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Annihilation of high-energy baryon-antibaryon pairs with formation of mesons and y-quanta
is considered. Expressions for the helicity amplitudes are obtained in two asymptotic re-
gions; the amplitudes are used to calculate the differential cross section and various polar-
ization coefficients. Isotopic relations between the cross sections are derived for various

values of Reggeon isospin.

1. INTRODUCTION

Amajor step forward in the dynamic theory of
strong interactions was the clarification of the
connection between the asymptotic value of the
amplitude A(t, s) at high energies s and the
singularities of the partial amplitudes f (t) as
functions of the angular momentum (g, The
asymptotic amplitudes of different processes were
investigated under the assumption that the main
contribution is made by the pole of the partial
amplitude, viz: for elastic scattering through
small angles by the vacuum pole, and for large-
angle scattering by the pole whose trajectory de-
scribes some fermion family. An investigation of
the many-particle terms of the unitarity condi-
tion 23 has made it possible to conclude that
moving branch points can appear in the relativis-
tic theory.

However, many features of the purely pole-
type asymptotic values, namely the spin structure
of the amplitudes, the factorization and isotopic
relations, and the oscillatory behavior of the
scattering amplitudes at large angles, are all
valid also in the case when the analytic proper-
ties in the j-plane are more complicated than in
the pole situation.

We consider in this paper the antibaryon an-
nihilations N+ N — 7 + y and Y+N—’K+y at
large energies and small final-particle production
angles. From the point of view of the Regge-pole
hypothesis, the amplitudes of these processes are
determined by the contribution of the fermion
Regge poles, the specific features of which were
explained by Gribov U], For the processes in
question, there are two asymptotic regions, which
depend on the angles of production of the y quan-
tum and of the meson. One region (t — <,

u = const, s — — =) corresponds to the produc-
tion of a y quantum in the direction of the anti-
baryon momentum, in which case the meson is
emitted in the direction of the nucleon momentum.
The second region (t — %, u— — ©, 5 = const)
corresponds to the production of a v quantum in
the direction of the nucleon momentum.

2. STRUCTURE OF THE AMPLITUDE IN THE
s-CHANNEL

In order to obtain the asymptotic value of the
amplitudes, for example in the second region, we
start from partial expansions in the s-channel,
use the Sommerfeld-Watson transformation, and
separate the contribution of the outermost singu-
larity.

In the s-channel the invariant amplitudes are
determined in the following fashion 1,

Ty == @ (ps) TlekAi(s, ¢, u) 4+ ((eps) (kD)
— (ep2) (kp1) ) Aa(s, £, u) —i (e (kp1) — E(ep1) ) Aa(s, t, u)
— i(e(kps) — k(ep2)) Au(s, t, u) Ju(py), (1)

where T = iyy if the internal parity of the (KNY)
system is negative; I" = 1 if this parity is posi-
tive; py, pp—four-momenta of the nucleon and
hyperon, e—y-quantum polarization vector, k—its
four-momentum, s = —(k + p4 ¥, u=—(k — Py ¥,
t=—(p; — pp)%

Inasmuch as the parity of the (KNY) system has
not yet been established reliably, we investigate
here both possibilities.

We consider first the case of negative (KNY)
parity. We introduce the amplitude Fg in the
center of mass system (c.m.s.) of the s-channel,
normalized in such a way that the differential
cross section is
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dO’/dQ = l (XY*FSXN) |2q$ / ks.

The amplitude Fg has the following structure:
Fy = i(08) Fis (w5, 25) + i(0q) (08) (6K) Fas (ws, 24)

+ i(ok) (eq) Foo(ws, 2) + i(00) (20) Fus (wi, 25),  (2)
where wg = §1/2, z = cos g (fg—meson produc-
tion angle ), k—unit vector along the photon mo-
mentum, c'i—unit vector along the meson momen-
tum.

The scalar amplitudes F;g obey the symmetry
conditions

Fis(ws, Zs) = FZS(_va ZS)’ ‘ng(ws, ZS) = F43(—w3’ ZS)' (3)

We introduce the helicity amplitudes in the
s-channel

1 1
jo=( oIml1)
es o o
= 2sin 72 (V)P (2s)+ P, (2)])
1 1
= (Goiki= 1)

0s o=
= 205 R, 00 —P (=), (4)

1 1 0 A
fos = (72‘0“'“_‘2" 1) = —Zcos—2§ f39(¥s)

2]‘—1 s , _( 2]+3 )I//Z , :l
X[( 2j+3) Py, (3) =1/ P @) |

fis= ( %OlFsl 12 - 1) = —ZSin-%s—Z 1 (¥s)
j
X[( %)Vngm (ZSH'( 22]7%;3)!/213'].7,/7 (zs)].

Then, if we introduce the partial amplitudes
corresponding to transitions with definite total
angular momentum j and definite parity

1 _ i
13 (¥s)= 2—[’&1’(1/5)4— hod (¥ 9)1,

_ 1 _
ij(.VS) = 2—' [h3j (]/S) -_ h,‘j ('Vs)],
1IR) = -l (5 — hd (45},

105) = - T () + B ()],

then, in accordance with (3), we obtain for them
the following symmetry properties:

(5)

hid (Vs) = ho? (—V5),  hei (V5) = ki (—7s).
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3. ASYMPTOTIC BEHAVIOR FOR t — < AND
s =const <0

Relations (5) play the central role in the theory
of fermion Regge poles. They lead to a connection
between the singularities of the partial amplitudes
with opposite parity, and in particular the connec-
tion between the residues of the amplitudes at the
pole.

In order to obtain the asymptotic amplitudes at
t — « and s = const < 0, we transform in the
well known fashion the sums over j in (4) into in-
tegrals; we deform the integration contour to ex-
tend it to the complex domain. We assume further
that when t — <« and s < 0 the main contribution
is made by the partial-amplitude poles; then, in
accordance with (5), these poles exist as complex-
conjugate pairs. Retaining the contribution of a
single, outermost pole we obtain

0s 0s _
&1 = f1s/2 sin 5 + f2s/2 cos 5 = 1= (Ys)D(j),

0, 0, _
6= fis/25in 5 — faa/ 20057 = (14(15)) "D ("),

80 = fu/2 co o5+ fu/2sin S (W D0),
B = fu/2005 21— fu/2sin 0t = (42 (15) D), (6)

where x7 and xi are the residues of the ampli-

tudes h) (V's) and hjs(\/?) at the poles with sig-
natures (+), and the quantities D(j) and D (j*)
depend on the function j = j (Vs ), which describes
the trajectory of the leading pole,

ti—'h 4= (—t) ="/ 1=l 4 (—-t) i*=2

D(])= COSJT,j 1 D(]*)_'

cos mj*

Using (6), we obtain for the asymptotic invari-
ant amplitudes

4, — (&g v (Vs + M)+ (g — g2) V' (V5 — My)

4(s — M)
A, =S8
tys
— (81 g v+ (g —82)V ¢
= — A
4s 2(s — M) s— Mgz
A — — gi(Vg_Mi)U-l‘fz(V;—i-'Mi)”/ )
2tYs
where
e '/’ w. ~',I
=1 ( ) o=, ( .
v 6 -7 v 16z Eo I,

In spite of the fact that the amplitudes A, and
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A, are asymptotically smaller than A; and Aj,
they make a comparable contribution to the ob-
served quantities. This difference between the
asymptotic behavior is the result of the choice of
invariant amplitudes in (1).

For the version with positive (KNY) parity, the
invariant amplitudes, have a structure analogous
to (7), except that v and v’ must be interchanged.

4. CROSS SECTION AND POLARIZATION
COEFFICIENTS

Let us consider first the domain t — <,
s = const. We calculate with the aid of the asymp-
totic invariant amplitudes (7) the differential
cross section for annihilation

do _ 1+(l;t2

dQ 8n?
The degree of polarization of the photon pro-
duced upon annihilation of an unpolarized baryon-
antibaryon pair is given by the expression

(042 + p2?) 1271 (8a)

_ a2 —1  pEpsE
a2+ 1 p? 4 p2?

where ¢,—Stokes parameter

prrelf = UV?S(XFML — x*Vs) | 21/5_(3 — M),
potei®y = vY—s (yitYs — xatMy) [ 272 (s — M2)

cos (@ — ¢2%), (8b)

&

(for negative (KNY) parity; in the case of positive
parity v must be replaced by v’);*

Y7

a+2 = (ch nj”’ =4 sin xj’) / (ch nj”” F sin xj’),

j’—real part of the function j (V's) describing the
trajectory of the leading pole, and j”—imaginary
part.

If the antibaryons are polarized, then the
asymmetries take the form

do __ oyxsinp

A(8y) 0= P1Ep2E cos (@1 — @oF) 1271 cos @;
do a. sin _
A 3o == “54]112—ﬁ prEpz* cos (P — @z*) 1%~ sin @,

(8¢c)
where ®—azimuthal angle of production of the 7y
quantum, and tan B = sinh 7j”/cos mj’.

For polarized target nucleons we obtain for the
asymmetries the relations

d .
A(sy) E:T = ath;;l_ﬁ_ (P22 + ps22) 271 cos D,
do o sin B v s
A (sx) 9 = (22 + po2) 29 -1sin ®@. (8d)
*ch = cosh.
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We present also expressions for the Stokes
parameters characterizing the photon polarization
as a function of the polarizations of the initial
particles:

gi (Ex) =

o sin B (ps? sin @ — py2 sin 3D)
(1 + 22) (2 + p22) — 0 Sin BpsEps* cos (@iF — o) sin P

§2 (Ex) =
a sin B (p1% cos @ — p2? cos 3D)
(14 as?) (02 + p2%) — o sin BpsTpa* cos (@F — @2*)sin @’

&(5z) = &s(50) =0, Es(5:) = (0 — 02°)/ (ps® + p2%). (8e)

It follows from these formulas that only
simplest characteristics of annihilation into a pho-
ton and a meson are monotonic functions of the
energy and of the angle, in spite of the oscillating
behavior of the invariant amplitudes.

The only oscillating quantities are those which
characterize the annihilation of polarized anti-
baryons by polarized nucleons. For example, the
asymmetry in this case is described by the ex-
pression
251 cos @

t . .
W{ o sin B (ps® + p2?)sin @ + 5

_ . do
A(zz)m=

X [p?(as?sin 2(j"C + @s* &= p) — sin 2(7C + @i*) )
+ o (e sin 277G + 9%k B) —sin 2075 + 921}

¢ = In(s/s0). (8f)

All the conclusions obtained above remain in
force also in the region t — %, u = const. The
oscillating functions of the energy and angle will
likewise be only those quantities which charac-
terize the annihilation of the polarized baryon-
antibaryon pair.

5. ISOTOPIC RELATIONS

Let us consider the isotopic relations between
the cross sections of different antibaryon anni-
hilation processes, resulting from the fact that a
Reggeon with definite value of the isotopic spin is
exchanged. The nucleon-antinucleon pair is
transformed into a pion and y quantum in the
following reactions:

p+p—>al+y o(pp),
n+p—>at+y o(np),

n+n—>n'+vy o(nn),
p+n—>n+vy o(pn).
The leading pole in these reactions can have
isotopic spin % and 3/2, with the isotopic rela-
tions depending essentially on the asymptotic re-
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gion. If the quantum is emitted in the direction of
the antinucleon momentum, then in the case of a
pole with isotopic spin 1/2 we have

o(pp) = 20(pn), o(n) =20(mp),  (9a)
In the case of a pole with isospin % we have
20(pp) = 20(in) = o(pn) = o(7p).  (9b)

If the photon is emitted in the direction of the
nucleon momentum, and the pion in the direction
of the antinucleon momentum, then the following
relations are satisfied when a Reggeon with iso-
topic spin Y% is exchanged

20(7n) = o(pn), 20(pp) = o(7p), (9c)

and for exchange of a Reggeon with isospin 3/2 we
get

o(pp) = o(7in) = 20(pn) = 20(np). (9d)

The annihilation of antihyperons into a K
meson and a Y quantum is realized in the reac-
tions

A4p—K'+71 c(Ap), I +p-K 41 s,
'+ p—>Ko+y o(p’), X +n—K'47 o(n),

A+n—>K' 41 s(An), 3 4 n—sKo4 ¢ o(n).

In these processes the dependence of the iso-
topic relations on the asymptotic region is even
more manifest. If the y quantum is emitted in
the direction of the antihyperon momentum, then
the isospin of the leading pole has values 0 or 1,
with the Reggeon having strangeness. If the vy
quantum is produced in the direction of the nu-
cleon momentum, then the isotopic spin of the
Reggeon assumes half-integer values.

For zero isospin (i.e., in the region t — <,
u = const) we have

o(Ap) = 6(An), o(p*) = o(n") =0, o(p°) = o(n);
and for unity isospin

o(Ap) = o(An), o(p®) = o(n),

with o(n”) and o (p*) different from zero in
this case and having in general different values.

In the asymptotic region t — «, s = const we
have for isospin Y

o(Ap) = o(An), o(p*) =20(p%), o(n°) = 20(n");
for the case corresponding to exchange of a
Reggeon with isospin 3/2 we have

o(Ap) = o(An) =0, 20(p°) = o(p*), 20(n°) = o(n-).

6. CONCLUSION

All the results obtained in the present article
are based on the pole asymptotics. However, as
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already noted in the introduction, many features
of such asymptotic behavior are retained also
when the situation is much more complicated.

Thus, the fact that the amplitudes oscillate at
high energies in the corresponding region of
angles remains correct also in the case when the
outermost singularity in the complex j-plane is a
branch point. In this case the asymptotic spin
structure is also retained, and as a consequence
the deductions concerning the polarization coeffi-
cients that are oscillating functions of the energy
and angle for the process in question also remain
in force. In this connection we can formulate the
following general premise: in scattering proc-
esses at high energies and at c.m.s. angles
~ 180°, and also in annihilation processes, the
only oscillating quantities are those (] character-
izing the annihilation of two polarized fermions or
else the polarization of the recoil fermion as a
function of the polarization of the initial fermion
in scattering processes. All other characteristics
that are not connected with simultaneously polar-
ized fermions are monotonic functions of the en-
ergy and of the scattering angle.

As regards the isotopic relations, they are
valid not only for the case of pole asymptotics;
they are the consequence of the fact that a state
with definite isotopic spin is exchanged [7], re-
gardless of the nature of the state, which can be
either a pole, a branch point, or in general some
aggregate of singularities.

In conclusion I thank A. I. Akhiezer and D. V.
Volkov for a discussion of the results of the work.
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