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The U (6.6) symmetry is used to write down peripheral amplitudes for the processes pp — (K,K*) VY.
The requirements of unitarity are approximately enforced on the amplitudes so derived by the inclusion
of absorptive corrections. Assuming a value of Gry~%/4r and adopting a prescription for dealing with the
mass splitting in U (6,6), we find satisfactory agreement for the angular distributions in all cases and obtain
satisfactory absolute values for AA and Z*Z~, but not AZ°. The energy variation of the cross section is
satisfactorily reproduced for AA and Z*Z~ in the intermediate momentum range from 3.0 to 5.7 GeV/c;

but not for AZ°,

I. INTRODUCTION

N this work we are primarily interested in (3%)

hyperon-antihyperon pair production from proton-

antiproton interactions at high energy. There are six
such YV channels:

AR, ASO, I+, 3050, B3+, EE.

Experimental information on these reactions is available
at various energies from the CERN! and Brookhaven?
groups between 3.0- and 7.0-GeV/¢ incident antiproton
momenta.

The most striking feature of the observations is the
extreme forward peaking of the angular distributions.
Typically, the majority of the events are concentrated
in the region 1.0>cosf>0.8, where 6§ is the center-of-
mass P,V scattering angle. This feature is very sug-
gestive of a peripheral production mechanism, and
further evidence for this view may be obtained from
an examination of the various production cross sections.

The -2+ and =2+ cross sections are very much
smaller than the others, and these two configurations
are precisely those which cannot be reached from the
initial state with the exchange of an /=% S=1 meson.
We are led therefore to consider the production of AR,
AZY, =+3-, and Z°S° pairs by the exchange of either
K(0™) or K*(17).

The possibility of constructing a peripheral model
for these processes has been discussed by various
authors: (i) Early pole calculations®* pointed to K
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as the intermediate particle. (The amplitude for K
exchange approximates to the form ¢/ (mx2—1), where
¢ is the square of the four-momentum transfer and
¢<0 for the physical region; this clearly represents a
backward peaking, and was rejected as in conflict with
experiment.) (ii) Durand and Chiu® drew attention to
the importance of including corrections for the effect
of absorption into competing channels in the initial and
final states. (A more complete discussion of these
““absorptive effects” is given in Sec. II1.) These authors
include these effects in a discussion of pp — AA, and
confirmed the dominant role of K* exchange against K
exchange, finding the latter to be 00 forwardly peaked.
(iii) Cohen-Tannoudji and Navelet® repeated the cal-
culation of Durand and Chiu, taking spin fully into
account. In this case, K exchange was found to be
insufficiently forwardly peaked. (iv) All the above
investigations assumed a y,-type coupling at the K*NA
vertex. Hogaasen and Hogaasen? generalized the K*-
exchange absorption model to include an admixture
of a Pauli-type term 0,9 and concluded that if the
Pauli-type term was more than approximately the
same size as the Dirac-type term, the model would no
longer fit the data.

All of these calculations admit of a contribution
from K exchange.

This discussion illustrates the considerable freedom
of maneuver one has in peripheral calculations, which
arises from three main sources:(i) there is often a
wide variety of particles to be considered as inter-
mediary; (ii) there are often alternative couplings
possible at the vertices; and (iii) the values of coupling
constants which enter the calculations (e.g., gxaw,
gx3N, §r*AN, §x+zny) may usually be chosen freely.

Rather than use an arbitrary mixture of K- and
K*-exchange matrix elements which would be varied at
will to fit the experimental data, it seems preferable to

5 L. Durand, III, and Yam Tsi Chiu, Phys. Rev. Letters 12,
399 (1964).

¢ G. Cohen-Tannoudji and H. Navelet, Nuovo Cimento 37,
1511 (1965).

" H. Hogaasen and J. Hogaasen, Nuovo Cimento 40, 560 (1965).
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Fi1G. 1. The one-particle-exchange diagrams for the anni-
hilation process p+p — Y+Y.
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assume some higher symmetry in which the Lagrangian
and the coupling constants are uniquely determined,
and to compare the model against experiment. In this
work we assume the U(6,6) symmetry,® which is not
in conflict with physical unitarity, and we impose
unitarity requirements in terms of the absorption
model. Earlier calculations by the authors® on the AR
channel at high momentum (3.7 GeV/c) have given a
fair description of the magnitude and angular distribu-
tion of the differential cross section. As we shall see,
the form of the V-V interaction predicted by U(6,6)
is realistic and we expect the main features of this
interaction to be preserved in any alternative theory.

II. U(6,6) INTERACTION
The U (6,6) interaction Lagrangian is given by
L=G(]5§05+J#‘Pu); (2'1)

where ¢; and ¢, are the pseudoscalar and vector nonets
and G is the “U(6,6) coupling constant.” The U (6,6)
prediction for those parts of the pseudoscalar and
vector currents relevant to the interaction of the
eightfold baryons with the 0~ and 1~ mesons are

2m\ P? _
Js= <1+—>“(N75N)D+(2/3>F ’ (2.2)
S /4m?

P,
Ju= (H—
2m

2

)(NN)F

2m _7u
+(1+7>(N;n—;N>D+(2/3)F: (2.3)

where N is the baryon of mass m, ¢ is the momentum
transfer, .S is the pseudoscalar-meson mass, and V is
the vector-meson mass. In the U(6,6) symmetry,
S=V=pu (the “meson mass”), but we wish to keep
open the possibility of setting .S and V to be different,
and of thus splitting the mesons into the pseudoscalar
and vector nonets. P, and 7, are the conventional
forms for “electric” and ‘“magnetic interactions,”
rather than the Dirac and Pauli terms, i.e., v, and

8 A. Salam, R. Delbourgo, and J. Strathdee, Proc. Roy. Soc.
(London) 284A 146 (1965) 285A 312 (1965); M. A. B. Bég and
and A. Pais, Phys Rev. Letters 14 267 (1905) B. Sakita and
K. C. Wali, 7bid. 14, 404, (1965); Phys. Rev. 139, B1355 (1965).

9H. D. D. Watson and J. H. R. Migneron, Phys. Letters 19,
424 (1965).

ABSORPTION MODEL AND U(6,6)

1655

P

=P,

1

Fic. 2. The production p+p— Y+¥ in the s channel, or the
elastic scattering p+Y — p-+Y in the ¢ channel.

owqv; the coefficients of P,/2m and r,/4m? are the con-
ventional Sachs! form factors F¢ and Fy, respectively.

The basis of our model is an amplitude corresponding
to Eq. (2.1), which contains a contribution from each
of the K and K* poles (Fig. 1). We see that, apart
from the question of the choice of S and V, there is
no arbitrariness in the model. [The U(6,6) coupling
constant G must be chosen so as to reproduce the known
value for G yn%/4m.]

It should be emphasized that, a priori, one might be
hopeful of satisfactory results. First, as is well known,
the U(6,6) symmetry is badly broken, but we might
hope that, in the present case, the effect of this breaking
might not be too important, as we are dealing with
reactions only involving particles from the same SU (3)
multiplets, namely the baryon octet. The mas differ-
ences between p (938 MeV), A (1115 MeV), and
2 (1195 MeV) are small, while the difference between
the K mass (494 MeV) and that of K* (891 MeV) is
at least much less than the full variation of the meson
masses, e.g., from the = (135 MeV) to ¢ (1019 MeV).
Secondly, the U(6,6) predictions for the three-point
function are very much better than those for the four-
point one * and, in the present calculation, we use only
U (6,6) expressions for specific vertices.

Finally, the currents as given in Eqgs. (2.2) and (2.3)
by U(6,6) resemble very much a form which one expects
on general grounds. The vector current contains a
large magnetic-type term, of the order 3 or 4 times that
of the electric term, and there exists considerable
evidence for a vector-meson interaction of this form,
e.g., for p in electromagnetic form-factor data or from
the Stodolsky-Sakurai model.!? Again, any breaking of
the symmetry with choices of S#V will emphasize
the scalar coupling relative to the vector one. We
therefore consider the currents given to be of a real-
istic form.

10 R. G. Sachs, Phys. Rev. 126, 2256 (1962).

1 R. Delbourgo et al., Seminar on High-Energy Physics and
Elementary Particles, Trieste (International Atomic Energy
Agency, Vienna, 1965), p. 455.
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The explicit form of the currents for the processes
under consideration can be found in Appendix A. The
matrix element for the diagrams of Fig. 1 with the

—qugy/ W?

T=M"(g>) M1 (g2)i( 1)—“'0 s)—‘—
)Mo (pr)——v(=p: K1

2m

+M (g M (qQ)v(Pl)—v(

+M M (g)M A (g5 (pr)y o (— Ps)

+M (g M (g2 (pr) v, (— P

+M5" (g M5 (¢ (pr)ysv (= p3)

where pi, p» and —p;, —p4 are the 4-momenta of the
incoming antiproton and proton and outgoing anti-
baryon and baryon, respectively (Fig. 2). P, and P,’
are the sum of fermion momenta at the particle and
antiparticle vertices, respectively. The relation between
the F’s and the M’s is given in Appendix A. The super-
scripts I and II of the form factors refer to the upper
and lower vertices of the diagrams of Fig. 1. We con-
sider m as the average mass of the four baryons in
each particular channel: m,=my=m;=mqs=m, i.e., the
mass difference between the proton and the other
baryons is negligible, as is reasonable at high energy
considered in our case. In the center-of-mass system!®

s=(p1+p2)t=4E2=W?,
t= (pr+ps)*=—2p*(1—cosf),
u= (pr+ps)?=—2p*(1+cosf),

where E and p are the energy and momentum of each
particle; 0 is defined as the scattering angle between
the incoming proton and the outgoing baryon.

In order to include absorptive corrections in the
diagrams of Fig. 1, the matrix element T is diagonalized
in the helicity representation of Jacob and Wick.* We
define

(2.5)

&= NeNE| T \pAp), (2.6)
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exchange of pseudoscalar and vector particles [with
masses at the physical poles, i.e., u(K)=495 MeV and
w(K*)=891 MeV] is given by

P,
%(*—PO—’M(M)

—qugy/
W (= pa)vu(ps:)
_QIJQV/P«

R
A (K*)—t

Ps)

P, (
(‘PQW P2)

LU
T a(— pay—u(ps
w2 (K¥)—t Im

a(—p)ysu(ps), (2.4)

uA(K)—t

where the N’s label the helicities of the particles and
the index ¢ specifies the helicity dependence'® (see
Table I). For the AA, =Z+2~, and Z°2° channels, the
restrictions imposed by parity and charge-conjugation
invariance reduce the number of amplitudes from 16
to 6, which we define in Table I. The AZ® and Z°A
channels, however, are described by a set of 8 indepen-
dent amplitudes, as charge conjugation only relates the
A2 and 2%A channels which are physically distinguish-
able.’® Our normalization is such that the differential
cross section for unpolarized particles in the initial
state is given by

da'
dQ (161rE)2

i Z L i, (2.7)

where the summation is over the 16 helicity amplitudes.

The next step consists in the evaluation of the
independent helicity amplitudes whose general form is
given by Eq. (2.4). We choose our coordinate system
with the initial antiproton moving along the positive
z axis and the outgoing antibaryon moving in the x-z
plane at an angle 6 to the z axis. The Dirac spinors in
the center-of-mass system are written as direct prod-
ucts of Pauli’s spinors:

1 B 1 r
(E+m)VoL— 20y (E+m) (E+m) s — 2\ (E+-m) 08
1 [Etm 1 [E+m '
U= } Ao U= :|g—“’14”/2x_h ,
(E+m)V2L 2)\2;17 (E4m)V2 2\p

3 We use the metric gu=(1, —1, —1,
4 M. Jacob and G. C. Wick, Ann. Phys (N Y.) 7,404 (1959).

16 The extraneous two amphtudes for the AZ0 process are defined in terms of helicities as:

dr={(+3+3|T| -
HTI-3-)

and

ds=(+3—

3+



166 ABSORPTION MODEL AND U(6,6) 1657

where X, is an eigenstate of %o, and the representation is such that v, is Hermitian, v; anti-Hermitian, and
vs=7oY1yzys.- (The Dirac spinors are normalized so that @u= —%v=2m.)

The contributions to each ¢, from the pseudoscalar- and vector-exchange diagrams (thus giving rise to inter-
ference effects) must be added to give the total U(6,6) amplitudes (x=cosf):

1 1
e M MO QI P (4 (14+9)]
1/ 2m) I (DM (g M M ) T () (1)
USO8+ )], (290
9= —_— III 2 1I 2 2 E2 2 1
2(K*)—1{4 @M ()~ A QE (1) (1)

+ (1/2m)[M " (¢*) M5 () +M 5" (¢*) M1 (%) L — 4E*m (1 —x) I+ M (¢) M o' (g8 [ —2m2(1 *x)]}

5II 2M51 2 —_ 2 —_— R .
o @M =201, o)
1 1
os= ——{—~er1<¢)er<q2)[4m2(2E2+p2<1+x>)<1+x>]

(L2 ()M (@) M (¢2) M () T (B2 -57) (145
+M2H<q2>M2I<q2>[2<E2+p2><1+x>]}, (2.9

1
- ——{~—M1H<q2>M11<q2>[4E2(2E2+p (142))(1—2)]
2(K*)—t 4 2

+(1/2m)[M 1" (¢*) M (¢?)+ M 2" () M1 (¢?) JTAE> m (1— ) T+ M " (¢*) M ' (¢*) [ 2m* (1— x)]}

T2 A I (02— 252 (1 —
PR EMEGT- 2], (290)
1
= ——M (@M (g [4mEQE* - p*(14-x)) sind ]
w2(K*)—¢ 4m?
+ (1/2m)M " (¢)) M 2" (¢ [AE(E*+ p?) sind ]+ (1/2m) M 2" (¢*) M 1 (¢*) [4m?E sin6 ]
F M (PM A (D[ 2mE sinf ], (2.9¢)
P6=— @s5. (2.91)

The remaining two amplitudes's required for the description of the AZ? and Z°A channels are

1
or=— {———Mlu (@M (gD [—4mEQE>4-p2(14-x)) sind ]
2(K*) —1¢

(U 2m) M () M (@ — A2 sind T+ (1) 2m) M (g8 M () = A (B2 ) sind]
M ()M (@) [— 2mE sinej} . (29)

0s=o1. (2.9h)
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ub
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III. ABSORPTION EFFECTS

We now consider how the Born amplitudes as given
above [see Eq. (2.9)] are modified when the effects of
the strong elastic interactions in the initial and final
states are taken into account.

The inclusion of such effects to give an ‘“absorption
model” was originally proposed by Sopkovich,'® and
has been widely discussed recently in several reviews
of the peripheral model,'® where further references and

18 N. J. Sopkovich, Nuovo Cimento 39, 186 (1962); J. D.
Jackson, in Proceedings of the 1966 Stony Brook Conference
on High-Energy Two-Body Reactions (unpublished); J. D.
Jackson, Rev. Mod. Phys. 37, 484 (1965). J. D. Jackson, in
High Energy Physics, Proceedings of the 1965 Les Houches Summer
School (Gordon and Breach Science Publishers, Inc., New York,

H. R. MIGNERON AND H. D. D. WATSON

1400 ———
1200
1000
do 800}
4(CoS 8)
b soor (6) 3.6 Gov/c
400 4
200} \
o P S E————
10 9 .8 7 .6 5
cos 6
(b)
400 —
1200
1000}
do 800

d(COs 6)

(d) 5.7 Gev/e

ub

Fi16. 3. p+p — A+A at 3.0, 3.6, 3.7, 5.7, and 7.0 GeV/c. Data
of Refs. 1 and 2. The full curves are the predictions of the model,
while the broken curves have been normalized to correctly re-
produce the number of events in the first experimental interval.

discussions can be found. We confine ourselves to
give a summary of the procedure. The physical idea
behind the model is that the opaque core which one
particle displays to another at high energies in elastic
scattering and the consequent diffraction peak ought
to show up in inelastic processes. These effects are just
statistical manifestations of the very many open
competing channels, the presence of which reflects on
the amplitudes in any one channel through unitarity.

1966). A. C. Hearn and S. D. Drell, in High-Energy Physics
(Academic Press Inc., New York, to be published) (SLAC-
PUB-176, ITP-200, 1966). Uri Maor, in Proceedings of the Con-
ference on Nuclear and Particle Physics, University of Glasgow,
1966 (CERN/TC/PHYSICS 66-26) (unpublished).
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do i = \\ -
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\
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~
200~ ~o - 4
~
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cosé
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1200/ ]
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4(C0S8) g00 |
400, |
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F16. 4. p+p — A+3° and =°4-X at 3.0, 3.6, 3.7,§5.7,%and 7.0
GeV/c. Data of Refs. 1 and 2. The full curves are the predictions
of the model, while the broken curves have been normalized to
correctly reproduce the number of events in the first experimental
interval.

We use a prescription given by one of the authors? in
a previous publication, according to which the cor-
rected or unitarized partial wave T7/(IV) is related to
the Born amplitude 77(W) by

Tﬂa'j= —%[SﬂﬂjTgaj—f— TﬂajSaaj] ) (31)

where « and B label the channels, and S,,’ and Sgg’
are the S-matrix elements for elastic scattering in the
initial and final states. This formula may be simply
derived using the K-matrix formalism and an approxi-
mation scheme in which only the unitarity effects of
the presumably large elastic scattering amplitudes are
retained, while the direct effects of the typically small
inelastic amplitudes are neglected. The result is valid
relativistically, and is independent of any restriction
on the range of the various forces. The formal differences

17 H, D. D. Watson, Phys. Letters 17, 72 (1965).
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1200}
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10001\
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do s}, )
(oS 8) \
\
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10 E) -8 ks b ®
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do

d(Ccos 8) (e) 7.0 Gev/c

ub

) S S

COos 8

between this treatment and the usual one (Sopkovich!®)

which gives
Tﬁd'j= (\/Sﬂﬂj) Tﬁaj(\/saaj) (31l)

are discussed further in Ref. 17. The two formulas
become identical when the initial- and final-state
elastic scattering parameters are set identical, as in the
conventional approach to the application of the ab-
sorption model.

TasiE 1. Helicity amplitudes for the reaction pp — VY.

N2\ (pp) ++ +- -+ —=—
Aahs( Y}\’N
++ o1 @5 — s o2
+-— @5 @3 P4 — 6
-+ — ¢ P4 3 ]
- ['2] ¥5 —¥s 1
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ol e
10 9 K 5 a
cos @
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\
\
\
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\
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In the application of Eq. (3.1), the forms for S,.’
and S’ are taken from experiment. In practice, one
usually has no information on the form of the elastic
scattering amplitude in the final state. In the absence
of such information, we assume all Y'Y elastic ampli-
tudes to be identical to the pp amplitudes, which is a
plausible approximation. As noted above, the general
feature of elastic interactions at high energy is the
diffraction peak, and this is independent, to a large
extent, of the nature of the particles involved. In the
present case all particles involved are spin-} baryon-
antibaryon pairs, and one would be surprised if the
elastic amplitudes were very different.

Equation (3.1) is readily generalized to include spin.
Inserting indices to label the spin helicity representa-
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500 (e . . ‘
400} N
(b) 3.6 GeV/c
do m
d(Cos 8)
b
4
1 T
do 4
d(cos ) (d) 5.7 Gev/c
ub ]
I .~ |
7 . 5 s
Ccos 8

F1e. 5. p+p—=++3- at 3.0, 3.6, 3.7, 5.7, and 7.0 GeV/ec.
Data of Refs. 1 and 2. The full curves are the predictions of the
model, while the broken curves have been normalized to correctly
reproduce the number of events in the first experimental interval.

tion, we have
(B1B2| Tso’?| at1002)
=3[ 2 (B1B2|Sss’| BB (8182’ | Tpa’| arars)
BB

+ X (B8] Teal|ar'as’ Yor'as' | Swal|aras)].  (3.2)

ar’ag’

We make the following assumptions regarding the
form of the elastic scattering amplitudes:

(i) As noted above, we take Sqya’=Sgs".

(ii) We assume S.’ only involves non-helicity-
changing amplitudes. (There is no evidence, at these
energies, for important helicity-changing terms and,
intuitively, we indeed expect these to be absent.)



166

(ili) We parameterize pp elastic scattering in terms
of a Gaussian model of radius », setting {(aias|S7|aias)
=1—Ce#@tD/»2p2, Tn this, we have taken the two
independent non-helicity-changing amplitudes to be
equal. The parameters » [=»(E)] and C are obtained
from experiment!® and, typically, »1~200 MeV; the
parameter C is found to be equal to unity.

With these assumptions, Eq. (3.2) greatly simplifies;
the new helicity partial-wave amplitudes T//(W),
where 7 specifies the helicity dependence (see Table
I),is

TH)=[1—e T, (3.3)
which gives the unitarized or corrected amplitudes
T/i(W) in terms of the Born amplitudes 7'/(W).

We have shown in Sec. II how the six independent
helicity amplitudes ¢;(3=1---6) for the reactions
pp— Y'Y can be obtained from the U (6,6) symmetry.
These can be decomposed in the helicity representation
of Jacob and Wick as

or=(+3+3 TI+3+3)
=3 Qi TI00) | +3+3)du(0),
7

er=(+3+31TI~3-)
=% Q4D+ TN —3-1)du(0),

pr=(+3—3IT|+3—1
=% @i+ D3} TN | +3—1du(6),
M

pr=(+5— T —3+3)
=% Qi+ D(+E—3 TN —3+5)d 0 0),

os=(+3+3ITI+3-1
=% Q4+ D+ T | +3—5)dii0),
J

oa=(+3—4 T +3+1)
=§ @j+1(+3—3 [ T (W) [ +3+5)do(6)
and similarly for the other two helicity amplitudes for
the processes pp — AZ° and pp — Z0A:
or=(+3+3 TI=3+3)
=2 CIDESH TP —3+3)d0(0),

= (13171 -3-D)
=% @D+ =3 T |~ 3~ 1)da(0),

18 O. Czyzewski et al., in Proceedings of the Sienna International
Conference on Elementary Particles and High-Energy Physics,
1963, edited by G. Bernardini and G. P. Puppi (Societa Italiana
di Fisica, Bologna, 1963), Vol. L. p. 252.
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7.0 Gev/C
—-—=—= 57 Gev/C
—————— 3.0 Gev/C

150 - -

do
d(COs 8) 100

Kb

50,

F16. 6. p+p — 24320, The predictions of the model at
3.0, 5.7, and 7.0 GeV/e.

or, in general,

ei=20 2j+DTFW)dr(6), (3.4)

where
A= )\2'—>\1 Y= )\4—>\3 .

Conversely, making use of the orthogonality of the
d () functions

1
/ dru(6)dns? (6)dcost) =2/ 24+ 1) s,
-1
we obtain the partial-wave helicity amplitudes

1 o1
T,‘j(W) = E/ (pid)\,,j(e)d(COSB) . (35)

The unitarized scattering amplitudes can then be
written in the form [remembering Eq. (3.3)]:

¢ =22 (2j+D)[1—e 7T I(W)dyI(6) . (3.6)

The explicit form of the T/ and ¢;’ in terms of Legendre
polynomials are given in Appendix B. The differential
unpolarized cross section according to the absorption
model is obtained from Eq. (2.7) by substituting ¢,
for ¢,.

IV. COMPARISON WITH EXPERIMENT

In comparing the model with experiment, there is
considerable ambiguity as to the treatment of the
masses in U(6,6). As far as the position of the poles
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is concerned, these ought to be assigned at points cor-
responding to the physical masses of the exchanged
particles.

The question of the choice of S and V, the pseudo-
scalar and vector masses, is less easily settled. We have
taken an ad hoc choice of SU(3) masses, S=417 MeV.,
V=850 MeV, the mean mass of the pseudoscalar and
vector nonets, respectively. This prescription has been
been used elsewhere with success.! The present point
of view has the advantage that no further ambiguity
arises when we wish to relate the U(6,6) coupling
constant to the #VN coupling constant, using

Goyn=G[1+ (2m/S)](5/3).

More explicitly, the determination of the D:F ratio
and the relative contribution of the pseudoscalar- and
vector-exchange mechanisms are uniquely predicted by
the U(6,6) theory. Indeed, we find our results very
sensitive to a variation of the relative contribution of
K and K* exchanges, and in general, to alternate choices
of the masses in U (6,6).

The predictions of the model are shown against
experiment in Figs. 3 to 6, for the various channels
and at various energies. The solid curve gives the pre-
dicted result correct in absolute magnitude, assuming
a value of 14.9 for G,yn2/4w. For the dashed curves,
the results have been normalized to correctly reproduce
the observed number of events in the first experimental
interval to facilitate comparison.

It will be seen that in all cases the angular distribu-
tion is well reproduced over the whole energy range.
In addition, in the intermediate energy range under
consideration, the absolute magnitude of the differential
cross section is approximately correct for AA and
>+3-, but for AZ? (and =°A) the predicted value is too
small by a factor of about 4; this particular feature of
the model results from a destructive interference of the
D and %F couplings at the K+p2° vertex.

In discussing the energy variation of the cross
section, we recall the large experimental errors of the
data. This makes it difficult to draw definite conclusions
about the energy dependence. For AA, the theoretical
cross section seems to decrease more slowly than the
experimental results between 3.0 and 5.7 GeV/c, where
it starts rising. For 2*Z~, the experimental energy
variation is much weaker than for AA. The theoretical
cross section falls within the limit of experimental error
up to 5.7 GeV/c, where again it starts to rise. In the
case of AZ? (and 2°4), the energy variation of the model
is wrong, the theoretical cross section showing a slight
increase, whereas experiment shows a sharp decrease
between 3.0 and 5.7 GeV/c. In Fig. 6, we give the
predictions of the model for pp — Z°Z°, where the model
predicts a rise of the cross section, in disagreement
with experiment. We are encouraged by the fact that
agreement is best in the experimentally most accessible
channels.
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As expected, the model is relatively successful in
predicting the energy dependence of the cross section
for AA and Z*+Z~ in the intermediate momentum range
3.0 to 5.7 GeV/c. As the energy increases, the vector-
exchange contribution takes over, leading to the well-
known breakdown of vector-exchange models at high
energy.

V. CONCLUSION

These calculations show good agreement with experi-
ment as to the angular dependence of the produced
particles in all cases and good agreement in absolute
magnitude for AA and Z+2~ in the energy range under
consideration, but not for AZ° (and =°A), which is too
small by a factor of four. These results are determined
from G.y~ and can be considered as very satisfactory.

We wish to emphasize that the predictions of the
model depend critically on the use of U (6,6) symmetry
at vertices. Other two-body final states such as 7,
N*N*, and V*¥* are also determined by the same
model. Good agreement with experiment for pp — n#
has been achieved in the momentum range 3.0 to 9.0
GeV/c.!® Calculations are in progress to extend the
predictions of the model to the N*N* and V*7*
channels.?
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APPENDIX A: EXPLICIT FORM OF
THE CURRENTS

The vector interaction as given by Eq. (2.3) can be
written as

Ju=Fc(Py/2m)NN+FyuN (r,/4m5)N, (A1)

where F¢ and Fjr are the Sachs!® form factors. [The
symmetric and antisymmetric couplings have been
implicitly included in (A1).] For subsequent algebraic
work, it is more convenient to rewrite J, in terms of
P, and v, in the conventional manner:

Ju=M:(g%) (Pn/zm)NN"l‘M?(qz)NVnN; (A2)
where the relations between My, M, and F¢, Fy are
given by

Mi=Fc¢—Fy,
My=[1—(¢*/4m*) JF . (A3)
¥ ], H. R. Migneron and K. Moriarty, Phys. Rev. Letters

18, 978 (1967).
% J. H. R. Migneron and K. Moriarty (to be published).
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The explicit forms of M1(g?) and M »(¢?) for the required
couplings of mesons with baryons in the annihilation
p+p— V+7Y are (the 7°5p coupling constant has been
normalized to unity):

K*Ap:
M1(g®)=V3(2m/V)[1—(¢*/4m*)], (A4)
My (g*)=—V3[1+ (2m/V)][1— (¢*/4m*)].  (AS)
K*3%:
Mi(¢®)=—302+ (m/V)(A+ Bg*/4m*))],  (A6)
M(g?) =301+ 2m/V)I[1—(¢*/4m*)]. (A7)
K*Z+p:
Mi(¢%)=—3V2[2+ (m/V)(A+ (B3¢*/4m*) ], (A8)
M(g*)=5V2[1+4 2m/ V) (1 —¢*/4m*]. (A9)

(For simplicity of writing, we have omitted the v,
in the couplings.) The pseudoscalar coupling of mesons
with baryons can be written in a similar way (ys's
omitted):

K—Ap:

M (q%)=—V3[1+ (2m/S)J[1—(¢*/4m*)]; (A10)
K=Z2%:

M5(g*)=3[1+ 2m/S)J[1— (¢*/4m*) ]; (A11)
RZp:

Ms(¢%)=3V2[1+ 2m/S) [1—(¢*/4m*)].  (A12)

APPENDIX B: PARTIAL-WAVE HELICITY
AMPLITUDES T (W)

Equations (3.4) and (3.5) have to be evaluated for
different j values. Since we deal with high-energy
reactions, large 7 values will contribute significantly.
It is therefore necessary to find some way of computing
readily the d),7(6).

We show how the d,,7(6) functions may be written

P 2 (x)=—r
25+1)(1+=)?
Pj_12,0 X)=—|
® Q2j+1)(1—=)?
25
P;_bl(x)= [Pja(x)—

@+1)(1—2?)

ABSORPTION MODEL AND U(6,6)

[7Pj1(%)— 25+ 1)P;i(x)+ (j+1)Pia(x)],
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quite generally in terms of Legendre polynomials. (The
resulting expressions contain no derivatives of Legendre
polynomials.) Written in terms of Jacobi polynomials,?
the d),7(8) functions assume the form

AN IG=N) e
d;\,ﬂ'(O):[:].———‘—] (cosig)rts
(G+m!(G—mw!
X (sin@)»#P,;_\»#Me(cosh). (B1)
The d»,7(#) function satisfies the relations
A (0)= (—1)kdr7 (0)=>"d_,23(6).  (B2)

For our particular values of A and u, Eq. (B1) gives
(w=cosb)

do?(8)=P(x),

d117(0) = cos?(30) Pj—1"*(x) ,

(B3)
d_117(0) =sin%(30) P,_**(x) ,
+1 1/2
d1?(0) = (———) cos} sing6P;_y11(x).
J

The other dy,7() functions are obtained from Egs. (B2)
and (B3).
We note first that
P (cosh)= P;(cosh). (B4)

Any Jacobi polynomial P;» can be written as a linear
combination of Legendre polynomials by making use of
the two recurrence relations?®?

32+a+p+2n) (x+1)Pa™ 1 (x)

= (14-1)P, 8 (x)+ (14+8+n)P.8(x), (BS)
3 (2+a+B+2n) (x—1) P28 (x)
= 0+ 1) P, ®f— (14a+n)P,@Bf(x).  (B6)

For the polynomials occuring in Eq. (B3), one
obtains in this way

[iPi1(x)+ 25+ 1D Pi(2)+ (G+1)Pia(x) ],

(B7)

Pia(%)].

* M. E. Rose, Elementary Theory of Angular Momentum (John Wiley & Sons, Inc New York, 1963); A. R. Edmonds, Angular
Momentum in Quantum Mechanics (Princeton University Press, Princeton, N. J., 1957).
2 E. D. Rainville, Special Functions (The Macmillan Company, New York 1960), pPp. 264-2635.
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Interserting (B3) and (B7) into Eq. (3.5), the partial-wave helicity amplitudes are written as

1

1
Z‘IJ(W)=E/ dx <p1P,-(x) y
-1

1 1
sz(W)=§/ . dx ¢2P;i(x),

1 1 3
Ty (W) =—— 05— [ P () + 2+ 1P+ (1) Pya@)],
225419 14w
o (B8)
To(W)=— 0~ [Py a(@)— 2+ )P )+ (+ 1) Pia(®)],
20254+1)J)1 1—u
[iG+1)T"
T5j W)y=—m—m——n —1 1) |,
(== o] xW[ (@)~ Pia(x)]
; ‘+1 1/2 A1 6
Tej(W)='[u dx _‘p‘—[Pjﬂ(x)—Pa‘—l(x)]-

22541 Joo (Q=an)i

The partial-wave helicity amplitudes T7/(W) and Ts/(W) (necessary for the AZ® and %A channels) take a
form identical to T's?(W) with the obvious change of subscripts.

In a similar way, the independent unitarized scattering amplitudes (3.6) can finally be written in terms of
Legendre polynomials®:

=Z=:O 2j+DT(W)P;(x),
=§0 2j+1D)Ty(W)P;(x),

T (W) 1
o' =2 —[]Pm(xH- 2+ 1P;(@)+ (G+1)Pia(2)],
=~ 14z 2541

(W) 1 (B9)
*———[]Pm(x) 2j+DP;()+ G+ 1) Pia) 1,
=t l—a 2541

T5'7
=5 2)1/2[](1‘*‘1):]”2[1’1 @)= Pa(@)],

Tei(W

)
o= E D L= P,

% The explicit calculations were performed up to j=30.



