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Proton and neutron alignments of the K”=5／2一band
in 79Kr
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、n tract An experirnental study of higl卜s pln 8tate8 iIl 79Kr has bee“pe!forme(】

一Ile GAsP array usi“g th reaction 55Mn(30Si，(Ypn)．Nine new states al【)nB wl{h

10 new garmIla ray traⅡsitioⅡs were follnd in the K”=5／2一baIId in措Kr．Three han(1

crossings，as80ciated with the alignments of aⅣ99／2 pair aIld aⅡ99／2 pair and aIso a

high．j 5h王1，2 intrlldc orbital，were ob8erved at rotational fr。qllency方=0．50，0 65 ml(i

0．90 MeV．respectivcly．A cranked shell model analysis has bccn made to iIlterpret tllc

expcrjmcntal re8uhs．
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1 Introduction

Because of the“chness of d甜rerent structure efrects and the口aTticulaT sensitiveness

to the polarizin岳in丑uences ofunpaired Imckons，the rrle山um。mass(J4≈80)nuclei in the

chart of nuclides fbrm 8 p缸ticularly interesting region，in which both the s血gle particle

and coUectj、他degrees of丘eedom interplay with each other and thus become an ideal

area for testinE various theoretical approaclles The商croscopic reasons for the observed

strong var主ation of conective nude盯properties iII the A≈80 mass r89ion with particle

number is the TPlatively 10wer single—particle王eVel density by a factor of 2 compared

with hPwieT nuclei(e．g． the且≈160 mass region) In the heaVy systems，equjlibrium

deform nions vary smoothly from nucleus to nucleus，whjle iIl the A≈80 mass re百on

mlL： uhap￡changes are much abrupt．Oblate coⅡectiVe，oblate non—coⅡectiVe，prolate

coUectlve and even suDerdefbrrned sha口es have been fblmd to coexist in“1e same nuclei

As an exaⅡ甲k、the yrast positive．parity band in 79Kr has been observeu to exhjbit the

shape evolution from a near．oblate sh印e through a pTolate shape，back to a near—oblate

shape[1】and 6naUy to a superdefor口1ed shape【引．Thjs kind of shape evolution has already

been observed m other nuclei in thjs mass region，such as 70·72，74Se，73—76，78Br，74 77_7。Kr

and 81，82 83“Sr，etc【3|．

The header ofthe yrast band(9／2+149kev)in 79Kr was nrst observed by卢十decay

study∽The nst in．be锄7．ray spectroscoPic study of 7。Kr was performed by Clenlenets

e￡Ⅱl[5】and the decouDled rotational band based on the 9／2+states was丘rst estabnshed．
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The latest results、代re achjeved via the fusion evaporation reaction∞Cu(博O，p3n)，tlLe

K”二7／2+aIld K”=5／2一rotational bands were e盖tended up to states of45／2+11822keV

and 3l／2—6446kev，respectivelvlll．Here the additional Teslllts from the experi】nent以

study of hjgh—spin states in，9Kr are presented The f新ored f口=+l／2)and urLfavored

(n二一1／2)signature sequences in the K”=5／2一band were extended up to states of 37／2—

8992keV and 59／2—20132 kev，respec“vely Tllree baIld crossings，associated with the

ahgnments of aⅣgo／2 pajr and a丌99／2 pair，and also a Mgh一歹∥h¨／2 intrude orbital were

obseTved at the rotational丘equencies 0 50，0 65 and O 90 MeV，respectively．

2 Experumental procedure

The experiment was performed at the Laboratori Nazionab di Legnaro(LNL)where
the 30Si8+beam was Drovided bv the Tandem XTU accelerator Two stacked self-

supportjng fons of 55Mn，each with about 400pg／cm2 thick，were bombarded with an

energy of 130 MeV and the average beam current bei“g between 3～4pnA．The residue

7。Kr was populated via the dpn channeI．

The GASP array was used to detect g硼ma rays depopulating a number of difrer—

ent channds． The array includes 40 escape—suppressedlarge coaxial Ge detectors【6]in

conjunction with the b“of 40△E．E silicon telescopes【引 Events，血which 3 or more

escape—suppressed Ge detectors were registered in prompt time coincidence with 4。r

more BGO elements，or with at 1east one△E—E smcon telescope，were accepted With

thjs trigger condition appro五mately 1．4×109 Compton suppTessed events with at 1east

the8 g砌a rays were recorded onto magnetic tape in event-by-event mode Data were

sorted into了77 cubes by settiIlg the gates on detected c11arged p缸ticles Since珀KT was

pro(hlced in the npn cha皿el，the np一，o·and p—gated 777 cubes were used fbr“1e anaJ—

ysises in tlLis work Doppler shift correction were made from the recoil direction，w“c11

could be deduced bv an event—bv—event determ血ation of the momenta of the detected

charged particles．with this method the overall 7-ray energy resolution(FwHM)was

improved from 11．4keV around 1．3keV to 8．0keV for the 7广p channel In order to de—

termme energies alld intensities of the 7一ray transitionsl the energy and emciency of the

GASP spectrometer were cabbrated using 88Y，56，60Co and 152Eu stand盯d 7．rav sources

Tb assign spins and parities to the energy leVels，the directional correction of ganlIIla

rays de—exciting 0riented states(DcO ratios)were extracted．The procedure fbr extract—

ing the vaIues of the DGO ratios，显Dco，can be seen in detans in R“[2] nom th8

angul盯position of the Ge detectors in GASP array，the DCO ratios are expected to

have values close to 1．0 for stretched qua山upok traIIsitions and close to 0．5 for stretched

diDole transitions

3 Results and interpretation

3．1 Level scheme of the K1=5／2 band in 79Kr

The level scheIne of the yrast negative—parity band jn 79Kr establjshed frojn the

estabUshed from the present work is shawⅡiIl Fig．1．The order in wllich the transitions   
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are placed is based primarily on their

intensities and coincidence relationshiDs．

Spin assignments盯e based on the DCO

ratio measmements．When no DCO is

available，the corresponding spin assigIl—

ment is tentatively made in parenthesis．

The yrast negative—paTity band is built on

the 5／2一state at an energy ofl46．7keV

It was prevjously observed up to the 29／2一

state at 5993 keV and tentativelv uD to

the 31／2一state at 6448keV【引．In the

Dresent studv，we connrm the results of

Ref．f11 and extend the n=一1／2 sequence

up to the state of 59／2一)20132 keV，

alon业with 7 new tr姐sition． The fa—

vored d=+1／2 sequence was l【nown up

to the state of f29／2一)5993 keV aIld

confhmed in the Dresent work． More．

over．two additional new 1evels at 7422

and 8992 keV， respectively， have been

found fTom our coincident datawith ten—

tative(33／2)and(37／2一)assigIlments．
Fig．2 shows a back即ollnd—subtracted co·

incidence spectrum with mmti—gates on

aU possible combinations of the 722，885，

1005 and 1282keV 1-rav transitions iIl the

Q=一1／2 sequence．Two transitions of2290

and 2668 keV，whi∈h ca工1not be seen on

the top of the n=一1／2 sequence iIl the

double—gated spectrm shown in Fig 2，are

now clearlv seen in the two diInensional

11．matrices Note that the transition at

1026 keV was not used because of its dou—

blet The energy of levels aIId the energy，

intensity，aIld DCO ratio 0fthe 7_Tay tran．

sitions in the K。=5／2一band of 79Kr pro—

duced in the 55Mn(30Si8+，dpn)reaction

at 130MeV缸e西ven jIl Table 1．The 1一

rav mtensities were deterTnined fTom th8

projection of the＆p—gated 777 cube，ex。

cept f0T the doublets and tripkts，whictl

were extracted丘om t：be coinciiLence data．
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Fig．1 Level scheme of the K”=5／2 band of

79Kr obtailled in tlle prescllt work
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Table 1 Encrgy of 1eVels(蜀ev)，aIld Energy(B)·initial(P)and矗nal(婶)sta∽s．illte蹦l‘y

(L)．and Dco rat如(丑Dco)of the 7一。ay transitlons within tllcⅣ”=等band of?。Kr

449 5 302 8f4) 7／2一_+5／2— 40f8)
814．4 667 7f5) 9／2一_5／2— 52f6)
814，4 364．9(4) 0／2一_7／2 28(6)
儿71．3 356 6f51 11／2一_9／2— 6f21
儿7l 3 7218f6) 11／2一_7／2— 66f21
1662 4 848．0(5) 1 3／2一一9／2 4lf81
1662 4 491．1f5) 13／2～_11／2一 10f41
2056 7 394．3f5) 15／2_13／2— 5(21
2056 7 885．4{61 15／2一_u／2— 60(101
2643 5 586．8(6) 17／2一_11／2— 4(21
2643 5 981．1(61 17／2一斗1 3／2— 25f51

3061 8 418．3(61 19／2一_l 7／2— 2f11

3061 8 1005．18(8) 19／2一_÷1 5／2 48(81
3655 7 1012 2f61 21／2_15／2一 】6f31
4087A 1025 6(81 23／2一一15／2 30(61
4700-0 1053 3(81 25／2_1 5／2— 8f3)
5166．1 1078．7(81 27／2一_}15／2 19“)
5993．3 1284．3(8) (29，2一卜÷15／2— 4f11

6447．7 128 6(8) 3l／2一_27／2— 12f31
7421．8 1428．5(8) (33／2一)_+15／2— 2(1)
7850．7 1412．o(8) (35／2一)_31／2 lo(3)
8092 1570(2) (37／2卜+33／2— 1

9476．2 1616．5(8) (39／2一卜+35／2— 8f21
lj250 1774(I) 43／2)一39／2— 7f2}
13133 1883f2) (47／2一)_43／2 5(21

0 75f10

0 98f12

0．65¨n

0 56f81

0．05f10

1．12f12

0 58f81

0 60f81

1 01{10

0 45f10

0 90“0

0 95门01

l 20f151

1．20f101

l 05f101

1．10f101

0．90f l()

15174 2041(2) (51／2)_47／2— 4(】)
1T464 2290(2) (55／2一)_51／2— 2(1)

垫!i! !!!!盟 f!!缒：乜!!』!： !

【“JIntcnsities dete rIIliIled from Qp-gated matrices．The 7一ray traIlsition of827．1 keV(13／2+_
g／2+)in th。yrast band(K7=9／2+)iIl 79Kr is u8ed for normalization(100)weak llIles wi恤oIle

intensity unit onIy havc an uIlcertainty of about 60％ ㈣Taken from Ref[1J
3．2 Band crossings

Experimental aligments and routhjans for theⅣ”=5／2一band are presented in

Fig．3 as a nmction 0f the rotational“quency No sharper枷gIlments have been found

in the band The曲g砌ent patterns
iIl both sequences are sinmar．The expeTiment al

obserVation of the signature ordering for the two signatllre partners is consistent with

that of the calclllation for the neutron【303】5／2一band，i e the a=-1／2 routhian bes

below with a=+1／2 routhjan．

The kjnemanc，J(¨，and dynandc，，(21，moments of inertia for the both signature

sequences oftheⅣ”=5／2一band村e presentedinF唔．4 It can been seenthat the，【1 J for

both sequences rise below^u=0．50 MeV．Two peaks in，(2】versus plot fbf the n=+1／2

sequence and three peaks f曲the a=一l／2 sequence usuauy iIl dicate band crossings with

1盯ge interaction strength or some other structural changes(e．g，血deformation or in

pairing矗eld)taking place withiIl a rotational baIld血79Kr． The natllre caIl be weu

understood iIL the frame of the cralll【ing sheU calculations whjch wm be presented i工l the

next section．   
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0

Fig一2 Sum of douhle—gatcd 8pectr8 produced ln池e re“tion 55Mn(30si¨，Apn】at 130 Mqv

Multi_gates werc uscd by gati“g on all p邮siblc conlbination8 of 1一ray trallsⅢons uf 722、885．

1005 aIld 1282keV in the K”=5／2一balld．N。te that the transition atl026kev was not use(1

because of its doublet Thc number of countg is plotted 1lsi“g a log．8cale‘o enhance thc sIn洲

peaks atthe‘op ofthc band
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Fig·3 Experiment“aligncd angular momentum，I，

恼幽e K。=5／2一band vetsus Totational frequency，

^=0^3／MeV4 were used for the refereⅡce rotor

(1eft)and rollthians，e’，(right)for tlle states

鼬，Harri8 paraIneter8如=儿^2／MeV and

An e舶ctiVe vallle of耳=5／2 wa8 applicd
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疗∞／MeV

F追．4 Kinematk，．，(11，and dynarnic，J(引、momen抵0finertia for t11c耳”=5／2 band iI】7。Kr A

valllc of耳=5／2 llas bccn used for tlle two favorcd and u11faV0red 8equeIlces
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Fig．5 7rotal routhian sllrface(with pairing)
at rutatioIlal frequeIlcy of 0．494 MeV iⅡthe

(∥?，7)planc for thc耳”=5／2一band in 7。Kr

The distaIlce betweeIl coⅡtour lines is

0．LMeV

3．3 DeformedⅥbods．Saxon crank-

inR calculations

In order to interpret the above exper_

imental andjngs，a theoretical analysis has

been perfbrmed using the Woods—Saxon

cranking model-8． Eqllilibrium shapes

were calculated by IIlinjnlizing the tot以

routhian surfhce with res口ect to defbrma—

tion parameters，卢2，卢4 and 7，shown in

Fig．5．

The total routhian surfaces fTRS)

with pairing for the interesting∥f5／2，

Ⅳf5／20 7广鲳／2’∥^／2@丌g：／20∥g；／2 and

phl 1／2 cor击gurations correspandillg to the

K-=5／2 band．are calclllated at diff打一

ent rotational freauencies Six diff套rent

shapes of the nⅡn曲a with the increasing

of the rotation出frequency，^u，have been

seen in the TRS．As an examDle，TRS cal一

culation at the rotationaI frequency of

0．494MeV is given i11 Fi95 At 10w fre’

quency (^u～o．2MeV)， 1qp(∥f5／2)-

r．A。毫．Ilj、一¨一、．
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co瓶gmation favors positive一丫一vaLues and forms a min血mm武a_bout J32=0．29，1=19。
With the rotation出frequency increases，a缶st band cros5iIlg occllrs at卉u≈O．50 MeV

姐d the pr01ate stmctllre(卢2=o．25-O．27，风=-o 03，7=14。一160)is n10re pronounced，

obviously due to the aHgmnent 0f a丌99，2 pair． A millimllm at 0．26≤卢2 S 0．29，一

o．叽6s风5 o．011，·55。≤7 s一48。with pf5／2 Q yg；，2 o丌g；，2 con矗911ratjoⅡis weu

developed to coe】【ist with the excitation(7=15。)at fr8quency aboVe 0．5 MeV．Thus，a
second band crossing(Bc crossing)tal【es place at盯01lIld^u≈0．66MeV“e to the ahgn—

ment of two go／2 neutrons Mearlwhjk，a new rnjniIImm around o．33≤卢2 S0 36，7≈00

fonIls and this I血iI：nllm is pron肌nced at^u≈0．90 Mev for the(丌，d)=(．，．1／2)con一

丘911ration，but it disappears for the(丌，n)=(一，+1／2)．calclllations of the quasi—particle

routhians at de五mnation parameter矗xed at(卢2，卢4，7)=(o．36，o．oo，oo)shows that a high一

』neutron intmde orbital(yhll，2)becoⅡle occupied for the llIl如vored sequence when the

rotational丹equency aboVe 0．9 MeV．Thjs neutron血trude orbital most probably drives

the deforrr皿tion back to prolate sh婶e．

4 Conclusion

The present investigation has resldted in the placement of some加new 7-ray tran—

sitions and 9 new levels in the decay scheme of the K。=5／2一band in 79Kr．The favored

(n=+1／2)and uIlfavored(a=一l／2)sequences were extended up to states of(37／2一)at
the excited energy of 8992 keV and(59／2一)20132 keV，fespectiVely Two ba丑d crossings

at rotational丘equency柚=0_50，O．75 MeV，associated With the ahgnments of a丌99／2

pair and a p99／2 pair，were observed for both signatllre sequences．The lowest丌gg／2 exci—

tation in 79KT pol缸izes the core taw缸如near—pIolate shapes，whik the y99，2 excitations

polarize the core towards near．oblate shapes．A tlIird stnlctllral cllange has been seen in

the llIlfavored sequ吼ce above r=(39／2一)state．The most probably reason is due to a

lligh一歹h11／2 neutron mtrude orbital．
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