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DETECTION POSSIBILITY OF CIRCULAR POLAFtIZATIOR OF GAXNA-FUYS - --we-. & . - -- - - I 
TI, R. Beard and M, E, Rose 

1 Biedenharn, Rose and Arfken have derived the correlation between 

the polarization of capture gama-rays and the polarization of the incident 

neutrons as a function o f  the angular momentum of the i n i t i a l ,  compound, 

and residual nuclear s t a t e s  and the pole order of  the emitted radiation, 

Since the emitted photons are  c i rcular ly  polarized, information about the 

angular momenta involved i n  the t ransi t ions can be furnished only by the 

polarization detection of c i rcu lar ly  polarized gama-rays, For nuclear 

gamma-ray energies, Compton scattering from aligned electrons would s e e m  

t o  of fe r  the best  chance of such detection. 

If one uses the aligned electrons i n  magnetically saturated i ron  

t o  determine the polarization of tb emitted gamma-rays the average spin 

( i n  units*) of the i ron electrons along the axis of magnetization is 

only about ,ob (from the experimentally determined magnetic moment of 

the i ron atom, 2,22 Bohr magnetons, and a gyromagnetic ra t io ,  2), 

the anisotropy i n  the Compton scat ter ing is quite large, therefore, sllch 

an experimental determination of th polarization correlation of neutrons 

and gama-rays w i l l  not be possible, 

l a rge r  factor  might a r i s e  i n  t he  Compton scat ter ing anisotropy, the Compton 

scat ter ing of circularly polarized l i g h t  was computed, 

Unless 

In  the  hope that an apprciably 

1. L. C. Biedenharn, M. E, Rose, and C, B. Arfken, Phys, Rev, ( t o  be 
published Aug. 1951) and ORNL 986. 
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2 Following the Feynman formalism the matrix elanent f o r  the Compton 

scattering process ( i n  the laboratory system and i n  emrgy units of QC 2 ) is: 

4 
where 8, ( = ) and Ito refer t o  the polarization and propagation 

vector, respectively, of the incident photon, 4 ard $ re fer  t o  the polarization 

and propagation vector of the scattered photon, and Uf and U i  r e f e r  t o  the 

f ina l  and i n i t i a l  electron states.  

energy of the i n i t i a l  an? final electron s t a t e s  and i n i t i a l  electron spin 

i n  the posit ive z-direction the squam of the absolute value of the matrix 

element becomes : 

Using projection operators fo r  posit ive 



where for the magnitude of a space vector, + k, we write k, We sum over the 

f i n a l  polarization of the  l i g h t  beam, 6,  a& a f t e r  evaluating the trace 

we obtain*: 

* where e is the  scat ter ing angle i n  the laboratory qqtesa, S represents the 

i n i t i a l  electron spin, and P = 4-1, - 1 corresponding t o  r i g h t  and l e f t  

c i rcular  polarization, respecttvely, since our potential  is 
-+ 3 +  3 zo = 2 (el + i P e2) where el, 

system. This is  jus t  the result obtained by Fano3, 

and ko form a r ight  handed coordinate 4 + 

e2.’ 

Since we are concerned with only the anisotropy due t o  incident 

gamma-ray polarization it i s  useful t o  rewrite equation (3) so as t o  express 

the in tens i ty  of the scattered radiation a t  constant scat ter ing angle, 6, 

a s  a function of the ro ta t ion  of the k, ko plane about the fixed ko, S 

plane: 

(4) 
c b d r N - + -  ko - sin 2 8+(1 - cos 8 )  (ktk,) cosd c o s 8 f k  s i n 8  sind cosy P 

ko 

where S is the magnitude of the average electron spin, d is the fixed angle 

3. U. Fano, J. Opt. Soc. - 39, 859 (19h9). 

90 obtain the d i f f e ren t i a l  scattering cross-section t h i s  square of the absolute 
value of the matrix element must be multiplied by 



between the incident photon propagation vector and the spin direction of the 

target  electron, and 9 is  the  angle between the k, k, plane and the S, ko 

plane 

We can now use t h i s  result t o  calculate the net  azimuthal anisotropg 

observable from the gama-ray polarization caused by the i n i t i a l  polarization 

of the neutrons. Biedenharn, Rose and Arfken obtain for the probability, 

w(po, ko, P), computed f o r  unmixed 2 pole radiation that a neutron with 

polarization Po will lead to the emission of a photon with propagation 

vector ko, circular polariaation P, and of multipole order L, the result: 

1 

L 

3 

4 

Wo, ko, 

where &J is the 9 + angle between k, an3 the incident neutron polarization, Po, 

and Joy J, and J' a re  the angular momenta of the target, compound, a& 

f i n a l  nuclei respectively. For s impliciw we set w = Io+ P cos k/ 

and obtain a f t e r  Summing over P for the azinuthal anisotropy of capture 

gama-rays produced by polarized neutrons and scat tered by magnetized iron: 

d r  = I  J t I  J c o s W c o s 4 p S  
0 0  1 1  

where Jo ko + - sin2& + (1 - cos 8 )(kf ko) cos d cos B S -lT 7 
and j1 t (1 - COS e ) k  s i n  8 sin d, 
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Clearly the maximum asimTlthal anisotropy far a part icular  value of I,/I- 

w i l l  occur i f  we s e t  S perpendicular t o  ko t o  obtain: 
3 + 

Taking the derivative of J1 with respect t o  cos and remembering 
~ 

- 

that from momentum conservation k = ko 1 + ko(l  - cos 8 we f ind  

that the maximum anisotropy w i l l  occur at: 

2) + ko .. cos e - -  
max ko 

A graph of COS emax a s  a function of ko is plotted i n  figure 1. 

Substi tuting this value of cos 8 i n to  the equation for  J1, equation 

(8),we obtain: 

( 9 )  

has been plotted as a function of ko i n  figure 2, One O b s ~ v e s  t h a t  JLmax 
the maximum value of J1 approaches 1 for large ko. 

J 
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Although the maximum relative anisotropg was not computed, approximately 

the same thing may be observed if we study the expression f o r  the isotropic 

where one 2 term, Jo, equation (71, Jamax = kO/%= + hax /ko  - sin @ maxo 

can see t h a t  J is always greater than 1 and is indeed approximately 

l+  ko far a l l  values of ko. To determine w h a t  re la t ive  anisotropy was 

possible 'bax 

can see that the maximum re la t ive  anisotropy is  around 30$ at k o a  1/2 mev 

decreasing to 20% at bo- 1.5 mev, 10% a t  4 mev, and t o  S$ for 8 mev ganrma- 

rays 

Omax 

has been plotted as  a function of ko i n  figure 3. One 
Jomax 

One cannot expect much help, therefom, ftom the Compton scatterirg 

anisotropy fac tor  i n  obtaining a large observable anisotropy, In  view of 

the small average spin of i ron  electrons (S = .Ou), magnetized i ron does 

not offer much h o p  f o r  the experimental determination af the polarization 

of c i rcular ly  polarized gama-rays, For using magnetized iron the maximum 

observable anisotropy i n  the Compton scattering o f  c i rcular ly  polarised 

photons is a t  best only one per cent, 
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