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Abstract

To directly measure the linear polarization ogzoheren’c bremsstrahlung (CB) pho-
tons with a peak energy of 1 GeV Zerevan Synchrotron, a simple polarimeter is
proposed on t@base of a bending magnet equipped with two hodoscopes of 1@
scintillating counters positioned above and below of the median plane, @wing to
register the symmetric pairs produced in @norphous target. @3 Monte-Carlo
calculations show that the use of a vertical slit colliz@ion at the entrance of the
magnet a@rs to improve both the analyzing power and the energy resolution. The
o@ned values of the analyzing power for various atomic form factors of the target

@Le 20 pm thick Al-converter) reache@[).% - 0.3 with expected yields of useful
events on the level of a few H@
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A photon beam polarimeter based on nuclear e+e- pair production in an amorphous target
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1 Introduction

@w linearly polarized coherent bremsstrahlung (CB) photon beams are
widely used in the study of photonuclear reactions. Bpresent to carry out
experiments with CB beams, it is necessary to know @ir polarization with

@high accuracy@hoton beams linear polarization is mainly determined by
means of the calculation methods exploiting the theoretical description of CB
spectra [1-3] and measured photon intensity spectra accounting an influence
of the experimental factors [4-6].

@mong the direct methods of a CB polarization measurement@ to 10 GeV,
the most efficient is the use of the incoherent ete™ @; photoproduction pro-
cess on a amorphous target [7-10] as compared to the one, on a crystals [1,2]
or on the atomic electrons [11]. In the case of amorphous target the correla-
tion between the plane of emitted pair’s fragments and direction of photon
polarization is exploited.

@w experiments carried out so far [7-10] and@arences therein, @loited a
semi-differential configuration in the e*e™ pair phase space, Where@a branch
pair’s parameters, namely the energy, polar and azimutal angles (f.e. F, 0,
¢4 ) were fixed, while the integration over the energy and polar angle in the
second one was realized by means of the appropriate acceptance choice, lead-
ing to a relatively low analyzing power (app.O.l)@le work on the mapping
of intensity, analyzing power and figure of the meri the incoherent photo-
production of ete” pairs@s done in the @ [12]. a base of the analysis,
mainly made for the projection angles up to 1.5 m/FE., authors recommended

@w use of a non coplanar pairs detection configuration, leading to @ high

analyzing power but rather low figure of merit. In @: ref. [13] on the base
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drop "At present"
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drop "a"
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replace this sentence with the following: 
"In an ideal experiment, the photon beam linear polarization can be calculated based upon the theoretical description of the CB process [1-3].  One established technique is to incorporate a number of known experimental factors into the theoretical model as free parameters, and then determine their values by comparing the theoretical and measured intensity spectra [4-6].  Thus calibrated, the theoretical model is then used to predict the beam polarization.
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in the 1-10 GeV region,
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pair (not pairs)
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Replace this paragraph with:

"Direct methods for photon polarimetry in the 1-10 GeV range include incoherent e+e- pair production in an amorphous target [7-10], pair production in an oriented crystal [1,2], and triplet production [11].  Of the three methods, the first is the most efficient in terms of the simplicity of the experimental setup and sensitivity to systematic effects.  This technique involves measuring the azimuthal distribution about the beam axis of e+e- pairs produced in a thin amorphous target.
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drop "and references therein"
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exploited an asymmetrical detector acceptance for the e+e- pairs,
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where the kinematics of the e+ were selected  (E_+, \theta_+, \phi_+) and the remaining kinematic variables (E_-, \theta_-) were integrated out, leading to a relatively low analyzing power of approximately 10%.
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A general survey of the differential cross section, analysing power and figure of merit
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for incoherent pair production
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is given in Ref. [12].
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Based on their analysis, which covered electron and positron production angles up to 1.5 m/E, the authors..
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a detector configuration that selects non-coplanar pairs, leading to ...
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"a", not "the"
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Ref. [13] presents a concrete design for a polarimeter following the approach of Ref. [12],
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Ref.


of developed method in work [12@% proposed the use micro strip detec-
tors for measurement of angle correlation in ete™ pairs photoproduction from
an amorphous target. @;he work [14] the suggestion to exploit a symmet-
ric differential configuration: £, ~ E_, 0, ~ 0_, ¢, ~ ¢ ' ¥vedge and ring
method) was proposed, allowing to obtain an effective analyzing power up to
0.3, motivated by the numerical calculations within the formalism, developed
in [9].

@he aim of the presented work is CB direct polarimetry method develop-
ment, its Monte-Carlo study on the base of eTe™ pairs photoproduction on
a nuclei in amorphous target and its feasibility for 1 GeV energy range at
the Yerevan Synchrotron, a comparison with the calculation method of pho-
ton beam polarization, exploiting a CB-spectra measured simultaneously by

a multichannel pair spectrometer is also considered.

2 @ethod of eTe  pair’s incoherent production on nuclei in the
amorphous target for photons’ beam linear polarization mea-

surement.

To measBﬁnear polarization of high energy photons in refs. [7] it was for
the first time proposed to use Z(7,eTe™) pairs production process on nuclei
in the amorphous target. The azimuthal asymmetry of e+e_|§ir distribution
with mom@lm P+ and Pe-, polz@+, f_ and azimutha]@‘_, ©_ angles
@ used to analyze the p@on polarization with 4 momenta k(k, E,) and
polarization vector P (fig. 1). This method exploits the angular correlation
betwee@aoton beam polarization plane, invglg polarization vectors P and
k, and the plane of emitted lepton (electron or positron), having its momentum

P.- (Pe+) and k.


Richard T Jones
based upon a thin amorphous target, silicon microstrip detectors for measuring the azimuthal angles of the two tracks, and a dipole pair spectrometer for energy analysis.

Richard T Jones
Ref. [14] proposed an alternate set of detection kinematics, with
E_+ = E_-, \theta_+ = \theta_-, and \phi_+ = -\phi_-.
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These so-called "wedge and ring" kinematics lead to an analyzing power of 30%, as derived from numerical calculations based upon the formalism presented in Ref. [9].

Richard T Jones
The aim of the present paper is to describe the pair polarimeter that has been designed for the 1 GeV CB photon beam line at the Yerevan Synchrotron.  Monte Carlo studies of the polarimeter performance are presented, together with a method for calculating the expected polarization by exploiting the photon spectrum measured with a multichannel pair spectrometer. 
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heading should be short.  I recommend "Method of incoherent pair production"
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In Ref. [7] it was proposed for the first time that the process Z(\gamma,e+e-) in an amorphous target be used to measure the linear polarization of a photon beam.
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pairs (drop "distribution")
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momenta
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polar angles \theta_+, \theta_-
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azimuthal angles \phi_+,\phi_-
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is used
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polarization of a photon with 4 momentum k(...) and polarization vector P, as shown in Fig. 1.
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the photon beam polarization plane
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which contains the vectors P and k, and the production plane of the electron or positron, which contains the vectors P_+ and k (or P_- and k).


@nuthal asymmetry or analyzing power is defined as a:

_g1—91

A (1)

)
o|+oL

where @ cross section to emit pair into the plane parallel to polarization
plane and o,- into perpendicular one. This ratio has a large vah@when
O —QpL~T (co@lanar pairs). L. Maximon and H. Olsen [9] showed that it
is possible to reac}@large values OEAalyzing power @ by selecting (e@')

pairs ove@,rrow angular range A¢ around the c@)lanar direction (nearly
@planar pairs).

@entation of emitted pair’s plane in respect to the photon polarization
plane and the analysing power strongly depends on the ex@nen’c’s geometry.
As is shown @ [14] @high analyzing power may be obtained if symmetric
ete” pairs are selecte@ombining both narrow angular range A¢ and AS6.
@s method allowed us to develop on the base of a bending magnet a simple
polarimeter with analyzing power up to A=0.3 for the energy range of 1 GeV.

To calculate th@e’ pairs yield by linearly polarized photons in amorphous
target we use@mlytical expressions of differential cross section from @ [14]

which @end on the target material through the atomic form factor F(q):
o 1—F(q 2
d’o = — y(Bl) & (Xunp - gi’:Xpol)dy du%du?}-dw—d§0+ ) (2)

where 0y = Z%r%a, @Luclear charge, r- classical electron radius, o = 1/137,
y=FE./E,, uy = E4+0./m- @ks parameter, determining the linear polar-
ization (£3 = +1, —1) in the case, when the polarization vector P is parallel or
perpendicular to Z- axe direction (fig. 1). In f@_ula (2) the following notations

are presented:

52
¢ = — + u2+ + @ 2uiu_cos(ps — @) (3)
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The azimuthal asymmetry, or analyzing power, of a particular experimental arrangement is defined as [no trailing colon]
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where \sigma represents  the cross section for production of a pair that falls within the detector acceptance: \sigma_|| for an incident photon in the favored polarization state for the given setup, and \sigma_perp for the orthogonal polarization.

Richard T Jones
[no comma]

Richard T Jones
coplanar [spelling]
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drop "a"
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drop reference to eq (1), it is superfluous
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copolar
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coplanar
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drop the beginning part of this sentence, start off with "The analyzing power strongly depends..."
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Ref. [14]
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a high analyzing power
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are selected, in combination with narrow angular ranges in both \Delta\phi and \Delta\theta.
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Using this approach, we have developed a polarimeter design, based upon a magnetic spectrometer, which has an analyzing power as high as 0.3 in the vicinity of 1 GeV photon energy.
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the pair production rate for linearly polarized photons in an amorphous target, we used
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Ref.
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depends
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replace (y-1) with (1-y) to get a positive sign

Richard T Jones
replace hyphen "-" with words "is the" everywhere here.
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,  \xsi_3 = +1,-1 is the Stokes parameter indicating whether the polarization vector P is parallel (+) or perpendicular (-) to the z-axis (see Fig. 1), and the remaining quantities are defined below.
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drop this sentence
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This formula is missing some important terms.  As it is, the answer is wrong by a factor of 3-5 in the kinematic region of interest.  The corrected formula is given below.

q^2 = \frac{\delta^2}{m^2} (1+(1-y)u_+^2+yu_-^2)^2
+ u_+^2 + u_-^2 + 2u_+u_-cos(\phi_+-\phi_-)


1
Xunp = (§+ - f—)Q + §¢(y)§+£— [ui + u2— + 2u-|-u— COS(QD+ - QD—)] (4)
Xpor = E3u3 cos2p, + E2u” cos2p_ + 26,6 uiu_cos(py + ) (5)

where ¢? is the square of momentum trar@r, oly) =y/(1—y)+ (1 —-1y)/y,
Er =1/(1+4%), @: m?/2E,y(1—y), - minimum momentum transfer.@‘ in-
vestigation the influence of various atomic form factors on the pair production

cross section we @1 F(g) in expression (2), as:
Flg)=1/[1+ (111g27%)] (6)

fox@;e of complete screening [@1(1 for form factor Cromer-Waber (CW) we

use parameters from [15]

Flg) = -

N

(Z aie % + ¢ (7)

@ choice of CW is connected to an opportunity of more reliable description
of real atomic form factor [19].

Le@wte also that the 5-dimensional differential cross section (2) can be
presented in Lab system as dependent on energy and angular variables of
pairs’ fragments (E,, 0+, o1 ):

d°c _ E,m* d°c (8)
dydu?du’dp,dp_  4E3E2 dE dQ,.dQ_

3 Yerevan ﬁchrotron experimental conditions and CB polarime-

ter for photon linear polarization measurement.

@ the beginning of 70-s a linearly polarized photon beam was obtained at
the Yerevan synchrotron [16] and many polarization experiments were carried

out. To determine the photon beam polarization several calcu@)n methods

were used @he base of measured CB intensity spectrt@ In @[17,18] a
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momentum transfer in units of the electron mass squared,

Richard T Jones
, and \delta = ... is the minimum momentum transfer for a given value of $y$.
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To investigate the influence
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studied two choices for the atomic form factor F(q),

[equation 6 goes here]
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for the case

Richard T Jones
[9], [insert comma] and the Cromer-Waber (CW) form

[insert equation 7 here]

with parameters from Ref. [15].

Richard T Jones
The CW form is expected to give a more accurate parameterization of the atomic form factor [19], while a comparison with the standard dipole formula provides a means for estimating sensitivities.
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At the beginning of the 1970's a linearly polarized photon beam was first obtained at the Yerevan Synchrotron
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calculational

Richard T Jones
based on the measured
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With these methods,  systematic errors on the calculated polarization P_{\gamma} were estimated to be at the level of 0.01 in the region of the CB peak,  given by  \Delta E_{\gamma} / E_{\gamma}^{peak} = 15-20\%.
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spectrum [17,18].
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The differential cross section in terms of the dimensionless kinematic variables given in Eq. 1 can be expressed in terms of particle energy and angles in the laboratory frame using Eq. 8.

Richard T Jones
Shorten to "Yerevan Synchrotron experimental conditions"


methods of linear polarization calculation were proposed on the base of inten-
sity spectra measurement with evaluated accuracy 0.01 in the working region
of CB AE,/EP** = 15-20%. C@llations of polarization P, showed an in-
dependency of atomic form factors choice, giving a coinciding results within
accuracy 0.02 in the mentioned energy range [19].

Star@; from that we may cross-check a consistency of calculation methods
and of direct polarimetry one, extracting as well the correct type of an atomic
form-factor.

@ is known that photon beam linear polarization P, measured by direct

method can be defined from formula (9):
P'y — Aez‘p/Acal (9)

where AP is t]@xperimental asymmetry cross section of ete™ pair produc-
tion, which also is a function of the real atomic form factor of the used target
F (Q)Teal-@d is determined from the formula (1) for P, = 1, on the base of
Monte-Carlo calculations using atomic form factor of the target F(g) from

[12,13,15] (see formula (6),(7)).

Aexp i@eﬁned as

A®P = (N — N3) /(N1 + N,) (10)

where N; and N, are the number of eTe™ @duced pairs by the linearly po-
larized il@ent photon beam (energy E.,) for @» perpendicular orientation of
the polarization vector. @3 degree of polarization for these two perpendicular
orientations is the same and equal to P, < 1.

In@is conditions, the uncertainties ogtperimental measurement of the
photon beam linear polarization P, @1 consist of st@ical accuracy of de-

termination experimental and calculated on the base of Monte-Carlo method
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A dominant factor in the systematic error on the calculated polarization came from the choice of atomic form factor, with different choices producing a band of  width 0.02 in P_{\gamma}, within this energy range [19].
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[replace this paragraph with the following one]

The present work proposes a direct measurement which can check the accuracy of the calculational approach, which is essential if these methods are to relied upon for future measurements.  In so doing, it provides a means to determine the correct atomic form factor that applies to the CB process, as well as a check for the presence of other unanticipated sources of systematic errors.
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[drop "It is well known that"]

The photon beam linear polarization P_{\gamma} is related to a measured asymmetry by 

[equation 9 goes here]
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is the experimental asymmetry on some observable in e^+e^- pair production, which depends implicitly on the form factor of the target atoms.
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A^{cal} is determined by Monte Carlo simulations of the experimental setup, based on the differential cross section given in Eq. 2 for pair production from polarized photons with P_{\gamma}=1, and an assumed form for the target form factor $F(q)$
[12,13,15].
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pairs produced
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[drop "incident"]
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the two orthogonal orientations of the polarization vector.
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The experimental conditions are arranged to keep the value of P_{\gamma} the same for the two polarization settings of the beam
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Under these conditions
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of the experimental

Richard T Jones
drop "will"

Richard T Jones
the statistical uncertainties on the measured value of A^{exp} and the Monte Carlo estimate for A^{cal}, and systematic uncertainties associated with errors on the spectrometer energy calibration and alignment errors between the beam and acceptance-defining elements of the polarimeter.


asymmetries A°®? and A°» and also from systematic uncertainties coming
from possible differences between experimental kinematic parameters (energy
of primary photons E,, energy of ete™ pair particles, angular and momentum
intervals for registered particles) and these same parameters used in the cal-
culation of 1@ The s@.bility of A% to the k@natics parameters @ be
studied by Monte-Carlo method.
EE r minimization of systematic uncertainties it is required: the CB intensity
spectrum for the two orientations of polarization vector (and corresponding
calculated [19] photon beam polarization) will be controlled in parallel by the
30 channel pair spectrometer PS-30, providing energy resolution of op, /E, =
(1.5-2)% [20], the incident CB photon beam intensity spectrum on the target
of the polarimeter PS-6 (see fig. 2) measured by the pair spectrometer PS-30
should be identical to the CB spectrum measured (at the same time) by the
polarimeter PS-6. It is also expected to provide exact geodesy (with accuracy
not worse than 1 mm) at the polarimeter assembly.

@ the energy range £, = 900-1100 MeV our estimations have shown that
accuracy of photon beam polarization measurement is expected up to 0.02.

@ mentioned above, the knowledge of the incident photon beam polar-
ization by calculation method Pj‘” [19], and the direct measurement of this
quantity Ps™ (9) as a function of F'(g), gives the possibility to determine with
known accuracy the value of atomic form factor of the used target F(q)rea-

@he polarimeter PS-6, with the knowledge of the target form factor F(q),eq,
can be used for the measurement of polarization P, for strongly collimated CB
photon beam [21]. In this case, direct measurement of P, may be necessary
to check the method of determination CB photon beam polarization by shape
analysis of measurement intensity spectrum [19].

@. scheme of the experimental set up with polarimeter is presented at fig.


Richard T Jones
[everything down to here is replaced by text I gave on the last page.  Start again here.]
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sensitivity
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experimental parameters

Richard T Jones
is studied using Monte Carlo simulations.
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[insert here a new paragraph as follows]

A diagram of the CB beam line at the Yerevan Synchrotron, as configured for the polarimetry measurement, is shown in Fig. 3.  The CB photon beam enters the figure from the left, and passes through a pair of collimators, K1 and K2, which limit the angular divergence of the beam to a half-angle of 0.170 mr.  Sweeping magnets SM1 and SM2 remove from the beam any charged particles created by beam interactions in the collimators.  The collimated beam then passes through a thin converter C1, made of 10 $\mu$m of lavsan polyethylene film.  Pairs created in C1 are analyzed and detected in the 30-channel pair spectrometer PS-30, which provides a continuous monitor of the photon beam intensity spectrum during the polarization measurement.  The majority of the photon beam passes through converter C1 without interaction and reaches a second converter target C2, comprised of a 20 $\mu$m aluminum foil.  Pairs created in C2 pass through the acceptance-defining slit K3, which provides the azimuthal selection required for polarimetry.  Downstream of K3 is a second pair spectrometer PS-6 which is equipped with counters above and below the median plane which record coincidences between electron and positron tracks.  The entire path traversed by the beam and the detected pairs is inside vacuum up to the respective detector planes.  The magnetic field of PS-30 effectively removes from the beam any charged component produced upstream of C2, so that the PS-6 detectors see only pairs produced in C2.
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[replace this paragraph with the following]

For controlling systematic errors during the polarization measurement, it is necessary to record simultaneously beam spectra in the PS-30 and the PS-6 pair spectrometers.  Under conditions of correct alignment, the intensity spectra in the two spectrometers should be in agreement.  To achieve this, it is required that the relative placement of the collimator and polarimeter assembly be controlled with accuracy not worse than 1 mm in the coordinates tranverse to the beam axis.  In the energy range E_\gamma = 900-1100 MeV, the accuracy of the polarization measurement with this setup is expected to be 0.02.
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[this paragraph has been merged into the previous one]
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[replace this paragraph with the following]

This instrumentation provides the capacity for two independent determinations of the beam polarization.  The photon intensity spectrum measured in the PS-30 spectrometer (1.5 -2.0 \% energy resolution [20]) can be fitted to the expected CB intensity spectrum, superimposed upon a background of incoherent bremsstrahlung and  folded with a generic resolution function which takes into account such effects as beam emittence, energy spread, and diamond imperfections [19].  The same model can then be used to predict the polarization spectral function, including all of the same experimental resolution effects, assuming some choice of atomic form factor F(q).  In principle, the intensity spectra also depend upon the atomic form factor, but that dependence is difficult to isolate in the presence of  the resolution effects mentioned above.  By contrast, the polarization asymmetry involves only ratios of intensities, leading in that case to the cancellation of many resolution effects.
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[replace this paragraph with the following]

Simultaneously with the indirect method based on data from the PS-30 spectrometer, the PS-6 spectrometer provides data for a direct determination of $P_{\gamma}$.  The PS-6 detector array is divided into sections which lie above and below the median plane of the spectrometer, so that only pairs with significant transverse momentum with respect to the beam axis are detected.  The presence of the vertical slit K3 upstream of the PS-6 detector plane means that only pairs produced within a limited azimuthal range around the vertical are seen in the spectrometer. The slits of nominal aperture 2 cm are located 15.8 m downstream of the converter C2, with the PS-6 detector plane located at 19.9 m.  The polarization asymmetry is measured by alternating the plane of polarization at the source between the horizontal and vertical directions, and recording the changes in the coincidence rates in PS-6.  Simultaneous monitoring of the intensity spectra in PS-30 ensure that the beam properties other than polarization are constant during the measurement.  Comparison between measured and calculated polarization spectra allow the extraction of a measured atomic form factor over the range in $q^2$ that is accessible with the Yerevan CB source [21].
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[this paragraph has been replaced with text above]


2. A linearly polarized photons beam is collimated to 0.17 mrad upon passing
through the collimators K;, Ky and sweeping magnets SM1 and SM2 and
strikes thin 10 um lavsan converter C'; at the entrance of the pair spectrometer
( PS-30).

@e polarimeter is located downstream of the beam just after pair spec-
trometer and consists of an amorphous converter (Cs), 20 pum thick Al, a col-
limator (K3) - vertical slit with 2.0 cm width providing necessary azimuthal
selection of pair fragments and bending magnet (PS-6) with hodoscopes of
scintillating counters positioned above and below the median plane for regis-
tering e*e” symmetric pairs (fig. 3). Distance from converter Cs to collimator
(K3) is 15.8 m and to telescope counters -19.9 m. The tracing of eTe™ pair will
be realized in the vacuum of the beam pipe and vacuum chamber of polarime-
ter. No influence of C'; converter is expected as a possible source of charged

background.

4 M@a-Carlo simulation of proposed polarimeter for photon lin-

ear polarization measurement and calculation results.

In order to optimize the polarir@ar’s geometry, including@es of ho-
doscopes counters,@limator (K3) and their positions, Monte-Carlo calcu-
lations of luminosity, energy resolution and analyzing power were carried out.
@Calc@tions accounted all experimental conditions, including s@e of CB
spectrum, s@; of the beam in converter, multiple scattering, @\ography of
PS-6 magnetic field et al.

Simulation of e*e™ pair production was carried out usin@ alytical expres-
sions of differential cross section (2) by Neumann’s method [22].

T@:alcul@)n of ete™ pairs trajectory in PS-6 was performed @Runge—
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The calculations took into account all experimental conditions that were thought to be relevant, including...
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and the magnetic field map of the PS-6 dipole.
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the analytical expression for the differential cross section given by Eq. 2, using Neumann's method [22].
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tracing of the e^+e^- trajectories in the PS-6 magnetic field ...
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[drop by] using the standard Runge-Kutta technique [23].


Kutt method@ the system of equations for particle movement [23].

@;:S[VXH] (11)

@nulation of (eTe™) pair tracing included multiple scattering in Cy according
to ref. [22] and accounted for corresponding energy losses [24].

@orithm of Monte-Carlo code is following - for each event were played:

e the energy F, of @nary photon,
e the coordinates (z,y, z) of an interaction point in converter Cy,
e the electron mom@a P.-, pair particles polar (0_, 6, ) and azimuthal (¢_, ¢)

angles @the given differential cross section (8).

@. the base of obtained (P,-, P+, 0_ 0, ¢_, @) values, the components
ot@ir (@’y, P,) momenta were calculate@u order to trace them in the
magnetic field of PS@Lking into account the energy losses and multiple scat-
tering.@ first, aimed to find the optimal polarimeter geometr@ith required
energy resolution op, /E, and analyzing power A, as well as acceptable eTe™
pair yiel@he counters’ vertical position @relative the median plane was
studied. I@L(Et this position corresponds t@wer limit of@;istered polar
angles range. In @ 4 and fig. 5 the depenﬁ:es of a@yzing power A (curve
a) and@;ure of merit F' (curve b) of Z,;, (ve@al shifting of counters) is
pre@,ed for complete screeni@and for form factor Cromer-Waber (CV@
respectively. A@ is seen the most acceptable value is Z,,;, = 1.2 cm, which
corresponds to polar angle (6,,;, = 0.4 mrad) for r@:tered particles in the
momentum interval P = 460 - 550 MeV/c.

A@ beam energy is continuous, pairs are widely distributed both in mo-
mentum and azimuthal angles@‘ich doesn’t allows to obtain the good resolu-
tion after magnetic analysis. As an illustration of this effect, fig. 6(a) shows the

energy distributions of symmetric ete™ pairs r@‘tered in }@)scopes with a
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drop this equation, it is too elementary for this paper.
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The simulation included the effects of multiple scattering [22] and energy loss [24] of the e^+e^- tracks inside the C2 target.
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The following Monte Carlo procedure was used.  At the beginning of each simulated event, initial values were generated for each of the following:
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according to the differential cross section given in Eq. 2.
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and corrected for multiple scattering and energy loss in the target, in order to ...

Richard T Jones
The first goal of these studies was to find the optimal...

Richard T Jones
, consistent with the required...

Richard T Jones
[new sentence]

The first variable to be studied was the vertical position (Z) of the innermost edge of the detector arrays, relative to the dipole median plane.

Richard T Jones
[drop "In fact"]

Richard T Jones
the lower limit

Richard T Jones
the range of polar angles \theta_+ and \theta_- that falls within the detector acceptance.

Richard T Jones
Figs. 4 and 5

Richard T Jones
[drop (vertical shifting of counters)]

Richard T Jones
Z_{min}

Richard T Jones
dependence [not plural]

Richard T Jones
the analyzing power

Richard T Jones
the

Richard T Jones
shown

Richard T Jones
[add comma]

Richard T Jones
[add comma]

Richard T Jones
As can be seen in the figure, the optimum choice is ...

Richard T Jones
detected

Richard T Jones
As the \gamma-beam

Richard T Jones
which means that the magnetic field mixes energy and direction variations between events, resulting in poor resolution in any of the kinematic quantities after magnetic analysis.

Richard T Jones
detected

Richard T Jones
the PS-6 hodoscope counters


width of 2.5 cm @the momentum interval P = 460-550 MeV/@rhere the
analyzed data are fitted by Gaussian distribution. As it is seer@%ir’s energy
distributions are overlaped and their separation with good resolution is not
possible.

However it was found (see@ 6(b)), that resolution is improved @h res@—
tion of pair’s the azimuthal angles’ range Ay using@llimator With@rtical
slit. Fig. 7(a) shows the primary angular distribution of ete~ B ( polar
and azimuthal angles) without collimation (OZ#Znrad < f.+.- < 3.8 mrad and
Ap = £80°). In the case of collimation @ 7b) Wit]@it width of |Az| <1
cm, the azimuthal distribution o@tir is narrower (Ap = +45°) and the upper
limit of polar angles is slightly c@ad (0.3 r@i < fe+e- < 2.5 mrad). As is
seen from fig.6 (b), the energy reso@ons of symmetric pairs @no worse
than op, /E, = 1.2%. @for symmetric @; registration using 3 hodoscope
elements il@_ and e~ arms og)larimeter (6 in total), a good energy reso-
lution (0p, = 12 MeV) may be obtained in the photon energy range E, =
900-1100 MeV. In @ fig.6(c) for the case of EF*®* =1 GeV and AE,/E, =
20% the cross section of collimator with 2 cm width and 8 ¢cm height is pre-
sented. The inside square @h 1.4 x 1.4 cm? corresponds to v- beam profile
@;he place of its location and shaded areas ( 0.9 cm < |Z,| < 4 c¢m) to r@,es
of registered pairs in counter@)sitioned at Z,i, = £ 1.2 cm distance from
median plane of PS-6. @Monte—Carlo calculations confirmed the symmetric
pairs registration will be realized in " cross” geometry: "up” - electron, ”down”
- positron or the contrary.

In @ case of aluminum target the dependence of analyzing power A from
the converter (C;) thickness is presented in fig. 8. As it@seen from figure,
an increase @converter’s thickness from 20 pym to 50 pm leads to@alyz—

ing power decrease app.l.5 times. @ng Monte-Carlo calculation data, the
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Richard T Jones
over

Richard T Jones
[new sentence]  The analyzed data are fitted with Gaussian curves.

Richard T Jones
the position distributions for mono-energetic tracks are overlapped and their ...

Richard T Jones
Fig.

Richard T Jones
by

Richard T Jones
restricting the pair's range of azmithal angles

Richard T Jones
a collimator

Richard T Jones
a vertical slit.

Richard T Jones
pairs

Richard T Jones
Fig.

Richard T Jones
a

Richard T Jones
I don't understand this.  Above you said that the Zmin cut requires \theta_- and \theta_+ larger than 0.4.  Here you give a range 0.3 - 0.38 mr.  The figure is difficult to interpret because it is in degrees.  We should at least make the units match between the figures and the description.

Richard T Jones
the 

Richard T Jones
reduced

Richard T Jones
[same comment as above]

Richard T Jones
resolution

Richard T Jones
is

Richard T Jones
Thus, 

Richard T Jones
pair detection

Richard T Jones
the

Richard T Jones
the 

Richard T Jones
Fig. 6(c) shows a section view of a collimator of width 2 cm and height 8 cm, optimized for the case of E_\gamma^{peak} = 1 GeV and \Delta E_\gamma = 20\%.

Richard T Jones
of dimensions

Richard T Jones
at the location of K3, and the shaded areas (...)

Richard T Jones
to the acceptance zone for particle tracks that have a possibility of reaching a PS-6 detector.

Richard T Jones
[drop the rest of this sentence]

Richard T Jones
drop "As Monte Carlo calculations confirmed" and just state that "Symmetric pairs are detected in alternate quadrants of the pair spectrometer: either left(up) with right(down) or left(down) with right(up).

Richard T Jones
[replace with the following]

The dependence of the analyzing power $A$ in the thickness of the aluminum target C2 is shown in Fig. 8.

Richard T Jones
As shown in the figure, an increase ..

Richard T Jones
in the thickness of the converter from ...

Richard T Jones
a loss of analyzing power by a factor of approximately two thirds.

Richard T Jones
At a thickness of 20 $\mu$m, Monte Carlo calculations indicate a pair counting rate of a few Hz in PS-6 for a total photon beam intensity of $10^9$ GeV/s.


@pected experimental yields of symmetric e*e™ pairs has been estimated at
photon beam intensity of 10° eq.photon/sec and aluminum target’s thickness

of 20 pym on the level of a few Hz.

5 Conclusion

On the@se of Monte-Carlo calculatio@% simple CB polarimeter for di-
1@ measuring the linear polarization ogloton be@ Wit}@curacy 0.02 in
the energy range of 1 GeV has been developed by@thod of incoherent, p@
production@amorphous target. It is shown that using hodoscopes of scintil-
lating counters v@:al shifted from the polarime@s median plane and @
collimator wit}@rtical slit al@s to create polarimeter With@xlyzing power
reaches a 0.25-0.3 with expected yields of useful events on the level of a few
H @ the case of 20 pym thick Al-converter and having good energy resolution
in the photon energy range E, = 900-1100 MeV.

@,rting from experimental measurements of polarized photon beam polar-
ization it is possible to cross-check a consistency of calculation methods as
well extract the correct type of an atomic form factor.
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Richard T Jones
[replaced with text from previous page]

Richard T Jones
basis

Richard T Jones
[insert comma]

Richard T Jones
directly

Richard T Jones
a photon beam

Richard T Jones
an accuracy of 

Richard T Jones
in the energy range around 1 GeV

Richard T Jones
the method of

Richard T Jones
pair [no plural]

Richard T Jones
on an amorphous

Richard T Jones
vertically

Richard T Jones
polarimeter median plane

Richard T Jones
a

Richard T Jones
a vertical slit

Richard T Jones
leads to a polarimeter

Richard T Jones
an analyzing power of 0.25 [on the basis of what we show in the paper, a higher value of 0.3 cannot be justified]

Richard T Jones
[end sentence here.  The rest of this is details, and does not belong in the summary I guess.]

Richard T Jones
Measurements of the beam polarization at  the Yerevan Synchrotron CB photon source will provide an important check of the reliability of indirect polarimetry methods, and provide a directt measurement of the atomic form factor that is relevant to coherent bremsstrahlung.
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Figures captions

Fig. 1@nematics of the process Z(vy,eTe™).

Fig. 2. Scheme of the experimental setup.

Fig. 3. Sketch of the polarimeter PS-6.

Fig. 4. Dependence of analyzing power A (curve a) and Figure of merit
F (curve b) f@l Zmin (vertical shifting of counters from the polarimeter’s
median plane@ the case of complete screening for EZ;“’“ =1 GeV.

Fig. 5. Dependence oﬁalyzing power A (curve a) and Figure of merit F
(curve b) @n Zmin (vertical shifting of counters from the polarimeter’s me-
dian plane@ the case of form factor Cromer-Waber (CW) for El;eak =1 GeV.

Fig. 6. Energy distributions of symmetric e*e pairs re@ared in @
doscopes of polarimeter PS—@ith a width of 2.5 ¢cm in the momentum interval
P = 460-550 MeV/c:

a) without a collimator
b) with a collimator - vertical slit with AX <1 cm
c) the cross section of collimator.
Fig. 7. Polar and azimuthal angular distributions of (e*,e™) p@
a) without a collimator
b) with a collimator AX < 1 cm.
Fig. 8. The dependence ogalyzing power (A) on the converter (Cs) thick-

ness in the case @uminum target.
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Richard T Jones

Richard T Jones
Regarding this figure, what is the meaning of the second pair of primed axes?  Are the primed axes just shifted down the y axis?  Maybe the caption should explain that.

Richard T Jones
on Z_{min}, the half-height of the gap in z between the counters above the spectrometer median plane and those below it.

Richard T Jones
For this study, the form factor given in Eq. 6 was used, and the energy of the peak in the CB photon spectrum was set at 
E_\gamma^{peak} = 1 GeV.

Richard T Jones
the 

Richard T Jones
on Z_{min}, the half-height of the gap in z between the counters above the spectrometer median plane and those below it.

Richard T Jones
For this study, the form factor given in Eq. 7 was used, and the energy of the peak in the CB photon spectrum was set at 
E_\gamma^{peak} = 1 GeV.

Richard T Jones
detected

Richard T Jones
the 

Richard T Jones
PS-6, (a) without a collimator, (b) and with a collimator slit of \Delta X=1 cm, for a counter width of 2.5 cm, in the track momentum interval P=460 - 550 MeV/c.  Panel (c) shows a sectional view of the slit collimator, showing the region of the photon beam (open box) and the acceptance regions for pair tracks (hashed regions above and below the central box.)

Richard T Jones
pairs detected in the PS-6 hodoscopes (a) without a collimator, (b) with a collimator of $\Delta X = 1$ cm.

Richard T Jones
the

Richard T Jones
an 


