
IL NUOV0 CI.~IENT() VOL. XL A, N. 1 lO Novembre 1965 

Circular Photon Polarization Detection by Pair Production. 
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S u m m a r y .  - -  The emissma asymmetry in pair production by circularly 
polarized photons is calculated in the second-order Born approximation. 
The possibility for application of the effect for detection of photon circular 
polarization is discussed. 

1 .  - I n t r o d u c t i o n .  

The possibility for the detect ion of circular polarization of photons using 
an asymmet ry  effect in pair  product ion has been discussed earlier for the case 
of high-energy photons (L). I t  might  be of some interest  to explore the pos- 
sibility oi using this method  also for lower energies. :gather t han  giving a 
complete analysis of the a symmet ry  effect which leads to ext remely  compli- 
cated ealcul~tiouq, we restr ict  ourselves in the present  paper  to the second- 
order Born  approximat ion  and to a special simple geometry  which is indi- 
cated in Fig. 1. The emission planes of the electron and positron defined as 
the planes containing the photon momentum k and the electron and positron 
momenta  p_  and p+,  respectively, are taken  to be perpendicular  to each other.  

Fur thermore  the angles between p_  ~n4 k, 0_, and between p+ and k, 0+, 
are taken  to be equal. We ,'~iso restrict  ourselves to consider the case of equal 
energy par t i t ion  e-----~+ : k/2, where c and s+ and k are the energies of the 

electron, positron and photon,  respectively. 

(1) H. OLSE~- and L. C. M:~xI_~Io~: N~eovo Cimento, 24, 186 (1962). 
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The results  obta ined  here should give the  correct order of magni tude  of 
the  effect which is of p r i m a r y  in teres t  to the  exper imenta l i s t  a t  the  presen t  

/ ~ -  ,[ 

k ~  

/ / 

Fig. 1. - Asymmetry in pair 
production. With p+ fixed the 
electron intensities I(n) and 
I ( - -  n) are recorded. I(n) is the 
electron intensity in the direc- 
tion p_ where n = u • v~ I tt X v ] 
and I ( - -n )  is the electron in- 
tensity in the direction p'_ 

where - -  n = u x v' /]u X v']. 

stage. Concerning the  accuracy  of the  Born  
app rox ima t ion  we know f rom other  a s y m m e t r y  

effects, e.g. 5~ott scattering, t h a t  the order of 

magni tude  of the  exact  and  second-order Born  

approx ima t ion  results  are the same even for  
h e a v y  nuclei. I t  should also be no ted  t ha t  since 

the  a s y m m e t r y  is p ropor t iona l  to k . p +  x p _  i t  
seems reasonable  to believe t h a t  the geomet ry  

of Fig. 1 gives the largest  possible a s y m m e t r y  

effect. 
Energies are measured  in uni ts  of mc ~ and 

m o m e n t a  in uni ts  of inc. 

A s y m m e t r y  effects in scat ter ing and  radia- 

t ion processes m a y  convenient ly be demons t r a t ed  

when the  cross-section for the process is wr i t ten  
in the fo rm (~) 

da  = dao § d a l P .  n ,  

where dao is the spin- independent  cross-section, and  dal P .  n is the  polari-  
zat ion m o m e n t u m  correlat ion cross-sectiom P is the  polar izat ion of the  in- 
cident part icle  and  n is the uni t  vector  

n = pa •  Xpb I, 

where Pa and  pb are in general  m o m e n t a  of the  incoming or outgoing particles.  

The t e r m  P .  rt introduces an a s y m m e t r y  effect in the intensit ies l(rt) and I ( - -  n) 

measured  for the  two different directions of mo t ion  corresponding to n and  

- - n  of one of the  f inal-state particles.  This a s y m m e t r y  is given b y  

I ( n )  - -  I ( - -  n )  d(~l p .  n . 
(2) R = I ( n )  + I ( - -  n) --  dao 

Thus,  when daj/da0 is known f rom the theory  and  R is de termined experi-  

menta l ly ,  the  component  of the polar izat ion P in an a rb i t ra ry  direction n 

m a y  be ob ta ined  f rom eq. (2). 
Previously  a s y m m e t r y  effects of this k ind  have  been considered for elec- 

(2) H. OLSEN: Proceedings of Con]erence on the Role o] Atomic Electrons in Nuclear 
Trans]ormations (Warsaw, 1963) (to be published). 
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t ron  scat ter ing (3) (Sfott effect), photoelectr ic  effect (4) and bremss t rah lung  (5). 
For  the  present  case of pair  product ion,  P is the pho ton  circular polari- 

zation which in te rms  of the  polar izat ion uni t  vector  e is 

(3) P = P i e  ;., e* = ! P k / k ,  

where the upper  and  lower signs refer to r ight  and lef t -handed circular pola- 

rization, respectively.  

Since the direction of the photon  circular polar izat ion is along k only the  

component  of n along k is of in teres t  and we m a y  t ake  

(~) n = u ~< v / l u  Y v :, 

where u and  v are the  compone~:ts of p+ and  p _  perpendicular  to k. 

The calcul-~tion of d ~  involves computa t ions  of the imaginary  par ts  of 

second-order Born  m a t r i x  elements, since only these contr ibute  to the po- 

l a r i za t ion-momentum correlation (a). 

2 . -  Polarization-momentum correlation cross-sections. 

The cross-section da, calculated f rom the interference between the first 
and second order Born  app rox ima t ion  diagrams of Fig. 2 for the geomet ry  
chosen as discussed in Sect. 1 is found to be given by  

(5) 
�9 o 2p2dedf)+ d~9- f , ,  ,2 ~ - 

d(~(ieXe*).n = ~c~-Zaro (2z)3kd~q~ Jd,p O(p --p )Z~. 

k T - -  

/ ~, 

Fig. 2. - First- and second-order Born approximation diagrams contributing to da 1. 

Here  s = ~ + = s  = k / 2 ,  p = p + = p _ ,  d=ks+- -k .p§  q-- - -k- -p+--p_ and 

(6) X = T r ( E [ A a + b  @ Ba b+--2Ca+b c+d-- 2Da_b+e d]}. 

(3) N. F. MOTT and H. S. W. MASSmC: The Theory o/ Atomic Collisions (Lon- 
don, 1949), 2nd ed., see also J. W. MOTZ, H. OLS:BS and H. W. KOCH: Rev. Mod. 
Phys., 36, 881 (1964). 

(4) tI. KOLBV,~-STV~DT and H. OLS:B~: 2guovo Cimento, 22, 610 (1961). 
(s) W. tl. JohNson- and J. D. RozIcs: Phys. l~ev., 128, 192 (1962). 
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The coefficients a, b and c are 

(7) 

a:~ = [(p' • + ~s]-,, 

b_~ = [(p_+-- k • P'V + Is] -~, 

% = [(p, • k ) s _  ps]- i .  

The quan t i ty  I is pu t  equal to zero ia  the  final result (4). 
The remaining quanti t ies in eq. (5) are 

(8) 

X = [tt" e (a .  k -~ k) - -  2e  .p_]  In. (p' + p+)  - -  k] ,  

B = [ a ' ( p ' - - p _ )  § k][a.e(a.k--k)  @ 2e-p+] ,  

C = [ a . ( p ' - - p _ +  k) + k ]a . e [a . (p '+p+) -  kl, 

D = [a.(p'--p_) + k]a .e[a . (p '+p+--  k) --k],  

E = (ct-p+ - -  fl + e) [a .  k a- e* + e* �9 ( p + - - p _ ) ]  ( a - p _  + fi + e) . 

Performing the trace calculation aud the integrations we obtain after some 
algebra 

c~sZ3r~ L(k, 0) de dr2+ dr)_ (ie•215 
(9) d~l(ieXe*)'n -- (2~) s 2qSe3(l_ fl cos0)S sin20 

where 0 = 0 + = 0 _ ,  fi=p/e and 

2 sin s 0 
(10) L(k, O) = -  kp 

q2__ 2k 2 In d fl - -  cos 0 In d 
qS--2e~ sinSO q + 2 2 + 

d 1--f l  3d-- lp~sinSO--21nP+lk--p_]  
+ k-~ l n l ~  + 2 k l k _ p _  I p - - l k - - p _ { "  

we obtain  d~l/d~.. 
ing to eq. (2) 

3 . -  The asymmetry.  

From eq. (9) an4 the Bethe-Kei t ler  cross-section, which for our geometry is 

ccZ~r~ p4 sin~ 0 [ q2] 
(11) dao--  (2~) 2 q%3(1_ fl cos0)2 1 ~ ~ d e d ~ + d g _ ,  

The asymmet ry  R is for a photon polarization P accord- 

Z kSq 2 L(k, O) 
(12) R = • 137 P 2(q s § k ~-) p2 sin s 0 " 
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The upper  an4 lower signs refer to r ight -handed and lef t -handed polarized 
photons,  respectively.  F r o m  eq. (12) the  circular polar izat ion P of the  photon  
may  be de termine4 f rom the  measurement  of the intensi ty  a symmet ry  R. 
Curves showing the ~agular var ia t ion of R/[(Z/t37)P] for r ight-handed photons 
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Fig. 3. - R/[(Z/I37)P] as a function of the emission angle 0 for right-handed circularly 
polarized photons. The numbers ~ttached to the curves give ~he photon energies in MeV. 

are given in Fig. 3 for several pho ton  energic~ The curves are valid for all 
elements, in so far the  Born  approximat ion  (;:flcul~tions considered here are 
correct. 

Fo r  high energies k ~ 1 we obtain for 0 ~-1/e the result 

F Z p 2  In ") (13) R = :~ i 3 7  - 

which is identical  to the result  of previous catculations (1) for the  present  geo- 
me t ry  and second-order Born  app ro :dma t ion  ('lose to  threshold, k ~ 2, we 
find 

Z 7 
( 1 4 )  R = :~  ~37  P 4 cos  0 .  

The method  proposed here for  measurement  of photon  circular polarization 
differs f rom the  convent ional  Compton scat ter ing me thod  (6) in several ways:  

1) For  high energies bo th  the  a symmet ry  effect and the cross-section 

are large, while for high energies the  Compton cross-section decreases 
rapidly. 

(6) I[. ~RAUEN'FELDER al].d A. t~o88I: Methods of Experimental Physics, vol. 5, 
part B, Sect. 2.5 (New York and Leaden, 1963), p. 214. 

'~ 2 - I I  N u o ~ o  C i m e n t o  A .  
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2) The method does not depend on the polarizability of the target ma- 
terial. 

3) By  choosing a heavy target an asymmetry effect considerably larger 
than in the Comptoa scattering method may be obtained. 

4) Oa the negative side the present method is more complicated than 
the Compton scattering method in tha t  the two pair particles have 
to be identified and detected in coincidence. 

R I A S S U N T 0  (*) 

Si calcola siao al secoado ordine dell'approssimazione di Born l'asimmetria di emis- 
sione nella produzione di coppie da fotoni polarizzati circolarme~te. Si discute ]a pos- 
sibilit~ dell'applicazioae dell'effetto alla rilevazione 4etla polarizzazione circolare dei 
fotoni. 

(*) T r a d u z i o n e  a c u r a  de l la  R e d a z i o n e .  


