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A survey of known methods of analyzing the linear polarization of high-energy
photons is presented. The methods of pair photoproduction in single crystals and
in amorphous targets are briefly discussed. The method of measurement of pho-
ton linear polarization using azimuthal asymmetry of the recoil electrons from pair
photoproduction on electron (triplet photoproduction process) is considered in de-
tails. The optimum region of kinematic parameters of emitted particles in which
analyzing power increases is discussed. The possibility of using the CEBAF Large
Acceptance Spectrometer (CLAS) for the measurement of linear photon polariza-
tion by analyzing the recoil-electron distribution in triplet photoproduction process
(with the CLAS magnet turned off) is considered.

PACS numbers: 13.88.4-e, 29.27.Hj, 29.90.4+r UDC 539.122

Keywords: high-energy photons, linear polarization, azimuthal asymmetry of recoil elec-
trons from pair photoproduction, analyzing power

The differential cross-section of all processes with linearly polarized photon has
an azimuthal asymmetry and may be written in the form [1]:

do

QW@ =o0® 4 PoW cos 290 = 0V (1 4+ PAcos2p) . (1)

Here, o® is the cross-section of the process for unpolarized photons, o is the
part of the cross-section due to the photon polarization, P is the degree of linear
polarization of the photon beam, A = ¢(¥) /o(*) is the asymmetry of the yield of the
reaction products for P =1 (it is often called the analyzing power of the process)
and ¢ is the azimuthal angle. The relative contributions of the different processes
to the cross-section of photon’s interactions in carbon [2] are shown in Fig. 1.
One can see that at a photon energy greater than 0.5 GeV, the Compton scat-
tering and other processes have negligible probability in comparison with the ete™
photoproduction. Therefore, the methods based on Compton scattering are not
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appropriate for high-energy photons and will not be considered here. Among the
methods of measurement of photon polarization based on the processes of ete~
photoproduction, one should consider the following:

1) Methods which use coherent pair photoproduction in single crystals [3]. The
analyzing power of this process grows with increasing photon energy w, and this
method may practically be used at w > 5 GeV. The disadvantages of this method
are the strong attenuation of the beam on passage through a thick crystal and large
and expensive apparatus compared to other methods.

2) Pair photoproduction on nuclei in amorphous target. To analyze the photon
polarization, the correlation between the plane of emitted pair fragments and di-
rection of photon polarization is used. In the case when planes of emitted pairs are
detected for all pair-production events, the analyzing power, A = 0.14, is nearly
independent of photon energy [4,5]. This value may be increased if one would select
events of symmetrical pair production with the opening angle near 4m/w. In that
case, analyzing power is A = 0.33 [5]. Since the pair fragments are emitted with
polar angles ©_, 0 = m/w, it leads to difficulties when reconstructing the plane in
which the pair fragments are emitted. This is the main shortcoming of the method.

3) Method based on the azimuthal asymmetry of the yield of recoil elec-
trons in the process of triplet photoproduction [1], y(k) + e~ (p) — e (p1) +

et(py) + e (po).

This process is very convenient for the measuring of lin-

ear polarization of photon beams in a very wide range of photon energies.
The analysis has shown that about 90% of recoil electrons, which can be de-
tected (with a momentum p; greater than some minimum detectable momen-
tum ¢o &~ 1 mc (m is the electron mass) have a large polar angle ©1, which
ensures measurements of the azimuthal angle ¢ and determination of polarization.
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Fig. 1. Photon cross-sections in carbon: atomic photo-effect (opnot) coherent scat-
tering (ocon ), incoherent scattering (Compton scattering off an electron) (o;ncon ),
pair production in nuclear field (knyci) and pair production in electron field (Kiripr ).

Fig. 2 (right). ¢® as a function of p; and ©; for w = 3000 mc).
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Figure 2 shows the main characteristics of triplet photoproduction cross-section as
a function of recoil electron momentum p; and polar angle O;.

From Fig. 3, one can see that near the bound of the physical region, in
the most interesting interval of large p;, the asymmetry A extremely quickly
increases up to 1. The behaviour of the figures of merit (Fig. 4) also shows
that using the recoil electron’s momentum and angular distribution for the mea-
suring of polarization assumes very severe conditions on the accuracy of the
momentum determination. Therefore, one should use some integral characteris-
tics of the triplet photoproduction process. Figures 5, 6 and 7 show the val-
ues of 0 (qo), A(qo) and the figure of merit F2(qp) = A%0®), respectively, in-
tegrated over all physical region but with the cutoff at p; > ¢o. One can see
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Fig. 3. Asymmetry A as function of p; and ©; for w = 3000 mc.

Fig. 4 (right). Square root of the figure of merit, F' = VA26(®) as function of p;
and ©1 for w = 3000 mc (derived using the estimated expected relative error of
photon-polarization measurement AP/P ~ (A%0t)~1/2).
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Fig. 5. Integrated values of ) as a function of cutoff qy for photons of energy 1000
and 10000 mec.

Fig. 6 (right). Integrated values of asymmetry A as function of gy for photons of
energy 1000, 2000 and 10000 mc.
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that ® (qo), A(qo) and F(qo) very slowly change with increasing photon energy.
A(qo) decreases from 0.14 at gy = 0.1mc to 0.112 at go = 10me. The relative
error of measurement of polarization is proportional to F~1(gg) and varies with
increasing qg slowly when qg > 5mec.
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Fig. 7. Integrated values of the square of the figure of merit, F? = A2c(®) as
function of qy for photon energy of 1000 and 10000 mc.

The differential cross-section do and analyzing power A of the process of
triplet photoproduction depend on the values of kinematic variables of the final
state. One can select events of triplet photoproduction in such a region of these
variables where analyzing power and merit increase. The dependence of the consid-
ered cross-section d20(qp)/dxdep; on the fraction = of the energy carried away by
the positron was studied in Ref. 6. It has been shown that the asymmetry A(qo, z)
has a sharp maximum in the vicinity of the point & = 1/2. Near the value x ~ 0.5,
A(qo, ) is 1.8 times as large as its average over all z values. Use of a narrow interval
near x = 0.5 raises the sensitivity of the method by a factor 1.8.

Results in a very convenient form for practical applications are presented in Ref.
7. The dependence of the cross-section on pair opening angle O, _ was studied. The
integration was performed over the experimentally accessible region: p; > gp = 0.5
MeV /¢, both the forward going electron and positron should fall within the angular
cone with the polar angle ©g = 10 mrad, and polar angle ©; of the recoil electron
must be within appropriate region 35° > 07 > 25°. It was shown that the detection
of events with an opening angle ©_ around 3 mrad is the optimum condition for
the photon energy of 550 MeV. The analyzing power for this case is 0.48.

As far as we know, polarimeters based on triplet photoproduction have been
developed in Ukraine, NSC KPTI, Kharkov [1], in Germany, Mainz [8], in Japan,
INS, Tokyo [7] and in Canada, SAL [9]. Main features of these devices are similar.
They differ by the type of counters for the recoil electron and pair detection. The
Japan variant of the device is schematically shown in Fig. 8. Installation of a
polarimeter of this type, which is constructed in Canada, SAL, is planned for the
Hall B of JLab.
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Now, let’s discuss the possibility of using the CEBAF Large Acceptance Spec-
trometer (CLAS) as a polarimeter. This experimental equipment is intended for the
study of nuclear processes produced by high-energy photons in a target by observ-
ing final-state charged and neutral particles; low-energy electrons are regarded as

Fig. 8. Triplets are produced in a polyethylene target of 1 mm thickness. The device
that detects the recoil electrons with momentum 1.9 MeV < p; < 10 MeV consist
of five identical telescopes of scintillation counters, C1, C2 and C3, which cover the
intervals of polar angles 10° < ©1 < 40° and azimuthal angle ¢1 = +15°. The pair
fragments are detected in the counters P1 and P2. The results of the investigations
showed that cases of triplet production can be unambiguously identified and that
this device can be a simple and reliable polarimeter.

charged background. The mini-torus (shielding magnet), which is usually present
for electron running to reject low-energy electrons, is removed for normal and
polarized-photon beam running, and thus will not interfere with our measurements.
As we have shown, just the azimuthal asymmetry of low-energy recoil electrons con-
tains important information concerning the photon polarization. The drift cham-
bers situated nearest to the target (named region 1) allow the detection of elec-
trons with polar angles ©7 exceeding 5°, and with momentum greater than several
MeV/c. The counter, which allows the detection of e*e™ pairs should be installed
somewhere in the exit region of the beam. The events of triplet photoproduction
may be unambiguously identified by such a system. The polarization of the photon
beam can be determined by the analysis of the azimuthal distribution of low-energy
fraction of events. This distribution has to be calculated on the basis of the known
distribution of recoil electrons, taking into account absorption of low-energy elec-
trons in the target and in nearby materials. It should be noted that at the photon
energy greater than 1 GeV, almost all electrons, which have energy from 1 to the
several tens of MeV and are emitted at large polar angles, are produced due to
the triplet photoproduction process (see Fig. 1). Therefore, it is possible that for
high-energy tagged-photon beams of large intensity, measuring only the azimuthal
asymmetry of the yield of electrons in the kinematical region of interest (without
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detection of eTe™ pairs) will be sufficient for the determination of the photon beam
polarization.

To estimate the necessary time of exposition, T, let’s put that the degree of
photon polarization, P ~ 0.6, A(gy) ~ 0.12 and ¢(¥(gp) ~ 0.5 mb at ¢o = 1
MeV/c. Then AP/P = 1/A(qo)Pv/Ne, where N, is the number of detected events.
For the case of Hy liquid target 7.5 cm long and a photon-beam intensity N, = 108
s~1, one gets AP/P =~ 14/\/N, ~ 2.10®/\/N,T ~ 0.2/T~'/2 This signifies that to
achieve a 1% accuracy, an exposition of about 400 s is necessary. Thereby, it should
be possible to get a simple and effective photon polarimeter without a significant
change of the device construction.
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MJERENJE LINEARNE POLARIZACIJE REALNIH FOTONA

Daje se pregled poznatih metoda za odredivanje linearne polarizacije visokoen-
ergijskih fotona. Raspravlja se kratko tvorba parova u monokristalima i amorfnim
metama. Podrobno se razmatra metoda mjerenja polarizacije odredivanjem az-
imutalne asimetrije elektrona od fototvorbe na elektronima (trojna fototvorba).
Raspravlja se najpovoljnije podrucje kinematickih parametara izlaznih cestica.
Izlaze se moguénost primjene CLASa za odredivanje linearne polarizacije fotona
mjerenjem raspodjele odbijenih elektrona iz trojnog fototvorbenog procesa (za vri-
jeme mjerenja CLASov magnet bi se iskljucio).
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