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The relation between polarization effects of the following processes, which proceed via a 
single isobar, is discussed: 1) y + N ~ V + N, 2) y + N ~ rr + N, 3) 1r + N ~ V + N, and 
4) 1r + N ~ 7r + N, where Vis a vector meson. Decay of the vector meson into two of three 
pseudoscalar particles is considered. 

INTRODUCTION 1. DECAY OF POLARIZED VECTOR MESON 

AS is well known, a connection exists between the 
amplitudes and cross sections of different proces­
ses that proceed via the same Breit-Wigner 
level[t, 2J. There exist, for example, relations be­
tween the amplitudes of three processes (AB ~ AB; 
AC ~ AC; AB ~ AC) of which two are elastic. In 
this article we discuss relations between the polar­
ization effects of the following processes: 1) photo­
production of a vector meson from a nucleon, 2) 
photoproduction of a pion from a nucleon, 3) produc­
tion of a vector meson in 1rN interactions, and 4) 
elastic 1rN interaction. 

The particle energy is equal in the center of 
mass system (c.m.s.) to the mass of the isobar, so 
that all the processes proceed via the same isobar. 
We have to consider four processes rather than 
three, since it is impossible to observe the elastic 
interaction between a nucleon and a vector meson. 

We note that the production of a vector meson 
can be represented as the decay of an isobar if the 
vector-meson momentum k ;G j J.L (J.L -pion mass). 
In addition, the width of the meson resonance should 
be such that during the time of the meson decay 
the nucleon and meson move apart by a distance at 
least of the order of 1/J.L. Isobar decay into a nu­
cleon and a vector meson was not investigated ex­
perimentally, but experiments in which different 
isobars were observed do not exclude the possi­
bility of such a decay, since in some cases [ 3, 4] the 
investigations concerned the cross section of elas­
tic 1rp scattering, and in others [ sJ the total cross 
section. 

Since the vector-meson polarization can be de­
duced from its decay, we consider in the first sec­
tion the decay of a meson with specified polariza­
tion matrix; in the second section we discuss the 
relations between the polarization effects of the 
aforementioned processes. 

The polarization matrix of bosons was used in 
the literature in various forms[B]. We shall usc 
the matrix in a different form. The meson is des­
cribed by a vector Vi satisfying the relation 

V;k; = 0, 

where ki-meson momentum. The polarization 
matrix is of the form 

Pii = V; V;* = w1A;<t>Ap> + w2A)2lAp> 

1 + wsA;<3>A/3l + Zm Bijlmkzrm, 

(1) 

(2) 

where m-meson mass. The vectors Afi-L) satisfy 
the condition (1), and also the condition 

(3) 

Thus, A~ 2 l has only one degree of freedom if A~ 0 , 
1 1 

and A~ 3 l is uniquely defined if A~ll and A~ 2 l are 
1 1 1 

given. 
The quantities w J.L obviously satisfy the relation 

L:w~-' = 1. 
[L (4) 

If w1 > w2 > w3, then A{ 0 yields, in the rest system, 
the direction of most probable alignment of the 
meson, and Apl the least probable one. Al 2l speci­
fies the direction of the most probable alignment 
in the plane perpendicular to A{ 1l, and also the 
direction of the least probable alignment in a plane 
perpendicular to A£3l. The w J.L are the correspond­
ing probabilities. The vector ri is the average 
spin. It satisfies condition (1) and does not exceed 
unity in absolute value. 

Let us consider the decay of a vector meson 
into two pseudoscalar particles. This .situation 
arises in the case of the p meson (decay into two 
pions; see, for example[ 7•8J), and also in the case 
of the qJ meson (decay into two K mesons [ 9, 10]). 
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The matrix element has obviously the form 

S = Dp;V;, (5) 

where D-constant, Pi -momentum of one of the 
pseudoscalar particles, Vi-vector describing the 
meson and satisfying (I). Using the polarization 
matrix (2), we obtain 

On the other hand, we can raise the following 
question: what is the probability that a meson 
having a polarization matrix (2) will have an align­
ment along the direction of the unit vector Bi? 
The answer is given by formula (6), in which we 
replace Pi by Bi (without I D 12). This comparison 
can be interpreted in the following fashion: when 
the vector meson decays in the rest system into 
two pseudoscalar particles, the decay products 
move apart along the direction of its alignment. 

We now consider the decay of an w meson into 
three pions [ 11] • The decay is determined by one 
form factor <I>, and the matrix element is of the 
form 

(7) 

where t 1 = p 1p 2, t 2 = p1p3, ni-vector normalized to 
unity and proportional to EijZmP 1jPzZP3m (p1, p 2, P3-
pion momenta). Then 

Is 12= I <1> {t~, t2) l2{wt (A<1>n)2 

+ w2 (A<2ln)2 + w3 (A<3ln)2}. ( 8) 

Since ni is in no manner connected with t 1 and t 2, 

we can again state that the meson decay is uniquely 
related to its polarization state: in the rest system 
the normal to the plane in which the pions are 
scattered is directed along the alignment of the w 
meson. 

2. CONNECTION BETWEEN THE POLARIZATION 
EFFECTS OF PROCESSES PROCEEDING VIA A 
SINGLE ISOBAR 

If the different processes proceed via a single 
isobar with spin j and parity P = (-I)j±112, then[ 1Z] 

we have the following: 
1. The elastic rrN interaction is described by a 

single helicity partial amplitude 

i;{( ~I±(-~ l}s(E,j) 

X {I~)± I -~>} ;2 = j±. (9) 

2. The photoproduction of the pion from the 
nucleon is described by two helicity partial ampli­
tudes 

~2{(}1 +(- ~l}s(E,j) 

X {I~' - 1) + 1-{' 1)} ;2 = f2±. 

~2{ (-}I+(--} l}s(E,j) 

>< {I -}. -1) + 1- -}. 1 >} r~ = !2±. 
(10) 

3. The photoproduction of the vector meson in 
rrN interactions is described by three amplitudes: 

1~ {( 1, ~~ +( -1. -~l}s(E,j) 

X {1!_)+1-!_)}-1 =ft± 
2 I 2 f2 ' 

1~-{( -1, ~~ =~= (1. -~1 }s(E, n 

X {I~) + 1-±)} ;{ = 12±, 

1\ { ( o, ~I + ( o, -~I }s (E, n 

X {I ~) ± 1-~)} ;2 = Js±. 
(11) 

Finally, the photoproduction of the vector meson 
is described by six amplitudes: 

1-{(1· _!_j +(-1 _!_l}s(E n i2 ' 2 ' 2 ' 

x {I~, 1) =F 1- ~, - 1)} i~ = fu±, 

1~ { ( -1, ~I+ ( 1, --~I }s(E, n 

X {I ~ ' 1) =F I -+' -1)} ;2 = /21± 

: 2{(o, ~~ =~=(o, -~j}s(E,j) 

X {If· 1)=~=1-~· -t)} ~=fat±, 

1~{(1, ~~ +( -1; -~l}s(E,j) 

X {I~' - 1) =F 1- ~' 1)} ;2 - ft2±, 
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(12) 

Since all these processes proceed via a Breit­
Wigner level, the following connection exists be­
tween them: 

(13) 

X (j fat j2 + j /a2j2)} dQ ~ 
4n:/3' 

K do 
da:}-N .... vN =-4kM2 (Nt + N2)dQ 4n:/3 ' 

dan __ K __ N -N )dQ~ 
VN-+VN - 4kM2 ( I 2 4n:/3 • 

(17) 

(1 7') 

(1 7") 

(18) 

(19) 

Mt=P~~ <lfti2+J21f2j2)+P'2 <lfti2+J-2jfzl2) ,_.,, j+'i• 
where m runs through the values 1 to 3, and n 
through the values 1 and 2. -ZzP~_,,,P~+'f2 (jft[2 + lfz[2), (19') 

Relation (13) enables us to predict all the polar-
ization effects of the process (12), if complete in- Nt = p~~-'f,[j fu 12 +I 122 12 + J2(J fzt 12 +I ft21 2)] 

formation is obtained concerning the amplitudes of 
processes (9)-(11). On the other hand, if measure­
ment of the part of the polarization effects of the 
processes (9)-(11) yields incomplete information 
concerning their amplitudes, it is still possible to 
predict the corresponding polarization effects of 
process (12). For example, if all the measure­
ments are made in processes (9)-(11) with un­
polarized nucleons, then these measurements still 
enable us to predict the polarization effects of 
process (12) when the nucleons are not polarized. 
We present the simplest results, when the photon 
and the nucleons are not polarized: 

ito:1 = M-2 1!1 2( j + ~) 
x (P . ,1 (z)P 1 • ,1 (z)- P1• ,1 (z)P. ,1 (z) )dQ, 

,_ 2 J+ 2 ,_ 2 J+ ' (14) 

davN-+nN = _P_ {P1~ ( 11112 + J2jf2j2) + P 12. 2kM2 ,_,,, '+'i• 

x ( lftl2 + J-2jf212)- 2zP;_,,,P;+'/, (j 1112 +I fz 12)} dQ, 

(15) 

II K (· 1) danN-+VN = M2p I fal 2 7 + 2 

I I )dQ dO 
X (P . '/ p '+'! - p. 'I p '+'! 4 /3 ' ,_ 2 ' ' ,_ ' ' 2 1t (16) 

.1. K do 
danN-+VN = 2pM2 (Mt + M2) dQ 4rt/3 , (16') 

n K ~ 
danN-+VN = 2pM2 (Mt- Mz)dQ4rt/3, (16") 

dallvN-+VN = 2~2 {P~2_,,, <I fat 12 + J21 fazl2) 

+ P'J+,)I fu 12 + I /2212 + J-2( I h 12 +I ftzl2)] 

- 2zP~_,,,P;+'i• (J /u 12 + I /2212 + I /t212 + I !zt 12) 

- I f 12 4 ( 1 - z2) [ j- a;2 P' P" + j + s;2 
22 (j - 1/2) (j + 3f2) j- !f2 i-'1• H'/2 j + a;2 

P' P" .- 4z P" P" J 
X i+'/2 i-'/, (j- 1/z) (j +3/z) j+lf, i-'/o ' (20) 

N2 = 2Re(fuf2t• + ftz!2z*) (i + :) 

x (J-1P . ,1 P~+'l - IP 1
• ,1 P '+'! ) - 4 Re /tz/22 • J- 2 3 2 j- 2 3 2 

1 - z2 (JP' P" + J tp' P" ) 
xi (j _ 112) (j + 312) J-/2 w;, - H'i• i-'/, · 

(20') 

The following notation is used: M-mass of iso­
bar, z = cos J, where J-angle through which the 
nucleon is scattered in the c.m.s.; K, k, p-abso­
lute values of the momenta of the vector meson, 
photon, and pion in the c.m.s.; da ll_cross section 
when the vector meson is aligned along its own 
momentum; dal-cross section when the meson is 
aligned in the plane of the reaction perpendicular 
to its momentum; dan-cross section when the 
meson is aligned along the normal to the reaction 
plane; dQ-c.m.s. solid-angle element in which the 
scattered nucleon is situated; do-solid-angle ele­
ment in which the vector describing the aligned 
state of the vector meson is situated. As follows 
from the discussion in Sec. 1, do is an element of 
the solid angle containing either the meson-decay 
products (in the case of decay into two particles) 
or the normal to the plane of scattering of the decay 
product (in the case of decay to three particles). 
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Let us write out relations that follow from (13): 

lfmnl 2 = lfml 2 lfnl 2 lfl-2, fmnfm,n" = fmfm,"lfnl 2 lfi-Z. 
(21) 

We note also that formulas (14)-(20) are the same 
for both parties of the isobar, and in the present 
case the Minami uncertainty[ 7J is not lifted. 

The author is deeply grateful to V. B. 
Berestetskil for a discussion and valuable remarks. 

Supplement (20 August 1964). In elastic rrN in­
teraction, the parity of the isobar is manifest only 
in the case when the target is polarized and the 
recoil-nucleon polarization is measured [ 7J. On 
the other hand, in the case of the process 
rr +N-V+ N, the parity comes into play if the 
target is polarized, and one measures, for exam­
ple, the cross section for the production of aligned 
vector mesons (and the alignment is fixed from 
the meson decay). An analogous situation takes 
place also in the processes y + N - rr + N and 
y+ N-V+ N. If the target is polarized then, 
for example, 

dcr;:,v ..... v,v = s:M2[Mt- Mz + (6tn)2 sin f}P'H'/'5_,1, 

X(/- /-1) Imft±f±*] dQ ~ 
' 4n/3 

where~ 1-target polarization vector, n-the vector 
p 2 x p normalized to unity, perpendicular to the 
plane of the reaction, p 2-momentum of the recoil 
nucleon, and p-momentum of the incident pion. 
The sign of Imff~ can be determined by measur­
ing the cross section for the production of a vector 
meson aligned along an axis rotated clockwise 
about p through rr I 4 relative to n: 

K [ SiP . dcr"l~ = -- M1 +- (27 + 1) 
nN-+-VN 8pM2 p 

X (J-1P~+" p "+" -IP~ II p. 'I ) 3 12 3 /2 J- /2 J- 2 

1 V. N. Gribov and I. Ya. Pomeranchuk, JETP 
42, 1141 (1962), Soviet Phys. JETP 15, 788 (1962). 

2 V. N. Gribov and I. Ya. Pomeranchuk, JETP 
42, 1682 (1962), Soviet Phys. JETP 15, 1168 (1962). 

3 Helland, Devlin, Hagge, Longo, Moyer, and 
Wood, Phys. Rev. Lett. 10, 27 (1963). 

4 B. J. Moyer, Revs. Modern Phys. 33, 367 
(1962). 

5Diddens, Jenkins, Kycia, and Riley, Phys. Rev. 
98, 139 (1955). 

6 R. H. Dalitz, Proc. Phys. Soc. A65, 175 (1952). 
W. Lakin, Phys. Rev. 98, 139 (1955). 0. D. 
Che1shvili, JETP 30, 1147 (1956), Soviet Phys. 3, 
974 (1956). I. A. Malkin, Diploma Thesis, Inst. 
Theoret. Exptl. Phys. 1964. 

7 V. M. Shekhter, Methods for Determining the 
Quantum Numbers of Resonances. Lectures, Inst. 
Theore. Exptl. Phys., 1963. 

8 N. Huong and G. Lunch, Phys. Rev. 128, 1849 
(1962). 

9 Schlein, Slater, Smith, Stork, and Ticho. Phys. 
Rev. Lett. 10, 368 (1963). 

1° Connoly, Hart, Lai, London, Moneti, Rau, 
Samios, Skillicorn, Yamamoto, Goldberg, Gundzik, 
Leitner, and Lichtman, Phys. Rev. Lett. 10, 371 
(1963). 

11 G. Alff and D. Berly, Phys. Rev. Lett. 9, 322 
(1962). 

12M. Jacob and G. C. Wick, Ann. Physics 7, 404 
(1959). 

Translated by J. G. Adashko 
278 


