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S-wave baryon-baryon scattering is considered in the quark model with a 7% breaking term in the quark
space. Thirteen sum rules for various baryon-baryon amplitudes for scattering in the 1S, state and 10 sum

rules for scattering in the 35 state are obtained.

I. INTRODUCTION

HE quark model' has been applied with some
success to various processes? including baryon-
baryon scattering.® In these models one usually seeks
to obtain agreement at high energies, and corresponding
assumptions about amplitudes are made. It may be
desirable to make the same analysis at low energies.
Harari* has pointed out that, while the predictions of
exact SU(3) symmetry are in many cases incompatible
with experiment, a symmetry-breaking interaction of
the octet type leads always to relations which are well
obeyed by the data. Gupta and Pande® have considered
S-wave baryon-baryon scattering under a broken
SU(3)-symmetry scheme and obtained many sum rules
for the scattering amplitudes, which, however, cannot
be subjected to experimental tests at present. Earlier®
attempts have also been made to obtain relations among
the scattering lengths for baryon-baryon scattering
under different symmetry schemes. While nothing
definite can be said about the experimental status of
the SU(3) predictions,” some of the results of higher-
symmetry schemes® such as SU(6) and U(12) are
definitely in contradiction with experiment. Gupta and
Mitra8 have also considered baryon-baryon processes
in the quark model and have obtained a number of
sum rules for the spin-flip and non-spin-flip amplitudes.
However, these are valid only at high energies.
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In an earlier paper,® several mass relations for baryons
and mesons were obtained by using the quark model
with a 73 violation of the SU(3) symmetry in the quark
space. It has been observed that this symmetry breaking
in quark space reproduces many of the SU(6) results
that are experimentally well satisfied, and does not
reproduce the others. In this paper we consider S-wave
baryon-baryon scattering in the same model. It is
assumed that only two-body quark-quark interactions
are responsible for the elastic, as well as the inelastic,
baryon-baryon scattering processes. For two non-
strange quarks, the interaction is characterized? by the
amplitudes Vag, Ve, Vea, and V.., where the first
index d () stands for spin-nonflip (spin-flip) amplitude,
and the second index d (e) stands for unitary-spin-
nonflip (unitary-spin-flip) amplitude. Further, the
amplitudes V;® and V;®, respectively (i and j
standing for d or ¢), describe the interaction when one
or two strange quarks participate in the interaction.
We may write V in terms of 4, B, C, and D defined in
Ref. 9, from which it follows for both spin-flip and
spin-nonflip amplitudes that

Vi Virb Vie= 2V 042V, 0, (1)

When we evaluate these amplitudes for the quark
wave functions, we have eight independent constants
to describe the baryon-baryon scattering.

II. SUM RULES FOR THE !S, STATE

For the 15, state SU(2) invariance gives the number
of independent amplitudes as 20, whereas the scattering
in the triplet state is described by 17 amplitudes only.
Also, we find that the baryon-baryon scattering in the
S wave is described effectively by seven constants only.
Therefore, we obtain 13 sum rules for the amplitudes in
the 15 state and 10 sum rules for the amplitudes in the
55, state.

We illustrate our procedure by calculating the
amplitude 4 (pn—> pn) in the 1S, state. The proton
and neutron states are given by

pr2=(1/3V2)[25 (010491 ) —s(®10_91;) ], @
nyp= (1/3V2)[s (0L, 9@, ) — 25 (4. 91,0-) .

9 S. P. Misra and C. V. Sastry, Ref. 2.
10 J. L. Friar and J. S. Trefil, Nuovo Cimento 49, 642 (1967).
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The 1S, state of the proton and neutron is given by
[p)s=5 (| pyn)— | p-np)+np)—|npp)). 3)
We have

V|psn)=9V aa| psm_)+Vae(4| pin_)+|nip_))
+Veald| pin)+|pny))
+ Vel (22/9)| pyn_)— (8/9)| pny)
— (8/9) [ npp_)+(25/9) | n_py)], (4)

and, therefore,

V| psn_)s=9Vaa| prn_)s+5Vae| pim_),
+3Vea| prnn)s—5Veo| pyn)s.  (3)

Now taking the scalar product of Eq. (5) with (pyn_],
we obtain

A(pn— pn)=pn| V| pn),

:ngd"l‘SVde"“SVed—%Vee- (6)

All 20 reactions of the 1S, state can be dealt with
similarly. We observe that, of these 20 reactions, 10
involve only nucleon targets; therefore, there will be
three sum rules among the nucleon-target reactions.
These are, for example,

VBA (pE-— AZ0)+34 (§E—— AA)
—34(pE~—Z29=0, (7)

(60/6)A4 (pZ—— nA)+54 (pE—— AA)
+94 (pE~— 22— 124 (pE— — nE?)
+6V2A4 (p2— — nZ%)=0, (8)

24 (pZ+ — pZH)—44 (pn— pn)—4A4 (PE° — pE°)
+64 (pA — pA)— 124 (pE——> AA)
+124 (pE—— 2950 FV2A (pZ—— n2)=0. (9)

From these sum rules we can obtain three cross-section
inequalities which are convenient for experimental
verification (the experimental cross sections are to be
corrected by a kinematical factor* before comparing
these inequalities with experiment):

[3o(pE-—> AZ0) "
S3Lo (B — AN I3[0 (o — )],

6[60(p=—— nA) ]2
< S[o(pE— AA) ]2+-9 o (pE~— Z0Z0) ]2
+12[ 0 (pE~ — nE)]V2+6[ 20 (p=— — nZ0) ]2,

2o (pzt — pz*) ]
S4lo(pn— pn) 1°+4[o (PR — pE°) ]
+6[o (pA — pA) J*+12[0 (pE~— AA) ]
F12[ 0 (pE-— 2020 J124-[ 25 (pZ——> nZ0) J12,

(7)

(8)

)

The remaining sum rules, for which we take independent
amplitudes rather than SUz(2)-invariant amplitudes,
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are

24 (pZt— pEH)— A (pn— pn)
—A(ZFT+— 23 =0,
AEHEO— ZHE)— A (pZ+ — pZH)— A (pEO— pEY)
+A(pn— pn)—34 (pE~— AN)+A (pE' — Z°Z°)
+A(pE-—nE)=0, (11)
304 (2020 — AA)+44 (pE—— nEY) — 2V2A (p=-— nZ")
A (PE~— 2020+ A (pE-— AA) =0, (12)
154 (p=+— p=t)— 154 (pA—> pA)— 514 (pE-—> AA)
+494 (pE——> 20204164 (pE-—> n=0)
—3V2A (pZ— — nZ°)— 304 (pE—— nE0)
+304 (AL — AA)=0,
64 (AZ°— AZ%)— 64 (pEO— pE")— 64 (pE——> AA)
— 104 (pE-—> Z0Z0)+84 (pE——> nE0)
+3V2A (pZ~ — nZ%)—34 (p=+— p3+)

(10)

(13)

+34(pA— pA)=0, (14)
AEE— EET) =24 (pE° — pE")+A (pn— pn)
— 064 (pE~— AN)+24 (pE—— 2°20)
424 (pE-— nE%)=0, (15)
104 (22— Z+5-)— 104 (pE° — pE)
—154 (pZ+— p=Z+)+154 (pA — pA)
—364 (pE~-— AL)+244 (pE-— 939
+164 (pE~— nE) 4 (29/2)V24 (p=~ — n2)
=0, (16)
304 (AE® — AE®)— 304 (ZHE— ZHE0)
+304 (p=+ — p=+)—304 (pA — pA)
— T4 (pE—— AA)— 134 (pE—— 2°29)
+84 (pE—— nEY)—4V2A (p=~— n2%)=0, (17)
SAEHE"— Z7E7)— 54 (STEY— I+HED)
124 (piE=— AA)— 284 (pE— —> Z929)
+84 (pE~— nE)HV2ZA (pZ~— nZ% =0, (18)
(5v/6)A (AE? — Z+E-)+124 (pE-—> AA)
—84 (pE—— 22— 24 (pE~— nE")
+V24 (pZ-— 2% =0. (19)

We note that Eqs. (10) and (18) of Ref. 5 are also true
in our model.

III. SUM RULES FOR THE 3S; STATE

As has been noted earlier, there will be 17 independ-
ent amplitudes for the 35, state, and seven constants to
describe them. There will be nine reactions with nucleon
targets only, and therefore two sum rules result for
them:

AP P — A (P — pE)— IV2A (p2 — n20)

— A (pE-— Z+2)—V3A (pA — p=9=0, (20)
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24 (pn— pn)—A(pZ+ — pZ¥)+24 (pE° — pE°)
—3A4(pA — pA)+2V3A (pE—— AZO)
—2A4 (pE~— ZHEZ)+5V24 (pZ=— — nZ")

—4V3A(pA— p=0)=0. (21)

The cross-section inequalities are

[o(p=0 — p=n "
SLo(pE=— pE) 1+ Do (3~ — n2) ]
+Lo (R — 22T+ [0 (ph — p20) ],

2o (pn— pn) ]

SLo(pzt — p2*) J24-2Lo (pE° — pE°) ]2
+3[o(pA — pA) J'*4-2[ 3o (pE-— AZ°) ]
+2Lo(pE~— 227) ] 4-3[50 (p2~ — nZ0) ]2

+4[ 30 (pA — pZ0) ]2,

The remaining sum rules are
104 (p=+ — p=+) =54 (22~ — Z¥Z~) =54 (pn— pn)
—15V2A (pZ— — nZ%)—24 (pE~ — Z*+Z7)
+2V3A4 (pA — pZ0)—V3A (pE—— AZ9)=0, (22)
S5A(CtE— ZHE)+ 54 (pn— pn)— 54 (pZ+— p=t)
— SA(pEO—> pET)+ VA (pA — p2")
+174 (pE—— ZtZ)+V34 (pE—— AZY)
+ (25/2)V24 (p=— — nZ%=0, (23)
124 (AE—— AE")— 124 (CHE—— ZHE")— 84 (pn— pn)
164 (pZ+ — p=*) —8A (pE0— pE7)
—18V24 (pZ— — nZ%) — 164 (pE— — Z+Z7)

(207)

(21)

+12V34 (pE-— AZ)=0, (24)
54 (AR~ —> ZUE-)— A (pA — pZ0)+34 (pE-—> AZ0)
+2V34 (pE-— =+t2)=0, (25)
54 (ZTE— ZtEY)—54 (ZHE-— ZHE7)
—6V3A (pE—— A=) — 124 (pE— — Z+Z7)
—8V3A (pA — p=°)—5V2A4 (p=—— nZ%)=0, (26)
SA(AZ—— 2927)4-84 (pA — p=0)
+4V3A(PpE~— ZTZ)+A(pE-— AZ)=0, (27)

154 (AZ—— AZ~)— 104 (pE° — pEO)+54 (pn— pn)
—104 (p=+— p=H)+4V3A4 (pE-— AZ)
+584 (pE— — Zt=)+22V34 (pA — p=°)
V24 (p=—— n=%=0, (28)
54 (B2~ — E%)+54 (pn— pn)— 104 (pE° — pE°)
+344 (pE—— S+2)+12V3A (pE—— AZ0)
+6V34 (pA — pZO)+15VZA (p=—— nZ%=0. (29)

Not all the sum rules obtained here can be experi-
mentally verified at the present stage, but many of the
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unknown amplitudes can be obtained in terms of the
known ones.

IV. DISCUSSION

As usual, the sum rules are derived under the assump-
tion that only two-body quark-quark interactions are
to be considered. The assumptions of the quark model
do not bear a direct relationship to the higher-symmetry
schemes, although they give many good results of
SU(6) without giving the bad ones.! We have the
SU(2)r and SU(2); symmetry, which in the static
approximation gives 7=0, 1 and J=0, 1 contributions
only. The 7%; violation here has the structure of AT=0,
AY =0 octet tensor operator in quark space. In the
three-particle space the symmetry-violating term will
also have AI=0, AY=0, but will no longer belong to
the octet representation only. In the crossed channel
also this scheme no longer gives the Gell-Mann-Okubo
mass relation for mesons, and further, it gives a mixing
of the octet and singlet mesons which is experimentally
justified.?

Thus in the space of physical particles, the model
will necessarily give terms like

<M/,II/13“ yll l V(”') [ [.LII,Igl YI>
= WV O Yor 18,1y 0

as generated by the 7°; symmetry violation in the
quark space. This bears an analogy with, e.g., Weinberg
and Treiman’s!! approach, where, for electromagnetic
multiplets, AI3=0 contributions from different tensor
operators of SU(2); were considered. But whereas in
that work these operators were arbitrary, and assumed
to be successively smaller, here we have all of them
generated from the octet AT;=0, AV =0 SU(3) tensor
operator of the quark space.

As before, we have considered the composite-
particle wave functions to be the same for all the
particles, and have assumed that these do not give
rise to further corrections. The structure of the wave
functions® is a problem which we feel is beyond the
scope of the present techniques.
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