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1. Polarizability of the hadron is a fundamental constant,
characterizing - together with the effective radius - its
electromagnetic structure. In classical electrodynamics elect-
ric (@) and magnetic (8) polarizabilities of a particle define
induced electric and magnetic dipole moments, respectively?*

> - -»

G mi , (1)

In the. quantum theory polarizabilities of the hadron are
defined as parameters in correction to the Born term in low-
energy expans1on of the Compton-effect amplitude/l/. By now
the proton”s electric and magnetic polarizabilities (ap =

(10.7+1.1)-107%3cm3, By = (0.7+1.6)-107*3cm? /237 ) “and
polarizzbility of the pion (a,= (6.8+1.4).10743cm3 /4 have
been experimentally defined (under the assumption that the
electric polarizability is equal to the magnetic one with the
opposite sign). Limits for electric polarizabilities of the
kaon (Ja,} <200- 10°43¢cm3) and the neutron (la,l < 60- 10748 cm®)
have also been obtained. 1)

The polarizability of the pion was measured ‘% in the reac-
tion

7 +Aasn +y+ A, - (2)

Reaction (2) was investigated in the region of small momentum
transfer to the nucleus, corresponding to the Coulomb-scatter-
ing (see Fig.l). In this experiment the energy of the initial
pion was 40 GeV. While studying process (2), information about
the Compton-effect on the = -meson was obtained, because four-
momentum squared of the v1rtua1 photon in the experiment was
less than 6.10~% (GeV/c)2, that is much smaller than the pion
mass squared. Such an experiment was proposed in the paper’
Data of the experiment/4/ have been analysed under the assump-
tion that a"+ﬁ"=0".

*1Hore and further the Gauss system is used a = e? = 1/137.'

*In papers’8910/ it was shown that a,+8, =0 with an ac-
curacy 10 cm® |{ - current algebra predictions,/ ol calcu-
lations in the chiral/model ,/ 10/ _ predictions of the non-local
quark model). In ref. s in the framework of dispersion model
it has been obtained that (a,+B,) = (0.35+0.05)- 10™48cm
see also/18/ (s 4, gy = 0.2. 10‘43cm3
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\‘ ~~ _ Fig.l. Diagram of the radiative
/v scattering of the pion in the
- ™S [
I Coulomb field of the nucleus.
r - The aim of the present paper

is to consider the possibility

of measuring the magnetic polari-

zability together with the sum

of electric and magnetic polariza-

bilities of the charged pion in

‘\ . radiative scattering of the pion
A in the Coulomb field of the nuc-

leus. Such an experiment would allow one to define the values

of the pion electric and magnetic polarizabilities.

2. In this section we will obtain expressions for the diffe~
rential cross section of the Compton-effect and for the cross
section of radiative scattering in the Coulomb field of the
nucleus, taking into account the electric and magnetic polari-
zabilities of the charged pion*. :

In general, four diagrams
Ky Ka (see Fig.2) correspond to the
___‘;’,é_fj} } Compton-effect amplitude. The
-1' it . first three diagrams describe
‘P P! £ A « q  the Compton effect for a point-
4 * like pion, the fourth one
Fig.b. Diagrams of the takes into account strong in-
Compton-effect. teractions.
A contribution of the last
diagram to the amplitude can
be written in the following form: !

My @y kyoKpdehy) €V &) . (3)

Here p, is the initial pion momentum, kg, kg and e(ky), e(kg)
are momenta and polarizations of the initial and final photons.
From the crossing-symmetry and the gauge invariance one obtains
the following conditions

M‘lV kl; =M“v‘k;=0,' M“v(!"'kl .kg)=MVu(p1',"‘\‘k2,’—k1)o (4)

Taking into account this reguirement, we obtain a general ex-
pression for the tensor My, o :

*Analogous calculations under the assumption that a,+ B8, =0
’ were made in paper/1%/.
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Muv = .F‘1 (s.t)(kxkzgw 2u n‘,) + ‘ ¢
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where F; and Fp are f\mctmns of kinematical invariants s =
=(py+k 1) o t=—(ky- kg) JIn the low-energy approximation in
expression (5) one should replace functions F, and F; by their
values at s = mi. t=20:

F (8 t) » P (m%, 0, Fy(s,t) +Fy(m}, 0. (6)
To determine structure corrections, it is necessary to carry
out measurements in the region where invariants p;k;, Pjkyp ,
kikg are of order of m%*. For the invariants much smaller
than mg, the structure corrections are too small; for such
larger values of the invariants (~1 Gev®) the low-energy appro-
ximation 1s not valid. Further we will impose restriction
s, u <10m ©=(+k ) } for all numerical calculations.
Tak1ng into account (5) and (6), the total Compton—effect
amplitude can be written in the following form:

M s
+
Pik;  Pikp

T= 2i(4ﬂu?cu ke, (k)& -
2 2 v i 1 4 2 i 7
+ F (2, 0)E" kK, - Kk )+ (7)
uv u v v
+ By (m,,0) (87 Geyp )XkgP)) + Ky Ky B0y ~ KPUR,Py ~ Ko Ky By)
Total correction to the Born-term in the amplitude corresponds

to an additional term in the initial Hamiltonian. Its classical
analogy has the following form

o

1 32 0l oo ‘
Heff = - (—é-a”E + _2‘ﬁ”H )' ¥ (8)

£

: * For process (2) this condition is fulfilled,because brems-
strahlung of the relativistic pion is concentrated at small
angles 6@ =m,/E; (E,;is the pion energy). Consider, e.g., the
invariant p kg

piky = Ejog~Pjwgy cosf =

T
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where
a _(Fy@7,0) - K, (g, 0)) Fp (w?,0)
i ” : = eg y 4 mﬁz .
So a, and B can be interpreted as electric and magnetic polari-
zabilities of the charged pion.
The Compton-effect amplitude is given by the expression:

4 rd (4
8%(py+ ky-Dg—kg) dPpak}
pol doim, 2E; 2w

(9

(Primed variables refer to the pion rest frame, unprimed variab-
les refer to the laboratory frame).

From expressions (7) and (9), taking into account the Comp-
ton equation

...!'.. A ._1;'. el cosd”), ‘ (10)
(;)2 (01 m” ]

(where 6 is the angle of photon scattering), we obtain

rd »
dac.eff(wl’mz)\ . ma? 1
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The cross section of bremsstrahlung which is differential
over the photon energy and over 4-momentum transferred to nuc-
leus is connected with the Compton-effect cross section by the
following equatlons

£h . rd ’ t 4 , 2' :
408 om (g k‘u) Id"c.ea o o1,k )dol af, (12)
where wy is the energy of the emitted photon and kq, = fiul
is the momentum transferred to the nucleus in the laboratory

Z%k%
ro (2 + 0PmED) 2
photons. We have also the relations o = 0} (Ey/E;) and dwg =

={w]{ /Et) -dwy . The integration limits can be obtalned from the
equation/14/

frame, nw,k, )= is the density of equivalent

*2m2.
mlm

S ug s
k1 q ku 2 = (13)
EY

The minimal value of q% is defined by the threshold of reac
tion (2) with the fixed energy of the emitted photon qmm =

= (m ,,0272E E,.Let us choose 94%,, = 6-10~* (GeV/c)g. This
value is given. by a really achieved accuracy in momentum trans-—
fer measurement and ensures dominance of the electromagnetic
interaction over the strong one. Calculating integral (12) and
making simple transformations, we obtain the equation:
do e AR

et L BT R (R T
dxdT m; y?2 {-x y2 A2

8
x{(l—i«l-—,g-—)(l—.l_ MNS 2. 2t )+ Bamw x®
y y2 n

(14)
i

lfx a 1-x

This turns out to be useful in gnalys:.ng the experimental data.
Here T = 6(E,/m,), where 0=y, P,) , m/E (is a characteris-
tic angle of bremsstrahlung, y =1+ T2 , K= a)g/El, Z is the
electrlc charge of the nucleus, A = qm“/'qmm .

3. Let us rewrite expression (14) in the following form

daBtem

g 1, T) = fa, =@, +8,)pq1 1 + BrlpoLe \‘ (15)

From express1on (14) it is seen that the correction to the
Born-term given by (a,+ B8;) [ pgry  grows strongly (as ~T%)
with T. It follows from expression (11) that in the pion rest
frame the main contribution to the correction is made by Comp-
ton events with forward photons. Such events correspond to
photons scattered at large angles in the laboratory frame. From
expression (14) it is also seen that a relative contribution
of (a,fﬁ MpoLy  to the cross section depends weakly on the
energy of the photon emitted. Fig.4 shows the T-dependence
for the relative contribution of.the {(a "'Bn)fPOLl term (in-
tegrated over X)*.

To determine the parameter (a,+8,) one should investigate
the T-distribution of experimental data. From Fig.4 it is
seen that the value of the normalization factor can be obtained
from the 0 < T < | region, because the cross section depends
very weakly on the value of (a,+B,) in this interval. Note
that the term B,fporg does not contribute to the T -distri-
bution. However, this term makes an essential contribution to
the x-distribution/47/,

* Kinematic variables vary in the region defined by condi-
tions 4,8<10mZ. - This region is shown in Fig.3.
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. Now we define the optimal kinematic region for the experi-
ment considered and estimate - the statistical accuracy of
the parameter determination. The accuracy of the parameter
ag+ B, -determination can be written in the following form
(the detection efficiency is neglected)

A 1 Tmax ’/
( = -1/2
a, +8B,) T'ﬁ- (Tm’;n I(T) dT) 5 . (16)

H?rt_a we used the function of informativity I(T) *, characte-
gl,z%ug' the.dependence of the accuracy on the measured variables,
is the integral luminocity. If f(x), the differential cross

se:ct:n?n of the process, depends on parameter £, than informati-
Vity is defined by '

af(x) .2
I,(D) = (-;Sfl-) /1) . (17)

From exPressions (lS), (17), taking into account the fact that
terms with the polarizabilities are small corrections to the
Born term, we obtain :

2

froLi (T)

©_ ‘Born

) =

. (18)

%

* : '
; This method of the accuracy evaluation will be described
in the special paper. e
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The best accuracy can be achieved if the experiment is carried
out in a region of maximal informativity. Calculations have
shown that the following interval is optimal for (az, +8,)
measurement:

0.2 <x <0.8. - (19)

Fig.5. presents the dependence of informativity KT) on the
T —variable (the spectrum is integrated over x from 0.2 to
0.6). From Fig.5 it is seen that the optimal interval to deter-
mine (a, +B,) is e
0<T<S5. ' ; (20)

Note, that for determination of the parameter B, the optimal
region is /41 i

06<x<09, 0<Tc<2, (21)

So one should make the experiment measurement @B, together with
(@, + B,) in the kinematical region (19), (20), (21). From (16),
(14), (19), (20) assuming that the detection efficiency equals
one in the whole region of interest one expects the following
accuracy for (e, +8,)* ' '

Aa, +B,) =01.10 ¥ cm 3, (22)

The real accuracy of (a +B") determination wiil be somewhat
worse (about 1.5-2 timeS). This is because in (16) we did not
take into account the fact that experimental data are fitted
with two parameters. The real detection efficiency also worsens
the accuracy. :

To measure parameter (ag+B,) in process (2) it is necessary
to ensure high efficiency of the experimental set-up for detec-
tion of the final pion and photon in the region of kinematic
variables (19,20). For this purpose the experimental setup co-

*Calculations were made for the carbon nucleus Z= 6, with
a reasonable value of integral luminocity ‘B = 103%cm~2 .

g



vers the angular interval 2.5-3 times larger than in the expe-
riment ‘4. It is more useful to carry out the discussed experi-
ment with larger energies (100-200 GeV), because angular sizes
of detectors are decreasing with energy. For example, we esti-
mate detection efficiency for process (2) of "FRAMM" setup in
geometry of the experiment for investigations of the reaction
7" +Asn +n°4+ A vith the pion beam energy 200 GeV/18/, Cal-
culations show that detection efficiency is high enough and
one expects the accuracy for the parameter(a”+ﬁ")(integral lu-
minocity 1034cm —2) Ala,+B,) =0.2.10743cm3.” At the end we
note that during investigations of the process (2) it is ne-
cessary to suppress the background from beam K -mesons decays
K7+7 n° with sharp asymmetric decay of »° » 2y.

-
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