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When a particle is produced or decays, the spin states of the 

particle give much information on the reactions. The treatment of the 

polarization of spin l/2 particle in a manifestly covariant way is 

well-known. For the higher spin particles, however, the helicity 

formalism of Jacob and Wick (I> is usually used in discussing the 

production or decay of higher spin particles, 

Our approach is to extend the treatment of spin l/2 case in a 

manifestly covariant way to spin 1. From the projection operator, one 

can obtain the density matrix in a straightforward way when the 

transition amplitudes of reactions are given explicitly. 

When a particle with spin, say c, is produced and decays as 

ab-+cd 

L -f ef (1) 
one can obtain two density matrices p prod (5 p) and p decay from the 

explicit transition amplitudes for the corresponding processes. 

The angular distribution becomes then 

1c.e ,5) = Tr(p odecay) (2) 

where (0,s) are polar coordinates of one of the decay products. 

If another particle, d, also decays, three density matrices should 

be considered in order to discuss the angular distribution. The 

spin-l/2 case is well-known and the spin-3/2 case is considered by 

our group (2'3) 
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For spin 1, the proca vector t" Fr has the following projection 

operator 

3Ckl + k2) klk2 (3) 

2(1+ lkI)m 
EpVXT PA % - rl 

(I+ lkl) ” 1 
where nU denotes a four-vector corresponding to the polarization 

direction: 

+-t -b 
+ -t 
11 = s +P(P'S) 

m(E+m) , 

04 = i;*z . m 

and I ?-Iv' y.N are defined as 

I uv = pv 
pppv 6 "-y- 

m 

17 lJV = 3 ou rlv - IFtv 

(44 

(46) 

(5) 

(6) 

In eq. (3), k implies the spin states of spin 1 particle and 

kl = k2 = +l for k = +l and kl = -k2 = 1 for k = 0. 

One obtains the square of the transition amplitude for any 

reaction with a spin 1 particle as 

k1 + k2 
B?J % + (7) 

(I+ lkl) 

A, BU and C 
FrV 

can be obtained from explicit forms of the transition 

amplitude, and they contain form factors and momenta of particles 



-4- 

involved in the reaction. Then the density matrix becomes 

BiSi 
P = f I+A 

c 

3 
S + 2A 'ij ij 

I 
) 

where I is the 3~ 3 unit matrix, Sl, S2, S3 the 3~ 3 spin 1 matrices 

and S.. 
1J 

the 3x 3 traceless matrices of the symmetric tensor 

S ij = SiSj -I- S.S. 16 ij . Jl 

(8) 

(9) 

Since the Cij in eq. (8) are composed of vector components of momenta, 

C ij can be written as 

C ij 
= CA cB 

ij * 

Using the explicit forms of Si and S ij' density matrix elements in 

eq. (8) can be expressed as 

1 
3A Pl,l = A + B3 + 2 - p . zB ) 

3A po,o = A - 3CA cB - zA . 3 3 EB , 

3A p-1,-1 = A-B3+r +B 2 3c; c’: - EA ’ c 9 

3 CA CB 3q,-1 = 7 - - ’ 

3A po,-l = , 

(10) 

(11) 



where B implies Bl- iB2 e The other components can be obtained from 

the relation p 
i- =p. 

For the decay process of a vector meson into pseudoscalar particles, 

P and pion,V+Pv, the transition amplitude becomes 

T= f &p, ? 

q=P,-Pn 9 

and the square of the transition amplitude becomes and the square of the transition amplitude becomes 

lTj2 = $ q*q + "' 1" - ,:1;,2, 
[ 

+ "' 1" - ,:1;,2, n,,vq.l,q, n,,vq.l,q, 
m m 1 1 

In the V rest frame, P = (0, 0, 0, im) and In the V rest frame, P = (0, 0, 0, im) and 

02) 

(13) 

(14) 

A=q2 , Bl=O , C ij = "qiqj ) 

+ 
9 = q( sin8 cosC, sin8 sinC,cos8) . 

From eqs. (11, 15, 16), one obtains 

(15) 

(16) 

-sin20 e -215 

2 cos2e A,- sin28 e -i< 

fi 

' sin28 eir; 
2 

E 
sin e 

-1 
(17) 

decay= 1 
P(d T 
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Since one can obtain the density matrix p from the production process, 

the decay distribution for ab -f VX and V -t PIT becomes 

For V + Py, the transition amplitude becomes 

The previous method applies here to obtain the angular distributfon 

IVe,r> - Tr(p gey',F"'>- $-[I + cos2e - po,o(3 ~0~~8-1) 

One can obtain the decay distribution of W+I.IV in the same way, 

As an example to obtain the density matrix p of a vector meson 

production, consider the production process (4) - +-+ D*D and the e e 

subsequent decay of the charmed meson D", D*+-t~71 or D*-+Dy. 

For e-e++ D*s 

e2 
T= v y, u<PPtI Jp I O> ’ 

G-3) 

(21) 

(22) 
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Using the previous tricks, one can obtain p and I(e,r) explicitly. 

In particular, in the c,m. frame of e-e+ and in the coordinate system 

where -z is chosen along ; and the production plane is in the x-z plane, 

the density matrix elements b.ecome 

po, 0 

pl,o-po,-l 

Pl,-1 

sin20 = 
1 -I- cos20 

9 (234 

sin 20 = 
fi 1+cos2a 

( ) 
' 

(23b) 

= 0 . (23~) 

where 0 is the polar angle of D*. Equations (23a through 23~) give the 

angular distribution near the threshold energy for the process 

D*+Dr as 

sin20 COs < sin20 
1+ cos2@ 1 . 

(24) 
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