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HELICITY-FLIP IN NUCLEON DIFFRACTION DISSOCIATION
ON SIMPLE AND COMPOSITE TARGETS

By L. TARASIUK
Ingtitute of Theoretical Physics, University of Warsaw*
( Received January 16, 1981)

The helicity-flip contribution in nucleon diffraction dissociation on simple and compo-
site targets is discussed. This contribution is responsible for the observed correlations between
the t-distributions and the mass and the decay angles of the diffractively excited system.

PACS numbers: 13.75.-n

In this paper I discuss the effects of helicity-flip in the coherent diffraction dissociation
of neutrons into (pr~) systems on hydrogen and nuclear targets:

n+p - (pr-)+p, (1
n+A - (prn)+A. (03}

In both reactions there exists an unusually strong correlation between the ¢-distribu-
tions and the mass and the polar decay angle of the (pr~) system [1]. The purpose of the
paper is to show that the helicity-flip effects are responsible for the observed correlation.
We shall discuss these effects in the framework of a simple phenomenological model pro-
posed by Humble [2].

In Humble’s model the differential cross section is given by an incoherent sum of
several terms corresponding to different helicity-flip in the s channel

Nrnax
do IFy(t, M, cos 0);? 3
T aax g = s » COS 3
dt dM d cos 0 N ! O
N=0
Fy(t, M, cos 0) = (M, cos 0)e™J y(bo /—1), @

where N is net s-channel hzlicity-flip, M is the mass of the produced diffractive. system
and 0 is the decay angle.

-
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Fig. 1. Distributions in momentum transfer, as a function of mass and cos 6, for reaction n+p — (pn-)+p
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The parameters a, b, and hy(M, cos ) are obtained from fits to data. Figure 1 shows
such a fit to the Fermilab data [1]. It gives ¢ = 2.5 GeV~2, by = 1.1 fm and the param-
eters hy (fitted to the differential cross section in each of the phase space regions) are
given in Table L

We have the following comments. For b, = 1.1 fm, the Bessel function Jo(boy/—1)
has its first zero at + = —0.2 GeV2 Consequently, the differential cross section do/dt

TABLE 1

Strength parameters hiub/GeV?) for various helicity-flip contributions

M(GeV) 1 cos 0 1 h hi 5 h}
M< 135 cosf < —0.9 | 60 33 0o’
M < 1.35 lcos 8 < 0.3 L 400 40 0
M < 1.35 cos > 09 | 15 90 90
135 <M< 1.55 cosf < —0.9 | 80 100 0
1.35< M < 1.55 lcos 8l < 0.3 i 300 100 0
1.35 < M < 1.55 cosf > 0.9 20 120 120
1.5S<M< 1.8 cos§ < —0.9 ! 32 100 50
1.55<M< 18 lcos 8] < 0.3 | 60 100 150
1.55<M< 1.8 cosf > 09 l 13 120 200

exhibits diffraction minimum at this -values if zero helicity-flip amplitude dominates
(for small values of the mass M and icos 6}). With the increasing mass M and cos 6, helicity-
-flip amplitudes get stronger, and the differential cross section do/dt flattens off.

For reaction (2) with the nucleus A as a target the coherent production cross section
in the high energy limit is given by (ignoring Coulomb distortion and helicity-flip effects) [3]

do _ do, 4
didcos® \dtdcos0/,_,(0,—0,)°
N ‘j d*bJo(b \/*:2) (e=05% _?m dzg(b,2) __ ,=0.50 _;: dzg(b,z))iz’ (5)

o ‘

where | ——— is the cross section for elementary reaction (1), o; is the total
dtdcost J,_q

cross section for the collisions of particle n or system (pn~) with a nucleon in the nucleus

and (b, z) = o(r) is the nuclear density.

The nuclear density has ‘been taken as {4]

r—R\7™!
Q(i‘)=90[l+exp< p, )] , ®)

§diro(r) = 4, (M
where R = 4.26 fm and ¢ = 2.5 fm for Cu.
The results of the calculation based on Eq. (5) are shown in Fig. 2. The elementary

do,

production cross sections { —————
dtdcos 8

) are taken directly from data [1] (Table II).
t=0
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Fig. 2. Differential cross section for coberent production n+Cu — (pr-)+Cu. The theoretical curves
show helicity-non-flip model for o, = o, = 38 mb
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Fig. 3. Differential cross section for reaction n-+Cu — (pr-)+Cu. The curves show helicity-flip model
for Oy = Oy = 38mb
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TABLE 11
. . dog
Elementary production ¢ross section | ————~—
dtdcos 0 Ji=o
M(GeV) 9 4% (mb/GeV?)
€ cos e mb/Ge
didcos 8 J,=¢

M < 1.55 cosf < —0.9 1.4

M < 1.55 lcos 0l < 0.3 1.1

M < 1.55 cos@ > 09 0.4
1.55< M < 1.85 cosf < —09 0.35
1.55< M < 1.85 lcos 8 < 0.3 0.11
1.55 <M< 1.85 cost > 0.9 8 0.14

The agreement with data is unsatisfactory: the experimentally observed correlation between
t-distributions and M, as well as between z-distributions and cos 0 is absent.
If we include the helicity-flip effects, the differential cross section can be written as

follows [5]
2 - v 14 )
d*bJn(q.b) f dz|b (— b ;i~b> e(b, Z).

do _ c
dtdcos0 N
~

7

z - 2
X exp [iq“z—% o, J dz'e(b, z')~3 o'zfdz'@(b, z')] )
with
1 dO’g 1 2
= acd = hw 5 (bo/" ), 9
) [|t|N dt d cos 0]t=0 ( NN‘( 0/ ) ) ( )

where N is the helicity transfer in the reaction. The elementary helicity-flip amplitudes
can be taken from our fit to reaction (1) as summarized in Table I. The results obtained
in this way are shown in Fig. 3. The agreement with the data is better than in Fig. 2. We
see that multiple scattering theory of Glauber [6] with helicity-flip contributions in elemen-
tary process included discribes the main features of the coherent diffractive production
on nuclei. It has been found that the helicity-flip amplitudes are responsible for the varia-
tion of ¢-distributions with mass M and cos 0 both in elementary and nuclear diffraction
dissociation.

Diffractive production on nuclei is more peripheral than corresponding elastic reaction.
This is due to the fact that multiple scattering effects are stronger in the former than in the
latter case. This mechanism gives the difference between the slopes of the ¢ spectra (exp (180¢)
for p+Cu — p+Cu, and exp (2657) for n+Cu - (pn-)+Cu for |cos 8] < 0.3 and
M < 1.35 GeV) and between the position of the minimum in the do/dt cross section
(t = —0.027 GeV? for p+Cu —» p+Cu and ¢t = —0.017 GeV2 for n+Cu — (pr-)+Cu.

I would like to thank Professor S. Pokorski for helpful discussions.
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