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stant. On the other hand, Kacser, Singer, and Truong'®
have studied the effect of the pion-pion interactions on
K ., decays and have reached a contradictory conclusion.
They obtain agreement with the experimental rate for
K.st decay when the s-wave pion-pion interaction is
described by a scattering length approximation with a
scattering length of ao= (140.3) pion Compton wave-

(1166% Kacser, P. Singer, and T. Truong, Phys. Rev. 137, B1605
965).

ON STRONG INTERACTIONS 1149
lengths. If they assume a ¢ meson dominates the s-wave
pion-pion interaction in their model, the calculated
rate becomes larger than the experimental one by two
orders of magnitude. The contradiction between these
papers seems to arise, at least in part, from differing
assumptions about the effect of the breaking of SU(3),
as manifested in the large K- mass difference, upon the
relative magnitude of coupling of the o to pions and to
kaons. In any case, our conclusions support the o model
rather than the scattering-length model.
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Baryon-antibaryon scattering processes have been considered in collinear U (3) X U (3) symmetry. Simple
relations between the differential cross sections are found and have been compared with the available

experimental data.

INCE the birth of the SU(6), symmetry,' various
attempts have been made to obtain a Lorentz-
invariant theory incorporating momentum and angular
momentum of the particles.2~ The I (12) theory which
was proposed for the relativistic extension of the SU (6),
group, seriously violated unitarity and the kinetic-
energy term was found noninvariant. Then a large
school of thought started breaking the U(6,6) sym-
metry with the kineton spurion, and the U (6)X U (6),
SU(@6)w, and the coplanar UQB)XU(3) symmetry
were obtained.®® The collinear SU(6)w symmetry,
which incorporates Lorentz invariance (the generators
of this group commute with those of the Lorentz group
in the z direction®), had its successes and limitations
when applied to meson-baryon scattering, vertex func-
tions, and weak decay phenomena.”-8

In this note, we wish to investigate the consequences
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of the baryon-antibaryon scattering in the framework
of the collinear U(3)XU(3) group of Volkov and
Ruegg,”!® confining ourselves only to the /=0 case. The
validity of this theory for meson-baryon scattering,!
vertex functions, weak decays,'! and proton-antiproton
annihilation into two mesons,'? have been considered
and the successes seem to be quite promising.

Following Volkov and Ruegg,® the 56-plet and 35-
plet of the U(6) reduce under this scheme to

56= (10,1)+3/2D (1,10)—5/2D(6,3)+1/5D 3,6)-12,
35=(8,)6D1,8) D (1, (3,3)+:DB,3)-1, (n
where the subscripts denote the helicity projections.
The 4+ and 4+ baryons are described by
Wabe=Dape(X10)111,
Wabe=Daps(X10)222,
Wabo=V3Dubs(X10) 1124 (1/4/6) (N o%eanotNpleaas) (Xs)1,
W,55=V3Daps(X10) 122

+ (1/4/6) (N v%eaact N o%€aas) (Xs)2.  (2)

In the SU(6), case, we have four invariant amplitudes
for baryon-antibaryon scattering, namely,

56956 = 1D3SEP4056P2695 .

Under the present scheme, we have the following
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amplitudes for the processes considered (the contribu-
tion with opposite baryon helicity can be obtained by a
parity transformation):

a¥a5e(1) W4,7(2) U7 (3) ¥up3(4)
+B¥%(1) Waes(2) W47 (3) War7(4)
+-0%2b(1) Wop7(2) W47 (3) ¥aar(4)
Hr P (1) Waps(2) ¥/ (3) Wasi (4). (3)

On substituting for ¥, s, from (2), we find after a simple
calculation that « contributes to the elastic channels
only, namely, pp — pp, and pn — pn. The amplitudes
for various processes of proton-antiproton and neutron-
antiproton scattering have been obtained and have been
tabulated in Table I.

From Table I, we obtain in addition to the SU(3)
relations®

34 (AA)+A (Z°2%) =24 (7in)

+24 (B°Z°)+2V34 (RZ"), (4a)
A(EE)=4E+z), (4b)
24(220)=A(ZZH)+A(EVZ7), (4c)
AEE)—AEE)=A(EE), (4d)
A@RZ)=AEA)=A@R=)/V2Z, (4e)
AE=2H—A(E2)=4(E=2)N2, (4f)
A(pp)=A(n)+A(pn), (4g)
AEE)=—A4(E2), (4h)
A@Q) =4 (N*N*)
+3[A EHE)—A(THY*)], (4)
A (]V*“” N*++)—4 (]\_7*+]\7*_)
=3[4 (N*=N*H)—A(NON*)];  (4))
the following new relations:
AN*N*) =34 (B¥+E*) =34 (B*E"), (5a)
[AF=7*)—A @] )
=3[A(ETE)—A(ZE") ]=34 (=), (Sb)
ARZ)=V34 (Z2")=—V34 (2"
=AEA)=24AY*), (5¢)
APN*)=AAN*)=24(EV*),  (5d)
A@AY*)=—(1/V2)4 (RZ"), (3e)
AEHY*)=A (BE*), (5f)
24 (BRE*) =4 (BE)=A (E+2), (Sg)
A (BOE*0) =24 (SO *0) | (Sh)

where 4 (pp), e.g., denotes 4 (fp — pp) etc. Relations
(4a) ---, (4h) were also obtained in U(12) and (Se)
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TasiLE 1. U(3) X U(3) invariant amplitudes for proton-antiproton
and neutron-antiproton scattering processes.

Processes/amplitudes o B ) Y
(a) pp—
1. pp 16 20 20 16
2. nn 0 16 4 16
3. Tzt 0 4 16 16
4, Sz~ 0 0 8 16
5. Eomo 0 0 8 16
6. EtE- 0 0 16 16
7. oo 0 2 12 16
8. Top0 0 —6/V3 12/V3 0
9. A0 0 —6/V3 12/V3 0
10. A%A° 0 6 12 16
11, N#—N*++ 0 24 12 24
12. N* N+ 0 16 12 8
13. N#+tN*— 0 0 24 24
14, N#oN*0 0 8 16 8
15, Yxy+t 0 8 8 8
16. V¥ Yt 0 0 16 8
17. Yoy 0 4 12 4
18, EH0mH0 0 0 4 8
19, Extge 0 0 8 8
20. Q- 0 0 0 24
21. pN*t4cec. 0 0 32/V2 0
22. AN*4-c.c. 0 0 32/V2 0
23. S V*t4c.c. 0 0 —16/V2 0
24, Sty¥4cec. 0 —16/Vv2 —&/V2 0
25. S0V#0fc.c. 0 —12/v2 4/V2 0
26. A0V c.c. 0 12/4/6  —24/+/6 0
27. EoEs4fc.c. 0 24/V2 —8/V2 0
28. EtErc.c. 0 —16/v2 —8/V2 0
(b) pn—
29. pn 16 4 16 0
30. EoE- 0 0 8 0
31, A%z 0 —12/4/6 24//6 0
32, 3oz 0 —4)V2 8/V2 0
33, S0 0 4/V2 —8/V2 0
34, A0 0 —12/4/6 24/4/6 0

(5f) in SU(6)w.**® To compare our results with the
existing experimental data,'®17 we relate, following
Meshkov et al.,'® the total cross section and the in-
variant amplitude squared as,

|4 |2= (Bem?X pin/po=po=c (say), (©)

where, pin and p: are the momenta of the incident and
outgoing particles in the c.m. frame and E.,. is the

total c.m. energy. In Tables IT and ITI, we have tabu-
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TasLE II. Experimental data for proton-antiproton scattering at
P lab momentum 3 BeV/c and E, m. =2.765 BeV.

bt p 4 G
Processes  (BeV/c) (BeV)? (mb) = (po)'/?
1. pp 1.017 7.645 21.0 12.7
2. 7nin 1.017 7.645 1.3 3.15
3. Izt 0.706 11.007 36X107* 0.63
4, It=- 0.693 11.22 101073 0.335
5. 3ozo 0.701 11.09 18 X103 0.447
6. AA 0.818 13.02 117X1073 1.23
7. A3 0.76 10.23 51103 0.722
8. Etg- 0.411 18.92 2X1073 0.615
9. Ywyxt 0.01 71.74 8X107* 0.789
10. Yty 0.01 77.74 5%103 0.307
11. Ap# 0.578 13.46 101073 0.367
12. Z-p** 0.495 15.7 111073 0.421
13, Joywo 0.495 15.7 5X103 0.281
14, Z+y* 0.495 15.7 1X10™3 0.396

TasiLE III. Experimental data for proton-antiproton scattering at
P lab momentum 3.7 BeV/¢ and E; , =2.97 BeV.

Pt P 14 3
Processes  (BeV/c) (BeV)? (mb) = (po)?
1. S=+ 0912  11.22 44X10—  0.702
2. oo 0908 1126  <26X10~%  0.541
3. Stz 0902  11.84 8Xx10=  0.300
4. AA 1.001 10.22 82%10-3  0.915
5. Ax° 0932 1098 34%10  0.615
6. EtE- 0.708  14.44 2%10%  0.537
7. N*—Nx++ 0849 12.05 1.8 4.67
8. Yyt 0.513 19.94 8X102 04
9. Yty 0513 19.94 5%x10=  0.316
10. AY# 0.8 12.8 14X10%  0.423
11, Z-y«* 0.732  13.97 1810~ 0.502
12. S+ys 0732 13.97 5X10-%  0.264
13, EoEw0 0412 2483 1X10  0.157

lated p, o, and 4/ for those processes for which we have
the experimental cross sections'®!” at 5 lab momentum
3 BeV/c and 3.7 BeV/c.

From (4) and (5), we have the following relations
between the ¢’s and the triangular inequalities:

2(v/3) (i) <3(v/7) BA)+ (v/7) (B°2°)

+2(Va) (EE)+2(3) (Va) R, (Ta)
2V E2)S W) EZN+H W EZT),  (7b)
5(R2%)=7(E0) =} (A=)

=35(E)=36(52)

=16(2A)=25(V*), (7¢)

V&) EE)+ W) EE)2 (Vo) EET), (7d)

V) E NS W) E2)+(UN) W) (E2),  (Te)

W& @p)< WE) (An)+(5) (2p) (71)

5 (V=) =95 (%) = (9/4)5 (B*E),  (Tg)
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W& (P17 < (V5) (BRER)+-3(v/6) (EE7),  (Th)
&(PN*Y) =5(AN*)=4¢(E-V*1), (71)
FEHY) =6 (BHE*), i)

45 (E9E*) =5 (FE) =5 (E+Z7), (7k)

45 ('Y *0) =5 (FOE™) . (71

From Tables II and III and Egs. (7), we obtain,

(+/&) (B%%%=0.335 (p lab momentum 3 BeV/c)
=0.301 (p lab momentum 3.7 BeV/c),
(/) (E—2%=0.585 (3 BeV/c),
=0.498 (3.7 BeV/¢).

Substituting these values and taking the values of 4/
from Tables II and III, we find the inequalities 7a
and 7b are very well satisfied.® The relation &(AZ°)
=25(AY*) is highly satisfied at (3.7 BeV/c) and at
(3 BeV/c) we have the left-hand side=52.1X102 and
the right-hand side=26.9%X10~2. The sum rule (7k)
can be tested only at a higher energy, since at 3.7
BeV/c, it is not energetically possible. We do not have
presently any data on £,Q~ production, and so the
relation (4i) can only be tested when the experimental
data are available. Relations (7c), (7g), (7i) and (7j)
have been predicted for experimental check. If one
assumes that the amplitude 8 only contributes at
threshold, we find that the elastic channel dominates
over the other channels pp — ¥YV. This result was also
obtained from U(12)%* and is fairly satisfied with
experiment. (From Table II, we find ¢3,~21 mb
oan~1 mb, and sry~a few ub.) In short, we find that
most of the relations obtained under U(3)XU(3)
symmetry fairly agree with the existing experimental
data. In contrast to SU(3) symmetry, we have been
able to relate the amplitudes for processes pp — BB,
BD, and DD. Further, most of the results obtained
under SU (6)w and U(12) symmetry, have been repro-
duced in our calculation. The successes of this theory
for obtaining Johnson-Treiman relations® [in contrast
to SU(6)w] is well known. Thus, we feel that the
collinear U (3)QU (3) group has given us more promis-
ing results economically—in contrast to other hierar-
chies of symmetry, in a Lorentz-invariant way.
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