
Jla6oparop11Sl n;J.epHbiX npo6.r1cM 

Jla6oparopHH reopernlJ~CKoA <Pu3nKH 

L .l. Lapidus, Chou l(uanc-chao 

D -533 

ON THE ELASTIC SCATTERING OF ., -RAYS 

BY NUCLEI 

~~-;;p, ~940, 1 ?¥9, e V, e 1~- I Or8 .. 

Dub n a 1960 



L.I. Lapidus, Chou Kuang-chao 

D- 533 

ON THE ELASTIC SCATTERING OF 1' -RAYS 

•, · ... : · BY NUCLEI 
r 

Submitted to JETP 

--------·· f OhelKHeHHWi\ HHCTltTY'· 

~ oeFlli>IX HCtJieJJ.OB3HI!'' \ 

.a &H&nHOTEKA l 



Summary 

The energy dependence of the elastic cross section of T rays by nuclei 
near the threshold of photonuclear reactions is studied with th'e help of the disper­
sion relation for forward scattering. The first maximum in the cross section is shown 
to be connected with the dispersion effects. Further experiments which are necessary 
for a more detaiied analysis are discussed. 

I 

In a recent paper on y -d scatteringlll by using the dispersion theory it is shown that in a wide 

energy range up to about 100 MeV the phonuclear processes have a great influence on the behaviour of the 

elastic scattering cross section. 

qJ 
In the present war~ the scattering of low energy t' -quanta on nuclei is discussed. 

Fuller and Haywar<f'2 I, Penfold and Garwin/3/ have already applied the dispersion relation to the 
analysis of the elastic scattering of 1' -quanta on nuclei. However, they have studied the scattering 

only above the threshold of the ( 1'- ~') reaction. 

The consideration of the particle production in S-state leads to the appearence of the well known 

~nergy ~nomalies near the threshold of "f- N reaction. The dispersion technique is useful not only for 

the study of the Wigner-Baz' effect but also for the investigation of the general influence of the inelas­

tic processes on the energy dependence of the elastic scattering amplitude in a wide energy range, 

In the present paper we shall consider the energy dependence of the scattering amplitude and the 

cross section for the 1' -nucleus scattering near the threshold of T -N reaction. 

We are convinced in the framework of the dispersion theory that the first maximum in the ~cattering 
cross section of 6 -quanta/2/ is naturely connected with the threshold effects. 

We shall confine ourselves to the forward scattering. In the dipole approximation, which seems to 

be not in contradiction with the experimental data for the absorpticm of 1" -quanta by nu;lei up to about 

30 Mev/31, our results will be correct -also for other angles and for the total elastic cross section 

II 

The amplitude for the scattering of "( -quanta has the form: 
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T 
~,.... ~,-+ 

R, (e.e) + R~ (s ·S) 

fc:>r spinless nucleus, and 

' 
~ ~­s = XAe , 

--1 ~I ~e. I 
S =XA , 

( 1 ) 

T = R, c e::'e; + Rz. c s<sJ +. i R3 (?. c~'~l) -t- i R+ <a'. r~s~l) 

+; Rs [ (-8~($i;)- c ;;~(se'J] +iR, [<~x;c5'e)-<atJ(1"i'J] 

for the nucleus with spin ! 2 • For the nucleus with other spins more complicated expressions will be 

obtained. In the dipole approximation only R1 is different from zero. Dispersion relations can be 
·1- p;" " 

written for all the scalar amplitudes R , The imaginary part. of the amplitude is connected with the 

absorption cross section of t' -quanta by using unitarity conditions. Thus, the real and imaginary 

parts of ali the scattering amplitudes Rr can be evaluated from the data on the photonuclear proces­

ses with the help of the dispersion relations and the unitarity conditions. However, at present there is 

no detailed analysis of the photonuclear processes. Therefore, we shall consider only the dispersion 

relations for the amplitude Rr -+ R2 · in the forward direction which has the simple form: 

' 2 2 :z. 11)4 '0:. 
Re [ R, (~ 8=oJ + R:, ('Y 8 =oJ l,= - i!Me _,. ll Pl JY t: (Y'J 

~ ~. ~ . :ur )1''1.-Jiz 
. ' ~ 

3 ) 

i: 
'.'le have not found in literatures/4/ available for us detailed informations on. the energy depen-

dence of the cross section of the photonuclear processes. Except deuterons the cross section of photo­

disintegration is known only for. I·Ie4/5/ in a ~ide energy range. In a recent pape.r by Mihailovic and 

others/6/ the total cross section Oi. (II) for Al is obtained up to about 30 MeV. These authors 

have found some indication of the fine structure on the energy dependence in the giant resonance region. 

Data in the threshold region is still absent. 

Smoothing out these experimental data we get the scattering amplitude with the help of ( 3 ). 

Schematically it is shown in Fig. 1. It seems to us that the form of the curve shown in Fig. 1 is 

characteristic for a series of nuclei for which the total cross section <lf: (Y) is large in the giant 
resonance region. 

In the threshold region the photodisintegration of deuterons leads to a decrease of the scatterin 

amplitude in com~arison with the Thompson amplitude. 3ut for other nuclei with great absorption cross 

section the situation is completely altered. 
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Since the amplitude changes from negative to positive at a certain energy below l4- and then. 

becomes negative at an energy above ~ , the energy dependence of the scattering cross section 

will have in general the form shown in Fig. 2 which agrees with the general tendency of the experimental 

datci. 

For the nucleus · AI 

maximum attains the value 

mental ones. 

the magnitude for the scattering cross section in the region of the first 
-28 . <l'.s (.)I) = 2 · 1 0 cm2, which is very near to the experi~ 

It is clear that the first maximum will be absent if the dispersion effect is not great enough to 

change the sign of the real part of the scattering amplitude in the threshold region. 

The amplitudes of the first maximum for different nuclei are determined by the relative weight of 

the absorption cross section in the threshold region and in the giant resonance region. The contribution 

of the dispersion integral from the giant resonance region greatly enlarges the pick in the maximum. For 

AI the width of the maximum is greater than 2 MeV. 

In our consideration the effects connected with the different places for the ( If ) and ( fn ) 
thresholds are neglected. The error inherent in the data used is not analysed. We think that the general 

trend will not be changed irt a more detailed analysis. 

IU 

Therefore, the explanation of the energy dependence of the 1' ~nucleus scattering cross se~ 
tion pointed out earlierf7/ seems to be correct. . 

The relatively inaccurate and poor experimental data on the absorption cross section for a series 

of nuclei makes it impossible to try a reliable analysis of the scatte~Ung cross section. 

The data on the absorption cross section in a wide energy range is also useful for the estima~ 

tion of the polarizability of the nucleus. For AI the polarizability <N 

d .1 1 . r o;. (V) av 
ol.= [JYi(Rt+R2.>Jv=o = .21f2.PjJI-~: y,. 

which is approximqtely equal to :::!: 2 · } o - 39 crn3 ( with an error of about 50%). For 

He: o(. = (o.=fo ± o.oS") ·Jo-40 cm3 

It seems to us that more experimental work on this field will be very interesting. It is necessary 

at first to obtain the energy dependence of the photoabsorption cross section both in the threshold region 

and in the higher energy region. For heavy nuclei like U and Th the cross section for the photofission 

process is also desirable. The photoproduction of pions will also be important in the region of 

120-150 MeV and at high energies. 



6. 

More detailed phenomenolog-ical analysis of the photonuclear processes in a wide energy. range 

is necessary in order to get the spin dependent amplitudes for the r -nucleus scattering. 

On the other hc:md with the help of the dispersion relation cmd the unitarily condition it is possible; 

to obtain some information on the absorption cross section from the experimental data. on the elastic 

d -nucleus scattering. For this purpose the inverse dispersion relations seem to beanuseful tool. 

The autho~s would like to thank Ya.A. Smorodinsky for helpful discussions. 
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