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It is discussed whether the target asymmetry (TA) for } # - T-p can be extracted from dataon y d - m-pp . An

exclusive experiment that enhances production of pions on neutron at rest and suppresses contributions of the recoil
mechanism is shown to correspond to this purpose. The relation between the TAs for the reactions on deuteron and
neutron is established taking into account pion and active nucleon rescattering in the final state and neglecting effects

due to interaction with the spectator nucleon.
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The attention paid to the process yd - T -pp springs to
some extent from the hope to obtain observables for
yn - T -p inthe absence of a neutron target and to acquire

information on the elementary neutron amplitude. Thus,
for example, it was shown [1] that the differential cross
sections of the quasifree exclusive reaction and the pro-
cess off nucleon are proportional in the framework of
the spectator model up to the plane-wave
approximation. So, the reaction on deuteron under certain
kinematic conditions can be useful for exploring the
properties of the elementary operator for pion
photoproduction.

As known, studies of the polarization phenomena
can bring detailed information about different aspects of
the reaction mechanisms. Influence of small amplitudes
on spin observables is enhanced providing possibility to
investigate subtle dynamical effects. The TA in photo-
production of negative pions off polarized deuteron was
measured in experiments [2-4] covering the energy
range from 0.280 GeV to 2 GeV. Data analysis in
articles [2-4] has been carried out with the help of a pro-
cedure that introduces polarization of active nucleon. In
its turn, this quantity is determined by the deuteron D-
state probability and is model dependent.

In the present article we attempt to establish an rela-
tion between TAs in the reaction on deuteron and one for
the process on free neutron, elucidate necessary assump-
tions and to determine kinematic conditions favorable for
reduction of the various corrections violating the relation.

To describe the polarized deuteron target the forma-
lism of density matrix is commonly used. The density
matrix for deuteron in magnetic field collinear to the y-
axis can be written as [5,6]

RV ANy ) M
where the Goldfarb operators a y S , and I w T

= 3§f - 21, the spin operator is g, and ] is a unit 303-

matrix. Formally, the polarization parameters pfvi and
piy are constrained [5,6] by the inequalities ~ 1< py, <
1 and -2< Py <1

We use the right-handed coordinate system specified
as follows. The z-axis is taken along the photon momentum

k, the y-axis is directed along the vector k x g, where ¢
is the momentum of the ejected pion. The reaction plane is
defined by the vectors t and g.

The polarization and the alignment are p;l = w(l)-
-w(-1) and p;ly = 1- 3w(0), where the spin level popu-
lations are denoted by w(M,) (3w, W(M4)= 1) with
M ; being the projection of the deuteron total momentum

on the z-axis. On the supposition that the deuteron spin
system can be described by a single temperature 7, the

populations W(M ;) at low temperature and for a large
magnetic field H take the form [7-10] of a Boltzmann
distribution  w(1)/w(0) = w(0)/w(-1)= exp(¢ ), where
a = Uy HIkT 4 i, is the deuteron magnetic moment,
k is the Boltzmann constant. One has

w(0)= (1+ 2cha )™, (0< w(0)< )

w(tl)= %(1 -w0)t u), (0<w(E1)<1)
where u = +(1- 2w(0)- 3w?(0))"/%. Sign +(-) in the ex-
pression for u corresponds to the direction of the magne-

tic field parallel (antiparallel) to the y-axis.
In the framework of the model discussed, the polari-

zation parameters satisfy - 1< p;’ <1, 0% p;‘g, <1 and
3p§ * pfo, -4p,, = 0. For instance, in Kharkov experi-
ment [3] p;/ = 0.35...0.42 and according to the model
P, = 0.09...0.14.
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For the deuteron spin state described by the density
matrix (1) the cross section of yd - m-pp casts into the
d_ . d 3 dpd, 1 d

form ¢ =0, (1 2Pyt 5oy

cross section for the reaction with the unpolarized particles
gd = %Rd Tr AA", the vector and tensor TAs 0 {7, yd =

d .
T),), where is the

_ 1 pd 4 dpd _ 1 pd T
= JRITral 4" and 0Ty = R TrAl 4", the

amplitude of the process is denoted by 4. The explicit
form of the kinematic factor R¢ is determined by a choice

of the independent kinematic variables (see, e.g.,
[1,11,12]).
The vector asymmetry can be found from measurement

of the cross section 0 d(pf) with p;’ =t pd. Really,
one has T) = (@ “(p)-0 /(- p" N30 { p?). To get
the cross section 06’ from the values of ¢ d(i pd) one

d .
needs to know the tensor asymmetry 7}, since

0§ =@ (pHra’¢p Nt pl(pHTL).
On the other hand, the TA for the process on neutron
can be determined from the values of the cross section

a"(p})= oo(1+ pyT))) with the neutron polarization
p; = + p". The observables are given by
Ty =(0"(p")-0"(- p"N/N20 5 p"),
0o=@"(p")ta"(-p")/2.
The TA can be calculated from 77" = (Tr f fT)-lx

xTr f v f ¥, where ¢ is the Pauli vector in the spin

space of the nucleon. Note, that the photoproduction
operator /f includes contributions arising from the
pion-proton rescattering.

The amplitude for yd - m-pp

Aé"MSMd = B(py,p3:SM . My,0) 4
+ (_ I)SB(p3’p2;SMS,Md5A )’

can be expressed in terms of the same operator /- In
Eq. (2) the photon polarization is denoted by 1 , the to-

)

tal spin (its projection) of the pair of protons is S(My),
the momenta of the outgoing active and spectator pro-
tons are p» and ps. The first (second) term in r.h.s of the
above equation corresponds to the direct (recoil) mecha-
nism of the reaction. The contribution of the direct me-
chanism is visualized in the figure below.

-4

Direct mechanism of 'y d - T~ pp process. Effects of

rescattering on proton-spectator are not included. The
deuteron (neutron) momentum is pa (pn)
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Neglecting interaction between the outgoing protons,
we take the antisymmetrized product of two plane waves

|p2,p3;SMS,T: Mj = 1):
-1 - -
= 5 (1= (23)) [ p2),|ps),|SM,)|T = M7 = 1)
for the final NN-system, where (2,3) is the transposition
of the space, spin and isospin coordinates of the protons
with numbers 2 and 3, T(M7)is the total isospin (its

projections) of the pair of protons.
We use the deuteron WF in the form

W (PY= Y par, Cond v Yorr, (1,)8 (),

where p = %(kz- ky), n,= p/|p|, ky and k5 are the
nucleon momenta, M is the projection of the deuteron

spin, ¢ ;(p) are the WF components with the orbital an-
gular momentum L= 0,2 and c pg is the Clebsch-

Gordan coefficient.
For the amplitudes in the r.h.s. of Eq. (2) we have

B(py, p3;SM;, M 41 ) = <SMs|fA |¢ (pa/2- Ps)aMd>'
To find a relation between the TAs 7, and T }‘,1 we

consider the spherical components of the observables.
The expansion of the neutron and deuteron density mat-

rices "= p(S=1/2) and 9= p(S=1) over the
spherical tensors (ST) can be written as

)= T ke e ()T (),
where [14] Tj, (S=1/2)= y‘?a}, 7, (S=1)= 7173}
and fzk (S=D=Y ppam Clzj’f/le SMSM- The cyclic com-
ponents of the spin operators are 0, and S e

The matrix elements of the ST are given by [14]

<SM"ka (S)‘SM> = ((2k+ /28 + D)2

The ST [14] are related to ones defined in [5] as
T (S=1)= 1Ty /\/5 Expression for the TAs [5] in
terms of ST [14] reads

T, (S)= 25+ 1) FT, (S)F /e FFT (3)
with F being the amplitude / or 4 for the reaction on

neutron or on deuteron. For the cartesian TA Ty" we have
5 (Tt Ty with Ty = T(S=1/2). In the
case of the process on deuteron the asymmetries are

Ty = (T Ty

T)i =- Q(Tz-z tTyiy)- 715T20
with T = T (S = D).

Retaining only the S-wave component of the deute-
ron WF and the contribution of the direct mechanism we

n -
T, =

get the spherical TAs for yd - m-pp in the form
T (8= 0= 33 7DD ST @)

where

T 1/2m'
TkK - Z Cl/2m”kK
mm'm"\

frrAtm' frftan"/Z m'm"\ |an1'm" |2 > (5)



S <%m‘f’l ‘%m’>, and m,m',m" are the spin pro-
jections of the nucleon.
The TA for the process yn - T-p reads

Ty (S=1/2)= f3i7,, . (6)

Egs. (4) and (6) yield for the spherical components
(3) of the TAs

Ty (S = 1) = y3/2T (S = 1/2). (7
For the cartesian components of the asymmetries we
get

d_2

Iy =3T3 )
Relations (7),(8 ) between the asymmetries have
been obtained without use of any particular form of the

operator f for the elementary process yn- T-p. At

the same time, one needs to assume that the relative role
of the off-energy-shell effects in photoproduction on
bound nucleon are not substantial.

Eqgs. (7) and (8 ) are valid in the frame of reference
where both the deuteron and the neutron are at rest. The
respective kinematic conditions can be provided, e.g., in
an exclusive experiment when the pion and the active
proton are detected in coincidence.

Taking into account the angular momentum selection
rules in Egs. (4) or (5) we obtain T (S=1)= 0. This
property of the tensor asymmetry can be expected in the
calculation including only the S-waves. As it was poin-
ted out [14], the tensor asymmetry in the radiative captu-
re of polarized deuteron on protons tends to zero when
S-waves are retained in the nuclear WFs.

Thus, we arrive at the conclusion that

Ty =@ “(p")-0 (- p)/
('@ (Mo - pM),
i.e., the TA of the process yn - T-p can be found from

)

the yields for the reaction yd - m-pp under the assump-

tions that the pion production off the active nucleon do-
minates, neither rescattering on proton-spectator nor the
two-body reaction mechanisms are essential, the deuteron
D-wave does not affect the observables. Eq. (9) can be
used for treatment of the data obtained in the experiment
providing kinematic conditions for pion production on
neutron at rest for the contributions of direct mechanism.
In this kinematics the deuteron D-wave does not affect
photoproduction on active nucleon since ¢ ,(p = 0)= 0,

Simple relation (7) between the observables is derived
under the assumption that one can neglect a part of the re-
scattering effects. Final state interaction can play an impor-
tant role [15-17] in pion production off deuteron. Cetainly,
the contributions of the rescattering on proton-spectator
as well as ones due to antisymmetrization of final pp-
state can make difficult extraction of the TA for elemen-
tary process on neutron from the dataon yd - m-pp.

Role of the recoil mechanisms will be studied in
forthcoming paper using in calculations the photopro-
duction operator constructed on basis of SAID and
MAID multipole analyses.
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