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The formalism for description of nuclear reactions of the type 1 +2 7% + 7 +

-

+ 2l induced by polarized beams has been constructed. An explicit form of the

M-matrix was found and effects of parity conservation were included.

1. Introduction

Experiments with polarized beams are of great importance for investigating
the spin structure of cross section. The general formalism for description of pola-
rized phenomena in the processes of the type (1) + (2) = (3) + (4) + (5) is avai-
lable ). However this formalism does not lead to a straightforward explicit construc-
tion of the M-matrix for a particular process. Particular formalisms were developed
for some types of interactions? that have been treated experimentally. Processes
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like H (d, 2p) nrequire the formalism [for the reactions of the type 1+ —% - -;- +
+ ~21 + —; Before we expose it, we will give some formulas and definitions that

will be used in the following text.

In the uncoupled representation® ¥, incoming and outgoing beams have fol-
owing spin structures. For the incoming beam we have

6
u=x 49, )
J=1
a; are components of composite states D;:

o, =151 @, =105 34> Dy =1 =153
@
Po=[11>]3 -3 Ds=[10)|}—4 De=|1-1>]1—D.

10 O
|1, m) are eigenstates of spin-l operator S, = (0 0 0), and |%,m) are eigen-
' 00

1
states of spin —} operator ¢, = ( 0 l)' The final state consists of three inde-

pendent spin —} particles and it’s spin structure is
s /
Xr = Zl by ¢j 3
)m

where b, are amplitudes of composite states @;:
Di=|im)|dm)|dmd; mas=+3 C)
The amplitude of this process is an element of the T-matrix:
Ty = (f|T| i. (5)

Initial and final states are characterized by the momenta, spins and spin projec-
tions of incoming and outgoing particles:

|3‘>='};1520'102M| M2>-=—|5152M|M2>

(6)
|f> = I ky Ry ky sy 53 53mymymy) = |Ex ky kymy my ms).
Generaly, T is a matrix in spin space, and we can write:
I T|iy = mymymy | A (P pa Sl J’;;z };;) | My My ... N
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where # (}1 ;2 k. k, k) expresses momentum dependence of the T-matrix. In
our particular case, the M-matrix is an 8 X 6 matrix in the spin space. It is con-
venient to describe polarized beams with the density matrix, which is given, by
definition®, for the incoming beam with:

| N .
( Q')Jk = 'Kf Zl a;n) ai") (8)
fiyas
and for the outgoing beam
S rx m pun*
(e = 'ﬁ’gl bj bt &)

N is the number of particles in the beam. In addition X, = M X, so b, = M, a;
inserted in (9) gives:

of = M- o' - Mt (10)

In our special case g is a 6 X 6 matrix and ¢” is an 8 X 8 matrix. We can obtain
the basis of 6 X 6 matrix space by means of direct products of a 2 X 2 matrix space
basis and a 3 X 3 matrix space basis. For the base of a 2 X 2 matrix space we can
choose Pauli’s matrices® I = o, 0y, 63, 03 and for the basis of a 3 X 3 matrix spa-
ce it is convenient to choose?’ I = 24, 2,, ..., 24.Each of these basis has a feature’:

TTO" Gj = 2 611

1)
TTQ‘ .Qj =3 6(1
SO we can write
1
Q‘ = _6-12: > o) 2y 0. (12)
Insertion of (12) into (10) gives
& =3 @ (o> MQa, M, (13
im

The differential cross section I ({), where { represents a set of quantities that des-

cribe the outgoing beam, is given by the trace of the density matrix o.

1) = Tr ¢ =5 £ <> @u) Tr{M Lo, MY} (14)
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In the special case in which target and projectile are not polarized: {©2,> = 6,
{Om) = Oom, We have

[
S —
=3

X

Mt (15)

or

1

h©=ﬂw=TnMMt (16)

From (14) and (16) follows the expression for the cross section I ({):

MD=P©P+,2 @o«p”“”“”m] (17)

%0, m%0 Tr M Mt '

2. The construction of the M-matrix for reaction of the type:

- - - -

= 1 1 | |
Itttz t7

In our reaction the M-matrix is an 8 X 6 matrix. We can form a basis of an 8 X 6
matrix space by direct products of the following quantities:

e ff) () o[

1 0 0 0
0 1 0 0

yll= 0 l112= 0 !I3= 1 yl4= (0 (18)
0 0 0 1

I—a—(l 0) G_(O 1) U_(O —1 0r_(l 0)
IR I = \1 o *“\i 0 N0 —1)
Thus the general term of a 8 X 6 matrix is

ZQT®G=[ _____ oo | (19)

Measurements in the outgoing chanel are often performed in such a way that the
third particle is not detected, so we can put

-

-k‘l -+ k2 = %out' (20)
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In the laboratory system the target is at rest, so p, = 0. We can also use p, =

= ki,
Two coordinate systems are needed for the description of our reaction: S and
S’. The axes of these coordinate systems we choose in the following way:

n= f'" X f"‘” (y or y’ axis)
l in X koul

¥ = i"“' (&' axis)
[ kout

k= f’“ (z axis) 1)
| Rin |

R ax k )

P = ]_?z < 21 (x axis)

. nxk .

P =inx k,*l (x’ axis)

‘These unit vectors ‘together with the quantmes given in (18) are needed for the
construction of the M-matrix. ’,p, k' and % are polar vectors and 7 is an axial vec-

tor. If we regard x,, xo» %- as the components of a three dimensional vector ,{,
“and oy, 0, and ¢, as the components of o, then y and ¢ are also axial vectors.

Parity conservation:

PMP-{ =M (22)
requires that the M-mawix be built of scalars. It can easily be seen that:
A0 Gt - ) ¥
Bt ) ¥ (- #)
CIt- p)¥i(o - p)
i=1,2,3,4. (23)
DGt P K
El(gt - R)¥;(0 - p)
F (gt DY@ - R)
have the required properties.
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With:

) (24)

. .71
] 1
=— (s +2)=—|(0
Xy 1/5(/“ x-) V2(1)
and with respect to (21) we obtain from (23)
A gy ;00
B‘I xI TJ U'y/
Cj ZI Y’_]O’x:
J=1,2,34. (25)
D"x; YIJ Oz,
E‘l ZI YI_,O',"
Flgt¥o0...

Notice that parity conservation restricts the 6 X 8 = 48 elements of the M-matrix
to 6 X 4 = 24 independent elements. Therefore we can write:

4 §
M= 3 [4;2¥00 + By gt ¥y0,, + Cy xt ¥y0, + Dyt Yjoo, +

j=1
+ E; x; Tj oy + F; XI‘FJ 0] (26)
With the definition:
1 . .
[
— (C; & B)) = H®)
V2( i 1) (

expression (26) gets an explicit form:

—G{H —HO F, E, -G H
— H(» G~ E, —F, H(H G{™
— G{H  — H{O F, E, —G{»  H{)
Mo —H Gg:) E, -F, H(H Gg: o
—G{» —H{ F, E, — G{» H(o
— H(H G- E, —F, H(H G{
— G —H{" F, E, —G{ HP
—-H®» G E, -—F, HH  GE
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The consequence of parity conservation is for instance M,;, = M,3; =E,. The
experimental testing of this equality in fact tests parity conservation in strong inter-
actions.

Expression (28) which is the main result of this paper can be used for the calculation
of analysing powers® in expression (17).

In the recently done experiment®, H (d, 2p) n, the events were selected in which
the final state neutron was at rest in CMS. Our formulae can be specialized for that
case by introducing

koue = 5 klm

or:
A=0 $=0 =0

Therefore, in (23) swrvive only terms with F’; and in M-matrix (28) only F;
J = 1,2, 3, 4 are nonvanishing. Thus, for instance

T
6

F,

' 1
Tr MMt =1y (§) =5 (|F\]? + |Fo|? + |Fs® -+ |Fu|?)

here F,; j =1, 2, 3, 4 remain momentum-dependent. Even in this simple case ex-
pression (17) contains 36 terms.

3. Conclusion

. . : e
The formalism for description of nuclear reaction of the type 1+ R R
has been constructed in such a way that effects of parity conservation were included
in the construction procedure. The general formalism for description of polarized
phenomena in the process of the type (1) + (2) = (3) + (4) + (5) is available
elsewhere!’. As we have already stated in the introduction, this formalism does not
lead to a straighforward explicit construction of the M-matrix. The main purpose
of this paper was the construction of the M-matrix for the reactions of the type

=
+
14 3

-

| —!
0| =t

Acknowledgments
The author expresses his gratitude to Ivo Slaus for having suggested the problem
and for helpful discussions, and to Dubravko Tadi¢ for providing the stimulus

whenever necessary.

FIZIKA 12 (1980) 3, 187—194 193



MILOSEVIC: INVARIANT AMPLITUDES...

References

1) L. D. Knutson, Nucl. Phys. A198 (1972) 439;

2) P. W. Keaton Jr., J. N. Gammel and G. G. Ohlsen, Ann. Phys. 85 (1974) 152;

3) M. L. Goldberger and K. M. Watson, Collision Theory I. Wiley & Sons, Inc. New. York 1964 ;
4) G. G. Ohlsen, Rep. Prog. Phys. 35 (1972) 717;

5) Ivo Slaus, private communications.

INVARIJANTNA AMPLITUDA ZA OPIS NUKLEARNE
[

REAKCIJE 1+ 5 75 + -5 + -21— S POLARIZIRANIM SNOPOVIMA
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Originalni znanstveni rad
o . : w11 T T
Konstruiran je formalizam za opis nuklearne reakcije 1 + RN + 5 + 5

s polariziranim snopovima i naden je explicitni oblik M-matrice. Ukljuéeni su efekti
sauvanja pariteta.
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