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Uwnbuwfununipjut pbdwt hwuwnwwndb) £ U. b Uhfuwbjwuh wudwu Ugqught
Shunwlywu Lwpnpwinnphwih (6pdh) ghnwywu funphnipnnid:
Yhunwlwu nEhwlwn'

<< GUU wywnbdhynu, $.d.g.n. M. <Ujwqjuu (UUSL)
Muwaonnuwlwu punnhdwfunuubp'

bhqg.-dwpe ghwn. nnlwnnp U. U. twuwgnywu (6MK)
bhqg.-dwpe ghwn. phluwsdnt U. E. Udbwnhujwt (UUSGL)
Unwowwnwp Yuaqdwlbpwnigni' Gplwup MEwnwlwu <wdwuwpwu

Muwonwwunyeniup Juywuwne § 2016p. hniwhuh 7-hu, dwdp  14%°-hu UUSLh
«Uphoniyh b wwppwlwu dJwutuhlubph  dhghlw» 024 dwuuwghwnwlywu
funphpnn (Gplwu - 0036, Ujhfuwuywu tnpjwpubph th. 2):

Uwnbuwfununipjuup Yupbih £ Swunpwuw) UUSL-h gpwnwpwunu:

Utindwaghpu wnwpyws £ 2016p. dwjhuh 6-hu

Uwutwghwnwlwu funphpnh ghnwywu pwpuniwp

Shqdwp ghuniyeyniuubiph nnywinp (/( - Y. M Ywpwiuwuywu

Tema pucceptaumu yTBepMpaeHa yueHbIM coBeToM HaumoHanbHoii HayuHoit
Nabopatopun umenn A. . Annxanana (EpdU)

HayuHbiii pykoBoauTenb:

AKagemuk f..M.H. P. O. Asakan (HHJ)
OdpnumanbHble ONMOHEHTbI:

[lokTop hu3nKo-maTEMaTUYECKUX HAYK A.C.[Janarynan (ETY)
Kanampat dursmkKo-maTemaTMyeCcKnX Hayk A.2.Asetucan (HHN)
BepnyLuan opraHusauma: EpesaHckuii locypapcTBeHHblii YHusepcutet
3awmra COCTOUTCA 7-TO  WUIOHA, 2016 r. B 14 vyacoB Ha 3acegaHuu

cneuvanusvposaHHoro coseta BAK 024 “dusuka Agpa v aneMeHTapHbIX vactuy,
HaunonanbHoli HayuHoii Jlabopatopum  um. A.W.AnuxaHaHa (Epesan-0036, yn.
BpaTtbeB AnuxaHsaH 2)

C pmccepraumeii MOXHO 03HakoMUTbCA B bubnunoteke HHITA

ABTopedpepat pasocnaH 6-ro maa 2016 r.

YueHblii cekpeTapb criew. CoseTa V4 —~

JOKTOpP (DM3MKO-MaTeMaTUYECKUX HayK ' K/ A [.P. KapaxaHaH
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Usuwnwiy unhwinip punipw

Uojnwnmipp  tdhpyws  E wwpphp  dhomiljubipnid  uhdbwnphwukph b
Jiuuntputph ntuntdbwuhpnipjutp: Ugjuwnwbpnid dwbpudwub tkpljujugynid
Eu Epynt dhonijuyhtt nkwlghwubtph thnpdwpupulub wpyniuputpp b bpubg
hpujubugdwi dudwiul junupjuws npudwyuhdwl, wpynibuybnnipjut b
wy] wuhpwdton hwoquplubpp: Fhwnnwthnpdiphg wpwehin niuntdbwuhpnid k
A™190 quuguduyhtt whpnypnd nwpwsjws UntybpUhdbtnphw (SUSY) Unpbyp,
nnp htwpwynpmpinit £ vnwjhu jutjpunbul) jEun-Jun Jhenijubph qpgndus
Eutpqtnhl dwwuppuliubpp:

Bplpnpn ghnnwthnpdp Jepupkpymd k 0 dheniljh niunidbwuhpnipjup, npp
hwdwpynid k dhgntjuyhtt wunnubhqhuynud wdkbwluplinp dhenijutiphg dklp:
Uiy dhonihh Eukpgbwnhy dwlwpnulubpt ogund Eu wybkih jwuy hwuljwbw) o-
wjpdwb ntwlghwubtpp, hull 2C/*0 nkwlghwjh wpwgnipniup pny] £ wnwhu
quwhwint] Swiip wuwnnbtph mwuphpp:

Phvuyh wpnhwljwiimpnibip

Uhonijutiph  jwonigusdph niuntdbwuhpnipjniiubpp owwn  uplnp  Bu
dhonijuyhtt nhwlghwikph b wwwppkp ynipiph wpwewgdwt hwdwp: Unbtnsdty
ki wwppip dhonijuyhtt Unpljubp: Upwighg wdbtiwmnmwpusyust b, ophtwl,
Yuphjuyht dngbip, npp htwpunpmpmi nkg pugunpby dhgnihh Juuh
Eutkipqhwt, puyg sjupnpuguy wywgnigh], pk hisnt npny dhoniljukp niuku wykih
Ubks uwh Eubpghw, pwt opowlw wy dheonijutpp: Uy hull wwwndwnny wnwy
puptg Ukl wy Unnb]  punuipuyht ungkp: U dnnbjh dhengn wowe klwb
Unquljul pytpp (2, 8, 20, 28, 50, 82, 126) L wwpq nupdwy, np theniljukpp, npnup
niiklt wyju pYny wpnwunt fud tkpnpnt, wdbh Juynit Yhuklh, pwub opowlwypnid
quitynn wy] dhenijubtp: Puyg wyu Unpbj niuh phpnipnit. wyt nuppbpnipmia sh
nunid wpnunth b ukpupnth dhol: Ujuhupt hwodh sh weldnud Ynyniyui
thnjuuqntignipniip: Unugynid £ dhemht tkjunpnt jud ypnunnt wykjugibip
hwjwuwp hwjuwiwlwi k Ppujuinid nu wnwbu sk, b wywgnygu wy k np
uluws npny Yupqupyhg dhgnimu wpnnubbph ni Gkpnpnubbph phip ny ph
hwdwuwn k, wy) thpinpnbubpb niukt wygbignily: Uju hwiquuwbipp hwipygh wntbng
uljubightt  unbtnsdyt] wwppkp  dnghjubp:  Lhpuyugqus  wpiwmnwbpibpnud
Juwnwpdws L kpynt Unpljubph Ekpupkpu) nuunidbwuhpoipiniabpn:
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UniybkpUhdbwnphwt 1980-wjwtbkphg wpwy pwodwsd wbunipmit k, npp
htwpwynpnipnit £ wwjhu Jwqutng dheombubph pwnjul], YJwpnpubug
Juwupwinbul] punjulh Yhuwn-YEun  dhpmhh  Eubkpghnhy dwwupnulubtpp
oquuytiny vhuyt punjulh djpiu wiunwdubphg (qnyg-qnyg, Yhun-qnyq b qnyg-
Jtuwn): Uju UniybpUhdknphwt snith ny dh pinhwinip websnipmnit CERN-nud
Juunwpyny nuunidtwuppnipnibtbph hbn: Tuwinudp vnwgl] £ dhdhugt wyt
wwwdwreny, np Jhpunymd Eu tnyb uhdbnphwibpp: Udkbhwnwpusdus
punjuljp A7190 mhpnypmd gu P41%Pt 1 9%1%Au punjulju k, nph JEpwpbpuy
Yuwnwupyb E ghinnwthna:

Cunniijusé k wuli), np gpwstp, htijhnwdh b thphnidh dhentjubkpp wnwewgky ku
Uks Nuypjniuh wpyniupmd b hwiughuwgtk] b hbnwgqu dhenijubph uhtptqh
hhup: Uhgnijutiph hwdwp qnmpnit nith dnnpk), npp Bupwngpnud E np
dhonijubpnid npnp tubkpgbwnpl dwjwuppulhg ujuws dhonilp ns ph nibund &
wnpnunbwht ot tkjpnpnbuwghtt pupunid, wy] juqudws b jhuinud o-dwutthubphg:
Uyt dhonijubpp, npnip wdnnempjudp o-jjuuntp b quninid b sh dunud wquwn
wpnunt jud tbpunpnt Ynsynd B cchwdwnis dhonijubp: Unwyhuh dhonilyh
ophliul Eu* 2Be, 12C, 190 h wyl:

Ugjuwunwiph twyunnwln

Unwghti ghwnmwthnpdh twwuwl L Y19%Pt  phpwjuttpp  ndpwlnst)
wpnunbwhtt thgny b unwbwy *>1%Au, wjinthbnl dowlking uvnwugdus
wpmpbpp (ujugl) %Au Hukpghnhy dwuppuyibph gqunlbpp, b wji
Yhpwnk] *Au dhenijh Eubpghnhl dwuppuiubpp mbuwuunpbit hwodbnt
hwdwp, htwpwynpnipjut  phypnmd  swhbk;  twb  "PAu Eubkpghnhl
dwlupnuyutpp, npwhtuqh huwpwdnp (huth hwdbdwnbk] hopdwpupulut
wpyniiputinh htiwn:

Yhpwrwljwi towhwlnmpimbp

Pusybu upgtg, UmiyipUhdbnphwi pny) k nnwjhu npnoty YEun-YEun dhenihh
tubpgbwnhy  dwiwppulibpp’ mbkbwny  dhugt puppulh  wy  whnudibph
Eutkipgtinmply dwwpnuljubpp: Unwehtt ghinnwthnpdh wpnniupubpp hbnwguynud
Jupkih E ogquugnpst] *Au dhonihh  Eubpghwnhl dwlwppulubkph  wdbh
dwbpudwutl  nunidtwuhpnipjutt hwdwp®  wyp  dhonijughtt  nhwljghwibph
Uhongny: ‘

Zudkdwnws wnwghtt ghnwthnpdh Yhpwnkjhnipjui htn Eplpnpy
ghtnuthnpdh wpynitipibptt nitkh wybtih (uybt Yhpuend: O dhoniljh hwdwp
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suthjwd Eubpghwbpp Jupbih £ jhpunt] wunnbph wwphpp npngkihu: Upagh
hhdttwut  pwnunphy hwighuwiund L uwyl, np ny pnnp  Eubkpghunpl
dwljupnuljubptt ko hwjnbh: Zbwpunp b fhpunk] c-uypdwt nhwlghwubpp
dhonijubptt nitunmdtwuhpbihu b pugwwnpl] phpl dhonijubph wnwewmgdw
wpuqgnipnibitbpp Uks Muypniithg hkwnn:

Shunwlwhb inpmpinmip

Ghunwhnpdbph wpyniupnid swthykyp Eu Au dhonijh mmwup tnp wagnud b
nip Unp Eubpginhl dwliwpnuy dhigh 1.5 UL Eubkpglnhl whpoypp, npnup Ubs
ubpnpnud B niukunwd *°Au dhgniljh tubpgbnhl dwjwupnpuyjutph jutjpunbudwut
Uko: Swynp, thnpp Y*Pt(p,n) nkwljghwtt niukp dh pwuh wbuquu thnpp Yupdusp,
pwil ¥Pt(p,2n) nkwljghwt b httwpwynp sknuy sutht) **Au dhonijh Eukpghwnhly
dwupnuyutpp: Uju thopdh twhwyunpuunuub wppownwbpubph dudwbwy
thnpdwplyk) k unp b wpug Mesytec MADC-32 Uf¢®, npp hudbkdwwnwpup wykih
bdwb kb mbp wykh pwn dnmunpughtt jwbw hwdbdunws ORTEC ASPec-927
Upd®-h htw, npp bhwdwpynud L juwgnyubkphg dblp  y-wnwquyph
uykjunpuwulnyhuwynud: Uwywugnigyt] E, np Mesytec MADC-32 UG® sh qhenid
ORTEC ASPec-927 U.0®-hi:

Enypny ghnnuhnpdh wpyniipmu yudujtg tpyme tnp Fubkpglnhly dwljupnuy
20 UEY whpnyphg pupdp Lukipghwyny: Zwydtg °O dhoniyh hutkpghwyh dndbuwnp
uyn  Uppnmijubpph hwdwp b wwwgmgykg, np huuwbu npny Eukpghunhy
dwupnuyutpnd °O dheniyp niuh 4a-dwutthyh géuyhtt onpuygh wmbup, npu
hwugkgunid £ Uk hutipghuyh dndbuwnhp:

Nuwounuyywim pqubh Gkpljuyugdnn wpnnibpht

NMupnyuinipjut dudwbwl] Yubkpjuyugytu kplint ghnwthnpdbiph junwpdwi
Ukpnnubnp, hwoyuplhuwt Ukpnnutpp b unwugdwsé wpnpniupubpp:
Uwnktwnumpyui junngjuspp

Uoliwnwipp  juqujwd £ bpwdnipimihg,  snpu qijuhg,  Jkpgwpwihg,
wnniuwljubph b ujupubph guuljhg, hwywyndutphg b hnnulubph gutljhg:
Uojuwnwiiph pnjubinwlnipiniip

Ukpwbnipjnii

Uhpwdnipniunid  wjupugpdnud &u wwppbp  dngbjubph - Yhpundw
wnppnypubpp, tpwig wnwdbnipnitubpp b phpnenibubpp: Ujunthbnb

5
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tjupugpynid b nuunwdbwuhpynn dngbjibph qupqugdwt  thoybppe
UniybkpUhdbwnphuyh  hwdwp  tjuwpugpymd B hhdtwljuwt  oguuiwugnpéynn
uhubwnphwbbpp: AEpJwsd b pwbwdlbbkp tubpghnhl dwlwupnuljiubpp hwpybn
hwdwp: Ujwpwugpymud  E tpwbg qupqugndp:  Unigbpuhdbnphugh  hhdp
hwlnhuwgnn Interacting Boson Model (IBM)-p Jhpwnkh E dhuyt qnuq-qnuq
dhonijubiph hwdwp: Ujinthtnb wjh qupqugytg b nwupdwy Interaction Boson-
Fermion Model (IBFM), npp pungpinud Ep twb YEun Jupqupyny dhenljutp, b
Jtpowybu UntybpUhdbwnphwi, npp Yhpwuekjh k jEun-YEun dhenijubph hwdwnp:

Ljwpugynud t Ephypnpy ghvnwthnpdh nundbwuhpmpjuip Jepuwpbpnn o-
Juunbpughtt dhenijutiph $hghuljut tywpwghpp: Spynwd b nbnbynipiniu
dvhomijh o-Unpkjh dwuhl, pht htgnt B o-dwubhp wnwbudbwbinid dpiu phph
Uhgniyubiphg:

Unwght qiniju
Ukpluwjugyws b btwpuhtinid juunwpws hbnnwgnuumipiniiubpp: Ripdws k

wnwppkp  dhonjuyhtt  dnpkjutph  Wqupwugpnipiniip,  tpwbg  jhpwpmipjut
uwhuwukpp:

Eplypnpn giniju

Usjuwwnwipp juuwpdtp E UUL-h Lnup Ywdh Zwdwjuwpwih dwb-phk
Gpwd whyh wpuqugmgsny: Uy hul wundweny, wphiwnwiph tpyppnpng
qllunid tbpyuyugdnud £ bwb wpwqugnigsh dwuht punhwinip mbnknipnit:
Ljwpugpynd E tpw wolnwmwnwbpwjhtt dbpnnp, phk hywbu . Juunwpynud
dhonijubiph wpwqugnudp gduyhtt wpuqugnigsnid: Luh tkpuyugynid k thugkph
unbnénudp b qupqugnudp Epynt mbuwlh hnttughtt wnpniputpnud (HIS - Helium
Ion source it MC-SNICS - Multi-Cathode Source of Negative Ions by Cesium Sputtering).

Uohmwwnwipnid oquuugnpdyty; Eu wmwppkp whwh Spwgpuyhtt thwpkptbp:
Uhunijjughwittph hwdwp oquuwgnpdyt] k. TALYS b Geant4, hull wjjujubph
Upwljiwt hudwp ROOT b RadWare: Lwith np Geant4-p i ROOT-p hwthuwbinid
k. puwqUudniulghntwy Spwgpbkp, wju pwdumd  Ujwpugpus tu bpubg
Junnigwsdpp b wownbkgubint Ukpnnubpp:

Eppnpy gmiju

Uju ginihup tkpwnnid £ wnwghtt ghinuthnpdhg unwugdus wpnyniipttpp b wyy
wpmniupubph unwgdwtt  hwdwp' Jupbnp wpyniupubp unp wnhwh
htywnpnuhugh b ghwnblunpubpp  EbEjnhympjut  Epwpbkpu;: @npéh
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wpympnid  oquuugnpdyly b Qhpdwthnidh b Uhihynt-Lhphnidwht
nhnklwnnpubn:

y-Swnwquyph uwhliupubpp dowlbnt hwdwp jwjwgnyt dpwgpkphg E
RadWare-p, nph dwuhtt tkpjuyugynud £ npny hwdwpnwn wtinklnipmnit b npuiing
njjuutpp dowljdwt dkpnnp:

Ugjuwwnwipnid Yhpwundtk] E unp wmhwyh Mesytec MADC-32 U©® (Uuw)ng-
PJuyhtt ®npawpyhy ADC), npp owwn wybkh dwwngkih £ wpwgq kb nith wybih own
Unitnpuyghtt  Jwbwyubkp: Phpwés b gdwjunipjut b nudnnuluwimpjut
hwdbtdwwnnipmniip wopiwphnd wdkiwhwyinuh ORTEC ASPec-927 U@®-h hhw,
nnp hudwpynud | jwugniyup y-dwnwquyph vy bknpnuljnu huynud:

Lwlb swhyl) Eu pnnp ghnbklunpukph wpynitwybnnipnitubpp, puth np
wihpwdton Lt mbbtw] (wd wwulbpugnid  wpynibwdbnnipmniiibph
Jbpwpbkpu) y-dwnwquypbph b fEjupnuubkph pwtwlp switht] jupnpubwne
hwdwn:

SYjujutiph dpwjdwi pupugpnid swthyty Eu y-dwnwquyputp b Ynugtlghnt
Etyunpnuukp b hwoydl L Yntdbyghnt gnpswlhgp wignidubtph hwdwp: Upy
gnpbutjhgp hwdbdwwnbing wmbuwlut wpyniupubph htn wwupq L nupdly
wiugnudlutiph wbkuwlp (E1, M1, E2 b wjb): Pdwbwny wigdwb Jtpptwljut
tubpgbnhly dwlwpnpulh wyhp U qnygmpmbp,  hbwpudnp b punbnod
Juwupwnbul] ulqphwljut tubpgbnhl dwwpnulph uyhup b qnyqmipinibp:
Uwhuh wykih &2qphwnn swthnudubph hwdwp wihpudbown b unwbw) walnibught
pupluwdnipnip, npp guynp htwpwynp skp wil] pghnbkliunpubph yulwup
wuwwndwnny:

Ljup 1-nd  phipduws E wdpnpoulut  Eubpghwnpl dwlwppuyubkph
Yurnmigwspp "Au-h hwdwp dptgh 1.5 UEd whpnypp: 2wyt b wwup tnp
wugnid, npnughg huth hwdwp twb §nigklhghnt gnpéwljhgh b swthybky b nipe unp
Eubkpghnhly dwlupnuly:

E= A[NI(N1 +5)+ N, (N, +3)]+ B[ZI(Z1 +4)+2,(2, + 2)]+

B [0'1 (0'1 + 4)+ o, (0'1 + 2)+ 0'32]+ C[Tl (T1 + 3)+ T, (12 + 1)]+ (1)

DL(L+1)+ EJ(J1+1)

Ujunthtnnl  oquuwugnpsting  uwnwgqué  wpmynitpubpp htwpwynp k
Unuybpupdbnphugh dhongny Yuwnwpl) juhiwnbunidutp 196Au-h hwdwp: Fw
Juwnwpkint hwdwp oquruugnpdynid £ Jtp phipjwsd putwdlp: Futwdl 1-md A, B,
B, C, D l E-u qupwdbkwptp G, hull Ni, %, i, 7, L b J-u pyutnughtt pykp Eu:
Ogquwgnpdtiny  'SAu-h  hwdwp uwnwgws Eubkpghnhly  dwlwppuyubpp

httwpunp £ npnot) wupudbnpbpp: Ujuinthbnb wn yupuwdbnpbipny htwpudnp
E junnighk] ¥°Au-h tubkpghnhly vwwupnuljubpp:

7
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1500113/2)" — 1489.76 _|
1475.22
1z 1442.95
9/2-,11/2,13/2" 1407.85
Fo11/2- 1346.51
L 1305.11 B
1127 = 1281.21
1250 &= |
@
—1178.84
3/2* i 1172.84
&
S —1120.11
3/2° s 1111.45
3/2* = 1083.19
9/2=— —1068.94
o
1000 5] 987.78
L. 962.93
(9/2)" - 954.19
| 92— £ —894.41
o 13/2° o 879.36
® - 2 e ,—831.49
= (9/2)* il B B 817.76
% . e 2
) - A |
g 750
o %
:.u: 2 b 702.95 il
e g
= z o
k= S 3 2 ]
= g
= 2
(7/2) 2 549.92
7/2” 4 525.62
500
L | (AR J
3/2+,5/2" i 439.91
] oo
lis ]
L o I o w e B e R 318.58
2
5o : & 261.39
2501~ 3/2‘I e 241.06 |
LY B
Ig E
172 4 61.43
o 372+ XYY o =
195
Au

Llwn 1. NMunljbpdus B Au tubipghnhl dwjupnulubpp dhgh 1.5 UL
wnhpnyp: Yhnwgstpny yuwnlkpdws b wyt wignidubph o1 Eukpglnhy
dwljupnuljutipp, npntp skt nhundby, puyg wyn wignudubpp b dwwppuljubpp
nhwnyk] ki twpayhuinud: Ul wbipunhwwn wbgnudutpp b Eukpglnhy
dwwpnuljubpp dhtigh wyu thnpdp hwynth tht, pulj jupdhp wiptinhwn
wugnidubpn b Eubkipginpl dwljuppuljubp wyju wptwnmwipnid b swhyws
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Lwth np  htwpwynpmipnit sh Enkp swthlyp  Au-h  Eubkpghunhl
dwuppuljubpp, wyw wyb hwdbdwwndb] b iwpjhind junwpdws thnpdh
wpmnipubph  htwn:  Upgmtpnid  unwgyl] k. np hwoydws  Eubpghunhy
dwupnuyutpp wykh juy G hwdpiunud thnpdwpupuljub wpnniupubph htn:
‘Lljup 2-nud pipgwé | wyn hwdbdwwnnipynip:

Upyniupnid vnnwugdmud E, np Au-h hwdwp dptgh 1250 YE9d whpoypp
htwpuwynp E hwpgly tubipghnhy dwljupnljuikpp dhush 80 YEID Loninipjudp, huly
1% Au-h hudwp vhtgh 600 Y9 Eukpgtnhl whpnypep 120 YED £onnipjudp:

so0-

Excitation Energy ( keV )

12yt — ;
3/ 2,10 201 27 - I. Giages et al. | Exp
3/2.1/ 238/ 270 o——

ITE S TE TR P

1
g (1 33 B dap~h——m T
I L L L L

Llwp 2. Muwnltpdus  %°Au-h wkuuljub Eukpglnhl dwljuppuljubph b
twyhunud junwpdus thnpduwlut wpynibputph hwdbdwnmpiniip:

dnppnpn gimju

U quoud  tbpuyugdus  Bu  B3C(*He,n) nhwlghwyny ghwwthnpdh
twhwywnpuunwlub wphmnwbpubpp, uhdnijjughwtpp b wpyniupubpp:

Uju thopdp Junwpbjhu oqunugnpdyt] k snpu 32x32 swthh DSSD (Double-sided
Silicon Strip Detector) nkwnklwnp, thgpuwnpjwé hnuukp qpubgknt b nwubkplyne
htnmil ughunphpjuwnnp  phnklunpubp’  ubkpnpnbubpp  gpuiighint hwdwnp:
Cunhwunip Ywbwjubph phyp DSSD-h hwdwp 256 b Uju wdpnne Jwbuybkpp
hwdwp wuhpwdbon tp Jwwnwpk] swhwgpnid: pu hwdwp oquuugnpdybty &
wniuup b c-cwnpnip: Mnyuupp oguuugnpdyty E npybugh unwgyh wdpnne
whpnypnud swhwgpiwt Yoph wbupp, huy ccwnpnipp’ npwbugh wn Ynpp
lupnidughlt nkuphg thnpuwlkpuyyh Eikpghnhly nkuph: Fnjnp futwitbph hwdwp

9
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Yhpunywé jupnudp tnkp £ 0.02 V - 3 V, hul] a-wnpnipp fwnwquyph] b Gplno
Eutpghuyny o-dwutihl (3182.8 Yk, L 5476.0 YE):
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‘Ll 3. Quthwgpuiul hwdwp oqunuugnpédws tiptip dkpnnutpp. ¥duyhtt (Yupdhp),
punwyniuuyghtt (lwtnpwljuqgny) b Eplynt gduyht (Yutiws):

Quthwgpiuit  hwdwp  oqumwgnpsqus  Jipp wpduws  dbkpnnubpp
htwpuwynpnipnit b mwhu owwn  qwy ujwpwugply tubpghugh Jujunudp
Jubwyukph pyhg: Uojumnwpnid oqunuugnnéyty Eu vh putth inhuh dniuljghwibp,
npytuqh quugh jwyugnyup: Ljwp 3-md phpdws u gduyghy, punwlniuwghtt b
Epynt gduyht Pniulghwubph dhongny Juwwwpdus swthwgpnudubpp: Gplynt
gdwhtip wyt nhwpt E Epp wdpnne whpnypp pwdwiynid b tpint dwuh b wdkh
Ubnd  phuwplymd b wpwdht  gdughtt $miblghw’ npuybu  swihwgpdwb
dntughu: Ljwpnid Yupkh b nbutl), np wdkbwhnpp tubpghnhy obknnudp
wdpnne whpnypnid unnwugynid k, Epp wdpnne mhpnypp pudwtidws b tplynt dwuh:

DSSD-h wahwjh phwnblunnpubpnid htwpunp b qpubigh] wqnubpwb nplk
lwphg, npp sh uwnbndyl) (hgpwnpyws dwubhyhg: Ujpuhuh wqpubpuibbp
wnwowbnd kb, kpp vh jupnd dwubthyh uvnbnéwsd jupnudp owwn Uks L, npp
dwlwénd E hnuwlp Ynnph jupbpnud: Upyniipmid Ynnph jupbphg tnybuybu
wqpuiowl E unwgynud: Upmuyhuh wqpubpwip Ynsggnud £ crosstalk: Uju
nqnnudubpp junwpdlp o b dnunpugpyty spwgpbph dke, npujkuqh swthykl
tubipgbnhl dwwupnpulubpp:
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BC(*He,n) nkwlighwjh wpmyniipnid wpwowinud t 190, npp quuynmud k4«
wnpnhdw dwjupnulhg pupdp Eubpginpl] dwuppunud: Uyt upnn E wnpnhybtg
uUh pwtth dliny. 1*0-4 “He, 1%0-2C+*He Juu *O-2Be+8Be: Upluwtnwiph iyyuwnwljhs £
niunidtiwuhly O wpnhnudp Gplynt 8Be-h dhongny: O tukpqhunhl dwljuppulh
uyhtip npnoknt hwdwp wihpwdbown b swithl] whlnitughtt pwoududnipniiup:
Uy hul] wwwndwnny Juunwpyl) b uhunyjjughw Geant4-ny, nputuqh uwnwgyh
hgnuipny  wpnhdwb dudwbwl wblpnmibughtt pwojujwdnipniup: Uy
puolujubnipiniin  oquuugnpdytp E thnpdwpuwpulubt  nfpujubpp  dowlbno
dudwtul] whlnibughtt puohiusnipiut dbe:

Lhwp 4. Munlpdus ku DSSD nhnklwunpubpp (updhp gdtpny) b
YEuwnpnunid wpwugpttpp 10 ud swthny:

Uhunipgyughwyh dwipudwut wpyniupibpp ubpuyugynud kb Eppopn gplund:
Lljup 4-nud phpdws L ghnbtunputpp (Qupdhp gény), hul YEumpnund pipdus
Eu wnwuigputipp 10 ud swthny:

dhpwlunnigkny thnpdwpwpulu %0O-u htwpwynp § gunund Yunnigh)
gpuwt  wblpmbpn:  Updnipughuyh 0 thopdwpwpuwlwt wpnniuph
hwdbdwwnmpmniip  tkpuyugduws L uup 5-nud: Ljwphg Gpunwd E np
uhUnijughuyh b thnpdwpwpulut wpynibpubpp hwdpbjunud Bu own qud,
uyuhupl dpwghpp Yupkih E Yhpunt] hwoquplubp junwpbint hwdwp:
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Lhwp 5. Munltpdus k thnpdh wpyniupnud suhyus whlpniiugh
puphujudnipjut hudbdwwnnipiniip Geant4-ny junwpyws uhunijjughuyh htwn:

o

Jhpowpuii

dhpowpwinid  hwdwpnin  tkpuyugdus  Bu  bplint  ghwwthnpdkph
wpnniupubpp, wjuhtptt wyn wdkup, hy swhyl] E wju wouwwnwbpubpp
pupwugpnid b hwinhuwunud £ unpnype gusdp tukkpghugh dhonijuyhtt $hqhljugh
plwquyunnid:

Ungniuuljuiph guiyod ubpjuyugynud b wnbbwnumpenyniind phpgws
ponp wnniuwljubph upd punipugpbpp:

Lhwpibph guiymd tbpjuyugynud b wnbtwpununipmniinid yunlpgws ponp
uupubph up& punipwuqptpp:

Zuyyudmudibpmd tkpjuyugynud b wnkbwjununipiniinid oginwugnpdywd pnjnp
hwuywynidubpn:

Oquugnpdjws Fpuljwimpub  wdpnnowljwt  gwulyp ubpluyugjus &
wnbklwnumpiniunwd, pulj Up pwth jupiinpugnyuttpp toqws ki unnph.
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Uithnithmd

Unwohti ghvnwthnpdh wpnyniupnid swthyt) ki unp Bubipgbnhl dwjupnuljutp
b wugnidukp 'Au hwdwp, npnup JUbkS nhp o juwunnud Au Eubpghnhl
dwjupnuyutph niumdbwuppnipjut b mkuwlub hwpquplutph hwudwp:

Epypnpy ghuwthnpdh wpynipnud swi]by Bo ywihwgpiwi $mihghwikpp,
Juwnwpdly Eu uhdnipgughwibp b juwunwpdl] Bu mgnmuadubp,  npubuqh
httwpwynphtiu  &ogphin  swhgkt  uwhup U tubpghnhly  dwlwpnuljukph
Eutpghwbpp:

Juunupjws wpjuwwnwbpubpp ubpiuyugyl; Eu APS-h Ynudbkpwtiuubpnid,

npnlip Yupkih £ gl hbnlyuy yeptwgpbpnd.
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Studying atomic nuclei based on symmetry and clusters models
Abstract

The structure studies of nuclei is the key part in the explanations of the
development of matter after “Big Bang”. Many models were developed to explain the
structure of nuclei. They all have advantages and solve a lot of problems, but they
also had disadvantages. Due to new models were developed.

The experiment that are presented in this dissertation were carried out at the
Nuclear Science Laboratory of the University of Notre Dame, IN, USA. The 11 MV FN
Tandem was used to accelerate beam. Following work discuss two models and bring
the experimental measurements that were done.

One of the model is the SUSY (SuperSymmety) which does not have any
relationship with the SUSY that was developed in the CERN. This is the model based
on the symmetries to predict excited levels of the medium-heavy nuclei (A~190). The
origin of the model is IBM (Interacting Boson Model) which was developed to study
even-even nuclei. Later the model was extended to IBFM (Interacting Boson-Fermion
Model), which also include the odd-A nuclei. Later with the IBFM and dynamical
symmetries the model was extended to SUSY, which is useful to do predictions for
odd-odd nuclei.

The model describes the quartet of nuclei. In the quartet should be an even-even
nucleus, odd-even and even-odd nuclei, and odd-odd nucleus. Historically,
measuring the odd-odd nuclei excited levels were challenging, the model allows to
use other members excited levels fit them with the theoretical equation and get the
excitation energy dependence from quantum numbers of the excited state of the odd-
odd nuclei. The best example of the group that can be studied with SUSY is '*'%°Pt,
199196Ay quartet. The experiment in this work presents new experimental results for
'Au studies and theoretical predictions for '*®Au. 10 new transitions and 8 new
excited levels were measured for the '*Au, which have big impact on '“®Au level
prediction.

Second model is studying the a-clusters in the light nuclei. During the “Big
Bang” only nuclei that were created were Hydrogen, Helium and Lithium. Later they
become the building block to produce rest of the periodic table. 4He is very strong
bounded nucleus and interacts very rare with other nuclei. The model was developed
that assumes that in some excited levels the nuclei will not just consist of proton and
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neutrons, but they will form the a-particles in the nuclei and the excited level should
be discussed as a group of a-particles.

The nuclei that completely clustered called a-conjugate nuclei. The best example
is the '°0 it consists of 4 a-particles. °0 is very important not just for the structure
studies, but also for a-burning rates and 12C/'®0 rates, which is important to predict
the age of stars.

Previously was measured that the 160 has big momentum of inertia in some
excited levels. That was explained that the 160 has linear a-chain structure. Second
experiment was carried out to reveal that problem. The 160 was excited in such level
in which it will break-up into 4a-particles. This work presents the experimental data
analyzes preparations to find out the levels in which "®O breaks into two 8Be.

The work describes calibration methods with the pulsar and a-sources. Different
functions tested and the best calibration function was picked up. Simulations were
done with the Geant4 package to find out the isotropic angular distribution which can
be used during spin assignment. Comparison of Gean4 with the experimental results
are presented in the current work. Other corrections like crosstalk and hit handling
was done as well. The corrections were implemented into the scripts which will be
used to calculate excited levels of '*0

At the end | would like to thank professors Ani Aprahamian, Wanpeng Tan and
other members of the Nuclear Science Laboratory who helped me to do experiments
and analyze datas.
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Vlccne,u,osauue aTOMHDbIX Aaep Ha OCHOoBe MOAeﬂeﬁ CUMMeEeTpUu n
KnacTtepos

Pe3stome

CrpykTypHOE wnccnepoBaHWe Afep ABNAETCA  KNIOYEBLIM  3NEMEHTOM  Mpw
obbAcHeHUN pa3suTuA Matepumn nocne "bBonblioro B3pbisa“. MHorue mopenn 6binn
paspaboTaHbl A1A 06bACHEHUA CTPYKTYpbl Agep. Bce oHu nmetoT cBon npenmyLecTsa
U pelLaloT MHOro npobnem, OAHaKO OHW WMEIOT TakMe CBOWM HepocTaTku. Moatomy
6b1n1 paspaboTaHbl HOBblE MOAENN.

DKCMEpUMeHTbI,  KOTOpble  MpeAcTaBneHbl B HacToAllel  auccepTaumu,
MPOBOAMINCL B Hay4yHOU AAepHoii nabopatopun yHusepcuteta Hotp-[am, MHamnana,
CLUA. [na yckopeHua yacTuy, 6bin ucnonssosaH 11 MB FN Tanaem. B panHoit pabote
paccMOTpeHbl ABe MOAENN U NpUBELEHbI IKCNEPUMEHTalIbHbIE pe3ynbTaThl.

OpHoii n3 mopeneit apnaetca CYCU (CYnepCUMMETpHUA), HE MMEIOLLLAA HUKAKOTO
otHoweHna ¢ CYCW, paspabotaHHoii B CERN. Ota Mopenb, ocHoBaHHaa Ha
CUMMETpPUHU, NMpeackasbiBaeT BO3OyHAeHHbIe YPOBHU cpepHe-Taxenbix agep (A~190).
Mogpenb asnaetca cnepcteuem IBM (Interacting Boson Model), paspabotaHHoii pna
U3yyeHua 4YeTHo-yeTHbIX Afep. [loswe sta moaenb Obina pacumpeHa po IBFM
(Interacting Boson-Fermion Model), koTopaa Take BkntodaeT B ceba agpa c
HeueTHbIM-A. [No3xe mogenb IBFM u guHammueckune cummeTpumn 6b1am paclumperbl A0
CYCW B uenax npeackasaHua ypoBHell HeHETHO-HEUETHbIX Afep.

Mopenb onucbiBaeT KBapTeT agep. B kBapTeTe AomKHbI ObITb YETHO-YETHbIE,
HeYeTHO-YETHble, YETHO-HEYETHbIE W HEYETHO-HeYeTHble AApa. | pPafULUOHHO
U3MepeHus BO3OYMKAEHHbIX YpOBHeW HEeYETHO-HEYeTHbIX AEep AOBOJbHO CHOMHbI.
Mopenb nossonset ucnonb3osaTb BO3bYMAEHHbIE YPOBHW APYruX YNeHOB KBapTeTa,
MPUCMOCObUTL UX K TEOPETUHECKWUM YpaBHEHWAM U MONYYUTb 3aBUCUMOCTb SHEPrUK
BO3OYMAEHNA OT KBaHTOBbIX 4YMCeN BO3OYMAEHHOrO COCTOAHUA HEYETHO-HEeYEeTHbIX
Aapep. Jlyywmm npumepom rpynm, Kotopble MOryT 6biTb U3yyeHbl ¢ nomolubio CYCU,
ABNAeTCA kBapTeT '**1%Pt, 1951% Ay DkcnepuMeHT,  BbINOAHEHHbI B pamMKax AaHHOV
paboTbl, MPEACTABAAET HOBble pe3ynbTaTbl MCCNefoBaHMii '°Au u TeopeTuueckue
npeackasanua ana “°Au. Ona '°Au 6binm nsmeperbl 10 HOBbIX Nepexoos U 8 HOBbIX
BO36YMAEHHbIX YPOBHEll, KOTOpble OKasblBaloT HOMbLUOE BAMAHWE Ha NpeAckasaHusA
ypoBHeii '°Au.

Bropas mopenb usydaer a-knactepbl B nerkux agpax. Bogopop, reawii u nutuii
6bInM eMHCTBEHHbIMM AApaMu, KoTopble obpa3oBanucb B pesynbTate "Bonbluoro
B3pbiea" [lo3me oHM cTanu cTpouTenbHbIMM 6GnoKamn JaA NONyYEHWA OCTalbHbIX
anemeHToB Tabnuupbl Menaeneesa. ‘He oueHb cTabuibHOe AAPO M AOBONBHO PEAKO

17

© National Library of Armenia



B3auMopeiicTByeT C jApyrumn agpamu. Mopenb npepjnonaraeT, 4TO HeKOTOpble
BO30OYHK/EHHbIE YPOBHWU AApa COCTOAT HE TOMbKO W3 MPOTOHOB U HENTPOHOB, HO
0bpasyloT Takme a-4acTulbl, N BO3OY¥AEHHbIE YPOBHU AJEP CneayeT paccmaTpusatb
B Ka4yecTse rpynmnbl 0-4acTuLl.

MonHocTblo KnacTepusoBaHble Afpa Ha3blBatOTCA O-COMpsMeHbiMu. Haunyuiimm
npumepom Takoro agpa aenaetca '°0, KoTopbiii coctout u3 4 a-vactuy. '°0
npeacTBaBiAeT UHTEPEC HE TONMbKO C TOYKW 3PEHUA U3YYEHWUA CTPYKTYpbl, HO U AnA
onpepeneHua ckopoctn a-cxuraina u >C /0, 4To oyeHb BaXHO 1A npeackasaHns
BO3pacTa 3Be3J.

MpoBeaeHHble paHee — W3MepeHUA nokasanm, 4to '°0 umeer 60AbLLION MOMEHT
MHEPLUUU B HEKOTOPbIX BO3OYMAEHHbIX YPOBHAX. IDTUM OObACHANACH /MHeiiHasA
CTpyKTypa a-ueneii B °0.

Bropoii akcnepumeHT Obin npoBefeH C LENbio BblABIEHWA 3Toii npobnembl. B
aKkcnepumenTe Agpa '*0 Bo3byXAaMMCb A0 ONPEAENEHHOTO YPOBHA, NPU KOTOPOM OHO
pacnapanocb Ha 4 a-yacTuupl. B pabote npepctaBneHbl skcnepuMeHTaNbHble JaHHble
aHanM30B NpenapaTos, YTobbl BbIACHUTb YPOBHU, B KoTopbix '°0 pa3busaetca Ha aBa
®Be.

Pabota onucbiBaeT MmeTofbl KanMOpOBKM C  MyNbCapOM U Q-MCTOYHUKOB.
Pasnuunble dyHKUMKM npoBepeHbl U nyywaa YHKUMA KanMOpOBKM nopxsaTuiu.
Mopenuposanue 6bino caenaHo ¢ naketom Geant4, 4Tobbl BbIACHUTL U30TPOMHOE
yrnoBoe pacnpejeneHne, KOTopoe MoxeT ObiTb UCMONb30BaHO B XOfE CMWH 3aiaHuA.
CpasHetune Gean4 c skcnepuMeHTaNbHbIMKU pesynbTaTami NpeacTaBneHbl B TeKyLeld
pabote. [lpyrue nonpaBku, Kak nNepeKkpecTHble nomexu W xuT obpaboTkn 6bino
chenaHo, a Tawie. [lonpaBku 6binn peanu3oBaHbl B CLeHapuu, Kotopble OyayT
MCNONb30BaTbCA LA pacyeTa BO36ymaeHHbIX ypoBHedi °0.

B 3akntoueHne A xouy nobnarogaputb npodpeccopa Ani Aprahamian, Wanpeng
Tan n apyrux uneHoB Hay4HO-AfepHO nabopaTopuu, KOTOpble MHE MOMOraau mnpu
NpoBeAEHUN 3KCMEPUMEHTA W aHann3e NOAYYEHHbIX JaHHbIX.
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