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1. Po1arizabi1ity of the hadron is а fundamenta1 constant, 
characterizing- together with the effective radius - its 
e1ectromagnetic structure. In c1assica1 e1ectrodynamics e1ect­
ric ~) and magnetic (,8) po1arizabi1itie s of а partic1e define 
induced e1ectric and magnetic dipo1e moments, respective1y* 

-+ -+ - -+ 
d = аЕ , 1L = ,ВН . ( 1) 

In the . quantum theory po1arizabi1ities of the hadron are 
· defin'ed as parameters in correction to the Born term in 1ow­
energy expansion· of the Compton-effect amp1itudel 11 . Ву now 
the proton's e1ectric and magnetic po1arizabi1ities (ар = 
= (I0.7_:1.1)·10-43cmз, .Вр = (0.7_:1.6)·10-43 cm 3 12•31 ) and 
po1arizabi1ity of the pion (а 77 = (6.8+1 .4)· I0-43 cm 3 141 have 
been experimenta11y defined (under the assumption that the 
e1ectric po1arizabi1it' is equa1 to the magnetic one with the 
opposite sign). Limits for e1ectric po1arizabi1ities of the 
kaon ( la k 1 < 200 ·1 о-:43 cm3) ahd the neutron ( la n 1 < 60 ·1 <J43 cm3) 
have a1so been obtained. 

h 1 · ь· ·1· t h · d 141 · h Т е ро ar1za 1 1ty о t е p1on was measure 1n t е reac-
tion 

"+А-+77-+у+А. (2) 

Reaction (2) was investigated in the region of sma11 mornentum 
transfer to the nuc1eus, corresponding to the Cou1ornb-scatter­
ing (see Fig.1). In this experirnent the energy of the initia1 
pion was 40 GeV. Whi1e studying process (2), 1nformat1on about 
the Cornpton- effect on the "-rneson was obtained, because four­
rnomenturn squared of the virtua1 photon in the experiment was 
1ess than 6.1о-4 (GeV/c)2, that is much srna11er than the pion 
rnass squared. Such an experirnent was proposed in fhe paper/7/ . 

-Data of the expe rirnent 14/ have been ana1ysed under the assurnp­
tion that а77 +,В 77 =О**. 

1 
*н,~ rе and further the Gauss system is used а = е 2 = 1/137. 

* *rn papers/8,9,10/ it was shown that а 17 + ,8 77 =О with an ас-
1 -43 3 ( / 8/ 1 ь d. t . / 9/ 1 curacy О crn - current а ge ra pre 1с 1ons, - са cu-

1ations in the chira1 model,1101 - predictions of the non-1oca1 
quark rnode1). In ref. 1111 in the frarnework of dispersion mode1 
i t has been obtained that (а77 +,В 77 ) = (О. ЗS:!:_Q .05). 1о-43 crnЗ t 

see a1so 1 16/ (a
17

+f3
77

) = О.2.1о-4ЗсmЗ. 
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Fig.l. Diagram of the radiative 
scattering of the pion in the 
CoulomЬ field of the nucleus. 

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 
in the Coulomb field of the nuc-

leus. Such an experiment 
of the pion electr~c and 

would.allow one to define the values 
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 radiгtive s cattering in the Coulomb field of the 
nucleus, taking into account the electric and magnetic polari- · 
zabilities of the charged pion*. ' 
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Fig.2., Diagrams of the 
Compton-effect. 

In general, four diagrams 
(see Fig.2) correspond to the 
Compton-effect amplitude. The 
f irst three diagrams describe 
the Compton effect for а point­
like pion, the fourth one 
takes into account strong in-
teractions. 

А contribution of the 
diagram to the amplitude 

Ье written in the following form: 

last 
can 

MjLV (р1' k1' k~ )(IL(k1) ( v (~2). (З) 

Here р 1 is the ~ init_ial pion momentum, k1, k2 and ((k1), ((k2) 
are momenta and polarizations of the initial and final photons. 
From the crossing-symmetry and the gauge invariance one obtains 
the following conditions 

MILVk'; =MILVk~=O, ' M/lv.<P1'k1 ,k2)=MviL(p 1;-k2,:...k1). ' (4) 

Taking into account this re9uirement, we obtain а general ex­
pression for the tensor MILv 81 : 

* Analogous calculations under the assumption that а"+ f3" = О 
were made in paper11ЗI. 

2' 

MILv = .F1 (s, t)(k1k2g~tv - k21Lk1v) + 
(5) 

+ .F2 (s, t) ((k1p1)(k2p1)g1Lv+ k1k2p11L P1v- k2p1k1v p11L- k1p1 k21L P1v)' 

where .F1 and .F2 are functions of kinematical invariants, s = 
= (р 1 + k 1) 2 , t =- (k г k2)2.In the low-energy approximation in 
expression (5) one should replace f unctions F1 and .F2 Ьу their 
values at s = m2 , t = 0 : 

" 
2 .F

1
(s,t) ... . F1 (m",O) 

. 2 
F 2 ( s, t) ... F 2 ( m", О) (6) 

То determine structure corrections, it is necessary to carry 
out measurements in the region where invariants p1k1 , P1k2 , 
k 1 k 2 are of order of m; *. For the invariants much smaller 
than m~, the structure corrections are too small; for such 
larger values of the invariants (-1 GeV2) the low-energy appro­
ximation is not valid. Further we will impose restriction 
s, u < 10m; (u = (р 1 + k2 )

2 ) f or all numerical calcнlations. 
Taking into account (5) and (6), the total Compton-effect 

amplitude can Ье written in the following form: 

piLp V р Vp/L 

Т= 2i(4rra)( (k1)€ (k2)(giLV __ 1_2_ + 1 2 + 
' IL v р 1 k1 р1 k2 

+ r·1 <ш;.oнg~tvk 1 k2 - ~k~) + (7) 

jLV /LV V/L ' jLV 
+ F2(m",O)(g (k1p1)(k2pl)+klk2plp1-klP1k2p1-k2p1k1p1)' 

Total correction to the Born-te rm in the amplitude corresponds 
to an additional term in the initial Hamiltoniaн. Its classical 
analogy has the following f orm 

. 1 ... 2 1 .. 2 
Herr = - (2а"Е + 2f3"H ) ' ' (8) 

* For process (2) this condition is ful f illed,because brems­
strahlung of the relativistic pion i s concentrated at small 
angles 8 = m"IE 1 (Е 1 i s the pion energy) .. Consider, е .g., the 
invariant P1k2 

р1 k2 = Е 1 w 2 - р 1 w 2 cos8 = 

2 
Е 1 w2- Е1 (1 - 1... m7r 2 -+ 

Е2 

1 2 w2 m" 2 ... )(1- -
2 

8 + ... )w
2 

= -(- + 8 Е 
1

) 
2 Е 1 1 

.:m2 
rr' 
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where 

(F 1(m~,O) - .F2 <Ш:, О)) 
а"= {3" = m

11
e2 

So а 11 and (3
11 

can. be interpreted as e1ectric and magnetic po1ari­
zabi1ities of the charged pion. 

The Compton-effect amp1itude is given Ьу the expression: 

dac.err. =..!.. k \Т\ 
pol 

.,4( -+, -+, 
~ Р 1+ k 1 - Р2 - k2) dp 2 dk2 ---

4<,) ' m 2Е ' ?f,, ' 
1 JТ 2~ 

(9) 

(Primed variaЬles refer to the pion rest frame, unprimed variab-
1es refer to the 1aboratory frame). 

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

1 1 __ 1_. (1 - cosO'), ·-, --, - m 
й)2 й) 1 JТ 

( 10) 

(where О' is the ang1e of photon sca:ttering), we ' obtain 

dac rr (й) i • й) 2 ) 11а 2 1 m" m" 2 m" m" 
.е .= --{(2+(-·- --) -2(---)) х 
А ~. , m '2 , ' ' ' 
~2 JТ й) (1)2 й)1 й)2 й)l 

2(а 11+{3 11 ) , , 2{3 11 mrr,m 11 m17 2,, 
Х (1 - ШJТй)1й) 2) + ---·\-, - -,) й) 1(1)2 \ 

а а (1)2 й)1 

(1 1) 

The cross section of bremsstrah1ung which is differentia1 
over the photon energy and over 4-momentum transferred to nuc-
1eus is connected with the Compton-effect cross section Ьу the 
fo11owing equations 

do:B (й)2 , k l.L) = f da rr (й)' , й) ') n (й) 
1
', k 

1 
) dul' dk2 

rem с.е 2 1 .l. 1 1J.' (1 2) 

where й) 2 is the energy of the emitted photon and k1.i = \kнl 
is the momentum transferred to the n.uc1eus in the 1aboratory 

z!'u . k~ · 
frame, n(й), k.i) = ---- ----· - is the density of equiva1ent 

. 17(1) (k f + й) 2m~Ef) 2 

photons. \ve have a1so the re1ations й)2 = (1)~1 (Е2/Е0 and dй); = 
= (й)i /Е 1 ) · ~2 • The integration 1imits can Ье obtained .from the 
equa tion/ 14/ 

k 2 = q 2 - k 2 й) ,12m2 1 - + 17 
l l Е2 

1 

( 1 З) 

4 

F 

The minima1 va1ue of q2 is defined Ьу the thresho1d of reac­
tion (2) with the fixed energy of the emitted photon q~in = 

(ш;й)2 /2Е 1 Е2)2.Lеt us choose q~a.x = 6·10-4 (GeV/c) 2 • This 
va1ue is given, Ьу а rea11y achieved accuracy in momentum trans­
fer measurement and ensures dominance of the e1ectromaghetic 
interactio~ over th~ strong one. Ca1cu1ating integra1 (12) and 
making simp1e transformations, we obtain the equation: · 

daвrem -- 2 . 2 
&rz 2 ..)у -1 _x_(ln ~ _ 1 + L ). х 

=-2- у2 1-х у2 л2 ml7 (14) 
dxdT 

х {(1-!. +_!_)(1- ..!_ (а17+ {317) mЗy2_L) + {317m~~ i. 
У у2 2 а 17 1-х а 1-х 

This turns out to Ье useful in Rnalysing the experimental data. 
Here Т=· О( E1/ m11), where О= (k 2, Р 1) , ~/Е 1 is а characteris­
tic angle of bremsstrahlung, у= 1+ Т 2 , х = й) 2/Е 1 , Z is the 
elec tric ~harge of the nucleus, А = qmax / q,min • 

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

daBrem 

dxdT 
f(x, Т) fBorn - (а 17 + {317 ) fPOL 1 + {317 f POL2 ' (1 5) 

From expression (14) it is seen that the correction to the 
Born-term gi.ven Ьу (а 11 + {317 ) f POLl grows strong1y (as -Т4) 
with Т. It follows from expression (11) that in the pion rest 
frame the main contribution to the correction is made Ьу Comp­
ton events with forward photons. Such events correspond to 
photons scattered at large ang1es in the laboratory frame. From 
expression (14) it is also seen that а relative contribution 
of (a 17 t {3 17 ) f POLl 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 (а 17 +f317 )fpQLl term (in­
tegrated over х)*. 

То determine the parameter (а 17 + {317) one should investigate 
the T-distribution of experimental data,' From Fig.4 it is 
seen that the value of the normalization factor can Ье obtained 
from the О < Т < 1 region, because the cross section depends 
very weakly on the value of (а17 + {3 17) in this inter::val. Note 
that the term .f3 17 fpoL 2 does not contribute to the Т -distri­
bution. However; this term makes an essential contribution to 
the x-distribution/4,7/, 

*кinematic variaЬles vary in Lhe region defined Ьу condi­
tions u, s <10m~. This region is shown in Fig. 3. 
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~ Fig.З. The region of the varia­
~ tion of х and Т variaЬles. 
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Fig.4. Cross section of ·the 
diative scattering vs the 
emitted photon angle (under 
assumption that а 17 + {3 n; 
= lo - 43cm 3) • 
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Now we define the optimal kinematic region for the experi­
пient considered and estimate the statistical accu·racy of 
the parameter determination. The accuracy of . the parameter 
а 17 + {3 17 -determination can Ье written in the following form 
(the detection efficiency is neglected) 

Tmax 

~(a17 +f3~)= 1 ( ( I(T)dT)-112 • 
vB Tmtn (16) 

:-tere we used the function of informativity I(T) *, characte­
rizing the de.pendence of 1 the ·accuracy on the measured variaЬles, 
В is 'the integral luminoci ty. ·If f(x), the differential cross 
section of the process, depends on parameter ~. than informati­
vity is · defined Ьу 

Г/f{у) 2 
1~ (Т) = (~) /f(x), 

дg ( 17) 
~ 

From expressions (15), (17), tak·ing into account the fact that 
terms with the polarizabilities are small corrections to .. the 
Born term, we obtain 

2 
f POL1 (Т) 

I(T) =----
f Born (18) 

) 

*This method of the accuracy evaluation will Ье described 
· in the special paper. 
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Fig.S. The function of infor- ~ 
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The best accuracy can Ье achieved if the experiment is carried 
out in а regi~n of maximal informativity. Calculations have 
shown that the following interval is optimal ·for (а 17 +. {317 ) . 

measurement: 

0.2 < х < 0.8. (19) 

Fig.5. presents the dependence of informativity I(T) on the 
Т -variaЬle (the spectrum is integrated over х from 0.2 to 
0.6). From Fig.5 it is seen that the op~imal interval to deter­
mine (а 17 + {3 17 ) is 

о< т~ б. (20) 

Note, that for determinat.ion of the parameter {3
17 

the optimal 
region ,is 14•71 "' 

О.б ~ х::; 0.9, О <Т::; 2. (2J.) 

So one sh~uld . make the experiment measurement {3 17 together with 
(а17 + {3

17
) 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 (а17 + {3 

17
) * 

Ы~тr + {3 17) = 0.1·10 - 43 cm 3 • (22) 
• • , 1 

The real accuracy of (а + {3 j determ~nat~on wйl Ье somewhat 
worse (about 1.5-2 time~). fhis 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. 

То measure parameter (а"+ {3 J in process (2) it is necessary 
to ensure high efficiency of the experimental set-up for detec­
tion of t ·he final pion and photon in the region of kinematic 
varia~les (19,2Q). For this purpose the experimental setup со-

*Calculations were made for the carbon nucleus Z = б, with 
а ·reasonaЬle value of integral luminocity · В = loЗ4cm-2 
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vers the angular interval 2.5-3 times larger than in the expe­
riment 141. 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 "FRАММ" setup in 
geometry of the experiment for investigations of the reaction 
тr- +А -+ тr- + тr0 + А нi th the pion beam energy 200 GeV 11 61. Cal­
culations show that detection efficiency is high enough and 
one expects the accuracy for the parameter (а +13 ) _(integral lu­
minocity 1оЗ4сш-2) Маrт+/3") .::o.2.1o-43cm3 ." A'f the end we 
note that during investigations of the process (2) it is ne­
cessary to suppress the background from beam к--mesons decays 
к--+ тr тr0 wi th sharp asymmet•ric decay of 1f0 

.... 2у. 
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