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Uoluwwmbph phinbwimp pimpwghpp

UWhuwnmtpp  wlhpyws E wwppip  dhgmbubpnid  uhubnphwbtph b
Yuunknpkph nuundtwuhpm pyuip: Ughrunnubpmy dwipudwut dbphugugdoud
Eu Epym dhombuyhtt nhwyghmikph thnpdwpmpuljmb wpymbpbbpp b bpubg
hpuuimgiut dodwbul junupgus npuduymihlui, uppnofbnmpejwb b
] wihpmdhgn huwodupyubpp: Fhununhnpdiphg wewghip numutwuhpmd k
A7190 quibqiuduyhtt whpnypmu wwpudjus UnwykpUhdtnphw (SUSY) dnghp,
npp htwpunjnpnipnit £ wiujhu jubjumnbul) hinn-Yeon dhonijubph gpgojwms
Eukpgkwnhl dwhwpnulubpn:

Tplipnpy ghununhnpdp JEpupkpyomd k60 vhombh niumdbwuhpnipjubp, npp
huwdwpynid k dvhgniljuhtn wunnubhghumid wlktwljupbnp dhenijukphg Wblp:
Upy vhomyh Eubpgbuhl dmjuppuljubpt ogimu &b wnfbh ju] hwuljwbw «-
upiwt phwhghmbkpp, huy 2C/%0 nhwhghuh wpmgmpiip poyg) b wwghu
quthunnk) Swbp wuwnnEpp wupppp:

b pn

Uhgnmyukph Yuemgjudph mumdbwuhpmpmibibpp suwn Yuplop b
vhoniljmjht nkwlghwbkph b wwmppkp ympkph wnwemgdwt hudwp: Unlingdgt
Et wwppkp dhgnmlughtt dnpkjukp: Upwtghg wilbtunwpudywst k, ophtwmly,
Yuphjuyhtt Ungbjp, npp htwpwnpmpmib kg puguunpty thgmyh Yuugh
Eukpghwi, puyg supnnugun] wuymgnigh), pk huym npny dhemljakp nukh wnfkh
ULs Jwuh Eukpghw, pmb sppwljm wyp vhemlbukpp: Uy hul) ywwngmpm] wnwmg
pwoykg Uty wy Ungh)  punubpuyhl dnglp: Uju unglh dhengny wnuy Eywb
Unqulimb pykpp (2, 8, 20, 28, 50, 82, 126) b wwpq nupdun], np thenihukpp, npnip
nLukh wiu piynd wpnunb jud akpnpnb, wykih Yoot Yihbkh, pwh oppwluypnid
quindnn wy) vhonyukp: Auyg wyu Unnkt mbh phpmpjoith. wyb wwupphpnipgh sh
gind wpounbh U Ghjupnbh dhel: Ujuhtiph hwyth sh wreidnud Ynynbymb
thnhuqnbgnipiniip: Unugynid ' Uhgniljht tkpunpnt jud wpnnnt wbpugibp
hwjwuwp hujuinnljub & Ppujubomd pu wnubu sk b wywugnygh wyb k, op
uljumd npny Yupqupdhg dhemlmu wpnunbitkph m bbpnpnbikph phip ny pk
hwuuwp E, wyp bipnpnbtkph mukh wkgniy: Uju hubgqudwipp huoth wnitn]
uljukghtt uwnlndk] wwppkp Unghjbkp:  Vkphuymgdws  wphiunnwbpbbpod
Yuunupus kb Eplnt dnnlybph JEpupkpju niumdbmuhpmpniakpp:



UmuybpUpdtnphwi  1980-wjwibkphg wpwy puojwd wnbumpimib £ npp
htwpudnpmpmt T wughue  Yuwqibmy  Jheniliubkph  punjul, Yupnnuibuy
jwihmunbul) purjuyh  Yhiun-hhin dhgmbh Eukpgkwnhy  dwluwphuljukpp
ogui]lyny vhuwjh punjulh dmu whnudikphg (qnyg-qnuygq, Yhwn-qnyq b qnyg-
Yun): Uju UmybpUhdbnphwt snibh ny Uh piphwbnip wnbympinih CERN-nid
juunuplnn mumdtwuhpmipinittkph hbn: Udubnudp winwgl) © Jdhdhuygin wy
yuwfuwrny, np Jhpumnd gy uhdbuphwbbpp: Udkbunupuddwus
punjuyp A71S0 wmhpnypnud nu ¥495Pr i ¥51%Au punjubh t, nph JEpwpkpjuy
Juwnunpyly k ghuurthna:

Chnm bws £ wuk), np gpudth, hbjhnudh b jhphnuwh themubkpp wnwowgk) b
Ukd TMuypmbh wpymbpod b hwbnhuwgl) b hkinwgu vheniljubph uhiipkqh
hpup: Uhomiubph hundwp gqnmpmb mbh Jdoghk, npp Ghpungpmy t, np
Uhgmlbubkpmd npny bubkpgbunhly dwluppuihg ufjuwd thymyp ny pk mbktnd &
wpnunbught m bkpunpntught pushinid, wy uqudus tjhtnud c-dwabhiikphg:
Uyt vhgmbubpp, npnip winngnipjudp a-fjuunkp ki quebnd b sh dinid wqun
ypnunt fuwd bhpopnt Ynggmd b e-hwdwms themlubp: Uynuhuh dhenyh
ophtiul Ei* 2Be, 12C, 160 b wyl:

Ughuunnwbph tuunawbn

Unwohtt qhwuthnpdh  twwwwht E  %1%Pt  phpwjubbpp  nupwindly
wpnunbuyhtt hign] U unwubugy  %59%Au, wjbmhbbunb dowhbng] unwugus
wpymbptbpp wijughlk; ®Au Fukpghwnhl dwlwpnulikph wunbkpp, b wyb
Yhpwrl] ®6Au vhgmlh bubpghwnhly dwjwppulikpp wbuwfwbnpki hwoybm
hwdwp, hiwpunpmpjubh ghypmd  yunpl;  twb  Au  Eubkpghwhl
dwhuwpyulbkpp, npwbugh hbwpuynp thih  hundbdwint)  gopdwpupmiwui
wpynibphkph htwn:

Yhpurwhwh bywbwhmpmby

Puyybu todkg, UmuybkpUhdlinphwi pny; | inwihu npnoly Yhinn-YEinn dhonmlh
tubpghwhl dwiwppulbbpp’ mbbkbwng Jdhugh pwepwbh wy winundibph
Eutipgtunhly dwjupnuyitpp: Unwmehtt ghinunhnpdh wpnymbphbpp htwwquynid
Yupkih Lt oquuwgnpsk] *Au dhgmyh Ehkpghwhl dwliuppubikph wikh
dwipuduub  mumdbwuhpmput hudwp® wyp dhpmlbught  nhwlghwikph
Uhgngny: .

Zwdbiwumod wnught ghinunhnpdh Yhpwekjhmpjut htn kpypnpn
ghnnunhnpdh wpmmbpikph mklt wdlh (ugh Yhpuwend: *0 vhgmbh hunlwp
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swthwd Lukpghwibkpp Yywpkih E Yhpunk) wownbph wwphpp apngbjhu: Uowth
hhlbwljwb  pununphy hwinhuwind t wyi, np ny ponp Bhkpgbunhly
Uwlupyulbkptt o hugnbh: Zbwpunjnp b Yhpunk] c-uypdwi nbwljghwbkpp
vhgmljubpt numdbwuhpbihu b pugunnpk) phpb vhgniukph wnwewmgdwmu
wpwqnpntbbkpp Uks Muypniihg htunn:

q 10t

Qhununhnpdkph wpynibpnid yunhyky B %5Au vhgmiyh wmup tnp whgmd b
np unp Kabpgbunhly dvwhwpnuy vhigh 1.5 UL, Fukpgbnhl tnhpoypep, npnip G
akpgnmd kb mukimid %6Au dvhgmljh Fubpghnhl duljupnulbbnh juimnbuint
Uko: 8uninp, tinpp ¥Pi(p,n) nkwljghwt nibkp vh pwbh whquu topp Jupdwsp,
pwill %Pt(p,2n) nhwlghwi b hwpunjnp sknun] swihty *6Au vhenmibh tukpgbnhy
Uwupnuljutpp: Uju thnpdh iwwwyuwpuunuljut woluwnwipbbph dudwbwy
thnpdwplt) £ tnp b wpwg Mesytee MADC-32 U, npp hudbkdwwnwpwp wijkh
tdwh & b muh wikjh suwn dnunpughl wbwy hwudbdonws ORTEC ASPec-927
UE®-h hkwn, npp huwdwpynd E jujwgnybbphg Jdkjp  y-&wnwquyph
uyEjnpuulnuhuymy: Uwywugnggk] &, np  Mesytec MADC-32 UR® sh qhemu
ORTEC ASPec-927 Uf-d-hlx:

Bplpnn ghinnwthnpdh wppmpmiyd yw]kg tpym anp thkpgkwnhpl duljumpgul
20 Ut whpnyphg pupdn tukpghugm]: Zuogkg €O dhonilhh hitkpghuyp indkinp
wyny vhgmlyukph hwdwp b wougmglkg, np huhwwbu npny thkpghwnhy
Uwjuppulbkpnad €0 vhymyp muh 4c-dwubhhh gdunhb sppuyh nkup, npi §
hwbgkghnd k Ukd htkpghwih Unuktnh:

NMuonyubmpjub dudwtmy Yukphupugdil tplnt ghnwdgnpdbph junupduih
Ukpnnubkpp, hwyjupluwb dkpngubpp b wnwgjwd wpgnibpkpp:

Unkbwunumpiub Yunmgjubpp

Wlwnwbipp  Yuqujws  E - ubpwénipjithg, snpu  qiluhg,  Ytpgwpwihg,
wniuwltph b Wywpukph gwihg, howwynduakphg b hpmubkph gwmblhg:
Uolumnwiph poyjwbnuilmpmbn
Lkpwbnipmih

Ukpwdmpmibnid  thwpwgumd o wwppkp  Unpbjikph  Yhpundwb
wmhpnyplbpp, bpwbg wrwEmpmbbipp b phpupymbbbpp: Ujimhbub
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Wjwpugpymu ki mumdbwuhpgnn  Ungljukph qupquigdwi  tmgkpp:
UmuybkpUpdbwphugh  budwp twpuqpind & hhdbwljut  oqunuagnpéiing
updbnphwibpp: Aikpjwd bh pwbwdbbkp Eubpgbuhl dvwljwpnwyubpp hupgbpm
hwiwp: Ujupugpymu £ bpwhg qupqugnidp: Unwgbpuhdbnphugh  hhup
hwinhuwgnn Interacting Boson Model (IBM)-p Yhpwnbih L Jpuyb qnug-qnyq
Uhgnihukph hudwp: Ujinithtnl wyl qupqugytg b nupdun] Interaction Boson-
Fermion Model (IBFM), npp pingpimu tp twlb Yeun jupqupyny] dhemlbukp, b
tpowuitu UniyEpUhdbkinphwt, npp Yhpunkih EjEnn-YEnn dhgmljabph hubup:

Ljwpugynud t tplipnpn ¢hwunhnpdh mumdbuwuhpmpjubp Jekpwpkpnn o
Jruunbpughlt dhemljukph $hqhhwlwt tjupughpp: Spymd b wnbnkinipmnit
upgnijh a-unpbih dwwuwhb, pk piynt k a-dwubhlp wrwbdbwinmd dmu phpl
Uhgntljukphg:

Unwght qiniju
LVhpjugugjwd bl twhjhimd junwupdws hbnwugqninnmipnibibpp: fipus k

vmuppkp  vhemlwiht  unpkutph  Ghwpwqpmpmip, btpwbg Yhpwpnippub
uwhdwbbbpp:

bpypnpg gioiju

Upluunnwpp juwwwpdly & UUL-h Unup Qwidh Zudwjuwpuibh dwi-nk
Qpud whwyh wpuqugmgeny: Ujp hul] guwndwen], wplunwiph bplppnpn
qlund vEpjuyuginud kb wpuqugmgyh dwuht pighwinip nknbympma:
Ujwpugpymd & tpw wplmwunwipughtt dkponp, phk hywbu b junwpdmd
dpomjuikph wpwqugniip gdught wpuqugnigynid: Luh bkphuyugynud k thugkph
unbkndnuip b qupqugniup kplm wnkuwlh hnbught wypmpabpood (HIS - Helium
Ion source i MC-SNICS - Multi-Cathode Source of Negative Ions by Cesium Sputtering).

Uplowwniipmyd  oqunmgnpddl] b vawppbp whwh Spwqpughtt hupkputy:
Upumypughwbbtph huniuip oquuugnpdyk) t TALYS b Geant4, hulj wjjujubkph
UpwlpUwl hunfwp’ ROOT b RadWare: Lwih np Geant4-p b ROOT-p hwimhuwbnid
ki puquumdpmblghniuy Spwmgpkp, wyu pudimd bhwpwgpius B Gpubg
Jurngjuspn b wphawwnbkghbin dkpnnbbpp:

bppopy gioiju

Uju ginifup akpurma E wrught ghinwuihnpdhg unwugdus wpmynibpibkpp b ugn
wpmnibpbph  vnwgdwh  hunfwp' Juplnp wpymbpbkp  mp whyh
Hiyupnthjuh & phublonpibph  Epkljnpjniput qEpupbppuyg: - $npdh
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wpymiiipnid ogunwgnpdyk]  Eh hpuwbhnidh b Uhhyni-Lhphmdughh
nhwnklpnnphbp:

y-&wnuquyph uwbhupibpp dowlbne hudwp jujwgnyin dpwmqpkphg &
RadWare-p, nph dwuht tkpljuyugynud k npnp hudwrmn nknklm pinih b nputm]
wnjurjibph dowljuwh dkpnnp: _

Uphimnwpmy Yhpureh) £ inp whwyh Mesytec MADC-32 UR® (Utuyng-
Bjuyhl @npowplihy ADC), npp gwwn wkih dwnghih b, wipug £ b nith un]kh punn
Umuipught  Jwbwhbp: Fipuwds b @duyimpub b ndopulubinipjub
hudbdunnipymip wopwphmu wikhwhwynih ORTEC ASPec-927 U@®-h hbw,
npp hudfwpymd | junjugnijip y-funwquyph vy bnpnulng hugmod:

Lul sunpyl &b pnnp ghnbkjunpikph wpygnibun]bnmpinibitkpp, pwih np
wihpwdbisnn  E mbkhuy  qud  wguwuhkpugmd  wpgniun]bnmppiaiiph
Ybpupbppy y-fwrwquypitph b fijupnbbtph pubwlp sunhl) Jupnnubwn
hundwp:

Sqputkph dpwipimb phpwugpmu yuplly kb y-dwnuquypbbkp b Yntn]tlghnb
hthupnbbbkp b hwoyl) L Ynin]klghnt gnpduljhgp wignidukph hudwp: Uy
qnpdwlhgp huwdbduwnbny wbuwlwh wpymbpbbtph htw wwupq E pupdl
wagnmuikph wkuwlp (E1, M1, E2 b wyb): Pdwbugn] wigdwi Jhpohuljub
Eubpgbwhl dwliwpnuwlh ughbp U qouygmipymip,  hbwpudnp b punimd
Jubjuunnkul) ulqpimfub Eakpgknpl dwhwpnuljh wwhip U qnyqmipmbp:
Uuhth wygkih £ogphwn suthnidbbph hwdwp wihpwdbsn b unwbu) wilpnibuyght
pupjumdnipiniip, npp guynp httwpwdnp skp wik] ghnklunpukph wuljwup
wuwwndwnni:

Ljwp I-md  phpdwd t wupnnowljmtn  Eukpghnhl Jwljwprnuljiabph
Jurmgudpp **Au-h hwdwn dhish 1.5 Ukd whpnypp: Qunpyl] § wuup bnp
wbgmy, npniughg htbh hudwp bwb Yninjklghnt qnpdulhgh b swihb b mp tnp
Fukpghwuhly vuljuiprul:

E= A[NI(NI +5)+ Nz(Nz +3)]+ B[Zl(zl * 4)"'22(22 +2)]+

B'[o'l(o'l +4)+‘71(‘71 +2)+°'32]+C[71(71 +3)+ 7"2(7-'2 +l) + (D

DL(L+1)+ EJ(J1+1)
Ujumihtnb  oquuugnpdbny  unwgjwd  wpymipbbpp hbwpunnp &
Unwygkpupdbwnphugh dhongn] Junwmpl) Juihunbunufubp 196Au-h hunfup: Gw
Junwphint hburdwp oquuugnpdynmid kg phpjwd putmdlin: fubwdb 1-md A, B,
B, C, D b E-u wyupubtwpkp Eu, hul N, &, o, 5, L 1 J-b pjwiwnughll pdbp B
Oquuugnpdbmy] ¥Au-h  hwdwp wnwugjus Hikpghnhly dwlhupnuljaokpp
htuwpunnp | npngl) ypupudbnpbpp: Ujinthknb wyn gwpudtupbpm] hwpunnp
E Junmghy) ¥Au-h Eukpgbknhl vuljupnulbbpp:
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Excitation Energy (keV)

1500H13/2)" —1489.76 ]
1475.22
/2" 1442.95
los2-.11/2,13/2~ 1407.85
Fo11/2” 1346.51
L 1305.11
11/2~ 1281.21
1250~ -1
1178.84
3f2* /_—1112.84
—uze1r
3/2- s 1111.45
3/2* 1083.19
912~/ \—1068.94
1000 987.78 |
I 962.93
(9/2;‘ -t 954.19
| er2- —894.41
13/2° 879.36
- 831.49
(9/2)* $17.76
750 T
/ - 702.95
L (7/2)° 549.92
72" 525.62
500 -1
[3/2+.5/ 2% 439.91
11/27 -~ RN & ERStahhiidy Malbieel srrmssiresossiceosooooeos- JIRSE
5/2* 261.39 ]
250~ 3y2° 241,06
F v
2
2* 61.43
o a/2* o .
195
L Au

‘Uhwp 1. Tunnlipdus ki $Au Ehbpghunhl dvuljwppulbkpp dhbyh 1.5 UL
wnhpnyp: Yhnwgstnny wunnlipjus bh ugbh whgnlukph m Fukpguhl
dwljupyulbpp, npnbp skb phndly, payg wyn wignulubpp b dwupguybkpp
hunty Et bwfubhumd: Ub whpighunn wignlikpp b Ebkpglnhl
dwljupnulubpp dhish wyu thnpdp hwypnth th, hul jupdhp whptmghun
wignilutpp b Ehkpqinhl vwlupyulbbph wu wohmnwbpmy kb yuh]ws

-

fwbh np  htwpwynpmpmb  sh gk swhbky  %Au-h Hukpghwnhl
UYwlwpnulbbpp, wyw wb hodbdownl | owjuihimd junwupgws thopdh
wpmbphtph htw: Upgmbpnud wawgdly b np hwodwd  Eubpghwnhl
Unjupgulbkpp wkih juy B hudpbanud hnpdwpupulwb wpyniipibph htn:
Lljup 2-m phpjws t wyn hwdbdunm pynibp:

Upmyniipmd winwgymid &, np %%Au-h hunfwp dhigh 1250 49D whpnypen
huwpun]np k huply Lukpglnhl duljupnlubkpp dhiish 80 YE Lounipjudp, hul
1% Au-h hurdwp thiyh 600 Y tubpghnhl mhpnypp 120 YEI Lounm pyandp:

EEEF R ER R

22 19 24 t—
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<Imee
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gy € keV
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3 582 20 2 T

ax29 2 t—
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Exeitasion Ene

tarasaa ey Y23 a3ag i —

§ Ta
w0 i REER
32 %3 28 t—

‘ez te—

L R N =
| | s s ) 3

Ulpup 2. Tunljkpgwd t %Au-h mbuwlwb Ehkpglnhl vwijuppuljikph b
tmhahtnid Junnwpgws thnpdbwljub wpynibpbkph hudbdunnm pym p:

2nppopy gioju

Upu  qlumd  ukpuyuglus ki *C(*He,n) nhwljghwyn] gqhwuthnpdh
whwyunpuunuljuh wyhunnwbpitpp, thimpjughwbbpp b wpyymbpbbpp:

Uju thnpdp juunwpbjhu oquugnpdt) £ snpu 32x32 ywthh DSSD (Double-sided
Silicon Strip Detector) ntwnkljnnp, thgpunpdwd hnbikp gpuiighint b nnmubkplyne
htqml ughtuhjuunp phnbljunputp®  tkpnpnbbkpp  gpubghm  hwdwp:
Cunhwimp YJuiugbkph phyp DSSD-h hwuwp 256 Lk Uju wlpnne hwbmybbph
hwuwp wihpwdbion tp Junwpk) swhwgnmd: dpwm hwdwp oquumgnpdyk) k&
yniuwp U c-umpmp: Anyumpp oquuugnpdyk; k, npubuqh wnwgyh unlpnne
whpnypnud swihwgmiwt Ynph wbupp, pulj c-wnpmpp’ npubugh wg Yapp
1wpnidughi inbkuphg thnhowybpupgh Bakpginhl wkuph: fopnp jwbwbkph hudwp
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Yhpurjws juwpnudp bnk) £ 0.02 V - 3 V, hulj c-cwnpympp fwnwquyply © Eplyn
Lutipghuym] a-dwubhl (3182.8 YL 1 5476.0 YEI):
30

- Linear
- 2nd order
— Double linear

-]
lllllllll

10

Energy Difference
(=]

IIII['IIII

-20

IlllllllllllIlllllllllllll!l‘lllllIllll'l
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Energy (keV)
Llpup 3. Quthwgpuwt hwdwp oquuugnpdwd pkp dbkpnnitkpp. @wght (upihp),
punpwlmuuyghi (Yminipwmljugniyh) b tplim gdught (qubay):

B

Quwgmimt hudwp  oquuwmgnpdyws  Jtpp  wpjwd  dbpnnukpp
htwpunpmpmit o wwhu owwn wy bhjwpwgnpk) Fakpghwgh  Jwjundp
Jubuyblph piyhg: Uphnwnwipmy oqunugnpdyky ki vh pwith wnhugh $muljghwikn,
npybugh quinfh judugmybp: Ujwp 3-md phpjws ki gduyhl, pwpwlmuuht
bpym gdught pmibyghwbkph vhengm] Ywwwpjwd swihwgpmuubpp: Gphno
gdughip wyt nhwpl k Epp undpnne whpoypp puduijmd | kplim dwup b wdkh
Uk ghuwplpmy b wowbdhi gduyh $miulghw’ npybu  swugpiwb
Pmblghu: Ujwpmd Jupkh b wnbubk, np wdkbunhnpp Fukpgbnhl obnnudp
un{pnne wppmypnid wnwugynid &, Epp wdpnng nhpnypp pudwbgws k Epljne vwuh:

DSSD-h whwh phunblunpipmd htwpunjnp b qpubtgh) wqpubtipub nplk
luphg, npp sh wnbndily |hgpunjnpywé dwuthyhg: Upuhup wqpuibywibtp
wnwewbmy k4, tpp vh jupnid dwubhyh unbndws jupndp gwn ks E npp
dwlwdn b hnuwip Ynnph jupbpnud: Upyymiupmd Ynnph jwpkphg tnybygbu
wugnuiupui t unugyoud: Umwhuh wqnubpwbp Ynyymd L crosstalk: Uju
ngymudtbpp junwpl) b b dmnpwgndl) dpwugpbph Uby, npybugh swdhykh
Lukpqbwhl vwljupnulubkpp:
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BC(*He,n) nkwljghwgh wpymbpnid wowowbmd E %0, npp quinjmy L 4«
unnhiwb Ywlwpnulhg pupdp Fakpgbwhl vwljupgulmy: Uji jupnn Ewpnbd
th pmih dliny. €04 4He, 60-2C+4He Jud *O-*Be+*Be: Upjuunnmiiph twpmwnmljh k&
nuunidiuuhk) 60 wpnbmdp Eplne #Be-h whongny: 6O thkpghnhl] dwlwmpnulh
uwhiip apngbim. hwdwp wihpudion b swihk) whlymbught puohnjudnipmiip:
U hul wuwndwnn] Junwp]t) b upinmjjughw Geant4-ny, npukuqh wnwgdh
hqnuupny  wpnhiwb  dudwbwly wilpmbught  puphwsmpmbp: U
pufujuwdmpmiip oquugnpinfl; t o tmpdwpwpulut wfjujbkpp dpwlbm
dudwiwl walym bughl puglaojménipjmi Uke:

Ulpup 4. Tunypfws G DSSD nhnklnnpbpp (Qupdhp gdkpny) b
YEwnpnumd wowbgputpp 10 ud sunhni:

Uhunijjmghugh dwbpudwub wpygmbpikpp thplpujugymd b kppnpn qjanid:
Lljwp 4-muy phpdus kb ghnblnoptkpp Qupdhp gdm), huy jinnpnimd ppdus
kb wnwbgplkpp 10 ud sunhny:

Yhpwlpurmghiny] thnpdwpwpuljut %0- htwpwnp ' gurtmd juemgly
gnuwlh  wihlpmbp:  Updmpwghwih b tmpdwpwpuljwb  wpynitiph
hutbdwnmpmip  tipuyugws  ajup 5-md: Ujwphg bEpmd L, np
uhinipughugh U tmpdwpupuliut wpymbpbbpp hudpblomd ko gun jun,
wyuhtipl dpwghpp Yupkh E Yhpwet) hwojuplikp junwpbim budwp:
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Lljup 5. Munlpdus khnpdh wpgniipmd sunhiud whilpm baght
prughrjuidnipjwt hunfbduwinnipiniip Geant4-ny Junnwpyws uhdnijughuyh htn:

Thpgwpwb

dhppuwpwimd  hwdwonmn  Gkpljuyugus i Eplim qhwuthnpdtph
wpymbpubpp, wjuhbph wit wdbkup, hty ywhdl bt owu woluunawbphbph
plpwgpnul b hubghuwbnid b unpoyp gudp tukkpghugh uhomluyht bhqhluyh
plwqujunmy:

Ungmuwhtitph gublmd thpluyugnd b wnbbwnunmppymbmy phpjud
pojnn wymuwlikph Jupd pimpwqptpp:

‘Uhwnhkph gmbilymd bkplujugdnd b wnkbwmuntpincimcd wpamunljipdus ponp
ujupubph Yupd pimpwuqpbpp:

Zmunjnudbibpmd bEpljuugimu kb wnkbwjunumpiniimy oquuugnpdywé pnjnp
hwugumubpp:

Ogquugnpijwd  Apwlwbmpmt  wipnnouljub  gmiulp bhpluyugus &
wwnkbtwhnumpniinid, hulj vh puih jupinpugoygbbipp bpus ba wanph.
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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 (BM (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 194195Pt,
195.196Au quartet. The experiment in this work presents new experimental results for
195Au studies and theoretical predictions for '%5Au. 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 '2C/*®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 '®0 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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Uccneposanue aToMHbIX figep Ha OCHOBe Mogeneil cummeTpu u
K1acTepoB

Peaiome

CrpyxtypHoe wuccnesoBaHue AfQep ABNAETCA KIIOYEBLIM SNEMEHTOM MpM
obbAcHeHUN pasBuTuA matepuu nocne "Bonbworo Bspbisa”. Muorue mogenu 6oim
paspaboTaHbl A 06BLACHEHUA CTPYKTYPLI AAEP. Bce oHM MEIOT cBOM NpenMyluecTBa
¥ peLarT MHOrO npobnem, 0HaKO OHU MMEIOT TaKMe CBOM HepocTaTku. [loaTomy
6binu paspaboTaHbl HOBbIE MOAENH.

JKcnepumeHTLI,  KOTOpble NpeAcTaBleHbl B HACTOAWEA  gucceprauuu,
npoBoOAMANCE B Hay4HOIi AaepHoOli nabopaTopun ynusepcuteta Hotp-flam, UHauana,
CLUA. Ona yckopenua yactul, 6bin ucnonsaosad 11 MB FN Tangem. B gaHHoii pabote
paccMoTpeHb! ABE MOAEM U NPUBEAEHDI IKCNEPUMEHTANBHBIE Pe3yNbTaThbl.

OpHoii 3 mopeneil aenaerca CYCK (CYnepCMMmeTpua), He UMEIOLLAA HUKAKOTO
otHoweHua ¢ CYCWU, paspabotanHoii B CERN. Dta Mopenb, ocHoBaHHan Ha
CUMMETPUM, NnpeacKasbiBaeT BO36ymaeHHble YPOBHN cpeaHe-TAMenbix aaep (A~190).
Mogenb aBnaetca cnepctenem IBM (Interacting Boson Model), paspabotanHoii gna
M3yyeHuA ueTHo-4eTHbIX Aaep. loske sta mopenb 6bina pacwmpeHa go IBFM
(Interacting Boson-Fermion Model), kotopaa Tarkie BHIOvaeT B ceba Agpa ¢
HeueTHbIM-A. [loaxe moaenb IBFM n auHamuueckne cummeTpum Bbin paciumpeHbl 40
CYCW B uenax npeackasaHna ypoBHeli HeYeTHO-HEYETHbIX AAEp.

Mogenb onucbiBaer KeapTteT Apep. B kBaprere AOMMHbI GbiTb YETHO-YETHbIE,
HEYeTHO-YeTHbIe, YETHO-HEYETHble M HeyeTHO-HeyeTHble AApa. | pagULMOHHO
U3MEepeHUA BO3BYMAEHHbIX YpoBHel HeyeTHO-HeYeTHbIX AAep AOBOMBLHO CNOMHbI.
Mogenb nossonAer ucnonb3oBaTb Bo36yM/eHHble YPOBHU APYrvX UIEHOB KBapTeTa,
npucnocobuTb MX K TEOPETUYECKUM YPaBHEHUAM U MONYYUTb 3aBUCUMOCTb 3HEpruu
BO36YHAEHMA OT KBAHTOBbIX Yucen BO3GYMAEHHOrOo COCTOAHUA HEYETHO-HEYETHbIX
Apep. Jlyywmm npumepom rpynn, KoTopbie MOrYT ObiTb U3yyeHs! ¢ nomolubio CYCH,
ABNAETCA KBapTeT '94195Pt, 195.196Ay JycnepuMEHT, BbLINOAHEHHbIN B pamKkax gaHHoI
paboTbl, npeAcTaBnAeT HOBble pesyibTaThl UccnepoBaHuii '*SAu u TeopeTuueckue
npeackasanmna ana '*°Au. [na %5Au 6binm namepeHb! 10 HOBBIX Nepexoaos U 8 HOBbIX
B036yMaEHHbIX YpOBHEl, KOTOpbie OKasbiBalOT 6oMblUuOe BAWAHUE HA MPEACKA3aHMA
ypoBHeii 16Au.

Bropasa mogens usyyaer a-knactepbl B ferkux Aapax. Bogopoa, renuii u nutwmii
6binn eaMHCTBEHHbIMUA Afpamu, KOTOpbie obpasoBaiucb B pesynsTate "Bonbluoro
B3puiga”. [lo3ke OHM CTanM CTPOMTEbHBIMM GlOKaMM [AA MOMYYEHUA OCTalbHbIX
anemeHToB Tabnuubi Menpeneesa. ‘He oyeHb cTabunbHoe AQPO U JOBONBLHO PEAKO
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B3aumogelicTByeT C Apyrumu Aagpamu. Mopenb npearnonaraer, 4YTO HEKOTOpble
BO3OyM/eHHbIE YPOBHU Afpa COCTOAT He TONbKO W3 MPOTOHOB W HENTPOHOB, HO
06pa3yioT TaKme a-yacTuLbl, U Bo36y¥aeHHbIe YPOBHN AJep CneAyeT paccMaTpuBaTh
B KA4€CTBE rpynmbl a-4acTuL,.

lMonHocTbio KnacTepu3soBaHbie AApa Ha3biBAIOTCA Q-CONpAMeEHbIMU. Haunyuywum
npumepoMm Takoro agpa asnAetcA °0, Kotopblii coctouT M3 4 aq-yactuy. €0
NpeACcTBaBNAET WHTEPEC He TONbKO C TOYKMU 3PEHNA U3YYEHWA CTPYKTYPbI, HO U BJA
OrpeAeneHNA CKOpoCTU a-Cimralua u 2C /180, yto oyeHb BaXHO ANA MpeAcKas’aHuA
BO3pacTa 38e3j,

lMpoBeneHHbie paHee  U3MepeHMA nokasanu, 4To 0 uMeeT GONLLUOK MOMEHT
MHEpUMW B HEKOTOpLIX BO3OYMAEHHbIX YPOBHAX. DTUM OBGbACHANACL NWHeiiHaA
CTpyKTypa a-ueneii 8 0.

Bropoii akcnepumeHT Gbin NpoBeAeH C Lenbio BbIABNEHUA 3TOM npobnemsl. B
aKcnepumerTe aapa *°0 Bo3bympanuce, 4o onpeseneHHOro YpoBHA, NpyU KOTOPOM OHO
pacnaganock Ha 4 a-vactuupl. B pabore npegcrtaBneHbl sKcrnepuMeHTanbHble AaHHbLIE
aHanu30B Npenapatos, 4TO6bl BbIACHUTL YPOBHU, B KOTOPbIX '°0 pasbuBaetcA Ha ABa
%Be.

Pabota onucbiBaeT MeTOAb KAMOPOBKM C MynbCapoM U Q-MCTOYHMKOB,
PasnuuHble hyHKUMKM npoBepeHbl M nyqwaAa yHKUMA KanmbpoBKM nNOAXBATWAM.
Mogenuposatue 6bino caenaHo ¢ naketom Geantd4, ytobbl BbIACHWTL M3OTpOMHOE
yrnoBoe pacnpeAeneHne, KoTopoe MOXET BbiTb MCrONB30BaHO B XOAE CMIMH 3a\aHuA.
CpaeHetive Gean4 ¢ 3kCnepUMEHTaIbHBIMM pesyibTaTaMu NpeacTaB/ieHbl B TeKyLei
pabote. [lpyrme nonpaBku, Kak nepeKkpecTHbie MoMexu U xuT obpaboTku 6Gbino
chienaHo, a Tawke. [lonpasku 6binn peaiusoBaHbl B CLEHapuy, koTopble Gyayt
MCroNb30BaTbCA AfIA pacyeTa Bo3OymAeHHbIX ypoBteii '80.

B sakmioyeHne A xoduy nobnarogapute npocheccopa Ani Aprahamian, Wanpeng
Tan u Apyrux 4neHoB Hay4yHO-AfEpHOI nabopaTopuu, KOTOpbie MHE MoMoranu npu
NpoBefeHAN 3KCTIEPUMMEHTA W aHann3e MOMyYeHHbIX JaHHBIX.

A

18




