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The hypothesis concerning the existence of moving poles in the complex plane of the angular
momentum is used to investigate the spin structure of the amplitude of the production of vec-
tor mesons in the reaction 7 + N— N + w%(p) at high energies. The differential cross sec-
tion of the reaction, the polarization of the produced vector mesons, and the angular distri-
bution of the products of the decay w° 0 4+ y are calculated under the assumption that one
pole makes the dominating contribution. The question of the production of vector mesons at

— T

zero angle is considered separately.

l. As already noted earlier(1] an analysis of the
spin structure of the amplitudes of inelastic proc-
esses whose asymptotic behavior is determined by
the contribution of the non-vacuum Regge poles
leads to qualitatively different results for the po-
larization effects, depending on which Regge pole
makes the main contribution to the amplitude at
high energies s'/2.

In connection with the numerous recent experi-
mental investigations of resonances, and in con-
nection with the discovery of vector (w; or p)
mesons, it is of interest to consider reactions of
the type

n+ N— N+ o%(p) (1)

from the point of view of the hypothesis of moving
poles in the complex plane of the angular momen-
tum j. Contributions to the amplitudes of proc-
esses (1) are made by several poles with different
quantum numbers. Assuming that at high energies
the decisive contribution is from some single pole,
we can calculate the polarization states of the gen-
erated vector mesons. An experimental study of
the angular distribution of the secondary particles
following the decay of the vector mesons makes

it possible to establish the order of arrangement
of the trajectories of the different poles relative
to the vacuum pole.

In the present paper we investigate the spin
structure of the amplitude for the production of
the w® meson in reaction (1). We study the polar-
ization of w? under different assumptions concern-
ing the mutual locations of the Regge poles corre-
sponding to various quantum numbers in the t-
channel of reaction (1). We calculate the angular
distribution of the products of the decay w?— 7°
+ v. In addition, we consider separately the pro-

duction of w® at zero angle, which has unique
properties.

All the results obtained are also applicable
without noticeable modifications to the production
of p mesons in analogous reactions. However, the
applicability of the Regge-Gribov method to proc-
esses involving the production of the p meson can
raise doubts, owing to the large width of the p-
meson resonance.

2. On the basis of relativistic invariance, we
can write the amplitude of the process (1) in terms
of six independent invariant amplitudes in the
form D

M = s {15 (A1 + Ask) pra
— 15 (As + Ask) poa —(A5+ Agk) N} uy eq. 2)

Here A; —functions of the kinematic invariants
s=(p;+pg)? and t= (p;—py)% pi, p; —4-momenta
of the nucleons, p; —4-momentum of the pion,

k —4-momentum of the vector meson; the 4-vector

of the vector-meson polarization ey satisfies the

condition (ek) = 0; Ny = i€yg,6P1pP2yKs, Where
€ opys —fully antisymmetrical tensor of fourth
rank; the spinors are assumed normalized by the
condition uu = E/|E|.

For the transition into the t-channel (N + N°
— 7 + V) it is sufficient to make in (2) the sub-
stitutions py — —p, and py — —pr.

In accordance with the well known ‘‘reggeiza-
tion”’ rulesfz], it is necessary to have the expan-
sion of Aj in the c.m.s. of the t-channel. Such an
expansion can be readily obtained using either the
helicity amplitude formalism 3] or the technique

DWe use a metric in which the scalar product of the 4-
vectors is ab = agb, — a- b.
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of expansion in spherical vectors, used in partic-
ular by Berestetskil (4], The invariant amplitudes
Aj turn out to be expressed as a result of such an
expansion in terms of the amplitudes f;, which in
turn are simple combinations of the helicity am -
plitudes.
We present the final results:
imo

A = 2E2k {fl - (Zt + Fk)fz"r 76}7_]’5

. imo Ek \(z1/a— /)|,
P (o e ) TR
Ay — — _imo (2] —f;;)}
2Epk® {f5 (Z”L o) =

Az = 2E2h {/1 ( t—'/}—m>/ 4 imo f‘
imw . (2tfa—15) —fa)
kp T e T1—zF [’
) imw (zefa—13) |
st +( pw>7tT[
o im [ m oz
As ﬁ%{m -+ TI“__—,T (zifs f4>} )
. im _ (2t /3 — Ja)
Ao == 2E k1 — 22 2

Here E and p —energy and momentum of the nu-
cleons in the t-channel c.m.s., kK —energy and
momentum of the «° meson, z¢ —cosine of the
angle between the momenta of the nucleon and
the w® meson in the t-channel c.m.s.

=Vils—m—p 4 (t + p2—m:?) /2]

X {(t — 4m®) [t — (m= ~+ p)*] [t — (m=— p)°’I}7%,
m —nucleon mass,
meson mass.

The expansion of f; in partial amplitudes is of
the form

= Z (27 4+ 1) Pj (2) foid (2),

m; —pion mass, and u —w’-

for(t)
2<21+1>P =0 Dy
Z %i? [f2s (8)(2¢ P} (22)) + fszl ()P (20)],
f= 2 % 1_ 11)) (/2 (¢) (2" Py'(2)) + Jas’ (8) Pi" (20)],
fard (2)
5 — 2 1 P e,
/ E<z+ VB (20 3
. hs (8)
= 2 1 P', by ————————] 4
fs ]Z(]'i- )P (=0 575 (4)
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Here Pj(zt) —Legendre polynomial, and the primes
denote differentiation with respect to z.

The partial amplitudes fJ A (t) [the index 0=0,1,
2,3 corresponds to dlfferent spin states of the NN
pair; the index A =1, 2,3, corresponds to the pro-
duction of an w® meson with longitudinal polariza-
tion (A = 1) or with transverse polarization of
either the electric (A = 2) or the magnetic type
(A = 3)] correspond to NN annihilation in 7 and
w® with a fixed total angular momentum j and a
specified quantum number; parity P, signature

= (-1)J, isospin T, and G-parity.

Which of the transitions describes precisely
each of the partial amplitudes fJ oA (t) can be read-
ily determined if one knows that in the final (7
+ w?) state there are fixed T=+1 and G = +1.
Since for the nucleon-antinucleon pair G
= (=1)T**S where S is the total spin and [ = j
in the singlet NN state (o= 0) and in one of the
transverse triplet states (0=3), and [ =j+ 1
for the longitudinal and the other of the transverse
triplet states (o =1, 2)[4], we obtain the following
types of transitions:

1) The amplitudes fjl(t) and sz(t) correspond
to the transition with P = +1, PJ =-1,and T=G
=+1 (a pole).

2) The amplitudes fl 2(t) and f 31(t) correspond
to a transition with P= -1, Pj=+1, T=G=+1
(B pole).

3) The amplitudes f%3(t) and fi 13(t) correspond
to a transition with P = -1, PJ =-1,and T=G
=+1 (y pole).

As can be seen from (3), the amplitudes Aj
have kinematic singularities at z; = + 1. However,
there are no singularities of A; as t — 0 (if we
disregard the singularities at t = 0, correspond-
ing to photon exchange ).

The point t = 0 is not a physical point for re-
action (1) and, generally speaking, is not singled
out in any way. There are therefore no grounds
for assuming that some of the fj vanish too rapidly
as t— 0. In addition, we assume that as t — 0
there are no special relations between the ampli-
tudes fj. Then the condition for the absence of
singularities of Aj as t — 0 leads to the following
behavior of fj as t — 0:

fi~t, jo~VE, fa~7t, fu ~ const, fs = t, fo ~ const.  (5)

To find the asymptotic behavior of fj at large
z¢ (which corresponds to s — « in the s-channel
and to finite negative t) we consider the symmet-
rical and antisymmetrical parts of fj(s,t) sepa-
rately. Using the Watson-Sommerfeld transfor-
mation, we can find the contribution due to the
pole with the largest Re j to the amplitudes fj,
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and then with the aid of (3) the contributions to Aj.
Going to the limit |z¢| > 1 (s — =) and continu-
ing A (s,t) analytically in the scattering channel,
we can obtain the asymptotic behavior of the am-

plitudes of reaction (1).

3. For further calculations of the polarization
effects upon production of the w’ meson we shall
find useful the explicit form of the density matrix
of the particle with spin 1. As is well known %],
in three-dimensional notation the density matrix
takes the form

e = g [ + 5 Taw & + 1 o Q1. ©)

Here i —particle polarization vector in the rest
system and cjik —quadrupolization tensor, which
characterizes the so-called alignment. The in-
dices A,A’ =1,2,3 correspond to three possible
polarization states of the vector particle; py,.
has eight independent components.

We choose the matrices of the wo—particle spin
operator in the form

Tiye = —iean . 7)

In this case the mean values of the spin operator
correspond to linear polarization of the w? along
the axes of the Cartesian system of coordinates
with z axis directed along the w” meson momen-
tum in a system where the latter is in motion.
Then
Qon = (T TH)p 4 (Tk TH)pre— 5 dix s
= = 8 81— (8ir 8o +-0in- B1a). (77)

It is easily seen from (6), (7), and (7’) that

o =1, Twi=0, QOnik =0,
cii =0, Cik = Ckiy (8)
Sp TiT% = 28,  Sp TQk — 0.

In order to find the polarization parameters £; and
Cijk, it is sufficient to use the formulas

Q™) = cip = Sp Q*p. (9)

In analogy with (6), we write down the relativis-
tic vector particle density matrix in the form (our
approach is similar to the Michel method (e]y,

_1_ ka kB
3 {( p

ko PaB = kg 93.15 =0,

(T%) =& = Sp T'p,

3 . 3
'gbaﬂ = - gaB) - 7”_ U€4pys Ay ks — o Daﬂ} ,

gbaﬁgag = —1 (10)

My Mg* 4 pt ko big | EM |2 — w2 kg Mgt | kM | — w2 kp M, | KM* |
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(gaﬁ —metric tensor in the Feynman metric

goo = —811 = —8o2 = —¢Z33 = 1).

Here ay —particle polarization 4-vector and
Dqp characterizes the alignment. In the particle
rest system a; =0 and a = §. The vector a,
should have three independent components, which
is ensured by the condition (ka) = 0. The tensor
Dqyp is chosen to make Dy = 0, kogDog = kgDgp
=0 and DaB = Dﬁa» and has, as required, five in-
dependent components. In the rest system Dap
— Cik-

Using the laws for relativistic transformation,
we can easily relate the three-dimensional and
four-dimensional polarization parameters. We
assume here that the momentum of the vector
particle is directed along the z axis. We then
have

® _ ka kas ﬁ

a) =%, az= ‘M—‘éa,

Dab =z Cqab (a, b= '1, 2), D()a = Dao = -::,:—c:ia (a = 1, 2)7

® k
Daa = Dag = - csa (@ =1,2), Doy = Dyo = —p(;—cw. a1

As follows from (10), the quantities ary and DO!B
themselves can be calculated by the formula

i
Ay = — ‘_M" smBYBkSgban

2 (ko k
Dap = - ( m £ — gae) — (Pap + Ppa)-
The amplitude for the production of a vector
particle in a state with definite polarization can
be written in the form

(12)

AN = M, e?, (13)

where e}& satisfies the summation condition

Qe egh — ko kg | 2 — gap. (14)
A

Then the density matrix P]Daﬁ is

gbaB = 2 Oan ea)‘ 33)\'7 (15)
AN

where the value of p))s normalized to the differ-
ential cross section and averaged over the spins

of the remaining particles is
AN AN+ . JW., MB+ ea" e;;’"
o =T et o Y

Substituting (16) in (15) and using (14) we get

- am”

Pop =

WM — M
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Knowing the form of the amplitude for the pro-
duction of the vector particle, we can calculate &
from (17) and then the polarization parameters ay
and Dgg with the aid of (12).

4. We now consider the contributions of the in-
dividual poles to the w’-meson production ampli-
tudes and the associated polarization effect. (To
prevent confusion, all the kinematic variables in
the c.m.s. of the s-and t-channels will henceforth
be designated by the indices s and t, respectively.)

A. The o pole is contained in f},(t) and f],(t).
According to (4) and (3), it makes a contribution
to f; and f,, and consequently to A; and A;. In
this case the w® production amplitude, correspond-
ing to the contribution of the « pole only, is

M, = ?12 Tstt1 [ A1 (pre)— 43 (pee)],

_ may Ek;
A, —m[ﬁ - <Zt -+ I )/2] ,
may _ Eiky (18)
As = 2BFR, [fl = (== rar )f] -

The differential cross section, determined by the
formula

is then equal to (for s —« and t = const)

do,
dQ

4(.012

uis

2
L
(1)12

{lfllz— Zt2|/2[2}

= @q (t) s2Rea(t) -1, (1 9)
Using (17) and (12), we can readily verify that the
polarization of the w’ vanishes asymptotically as
s — « for any initial nucleon polarization.

To calculate the w® alignment parameters we
write out the non-vanishing components of the den-
sity matrix %, which are obtained from (17) (we
retain here, naturally, terms that are principal in
s as s—® ):

ke of | /L —po" 2 /o

Pag == — ———
Pss k2 AP—ue LR
5 2
N S ) ek 17 - N S}
n ké [P — n o ? 2| fo P *
g‘)sl = gbl3

_ ko |AP—zeRefife" (1 + pPor®) + pPo 27 fl

ke Al —w2or? 28 [ 12

(20)
These expressions can be simplified somewhat
by recognizing that we operate in the region of
small momentum transfers |t| <« u? and that we
know here the behavior of f; as t — 0 [formulas
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(5)]. Let us write out the result directly for the
three-dimensional density matrix in the w° rest
system, for this is precisely the matrix needed
for the calculation of the w® decays (we note that
the indices 1, 2, and 3 of the three-dimensional
density matrix correspond to the numbers of the
rectangular axes of the coordinate systems):

o 1A
R T P B
p 2| f2 [°
xx — T 5 ) 3 =3 T ) = O,
o of /1P — P2 zf /2 O
. R .
Pxz = P2x = s ol efl f2 (21)

o [hF—pE ez [ foF

Unfortunately, nothing can be said concerning
the relation between the amplitudes f; and f, at
large s and at small finite t. However, in order
to have manageable results that can be more read-
ily visualized, we assume that some limitations on
the quantities f; and f, are satisfied (actually
these are limitations on the residues at the poles
of the amplitudes f; and f,).

We have three possible limiting cases:

D A=, all,

P2z =1, Pxx = Pyy = Pxz = Pzx = 0; (22a)
2)|fll<l‘g;— thz’y pxx:1y pzzzpyyszz=pzx:0;
(22Db)

2
3) |fif~ — —f;?zﬂlez,

1 1
pxxzpzz—:?: Py =0, szZsz=§-- (22¢)

By expressing D, g in terms of P (12) we can
now readily obtain the w’ alignment parameters
in the rest system. We must take into account
here three cases of connections between f; and
f,. Thus, c33 = —%; and cy; = cyy = % in the first
case, Cyy = —4/3 and Cg3 = Cgg = 2/3 in the second,
and cy; = C33 = —1/3 and cyy = 2/3 in the third.

. B. The B pole is contained in the amplitudes
fgg(t) and f?,i(t), and consequently, in accordance
with (4), in f3, f;, and f;. Taking (3) into account,
as well as the fact that the contribution to the cross
section from the coefficients of k in the total am-
plitude (2) is of one degree higher in s than that
from the remaining coefficients, we find that when
| z¢ | > 1 the contribution to the total amplitude in
the case of the B pole is made by A, and A,.

Here 7, = uyyshu, [As (pre) — Aa(pee)l,

imo; Eike\ ztfs
A?:—m[fs—f—(zt-{' Pzwz>~—1—zt2]'
. imwy; Eike \  zifs
A= g [/‘s ¥ (n - 2y T, }.(23)
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As in the case of the a pole, the polarization of
vanishes as s — .

The density matrix % in the case of the g pole
has the following nonvanishing components:

k of |fs—po? ]

w?

Py = -t I8 ,
T R VA L TEr e PAL

2 2
P = — P |f5ff4| , -0
S FIy A B IrA
9531———3613

ko | fs P — Refefa" (1 4 pPor®) 4 pPoi® | fa ?
kq? [fs 2 —pPo 2| fu? (24.)

Using the behavior of f; as t — 0, we can read-
ily see that the components of the three-dimen-
sional density matrix in the w® rest system can be
written in the form

Pzz=10(t), Wy =0, pPxx=1- 0(t),
Pzx = Pxz = 0 (V?).

In this case ¢y = —*% and cyy = cg3 = %.

C. The y pole is contained in f;a(t) and fjis(t)'
Reasoning similar to that in Sec. (B) show that
when the main contribution is made by the y pole
the w® production amplitudes can be written in
the form

(25)

M, = —ug (As + Ak) w- (NVe),
im m Z4 .
As=m[fs+ 'E—tT:ﬁfs],
im Zi f3
o 2E2 pi k1 — 22 ’
In the case of the y pole the polarization of WY is
rigorously equal to zero for all s.

In this case the components of the density ma-
trix are exceedingly simple. Only the yy compo-
nent of the three-dimensional density matrix dif-
fers from zero, or

Ag = (26)

pyy =1, Par = 0; a,by. (27)

This result is clear even from the structure of
the expression (26) for M., which contains only
the y component of the polarization vector e,.
The alignment parameters are in this case equal
to

a=Fb.

We note that this result for the y pole does not
depend on any assumptions made in connection
with relations (5).

5. The foregoing results, which are based on
the one-pole model, may not be valid in the re-
gion where there is no asymptotic expression | z |
> 1. However, we can analyze the situation near
the point |t| = | —tmin| = m? (u* —m%)2%/s?, which

2
Ci1=2Cs3="2[3, Cop=—"*3 cap=0,
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corresponds to the production of an w’ meson

emitted at an angle 64 = 0 relative to the initial
direction of the pion momentum (zg = 1). Here

z¢ = —1 and there is no asymptotic expression.
Naturally, in the case of production forward, the
amplitude of the process (1) should simplify, since
there is only one preferred direction, namely the
direction of the pion momentum. It is particularly
easy to write down the amplitude of the process (1)
in three-dimensional notation:

M = X (ce) + B(op,) (ep,).

It is obvious that at zg = 1 we can not form other
pseudoscalar combinations from the vectors avail-
able at our disposal, except those indicated in (28).
Thus, the amplitude (2) depends on only two rather
than six independent invariant functions, when zg

= 1. The same deduction can be made by analyzing
the helicity amplitudes of reaction (1) and by rec-
ognizing that helicity must be conserved when zg
=1,

In place of (28) we shall write the amplitudes
for production forward in invariant form, choos-
ing the scalar combinations of the 4-vector of the
problems which do not vanish when zg = 1:

(28)

M = TyysfeA + (eq) B, (29)

where q = py —p,. Since z; = —1 when zg =1, we
obtain the connection between the functions A and
B and the functions f;:

im
A— —Tz(f?o_}—f‘l),

B=E?[;’:—:fl+%(fa+f4)]. (30)
A similar result is obtained directly from (2)
and (3).
It is seen from (30) that the amplitude f; and
the combination (f;+f,) remain when zg =1 (z
= =1). The subsequent calculations will include,
in view of relations (5), the quantity

opr

14 — mzi + o (t).
If we confine ourselves to terms with the lowest
powers of |t|min, then the relation between A
and B becomes perfectly defined, making it pos-
sible to obtain concrete information on the polari-
zation state of the w’ meson produced at an angle
0g = 0. For this case we write out directly the
three-dimensional density matrix in the w’-meson
rest system:

Pap = %(&zb — Ng Np). (31)

Here ng, is a unit vector in the direction of the w°



1492

motion. From (31) and (12) we obtain the alignment
parameters of w’ produced forward:

a ==b.

The result (31) does not correspond to any of
the results of the single-pole treatment; this is not
surprising, in view of the absence of a Regge asym-
ptotic expression when zg = 1.

We note that in the derivation of (31) we used
only the symmetry properties of the amplitude M
at zg = 1 and the analytic properties of f; as
t— 0 (5). In this sense, the result (31) is exact
and is not based on any model representation.

6. We have not yet exhausted all the possibili-
ties that result from relations (5). Thus, from
the fact that f; ~ vVt as t — 0 and from the ex-
pansion (4) it follows that the positions of the g
and vy poles are interrelated at t = 0, when B
=y + 1. An analogous result for the same system
of poles was obtained by Volkov and Gribov 73,
who analyzed the NN amplitude at t = 0. In addi-
tion, Gribov and Volkov obtained the relation «
= v, which does not apply in our case because of
the vanishing of the residues in the « poles of
the amplitudes f{n and f%z at t = 0.

If we assume that the connection between the
positions of the poles remains the same for finite
t, i.e.,

1
C33 = 2/3, €11 =Cp=—"03 Ca= 0,

ta’ [/ a(0), t8"/B(0),

ty' [ v(0) <1 for [t|mn <[|t|<< 13

then: (a) in the case when o =y =8+1 it is nec-
essary to neglect the B poles in the amplitude (2)
and to retain the o and y poles; (b) in the case
when o =y = -1 the principal role is assumed
in (2) by the B pole. In case (b) it is obvious that
at |z¢| > 1 the result (31) cannot be obtained,
since py, = 0 [see (24)], whereas when zg =1 we
have p,, = ¥, [see (31)]. Thus, the results at zero
angle (zg = 1) do not go over continuously into
the single-pole result at zg = 1 + 2t/s.

In case (a) the contribution to the amplitude (2)
is made by the functions fy, f,, f3, and f;, whereas
when zg = 1 the principal role is played [ with al-
lowance for (5)] by the function f,. Thus, in the
case (a) it is impossible to satisfy relation (31) in
simple fashion in the region |t |min << |t]| < u?,
where |z¢| > 1 and asymptotic formulas are
available for the Legendre polynomials. In addi-
tion, inasmuch as in the case (a) the amplitude (2)
depends on four functions f;, the expression for
the density matrix of the w? meson turns out to
be rather complicated, so that it is impossible to
obtain simple numerical values for the polariza-
tion parameter, as in the case of the single-pole
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treatment. We note only that the relation between
the residues in the o and 7y poles can in this case
lead to a picture which coincides with the single-
pole «a or vy picture, if some of the residues turn
out to be numerically small.

7. Let us consider in conclusion the conse-
quences of the expressions obtained in Secs. 4 and
5 for the density matrix of the w’ produced in re-
action (1). By way of an example we calculate the
angular distribution of the y quanta from the re-
cently observed decay (8]

32)

0=’ +y

in a system where the Wl is at rest, relative to the
plane of the reaction (1). The matrix element of
the reaction (32) is of the form £e]

A~ SagYs eaapkyps, (33)

where €g —photon polarization 4-vector, ky —
0 meson 4-momen-

0 rest system we can represent (33)

tum. In the w
in the form

A ~ eapceatikc; a,b,c=1, 2, 3. (337)
The probability of the decay (32) is
AW ~ (1 — nd'ny’pas) dLQ, (34)

where nj is a unit vector in the direction of the
photon emission relative to the plane of the reac-
tion (1), and p,}, is the w? density matrix.

1. In the case when the a pole predominates,
the angular distribution of the y quanta has, ac-
cording to (22), the following possible types:

1) dW ~ sin2 0dQ,
2) dW ~ (1 — sin?0 cos? 9)d<Q,

3) dW ~ [1 — !/5(cos 8 - sin 0 cos ¢)?]dQ. (35)

Here 6 —angle between the direction of emis-
sion of the y quantum and the direction of momen-
tum of w? in the c.m.s. of reaction (1), and ¢ —
azimuthal angle of the y-quantum momentum rel-
ative to the plane of reaction (1). Since our analy-
sis was limited to high energies and low momen-
tum transfers, the direction of motion of the w?
meson coincides approximately with the direction
of the momentum of the incoming pion.

2. In the case when the B pole predominates,
we have according to (25)

dW ~ (1 — sin? 8 cos? ¢)dQ, (36)
which coincides with expression 2) of (35).
3. In the case when the y pole predominates,
we have in accordance with (27)
dW ~ (1 — sin20 sin? @) dQ. 87)
4. In the case zg =1, i.e., when wY is emitted
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precisely in the direction of motion of the primary

pion, we have in accord with (31)
dW ~ 1/3(1 + cos? 8)dQ. (38)

It follows from (35)—(38) that for an experimen-
tal determination of the importance of any particu-

lar Regge pole it is necessary to know the direction

of emission of the recoil nucleon, in order to fix
the plane of the reaction (1) and to observe the azi-
muthal asymmetry of the decay (32).

In the opposite case, the distributions [(35), 2)]
and (36)—(38), integrated over the azimuth, have
the same form: dW ~ %, (1 + cos? 6)d cos 6, and
it is impossible to separate the variants 1—4.
Nonetheless, even in this case the variants 1) and
3) of (35) differ from the remaining possible situ-
ation.

Modern experimental data (8] obtained for 7~ -
meson energies lower than 2.8 BeV, do not make
it possible for the time being to choose between
the situations which we have analyzed, inasmuch
as the total kinematic picture of the reaction (1)
with subsequent decay (32) was not measured, as
would be necessary to study the azimuthal asym-
metry of the decay (32). In addition, the energy
2.8 BeV is apparently still insufficient to study the
asymptotic behavior of the process (1), inasmuch
as the threshold of the reaction (1) is situated at
a primary pion energy E ~ 1.1 BeV.

However, the available experimental data tel
indicate the presence of alignment in the produced
w® mesons, making it possible to hope to obtain
in the future more complete experimental infor-
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mation on the process (1) which, in principle, may
prove useful for the determination of the limits of
applicability of the Regge-Gribov single-pole treat-
ment.

The authors are grateful to V. D. Mur, I. Ya.
Pomeranchuk, and K. A. Ter-Martirosyan for
useful discussions.

! Berkov, Zhizhin, Mur, and Nikitin, JETP 45,
1585 (1963), Soviet Phys. JETP 18, 1091 (1964).

2V. N. Gribov, JETP 41, 667, 1962 (1961),
Soviet Phys. JETP 14, 478, 1395 (1962); V. N.
Gribov and I. Ya. Pomeranchuk, JETP 42, 1682
(1962), Soviet Phys. JETP 15, 1168 (1962).

3 M. Jacob and G. C. Wick, Ann. of Phys. 7, 404
(1959).

4V. B. Berestetskii, JETP 44, 1603 (1963),
Soviet Phys. JETP 17, 1079 (1963).

51. S. Shapiro, UFN 75, 61 (1961), Soviet Phys.
Uspekhi 4, 674 (1962).

6 L. Michel, Nuovo cimento Suppl. 14, ser. 10,
95 (1959).

'D. V. Volkov and V. N. Gribov, JETP 44, 1068
(1963), Soviet Phys. JETP 17, 720 (1963).

8 Barmin, Dolgolenko, Krestnikov, Meshkovskii,
Nikitin, and Shebanov, JETP 45, 1879 (1963), Soviet
Phys. JETP 18, 1289 (1964).

°I. Yu. Kobzarev and L. B. Okun’, JETP 43,
1288 (1962), Soviet Phys. JETP 16, 914 (1962).

Translated by J. G. Adashko
324



