Appendix 8

Symmetry properties of the
Cartesian reaction parameters

We consider A + B — A + B, where all particles have spin 1/2 but 4 and
B need not be identical. The additional symmetries when 4 = B are given
separately. Many of the results given were derived by Thomas (Thomas,
1969). Results for 0 4+ 1/2 — 0 + 1/2 are obtained by simply suppressing
the «, o labels everywhere. For 1/2+1/2 — 0+ 0 the labels o and B’ are
suppressed everywhere.

A8.1 The CM reaction parameters
To begin with there are 256 parameters.
(a) Parity. Use of parity in both H amplitudes gives (see (5.6.4))
(Bl B") = &7 & e & aBlo' B) (A8.1)
where
& =¢=1 =8 =-1

This implies that the parameter is zero when the number of X labels plus
the number of Z labels in it is an odd number. This eliminates one half
of the coefficients, leaving 128.

Use of parity in just one amplitude leads to

(@plo/B') = Eulplyp(apBarloyBip) (A8.2)
where
o=¢y =1 z=—Cx=i
and for any label o, a» means
O—Y X «— Z.
An example: under 2, (00]Y0) = (Y Y|0Y).
This eliminates 64 coefficients, leaving 64.
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460 Appendix 8 Symmetry properties of Cartesian reaction parameters

(b) Time reversal.! Use of time reversal in both H amplitudes gives
(@Bl B') = & &5 &7 &5 (/B lap) (A8.3)
where
&= =67 =1 &y = —1.

This eliminates 12 coefficients, and the use of parity combined with time-
reversal a further 12, leaving 40. Use of time reversal in one H only
gives

@Bl ) = mamgnympy S Clr7CPT vl (A4
vy

where, for any label o, 7 means

X—7Y 0— Z.
Also,
no=nz =1 nx = —fy =i
and
C;‘/,;," = —1—16CaCy Tr (004 0,04)
with

bo=lx=0z=1 (y=-1
This leads to four new conditions:
(XX|ZZ)=(XX|XX)—(YY|00)—1
(XZ|XZ)=(XX|XX)+ (0Y|0Y)—1
(ZX|XZ)=—(XX|XX)+(YO|YO)+ 1
(Z0]Z0) = (0Z1]0Z) + (X0|X0) — (0X1]0X).

(A8.5)

The first three of these were given by Thomas for NN scattering.?

We are now left with 36 linearly independent reaction parameters, just
what is expected since there are six independent helicity amplitudes in the
reaction. The expressions for the 36 observables parameters in terms of
the helicity amplitudes are given in Appendix 10.

! Clearly the results of this section do not hold for 1/2+1/2 — 04 0.
2 Thomas found these by ‘brute force’ from studying the relations between observable parameters
and helicity amplitudes — he knew that three extra conditions had to exist.
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Appendix 8.2 The Argonne Lab reaction parameters 461
(c) Identical particles. When A = B as in nucleon—nucleon scattering we
get
(Bl B) = & & & &1 (BolB's) (A8.6)
where
H==-1 g==1

This eliminates 11 of the parameters, leaving the customary 25.

A8.2 The Argonne Lab reaction parameters
The label ‘ARG’ is only appended where confusion is possible.

(a) Parity. An Argonne Lab parameter vanishes if the number of S labels
plus the number of L labels in it is an odd number.
Also one has

(Blo! BOPRS = Eulplyli(ampPalopB) i (A8.7)

where &, and the parity operation & are defined in (A8.2). Of course the
2 operation now reads

0—— N S« L
and
o=¢inv=1 ({L=-4¢ =i
Some examples are the following

CNN = ANN Dﬁ]lj = %3121 Kz(\}4121 = Kz(\}rgzzr
(LSINN)RG = (SLI00)PRC = Asy.

(b) Time reversal. One finds

(o Bl B )ian. = (o Brloer, B7 )Ty (A8.8)
where for particle A (i.e. for o, o)
07 =0 Ny=N
Sy = —cosac S +sinoc L Ly =sinoc S + cosac L
while for particle B (i.e. for 8, ')
07 =0 Ny =N
S7 =cosOr S +sinfr L Ly =sinfr S —cosfg L.

Here oc is of course the Wick helicity rotation angle for C = final particle
A; ac = 0L, the Lab scattering angle, for NN — NN, see subsection 2.2.4
and Og is the Lab recoil angle.
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Some examples are the following:

ARG = (NO[O)ERS = (00[NO)RC = 2}

ARG
that is, the analysing power for particle A = the polarizing power for
particle A.
Also

Ass = (SS|00)PRG
= (00| — cosac S + sinoc L, cos g S + sin Og L){*RC
= —cosac cosr Css — cosoc sinOr Csr.
+ sinoac cos Or Crs + sinac sin0r Crr

and
(A A B B
DYy +D§; _ DY +D§; _
) o= tanoc ®) B = tanOg etc.
Dyj — Dgg Dgg —Dyy

https://doi.org/10.1017/9781009402040.022 Published online by Cambridge University Press


https://doi.org/10.1017/9781009402040.022



