUMSAD (407) 0.5 10

MeToibl YBEIMYEHHUS CPEHETO BbIX0Aa (DOTOHOB

1. PaboTa TMHEMHOTO YCKOPUTEIISI B MHOTOCTYCTKOBOM PEXKUME
2. PenupKkynsinus CryCTKOB B KOJIBIIE.




Bo3MOXHbBIE 3a1a4U
1. Actpodusuka u Hykieocunte3. O0oiaeHHbIe Sapa. /-12 MaB
2. I3yyeHue CTpyKTYpbl TMTAHTCKOIO JUIIOJIBLHOTO pe3oHaHca. 7-40M»B
3. ®oroneneuue. 5-40 M»B
4. MlccnenoBaHue KIIACTEPHBIX COCTOSHUM B sapax. 2-40 M»sB.
5. SAnepHas pe3oHaHcHas dyopecteHiys. I3oMepHbI€ COCTOSIHUS SIIEP.
0.1-8 M»aB.
6. MI3yyeHune ruranTCKuX pe30HAHCOB MHOW MTPUPOALI, TUTMU- 1 M1
pe3oHaHCcoB. 5-40 M»>B.
[ . Ilpukinagneie uccnenoBanus. McciaenoBanrue BO3MOXKHOCTH HApaOOTKHU
MEPCIIEKTUBHBIX IS IACPHOM MEIUIIUHBI paaAuoRyKIMa0B 10-40 M»>B.
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5 - nasep gna 500 MaB

6 - 3KCNepuMeHTanNbHbIN 3an

7 - BCcnomoraTenbHoe obopynoBaHue
8 - cknag

9 - Kopugopbl

A1 - 13- oTKaTHble ABepy pagnaLOHHO3aLWNLLEHHbIe
4 - pacnawHble ABepu pagnaLMoHHO3aLWMLLEHHble
[5 - 18 - pacnawHbie gsepn

J11, N2 - rpy3oBble nudThl

M1- M3 - nornotutenu nyyka

K1 - K3 - Kamepbl B3amoaencTans

1 - yckoputens 50 MaB
2 - paboune cTaHLMn

3 - yckoputenb 500 M3B
4 - KNUCTPOHBDI
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[Ipsimas perucTtparnyst HEUTPOHOB

[Ipsimast peructpanus 3aps>KE€HHBIX YACTHUII
M3MepeHne CiekTpoB HEUTPOHOB U MMPOTOHOB
CHeKTpOCKOITUYECKUE METOIbI

1847 cm & ~750ecm ———

NewSUBARU & Experimental hutch
2 LaBri:Ce FED
Electron beam Cl C2 |:] I | Nal(Tl)

N i e

, : /
( ‘]J) Interaction region 1064 nm / 532 nm laser Tb target
[e

-

(b)

Fig. 1. (a) The y-ray beam line of the NewSUBARU synchrotron radiation facility. A set of two collimators of 3 mm (C1) and 2 mm (C2) aperture was used for the (7, xn)

measurements. (b) Flat efficiency detector (FED) diagram showing the *He counters layout in an inner ring with 4 counters and two outer rings with 9 and respectively 18
counters positioned inside polyethylene moderator.

loana Gheorghe, Hiroaki Utsunomiya, Konstantin Stopani, Dan Filipescu, Takashi Ari-izumi, Sergey Belyshev,
Gongtao Fan, Mateusz Krzysiek, Longxiang Liu, Yiu-Wing Lui, Dmytro Symochko, Hongwei Wang, and Shuji
Miyamoto. Updated neutron-multiplicity sorting method for producing photoneutron average energies and resolving
multiple firing events. Nuclear Instruments and Methods in Physics Research, Section A: Accelerators, Spectrometers,
d Associated Equipment, 1019:165867, 2021.
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1. Actpoduzuka u HykJeocuHTe3. OOOMACHHEIC Spa.
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1. Actpodusuka u HykJeocuHTe3. OOOMACHHEBIC Spa.
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where ¢ 1s the speed of light, and o, ;,(E) the photodisintegration cross section at energy E.
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Fig. 11. Left panel: Graphical display of the integrand function of Eq. (1) for the 1*;'E]?'t[:.',n}]l;”']-"t reaction. The Planck
spectrum n, at a temperature T =2 x 10° K is shown, as well as the Oiy.my(E) cross section from energies slightly
higher than the GDR down to threshold Eg,. Near this energy, the photoneutron cross section is assumed to be given by
Gy E)=00+/(E — Egy )[Ewne, oo being determined by the bremstrahlung experiment. The energy window of astrophysical
interest has typically a width of less than 1 MeV located around the effective energy E.f = Emw + kT/2, and is thus
very close to threshold for conditions relevant to the p-process; Right panel: Approximation of the Planck spectrum at
T =25 % 10" K in the approximate 5—10 MeV energy range by a superposition ¢'=Zf’=l al(T =25 % 10 )Ppems(Eo )
of 6 bremsstrahlung spectra @y, with different endpoint energies E;; (from [31]).

(1)



1. Actpodusurka u HykJieocuHTe3. O0OMICHHBIE SIApa.
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Fig. 32. Values of the normalized overproduction factor (F;)(M)/Fo(M) calculated for three different 25 M, explosion
models: (a) the nominal case defined above (open squares), (b) same as (a), but with *C(0.7)'®O rates divided by a
factor of 2.5 (asterisks), and (c) same as (b), but with a final explosion kinetic energy increased by a factor of 1.5 (black
squares) (from [24]).
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FIG. 5. ICARUS excitation function for 94M0(y, n) of this work

compared with the previous measurements [18,43].
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FIG. 6. Excitation function for **Zr(y, n) of this work compared

with the previous measurements [44,45].

A. Banu, E. G. Meekins, J. A. Silano, H. J. Karwowski, and S. Goriely. Photoneutron reaction cross section
measurements on 94Mo and 90Zr relevant to the p-process nucleosynthesis. Phys. Rev. C 99, 025802 -
Published 11 February 2019




2. I3ydeHne CTpyKTypbl THTAHTCKOIO JUIOJIBHOTO PE30HAHCA.

JHlebopmarmonHoe pacienienue I'JIP
Kondurypamuonnoe pacmenienue I'JIP
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Pe3ynbTaT 3KCNepuMeHTa Ha nyuke BoCCTaHOBNEHUE ceYeHUs

peakLuu

TOPMO3HOI0 Y—U3/1y4yeHuns

u3 pesynbtata KMA-
3KCnepuMeHTa




3. ®oTOoIEIEHHE.
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3. ®oToIEIECHHE.

B pesynbrare neiaeHus mpoucXoauT Iio0alibHas mepecTpoiika Bcero sapa. [Iporece neneHus arToMHbIX
sJiep NPEJCTABISIET CO00M YHUKAIBHYIO BO3MOXXHOCTb JIJI U3y4€HHUs OOJBIIOTO psifa PU3ndecKux
SIBJICHUU:

— M3yueHne nepBUYHOTO B3aUMOJICHCTBUS HAJIETAIONICH YaCTHUIIBI C SIAPOM, MEXaHU3Ma MOTJIOICHUS
MEPBUYHON YACTHUIIBI.

— @opMHUPOBaHNE TUTAHTCKUX PE30HAHCOB B s/ipax. CBsA3b OJHOYACTUYHBIX U KOJUICKTUBHBIX CTEIICHEH
CBOOO/IBI.

— B nporniecce nenenust GopmMa u 3HEprusi BO3OYKACHUS siApa CHIIBHO U3MeHstoTCs. [ToaTomMy nzydas
MIPOIIECC ACJICHUSI MOYKHO MOTYYUTh HHPOPMAIIMIO O XapaKTEPUCTUKAX sSSP PH Pa3HBIX BO3OYXKICHUSIX U
nedopmarusx.

— H3yueHue crycka sijpa OT CEJIOBOM TOYKH 10 MOMEHTA pa3ieSIeHHs JaeT BaXKHYI0 HH(POPMAITHIO O
SJICPHOU BSI3KOCTH, CTATUCTUYECKUX W TUHAMUYECKUX aCTEKTaxX JICJICHUS sApa, paclpeieICHUH dSHEPTUun
MEXK]Ty OCKOJIKAMH, KHHETUYECKOW PHEPTUH U BHYTPEHHEH YHEPTUH BO3OYKACHUS spa.

— VYroBoe pacrpesielieHlue OCKOJIKOB JaeT HH(POpMAITHI0 0 MEXaHU3ME BO3OYKACHUS NEIISIIETrocs sapa
— ®opMHUPOBAHNE OCKOJIKOB JICJICHUsI, €BO30YKICHNE OCKOJIKOB JICJICHHS, BBIJIET HEUTPOHOB U Y-KBAaHTOR
13 OCKOJIKOB MO3BOJISIET UCCIIENOBATh JUHAMUKY paciiajia AeJISIIerocs sapa.

— Jlenenue siaep MO3BOJISAET MOAYyYaTh M U3y4aTh CBOMCTBA SK30THUYECKUX sJIep — HEUTPOHOU3OBITOUHBIX
sanep, 30MepoB (HOPMBbI, BEICOKOCITMHOBBIX M30MEPHBIX COCTOSHUM.

- UccnenoBanus ¢hoToaeaeHUs TTO3BOJISIIOT CEJIEKTUBHO M3ydaTh AKCTPEMaIbHO Je(OpPMUPOBAHHbIE
SJICPHBIC COCTOSIHUS U MPOABUHYTHCS IO MyTH MOHUMaHUS MIPUPOIBI HECKOJIBKUX MaKCUMYMOB (OapbhepoB
CJICHUSA) B SIICPHOM TTOTEHIIHAIIE.

VO RRE



4. Ucciie1oBaHMe KJIACTEPHBIX COCTOSIHUI B s1/Ipax.

P TBNSELBLdLRELE
@ EQMD calculation indicates the ground of ?Cis a
multiconfiguration mixing of shell-model-like and cluster-like
configurations, which is consistent with the prediction of

AMD [Y. Kanada-En’yo, Phys. Rev. Lett 81, 5291 (1998)]

and
FMD [M. Chernykh et al., Phys. Rev. Lett. 98, 032501 (2007)]
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[Ipuknagusie 3a1aun. MeauIUHCKUE U30TOTIbI.

- B HacTOsILLEE BpEMSA OCHOBY AAEPHOM MeANLMHbI COCTAaBAAET OrPaHUYEHHbIN Kpyr
PaAVOHYKANA0B. Hanbonee akTMBHO NPUMEHAEMbIE HYKAUAbI 3a4aCTyO He ABNAIOTCA
ONTUMANbHbIMW MO CBOUM SA4EPHO-OUIUYECKUM XaPAKTEPUCTUKAM U XUMUYECKUM
cBoncTBam. PaszpaboTka pagnodapmnpenapaTtoB OCHOBbLIBAETCA Ha AOCTYMHbIX
PaAVOHYKAMAAX, OHa 3aBUCUT OT Ha/IMUYMA NPOCTbIX CNOCOBOB MX HAaPaboTKM.

- CoBpemeHHble NPOU3BOACTBEHHbIE MOLLHOCTM HAMHOIO MeHbLUE NOTEHLUMANbHOMN
noTpebHOCTN B pagnNOHYKINAE.
[opoBasa noTpebHocTb ®7Cu (pagnonmmyHoTepanua onyxonen) coctasnaet 12000 Ci.

- 3aKpbITUE NCCNeaoBaTENbCKMUX U MPOMbILLNEHHbIX PEAKTOPOB, Ha KOTOPbIX TPAAULMOHHO
HapabaTbiBanMCb U30TOMbI.

90% *°™Tc (0o4HOPOTOHHAA IMUCCUOHHAA KOMMNblOTEPHaA Tomorpadma) HapabaTbiBaeTcA Ha
5-TK peakTopax, 3 U3 HUX UK Y¥Ke 3aKPbITbl MU NAAHUPYETCA 3aKPbITHE.

- OueHKa nepcnekTUBHOCTU HapabOoTKN MeAUUMHCKUX PaaMOHYKAMA0B B pe3ybraTe
doToAAEPHbIX PeaKLUMn OrpaHMUYeHa OTCYTCTBMEM SKCMEPUMEHTA/IbHbIX AAEPHbIX AAHHbIX.




[Ipuknagusie 3a1aun. MeauIUHCKUE U30TOTIbI.

-OKCIIEpUMEHTAJIbHBIC U TEOPETUYECKUE UCCIIeIoBaHUs (DOTOSAIEPHBIX PEAKIU,
MOJTy4Y€HHE CEYEHUM U BBIXOJOB BCEX PEAKIIUM C 00pa30BaHUEM 1I€JIEBBIX U
MOOOYHBIX HYKJIWJIOB.

-Co3ganue 1 oTpab0TKa HOBBIX PAIUOXUMUYECKUX METOAUK OTACICHUS
MOJYYCHHBIX PATUOHYKIMAOB 0€3 HOCUTENISI OT MAaKPOKOJUYECTB MaTepraia

MUIIICHH.

- ccnenoBanus ONTUMAIBHBIX HOCUTEJIEH IS AAPECHOU JTOCTABKUA 3TUX U30TOIOB
Pa3BuTre METONOB aIpECHOM JOCTABKH PAJUOU30TOIIOB K ITOPAKEHHBIM OPraHaM.

-M3yuenue OropacnpeaeaeHus: B OpraHu3Me J1ad0paTOpHbIX KUBOTHBIX.

-IlepemacirabupoBanue Ha HaApaOOTKY OOJBIIMX J103.

-PenukiIuHr MUIICHEN.




Iyt mostyyeHusi MEAMIIMHCKUX U30TONOB HA YCKOPUTEJIAX
3JIEKTPOHOB B (QOTOSAAEPHBIX PeaKIMAX

(v,p) (v,n)B+

Mo94  Mo95  Mo96  Mo97  Mo98
9.25 15.92 16.68 9.55 24.13

0+ Fi+ 0+ Fi+ 0+
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Fig.4 Cross sections of the photonuclear reaction **Zn(y, p)*’Cu
measured in the work of von Siuofi [25] and theoretically calculated
using different models

Fig. 5 Comparison of the experimental yields of the **Zn(y, p)¥’Cu
photonuclear reaction obtained using bremsstrahlung beams and cal-
culated on the basis of known cross sections
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Bo3MOXHbBIE 3a1a4U
1. Actpodusuka u Hykieocunte3. O0oiaeHHbIe Sapa. /-12 MaB
2. I3yyeHue CTpyKTYpbl TMTAHTCKOIO JUIIOJIBLHOTO pe3oHaHca. 7-40M»B
3. ®oroneneuue. 5-40 M»B
4. UccrnenoBaHue KIACTEPHBIX COCTOSHUM B sijpax. 2-40 M»aB.
5. SAnepHas pe3oHaHcHas dyopecteHiys. I3oMepHbI€ COCTOSIHUS SIIEP.
0.1-8 M»aB.
6. MI3yyeHune ruranTCKuX pe30HAHCOB MHOW MTPUPOALI, TUTMU- 1 M1
pe3oHaHCcoB. 5-40 M»>B.
5. Ilpukinagneie uccneaoBanus. McciaenoBanrue BO3BMOXKHOCTH HApaOOTKHU
MEPCIIEKTUBHBIX IS IACPHOM MEIUIIUHBI paaAuoRyKIMa0B 10-40 M»>B.




Cracu0o0 3a BHuUMauue!




