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A selection rule for fragmentations of doorwayhole states in light nuclei is given. In the two-body
fragmentation process of the doorwshole states in light nuclei, smaller fragments than dhgarticle (p, n,
d, t, and®He) are allowed, while the fragments such as thparticle and the larger particles are forbidden, in
spite of the fact that th® value for thea fragment is similar to or even larger than those for phe, andd
fragments. The selection rule comes from the spatial symmetry of the dosrhale states. The spectroscopic
factors and partial widths for the two-body fragmentations ofsttle state of'B and®N are calculated to
show the selection rule. The calculated escape widths fol'B{e-hole) and°N(s-hole) doorway states are in
good correspondence with the experimental widths. This may suggest that the following scenario is realized; in
light nuclei the fragmentation process of thvole state in the doorway stage is superior or competitive to that
in the compound nuclear stage.

PACS numbsd(s): 21.10.Pc, 21.10.Jx, 24.16i, 27.20+n

[. INTRODUCTION Green function methofP,10] have been applied to describe
the experimental excitation spectra for quasifree knockout
The nuclear deep hole states have been systematically ifeactions such asp(2p). However, only the nucleon frag-
vestigated so far with the use of quasifree knockout reaction%"?[Réai‘:'zglgzltgt?ofrga' deep hole state was taken into account
such as p,2p) [1-3] and (e,e’p) [4,5] and neutron pickup :
reactions such asp(d) [6], etc., on light to heavy nuclear Regently, t\évoto:; thelpreser;t t"?‘Uthgf?Y' anc;l] K. [113  and
targets in order to clarify single-particle motion in nuclei. ave gemonstrated a close refation between hypernucier an

The hole spectroscopic information on binding energies ancgtergﬁ Qr?tleessia;%ham ;hfeascttri?)rr:gesnuﬁigl *\;vzrrt?j'( tbe
widths for various proton-hole states is deduced from th 9 9 S o

guasifree knockout data, and is summarized in the famoq<+) populate strongly hypernuclear states with nucleon-hole

! : . uf"%yperon-particle N~1Y] configurations(Y=A and 3 par-
figure by Jacob and Mar[8]. The systematic observation of . les): f le. h I tat ith th fi i
various hole binding energies gives direct evidence of th Ic es); for example, hypernuclear states with the configura
existence of inner orbital structure which is fundamental to. 2" of a _nuclear—co_re deep hole hole n light nucle)

the shell model. On the other hand, thgK ™, )A coupled lelth aA particle[7]. The core-excited hypernuclear
strangeness-exchange reaction is another tool to study tﬁéates N""Y] are fragmented to some stable and/or quasis-

nuclear deep hole states. Since the momentum transfer of tiﬁ%gﬁ %ze:rag?;rznt;ebrﬁse;ne'gggv\?;;lileonﬁhggdiﬁ?hzn]gr:n_d
(K™,7") reaction is very smallq=50 MeV/c), the substitu- y ypP 9 y Y. ' 9

tional states with a neutrasthole andA-particles-state con- mentation process of the core-excited hypernuclear states,
figuration [sys,] as well as a pyp,] configuration are the fragmentation mode of the nuclear-core deep hole states

N A : N FAL T , plays an important rolgl1]. On the other hand, in th@=—2
strongly populated. With the use of tH&~,7) reaction,

; Scld
Bertini et al. investigated the neutron-hole states in light nu-WorId’ a straﬂgeness 2 exchange reaction such_(asl( )
clei [7]. can produceZ~ hypernuclei as well a&~ atomic states.

A deep hole state is observed as a bump with large WidtThe characteristic oE~ systems is that & particle in a

in the excitation spectra of quasifree proton knockout reaciert:gsignt]w'gtfragtr":‘icvlvétsh(g,quA'z: +n2ué: Ii/lljsv';obbeacon-
tions. For example, the protanhole states fot'B and N, X = TP y

: . ; . strong interaction. Then, a highly excited hypernuclear state
which are the typical deep hole statesprshell nuclei, ap- . .
pear atE,~20 MeV with =9 MeV andE,~30 MeV with with the nuclear-core proton hole coupled with twopar-

T'~14 MeV, respectively1—3]. The energy and width give ticles is produced as an intermediate s;[zitze, and is then frag-

important information on the wave function of a deep holeMentéd to a doublé- hypermnucleus aZitZ;) or
state. In particular, the partial fragmentation widths whichtwin-A hypernucleus {*“1Z,+217,), etc. Since theQ
relate to how a deep hole state is fragmented should providealue of the elementary proce& +p—A+A is nearly
extremely interesting information on the fragmentationequal to thes-state proton separation energy in light nuclei,
mechanism, namely, whether the deep hole state is fraghe fragmentation of a nuclear-cosehole state should play
mented statistically or nonstatistically. However, only the to-an important role in the fragmentation &=—2 systems

tal width of the deep hole state has been known experimerj11]. The above-mentioned two examples show us that study
tally. On the other hand, theoretical studies of the partiabf the fragmentation mechanism of deep hole states, in par-
fragmentation widths of deep hole state have also scarcelycular s-hole states in light nuclei, is needed to develop hy-
been performed so far. The continuum shell md@land  pernuclear physics, because the fragmentation dynamics of
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TABLE I. Ratios of nuclear radiugR) to mean free patli\) of s-hole statek andI'(s hole) denote the
wave number and width of thehole state. FofLi, Li, 1C, %0, and?®Si, we use the experimental values
of I'(s hole) [1-3]. For other nuclei, the theoretical valuesItf hole) are used12,13. See the text.

6Li 7Li 12C 160 ZSSi 4°Ca ’EJOZr 208Pb
k (fm™h 0.91 0.89 0.81 0.78 0.70 0.67 0.58 0.47
I'(s hole) (MeV) 1.2 6.0 9 14 16 (20) (29 (27
A (fm) 31 6.1 3.7 2.3 1.8 1.4 1.0 0.72
R (fm) 2.56 2.40 2.46 2.73 3.08 3.48 4.25 5.50
R/ 0.083 0.39 0.66 1.2 1.7 25 4.3 7.6

deep hole states plays an important role in the production a2p, and so on. In medium-heavy and heavy nuclei, the door-
the hyperfragments. way s hole produced by a quasifree knockout reaction propa-

In a previous papelrll] the present authors investigated gating in a nuclear medium transits immediately to a
the characteristic of the fragmentation mode for thecompound state by strong coupling with higher configura-
UB(s-hole) [*'C(s-hole)] state by evaluating the spectro- tional states, because the deep hole state appears in a highly
scopic factors for theBe+t and Li+a (®Be+3He and  excited energy region and the level density is very high in
’Be+a) channels. They found a notable selection rule forsuch an energy region. Thus the main component of the
fragmentation of doorways-hole states in light nuclei, width of a deep hole state in medium-heavy and heavy nuclei
namely, in the doorwag-hole states op-shell nuclei, the is the spreading width and therefore the deep hole state is
a-cluster fragmentation is suppressed strongly, whiletthe believed to be fragmented statistically. This is the standard
(®He-) cluster fragmentation is allowed, in spite of the fact scenario for the fragmentation of a deep hole state.
that theQ value for thea-fragmentation channel is larger ~ This scenario, however, may not be always realized in the
than that for thet- (*He-fragmentation channel. It is well case of deep hole states in light nuclei, especiallg-hole
known that the S(B)(\ u)-state classification is very good to States in light nuclei such B and'®N. It is instructive to
describe the structure of light nuclgi2,13, since in light estimate the ratio of the nuclear radiii®y to the mean free
nuclei the single-particle potential is given approximately agpath of ans-hole state(\) for light to heavy nuclei, because
the harmonic oscillator potential and the effect of the spinthe ratio(R/\) presents an index of how much of the com-
orbit potential is very small. Our selection rule is based onponent of the doorwag-hole state survives without exciting
the spatial symmetry S3)(Au) of the doorways-hole  many-particle—many-hole states when the doonsalyole
states. The application of our selection rule to the fragmenpropagates in the nuclear medium. The mean free @atbf
tation of the core-excited hypernuclei gave good corresponan s hole is estimated with the use of the simple formula
dence with the experimental ddthl]. A=%2k/2MW, wherek is the wave number of the hole

The purpose of this paper is to study the spectroscopigiven by k=+2MT/A (M is the nucleon mass arifl the
factors and partial fragmentation widths for the two-bodykinetic energy of thes hole) andW is the imaginary part of
fragmentation channels of the doorwsshole states of'B  the hole-nucleus optical potential which is given \bg=2I"
and N, namely, for thep-, n-, d-, t-, *He-, a-, *He-, and  (I" is the hole width. The simple formula T)=3/4%w with
SLi-fragmentation channels, etc., and to show the charactew=41/AY> MeV for light nuclei[w=53(AY>+1.41) MeV
istic fragmentation mode of the doorwayhole states. The for medium-heavy and heavy nudes used for thes-hole
doorways-hole states of'B and*®N are given in terms of kinetic energy{14]. Concerning thes-hole widths, we em-
the SU3)(\w) representation. As a result, we found that ourploy the experimental values obtained bp,Zp) experi-
notable selection rulll] persists in the two-body fragmen- ments[1-3]. Since there are no experimensahole widths
tation process of the doorwasthole states in light nuclei, in the case of medium-heavy and heavy nuclei, the theoreti-
namely, that thep, n, d, t, and *He fragmentations are al- cal values are useéd4,15.
lowed, while thea-cluster and the larger-cluster fragmenta- The calculated values &/\ for various nuclei are shown
tions are greatly suppressed, in spite of the fact thatQhe in Table I. We see thaR/\ is about 2.5-7.6 in the case of
value for thea-fragmentation channel is similar to or even °Ca-?°%b. This fact means that the doorwashole state
larger than those for the, n-, andd-fragmentation channels. produced by a quasifree knockout reaction excites many-
These results are in contrast to the results by the statisticglarticle—many-hole state&ompound stat¢sand then the
model, in which a fragmentation channel with a larggr main component of thes-hole state is a compound state
value has a larger fragmentation width. which is fragmented statisticallfi¥ compount”> {1V doorwagl)-

The wave function of a nuclearhole state is given gen- This is the standard scenario for the fragmentation of an
erally as Vg poie="Yaoorwayt Vcompounda Where the doorway s-hole state as mentioned above. On the other hand, as
s-hole state(Vyoonyay) is Orthogonal to the compound state shown in Table I, the value d®/\ in light p-shell nuclei is
(W compound- The width of the deep hole state consists of twoabout 1(*’C and*®0) or less than ¥°Li and ‘Li). This fact
components, the escape widff') and the spreading width shows that in the case dfC and '°0 the fragmentation
(T'Y), which corresponds, respectively, to the particleiste) process of ars-hole state in the doorway stage is competi-
fragmentation widths of the doorwagrhole state and the tive with that in the compound nuclear stage
compound state produced by coupling of the doorgdyle (W goowa*=[¥ compound?). While in the case ofLi and "Li
state with higher configurational states such &s1p, 3h-  the fragmentation occurs mainly in the doorway stage
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(¥ goorway”> ¥ compound”)- Therefore, the following frag- N LN
mentation scenario fos-hole states in light nuclei such as o-&
1B and'®N might be realized: A considerable component of [
the s-hole state is fragmented directly at the stage of the Tay
doorway s-hole state and the remainder transits to a com- @__@
pound state by coupling with higher configurational states Ti4
which are fragmented statistically. a o
Section 1l is devoted to giving a description of the door-
way s-hole states ot'B and*®N with use of the S(B) group FIG. 1. Coordinate system of the microscopig-a+2N+N

theory[12,13, and to providing the formulation of the spec- cluster model.

troscopic factors and partial fragmentation widths for the

two-bopdy fragmentationpof the dogorwajhole states oflg IS0 the SUB)I4421(\p) [SU)[4442T(\w)] states of B
[**N]. Thus, in the present study, we use the microscopic

15 ;
and “N. In Sec. lll, we give the results for the calculated L at2NAN and 2C+2N4N cluster models for the

spectroscopic factors and partial fragmentation widths, anﬁi ) N .
discuss the selection rule for fragmentation of doorway B(s-hole) and ™N(s-hole) doorway states, respectively.

s-hole states in light nuclei, together with a comparison of
the calculated escape widths with the experimental widths.
An application of the selection rule to hypernuclei is also  The wave function of an S@3)(\u)=(04) state of'B(s

B. B(s-hole) doorway state

given briefly. Finally, we give a conclusion in Sec. IV. hole) is described within the framework of the microscopic
a+a+2N+N cluster model(see Fig. 1 with total orbital
angular momentunh."=0", total spinS=1/2, total isospin
Il. FORMULATION
T=1/2, and total quantdlo=8. It should be noted that the
A. Doorway s-hole states in light nuclei microscopic cluster model is able to describe not only the

SU(3)[443](\u) state but also S(3)[4421](Aw). The wave

As is well known, the ground-state wave function of light ) 1
function of an SW3)[f] (\u) state of "B is given by

nuclei can be described well by the &I\ u) wave function
[12,13. Since the doorwag-hole staAt\e is produced by qua-
sifree knockout reactions such as™a(p,2p), the s-hole ¢ (Ligre1n )= alf il (¢ 1
state produced should have the same spatial symmetry as the"( (A1) V(1)) ; ¢ o). @
ground state of the target nucleus. The wave function of the

¢ i = i 414121
ground state has mainly the 8Y\uw)=(04) spatial 41412t s
symmetry with the total quantdlo=8, and therefore the P (c)= 111 A bapal bondn]>T

YB(s-hole) doorway state is mainly described by the

SU(3)(A\w)=(04) wave function withNo=8. In the same X[[Un,,(Taa)Un, 1, (F20) J1Ung g (Tea) 1L}, 2
manner, the wave function of th#O ground state has
mainly the SU3)(\u)=(00) spatial symmetry wittNy=12, C=(Nadl 42,N21l 21,1, Ngdl g3), €)

and therefore thé°N(s-hole) doorway state is mainly de-
scribed by the S(B)(Au)=(00) wave function withN5=12.
In this paper, _the wave function of the door\/\_/aywole No=(2ny47+ 1 49) + (2N33+ 1 27) + (2ngz+1 g3).
state, SW3)(\w), is described by the microscopic-cluster-
model technique[16,17. The reason why we use the The internal wave functionsg, and ¢,y are given as the
microscopic-cluster-model technique to describe gHeole  lowest shell model wave functions with thes)d and (Gs)*
state is as follows(1) The microscopic-cluster-model tech- configurations, respectively, angl, denotes the spin-isospin
nique is easily able to construct the @] f](\u) state, since  function of N. The operator.#" antisymmetrizes nucleons
the antisymmetrization operator among nucleons belonging€longing to different clusters. The relative wave function
to different clusters communicates with the SUgenera- referring to the relative coordinatg, (r,y, rgs) between the
tors. (2) The microscopic-cluster-model wave function is free @ and « clusters[2N and N, (a+a) and (N+N)] is ex-
from center-of-mass motior(3) The spectroscopic factors Panded in terms of the harmonic oscillator wave function
for fragmentation of thes-hole state intd, @, *He, 5Li, and ~ Un,g,, (Un,,;» Ungy,,) With the relative orbital angular mo-
’Li nuclei, together with proton, neutron, and deuteron, arementuml 4, (1,4, g5 and node numbem,, (n,;, Ngg). The
able to be evaluated easily without complex calculation ofnorm kernel matrix on the basis d# (c) in Eq. (2) is di-

with L=1+lgs, | =l4,+1,;, and

the fractional-parentage coefficiedsPC’s. agonalized to obtain the expansion coefficiaft**)" and
The microscopic cluster model and the partition symme-the eigenvalue/([f] (A u)).
try [f] have a close connection with each oth&6,17]. For In order to see the characteristic of the fragmentation of

example, the microscopia+a+3N and *C+3N models  the!'B(s-hole) doorway state, it is instructive to calculate the
describe the S(B)[443](\w) and SU3)[4443|(\n) states of  spectroscopic factors and particlelustey fragmentation
1B and™®N, respectively, where8 denotes a three-nucleon widths of all the possible two-body fragmentation channels
cluster(®H-3He). (Note that aC nucleus is described by the for the 'B(s-hole) state:°B+n, 1%Be+p, °Be+d, ®Be+t,
microscopic 3 cluster mode). When the 3 cluster is bro-  ‘Li+«, and®Li +°He. First we define the reduced width am-
ken into 2N andN clusters, the microscopie+a+2N+N plitudes for the two-body fragmentation channels. For ex-
(**C+2N+N) cluster model can describe not only the ample, the reduced width amplitudes for thé+«, ®Be+t,
SU(3)[443](Aw) [SU(3)[4443(\w)] states of'B [®N] but  and®Be+d fragmentation channels are given as follows:



53 SELECTION RULE FOR FRAGMENTATIONS OF DOORWA¥- . . . 755

i 11 ,
7, (r74)=r74< in [D("Li) o Y(r72)]o+ (I)o+(llB)> : (4)
74

8Bed 11!

7, (rgg)=rg3 8131 [®/(®Be) ,Y(rga)Jo+| Po+('B) ) 5)
83

9Be-d 11!

7, (red=rg 9121 [®,(°Be) pqYi(rap) o+ | Po+(MB) ) (6)

92

where the integration is made for all coordinates other than o 8Be-t

the relative radial coordinate between the two clusters. The SZ[SU(UH]ZJ dred 7, (real? (12
internal wave functions of the deuteron and triton are given 0

as t[b]e lowest shell model wave functions withs(® and .y

(0s)”, respectively. The reduced width amplitudes for the 2r9 I Pokas 2

other fragmentation channels are given as the same as those STBe(l)+d]= fo drod 7, (red ]~ (13

in Egs. (4)—(6). Concerning the internal wave functions for

1B, “Be, °Be, °Be, 'Li, °Li, and °*He, we use the SB)(\w)  The spectroscopic factors for the other fragmentation chan-
=(22), (22), (31), (40), (30), (20), and(10) wave functions, pe|s are the same as those in Ed4)—(13).

respectively, which are obtained by the microscopic-cluster- The partial fragmentation width for théB(s-hole) door-
model ~technique. For ~example, théBe\w)=(30),  way state to thd"B+n, %Be+p, %Be+d, ®Be+t, "Li+a,
Be(Aw)=(40), and"Be(\ )=(31) wave functions are given, and®Lj+°He channels is calculated by the separation energy
respectively, within the frame of the microscopié-t, ata,  method[18] and is defined as

and a+a+n cluster models,

To1=2P(keao) (@), (14)
2o 1 413t
(I)I( L')_ 2(30) T A {¢a¢tunl(r43)}2n+l=3y (7) 5 (k a)= kcac (15)
BT Fikeae) + Gl(keao)
P, (%Be) = — \fmzﬁ¢¢ (raa)} ® 342 ag
e)= —— A Padun(r —4»
! Jv(a0 V 8! it adania Y =53 /@), (16)
pas 3
9 1 | wherec denotes a fragmentation channel @dand y? are
®,(°Be)= »(31) n IEn | an4444,nsllglq)l(”44|44*”81|81)v the penetration factor and reduced width, respectivgland
asTereL (99 i denote the regular and irregular Coulomb wave functions,
respectively. The wave numbek. is given by k.
=2u.Q./h?%, whereQ, and u, present theQ value and
(N4 44, N1l 1) reduced mass for the fragmentation channebhnd a. de-
141 notes the channel radius. The total sum of the partial frag-
= \/? *//”{¢u¢a¢n[un44l44(r44)un81lgl(r81)]l}, mentation widthd';, corresponds to the escape widil),

and is given by
(10)
. r'=2 Tq. (17)
with 1=144+1g; and (2441144 + (2ngyt1g) =5. The expan- cl
sion coefficientar14 daangrles and eigenvalue(31) in Eq. (9)
are obtained by diagonalization of the norm kernel matrix on
the basis of®(N4l 44, Ng1lg1) given in Eq.(10). The other ) 15
notations are self-explanatory. Then the spectroscopic factors The wave function of an S@B)(Au)=(00) state of "N(s
for the 'Li+«, 8Be+t, and°Be+d channels are defined as h2()Ie) is described within the framework of the microscopic
the integrated values for the square of each reduced widthC+2N+ N cluster model with total orbital angular momen-
amplitude, tumL™=0", total spinS=1/2, total isospirT =1/2, and total
quantaNo=12. It should be noted that the microscopic clus-
. - ter model is able to describe not only the SW4443|(\ )
SALiN+al= | drof7  (r 2 11 state but also S(3)[44421(\w). The wave function of an
LI+ a] 0 7, () 1 SUR)[f](Aw) state of™>N is given by

C. 1N(s-hole) doorway state
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25— — 25
S
=
~ B 1 SLi+a+2n ]
e (81,2)_ SH

9 e+o+p+n

&D 20 (B+In 8Be+p+2n — 20
] He+a+n 2a+p+2n
= B gHe+oc+d |
83| 3321512 ———— 20+d+n
i) 67:,5
o) B Lit"He 6, gun =
= 9Be+d
)
—GE) - —
=~ N i
03 B4 n
= 10{— OBe+p ———— a+a+t —{10
9 Be+t
b= i "Li+a -
-
-
Q
" - -
88}

0 | 11B(ground state)

—0

FIG. 2. Various thresholds for fragmentation channels ofsthele state of!B. The excitation energy and width of th8(s-hole) state
areE,=20 MeV andI’=9 MeV, respectively, and are shown in the left side.

kernel matrix on the basis @b, (c) in Eqg. (19) is diagonal-

O N[ f](A )= —== 2, al"™Lp (c), ized to obtain the expansion coefficieat’/**)" and the
Vr(flw) © ° eigenvaluen([ f] (\)).
(18) The spectroscopic factors and partial widths for the two-

body fragmentations of the'®N(s-hole) state, namely,
12021 YCt+p, MN+n, YC+d, C+t, "B+a, 'B+°He,
PL(C)=\ 5 A pondn]®T 1%Be+°Li, and °Be+°Li, are evaluated in the same manner as
' in the case of'B(s hole). The total sum of the partial frag-
% [d>|(12C)[Un,|r(r)UnP|P(P)]I]L}’ (199  Mentation widths corresponds to the escape wWiBth.

c=(|,nrlr,nplp,l), (20 Ill. RESULTS AND DISCUSSION

First it is instructive to show various thresholds for frag-
with L=I+1, 1=l +1,, andNg=(2n,+1,) +(2n,+1,) +8.  mentation channels of trehole state of'B (**N), which are
The internal wave functiong;(*’C) is given by the given in Fig. 2(Fig. 3, together with the excitation energy
SUR)[f](Au)=[444](04) wave function. The relative wave (E ) and width(I) for the s-hole state[E,=20 (30) MeV
function referring to the relative coordinate(p) between andI'=9 (14) MeV in B (**N)] [1-3)]. In this paper, the
2C and (N+N) (2N andN) is expanded in terms of the excitation energies of th#B(s-hole) and **N(s-hole) states
harmonic oscillator wave functiom,; (u, ) with the  are fixed toE,=20 and 30 MeV, respectively. In the case of
relative orbital angular momentutp (1) and node number 1B, the two-body fragmentation channel with the larg®st
n, (n,). The other notations are self-explanatory. The normvalue measured from the excitation energy ofsHeole state
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| e -
9. 6 Li+'Li+p+n

L [ 6y . 6r. —
g Li+'Be 91131"' Li+t :gBe+3He+p +n
> 40 S 9B:+t3;r{t=,+t B+t+p+n
2 [ OB+t+d —40
—~ B —_ 1 7]
>~. | 8Li+7Be 12B+d+P+n ]

B+2p+n
?-P B Ucit+n . .
Q — -1 g 3 Be+o+p+ -
ﬁ (SI/Z) 9 6 pm———— 1lg+ He +n 30!e+;)x+ n 2n
m 30 — °B+°He +t+p — SHe+2a+p — 30
L) — ——— 2B43He 9 Be+a+p+n -
—— "Bet+a+d

s ®Be+SLi Beta -
= | OpetSLi 1‘3B+a+n 12 —
% B 10p . 5He 13Be+a+p, Bpetatt C+p+2n ]
E 20 |I— $Be+"Li lggidzr-ll-n st —120
=~ 13Li+2oz

B C+p+n 7]
3 - BCyd -
c | 12C-I-t _
g ~ lliB+a -
S 10 o — 10
= C+p
Q B -
[;j L -

15 7
0 L 'N(ground state) o

FIG. 3. Various thresholds for fragmentation channels ofsthele state of°N. The excitation energy and width of theN(s-hole) state
areE,=30 MeV andl’=14 MeV, respectively, and are shown in the left side.

is the a-cluster fragmentation chann@Li+«) with Q=11.0  mentation channels of the doorwashole states ot'B and
MeV, and that with the second large3tvalue is the®Be-+t 15N, and discuss the escape widif) and the selection rule
channel(Q=8.5 MeV) which is almost degenerate in energy for fragmentation of doorwag-hole states in light nuclei. An
with 1%Be+p (8.5 MeV) and'°B+n (8.2 MeV). These four  application of the selection rule to hypernuclei is discussed
channels should play an important role in the fragmentatiorpriefly.

of the MB(s-hole) state. For the three-body fragmentation

channels, only ther+a+t channel(Q=8.6 MeV) appears A. Fragmentation of 'B(s-hole) doorway state

around thé%Be+p, °B+n, and®Be+t channels. The three- _ 1
body fragmentation channel with the second larg@stalue Since the™'B(s-hole) state has total quantd,=8, the

is the ®Li +a+n channel(Q=4.0 MeV) and the four-body NO™M kernel on the ba§|s given in E@) within the fra.\me'-
fragmentation channel with the large& value is the 2  WOrk of the microscopiar+a+2N+N cluster model is di-
+d+n channel2.6 MeV). On the other hand, in the case of @gonalized in the condition dilo=8. The resultant eigen-
15\, the two-body fragmentation channel with the largest States are classified into six &)443](\u) and nine
value is the proton fragmentation chanr@fC+p) with ~ SU[4421(\w) labels as shown in Table I, together with
Q=19.8 MeV, which is almost degenerate in energy withthe results obtained within thg framewprk of the microscopic
UN+n (Q=19.2 MeV) and “B+a (19.1 MeV), and that atatt cluster mode_I.Accordmg to Elliott’s ruIEEL_Z,l?i the
with the second largesd value is the'?C+t channel(15.2  POsSibleL values(orbital angular momenidor a given( )

MeV). It should be noted that th® values of these four )
channels are larger than those 8. These four channels _ TABLE Il. SU(3)[443|(\u) and[4421](hw) states with quanta

should play an important part in the fragmentation of the{\lQ:nsi obta:nedﬂ? yr t\zﬁhmég)%s\c?pl?ta:%::lﬁN CrllltJ:Jter—g octi)el
5N(s-hole) state. The three-body fragmentation channel Withtgicnedqtl)Je,’[hggrf]icfosco i+ a+?cli:t§rsmodelqtue?:hni Qu; ob-
the largest(second largestQ value is the °C+p+n y P que.

('Li+a+a) channel withQ=12.0 (10.6 MeV, which ap-

pears around th&Be+'Li channel (7.6 MeV). This is in atat2N+N atatt
contrast to the case 6B, in which the three-body channel SU(3)[443](\w) SUR)[442T)(\ ) SUR)(\w)
with the largesiQ value appears around tfei +a, ®Be+t,  (04) (23) (42) (04) (23) (42 (04) (23) (42
1%Be+p, and'®B+n channels. (31) (21) (20) (31)2 (21)2 (20)

In this section, we give the calculated spectroscopic fac- (50)

tors and partial fragmentation widths for the two-body frag
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TABLE Ill. Calculated spectroscopic factof§?) and partial fragmentation widthd”) of B (A u),
=(04),+ statesT denotes the isospin dfB or °Be anda expresses the channel radiisge the tejt

[443](04) [4421](04)
Q (MeV) s? I' (MeV) s? I' (MeV) a (fm)

108T=0(0*) +n 8.2 0.033 0.21 0.179 1.14 4.5
108T=0(2 ) +n 3.7 0.007 0.01 0.041 0.06 4.0
108T=0(2 ) +n 2.7 0.070 0.06 0.385 0.35 4.0
08T=1(0")+n 8.5 0.011 0.07 0.060 0.39 45
108T=1(2 ) +n 5.1 0.003 0.01 0.013 0.03 4.0
108T=1(2 Y +n 4.1 0.023 0.04 0.129 0.23 4.0
0Be™1(0%) +p 8.5 0.022 0.13 0.119 0.72 4.5
0ge™ (21 )+p 5.1 0.002 0.00 0.027 0.05 4.0
0ge™1(25)+p 4.1 0.047 0.06 0.257 0.31 4.0
9Be(17)+d 3.9 0.177 0.58 0.243 0.80 3.6
9Be(37)+d 0.5 0.155 0.00 0.213 0.00 33
8Be(0™) +t 8.5 0.137 1.01 0.000 0.00 35
8Be(2™) +t 5.6 0.171 0.56 0.000 0.00 33
%Be(4™) +t (2.9 0.173 0.00 0.000 0.00 3.0
L) +a 11.0 0.000 0.00 0.000 0.00

L3 )+a 6.4 0.000 0.00 0.000 0.00

8Li(0%)+5He 3.0 0.000 0.00 0.000 0.00

BLi(2%)+5He 0.0 0.000 0.00 0.000 0.00

Total sum 2.75 4.08

areL=K, K+1,...,K+\ forK#0andL=\,A—2,...,1or the ground-state channel and excited channels; for
0 for K=0 with the integeK taking the valueK=u, u—2,  example, S2(®Be+t)=57®Be(0")+t]+S7®Be(2") +1]

..., L or 0. It should be noted that thé43](\n) state within ~ +S7®Be(4")+t]. A surprising result is seen, that the spec-
the framework ofa+a+2N+N is exactly the same as the troscopic factors for the fragmentation of the two
(\w) state within the framework ofi+a+t, and is orthogo- (A u)L"=(04)0" eigenstates into théLi+a and °Li+°He

nal with the[4421](\w) state. Since the doorwayhole state  channels are exactly zero, while those into tBe+p,

of B is produced by quasifree knockout reactions such as ®B+n, °Be+d, and ®Be+t channels are nonzero. This

1

“C(p,2p), the s-hole state produced sho%g have the sam&neans that thd'B(s-hole) doorway state can be fragmented
Sp(%td'f?l _T_%Eg%trrg "’:ﬁethsvo%\ou)nd( OSAf’[)atreepreée?lgﬁz)(gg)in into the less-tham-cluster channels, but fragmentation into
Y ' K= ) the more-thare-cluster channels is forbidden. In particular,
Table I, namely[443](04) and[4421)(04), which are degen- the result that thew-cluster fragmentation is forbidden is

erate in energy, are mainly responsible for #B(s-hole) striking if we take into account the fact that tievalue for

doorway state. ghe a-cluster fragmentation channel is the largest among the
The calculated spectroscopic factors are shown in Tabl i . . ?
P P other channelgsee Fig. 2 This notable fact is called the

Il for the fragmentation of the S@)[f](Au)L™ . . X
—[443)(040* and [4421(040" eigenstates into the selection rule for fragmentation of doorwayhole states in
08¢+ p, 198+, *Be+d, 8Be+t, Li+a, and®Li+5He chan- light nuclei, and was found by two of the present authors

nels together with their excited channels. They are summd-T-Y- and K.1) for the first time[11].

rized in Table IV, in which the values are the total sums for The reason whyx-cluster fragmentation is forbidden in
the “B(s-hole) doorway state is understood intuitively as

shown in Fig. 4. According to the shell model, the
HB(s-hole) state is given as the €)*(0p)® configuration
[Fig. 4@]. In the case of théBe+t channel, the eight nucle-

TABLE IV. Summary of the calculated partial fragmentation
widths of !B (A w) = (04),+ states given in Table lIl. See the text.

[443](04) [4421)(04) ons in thep shell are correlated to form tf8e clustefFig.
? T (MeV) ? I (MeV) 4(b)] and then the spectroscopic factors &fe-0.14-0.17 as
seen Table Ill. On the other hand, in the case of ther o

1%B+n 0.147 0.40 0.807 2.20 channel, the four nucleons in the shell are correlated to
Be+p 0.071 0.19 0.403 1.08 form the « cluster and then the remainder nuclefls, cor-
Be+d 0.332 0.58 0.456 0.80 responds to the-hole state, which is orthogonal to tHki
%Be+t 0.481 1.57 0.000 0.00 ground-band statdsee Fig. 4c)]. Thereforea-cluster frag-
Li+a 0.000 0.00 0.000 0.00 mentation is forbidden in the fragmentation of the
SLi+5He 0.000 0.00 0.000 0.00 1B(s-hole) state.
Total sum 2.75 4.08 This intuitive understanding is supported by the following

SU(3) algebra. According to the SB) group theory, théLi
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TABLE V. SU(3)-algebra analysis of whether tHaw)=(04)

(b) representation can be constructed from the thre€Btépresenta-
op —coco— tions (Ayuq), (Notp), and (v py).
®
™) Os —€ o8¢ Mz, +h2z, (A1) (Aop) (Nrar) (Aw)=(00)
a
t "Be 1084+ (22 (00 (20 allowed
Op —E00Ee080— 108e+p (22) (00) (20) allowed
0s —00e%— Be+d (3D (00) (30 allowed
. 8Be+t (40) (00) (40 allowed
Bis-hote) Lita (30) (00) (50 forbidden
(c) 5Li +5°He (20) (10 (50) forbidden
0p —eeee—EB _—
0s —0ON¢— —0000— [443](04) state. This is a characteristic of th&421](04) state
L, N which is orthogonal to th§443|(04) state. Since thg4421]]
Hethole) spatial symmetry state has more freedom for the nucleon part
y p

outside thew and « core than does th@l43] state, the values
of the spectroscopic factors for th¥8e+p and’B+n chan-
FIG. 4. Intuitive figure to understand the reason why thenelsin the case d#421)(04) are larger than those in the case
a-cluster fragmentation is forbidden in tHéB(s-hole) doorway  of [443](04), while those for théBe+t (°Be+d) channel in
state. (@) the (0s)*(Op)° shell model configuration for the he former are smaller thamearly equal tb those in the
B(s-hole) state.(b) In the®Be+t fragmentation channel, the eight |aster Thus, the4421)(04) and [443](04) eigenstates con-
nucleons in the () shell of "B(s hole) are correlated to form the iy ite mainly to the nucleon and triton fragmentations of the
Be cluster and then the7 spectroscopic factors $ire0.14-0.17 doorways-hole state, respectively, and for the deuteron frag-
(see Table Il. (c) In the ‘Li+a« fragmentation channel, the four mentation both th4421](04) and[443](04) eigenstates con-
nucleons in the (p) shell of *B(s hole) are correlated to form the | . 9
a cluster and then the remainder nuclels is the s-hole state, tribute nearly equally. . . .
which is orthogonal to théLi ground-band states, and therefore llBThfl lcag:ulated r;a:tlal frallgme_ntatl(_)n_r vt\glldthls” of dt|f\1/e
a-cluster fragmentation is forbidden in théB(s-hole) doorway in vﬁ]cﬁ ??Ieoc%ra\{\:le:\yelsrgc;g?saezoE%szég]l?s tsts at sgme '
state. point outside the final peak of the reduced width amplitude

and « nuclei belong, respectively, td\,u)=(30) with 2,(r) defined in Eqs(4)—(6) [18]. Reflecting the fact that

quantaNo=3 and(\,u)=(00) with No=0, and the relative the spectroscopic factor for théi+a channel is zero, the

wave function between thi and « clusters is described by a-cluster fragmentation width becomes exactly zero, in spite

— U
the (\,u,) =(50) state withNo=>5. Therefore, thé\ ) rep- of the fact that theQ value (Q=11.0 MeV) of the ‘Li+a

resentations of'B constructéd by the three representationschannel is largest among the other —channglsf.

_ _ _ - Q(*%Be+p)=8.5 MeV, Q(*B+n)=8.2 MeV, Q(°Be+d)
(Mp)=(30) (apt2)=(00), and (r,) =(50), are given by =3.9 MeV, andQ(®Be+t)=8.5 MeV]. One sees also zero
(30)® (00)®(50)=(80), (61), (42), and (23). (21)  partial width for the®Li+°He channelQ=4.4 MeV). This

result is in great contrast to that of the statistical model,
Consequently, thé\w)=(04) representation of'B is not because the model predicts a larger fragmentation width for a
able to be constructed from tf(80), (00), and(50) ones, so  fragmentation channel with a largé value.
that a-cluster fragmentation is forbidden. On the other hand, The total sums of the partial widths f¢#43](04) and
in the case ot-cluster fragmentation, thtBe andt nuclei  [4421)(04) are I'((443])=2.75 MeV andI'([4421])=4.08
correspond, respectively, tt\;u;)=(40) with No=4 and  MeV, respectively, as shown in Tables Ill and IV. Reflecting
(A\ou2)=(00) with N =0, and the relative wave function be- the characteristic of the spectroscopic factors, about 60%
tween the®Be andt clusters is given by the\( u,)=(40) (90% of I'([443])) [I'(4421])] comes from the triton
state withNo=4. Therefore thé\u) representations ofB  (nucleon channel. Since both thgt43](04) and[4421(04)
constructed by the three representatiofis u,)=(40), eigenstates contribute to the doorwafiole state, the escape

(N\ou0)=(00), and (\, ) =(40) are given by width (I'") of the s-hole state of'B corresponds to the sum
of I'([443]) and I'([4421]) and thusI''=7 MeV, which is
(40)®(00)®(40)=(80), (61), (42), (23), and (04). nearly equal to the experimental resgi9 MeV). [Note that

(22)  the excitation energy of'B(s hole) is fixed to E,=20.0
MeV.] Then the proton, neutron, deuteron, and triton frag-
Thus the(A w)=(04) representation of'B can be constructed mentation widths amount, respectively, to 19%, 38%, 20%,
from the (40), (00), and(40) ones, so that-cluster fragmen- and 23% of the calculated escape widl=7 MeV). It
tation is allowed. The same situation is realized for the otheshould be noted that the experimental excitation enefgy (
channels!®B+n, Be+p, °Be+d, and®Li +°He (see Table of the 1!B(s-hole) state is slightly different for each experi-
V). mental group because of the very large width; for example,
Here, let us return to Tables Il and IV. The spectroscopicE,=18.0+2.0 MeV [1], E,=19.61.0 MeV [2],
factor of the[4421](04) state for thet-cluster fragmentation E,=20.0+0.3 MeV [19], and E,=22.2+1.0 MeV [20].
channel is exactly zero, which is in contrast to the case of th&hen the experimental excitation energy ‘dB(s hole) is
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E,=21.5 MeV, the calculated escape width!) becomes TABLE VI. SU(3)[4443(\w) and [4442T(\u) states with
about 9 MeV. However, the percentage of the proton, neuquantaNo=12 obtained by the minOSCOPF@C+2N+.N cluster
tron, deuteron, and triton fragmentation widths does nofnodel technique, together with &8)(\u) states with quanta
change seriously in the two casesigf=20.0 and 21.5 MeV. No=12 obtained by the microscopt?C+t cluster model tech-

In the present study, thEB(s-hole) doorway state was MIY€:
assumed to be given by the &Y04) state, since the 1 1
ground-state wave function 6fC has mainly the S(8)(04) ‘CHaN+N ct
spatial symmetry. However, in the realisti(s-hole) wave SU3)[4443 (A w) SU3)[4442T(\w) SUB)(\w)
function (L™=0"), spatial symmetry states other than (00) (00) (00)
[443](04) and[4421](04) may be mixed by nucleon-nucleon (11) (11 (12)
interaction; for example[443|(42), [4421](42), [443](20), (22 (22 (22

[4421](20), and[4421](50) (see Table ). Even if this oc-
curs, the above-mentioned selection rule for fragmentation of
doorway s-hole states in light nuclei should persist for the
following reasons. According to the shell model calculation, The N(s-hole) state has the total quantdy=12 and
the main component of the43|(42) and[4421](42) eigen-  therefore the norm kernel on the basis given in Bd) is
states contributes to the low-lying positive parity statesdiagonalized within the framework of the microscopic
around E,=7-8 MeV and therefore the admixture of ?C+2N+N cluster model in the condition My=12. Table
[443](42) and [4421)(42) in the doorways-hole state be- VI shows the resultant eigenstates which are classified into
comes small, though the spatial symmetry statdd48](42)  three SU3)[4443(\w) and three S(B)[44421(\u) labels,
and[4421](42) have a largex-decay width. Concerning the together with the results within the framework of the micro-
[443](20), [4421](20), and [4421](50) eigenstates, the scopic *’C+t cluster model. It should be noted that the
a-cluster fragmentatior{’Li+«) is forbidden, because the [4443(\u) state within the framework ot’C+2N+N is
(Au)=(04) representation of'B cannot be constructed from exactly the same as th@w) state within the framework of
the three S(B) representations,(\;u;)=(30) for ‘Li, 12C+t, and is orthogonal with th¢44421(\uw) state. The
(A\ou)=(00) for a, and (\,u,)=(50) for ‘Li-a [(Aqu;)  number of the resultantAu) representations within the
@ Mn)® (N, ) =(30)®(00)®(50) #(20),(50)]. Therefore, framework of °C+2N+N is smaller than that within the
the selection rule persists in the actual situation, namely, thdtamework ofa+a+2N+N (see Tables Il and V! This is
the a-cluster fragmentation is suppressed in comparison witldue to the fact that thé“C nuclear part is fixed to the
the nucleon, deuteron, and triton fragmentations. SU(3)(Au)=(04) representation. Since the doorwayhole
Finally let us discuss the three- and four-body fragmentastate of"°N is produced by quasifree knockout reactions such
tion channels. The three-body channel with the larg@st as *°O(p,2p), the s-hole state produced should have the
value is thea+a+t channel(Q=8.6 MeV), which appears same spatial symmetry as the ground stat¥?@f SU3)(\ )
around the'%Be+p, 1B+n, and®Be+t channels(see Fig. =(00). Therefore the tw\ )= (00) representations in Table
2). Therefore, the three-body channel might make theVl, namely,[4443(00) and[44421)(00), which are degener-
a-cluster fragmentation width large. However, the contribu-ate in energy, are mainly responsible for thd(s-hole)
tion is expected not to be very large for the following reasondoorway state.
In Fig. 2, the’Li(17)+« and’Li(37)+a channels appear at The calculated spectroscopic factors are shown in Table
E,=8.7 and 13.3 MeQ=11.0 and 6.4 MeV, respectively, VIl for the fragmentation of the S@)[f](Au)L”
and the®Be(0")+t, ®8Be(2")+t, and®Be(4™)+t channels ap- =[4443(0000" and [44421(000" eigenstates into the
pear atE,=11.2, 14.1, and 22.6 MeXQ=8.5, 5.6, and-2.9  C+p, ¥N+n, BC+d, Y2C+t, 1'B+a, 1%B+°He, °Be+°Li,
MeV), respectively. According to our selection rule, the two-and®Be+Li, together with their excited channels. They are
body fragmentations of th&'B(s-hole) states to th€Li+a  summarized in Table VIII. One sees the surprising result that
channel are forbidden, while those to fliee+t channels are the spectroscopic factors for the fragmentation of the two
allowed. Since théLi(17-37) and®Be(0™-2"-4") states are  (Au)=(00) eigenstates into th&'B+«, 1%B+°He, °Be+°Li,
described by the microscopie+t anda+« cluster models, and®Be+Li channels are exactly zero, while those into the
respectively, a considerable amount of the a+t configu-  *“C+p, ¥N+n, ¥*C+d, and ?C+t channels are nonzero.
rational space should be exhausted by71tiem and®Be+t This means that th&N(s-hole) doorway state can be frag-
configurational spaces. Consequently, the contribution of thenented into the less-tham-cluster channels, but fragmenta-
a-cluster fragmentation from the+a+t channel seems to tion into the more-thame-cluster channels is forbidden. In
be small. Moreover, it is possible to separate experimentallparticular, the result that the-cluster fragmentation is for-
whether thea cluster comes from the two-body fragmenta- bidden is striking, if we take into account the fact that e
tion or the three-body fragmentation. On the other hand, thealue for thea-cluster fragmentation channel is almost the
Q values for the three-body channels other thane+t and  same as for the proton and neutron chanrisée Fig. 3.
four-body channels are small; for example, the three-bodyThis is the same result as in the case of'tfB¢s-hole) door-
channel with the second large&t value is the®Li+a+n way state(see Sec. Il B. Thus the selection rule for frag-
channel withQ=4.0 MeV, and the four-body channel with mentation of doorways-hole states in light nuclei is also
the largestQ value is the 2+d+n channel withQ=2.6  realized in'°N(s hole).
MeV. Thus the phase spaces for these channels become The reason why th&°N(s-hole) doorway state cafcan-
small. Therefore their contributions to the fragmentation ofnot) be fragmented into the less-thareluster (more-than-
the 'B(s-hole) state should be small. a-cluste) channels is as follows. Let us consider the frag-

B. Fragmentation of 1N(s-hole) doorway state
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TABLE VII. Calculated spectroscopic factof§?) and partial fragmentation widthd) of >N (A u),
=(00),+ states.T denotes the isospin dfN or *C anda expresses the channel radisge the tejt

[4443|(00) [44421(00)
Q (MeV) s? ' (MeV) s? I (MeV) a (fm)
UNT=%0")+n 19.2 0.019 0.22 0.096 1.09 4.3
UNT=0(2%)+n 16.2 0.096 0.78 0.478 3.88 4.0
UNT=1(0")+n 16.9 0.006 0.06 0.032 0.34 4.3
UNT=1(2%)+n 13.6 0.032 0.23 0.159 1.12 4.0
¥eT=00") +p 19.8 0.013 0.14 0.064 1.30 4.3
HeT=12M) +p 16.8 0.064 0.48 0.319 0.20 4.0
Be@)+d 13.8 0.115 0.88 0.144 1.11 3.6
BcE7)+d 10.8 0.269 0.74 0.336 0.93 3.2
2c(0%)+t 15.2 0.036 0.28 0.000 0.00 35
e+t 10.7 0.181 1.01 0.000 0.00 3.3
2c(4h)+t 1.1 0.326 0.00 0.000 0.00 3.0
UB(1 ) +a 19.1 0.000 0.00 0.000 0.00
B3 ) +a 14.4 0.000 0.00 0.000 0.00
10BT=0(0*)+5He 4.4 0.000 0.00 0.000 0.00
10BT=0(2*)+5He 2.3 0.000 0.00 0.000 0.00
10BT=1(0%) +°He 2.7 0.000 0.00 0.000 0.00
9Be(17)+5Li(0™) 2.4 0.000 0.00 0.000 0.00
8Be(0)+7Li(17) 7.6 0.000 0.00 0.000 0.00
8Be(2)+"Li(17) 4.7 0.000 0.00 0.000 0.00
8Be(0")+7Li(37) 1.8 0.000 0.00 0.000 0.00
Total sum 4.83 9.96

mentation of thes-hole state into the*1Z,+%2Z, channel, 1°B-+°He,*Be+°Li, and®Be+Li) channels are allowedor-
where the®1Z, and #2Z, nuclei are assumed to be given by bidden. It should be noted that the selection rule does not
the SU3)(A 1) and(\,uy) representations, respectively, and depend on the partitionf] and therefore the rule is realized
the relative part betweef1Z; and #2Z, is assumed to be in both the[4443 and[44421] cases(see Tables VIl and
given by the SW)(\,u,) representation. According to the VIII).
SU(3) group theory, if théAw)=(00) representation ofN is The spectroscopic factor of tHd4421)(00) state for the
(not) able to be constructed from the thr@eu,), (\,up),  t-cluster fragmentation channel is exactly zero, which is in
and (\,u,) representations, the fragmentation of thhole  contrast to the case $#443|(00) (see Tables VII and VI
state into the®1Z, +/2Z, channel is possibl&orbidden. As  This is a characteristic of th@4421(00) state which is or-
shown in Table IX, thg\u)=(00) state of°N is (not) able  thogonal to thg4443)(00) one. Reflecting the fact that the
to be constructed in the case of tHE€+p, “N+n, °C+d,  [44421] spatial symmetry state has more freedom for the
and*’C+t (M'B+a, 1%B+°He, °Be+5Li, and®Be+7Li) chan-  nucleon part outside th&C core than doef4443, the val-
nels, so that the fragmentations of the doori@y(s-hole)  ues of the spectroscopic factors for tH8+p and **N+n
state into the!*C+p, ¥N+n, 3c+d, and*C+t (*B+a, channels in the case p84421)(00) are larger than those in
the case 0f4443|(00), while those for the’C+t (*3C+d)

TABLE VIIl. Summary of the calculated partial fragmentation channelin the former are smaller tharearly equal tpthose

widths of N (A u)_ =(00),+ States given in Table VII. See the

text. TABLE IX. SU(3)-algebra analysis of whether th&u)=(00)
representation can be constructed from the thre€Btépresenta-
[4443|(00) [44421(00) tions (A\yue1), (\oup), and Q).
s T (MeV) s T (MeV)
N+ 0153 129 0765 6.43 Mz, +R2z, (\1p1) (\omo) (Nraer) (A\w)=(00)
Yc+p 0.077 0.62 0.383 1.50 ¥N+n (02 (00) (20) allowed
BC+d 0.384 1.62 0.480 2.04 Yc+p (02) (00) (20) allowed
2c+t 0.543 1.29 0.000 0.00 Bc+d (03) (00) (30) allowed
UB+a 0.000 0.00 0.000 0.00 2Cc+t (04) (00) (40) allowed
108 +5He 0.000 0.00 0.000 0.00 HB+a (13 (00) (40) forbidden
9Be+OLi 0.000 0.00 0.000 0.00 108 +5He (22 (10 (50) forbidden
%Be+'Li 0.000 0.00 0.000 0.00 %Be+6Li (31 (20 (50) forbidden

Total sum 4.83 9.96 8Be+Li (40) (30) (50) forbidden
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in the latter. Thus thp44421)(00) and[4443|(00) eigenstates around the two-body fragmentation channels 8Be+p,

are responsible mainly for the nucleon and triton fragmental®B+n, °Be+d, ®Be+t, and’Li +«. Since the phase space of
tions of the doorways-hole state, respectively, and for the the three-body and four-body fragmentation channels is not
deuteron fragmentation both th&4421)(00) and[4443](00)  very large, it seems that the contribution from the three-body
eigenstates contribute rather equally. This situation is similaand four-body fragmentation channels to theragmentation

to the case of'B as mentioned above. width of N(s hole) does not become very large.

The calculated partial fragmentation widths of the
[4443](00) and [44421(00) eigenstates are also given in
Tables VII and VIII. Reflecting the fact that the spectro-
scopic factor for thé'B+a channel(Q=19.1 Me\) is zero,

the a-cluster fragmentation width becomes exactly zero, andpro%ui?ii??eift’itcl)cn ?Sf t::;e(slg]ggik:/te };ogjlgtizﬁpgfr?#glgﬁlrasti-
one sees also zero partial widths for tf8+°He (Q=4.4

H 1 -1
MeV), °Be+CLi (2.4 MeV), and®Be+'Li (7.6 MeV) chan- tutional states such as{ “s,) and (py p,) because of the

nels. This result is greatly in contrast to that of the statisticaFmaII recoil momentum transfer for the produckdarticle

model, because the model predicts a larger fragmentatio <50 MeV/lc,;)C [7’_21’_221'2 Accordl'ng to the experimental
width for a fragmentation channel with a larg@rvalue. The ata for the 1(2K ’77_1) AC reactlon' performed by Grace
total sums of the partial widths fof4443(00) and ©tal-[23], the ;{C(sy’s,) Sﬁ‘te which appears &,=10
[44421)(00) areT([4443)=4.83 MeV andl'([44421)=9.96 MeV with respect to theA+-C _threshold emits one light
MeV, respectively. Since both the[4443(00) and hypernuqlear fragment from .WhICh. wea_k_ decay occurs. The
[44421/(00) eigenstates contribute to the doorwashole emitted Ilg_ht_ hyperf_ragment is not |dent!f|eq experlme_ntally.
state, the escape width') of the s-hole state ofN corre- However, it is considered .that the subst!tutlonal state is frag-
sponds to the sum oF([4443)) and I'([44421) and thus mented into,Be and3He, since the experimental weak decay
=15 MeV, which is nearly equal to the experimental result!'fe“me of the emitted unknown hypernucleus suggests that

(=14 MeV). Then, the proton, neutron, deuteron, and tritont May be the‘;’\B_e hypernucleus. _

fragmentation widths amount, respectively, to 14%, 52%, , Her?i an Interesting question arises as to why
25%, and 9% of the calculated escape width=15 MeV), AC(sn7sa) with the[31C(s hole)®s, ] configuration is frag-
which results are almost the same for #B(s hole) quali- mented into the%sBeJr He' channel, in spite of the fagt that
tatively. The calculated spreading width &fN(s holg  the Q value of \Beta is larger than that ofiBe+’He
(I'=15 MeV) is larger than that of'B(s hole) (I''=7 MeV). [11,24]._ According to the statistical model, tl‘iﬁeﬂ;a frag-
This is due to the fact that th@ values for the proton, mentation rate should become larger than $Be+>He one

neutron, deuteron, and triton channels *8K(s hole) are because the larg€p value gives a larger fragmentation rate.
about twice larger than those 5B(s hole). However, the experimental result is reverse. This problem

In this paper, we assumed the main component of th&/as discussed by Bando, one of the current authibié),
15\(s-hole) doorway state to be given by the S\u) ?lnd ZDofka [24]. They _showed that_ the nuclear—co_re
—(00) state. However, the spatial symmetry states such asC(s-hole) stalte plays an |mp§)rtant role in the fragmentation
[4443(22) and[44421(22) might be mixed in the doorway Of the {C(sy™s,) state. The'C(s-hole) state has the same
s-hole state(L™=0") of >N (see Table V). Even if this Spatial symmetry as thEB(s-hole) state, since the two nu-
occurs, the above-mentioned selection rule for fragmentatioflei are mirror nuclei of each other. Therefore, the selection
of doorways-hole states in light nuclei persists for the fol- rule for fragmentation of'B(s hole) as discussed in Sec.
lowing reasons. According to the shell model calculation, thdll B should be realized also for thé'C(s-hole) state,
component of thg4443|(22) and [44421)(22) eigenstates namely, that the'’C(s-hole) state can be fragmented into
contributes mainly to the low-lying positive parity states ®Be+He but the fragmentation of th&e+a channel is
around E,=5-8 MeV. Therefore the admixture of largely suppressed, reflecting the characteristic ofsthele
[4443|(22) and[44421](22) in the doorways-hole state be- state which has mainly SB)(A\uw)=(04) spatial symmetry.
comes small, although the spatial symmetry statesThus, the fragmentation of th&C(sy's,) state into the
[4443|(22) and [44421)(22), have a largea-decay width. $Be+3He channel is allowed, while that into tHBe+a
This fact suggests that the-cluster fragmentation of the channel is largely hindered. This result is consistent with
N(s-hole) state is suppressed considerably in the actuaGraceet al’s experimental data. It might suggest evidence
situation. for our selection rule for fragmentation sfhole states in

Concerning the three-body fragmentation channels, théght nuclei.
largest and second largesp value channels are the Further evidence for our selection rule may be the twin-
1BC+p+n (Q=12.0 MeV) and’Li+a+a (10.6 MeV) chan-  hypernuclear production inA~ atomic capture reaction into
nels (see Fig. 3. Moreover, the four-body fragmentation (**C,E7)yoni—aBe+ 1H [25,26. The number of twinA hy-
channel with the largesp value is thea+a+a+t channel pernuclear production channels below thé+Z~ threshold
(Q=8.3 MeV). Therefore, the three-body and four-body is only 3, {Li+3He (Q=13.6 Me\), $Be+4H (Q=10.0
fragmentation channels appear above tH€+p (19.8 MeV), and {"Be+3H (Q=6.0 MeV), where theQ value is
MeV), ¥*B+n (19.2 MeV), 1°C+d (13.8 MeV), C+t (15.2  measured from th€C+E "~ threshold appearing &,=39.5
MeV), andB+a (19.1 MeV) channels. This is in contrast MeV from the ground state of the double-hypernucleus
to the case of'B in which the a+a+t channel which has 13B. According to the hypernuclear compound model based
the largestQ value among three-body channels appearn the statistical picture, a twin-hypernuclear channel with

C. Application of the selection rule to hypernuclei
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a larger(smalley Q value has a largefsmalle) production  tations to’Li+« (11.0 Me\) and °Li +°He (3.0 MeV) are
rate. Therefore the production rate $Ei-+3He should be largely suppressed. These results are in contrast to the results
larger than that of Be+4H, since theQ value of the former  of the statistical model, in which a fragmentation channel
channel is larger than that of the latter. However, the experiwith larger Q value has a larger fragmentation width. The
mental result is the reverse. This problem was discussed tselection rule comes from the spatial symmetry of the door-
two of the present authof3.Y. and K.I) [11]. Our scenario way s-hole states.
is the following. The binding energy of asstate proton in The calculated escape widths for tH&B(s-hole) and
12C is approximately equal to th@ value of the elementary °N(s-hole) states are about 7 and 15 MeV, respectively,
process,p+= —A+A. Therefore, aE~ particle in an  which are in good correspondence with the experimental
atomic orbit interacts with as-state proton int?C, so that  widths [I®P(}'B)=9 MeV and I'®**{(**N)=14 MeV]. This
both theE ™~ particle and proton convert to twh particles to  result may support our fragmentation scenario forsHwle
create the protos-hole in the nuclear corg'B(s hole] and  states in light nuclei, that the fragmentation process of the
then the highly excited3B with the [*'B(s holo®@A®A]  s-hole state in the doorway stage is superior to or competi-
configuration is produced as an intermediate state. Reflectintive with that in the compound nuclear stage, as shown in the
the selection rule for fragmentation of th#8(s-hole) state, analysis of the ratios of the nuclear raditR) (to the mean
the intermediate state df\B is fragmented mainly into the free path(\) of the s-hole state(R/\). The partial fragmen-
2Be+4H channel, while theiLi+3He channel is largely tation widths of the calculated escape width are as fol-
suppressed. For the fragmentation into #{8e+3H chan-  lows: in the "'B(s-hole) [*°N(s-holg)] state, I',/I"'=19%
nel, it is possible. However, the production rate of (14%), I',/T'=38% (52%), I'y/T'"'=20% (25%), I'/T'=23%
19Be+3H becomes smaller because of the smaller phasé%), andI' /T''=0% (0%).
space which corresponds to the smallevalue. Therefore, The realistic wave functions of thé'B(s-hole) and
the twin-A hypernuclear production events found in tBe 5N(s-hole) states may deviate considerably from the pure
atomic capture experiment might suggest further evidence dbU(3) eigenstate. However, the selection rule is clear enough
the selection rule for fragmentation efhole states in light to persist in reality, since the zeroth wave function of the
nuclei. 1B(s-hole) and °N(s-hole) states should be given by the
SU(3) eigenstates.
IV. CONCLUSION We applied the selection rule to hypernuclei. Two experi-
mental observations, (1) the fragmentation of the

The fragmentation characteristics of the doorvealjgole  12c(s 1s,) state into the,Be+t channel and?2) the frag-
states in light nuclei such @B and*N have been investi- mentation of the(**C,Z ), System into thedBe+4He

gated by calculating the spectroscopic factors and partiadhannel, might show evidence of the selection rule for frag-
widths for the fragmentation of the doorwashole state into  mentation ofs-hole states in light nuclei.
two-body C|U5tl%r systems. In the present paper, the ynfortunately, at the present stage, there is no experimen-

B(s-hole) and "N(s-hole) doorway states were given by ta| information on the selection rule and also on how the
the SU3)(Au)=(04) and (00) representations, respectively, deep hole state is fragmented in light nuclei, statistically or
since the main components of thé€ and*°0 ground-state nonstatistically. Therefore, it is important and attractive to
wave functions are given by the &)(Au)=(04) and (00)  study experimentally the fragmentation processsdiole
representations, respectively, and thole states produced states. Such an experiment will open one of the new frontiers
by quasifree knackout reactions such psoh) and €@e'p).  of physics, the fragmentation sthole states, and also give
etc., for the targets of“C and*®0 should have the same fryitful information to develop hypernuclear and other phys-
spatial symmetry as that of the target nucleus. ics. It is greatly hoped that ap(2px) triple coincident ex-

A notable selection rule for fragmentations of doorwayperimem(x denote, n, d, t, *He, ande, etc) will be done
s-hole states in light nuclei was found, namely, that in thejy the near future, in order to clarify the fragmentation

two-body fragmentation process of the doorwashole  mechanism of-hole states in light nuclei.
states, smaller fragments than theyarticle(p, n, d, t, and

3He) are allowed, vyhile the fragments .such. as thparticle ACKNOWLEDGMENTS
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