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ON THE

Theoretical

A=4 O+.]+ BI~ING+JERGY DIFFERENCE

B. F. Gibson
Division, LorJ Alamos National Laboratory
Los Alamos, New tlexico 87545

1). R. Lehman
Department of Physics, The George Washington University

Washing&on, K). C. 20052

The A=~ A-hypernuclei provide a rich source of information about the ~-wsve properties

of the fundamental hyperon-nucleon (YN) force as well as offer a unique opportunity to

investigate the complications that arise in calculations of the properties of bound sy~tems

in which one baryon (here the A) with a given isospin couples strongly to another (the Xl

with a different isospin, 1 (Implications for NN-NA coupling are apparent.) The ~H-fie

+.odoublet ground-state ●nergies are not consistent with a charge symmetry hypothesis for

the Y?+ interaction. The (spin-fllp) excitation ●nergies are quite sensitive to the ~-~

coupling of the YN interaction. In particular, when one represents the free YN interaction

in terms of one-channel effective AN potentials, the resulting 0+ (ground) state and 1+

(excited) spin-flip state are inversely ordered in terms of binding energies, the 1+ state

beirq more bound. It is the “Z suppression” that resulLa from the reduced strength of the

AN-ZN off-diagonal coupling potential when the trinucleon core is restricted to isospin-1/2

which we study here. We find this spin-isospin suppression of the A-I conversion, which is

due to the composite nature of the nuclear cores of the
k
AH and ~He hyprrnuclei, to be a

significant factor in understanding the 0+- 1+ binding energy relationship.

Lack of preciEion YN scattering data is a sever? limitation upon any attrmpt to char-

ac~erize that interact}.on, Lotmnendable attempts have been made to parlineterize potentials

using 1) a combined analysiE of all ●xisting YN data plus the e’xtenuive NN datn ●nd 2)

various syr,metry afisumptions concerning meson coupling in ●n 3BE ❑odel of the YN and NN

interaction,.2’3 Wc sbnll for convenience ❑ake use of the AN-ZN separable potential model

of Stepein-Rudzka anti Wycrch4 in our four-body cnlrulntious; it is Iiased upon thr main

featureu of the OBE potential model described in Ref.

]n order to put our rPsu]Ls into prr~pcctivc, lr( un first consider the model thnt rt-

sult~ when OIIe assumes that the YN force in indrprnclent of explicit AN-IN coupling; in oth~t

wordn, it is an~umcd that the frer YN forcr acts iII ●n unmodified mannrr in romponitc “ynlrmn.

Thin modrl han hrrn cxlrnnivrly rmplnycd in thr li’.rra~ur~ in ~-nhrll hyprrnuclrar stl.dirN,

Surh a phrnomr!loloRira~ approach l~ads t-o thr follnwing npin-innupio comllnationn of thr

rffcctivr AN ~pin-~inglrt nnd ~plo-tripl?t potrl}tlaln ~~N and ~fi (nrg]rcllng any charRr-

IIR dlf’f’rrrnrrn lwtwr~n Ap snd An interni’t mm) :

! on , !) ($
‘YN ‘-() AN 6AN



(It has been assumed that the minglet interaction i~ stronger than the triplet interaction. 5,

The YN riubscript denotes the fact thmt the potential describeB tl,e full ●ffective AN-XN

interaction. The implicit ●ssumption is that the AN-ZN coupling is identical In eacl~ state.
.

That is, one ha6 assumed that the 2x2 matrix potentials

can be represented by unique ●ffective one-channel poterrtiala ~fi
m

and ~t~ independent of the

ap+.n aod isospin of the hypernucleat atateB being studied, Such ia not the cuse. For the

A=4 hynernuclei the Jn=O+ ground-state potential have the form

while the Jr=]+ ●xcited state potential ● re of the form

(See, for example, Ref. 6 and 7.) In neith~r case ia the coupling of the A-X ayatem to the

compoaitr iaonpin-1/2 trinucleon core the same ● n thr coupling to ●n ●lementary iaoq,~in-1/2

nucleon. The singlet pot~ntial differfi from thr frer interaction in the ground ntate, The

triplet potentinl diffcra from Lhc frer interaction in thr excited stntr. In ●ach cane the

magnitud~ of the AN-LN coupling la reducrd, weakrninR the YN inttrartion relative to ita

fr?- nlrength.’ Both 0+ ●nd 1+ atnte binding rnrrgien ● rr leaa than thoar calculated in

terms of a rnorlrl ha;rd entirely upon frrr AN internclion parameter.

ThP tuvanurement o! th? y-traualtionn In thr A=4 hyprrnuclri has hren (irncribed try

l’l~karz’
8

arr alao Itrf. ‘3 ●nd 10. HouIId atatr Lranmitlonn ol thin type provldr Invaluahlp

data hrczunr nur ahillly LO trrat prop~rly hIJund uyatrmn in much morr I)ighly drveloped than

that for (on(inuum alatra. 111 nddltioll, lhr prrcinion ponnlhlr in nllch rxperimrn~a in

normally murh ~rt.alrr

y-$rannjtion ru~rai-r

My(j)

Ey(:llt

lha~, that oh LRIIIrd in n t+ontinum. ❑ ennuremcn( , Thr r~ported spin-fllp
U

● re

= M:ll) - R(~H*) - l,0Lt,04 HrV

~ Il(jlr) - ll(:He*) = 1.1’)i,04 WV ,



Thene enritation ●nergies (of ~pproximately the same 1 HeV mtgnitude) imply that the mechan-

inm leading to this particular 0+- 1+ splitting ❑ ust be nimiimr for ●ach member of the iSO-

doublet. The question which we ●ddress is whether E can be understood, ● t lesst qualita-
. Y

tively, in terms of the known properties of the free Y?! interaction.

In order to carry out our calculation within the context of the ●n exact four-body

folmalimm,’] we utilize separable potential representations of both tbe NN and YN inter-

actions. We ●mploy rank-one potential of the form

‘ivi=-— 2P Ei(k)gi(k’) i = S,t ,

where gi(k) ❑ (k2 + &)-] when there iu no tensor component and whr,re

whrr, a opin-triplet tensor form is uned, (Thr quantity p

redllced •a~B,) in our prcviou~ ground-.statr atudie~,
11,:2 ,,e

to rank-onr rffcctivr YN potentials, the potrntial parrmctera

ir the ●pprclpriatr two-body

rcatrictcd our connidcration

being chosen to deacribr thr

low-energy frre scattering data, In thr cane of the uinglct potcni!al this w#rI rationalized
13on the banin that AJi-ZN coupling w~a vrry weak rio that Va

XN
= ~ Was a RO(ld apprOXiM4ttOn;

acc ●lso Rcf, 1-3, We ncw ●ssume thaL thu frcr intcractlona ● rr drfined by the rink-two

potrnti..in of Rcf, 4, modily th~ off-diaRonal coupling tcrmn an notrd ahovr for tlw ground

Stalf (V~+ ~jV~N) ●nd thr rxc~left nlatr (V~* ~V~), and gcnrratr rffectiw rank-oue potrn-

Lials which reproducr th? kamr acmttering l~ngth ●nd cftcctiv? rar.g~ an the ●ppropriately

modifl?d ❑lnRlrt ●nd trip]?’ rallh.two pot~ntials, Thr result tB ● r~aaonsbl~ qualitative

dcnrrlption o! the npin-iuunpin muppr~~~pd (romp~rrd to Lh~ frc? int~raction) grounrl-ota{c

and rnrilrd. ulatr binding rnrrRlrn from which to rnlimatr E .
Y

Thr exart roupl?d two-valla,lle inl?Rrol rqua(ionrn that mllat IIr ❑nlvt,d, whrn thr NN aml

YN interac~iong ● rr reprrnrrrt~d by ~rparahlr poirntlalu, arr drnrrihrd in Rrt, 11. Thr

inLeRral equaLionn ● rr aol%~d ~1”’mrrlrnlly without rrnort to aeparahlp rxpmllnlolln of lhr

krrnrls. Thr rraultins soiutionn pnanrnu Ihr r-haracteriaticn (If true f~w-hotfy calculatlon~:

for an ●ttrartivr pntrntlal with a neRttlvr arattcrillg l~ngt,hl Ial > la”! lmp)ien that V la

more ●ttrariivr that V’ in tvn-body, Lhrer-hor!y, aud four.body calculation) whrr~a- r ~ r’

Implirn Lhai V im more aitr~ctlvr than V in t two-body calc,llatlon hul lr~a altrartlve in

bnth thr~r-horfy aud four-body calrulatlonn, EVPII thoush thin in ~n ovrrnlm])lillrd plrture,

11 is ponnihlr tn undrratnnd qwalllatlwly Lhr f!
Y

r~nulia doncrlh~~d hrlow in Iermm of thr



scattering lengthn ●nd ●ffective ranges of the various poteutial models.

The potential parameter used in our numericsl rtudien ● re liBted in Table 1. The

first two column ● re devoted. to the free YH ●inglet and triplet intersctionn; the poten-
.

tialn ●s modified for the 0’+
●

and 1 state calculations due to coupling to the composite

rinucleon corem ● re deocribed in the lant two column. In the first five rown we list the

p.,rametern from !lef, 4 for the coupled AX-XN potentislm ; note that their definitions of the

potrntial atrengtha differ fuom’ours. In the next two rows we list the AN scattering lengthn

and effective rangem for ●ach of tbe iank-two po~entisls; our values for the free inter-

actions diffej slightly from thone reported ‘in Ref. 6. The rsnk-one ●ffective potential)

ah defined ●bove, which reproduce these ●cattr[ing lengths and ●ffective range~ ● re Riven in

the laat two rows. It is the rhnk-one ●ffective pctentialo which ● re ●ctually utilized in

obtaining the numerical ● ntimatea of the A=4 bindi~g energies reported here. The ninglet

potential ia stronger than the triplet in the two-body ●enme diacuooed ●bove: Iaal > Iatl
●nd ra > rt. However, the aignificnnt difference in size between ra and rt ●nnuties that the

+
triplet-dnminated 1

+
state ia ❑ ore bound than the O atate when one uses the potentinla

vhich describe free scattering in ● true four-body calculation, Indeed, we find that EYE-I

tlcV which hac the wrong sign; i.e., the 1+ state ia ●n fleV more bound than the 0+ atate if

effrctive interaction correaponriing to the free scattering parameter ● re used. To obtain

● correct picture, one ❑ ust take into ●ccount the spin-iaoapin supprecuion of the off-

diagonal potential outlined above. When the modified ~inglet poteLtial (correapondin~ to

~~) ia used in the 0+ state calculation, the bindjng ●nergy is lowered to about 9 tleV; in

contrast, when the ❑edified triplet potential (corresponding to $~) ia used in the triplet-

dominated 1+ atatr calculation, the binding ●nergy is lowered much further to around 7.7

Table I. The YN potent.ial parameter s~th corresponding scattering lengths
and cffectlve rangea.

.- ___ .. ——.. ._-— — ...-. ————-— — —— . -.-—— —

‘!N
V;(o+)

-1AA(fnl )

\(fm-])

AZ(fm-])

~A(fm-l)

-1
Ol(fm )

● (fro)

ro(fm)

A (fro-3)

p (fro-])

-0.7251 -085290 -0.7251

0,3657

-0,529R

-1.0970 -0.6777 -0,1355

o.f)Ylb -0,’3871 0.0916 -0.9871

I.in 1.6 1,18 1.6

1,44 2.0 2.0

1.97

3,80

-1.95

2.45

-1,33

4.68

-0,95
3,51

0.1022

1.2260

0.3194

1.7142

0.0741

1.1839

0,1801
1 ,602FI



HeV. In t~arg, we obtain the following ●stimstes of the A-separation ●nergy ●nd the

y-transition ●nergy:

‘A = B(fi) - B(3H) Z 2.0 HeV

EY(l++O+) = B(~H) - B(~H*) = 1.3 tleV .

(The triton core has been treated in tbe truncated t-matrix approximation using the 7%

D-state deuteron model of Phillips ●long with a rank-one singlet potential. “) These results

are a clear indication of the importance of treating ❑ ore ●xplicitly the AN-ZN coupling in

hypernuclear studies than is possible when one ❑erely fits ●ffective potentials to the free

scattering data.
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