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Double-A hypernuclear formation via a neutron-rich E state
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Conversion processes férH are discussed as a typical example of the dodbkeypernuclear formation via
a neutron-richg state.iAH is formed with a surprisingly large branching ratio of about 90% fri-)h‘\that is
produced by thel{~,K™) reaction on the'Li target. The7EH state has a narrow width, 0.75 MeV, and its
population can be confirmed by taggikg® momentum|[S0556-281®6)50507-9

PACS numbd(s): 21.80+a. 21.45+v. 25.80.Nv, 25.80.Pw

Recent hypernuclear studies have aroused much interest We apply distorted-wave Born approximatigBWBA)
in double strangenessS€ —2) systems. Several double-  with a finite rangeE " p-A A interaction to calculate the con-
hypernuclei events and atoms(or nuclej were reported in  version widths. For th& ~N channel, theA A channel, and
an experiment at KEK using emulsion-counter hybrid techthe Z ~p-A A coupling interactions we use the Shinmura po-
niques[1]. Such double strangeness systems provide unigutential [5] determined so as to reprodu8ematrices of the
information concerning tha A and EN interaction, which  Nijmegen model D potentidl6] at low energies. The poten-
is closely related to the existence of H-dibaryj@j and is  tial parameters are summarized in Table |.
awaited to deduce properties of strange hadronic mggier For theE ~N channel interaction, we multiply the repul-
However, information frons= — 2 systems is still very lim-  sive part by a reduction factdg. due to short-range correla-
ited. One reason is the difficulty in identification 8&=—2  tions to obtain an effective interaction. We use the YNG
hypernuclear species in emulsion events, and the other is effective interaction forAN [7], the parameters of which are
lack of events themselves. readjusted to reproduce the binding energies}éf and

If an intenseK ~ beam is available, the<(",K *) reaction  4H* and the NHN effective interaction foiN [8].
can sufficiently populate certaid-nuclear states, which be-  |njtial-state and final-state wave functions for the conver-
come doorway states to double-hypernuclei. In this paper sion processes are constructed as follows. For the initial state
a typical example of this line of producing doublehyper-  ZH  the five-body part without two neutron& ZH”) is
nuclei is explored. The first step is to produce a narrowirstly solved as a 3N-NE ~ three-body system within the

width bound E state using the’Li(K~,K*)ZH reaction.  framework of the resonating group method. The total Hamil-
Then, theE~ particle interacts with a proton in théHe  tonian is given by

core, and they convert into twd particles. Our primary

concern is how large the branching to the doublewclear A
formation is for the neutron-ricE -nucleusZH. HsH 2 Temt %N v+ 2 UIJH+2 v,
The conversion processes gH are limited to the follow-
ing: )
7 5 wheret; and T.,, are kinetic energy operators of thh
sH=RAH+n+n ~11 MeV, @ nucleon or thég ™ particle and the center-of-mass motion of
4 the five-body system, respectively. The Coulomb interaction
—aH+A+n+n ~7 MeV, 2 for =-p and pp is taken into account, since it plays an
4 important role in bindinggH [4]. We employ a variational
—jH*+A+n+n ~6 MeV, ©) method using a Gaussian basis with three rearrangement
channels in the Jacobi coordinate systé&fRCG method
—3H+A+A+n+n ~5 MeV. (4)  [9]. Secondly, wave functions for the remaining neutrons are

independently determined by solving the following equation
To fix the Q values, we need knowledge of the binding en-qf 5 SH-n:

ergies(BE) of 7H and ia H. In the above equations, we

have tentatlvely assigned BE( in EH) ~2 MeV and BE (TS pn+ Vapent Ve-n—E)|¢n) =0, (6)
(AA in 3,H)~6 MeV, which are estimated from a calcu- -

lation of double-strange five-body systems by Myeital.  where the potential is a sum of contributions fréie and

[4]. The point is that the&) values become small for these Z~. We use the Kanada potent[dl0] for *He n, the param-
processes because the 28.33 MeV energy released due dter values of which are multiplied by 1.15 for tpg, po-
EN—AA conversion is almost exhausted in breaking thetential so as to reproduce one half of the two-neutron sepa-
a cluster in 7EH. The three-body decay process in Ef)  ration energy in®He. For 2~ n, we regard theZ wave
would be favored by such small values, because the avail- function as a simplé0s) harmonic oscillator one, the size
able phase space is less reduced than that for the four- bocuy:trameter of which corresponds to the rms radius of the
and the five-body decays. determined from the calculation cﬁH Then theE ™ n
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interaction, which is averaged among odd-state parts for a 2
p-wave neutron, is folded with the (Qs)density. ' o 5H'+2n
For the final states3 \H is solved as @H-A-A system B _ﬁ{;{ Aao
using the CRCG method, anfH (1H*) is solved as a 1.5- QHI o0
AH +A+2n

3H-A system with spin zergunity). The oscillator size pa-
rameter of3H is taken to be 1.5 fm. The emittel wave

functions in Egs.(2) and (3) are determined by solving a
scattering equation for thgH ({H*)-A system, where we

""""" 3Hi2A42n

Width [MeV]
o
T

assume that th&H (1 H*) wave function is same as for the 0.5

bound state. For E4), which has only a small contribution, et T e
we neglect distortions of th& particles. Wave functions for 04 A
the two scattered neutrofig, (k,r)] are obtained by solving 0 5 10 15 20 25 30

Schralinger equations with a potential corresponding to the Q-value [MeV]

sum of the®H-n and A -n parts. We use a phenomenological
P b 9 FIG. 1. Q-value dependence of conversion widths from the

potential by Teshigawara fofH n [11], which reproduces
well the phase-shift behavior of low energy scattering, and aEH state. The solid, dashed, dash dotted, and dotted lines are for the

folding potential for theA-n part obtained by the same pro- processesl), (2), (3), and(4), respectively. The marks denote re-
. e spectiveQ values of the processes.

cedure as thé&&-n part in the initial state. Though we use

simple neutron wave functions neglecting the two-neutron

correlation, this does not sensitively affect the branching ra-

tio for the conversion process, since the two-neutron emiscoordinates are taken from the center-of- masébl‘ We

sion is a common factor in all decay processes. For the corshow the formula for the conversion width of E(q.) as an

venience of calculating conversion widths, the two neutrorexample,

8M kmax ! ! ‘e 1
5 Hnn= ;f " dknknkﬂF(kn)F(kn)<w(/SXAH)|VAA—:’p|lp( %H )>|21 (7)
AA mh<)o
2 2
where k/ = \/—';Zgg—kﬁ, k&= %;g (8)

F(kn)EJ:rzfl(knr)lﬂn(r)dr, €)

whereu,, andQ denote the reduced mass of tEeH -n sys- on the=Z"N correlation factorf.. When we take . as 0.8,
tem and the reactio® value, respectively. Widths for the the resulting binding energy and the rms radlus of #Fhén
other processes can be calculated in a similar manner. ~H are almost the same as the values given by Myint
Table Il lists the decay width and the branching rdfio et al.[4]. The total conversion width oéH is 0.75 MeV in
parenthesgsof each process together with their dependencehis case. Iff . has a smaller value, proce€b has a larger

TABLE I. The Shinmura potential foB= —2 two-body systems in units of MeV and fm. In the calcu-

lation, we use the coupling potential Wk -, , ,=57.8% (" 8550% for the 1S, state, and a triplet-odd state
potential averaged with Welghts J21) among3P0, 3p,, and®P,. The repulsive part of the potential is

given asV,=5000e (1103597

Vaa Vz-p Vz-n
'Sp V,—332.9% (108550° V,—310.93 (108550° V,—188.5% (109279°
°S; — V—179.1% (11085%0° V,— 14152 (10.9279°
Py — V,—435.0% (109° V,—587.53 (110.7369°
*Po V,—36.432 (109 V,—118.1% (109 V,—32.87% (/1065
°Py V,—187.3% (109 V,—264.0% (109 V,—58.26% (/12059

°P, V- 274.44 (109" V,—332.2@ (109° V,—130.82 (111.030°
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TABLE Il. Conversion widthI" [MeV], branching ratio and correspondir@ value [MeV] of each
process from theL-H state. The obtained binding energyeV] and rms radiu$fm] of the £~ patrticle in
“2H" are also listed in each case &N correlation factorf . .

fe 1.0 0.9 0.8 0.7

= BE (rms) 0.5(6.1) 0.9(5.1) 1.5(4.2 2.5(3.9

Process I' B.R)Q I' B.R)Q I' B.R)Q I' B.R)Q
(1) 0.241(84%) 12.0 0.398(86%) 11.6 0.671(89%) 11.0 1.200(95%) 9.7
2 0.019(7%) 7.5 0.029(6%) 7.1 0.039(5%) 6.5 0.036(3%) 5.2
) 0.024(8%) 6.4 0.035(8%) 6.1 0.042(6%) 5.4 0.029(2%) 4.2
(4) 0.002(0.7% 5.4 0.002(0.5% 5.1 0.002(0.2% 4.4 0.0004(0.029% 3.2
T iotal 0.286 0.464 0.754 1.264

width as shown in Table Il, since the overlap between thehe (K ~,K ™) reaction on the/Li target. Though we need to

initial * 2H” state and the final} \H state becomes larger
due to the larger binding energy &.
The doubleA nuclear formation of Eq(1) has a signifi-

estimate the production cross section fg, the doubleA
nuclear formation through such doorwaystates should be-
come feasible in the near future by using inteKSsebeams.

Cantly |arge branching I’atiO, aboyt 90%. This reSU!tS frornThe point is that to produce effective'y doubb.hypernu_
the smallQ values in the conversion processes, which supgiej requires that the core nucleus digests the 28.33 MeV
press substantially the available phase space for the fougnergy released by the elementary process, not convert it to

body and the five-body decays. Figure 1 showsQ@healue
dependence of the partial widths.

While the five-body process of E¢4) monotonically de-
creases af goes to zero, the three-body process of @g.
has a maximum at a smdl value around 4 MeV.

Zhu et al. investigated doubléx nuclear formation with
neutron emission in the case of the ator@C capture in

6Li, and they obtained a branching ratio for the process o

about 3%[12]. Compared to this, our value of about 90% is
extremely large, which will enable us to make a clear iden
tification of the doubleA hypernucleus. An essential differ-
ence between the conversion processd$lin- = ~ ] om and
that in ZH comes from the reactio@ values. In the process
[Li- E’]atomﬁﬁAHeJr n, the £~ particle and the proton in
the deuteron cluster convert into two particles. Then the
Q value is a large 36 MeV, where the particles can get
enough energies to escape the nucleus.

In summary, we have discussed thé\ conversion pro-
cesses for’EH as a typical example of the doubfenuclear
formation through a doorwajg state. Due to the breakup of
the a cluster in 7EH, the processes have small reacti@n

values that suppress many-body decays. The dalble-

nuclear formation7EH—>iAH +n+n involves a three-body

A particle kinetic energy. We again emphasize the useful-
ness of thex-cluster breakup process, where almost all of the
energy is absorbed.

The i AH produced is an appropriate object for investiga-
tion of S=—2 systems, since there exists less ambiguity in
any effort to extract information about theA interaction
due to its simple structure, and it is easy to identify the
hucleus by the use of monoenergetic decay pions. The detec-
tion of sequential decay pions is clear evidenceiqﬂﬂ
production, f’\AHHiHe+ 7  (p,~130 MeV/c) and
iHe—>4He+ p+m~ (p,~100 MeV/c). The branching ra-
tio of the former pionic decay is expected to be about 25%
[13] and the latter one is experimentally known to be about
40% [14]. Therefore, this sequential pion detection is fea-
sible.

The LZH state has a narrow conversion width of 0.75
MeV. This suggests the possibility of its identification by
means of tagging th&* momentum. Thus, the procedure
presented here is an example in which we are able to inves-
tigate the entire life of ars=—2 system—= -hypernuclear
formation, doubleA hypernuclear conversion, and sequen-
tial pionic weak decays. Though we have not discussed other
cases, a similar situation occurs in the case of the

decay, while the others are four-body and five-body decayk ~ K*) reaction on aSLi target. Such experiments are

processes. Thus, ,H is almost exclusively formed with a
large branching ratio of about 90%, onéH is populated by

awaited as a first step to explore the interaction and proper-
ties of S= -2 systems.
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