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3* and 2 states in1%Be and 1B nuclei
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In response to recent papers which suggest that a level around 9.5 MeV in excitatf@e inucleus is its
first J7T=3*1 state, the experimental results are presented which undoubtedly prove that it is the faurth 2
state. Recent observations that the state at 7.00 Me\’Brdecays also intax+5Li* (2.19 Me\) are inter-
preted as a strong evidence that it is the thit@ 8tate of this nucleus. The structure of these states is discussed.
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Although many theoretical calculations predict a state of\°Be(w, y) data Perroucet al. [12] claim that the analog
10Be with J"T=3"1 at excitations close to 10 MeV, there is state in%B is at 11.5 MeV. On the other hand, Yaseteal.
no firm experimental evidence for its existence. Recent paf18], from their measurement of the excitation functions for
pers by Pieper, Varga, and Wiringa], Kanada-En'yo and the °Be(p, «)®Li reaction leading to differeniLi states, sug-
Horiuchi [2], and Daitoet al. [3] suggest that the state with gest that the assignment of the 10.8 MeV state*is ®hile
excitation energy around 9.4 MeV excited by a Gamow-the one at 11.5 MeV is a mixed-isospin state.
Teller transition in the'B(t, *He)%Be reaction[3] may be Although no 31 state inA=10 nuclei has been found yet,
the 3'1 state. However, the observed transition together withow one may claim with certainty that one of its zero-isospin
many other experimental results can be consistently exeousins, the third ® state in1%B, is the level atEg,,
plained in another way. One can start with several recent7.00 MeV. This claim is based upon two recent indepen-
independent observatiofg—9] that the state decays into two dent observation§5,20,2] that one of its decay modes is
zero-spin nuclei’He and®He, a transition not allowed for «+6Li*(2.19 MeV, 3) with the decay energy of only
any unnatural parity state. Mentioned strong Gamow-TelleBe0 keV. One may repeat the same argument as in the case
transition then leaves only*2and 4 as its possible assign- of the 2,1 state in%Be: if it were not a 3 state(i.e., =0
ments. Cleaf =1 angular distribution of th&'B(d, ®He)'Be  transition), the decay with so low energy would be strongly
reaction involving this statgl0] narrows it to 2. The same suppressed by any additional centrifugal barijerg., the
assignment is supported by its strong feeding in the

10B(d, °He) and °B(#, y) reactions[11,12, which favor 11.76 13.49
transitions involving spin flip, as well as in tHéC, 1%0) 12.56
and other two-proton pickup reactions &C [13-16. The s, 5. 1057
same values of spin and parity resulted from an analysis of ] 1152
measured angular correlations of e ("Li, afLi)®He and ~ ‘Hexe Joi 236 927 10.84
Li("Li, a®He)*He reactions[6], although one may have *e+2n |
some reservations on the applicability of this method to the, . 27
processes involving nonzero-spin nuclei. The authors deter-—s+-%-{s 2 134 737 > 8.894
mined very precisely its excitation energy to be 9.56 MeV. Betn | ) . 8.889 Bin
The more direct and final proof comes with its decay into 0 5960618 228 P——— 7820 |
a+%He (1.8 Mev, 2) observed recently5,7]. This decay T 5.958 # )
would not be observable in these measurements if it were no : — 536 ——— e
a 2* state(¢ =0 transition, because with the decay energy of e 603 00 3 ¢ Betp
only 350 keV any additional centrifugal barrier would " 5.]65'9;8 B
strongly suppress it. From all this one can conclude that all e 5 TR
the data concerning the 9.56 MeV state can be explained by 477 TLita
its 2"1 assignment. However, one cannot totally exclude the 359 ,
possibility that in its vicinity there is also a'B state but its
existence has yet to be proven. .

From the energy differences between other known iso- o = 22 !
baric analog states itfB and1°Be nuclei(i.e., 1.7-0.0, 5.2— = '
3.4, 7.5-6.0, 8.9-7.5 MeV, see Fig), the fourth 21 state Be 0.72 v
in 1% can be expected around 11 MeV in excitation. From .
the results on electron scattering 418 [17] and their own T=1 0 T=0

B

FIG. 1. Energy level diagram fd¥%Be and!%B nuclei for exci-
*Electronic address: djuro.miljanic@irb.hr tations below 14 MeV adopted with small changes from R&9].
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barrier height for this system and fé=2 andR=8 fm is 2,1 state fits well into the f shell model picture. Not only
830 ke\). This state has been observed as a reson@fmse  its energy, 9.16 Versus 9.56 MeV, but also its behavior in
to a much stronger one &,.=6.88 MeV) in the (p, @) and  one-nucleon transfer reactions is well predicted by the old
(p, d) reactions or’Be [22—29 [but not in(p, p) and(p, y)]  calculations of p shell nuclei by Cohen and KurafB3]. As

as well as in thea+5Li elastic scattering26] [but not in ~ was pointed out by Schwinet al. [10], the experimental
(a, y)]. From differentR-matrix analyses of their own data data on the one-nucleon transfer reactions feeding ffie 2
each group gave different preferred assignmeht23], 2¢  State _conflrm their p_redlctlons t_hat it would bg strongly ex-
[26], and T [25]. From the most recerR-matrix analysis C|t§d in the proton pickup reactions bufc contains no neutron
[27] of the data from Refg22] and[25] as well as of addi- _stnEOpmg strength. In the same calculation the thfrd State
tional lower energy dat§28] it is concluded that “the only in *B was predicted at 7.68 MeV. However, in a recent
possibility would seem to be that the 7.00 MeV level s 3 more complex shell model calculatiq4] two 3'0 states

" p - . have been found in the energy region: the thirtwB 0
rather than_ 2" but “good fits haye Pot been obtained to all state at 7.82 Me\(7.33 MeV above the 3ground statgand
the data with such an assumption.

Th . ¢ ted in th ¢ a 2w state at 5.61 MeV. The only experimental indication

. € same assignment was suggested In ese o Casgy, i+ the fourth 30 state came from the Distorted-Wave
(i) from the similarity of the angular distributions of the g, Approximation analysis of th&N(d,5Li)19 reaction
(d/°Li) reaction on14N leading to this state and to th§®  ea5uremenf2]. Its excitation energy of 8.68 MeV corre-
state at 4.77 Me\[29]; (I;) from tesh‘?a'“ angular correlation  gnonds to the position of a resonant structure observed in the
measurement of theB(*He aa)°Li reaction[30] (although  eycitation functions of thép, d) and (p, @) reactions orfBe

one may have the same reservations on the applicability %5’3@ Although one may be tempted to suggest that the
this method here like in the similar, previous case concerning oo MeV state corresponds to thé state and the one at

the 21 state in'®Be). o o 8.66 MeV to the third 30 Ohw State, more experimental in-
One may add that this state is either not visible or veryormation on both levels is needed for any final conclusion.
weakly populated in the proton stripping reactions ‘&e Significant challenges will be on one side the experimen-

(sometimes ”Ote resolved from its close neighbor aty| determination of higher'® states ini%8, of the 21 ana-
6.88 MeV). Its a+°Li decay was relatively weak with respect logs as well as of any3 state inA=10 nuclei, and on the

to those of other states &1B Iower_in excitatior_1 observed i_n other side the computation of all these states by modern the-
the measurements of the relative population of particleyetical approaches.

unstable states of intermediate mass fragments in'iNe
+Ag and3Ar+1%7Au collisions atE/A=35 MeV [31,32. | wish to thank M. Milin, M. Miljani¢, N. Sok, A. Taka-
Concerning the structure of these states it seems that theshi, and I. Zut for fruitful discussions and help.
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