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2 kr76 printed on Otober 25, 20041. IntrodutionThe proton-rih nuleus 7636Kr40 is known to have a large deformationnear its ground state [1℄. Theoretial alulations have predited a highly-deformed near-prolate shape for the ground state of this nuleus [2, 3℄.The highly-deformed ground state was on�rmed by lifetime measurements,yielding a quadrupole deformation of j�2j�0.33 [3℄. The yrast negative-parity exited band observed in 76Kr has been previously assigned the two-quasiproton on�guration based on the �[431℄32+ 
 �[312℄32� Nilsson or-bitals [3℄. Lifetimes of the low-spin states in the ground-state band for 76Krhave been previously studied up to spin I� = 10+ [3, 4℄. This paper reportson the high-spin states of 76Kr and their lifetimes.2. ExperimentHigh-spin states in 76Kr were populated via the 40Ca(40Ca,4p)76Kr rea-tion. A 165-MeV 40Ca beam provided by the Atlas aelerator at ArgonneNational Laboratory was inident upon a 350 �g/m2 40Ca target, whihwas sandwihed between two 150 �g/m2 Au layers to prevent oxidation.Gamma rays were deteted with 99 Compton-suppressed HPGe detetors ofthe Gammasphere array [5℄, in oinidene with harged partiles detetedand identi�ed with the 95-element CsI(Tl) Miroball detetor [6℄. Moredetails about the experimental setup and analysis an be found in Ref. [7℄.3. Results and disussionA partial deay sheme (left) and -ray oinidene spetra (upper inset)are shown in Fig. 1 for the ground-state and the favoured negative-paritybands for 76Kr. In this work we fous on the lifetimes, or equivalently on thetransitional quadrupole moments Qt, of the high-spin states of these band.These lifetimes are on the order of tens of femtoseonds. The entroid-shiftDoppler attenuation method [8℄ was used to measure the lifetimes of thesevery fast transitions. These states deay while the reoil ions are slowingdown inside the thin 40Ca target. The stopping powers were obtained usingthe SRIM-2003 ode [9℄. Lifetimes are sensitive to the initial reoil veloity,whih is determined from the momenta of the emitted partiles. The lifetimemeasurement ould therefore be biased if the partile detetion eÆieny ofMiroball presented any angular dependene. Nevertheless the detetioneÆieny of Miroball for the 4-proton hannel is nearly isotropi as anbe seen in Fig. 1 (middle inset) and no bias is expeted in the lifetimemeasurement. The Doppler shifts were measured by setting gates on thelast three transitions at the top of eah band. The side feeding assumes arotational band sequene, with 4 transitions, into eah state above a gating



kr76 printed on Otober 25, 2004 3transition. The quadrupole moment of the side feeding bands was hosento be the same as in the band under onsideration. The Qt values of theground-state and the favoured negative-parity bands were found to dereasewith spin and were approximately modelled as Qt = Qtopt + ÆQtpItop � I,where the top supersript indiates the highest spin state in a band andÆQt is the variation of the Qt within the band, see Fig. 1 (lower inset a)).This derease of the Qt as a funtion of spin is well known in terminatingbands and has been previously observed in other mass regions, A � 110 [10℄,A � 60 [11℄. Figure 1 (lower inset b)) shows the energies of the states forthe three bands relative to a rigid rotor and it an be observed, in all theases, a smooth inrease in the energies of the highest spin states. Thisbehaviour in the state energies is also a signature of band termination [12℄.4. Summary and onlusionsThe present artile reports on the extension to higher angular momen-tum of the ground-state and favoured negative-parity bands of the pre-viously observed bands in 76Kr. The lifetimes of these bands have beenmeasured using the Doppler shift attenuation method. They present a sub-stantial loss of olletivity as they approah the highest spin states. Fulldetails of the new spetrosopi information for 76Kr will be presented ina following publiation [7℄ with a on�guration-dependent ranked Nilsson-Strutinsky (CNS) alulation without pairing [13, 14℄.REFERENCES[1℄ R.B. Pierey et al., Phys. Rev. Lett 47, 1514 (1981).[2℄ R. Bengtsson et. al., Phys. Sr. 29, 402 (1984).[3℄ C.J. Gross et al., Nul. Phys. A501, 367 (1989).[4℄ R.B. Pierey et al., Phys. Rev. C 25, 1941 (1982).[5℄ I.-Y. Lee, Nul. Phys. A520, 641 (1990).[6℄ D.G. Sarantites et al., Nul. Instrum. Meth. Phys. Res. A 381, 418 (1996).[7℄ J.J. Valiente-Dob�on et al., Phys. Rev. C, to be submitted.[8℄ B. Cederwall et al., Nul. Instrum. Meth. Phys. Res. A 354, 591 (1995).[9℄ J.F. Ziegler, web-page: http://www.srim.org.[10℄ R. Wadsworth et al., Phys. Rev. Lett 80, 1174 (1998).[11℄ C.E. Svensson et al., Phys. Rev. Lett 80, 2558 (1998).[12℄ A.V. Afanasjev et al., Phys. Rep. 322, 1 (1999).[13℄ T. Bengtsson and I. Ragnarsson, Nul. Phys. A436, 14 (1985).[14℄ A.V. Afanasjev and I. Ragnarsson, Nul. Phys. A591, 387 (1995).



4 kr76 printed on Otober 25, 2004

0 0

2 424

4 1035

6 1860

8 2880

10 4069

12 5348

14 6649

16 7999

52684

73289

94073

115052

136222

157581

42622

63175

83900

104806

125873

147109

168518

1810054

2011649

2213345

2415218

2617319

2819732

18 9399

20 10934

22 12692

24 14745

26 17150

28 19943

(30 ) 23152

179104

1910638

2112252

2314022

2516002

2718246

2920802

(31 )23732

(33 )27073

(30 )22575

(32 )25860

32258 22227

1350

1302

1280

1189

1021

826

611

425

1650

1361

1171

979

785

606

1538

14011

1237

1067

907

726

554

1587

1429

1596

1697

1873

2102

2414

1400

1536

1759

2055

2406

2793

3207

1534

1523

1614

1772

1983

2247

2558

2927

(3341)

2842

(3285)

426 395

18041835

76Kr

500 1500 2500
E   (keV)

101

103

105

101

103

105
101

103

105

C
ou

nt
s

* * * * * *
*
** * * * * * *

*
* * * * *** * * * *

*

* * * * * * * ** * * * *
*

Ground-state band

I- band (  = 1)

I- band (  = 0)

1.8

2.2

2.6

3.0

1.8

2.2

2.6

3.0

Q
t (

eb
)

1.8

2.2

2.6

3.0

Q
t (

eb
)

1.8

2.2

2.6

3.0

1.8

2.2

2.6

3.0

Q
t (

eb
)

1.8

2.2

2.6

3.0

Q
t (

eb
)

10 14 18 22 26 30
I ( )

0.2

0.6

1.0

1.4

1.8

2.2

E
-0

.0
23

70
4 

I(
I+

1)
 (

M
eV

)

10 14 18 22 26 30
I ( )

0.2

0.6

1.0

1.4

1.8

2.2

E
-0

.0
23

70
4 

I(
I+

1)
 (

M
eV

)

10 14 18 22 26 30
I ( )

0.2

0.6

1.0

1.4

1.8

2.2

E
-0

.0
23

70
4 

I(
I+

1)
 (

M
eV

)

GSB
I- band, (  = 1)
I- band, (  = 0)

V
 /

c
 (

%
)

z

V /c (%)x

–0.8 –0.6 –0.4 –0.2 –0.0 0.2 0.4 0.6 0.8 1.0
3.8

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4 Recoil velocity distribution

Kr
76

a)

b)

Fig. 1. Partial deay sheme for 76Kr (left). The upper inset shows -ray spe-tra obtained by summing pairs of double oinidene gates for the ground-stateand the favoured negative-parity bands. The middle inset shows the initial 76Krveloity distribution in the vx � vz plane. The lower inset a) shows the mea-sured transitional quadrupole moments Qt for the ground-state and the favourednegative-parity bands. The lower inset b) shows the energies of the high-spin statesrelative to a rigid rotor with a moment of inertia of = = 21�h2MeV �1 versus spin.


