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Summary. — The emission 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. — Introduection.

The possibility for the detection of circular polarization of photons using
an asymmetry effect in pair production has been discussed earlier for the case
of high-energy photons (). It might be of some interest to explore the pos-
sibility of using this method also for lower energies. Rather than giving a
complete analysis of the asymmetry effect which leads to extremely compli-
cated calculations, we restrict ourselves in the present paper to the second-
order Born approximation 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.
Furthermore the angles between p_ and k, _, and between p,_ and k, 6,
are taken to be equal. We also restrict ourselves to consider the case of equal
energy partition e_=¢ _=Fk/2, where ¢ and ¢, and k are the energies of the
electron, positron and photon, respectively.

(Y H. OrseEx and L. C. Maxtvuox: Nuovo Cimento, 24, 186 (1962).
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14 H. KOLBENSTVEDT and H. OLSEN

The results obtained here should give the correct order of magnitude of
the effect which is of primary interest to the experimentalist at the present
stage. Concerning the accuracy of the Born
approximation we know from other asymmetry

effects, e.g. Mott scattering, that the order of

/’701—;,;’ magnitude of the exact and second-order Born

x P s approximation results are the same even for
VW/@ < AN heavy nuclei. It should also be noted that since
e LR the asymmetry is proportional to k-p, xp_ it
4l seems reasonable to believe that the geometry

Pig. 1. — Asymmetry in pair of Fig. 1 gives the largest possible asymmetry

production. With p. fixed the effect.

electron intensities I(m) and Energies are measured in units of me* and
Il(_tn) are 11_:%0,1:164' {D(}I') zthe momenta in units of me.

€ - . . .

o ectron Htensity in Bae CIrec Asymmetry effects in scattering and radia-
tion p_ where n=uXxv/|[uxv| . .

and I(—n) is the electron in- UiON processes may conveniently be demonstrated
tensity in the direction p/ When the cross-section for the process is written

where —n=uXv'/luxv']. in the form (2)
do = doy+ do, P n,

where dg, is the spin-independent cross-section, and do, P-n is the polari-
zation momentum correlation cross-section. P is the polarization of the in-
cident particle and n is the unit vector

n = p, X Ps/|Pa X P,

where p, and p, are in general momenta of the incoming or outgoing particles.
The term P-n introduces an asymmetry effect in the intensities I(n) and I(— n)
measured for the two different directions of motion corresponding to n and
—n of one of the final-state particles. This asymmetry is given by

I(n) —I(—n) do, .
) B=imiem ~as, ™

Thus, when do,/do, is known from the theory and R is determined experi-
mentally, the component of the polarization P in an arbitrary direction n
may be obtained from eq. (2).

Previously asymmetry effects of this kind have been considered for elec-

(2) H. OLsEN: Proceedings of Conference on the Role of Atomic Electrons in Nuclear
Tramsformations (Warsaw, 1963) (to be published).
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CIRCCLAR PHOTON POLARIZATION DETECTION BY PAIR PRODUCTION 15

tron scattering (3) (Mott effect), photoelectric effect () and bremsstrahlung (3).
For the present case of pair production, P is the photon ecircular polari-
zation which in terms of the polarization unit vector e is

(3) P = Pie. e*=+ Pk,

where the upper and lower signs refer to right and left-handed circular pola-
rization, respectively.

Since the direction of the photon circular polarization is along k only the
component of n along k is of interest and we may take

(4) n=uxv/luxv,

where u and v are the componeris of p. and p_ perpendicular to k.

The calculation of do, involves computations of the imaginary parts of
second-order Born matrix elements, since only these contribute to the po-
larization-momentum correlation (4).

2. — Polarization-momentum correlation cross-sections.

The cross-section do, calculated from the interference between the first
and second order Born approximation diagrams of Fig. 2 for the geometry
chosen as discussed in Sect. 1 is found to be given by

. . . - p2dedf2, d0Q_ Cas -
() do,(ie x ") n = ia*Z3r; W’ggé'f dsp'o(p”—pH X .

"\/};\f\—’—p‘ J\;\, — P
WA We G i
A SN N P .

Fig. 2. — First- and second-order Born approximation diagrams contributing to do,.

Here ¢=¢,=¢_=k/2, p=p,=p_, d=ke,—k'p,, q=k—p, —p_ and

(6) X =Tr{E{Aa.b_+ Ba_ b, —2Ca,b_c.d—2Da_b.c_d}.

(3) N. F. Mort and H. 8. W. MasseEy: The Theory of Atomic Collisions (Lon-
don, 1949), 2nd ed., see also J. W. Motz, H. OrseExn and H. W. Kocu: Rev. Mod.
Phys., 36, 881 (1964).

(4) H. KoLBENSTVEDT and H. OLsSEN: Nuove Cimento, 22, 610 (1961).

(®) W. R. Jouxsox and J. D. Rozics: Phys. Rev., 128, 192 (1962).
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16 H. KOLBENSTVEDT and H. OLSEN
The coefficients a, b and ¢ are
a,.=[(p' £ p.)*+ 2],
(1) b, =[(p.—k & p'y?+ 2%,
¢, =[(p' £ k)>—p*].

I

The quantity A is put equal to zero in the final result (%).

The remaining quantities in eq. () are

A =[a-ela k4 k) —2e p_Jla(p'+ p,) —F],

B =[a(p'—p_-) +k]la-ela k—k)+2e-p.],

(8) C =[a(p'—p_-+ k) + kla-e[a-(p'+p,) — k],

D =[a (p'—p)+kla-ela (p'+p.— k) —Fk],
E=(ap,—f+e)a-kae*+e*(p.—p)(ap_+f+e).

Performing the trace calculation and the integrations we obtain after some
algebra,
azZr:  L(k,0)dedQ, dQ_

_ .
© (27)® 202 (1—p 0080)2sin20(wxe )-(uXv),

(9) do,(texe*)'n

where ) =0, =0_, f=7pfe and

[y I 2__. 2 _
2 sin2f  ¢2—2k d+ﬁ cos01n§

W) Ik 0) === = G e 2 27
d. 1—p 3d—4p2sin?0—2. p+|k—p_|
4+ —In n )
72 1+ﬁ+ 2k|k—p_| p—lk—p_|

3. — The asymmetry.

From eq. (9) and the Bethe-Heitler cross-section, which for our geometry is

oZ2rd ptsinzd q?
= - 1 —_—
(11) do, (27m)? q*e*(1 — B cos B)? + 4g? ded@,dQ_,

we obtain do,/ds,. The asymmetry R is for a photon polarization P accord-
ing to eq. (2)

Z k2q®  L(k, 0)

1377 2(q%+ k) p2sin2f

(12) R—-+
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CIRCULAR PHOTON POLARIZATION DETECTION BY PAIR PRODUCTION 17

The upper and lower signs refer to right-handed and left-handed polarized
photons, respectively. From eq. (12) the circular polarization P of the photon
may be determined from the measurement of the intensity asymmetry R.
Curves showing the angular variation of R/[(Z/137)P] for right-handed photons

RI(ZIY37)P

S U 1
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Fig. 3. — R/[(Z/137) P] as a function of the emission angle 6 for right-handed circularly
polarized photons. The numbers attached to the curves give the photon energies in MeV.

are given in Fig. 3 for several photon energics. The curves are valid for all
elements, in so far the Born approximation calculations considered here are
correct.

For high energies k-1 we obtain for f ~1/z the result

Z
R=4-—_.P2In2
(13) Ly P2In
which is identical to the result of previous calculations (1) for the present geo-
metry and second-order Born approximation. ('lose to threshold, k ~ 2, we
find

A 7
R=-+" Pleosh.
{(14) - 7P4cos9

13
The method proposed here for measurement of photon circular polarization
differs from the conventional Compton scattering method (°) in several ways:

1) For high energies both the asymmetry effect and the cross-section
are large, while for high energies the Compton cross-section decreases
rapidly,

(*) H. FrRAUENFELDER and A. Rossi: Methods of Experimental Physics, vol. 5,
part B, Sect. 2.5 (New York and London, 1963), p. 214.

2 ~ Il Nuovo Cimenio A.
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18 H. KOLBENSTVEDT and H. OLSEN

2) The method does not depend on the polarizability of the target ma-
terial.

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

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

RIASSUNTO (%)

8i caleola sino al secondo ordine dell’approssimazione di Born I’asimmetria di emis-
sione nella produzione di coppie da fotoni polarizzati circolarmente. Si discute la pos-
gibilith dell’applicazione dell’effetto alla rilevazione della polarizzazione circolare dei
fotoni.

(") Traduzione a cura della Redazione.
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