Proceedings of IPAC2012, New Orleans, Louisiana, USA

MOPPRO07

INVESTIGATION OF TECHNIQUES FOR PRECISE COMPTON
POLARIMETRY AT ELSA*

R. Zimmermann, W. Hillert,
ELSA, University of Bonn, Physikalisches Institut, Nussallee 12, D-53115 Bonn, Germany

Abstract

A Compton polarimeter is currently being installed at
the Electron Stretcher Facility ELSA to monitor the de-
gree of polarization of the stored electron beam. For this
purpose, circularly polarized light that is emitted by a laser
and backscattered off the beam has to be detected. When
the polarization of the laser light is switched from left-hand
to right-hand circular polarization, the spatial distribution
of the backscattered photons is shifted. The extent of this
modification is a measure of the beam’s polarization de-
gree. Two different experimental techniques that are suit-
able for a measurement of the effect were compared and
evaluated closer through numerical simulations that will be
presented in this contribution.

MOTIVATION

The fast ramping electron stretcher ring at ELSA is able
to supply a spin polarized electron beam of up to 3.5 GeV
to hadron physics experiments. The degree of polariza-
tion can be measured directly after the 50 keV electron
source via a Mott polarimeter as well as at the external
beamline by a Mgller polarimeter. During the acceleration
process, depolarizing resonances in the circular accelera-
tors lead to a polarization loss. In order to minimize this
loss, correction measures which require information on the
polarization of the stored electron beam have to be under-
taken. Since both monitoring methods currently in use re-
quire scattering targets, neither of them is appropriate for
a parasitic measurement of the polarization degree in the
stretcher ring during operation. Compton polarimetry, by
contrast, offers a fast and accurate possibility to determine
polarization with negligible electron loss and without other
significant negative impact on the beam. Figure 1 shows
the position of all polarimeters in the stretcher ring.

MEASUREMENT TECHNIQUES

The head on collision of circularly polarized laser light
of polarization degree P, with an unpolarized electron
beam leads to an intensity profile of the backscattered pho-
tons that can be detected. Figure 2 shows the scattering
process for an electron beam in the stretcher ring: Pho-
tons with an initial energy of £, ; = 2.4 eV (correspond-
ing to the photon energy of the acquired laser) colliding
with an electron beam of Ee; = (1 — 3.5) GeV will lead
to backscattered photons in the energy range of L, =
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Figure 1: Electron stretcher facility ELSA with the posi-
tions of the Mott and Mgller polarimeter as well as the pro-
posed Compton polarimeter.

(5—300) MeV, leaving back electrons with a final energy of
E s = E.;. The resulting photon distribution is symmet-
ric around the beam axis. For an electron beam with—as is
the case in the ELSA stretcher ring—transversely polarized
electrons of polarization degree P,, however, an asymmet-
ric intensity profile of the backscattered photons is obtained
due to polarization dependent Compton scattering. When
the light polarization is reversed from left-handed to right-
handed, the distribution of the photons is shifted as indi-
cated by the red and blue curve. The extend of the effect
depends on P, and P, and can be described by different pa-
rameters. In the following, two of these, corresponding to
different polarization measurement techniques, are investi-
gated further.

One way to experimentally determine the polarization of
the electron beam is to install two detectors in the plane
perpendicular to the electron beam, each one measuring ei-
ther the counting rate in the upper (IV,,) or lower (V) half
space sucessively for left-handed ) and right-handed (")
laser polarization. These counting rates can also be calcu-
lated by

7(2m) T d
Nua) / dd)/ dOfsin0== (P, P,)], (1)
0(r) 0 d

where j—g is the differential cross section of the Compton
process. The resulting so called integral up-down counting
asymmetry

VNINL = | /NLN;

A= ¢ ¢ )
VNING + | /NLN;

is proportional to the product of the electron’s and laser’s

beam polarization P, P :

A= AlOO% : PeP'yv (3)
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Figure 2: Compton scattering process. On the right, the distribution of backscattered photons for unpolarized light as well
as circularly left-handed (blue curve) and right-handed (red curve) is shown.

where the constant of proprotionality A1qgy is called an-
alyzing power and corresponds to the maximum A that is
achieved for P, P, = 1. Under the premise that P, is mon-
itored, the measurement of A would therefore offer an ex-
perimentally easy to implement technique for the determi-
nation of P,. A value for A;qpy can be obtained through a
calibration utilizing the SokolovTernov effect.

The measurement of the vertical shift of the center of the
photon’s spatial distribution

Az =33 = Jdx [ dz{z[N"(z,2) — N'(z, 2)]}
[dx [ dz[N"(z,z) — Ni(x,2)]

4)

provides another tool to determine the beam’s polarization.
Here, N (z, z) signifies the number of incident photons at
the coordinates (x, z) of the detector, and the integration
covers the whole sensor area. As was the case for A, also
AZ is proprotional to the product P, P, :

AZ = Digo%, - PePy, &)
in analogy to Eq 3. The analyzing power Diggy that
follows from Eq 5—as opposed to Ajggy arising out of
Eq 3——can be improved by increasing the distance of the
detector from the beams’ interaction zone.

When both measurement techniques are compared re-
garding their ease of experimental implementation, the first
method offers clear advantages since only two simple crys-
tal detectors would be needed. In contrast, for the mea-
surement of the center shift, a detector with an especially
high vertical resolution is necessary. Since numerical cal-
culations yield to small values of Dqggy ~ 70 um, more
elaborate detection techniques have to be employed. For
ELSA, Si-strip detectors were escecially considered, mak-
ing a conversion target necessary to enable the detection
of photons in the expected energy range. This contribution
will discuss the reasons why, despite the obvious advan-
tages, the polarization measurement through the integral
counting asymmetry was discarded.

COMPTON POLARIMETRY AT ELSA

For a reasonable polarization measurement error, max-
imizing D1ggy or Ajgoy is a main concern. Also, since
either method will need calibration, an analyzing power
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that is mostly independent of the properties of the electron
beam would be preferable. The shift of the intensity profile
of the backscattered photons increases with the distance of
the detector from the interaction zone. Furthermore, for the
detection of Compton backscattering in ELSA’s stretcher
ring, background radiation originating from collisions of
electrons on residual gas atoms has to be taken into ac-
count. This radiation exhibits energy levels comparable to
the energy of the photons to be detected. Therefore, for
a high signal to noise ratio, a high laser power is of criti-
cal importance. Also, large photon energies lead to larger
analyzing powers and a small beam interaction area is fa-
vorable.

Hence, for Compton polarimetry at ELSA, the TEMgg
mode (corresponding to a low beam divergence) of a high
power 40 W disc laser, emitting light at a wavelength of
515 nm (E, = 2.4 V) is used. Circular polarization is
obtained by means of a quarter-wave plate. The laser beam
will collide almost frontally with the electron beam, form-
ing only a small vertical angle of & = 3 mrad in order to
protect the optics from synchrotron radiation. The inten-
sity profile of the backscattered photons is measured at the
maximum realizable distance of 15 m from the interaction
zone, which is set up at a position with a low vertical elec-
tron beam width of o, ~ 1 mm. The interaction region has
a length of [ ~ 0.7 m and is positioned in a quadrupole.
According to Eq. 3 and Eq. 5, it is also necessary to mea-
sure P,, which will be done during the whole measurement
process.

Numerical Simulation of the Compton Process

Extensive numerical simulations have been carried out
with the ELSA parameters described above to study the
Compton process in more detail. These simulations pro-
vide quantitative results for the distribution of the backscat-
tered photons and the analyzing powers Aqgy and D1ggy,
in dependence of the parameters selected. In a first step,
only ideal laser and electron beams with 0, = o, = 0
were considered.

The differential Compton cross section described in [2]
for P, = 1 and P, = %1 is given by

do

dQ(l,:I:l) =Yg £ Xyz - sin ¢*,

(6)
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Figure 3: Simulation results for the integral asymmetry and the shift of the center of the photon’s spatial distribution in

dependence of ELSA’s beam energy.

with 3 and Y5 being functions of the polar angle 6* as
well as the initial and final wave numbers K" and K} of the
photons. sin ¢* represents the azimuthal modulation of the
photon’s scattering angle that is the cause for the asymme-
try in the intensity profile. All parameters indicated with *
have to be considered in the rest frame of the electrons. The
mathematical expressions for the differential cross section
yield to analyzing powers of

J27 de* [T sin*d6* oy

% = “a3n - @)
T A [T sin 0d6* 5,
and
27 « [T .« px gk O(x,2) * Lk
fo do fo sin 0*d6 ICE ¢*)z(9 , 0% )30z
Dygon = ;

Jodg™ [ sin0+do{ 502k}

®)
respectively. When proceeding to the more complex case of
finite detector areas as well as beams with realistic, nonzero
widths and dispersions, the simulation software divides the
detector area into small area sections. The rate of detected
photons for each detector point is then extracted from a
fivefold integration of the Compton scattering probability
over the whole phase space of the electron beam and the
length of the interaction zone [1].

The calculation for both detection techniques was car-
ried out for a detector size of 4.0 x 3.84 em?. The simu-
lation of AZ was based on a strip detector with a pitch of
100 pm. Also a Pb-conversion target for e™ /e~ pair con-
version of 1.7 decay lengths was assumed. The asymmetry
and the shift of the center of the photon’s spatial distribu-
tion resulting from the simulation are shown in Fig 3. In
the case of the integral asymmetry, the mismatch between
the idealized and the more realistic simulation increases
with higher energies. This increase can be attributed to the
energy dependence of the electron beam’s divergence and
emittance.
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In contrast, the analyzing powers Dqqgy for idealized
and more realistic beams nearly show the same response
to an energy increase. Therefore, the electron polariza-
tion that is proportional to Az is almost independent of
the emittance and divergence of the electron beam in the
interaction zone. Neither the emittance nor the divergence
of the beam are parameters that are known with high accu-
racy. Therefore, when aiming at a precise determination of
the electron beam’s transversal polarization degree, AZ is a
more appropriate experimental parameter than the integral
counting asymmetry.

SUMMARY AND OUTLOOK

Two techniques for a precise determination of the elec-
tron beam’s polarization degree through Compton po-
larimetry were investigated in this contribution. Since the
measurement of the vertical shift of the center of the pho-
ton’s spatial distribution proved to be a superior technique
compared to the measurement of A, the focus at ELSA
was the in-house development and acquisition of suitable
polarimeter components featuring a reliable measurement
technique for AZ. By now, most of the optics has been
set up at the intended position. A counting silicone mi-
crostrip detector has been developed in cooperation with
the SiLab/ATLAS group of the Physics Institute of the Uni-
versity of Bonn. With the hardware installed, we are con-
fident to be able to determine electron polarization with a
reasonably high accuracy and short measurement times.
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