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3.40 Tranrition matrix for reactions of spin structure
14 1/2 21 4 1/2 and first-rank observables in d-He scattering

A.M.Yasnogorodsky

Institute for Nuclear Research, 252028 Kiev, USSR

For d- 3He alastic scattering in the energy range Ed = 10 -20 MeV an approximate equali-
ty takes place‘I »2) between vector analyzing powers with the polarized beam (iT ) and
polarized target (At )e In this work this similarity is analysed in terms of M-matrix.

Following ref.3, the M-matrix for reaction of spin structure 1 + 1/2 » 1 + 1/2 wmay be
written in a factorised form M = M1® M2 y here M1 and M2 are the M-matrices for the spin
structures 1 + O » 1 + O and O + 1/2 » 0 + 1/2, respectively. The M, and M2 matrices can
be expanded as follows:

M, =aP + Z)‘:aA?PA , A=k, k1; k,l = x,y,2; (1)

M, = 0, +§°‘ici y 1= Xy¥e2 (2)

here P, are cartesian spin-one tensors, ci are Pauli matrices, PO and cro are unit 3-by-3
and 2-by-2 matrices, respectively. The tot~1 6-by-6 M-matrix is then represented as

M=A+Z, 4Py 0; +ZaI’60+ Za}\o(iP)\O’i, (3)

and its P-invariant form is as follows

M = A + BPOC L CPyG + DP_ 0, + E(IP ) + FP 0, +
GP o, + HP 0 + KP O + LIP 2% * J'.Pydy + Nszoy + R(I’ch - .'Pyy)ay + SZPzsz +
TIPXGZ + U'.on + ery“z + W:Pyzoz » (4)

Inserting the explicit matrices P, o’i into eq.(4), one obtains

m1 m2 m3 m4 m5 m6
mg Mg Mg Mg Myq Myp
M= m13 Mg M5 M6 M7 ™18 (5)
“Myg 77096 P57 M4 M3
myp~Myq Byp~Mg Mg ~M7
—m6 m5 —m4 m3 —m2 m1

with 18 independent matrix elements:

m =A+F+0U, me = (ON2)(G + (3/2)iL + J - (3/2)iN),
m, = (1/V2)(-1C +(3/2)D + T - (3/2)iW), my, = -i(B - 2s),

my = 3B - (3/2)iV, m, = (1/V2)(G + (3/2)iL - J + (3/2)1N),
m, = -i(B + S) + H, myy = 3E +7(3/2)41v,

M5 o (1IV2)(G - (3/2)iL - J - (3/2)iN), m;, = (A/V2)(iC - (3/2D) + T - (3/2)iW),
me = -/i(R + K/2), m15 = A+ F -0,

m; = (1/V2)(iC +(3/2)D + T + (3/2)iW),  myg = 3i(K/2 - R),

mg = A - 2F, myg = (1/v2)(G - (3/2)iL + J + (3/2)iN),
mg = (1/N2)(-iC - (3/2)D + T + (3/2)iW), myg = -1(B + S) + H.
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For T-invariant elastic scattering, in the individual helicity or natural frames, it
should be set in eq.(4)

p, T, H, L, V, N=0. (6)
That leads to additional reducing of the number of independent matrix elements:
Wy = -Mpy Mg = Wyq, M, = Og, Dg== Nyo, Og = -y, Dy = 0o, (7)

and the elastic scattering M-matrix takes the form:

a b c¢c 4 e f a=m, g=ng,
-b ghii j e b=m,, h= Mg,
M = c-h k 1 i d , ¢ =mg, i = 0 (8)
-d i-1 kX h ¢ d=m4, 3 =y,
e-j 1i-h g b e = mg, k = Mgy
f e d c -b a f = Mg, 1= myge

To reconstruct the M-matrix of eq.(8), 23 real parameters have to be found, i.e. 23 in-
dependent observables have to be measured.

Using M-matrix of eq.(8), the traces for vector analyzing powers iT,, and A; are easy
founu:

17,, = ( 3/2)(Tr MM )" (8ReAC*- 4ReCF”+ 6ReUW’- 12ReCE*+ BReBM'- 6ReKG™- 12ReMR*), (9)
Ay = (vr MM )7'( 12ReAB"+ 24RePS”+ 16ReCH”+ 7T2ReER"). (10)

In general, eqs.(9) and (10) do not provide a ground to expect a similarity between iT11
and At. On the other hand, as it follows from the calculations at low energies, the bilinear
and more complex in spin-operator combinations are of little significance for vector analy-

4,5)

zing powers”'’! Taking into account only linear in spin-operator terms in eqgs.(9) and (10),

a similarity between i'l‘11 and A; is obtainable by imposing a requirement
(V3/2) 8ReAC* ~ 12 ReAB” . (11)

It seems naturally to involve, as a linear in spin-operator, the conventional spin-orbit
interaction in the form Amvsofso(r)ié. Then taking into account the relation 6y = ZBi
for the case of spin-1/2, one obtains from eq.(11), if ReA, ImA # O: C =V3 B, which may
characterise the relative strength of spin-orbit interaction for deuterons and helions
in d+3He system. In the same time, the deviations from similarity of iTqqand A; may be con-
sidered as an indication for possible contribution from interactions of more complex spin
dependence. Therefore it is of interest to measure i‘1‘11 and A; at higher energies where the

role of these interactions is expected tobe more significant.
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