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The dispersion relations and the unitarlty conditions of the 
S-matrix are used to analyse the elastic '( -quanta scattering 
by deuterons below thethresholdof pion production. The limit of 
low ener gles for )" -quanta scattering by nuclei with arbitrary 
spin Is considered. The dependence .of the eh;stlc '/"- J... scat
tering on energy Is obtained with the help of experimental data on 
deuteron photodlslntegratlon. The result greatly differs from the 
Impulse approximation In a wide energy region. The account of 
pion photoproductlon ·by deuterons turns out to be negligible In the 
treated energy range. 

Introduction 

The scattering of f -quanta by deuterons is one of the processes in which such inelastic reac

tions as photodisintegration of a deuteron ahi. photoproduction of a Jr -meson have a great influence 

on the amplitude of the scattering. The effect caused by the photoproduction of a TJ. -meson is impor

tant in the region near and above the. photoproduction threshold. The study of this effect requires a de

tailed analysis of the process t+ J.. ~ N JV"J[, 't d. -4- J.][" and will not be considered here. 

The influence of pnotodisintegration on the )"" - d elastic sc&ttering has been treated in an earlier 
· . Ill · · paper in the ,.low energy region . . The process of photodisintegrcition causes a sharp decrease in the 

cross section of elastic scattering near the threshold of photodisintegration. The aim of the present 

paper is to study the 'f - d scattering in a wi~et energy region where the effect of photoproductlon of 

mesons is still small. The technique of the dispersion theory is adopted. 

The experimental data/2/ for the scattering of r -quanta by deuterons in the region below 

50-100 MeV cannot fit the theor~tlcal result based on the impulse approximation/3/, This forced us to 

carry out the analysis which is not connected with the impulse approximation. On the other hand the con

tribution to the scattering amplitude by·mesonproduction can be neglected since it is quickly damped be

low the threshold of photoproduction. 

We limited our analysis to the forward scattering. Only electric and magnetic dipole amplitudes 

for photodisintegration have been taken into consideration in the calculation of the dispersion integrals. 

We begin with the ·phase shift analysis in order to express the imaginary part of the scattering amplitude 

in terms of the qu~ntities characterizing 'deuteron photodisintegration. Then we shall consider the for-. . . 
ward dispersion relations and the low energy theorem. Dispersion integrals are estimated in the energy 

region of '{ -quanta below ~ 100 MeV. The real and imaginary parts of the scattering amplitude are 

obtained and the polarizability of the deuteron and the'nucleon are discussed. 
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2. Phenomenological Analysis 

(i\) 
It is well known that the electric·and magnetic wave functions of a photon are ?fi.Jn. (K), A=<t,t 

-+(o) i. ln. . • -
11 - 2 c . v . (J<) J 
J.R..m - ft. £ JnJ< tj'- /.t. m.-y . JU 

and -t 

u<tJ = - ;_ [; i]c()'I 
J ~)11 I J ~Jr? 

where k · is the unit vector along the i!npul~e of a photon in the centre of mass system, 

spherical harmonic functions and 

~ f - ·7 
"l" = --(i +'-j) 
.)1 11/Z ' 

~ __, 
Jo= k I 

~ 1 ....,., ·7 
T = -(t-t.j) 
J-( « 

( la ) 

( lb ) 

Yt,_ are 

( 1 ) 

are· the eigtmftinctions of the photon· spin. The photon wave function satisfy the transversal condition 

- -J(i\) 
)<. Y.t~rt (K) = o. 

If we denote the spin function for a deuteron by 

~~ = -k(j) 1. =(i / 7-t -t-:; 
I -:v.t' ~ 

( 3 ) 

• the eig~nfunctions.of the total angular momentum J 2, 

ccinstructeci'from ( 1 ) and ( 3 ). 

lz 'and the parity for the Y -J. system can be 

I 

/J(:i\J J M 
-:Jj 1..Jt1 .=. f CR. H~Z 

f~· 

f z 
ll ('i\) 

JR. H-Z. (K) 7z. ( 4 ) 

In the centre of mass system all the quantities in the final state will be denoted by symbols with 

a prime, e.g. k' wi!l denote the direction of the photon impulse in the final $tate. 

The scattering matrix T may be written,with the help of ( 4 ) 

T=L 
j M ~.(' 
~.A' 

AI I uc ' ~~ u(AJ · ~A 
Jj {'M ( K) Jj.t~ (~) ~·1..('. 

( 5 ) 

'\ 



According to parity conservation· 
. );l' 

a. t1..' == o :J 
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( ,,.£+), . .(+~' 
_,./ ~ (-1} • 

The invariance under time reversal leads to the symmetry condition 

It is easy to show that the forward scattering amplitude has the following form: 

( 6 ) 

( 7 ) 

e'··T·e = A (e~;J +·i.B (S·f;_~;JJ+tc [ (~e)(~e; (a) 

+ (ie:J(S.el} + jclJ [(f l X:e1) (~li( ~7J+(~!i?e:t}(~IX:e.JJ} 
~ ~' . 

where e and e are polarization vectors of the photon· in the initial and final states, respectiv~ly, 

S is the operator for the spin of the deuteron whose components satisfy the following commutation rela

tions 

I s, / si 1 = ~ e,'i K s ~ 
Si ~-SK -+ SK~ $; = ~ij SK -r ~·xS£. 

( 9) 

Using the Stokes parameters for the description of 

have done for r-/{ ~cattering/4/; it is easy to obtain 

the photon polarization as we 

:s:, · T · ) 1: 1 == A + B c ~ KJ -r j ( C-t-£J) [2. - c~ iO l) 

From ( 10 ) one can construct the density matrix in the final state by the method developed in/ 4/ 

and cCJ!culate all observable quantities. The cross section in. the forward direction for the unpolarized 

deuterons and photons is equal to 

and 

( 11' ) 
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- __,. 
where Gf is the total cross section including both elastic and inelastic cross sections; 1 = 7 K • 

Let us turn to the phase shift analysis. Consider only the electric and magnetic dipole transitions 

in photodisintegration. 

Magnetic dipole transition is characterized by the matrix 

0 J 1<1 j M I H-'l c l H-'l
1 3 ~ * 

~- = 2. ~ H-7. 11. ~ H-'l.'lrc.' C, o 1H-z '"' H-'l' ~ 7r 7z' SH-1. )H-'1.' 
( 12 ) 

where we have used .the relation tm. = SN.nt . ./f:J;.? for the forward scattering. 

From ( 12 ) it is easy to obtain 
3 

3~· F · s, + ·r_~. F · J_, =- s1r £ ~· _,. !J s:J 
3~ ·F· :5, - '5-~ ·F. J_, = 8} ~· 57! ( 13 ) 

*~ _ 3 3 I . 2 -s,_~_' r . J -t - -:. 87T fJ· ~~ -~ = - 87T PJ F ( S;c -t SJ) 
3 ·F·3 =-LB T ·. 3 B -Lc · ~ 

_, ' Blf rj '~,.t =- - fnr r:J· 2. s" -r i s'JJ where 

{ 
1 ~~ t~ clJ = 1 j ~ = - ~ ; ~ ~ ~ -~ 

0 '/~ -V3 
In obtaining ( 13) we have used the following relations 

. 
J=:2. 

J~t 
( 14) 

. 
J =Q 

?J111t' ( ~ 
, L1 'r = y ( S z.r -t- S ~ } f'\ 

~ r z 
~-r1-r= T (Si-S~) 
'l1 ~ . ·~ 
Lo ~0 - I- sl 

* . . l [ 2 2 • (S S. 17 -~~ ~-:t = ~,.t = ~ Sx- Sy + L ~ 'J -t SJ SxJ; ( 15) 

'* 1 { 2 2 • .J ~-r ~ 1 = 12,-.t = ::t S)( -_ SJ - t ( Sx SJ -+ SJ Sx)J 

-The matrix for the electric dipole transition can be obtained from ( 13 ) when :S1 in ( 13 ) is replaced 
• [ -t _., ~ _, • [ ~ ~l -

by L J,, KJ = - :S1 and 'S-r by , J_1 lf..J - S-t 

', 
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Comparing ( 13 ) and ( 14 ) with ( lO L we obtain 

where r is the relative mo mentum for the t- d. system. Express T )"J _, 'Y .in the form 

T . y S ~ (i\J ~ d_ S A • 
)'"o{-7)1.f ==:. 2: J·~'M (n) . (X} . ttJ 

. J.R.H J~A.. 

( 18 ) 

( 

where j is the total angular momentum, 1 is the orbital angular momentum in the final state and S 

is the total spin of the n-p system. 

Conservation of parity leads to t 

. SA (-l)i.+~+ f = (-1) .(. 

The quantities J.Ji. '£. are connected with the partial cross section for the photodisintegration 

S (mJ • S ~ 2 
1.47[ rJj 1?.' = (2j+l) ldu'.e'tl / ( 19) 

5(eJ · S 1 t 
2 4 7T OJ £ I = ( 2j' -r. 1) I d.J .l I I I. 

The total cross section for photodisintegrati6n is equal to 

2 A1/- 0: = ~ . (:z.'j'+ /) [I J./~~1 1-l+/ J,;,~/
2

~ 20) 
'7 II Q ol ~ J'Lf • _f Is ..! V J ( 

J . . 
Substituting ( 18 ) and ( 5 ) in ( 17 ) , we have 

A~' SA. *(c/S;t') 
471 1/ff aJ 1 i.' C7,J = 1 Q.?i ( dJR. ''.f. J -J .R.f/ .t., . ( 21) 

With the help of ( 16 ) and ( 14 ) we get 
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~ .Z 3 - .2 L (C(le) qV"I _ k (};. 
lm (A + 3 C + -g-:tJ) = /{,7( f ("!J· + 3 fJ) 111 :i + J ') -+7r I'd 7/ 
L, A = +~ ( 3 a-;, T ; o;_ ) 

1 B -L(3~ 3,__ 3r.-J 
n1 - 1jC 2 VQ T + !Jf - + V.,l 

1 C = L ( -3cro(~'+ .l. crceJ _ ·~crce') 
m 4-7f Z 1 to .2 

1 (i) = _1_ (- 3 u:(/lf) - 2 (hrJ 
h1 CJU 11T q /o o; ') 

. 
where the partial cross section for photodisintegration in the state j including the factor ( :l;J' -1- 1 ) 
is denoted by OJ 

3. Crossing Symltletry and Dispersion !:elations 
·-.:....7:-:-.~:::~=:..=o:..-:. 7-~-..:..-=- :...:=.=.;.;.=:..;;,:...;;.~:-·.::::..;....:.~":-·.~.::,;..:_:. !. • .:.·;.;.."': ~= . .=.·-

The retarded amplitude for the 0 -rJ.. forward scattering may be written 

<p.'l e~ N2e~ e If> = - 27f2 t.' 

f. -ry.z --,) 
d+z e <ff. 'I ecz,j [ e'j (~~ ej(- ;_ J] If/ f< > 

( 23) 

U . I 
where r' and f are the spin indexes for the deuteron. 

10:). . 
Similarly, the advanced amplitude has the form 

/ ' / ' ,.ra.J.II / :z , .... f e · ,v . e f> = 2 7T t. 

· J d.fi e -if·r <r :U. 'I ec-~,, l~j· c ~ e jc-;) J If, t->. 
For the forward ·scattering in the laboratory system the deuteron momentum p vanishes. 

( 24) 

Consider the complex conjugate for ( 23 ) and ( 24 ) 

~et 7f ~ 
<f-'1 e'· r{~v (1 J ·e If> =- <f-1 e '. tfttJ.v (-1 J · e If). ( 25) 

Changing the order of € ';j( !-)and € j't-:f)in ( 23 ) and ( 24 ) and then replacing z by -z in the 

integral, we have 
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Representing wevadv in the form of ( 8 ), we may express the conditions of ( 25 ) and ( 26 ) in 

terms of the symmetric properties between the scalar functions. 
' 'l~t-la.c(v · * L1 '2tt'/a.iv( ) 

A '' (V) = Vl -Y 

B'let(aJv (Y)-Jt- = - B ~/a4v 
c'tLtla.tv '* 'Ut'/<(.,(v (-JI) 

'ZLt(ab (y) = C (-Y) 
D (V}~= di)'LLI'/a.J..v(-V) 

( 27 ) 

and ,..; 

A 1.\ctLI ( y) - v4 'UX (-JI) 
gMII ( V) =. - B 1\.t:t ( -v J ( 28) C ad-v 0 aJ.v(v> - c ( -JI) 
D (y) - :!) 'l.J- ( - J.l ) 

Now let us denote A, C, D and B by Lit L2,,L3 and L4, respectively. The dispersion re

lations for the scalar functions can be written in the following form ( lab. s ): 

:zyz joqJv' I, L,,~J CY'J 
ReL,,:~., 3 (YJ-ReL1,:z., 3 (oJ= 71 PJ/. Y'(r~ 11 :z; (29) 

;p 

and 

I :z.y 3 J c/.}1 1 
.L, L,. (y'J 

Re L4- ( Y) - y Re L:,. (o) = 7r p J1'2(y'.z- v-'J 

~ 

( 30) 

where ~ is the threshold energy for deuteron disintegration which is approximately equal to the bind-

ing energy -:>f the deuteron. 

The dispersion relations ( 29 ) and ( 30 ) will be useful only when the values of L1,2,3 (0) 

and L '4 (0) are known. It is necessary therefore to calculate the amplitude in the low energy region. 

This calculation will be carried out in the next section. The result for lab. s. is 

~ 

Re L1 (o) =- ~cl. 
I g ~ 

. R~l~ 3 (o)= 0 Rstl4lo)=(ll0-~) ( 31) , , " _ r 

where 1o is the magnetic moment of the deuteron. 
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4. Low Energy Limit for the Y- J Scattering 

Thirring, Lo:.V, Gell-Mann and Goldbergerf5/ have shown that the limiting value of the scattering 

amplitude and its first derivative with Y at )I = 0 are completely determined by the static proper

ties for the system of spin ~~. 

Following the method developed by Low we shall show that similar re:mlts hold for the system 

with arbitrary spin. 

. I I 
The S-matrix for the photon scattering from the state ( 11 e ) to the state ( 1 I e ) can be 

expressed as follows: 

s- - e; ~') ~ C4fotJ-fh. ( 32) 

where 

~ y = J d.X dJ e i1·3- ."(x< I p lj.-V<I, J/JJ) I). ( 33 I 

Using the method of Low,it is easy to get* 

giJ - g!}' -t A r~. +a Eul< )K -f- :iJ cs,·~·+~· s;.J ( 34) 

where 

A C 7'7 J +-13(S'-lf,'(l)-tr1J [(sf}CS:jJr(:f.JJ(SjJj ( 35 ) 

while 

= 7ofo'C 1 

(:t.Tr)4- 4 ' ' [ <?-? IJ~I'J><tiJ~/o). 
C = i $ (f+~-f-i)s~ _ ECJJ-E(OJ-Jo . 

+ <1-?'ljol-f)<-1'/J~/o_>j 
£(J'J- E(o} + J' 

and 

( 36 ) 

---·------------------
* This Is the most general expression for arbitrary S U only the constant terms and the terms 

linear In the energy are taken Into consideration. 
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0~~> = (~r.l'·S4Cf'+9'-f'-q J4.[ <?-?~J;·If><IIJ;·Io>-
O'J L I I' >fm E('jJ-£(o.J-7o 

+ <f-?'!Jj·J-f'}<-?'(i·lo>j (37) 

F {f'J- £(o) + fo' 

Consider the case where the states If .> etc. are the eigenfunctions of a system with the 

spin S. 

--.,> 

In the calculation of ( 36 ) and ( 37 ) we must know the current matrix < ~ 1 J 'j f,) in the low 

energy region with an accuracy of the order of % _,.;and < fo / fo If,) of. 7r /c.~ . 

It is shown that these matrix elements with the required accuracy can be det.ermined by some ge11e

. ral principles. 

~ . 
. Since j and J 0 are Hermitian operators and the interaction is invariant under three dimensio-

nal rotations, the !UOst general form of the matrix elements for the current to the required approximation are 

< ~ e __, ~ ~ __, - { ~ ~ - ~J.' ( ~ _. ~ ?1 r:z I j I ,, ) = .:u1C f, + fz J +t(< [ ~ fz-r, ]+ C S ( S ·Cfi +(:z·(l'-1- S·(f,+fo))~( 38 ) 

and 

where e is the total charge, p.s Jois the total magnetic moment and a,b,c,d,f,h,g 

parameters. 

are constant 

; ... . . 
. Th:_;urrent operator j i transforms like a 4-vector under the Lorentz transformation. The wave 

functions / f, Jl > are the basis for the irreducible representation in the inhomogeneous Lorentz group 

which transforms in the following way 
L , ~ I _, -:-+ ; 

lf
1
tt> . > Iff>= RJ<!'(L,,fJ L f,f-> (40) 

where· R,_,_,(L,fJis the matr~x for the rotation of the spin ~der the Lorentz transformation studied i/
6

•
71

, 

~ ~ . 
Consider two coordinate systems. In the first system p, = o and Fz · . f , while in the second 

system 
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-4 __, · r, = ~ , r,C1 = E1 = ,ff+H .. , 
~ - --. __,~ 

~ =.J'-+ i, [ C~fl El (/- {fJ + £' Ef] 
E _. ...... 

P~o = 1'/ [ £f -T .f:LJ. 
Ey ~ 

The second system moves with a velocity - + relative to the first system. 
. ~ . 

( 41 ) 

To the order of "Ufc z. the matrix for the spin rotation under the above Lorentz transformation 

has the form 
~ - . So[ff] 

R c.L, r' - 1 + L 2H:z. ( 42' 

Further, to the ~der of 11" /c we have . 

<. • I Cit ~ ~ ; ,6r~ s ~c-...... ~ - ....... ~l f+fiJif> == 2.14 Cf+2,)ri/s,fJ-+CzS ~f+2.f)+(S_,ff:ztJS;. 
-4 ..... 

<rli /o) + -J;- <t'.J".Io> 
. ( 43) 

--!:..4 . r~.... ~~ ~ r 
- :l.M f -t- '!- .S,fl+ c s <SfJ+ r.s;-;sj +a.M 

and to the order of 1f fe :z. 

<r+ 11 )~ 17 > I= q + b c'r ~ 2f·1 -+1f2
l + of. ( f· 7_ + t z_; -t 'f ~ l F j) 

7-3{ CS:jfj J Cl,f+fJ r cij/C(i~Jj+ -t f t1;(+j}fsy'J+ (Sj){S.j+fj 
.·~l~:-t E . ~ = [!- ~ .5~~'}1Jj· Hf [ <f lj~/o) + -/r· <f ljJo>} (44

) 

= a.- ia. S'~~tj) + .2~1.1z_,. /,f,_+! C:({JlSf) +:~.~(f.j) +if~rf, (1., 

From ( 43 ) it follows that a·= e, c =-· 0 and from ( 44 ) 

d + 2 b =. ~~ 7. f = ~- 2~ 7. 
. I 

j 
3-=C==o. 

Finally we have the covariant ~xpressions . 
~ Q..~~ • ~~~] 

<f:z./ J 1 ,, > = ~(~ +fz.) + ').( l s" fz -r, ( 45a) 

< . . (--1!:- e ) ""::") [~ ~ .e, C...,~, fLIJolf,> = e rt- 11 - 211z. S· ~f,J +w f,·fz • 
· + :<.k C.f,- ~fz · · 

( 45b) 
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The expression ( 45a ) coincides with the matrix element for the current of a nonrelativistic particle 

with spin S (see, e.g/81). Fortunately, the unknown pqrameter b in ( 45b ) does not appear in 

the final results. 

With the help of ( 45 ), it is easy to obtain 

For the forward scattering 

( 48) 

Putting S = 1 in ( 48 ), we get ( 31 ). 

In the energy region bel~w the meson photoproduction the spin dependent terms gi•:e s:::all contri

bution to the cross section, since in comparison with the case of the nucleon the mass is increased two 

times while at the same time the magnetic moment is greatly depressed. 

5 .. ~~_su_lts and D~~CUS!>!Of!S __ , 

At present the experimental. data on deuteron photodisintegration is available up to an energy 

~ 500 Mev/9/, The result for the calculation of Re ( L1 _,. fL.z + j L?>) is shown in Fig. 1, 

where the real part of the amplitude is e~pr_essed·in terms of the units e/Hf ( curve 1 ). The photon 

energy is measured in the units \j/)!p ......: ).;', e.g. the threshold energy for deuteron disintegration. The ima

ginary part of }...1 + ~ L2 +: L3 is also shown there. 

The main contribution to the dispersion integrals for Y ~ 100 !,1eV comes from.the photodisin

tegration in the energy region V .:6 75 MeV. The detailed analysis of the photodisintegration process is 

needed for the calculation of other amplitudes. If the main contribution of photodisintegration is assumed to 

come from the energy region Y ~ 80 MeV and the analysis cf de Swart and Marshak/10/ is used, the 

dispersive part of all other amplitudes can be estimated. Thus, the spin dependent amplitudes for the for-
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ward 1""- c{_ ~cattering Is shown to be much smaller than those for the 'f- N scattering. The energy 

dependence of the cross section for Y- o{, scattering Is shown in Fig. 2. The cross section is dec

reased at first in comparison with the Thompson amplitude, then it begins to increase very quickly 

( Y ~ 4 MeV) and reaches a value 4 times larger than ( e /H c;( )2 in the energy region 

20 < Y< 80 MeV. 

Magnetic dipole absorption is important n~ar the threshold of photodisintegrafion which leads to 

an additional sharp cusp In the cross section with·a half-width of about 200- 300 KeV. 

The great influence of the inelastic processes on the deuteron as a whole makes it impossible to 

apply the impulse approximation to the elast.ic r- o1. scattering in a wide energy region*. 

The existence of photodisintegration process shows a speCially great influence on the polariza

bility of the deuteron. Although the polarizability of the nucleon, as has been shown by Baldin, is comp

letely connected with the process'of meson photoproduction, the polarizab~lity of deuterons and other 

nucleus are caused in general by the low energy photo-nucleop. reaction • 
...... ~· >~" -~·· • ..., "' • .,; 

From· ( 29 ) it follows that the electric polarizability of the deuteron is equal to 

J ... tjao 
oLa. = dVZ [Re (L1 -1- ;Lz. + ffLJJj. .z-r 

V=o ~ 

l 

o;cv) otv'. 
y:l. 

(49) 

The analogous formula hold~ also for other nucleus. The basic contribution to Gt is coming from the 

dipole absorption. With this consideration. ( 49 ) turns out into the well-known formula of Migdal/11/ 

(see alsol2/), F 
Substituting ( 41 ) and ( 46 ) from/11 into ( 49 ), we get the sum of the electric and the mag-

netic polarizability of the deuteron 

f'Piz. 
' e 2 1i c_ 2. S .3 (It~) ~ ~ t ~33 z. 

oc.d. = HCi ( T) z 61- + !<. He£ Cfrji.,/) =O·'If ·JO Cff( 50) 

which agrees with the result obtained by Levinger and Rustgi 12/_ 

* In a recent preprlnt of Schult and Capps the correction to the Impulse approximation f~r o-J. 
scattering Is reconsidered and similar conclusions are drawn, 



15 

Since the effe~ of photodisintegration is very great for 1' _. d. scatterin9 and for the polariza

bility of the deuteron, it "is· difficult to get available estimation of the polarizability of th~ neutron from the 

expefhnentar data on f- J. scattering at low energy. With some apprximation_the electric polarizability ..• . 
for the neutron may be obtained with the help of ( 49_ ). For this purpose the replacement Of of the 
total cross· section in the dispersion relation by the difference of U t;. with the sum of the photodisin_. 

tegration cross. section ~C: s 1 the elastic,production of a (/( -meson 09'/ .and the photoproduction 

of a ·!!{ -meson by a proto~ G p . 

1 J o(y' . ' 
o/. 11 ~ l.1T2 P 7 [a; c .. ~- <>~s<YJ- OffCJ~'J- tSfCY'Jj. (51 ) 

~ 
More detailed analysis on photodisintegration and photoproduction is needed in the calculation of 

the magnetic polarizabilitx*. 

Strictly speaking, the analysis treated in the present paper isvalid only for cross sections in the 

forward direction. However, in dipole approximation the basic results can be _generalized for other angles 

of scattering. We shall not compare our result directly with the ~proximated data, since in experiments 

besides the elastic scattering there is inelastic scattering process 

Recently Baldin (private communication) considered the correction to impulse approximation for 

the inelastic Y -scattering and obtained the conclusion that there are large corrections connected with 

photodisintegration. 

Therefore, we may conclude that the experimental data on the scattering of r -quanta by deu-
• 

terons in the energy region 50- 100 MeV do hot contradict the theoretical result, if the influence of 

photodisintegration ( and photoproduction) is taken into copsideration. 

For more reliable comparison of the theoretical results with the experiment it is necessary to 

perform the analysis of the inelastic processes in a wider energy reqion. 

The authors wish to express their sincere thanks to ~.M. Baldin, V.I. Goldansky, and Ya.A.Smo

rodinsky for many helpful discussions. 

* The magnetlo polarlzablllty of the proton Ia very aenaltlve to the assumptions. whloh have to 
be made In the analyala of ph~toproduotlon f mesons. Aooordlns to the analysis of Watson It follows 
from/•/ that the magnetlo polarlza~IA,Y of protons Is nesllslble. It seems that this oonoluslon does 
not oontradlot the experimental datal • 
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