


1. INTRODUCTION

“In the last years due to a great effort of the Fremnch
‘group 1/ a large amount of the experimental data on #° -meson
photoproduction near threshold were stored. There are three
motivations for the experimental and theoretical research of
the threshold photoproduction of #»° -mesons.

The first is the desire to get a new information concern=-
ing the elementary yN-aN amplitude.

The second is the possibility to extract from experiment
the information on a nuclear matrix element of the type
<?]1-|T>. ‘It is possible because of specific feature of the
mecHanism of photoproduction shown in ref.

And- finally the interpretation of results on the low energy
photoproduction of 7 -mesons on few-body systems is almost
model-independent as compared to those on hedvy nuclei *.

Below we consider the threshold »° -meson photoproduction
on nuclei d, 3He ,3H and ®Li. The 8Li nucleus will be desc-
ribed as a three-body system, a+n+p. For the dynamical part
of the problem that means for the final state wave function
of the system n+A we use equations of the evolution with
respect to coupling constant (ECC) method "%

These equations are rather suitable and effective for the
description of w-nucleus interaction at low energies/45/ The
probability of the process:

y+Asn®+ A (1.1)
can be defined by the matrix element

MyA—brr"A:(nA]HGlyA)' _ (1.2)

Here {wA| 1ig an eigenvector for the 7A-system, H, is the
Hamiltonian of electromagnetic interaction.

* Everywhere in this work we suppose the #N and NN-inter-
action potential type. Also, we omit the discussion of the
role of exchange currents in « -meson photoproduction.



 For the matrix element (1.2) we have
-»

(A |M|yA) fdgi ST Rl T S )
. YA) = —_— X i ) %
@ndi=1 (2m3 ¥ 11 a1 (1.3)
x<7A k., Q,....Q __I!MIVA;q>,

where Y is the wave function of the 7+A system; X. the
momentum of the relative motion of » -meson and nucleus; q,
the momentum of the photon.

The wave function of the m+A system is usually obtained
by using the optical model with the first order optical po-—
tential in multiplicity of #N -collisions. However, the op-
tical model has some defects,. one of which is unacceptable
whlle describing the photoproduction of pions. Really, the

"optical" wave function takes into account the rescattering
of a # -meson on a2ll nucleons in a target including the nuc—
leon producing the r-meson. But in calculations we use the

. experimental value of the elementary amplitude, which by defi-
nition takes into account the rescattering on this nucleon.
So, the calculation of photoproduction of #» -mesons within

the optical model contains the double counting of rescattering
effects. We show in the next section large contributions from
the double counting,

2, THRESHOLD =°-MESON PHOTOPRODUCTION ON DEUTERON

As we pointed out in the Introduction, the wave function
of the »+A system will be found via dynamical equations of
the ECC-method. The total Hamiltonian H of the m+A system has
the form

H=H - +h+gV , 2.1)

here Hp is the kinetic energy operator for the relative mo-

tion of a pion and nucleus; h the target Hamiltonian; vV, =
A

= 3 Von, * the ‘potential of interaction of a pion and nuc-
i=1 1
leons of the nucleus; g is the dynamical variable of the ECC-
method; 0<g<1l.
The equation for the elgenvector irA) of the Hamiltonian H
in ECC-method is /%/
(UEV &) :
--—[ﬂA) —_ (2.2)
dg a E E_ +ie




For the matrix element in the r.h.s. we have the repre-
sentation

- - - > - > -
@]V, |7d; k) = floik, Q;3><};3Q.8Wn rdik > drs dQ g =
3 (2.3)
LBy G Gkl TIe g B

where ¥ (k3 Q, )ls the wave function of the 27N -system with
quantum numbers o, T is the 3-body transition operator.
Using (2.3), we immediately obtain the equation for the wave
function of the 7+d system: o . .
dde l]!(k.Q)'{’(k,Q)_._' -»
—g——‘l’*(k Q y=L3y e L 22 9 P 3k QT|g, k>
g k o™ (2n) k /2;.(+_Ed-Ea+1€ (2.4)

This equation will be solved by using two approximations,

which hold at low energies of photons. The first approxima-
tion consist in the restriction in the r.h.s. of (2.4) only
to term linear in the function t 4 (8). Reliability of this
approximation was confirmed by the authors in calculations

of the gA -scattering length A This restrlctlon immediately
leads to the following form of ¥ (kz ,Q ) in the r.h.s.
of eq. (2.4):

@B (K, -Ky) 6, (Qp).  o=|rd)

¥ .(1:2 ’62) =
i (%)36&1-?;2)‘1’6 (da)’ = |72N) .
i

The second approximation is the approximation of the static
nucleons, i.e., ¢ /mN<<1 Due to this approximation terms
linear in t,. and containing NN-interaction can be omitted

(see fig.1). The boundary condition in g for eq. (2.4) has,
obviously, the form

- R P - >
LI CORID IR ALICAE STNCIR (2.5)

So, for the wave function in the threshold emergy region we
have

I - 3., * - . 1
oy 80 %8G E ) 8 @) ¢ F
- » e R (2.6)
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where

= _ i

a’nNi _t{ g an’Ni(g) (2.7)
and a . (@ is a solution of the corresponding two-particle
problem.1
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Fig.l. Diagrams including NN -interaction and
disappearing in the static limit.

Taking into account the isotopic structure of the N -am-
plitude for a. (@ we have:

e ) 1 )
80 ._a ® 8,0 +58 (g)[r'B,ra] , (2.8)
[rﬁ,r ] is the commutator of isospin Pauli matrices.

It we restrict ourselves only to the S ~wave oN- interac-

tion

ool # 1
V o =Avkyvk), vk e ——u.
= AVBVED), v oy
for the function a!*' (g we can get
(1) :
ga
2 (g) = ye"" —
1- 5 (g-1) 2 oxp
where a(:;p are experimen_l:al value gf 7N - scattering lengths.
The matrix element <§2N:k151 M| yd; q> from (1.3) has
the form
> - -lr:]_ -(; a
<n2N;k1¢311M|yd;q>=¢d @, +5- —~2—)MN1+

K a (2.9)
4 1 o .
+¢'d(-Ql +--2-— ——é—)MNz.



Here M%% is the = -meson photoproduction amplitude on
a nucleon Ny . For this amplitude near threshold we have

g 4 - + -
where ¢ is the vector of the photon polarizatiom, e is the

spin Pauli matrix of the nucleon; E%} is the multipole
amplitude.
ES. has the isotopic structure
i
(+) 160 G W ©_®
EZ -p 1 ) J i R
Nj 8a3+2E [r ,r 1+E T {(2.10)

Substituting (2.6) and (2.9) into (l. 2) and taking into ac-
count the 1sotop1c structure of all quantities, we obtain the
following expression for the #° —photoproduction amplitude:

1qr/ 2

. (lrr°di1\7|1yd>=2E(+).Fd(q2)-;2<§l5d | lpg >x (2.11)

« [ 2 =g O P (+)]

where i‘d(qz) is the deuteron form—-factor and
1qr/2 _,' L-H/
<yl T—lpy > = [ &

=]

| 4 ]

M stands for the following summation
M. I ﬁg
i Ny
that means the rescattering of = -mesons on the nucleon pro-

ducing pion was excluded. If we sum over all nucleons, then we
have the additional contribution

aM =2V E 5 TE Dy F @) - (2.12)

which is five times as large as the amplitude (2.11).

Tf the expression (2.11) is compared to the diagrams (see
fig.2), then the Feynman rules should be slightly modified,
namely, to the #N -vertices we compare not the amplitudes
apy Dbut the unitarized, that is integrated over g quantity

aﬂ-N . '

The calculation was done with different sets of the #N -in-
teraction parameter. The pion-photoproduction amplitude near
threshold in contradiction to the elastic 7 -nuclear scat-
tering amplitude appeared to be low-sensitive both to the uni-
tarization procedure, that is to the change a_ »jLJL N(Q
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Fig.2. Diagrams illustrating expression (2.11): :
a) without pion rescattering; b} including rescat- |
tering.

and to the elementary I\g —djata. Both these facts correspond
to that the expression a*— B gives the main contribution to
the pion photoproduction amplitude. The isovector part of #N -
scattel(‘i)ng amplitude a~ ip contradiction  to the isoscalar

+. . —_ T -~
part a depends weakly on the #N —parameter sets and al
most do not change after the integration over g. !

We take isotopic combinations of multipole amplitudes in

the Born approximation witll*?he pseudovector coupling 78/, The
igr/2

/ .
> were taken from ref.” , there !

values of F ,(q®) and <E’r

théy had been computed by using the McGee wave function for
the deuteron (at threshold q = 0.66 fm). The amplitude (2.11)
equals™® '

-3
Myd-m°d =(-8.2+02).10"° fny.
The experimental value of this amplitude is ’8/

M;;{’mod =(-8.90+ 0.45) - 10”2 1.

3. THRESHOLD °~ MESON PHOTOPRODUCTION ON NUCLEI ®He aND ®He

The matrix element <nAlM|yA> given by (1.3) and the wave
function of the #A —system should be known to obtain the am-
plitude of the process (1.1). In the framework of the approxi-
mations discussed above the r» -nuclear wave function may be

% With the experimental values of the #N —scattering lengths
from ref, ’?.
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Fig.3. Direct photopion pro-
duction diagram which corres-
ponds to the case of noninter-
acting final particles.

found from equation (2.2) with* the boundary condition in g
in the form:

‘I’*(kg,P Q)l o =@ sE-K ¥, E.9 . (3.1

Here ‘I‘A(P Q) is the nuclear wave function of 3He ( *H), P Q
are Jacobl variables.

In the first order im the constant of electromagnetic in-
teraction the matrix element <#A|M|yA> is a sum of diagrams
one of which is shown in fig.3.

After some calculations we get the following expressmn.

Mysswta —@" ? E)F @ - (3.2)
[48(")E( =) 2§(+)(E(+); E ({1} )]Fg(q) ,
where 5 4
) . dP dqQ - a - '(i >
Fl Q= ) Y *p +-2—-,Q—-§-)‘P(P.Q)
dj;ldﬁdq -+ :(!-—-o -D-'i —]'—-fl'ﬁa

the uppef sign corresponds to %He and the lower to °H,
The wave function of nucleus 3He(®H) has the simple
form 710/

v, (E.Q) = —1=-.-(x 17 -xzrpl) u(P,Q),
V2 ) - (3:3)
2 .3/2
u@, @) = (" expl-a? @2+ 2a?)l.

The parameter a was taken from the fit of the formfactor
3He(3H) at small q%.

Using function (3.3) we find at ¢=0.70 fm F,(¢)=0.83,
Fo(@) = 0.47 fm ™). For these F,and F, the numerlcal value
of the »° photoproduction amplitude equals -5. 85 1078 fm. This



value is very close to the experimental one '8,

M e s goe ~5-80£060) 10 ™" fm,

As the amplitude (3.2) is very sensitive to the function
F (q)* we are left with the equation on the stability of
F (q) with respect to variations of the wave function form
o %He nucleus.

A partial calculation of nonstatic corrections or binding
corrections has been made in ref. !, 1t gives a value of the

amplitude MyjHe* 3He by about 207 smaller than the ex—

per1menta1 amplltude. OCur numerical value of the amplitude
for ®H given by expression (3.2) is 10.1.10 "3 fm. This value
is two times as large as the value of the amplitude for 3He
what qualitatively agrees with the ome-particle process pic—
ture,

4. THRESHOLD #°-- MESON PHOTOPRODUCTION ON 614

The nucleus ®Li is treated as a three body system con—
sisting of a protom, a neutron and an a —particle. In the
description of #° photoproduction on ®Li an @ -particle can
be considered as an inert core. Actually, since the a -par-
ticle has zero spin, the expansion of the photoproduction am-
plitude over multlpoles does not contain the dipole electric
amplitude E ot nonvanishing at threshold. The rescatter1ng
process of plons on the « -particle takes place only via #° -
megons and therefore is not important..

Considering that nucleons of an ¢ —particle core in °Li are
in the triplet spin state (S=1) and in the singlet isospin
state (T=0), we get the following expression for the process

MyGLl_,WOSL 2E(+)F (q) agz(‘“) (= ) = 'é“(‘i'} E(+) I'F o ( q) , (4. l)

where
(@ - fdeQ *(§+%,6~~Z—?;)\I’*(f'.@>,
-+

- q - 2
T ) -—-w(P Q,
2.”) 2 3 1

% The reason is that the double scattering via charge exc-
hange becomes important,
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E while obtaining the wave functi-

[ on of ®Li, we have used a-N

and NN-—-potentLals in a sepa-
rable form as £.7127,

.4 given in re

= Using this wave function we cal-

3 culated the charge form-factor

[ of ®Li and obtained good ag-

L reement with the experiment at
2 P\ . small ¢° (see fig.4). This fact
i0 - ‘ makes us hope that the calcu-

—_— P

“n $ lated values F (q) and Fy(q are
o r

=T close to the true ones. Our nu-
NG b i

¥ merical results are

13 i F (9 =050, F,(Q=032 tm—t
at q=0.70 fm.

" _ ¢ Fig.4. The charge form factor
10 R F,(q%) calculated with the three
0 4 2 3 4 5 8 body 8i (g.s.) wave functiom
q% (4m) and experimental data from ref!

/1

Finally, we get

-3
'FyﬁLian-"sLi 6.3.1077 fm.
There is no experimental value to be compa}:ed with, there
is only the theoretical calculation {see ref. / ), which

gives for the amplitude M eL“”c,eLi at threshold the value

approx191i'1te1y one and one half times as small as our value.
In ref, there are used elementary photoproduction ampli-
tudes which somewhat differ from ours and the oscillator wave
function of OSLi. -

5. CONCLUDING REMARKS

In this work we apply the ECC-method to describe the 7% -
-photoproductlon near threshold on nuclei with nonzero splns
(d,3He, 3H, ®Li). Using this method we can make unitarization
of the contributlon of =N -rescattering.

It is necessary to emphasize a specific situation, first
noted in 72/ arising in the description of process (l.1). Pro-
cegsses of the intermediate production of charged pions are
important in »° photoproduction because of the big value for
the amplitude. The photoproduction amplitude is dominated by

9
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the combination s™E®) related to the charged mesons, which
is low sensitive to the unitarization sets of =N -data.Note
the opposite situation for the elastic =A ~scattering descri-
bed within the ECC-method: the unitarization was substantial
and there was a strong dependence on sets of the =N~ interac-
tion parameters (see ref, % ). The reason for this difference
is that in the elastic nA -scattering the dominant (especial-
ly for even-even nuclei) contribution to the = -nuclear scat-
tering(%ength comes from the isoscalar part of the 7N -ampli-
tude a7 which is strongly renormalized by unitarization and
is very sensitive to sets of »N —data.

With the same input data, the descriptiomn of process (1.1)
within the ECC-method is similar to the description of that
process within the multiple scattering theory in the double
scattering approximation ( photoproduction and a subsequent
scattering of the pion on one of a nuclear nucleon).

As the ECC-equations are dynamical equations equivalent to i
the Schrédinger equation, then the proximity of the results !
obtained by that method on the »° -meson photoproduction at
threshold to the results of the multiple-scattering theory
should be considered as a justification of the applicability
of approximations of the multiple scattering theory to this
process,
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