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Identification of excited states in theN=2Z nucleus ®8Se with cluster detectors
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A first level scheme of®Se with five states up to 4.2 MeV excitation energy and tentative spirsnél 7-
has been established frogy coincidences measured with six EUROBALL Cluster detectors in close geom-
etry. The level scheme is interpreted in comparison with neutron deficient nuclei &~ region and
cranking model calculations. In a similar experiment a triple coincidence betweéfitheansitions 710, 611,
and 792 keV has been provdis0556-28138)50207-5

PACS numbd(s): 27.50+e, 23.20.Lv, 21.60.Ev

Neutron deficient nuclei withA~70 and N~Z show  deformations(e.g., "®Sr [15], 8Zr [16]). In several nuclei
many fascinating features. Large prolate and oblate deformagith N or Z~36 prolate-oblate shape coexistence has been
tions (8,~ +0.45,—0.30) and prolate-oblate shape coexist-observed. The first example of shape coexistence in the mass
ence at low spins occur in this mass reg[dr-7]. The ob-  regionA~70 was found in"?Se[17]. The level schemes of
served strong shape variation as a function of particle®7%Se show level repulsion arising from the interactions be-
number, excitation energy, and spin has been interpreted ageen prolate and oblate deformed stdte&3]. For thegy,
resulting either from stabilizing energy gaps between theyands in%®7'Se, collective oblate deformation has been de-
single-particle states at large deformatigB$ or from the  duced from the positive sign of mixing ratios in combination
proton-neutron |jn) interaction acting among the valence with a strongly coupledk =9/2 band4]. So far in the whole
nucleond9,10]. Because of these spectacular shape effectsnass region an oblate deformation stable against rotation has
produced by well-deformed and spherical shell-model stateeen very elusive. For the ground state’&r, an oblate
the resulting strong variation of collective properties makegjeformation should be stabilized by a gap between single-
the neutron-deficient nuclei in th&~70 region a favorite particle states aN,Z=36 [8], and various theoretical ap-
testing ground for theoretical approactéd]. Here, in the  proaches, indeed, predict an oblate sH&&8,19. The level
heaviestN=Z nuclei accessible without radioactive beam schemes of>"Kr have been interpreted in the frame of
facilities, especially the isospifi=0 andT=1 components shape coexistend@,20,6. At N,Z=34 two competing gaps
of the pn interaction can be studied. TAe=0 componentis  in the single-particle energy spectri8i may stabilize small
deemed to be primarily responsible for configuration mixingoblate as well as small prolate deformations. The aim of the
and the onset of collectivity in heavy nuclgl0]. In the  present work was to test whether the predicted octupole soft-
2s1d- and 21f-shellN=Z nuclei, theT=0 component is ness[21] and oblate deformatiof22] can be found irféSe.
stronger than th& =1 componen{12] and causes ground- First experimental information offKr transitions was ob-
state spinsl#0 in the N=Z odd-odd nuclei. In medium tained a decade ago, when six transitions of 115, 324, 613,
massN=Z nuclei, theT =0 coupling is predicted to increase 709, 790, and 925 keV were assigned tr [23] using the
with rotational frequency and affects the moment of inertiaDaresbury recoil mass separator. Inferred from relative inten-
and alignment frequenci¢42]. In ““Rb an excited and pre- sities and the coincidence between the strongest two transi-
sumably odd-spin band is interpreted to have 0 [13]. tions a level scheme was sugges{@8]. The coincidence
Therefore, it is of general interest to investigate isospin efbetween the 613 and 709 keV transition was confirmed by
fects in medium masbkl=Z nuclei. [24].

Both theN=2Z nuclei ®®Se and’?Kr lie at the borderline A few years later, three transitions were assigned to the
between modesy-soft (e.g., ®*Ge [14]) and strong prolate N=2Z nucleus®®Se by Listeret al. using the Daresbury recoil

mass separator: 343, 854 and 1088 k&¥|. So far no level
scheme could be established. Two of the three transitions
*Corresponding author. Inst. f. Kernphysik, Universita Kaln, occur also irf8As (344 and 854 keY, a nucleus populated in
Zulpicher Str. 77, D-50937 Kla, Germany. Electronic address: every fusion-evaporation reaction which can be used to pro-

skoda@ikp.uni-koeln.de duce®8se.
TAlso at Inst. fu Kern- und Teilchenphysik, Technische Univer- ~ We found a first hint on an 854—-1088 keV coincidence in
sita Dresden, D-01062 Dresden, Germany. the data of &£%Se study[4]. But, the cross section féfSe in
*Deceased. the used reactior??S(100 MeW)+4°Ca is only minute. In
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fact, the largest part of the 1088 keV transition intensity 68go
seemed to belong to the very strong 8hannel®®As. For- 600 700 800 900 1000 1100
9 H H H ! ; ; ! A )
tunately, the channéi®As is not populated in the reaction @ Gato:
58Ni+12C. Using this reaction and gating on the undisturbed 56000 | {629’
1088 keV transition thus provides a unique chance to build a 8 5000 |

level scheme of®Se without employing a particle trigger. 4000

To establish the level schemes $8e and’Kr, a large 3000 |
y-ray detection efficiency was used employing six Cluster 2000 |
detectord25] developed for the EUROBALL spectrometer. 5
Each Cluster detector is composed of 7 encapsulE2éH 1000 Jp
Germanium crystals in a common cryostat. The six Cluster 0]
detectors were arranged in close geometry as a (@beS- 120] 1088 + 1629
TER CUBB with two Cluster detectors in 90° above and 1
below the beam lindsee Fig. 9 in[25]). The target was 801

placed in the center of the cube and the beam entered be- | 3627'3

tween the two backward detectors positioned at 135° and 40i i
225°. The compact geometry required the experiment to be 0 |
performed without escape-suppression side shields, but the -
back-catcher BGO crystals behind the encapsulated Ge crys- U S N
tals were used during th¥Se experiment in order to have (@) 600 700 800 90(|)Ene1rgc§lo[ke1\1/§)o
some Compton suppression. The full energy peak efficiency ‘

at E,=1.3 MeV, provided by 42 Ge detectors, each with a 72Ky

relative efficiency of 60% compared to d>83” Nal detec- 400 500 600 700 800 900
tor, wasPp~13% including the add-back of Compton scat- £ 6000{ Gate: 7236
tered events. With an average distance of 11 cm between the 3 s000] 611 =

target and the front side of the Cluster Ge detectors, the © 40001

resulting solid angle of 65% of# guaranteed the large ef-

ficiency required for the investigation ®f=2Z nuclei with 80001

A~70. As a consequence of the large solid angle per encap- 2000

sulated detector of about 0.86the recoil velocity should be 10001

minimized to reduce Doppler broadening, and the 0

multiplicity M, should be less than 10 to reduce sum-up 100 Gates: 7921
events. Both goals were achieved by using projectiles as 1611 +710 i

light as possible. We studied the reactiofii( *°C,2n)%8se 80/

at 40 MeV and®®Ni(*%0,2n)"?Kr at 55 MeV at the accelera- 40] :

tor facility of the Max-Planck-Institut fu Kernphysik in i
Heidelberg. The projectile energies were chosen only 0

slightly above the Coulomb barrier to maximize the relative

cross section of therPchannel, and either target consisted of 40
a 99.8% enriched®Ni foil (%8Se experiment: 1.6 mg/cn 466 500 800500 865 500
"2Kr: 0.5 mg/cn?) rolled onto a thick Bi backing to stop the (b) Energy [keV]

residual nuclei.
During the first—the’?Kr—experiment the counting rate  FIG. 1. Comparison of single gaté®p) and double gategot-
was 12000 counts/s per single encapsulated Ge detector. Jm for ®*Se (@) and "r (b).
an accepted event rate of 7000 sve wrote 2.%10° M,
=3 coincidences on tape. In t{8Se experiment pileup and spectra of a two dimensional matrix, the-2hannel®®Se
accidental events were reduced by the back-catcher BGO, Hyansitions could not be established because of the energy
a slightly larger distance of 12 cm, as well as by a loweringoverlap with the mutually coincident 339, 344, and 854 keV
of the counting rate to 6500$ per single encapsulated de- transitions of thenp-channel®®As, which is the third stron-
tector leading to an event rate of 7500 swritten on tape. gest exit channel. Moreover, we discovereddas new tran-
Here, 3.5<10° M ,=3 coincidences were collected, yielding sitions of 1627 keMnot in coincidence with 854 ke\and in
17x 10° unfolded triple coincidences. The highmultiplici- particular 1090 keMin coincidence with 854 ke)f making
ties in both reactions reduced the peak-to-total ratios, due tdouble gating of paramount importance for the analysis of
sum-up events and coincidences with unrestorable ComptofiSe. Applying double gates, it turned out that the three tran-
scatter events. In both reactions the gain in peak intensitgitions(343, 854, and 1088 ke\previously assigned t&fSe
through the add-back of Compton scattered events was le§$5] are not mutually coincident.
than the increase in background intensity. Therefore, the Although it could be ascertained that there is no coinci-
analysis was performed without add-back, which reduced thdence between the 1088 and the 343 keV transition, the co-
full energy peak efficiency t®p~9%. incidence between the 854 and 343 keV transitions could
From the %8Se experiment a level scheme could be de-neither be established nor excluded f€8e, because no fur-
rived only by analyzing triple datpsee Fig. 1a)]. In gated ther transition could be assigned fSe in the spectrum
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48 (7) publications ¢=2 ns—20us). In case of isomeric ground-
state transitions, however, corroborating coincidences are not
available. Therefore, an—although improbable—isomeric

627

T %8Se ground-state transition of 343 or 854 keV cannot be
excluded by this recoil shadow experiment because of the
E,=2158 keV isomer £=37 ns) in%8As, feeding states de-
(63—|72766 1629 populated by the 854 and 344 keV transitions. For the reac-
tion %25(115 MeV)+%°Ca, used in the recoil shadow experi-
& &) 2113 ment, which populates states with angular momenta up to 32
(4) y 1942 %, the cross section dfSe was calculated byascADE to be
792 as large as 1 mb. Thus, taking the observational limit of 10
- @) | 13 ub into account, less than 1% of tifSe cross section is
@)....97) [ expected to proceed from a potential high spin isomer.
‘34§‘ e il An evaluation of the®®Se level spins could not be per-
""""" (@) ¢ 710 formed because of the low statistics. The ground state has the
spin and parity 0 with a half-life of 35.%7) s[28]. Spin and
854 710 . .
parity of the other states are suggested from the systematic of
o ! 0 68Se 0+_l_o 72Ky neighboring even-even nuclei. The transitions 854 and 1088

keV build the ground-state band up to probable spin Zhe
feeding 824 keV transition might represent a backbending in
he ground-state band in agreement with our cranking model
alculations, which yielded a critical frequency of 0.5 MeV
for aligning eithergg,, protons and neutrons. Both the tran-
sitions 343 and 1629 keV are interpreted in analogy to
66.68Ge and in particular thé=Z nucleus®Ge. The pos-

FIG. 2. Proposed level schemes®8e (left) and "?Kr (right).

gated doubly on the 854 and 343 keV lines. Thus, the 34
keV transition might feed the 854 keV state.

The level scheme of®Se shown in Fig. 2 was deduced
from coincidences and intensities. The 8%3)%keV transi-
:Ir?en r\,(\a/gziIInr;ea[;i(-jsS:cttrr]gmgertoel:n::jc_)iséi?setrrl?nsspltéc():?fag]e(iﬁtejSe 'Bble 343 keV transition is interpreted as the decay out of the
854 keV transition has the largest intensity. The relative in’ltﬁnd,ravg?I'{?afwi?tié?ilzce)vind(taﬁ:yn:j |L1;[)(2rﬁrr]etidugz)éﬁee S
tensities 10Q17) of the 1088.19) keV transition(the 1088 and 66*)6/82n [29] stron E1 transitions in?o the 2lgstate have
1090 keV doublet being resolvedand 5@25) of the 9

- : : been observed. AlthoughEl transitions are isospin-
1629.17) keV transition were determined in a spectrum . . - ;
gated on the 854 keV ground-state transition, while the rela]iorbldden in aT,=0 nucleus, it was shown that éfGe the

tive intensities of the 627(8) keV transition, 2011), and of deducedE1 strength can be explained by an estimated 1.2%

o : : i i iXi indicating a Coulomb-mixing interaction
the 823.98) keV transition, 1811), were deduced in relation ISOSpIn mixing, .
to the 1629 keV transition from a spectrum gated twofold ongirength compargble W'th tha_t extracted from ﬁ‘dec"%y of
854 and 1088 keV Ga[14]. As the isospin admixtures are expected to increase
. ) + o
with mass, a strong 5—4" E1 transition would not be

To compare the relative cross section$ige and®Ge, a ! . o
gate was set on the strongest transitions populating the firstrPrIsing forSe. A lifetime measurement of _the 3571 keV
tate would be very useful to quantify this point.

excited state in either nucleus. From these spectra the inteft A ding to total Routhi ; RS calculati

sities of the ground-state transitions®iGe (308 000 events ] cc?r: 'n\?v 0 do g ou |ank§uracé|'c[8]) ca clu.a |o_tnhs

and in%8se(230 eventswere inferred, which yield a relation using the YWoods-saxon cranking model], nuciet wi
large oblate deformation are centered arouht=Z

X 1074, i : .
of 1 to 7X10 *. We know from experience that for strong —34-36[22]. In [15] it was argued that a rigid oblate de-

exit channels the measured relative cross sections are reprormation as calculated if22], would lead to an estimated
duced quite well bycascADE calculationd 27]. Hence, usin ’ ’
d X 127] 9 2% level of about 425 keV energy. The present TRS calcu-

h Icul 8 i f 2 . .
the calculated™Ge cross section of 280 mb, HSe cross lations for 88Se (Fig. 3, bottom show prolate-oblate shape

section of=200(50) ub was determined. This evaluated coexistence with nearly degenerate minimagat=0.23, y
cross section accounts fop3L0™ 4 of the total cross section e
=0°, andB,=—0.26, y=—60° for the ground-state. The

and is roughly in agreement with tllasCcADE calculation in ; . .
contrast tg t)rlwe cr%ss section determined by Listerl potential barrier of about 300 keV could be further reduced if
? PN correlations would be included in the calculations. Even

which was found to be five times smaller than anticipate - ) X . : .
[15]. The discrepancy might be due to a high spin isomerShape mixing might be possible, as predicted by microscopic
model calculations for other nuclei in this mass region, e.g.,

leading toy decays outside the focus of the Ge detectors irﬂg ¢ [19]. The TRS at moderate rotatiohw—0.4 MeV
. w=V.

the recoil mass separator measurement. To discover such t triaxiality (Fio. 3 b hich
high spin isomer, we performed a recoil shadow experiment '0WS & pro_nounce_@l-s_o_ triaxiay |_ty( '9. S ottorP, whic
ight explain the diminished ratiB=E(4, )/E(2;)=2.27

by surrounding a thin target with a four-chambered NE213™ X -
neutron detector, while behind a 5-cm-thick Pb wall two[30] (R=8/3=2.67 for y=30° in the absence of rotation-
Cluster detectors pointed at a stopper to detect isomeric Vibration coupling [30]) as well as the possible ;2 y-
decays of the deposited recoil nuclei. Nevertheless, we diandhead state lying below thg 4evel at 1197 ke\[31].

not find a high spin isomer iSe within an observational The B,=0.33—predicted by the present TRS calculation—
limit of 10 ub. Yet, with a lower detection limit at 1 ns, we compares well with a|B8,/=0.28 derived fromE(2;)
found in the various reactions all the isomers expected from= 854 keV via Grodzins rulgl6] if a triaxiality ofy=25° is
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FIG. 3. TRS calculations fof’Kr (top) and %8Se (bottom). The separation between the contour lines is 0.1 MeV.

taken into account, which would yield.;=0.848 [31]. At  intensities to the respectivVéSe ground-state band transition
faster rotatiorfi = 0.8 MeV, a strong influence of the single intensities, one obtains a relative intensity ok 0~ * for
particle states emerges, which might explain theeid 7 72y, With a cross section of 145 mb féfSe, calculated by
states by assuming a neutron or proton configuratioRne fysion-evaporation codBASCADE [27], a cross section of
(982 Paaf 52P112) 1. Comparing®Se with **Se, the oblate 10030) ub can be inferred for’2r, representing 1.5
deformation of th€°Segq, band[4] appears to be generated x 104 of the total cross section.

and stabilized by the core-polarizing odd neutron. For a de- T summarize, the high efficiency of the CLUSTER

tailed interpretation 0‘6889_’ obviously further experimental cyBE setup allowed us to establish several excited states in
data are ne7ezded, e.g., spins, parities, gnd lifetimes. the twoN=2Z nuclei ®Se and’?Kr produced with a propor-
With the "“Kr CLUSTER CUBE experiment only the mu- o of only 1074 of the total fusion cross section. The level

tual coincidences between the transitions 6@),9710.05),  schemes are consistent with the systematics of the mass re-
and 792.16) keV could be establishefsee Fig. )] thus  yion The sequence 710-611-792 keV iAKr hints to

proving the first three excited levels dfkr (see Fig. 2, prolate-oblate shape mixing and is quite different from levels
right), which were proposed bj23] based on the transition gchemes produced by strong prolate deformation inNhe

intensities measured in coincidence with the recoil mass. 7 _ 35 40 nuclei’®Sr and®®zr. The proposed level scheme
spectrometer. Recently, the level scheme’®#fr could be  f 68ga \with a 5 4+ E1 transition. resembles the moder-

exte_nded up to+spin by De Ang_e_liset al.[32]. The newly ately deformedy-soft nuclei #Ge. Both nuclei,%8Se as
assigned 8 —6 995.6 keV transition alreat_jy shows a Iargg well as 2Kr, appear to follow the predictions of the TRS
Doppler broadening of the line shape, which could explain.yicyjations. In particular, the oblate or shape-coexistent de-

our difficulties to extend the level scheme. The line shapg, mations arenot preserved if the nuclei start rotating.
analysis performed for the™8-6" transition resulted in a

guadrupole deformatio3,=0.37(7) [32]. In accordance The authors wish to thank O. Koschorrek and P. Reiter for
with [23,24,33 our "’Kr data agree with expectations for the their help during the preparations for the experiment. This
N=2Z=236 nucleus based on prolate-oblate shape mixing inwork was supported by the German BMBF under contract
ducing level repulsion in the low spin region, while at higher No. 060K862(0), 06DR6661, and 06GOE851 as well as by
spins the nucleus is predicted to prefer prolate deformatiothe IN2P3 (Institut National de Physique Nuelze et de
(see Fig. 3, top, an@19]). Comparing the’’Kr-transition ~ Physique des Particles

[1] C. J. Lister, P. E. Haustein, D. E. Alburger, and J. W. Olness, [3] T. Mylaeus, J. Busch, J. Eberth, M. Liebchen, R. Sefzig, S.
Phys. Rev. @4, 260 (1981). Skoda, W. Teichert, M. Wiosna, P. von Brentano, K. Schiffer,

[2] C. J. Lister, B. J. Varley, H. G. Price, and J. W. Olness, Phys. K. O. Zell, A. V. Ramayya, K. H. Maier, H. Grawe, A. Kluge,
Rev. Lett.49, 308(1982. and W. Nazarewicz, J. Phys. @5, L135 (1989, and refer-



PRC 58

[12] W. Satula and R. Wyss, Phys. Lett. 83 1 (1997, and

ences therein.

RAPID COMMUNICATIONS

IDENTIFICATION OF EXCITED STATES IN THEN=Z . .. R9

A. Faessler, Nucl. Phy#\549, 352(1992.

[4] M. Wiosna, J. BUSCh, J. Eberth, M. Liebchen, T. Mylaeus, N[Zo] R. B. Piercey, J. H. Ham”ton’ R. Soundranayagam’ A. V. Ra-

Schmal, R. Sefzig, S. Skoda, and W. Teichert, Phys. Lett. B
200, 255(1988.

[5] D. F. Winchell, M. S. Kaplan, J. X. Saladin, H. Takai, J. J.

Kolata, and J. Dudek, Phys. Rev.4D, 2672(1989.

[6] S. Skoda, J. L. Wood, J. Eberth, J. Busch, M. Liebchen, T.

mayya, C. F. Maguire, X.-J. Sun, Z. Z. Zhao, R. L. Robinson,
H. J. Kim, S. Frauendorf, J. Dimg, L. Funke, G. Winter, J.
Roth, L. Cleemann, J. Eberth, W. Neumann, J. C. Wells, J.
Lin, A. C. Rester, and H. K. Carter, Phys. Rev. Léiff, 1514
(1981).

Mylaeus, N. Schmal, R. Sefzig, W. Teichert, and M. Wiosna,[21] W. Nazarewicz, P. Olanders, I. Ragnarsson, J. Dudek, G. A.

Z. Phys. A336 391(1990; Nucl. Phys. A, in press.

[7] S. Freund, J. Altmann, F. Becker, T. Burkardt, J. Eberth, L.

Leander, P. Mber, and E. Ruchowska, Nucl. Phy&429, 269
(1984).

Funke, H. Grawe, J. Heese, U. Hermkens, H. Kluge, K. H.[22] R. Bengtsson, ifResearch Reports in Physjdaroceedings of

Maier, T. Mylaeus, H. Prade, S. Skoda, W. Teichert, H. G.
Thomas, A. von der Werth, and G. Winter, Phys. Let3®,
167 (1993.

[8] W. Nazarewicz, J. Dudek, R. Bengtsson, T. Bengtsson, and I.

Ragnarsson, Nucl. PhyA435, 397 (1985.

[9] K. Heyde, J. Ryckebusch, M. Waroquier, and J. L. Wood,

Nucl. Phys.A484, 275(1988.

227, 1 (1989, and references therein.

[11] T. Nakatsukasa, K. Matsuyanagi, |. Hamamoto, and W. Naza-

rewicz, Nucl. PhysA573, 333(1994.

references therein.

[13] D. Rudolph, C. J. Gross, J. A. Sheikh, D. D. Warner, |. G.

Bearden, R. A. Cunningham, D. Foltescu, W. Gelletly, F. Han-
nachi, A. Harder, T. D. Johnson, A. Jungclaus, M. K. Ka-

the International Workshop on Nuclear Structure of the Zirco-
nium Region, Bad Honnef, West Germany, 1988, edited by J.
Eberth, R. A. Meyer, and K. Sistemi¢B8pringer-Verlag, New
York, 1988, p. 17.

[23] B. J. Varley, M. Campbell, A. A. Chishti, W. Gelletly, L.

Goettig, C. J. Lister, A. N. James, and O. Skeppstedt, Phys.
Lett. B 194, 463(1987).

[10] J.-Y. Zhang, R. F. Casten, and D. S. Brenner, Phys. Lett. §24] H. Dejbakhsh, T. M. Cormier, X. Zhao, A. V. Ramayya, L.

Chaturvedi, S. Zhu, J. Kormicki, J. H. Hamilton, M. Satteson,
I. Y. Lee, C. Baktash, F. K. McGowan, N. R. Johnson, J. D.
Cole, and E. F. Zganjar, Phys. Lett. 89, 195(1990.

[25] J. Eberth, H. G. Thomas, D. Weisshaar, F. Becker, B. Fiedler,

S. Skoda, P. von Brentano, C. Gund, L. Palafox, P. Reiter, D.
Schwalm, D. Habs, T. Servene, R. Schwengner, H. Schnare,
W. Schulze, H. Prade, G. Winter, A. Jungclaus, C. Lingk, C.

Teich, and K. P. Lieb, Prog. Part. Nucl. Pha8, 29 (1997,

badiyski, D. Kast, K. P. Lieb, H. A. Roth, T. Shizuma, J. and references therein.

Simpson, OSkeppstedt, B. J. Varley, and M. Weiszflog, Phys. [26] J. Eberth, H. G. Thomas, P. von Brentano, R. M. Lieder, H. M.

Rev. Lett.76, 376(1996. Jager, H. Kanmerling, M. Berst, D. Gutknecht, and R. Henck,
[14] P. J. Ennis, C. J. Lister, W. Gelletly, H. G. Price, B. J. Varley, Nucl. Instrum. Methods Phys. Res. 369, 135(1996.

P. A. Butler, T. Hoare, S. Cwiok, and W. Nazarewicz, Nucl. [27] F. Pthlhofer, Nucl. PhysA280, 267 (1977.

Phys.A535, 392(1991); A560, 1079E) (1993, and references [28] P. Baumann, M. Bounajma, A. Huck, G. Klotz, A. Knipper, G.

therein. Walter, G. Marguier, C. Richard-Serre, H. Ravn, E. Hagého
[15] C. J. Lister, P. J. Ennis, A. A. Chishti, B. J. Varley, W. Hoff, and K. Steffensen, Phys. Rev.3D, 1180(1994).

Gelletly, H. G. Price, and A. N. James, Phys. RevA4g [29] L. Cleemann, J. Eberth, W. Neumann, and V. Zobel, Nucl.

R1191(1990. Phys.A386, 367 (1982.
[16] C. J. Lister, M. Campbell, A. A. Chishti, W. Gelletly, L. Go- [30] A. S. Davydov and A. A. Chaban, Nucl. Phy&), 499(1960.

ettig, R. Moscrop, B. J. Varley, A. N. James, T. Morrison, H. [31] A. S. Davydov and G. F. Filippov, Nucl. Phy8, 237 (1958.

G. Price, J. Simpson, K. Connel, and O. Skeppstedt, Phyd.32] G. de Angelis, C. Fahlander, A. Gadea, E. Farnea, W. Gelletly,

Rev. Lett.59, 1270(1987, and references therein. A. Aprahamian, D. Bazzacco, F. Becker, P. G. Bizzetti, A.
[17] J. H. Hamilton, A. V. Ramayya, W. T. Pinkston, R. M. Ron- Bizzetti-Sona, F. Brandolini, D. de Acuna, M. De Poli, J.

ningen, G. Garcia-Bermudez, H. K. Carter, R. L. Robinson, H. Eberth, D. Foltescu, S. M. Lenzi, S. Lunardi, T. Martinez, D.

J. Kim, and R. O. Sayer, Phys. Rev. L2, 239(1974. R. Napoli, P. Pavan, C. M. Petrache, C. Rossi Alvarez, D.
[18] R. Bengtsson, P. Mter, J. R. Nix, and Jing-ye Zhang, Phys. Rudolph, B. Rubio, W. Satula, S. Skoda, P. Spolaore, H. G.

Scr. 29, 402(1984. Thomas, C. A. Ur, and R. Wyss, Phys. Lett. &5 217
[19] A. Petrovici, E. Hammaren, K. W. Schmid, F. Gnmer, and (1997.



