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POLARIZED PROTON-NEUTRON TOTAL CROSS SECTIONS FROM
PROTON~DEUTERON DATA

by
G. Alberi, M., Bleszynski, T. Jaroszewicz, and S. Santos

ABSTRACT

Simple expressions are derived for
the polarized proton-deuteron total cross
sections. Possibilities of extraction
of the polarized proton-neutron cross sec-
tions fraom the proton-deuteron d~%a are
discussed.

Because recent measurements of the proton-proton (p~p' total cross section
with polarized beam and target were successful,l'2 and similar experiments are
planned for the proton-deuteron casca,3 we are examining corrections to be applied
to the raw deuteron data to cbtain the polarizad proton-neutron (p-n) total cross
sections, These corrections were studied in detail for the unpolarized total
Cross sections4'5 and were vne:rified6 using data obtained with neutron beams.

The general expression for the elastic-scattering amplitude of two particles

of spin 1/2 and spin 1 can be obtained using parity and time reversal invariance.

F=f +Fea , (1)
where
FD=F3+FYJ;+F;<°>°¢+F;Y°W ’
Fx=Fxx x+£§yxy ' ()
_ A y A A
?"—FE+F§Jy+FQO(+E§Y , and
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Here O is the Pauli matrix of the external proton, J is the deuteron spin, and

Oy =2 (3, 3, +3, 3,) - 23 855 .

As usual, the amplitude is defined in the deuteron brick-wall system7 and z
is along the average of the proton momentum, whereas y is orthogonal to the scat-
tering plane. Actually, in the forward direction the brick-wall system coincides
with the laboratory system and is along the incident-beam direction.

The missing terms change sign for either parity or time reversal transforma-
tion, where the x-, y-, and z-directions are defined in terms of the ingoing and
outgoing momenta. Other terms are missing because they are not independent.

When both beam and target are polarized along the i-~th axis, the initial density

matrix is

S_ f1_1.°% 1.1 3 1 N

P= <7 ‘z‘Pi"i> (3*?‘31 Ttz h Qii> ' (3)
where Pi and Di are the proton and deuteron polarizations along i, and Ai is the

aligrment of the deuteron defined7 as

Pi=.L‘r [poi], Di=Tr [in]'Ai=3Tr[Qiip] .

The total cross section for the general density matrix, Eq. (3), becomes

_ 1 ~ A
UT— m) Im <’I‘r [F p]), (4)

where m and M are the nucleon and deuteron masses, s is the square of total c.m.
energies of the system, and A is a variable of relativistic kinematics.8 From
Ref. 6 for the transverse (y-direction) polarizations of the beam and the tar-

get,

- 1 o 1, 2 41
9 = /X(s,ME,m) I‘“[<F0+PyDyF§+6Ay ch+6AyPyF§y)] ! (5a)



and for the longitudinal (z-direction) polarizations,

_ 1 o z 1 o
9% = A mmey I [<Fo MR <F:x * Fyy))] ' (5p)

For a purely vector-polarized deuteron target and a polarized beam, we can mea-
sure the AO‘L and AoT (Ref. 9) for proton-deuteron scattering, which are easily
expressed as functions of the proton-deuteron spin amplitudes, These amplitudes
are linear and bilinear expressions of the elementary c.m.* nucleon-nucleon am-
litudes, in exactly the same way as the nonflip amplitude Fg (Ref. 4,5). Since
the deuteron is larger in size than the nucleon, we can calculate the double-
scattering integral‘l'5 neglecting the t~dependence of the ampiitudes, The result

reads

— - <> — 4 b
by =0 (@) - @) = s W (F)

1 3
ot [ [ o] -8
+ Re [2 ep(O)ocn(O) +2e (0) ozp(O) - cxp(O) ep(o) - (O)En (0)}

X

1 :
Ry @nvATsmz,me) ] ' (6a)
and

= - = 4 Y
AOT— O(f‘f‘) 0(4"") = W Im(Fy)

= /WS—,M%,'HTT)_ {Im [Bp(o) + Bn(o)] <l - % PD)
Re [ZBP(O) a (0) + Bn(O) OLP(O) - OLP(O) ep(O) - or.n(O) o (0)]

+

1
x Ry amva(e,mz,m?) ] ’ (6b)

*Actually the nucleon-nucleon spin amplitudes are calculated in the deuteron
brick-wall frame, and they are connected to the c.m. amplitudes by a Wigner rota-
tion.10 However, in the forward direction the Wigner angle is zero.



where o, =z, and g8 are nucleon-nucleon c.m. amplitudes in the notation of
Goldberger and Watson.]':L They are normalized as Im ¢ (0) = vVXis,m2,m?2) Gmi S is
the square c.m. energy of the nucleon-nucleon system and p and n refer to proton-
neutron scattering., The quantities Ry,, Rp, and Pp can be expressed through the
radial wave functions of the deuteron.12,13

o 2
R = f ar r~2 [u(r) + /]z;w(r) ] ,
Ry = £ dr r-2 [u(r) + /%w(r)J [u(r) - V2 w(r)] v (7)
P, = 7 dr w?(r) (D~wave percentage) .

The values of RL and Ry are given in Table I for three wave functions of
the dek.ltel:von.l"z'13 Also given are the D-wave percentcoges and the corresponding
values for {1/r2) for the S-wave renormalized to 1.

To take into account the t-dependence of the amplitudes, RL and RI‘ must be
expressed as g® integrals of the deuteron form factors.

R= | ¢4 e(g® )t ©a (g™ ©)

T

o 2 2
x [ar |vie) - “E 5 @) + A luwwe + Y5 @)
£ [ 2 |30\ T /3 —5 |1 O

TABLE I
VALUES OF R, Ry, AND (%2) FOR THREE DEUTERON WAVE FUNCTIONS
-2 -2 a 1b,. -2
Rim ) Rlm7) By (gD (")
McGeel3 0.449 0.164  0.069 0.300
Reid 8.c.12  0.382 0.157  0.064 0.265
Reid H.C.1?  0.374 0.148  0.065 0.256

8p-wave percentage.

bFor the S-wave renormalized to 1.



and

R = 57 f a’q B(qz)B-l(O)a(qz)a'l(o)
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If we neglect higher order terms in the spin correlation expression CNN in proton-
proton scattering and we assume that the o and f phases do not vary with q?, then
g behavior of B(g?) is related directly to the g behavior of Cyye For example,

B(a®)/B(0) = a(g®)/a(0) « Cu(a®)/Cy (@) .

Although rough, this approximation allows qualitative testing of the RL and Rp
sensitivities to the amplitude t-~dependence.

The resuits for 2 GeV/c are given in Table II; the same dependence as for
B(q?) is assumed for e(qz).14

We can express BEgs. (6a) and (6b) in terms of the polarized cross section
for the elementary processes p-p and p-n through relations of the type
2 Im [ep (0)] = /i (s,mZ,mZ) AoL(O). The result]'5 looks very similar to the
famous Glauber formula4 for the total cross sections. To do this however, we
must neglect the real parts of the double-spin-flip amplitudes that could be
large compared with the imaginary parts. Actually, the real parts were calcu-
Iated by Grein and Kroll]'6 using dispersion relations and the ratio

= {Rele (@)1} / {Im[s (0)1} ~ 6 around 5 GeV/c. For a ratio b = {Re[a 0114/
{Im[a (0)1} ~ - 0.3, we fmd that the Galuber formula is multlplled by a factor of
2.8. The pB value, not known, must be calculated from the Ac,, values for proton—

T
B~ B

3

neutron scattering, extracted from deuteron data with the assumption p

TABLE II
RL AND RI‘ VALUES CALCULATED WITH t-DEPENDENCE OF THE NUCLEON-NUCLEON AMPLITUDES

R () Ry(fm )

McGeel3 0.401 0.115
Reid S.C.12  0.307 0.111
Reid H.C.12  0.306 0.105



It also can be determined self--consistently, for instance with an iterative pro-
cedure.

Althouch our discussion has been on pure Glauber theory, there are non-
eikonall7 corrections at intermediate energies (P < 2 GeV/c). The effect of
these corrections is to modify the expressions for R and Rp [Eg. (6)] as fol-

1<:-ws.l8

2]

w(r) ] eZikr
2

R£=nLRL=1+£drr'2[u(r)+-7—2

1.
W7(l:)_ [z -3 jo(kr)J o kT _ u(r)]

and

Ry = ngRp =1+ [ ar £ [u(r) + ‘%‘-E’-]ezikr Lt [1 +3 3§ ke) e‘ﬂ‘r]- u )

The g, and N values, listed in Table III for the incident?z)roton laboratory
momenta, were calculated with the Reid soft-core wave function. The non-eikonal
corrections change mainly the RI‘ and RL phases (by 5% for PLab = 1.7 GeV/c).

It was suggested recently that around 1.3 GeV the intermediate production
of A33 plays an important role in proton-nucleus elastic scattering, but for a
m exchange model for A production, the spin structure of the vertices NmN and
NmA is such that there is no contribution to the polarized cross section. At
higher energies intermediate diffractive production should became important, but
too little is known about the spin structure of diffractive production to be con-

clusive.

TABLE III
VALUES OF g, AND Nrp FOR SEVERAL INCIDENT-PROTON MOMENTA
K;ap (GV) Re () In(ny) Re(ng)  In(n )

0.5 1.0l -0.15 1.12 0.35
1.0 1.00 -0.07 0.98 0.1l1
1.5 1.00 -0.04 0.99 0.06
2.0 1.00 -0.03 1.00 0.04
2.5 1.00 -0.03 1.00 0.04
3.0 1.00 -0.02 1.00 0.02
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