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A Compton polarimeter has been installed in Hall A at
Je�erson Laboratory. This letter reports on the �rst elec-
tron beam polarization measurements performed during the
HAPPEX experiment at an electron energy of 3.3 GeV and
an average current of 40 � A.

The heart of this device is a Fabry-Perot cavit y which in-
creasedthe luminosit y for Compton scattering in the interac-
tion region so much that a 1:4% statistical accuracy could be
obtained within one hour, with a 3:3% total error.

I. INTR ODUCTION

Nuclear physicsexperiments using a polarized electron
beam require an accurate knowledgeof the beam polar-
ization. However, polarization measurements often ac-
count for the main systematicuncertainty for such exper-
iments. The Contin uous Electron Beam Accelerator Fa-
cilit y (CEBAF), located at Je�erson Laboratory (JLab),
is equipped with three types of beam polarimeters. A
Mott polarimeter, limited to low energy (few MeV), is
available at the injector, while M�ller polarimetry is used
at low currents (few � A) in all three experimental halls.
The main limitation of both techniques is their invasive
character due to the solid target (Au and Fe, respec-
tiv ely) used,preventing beampolarization measurements
simultaneous to running an experiment. Moreover, nei-
ther of these instruments is capable of operating in the
energyand/or current regime deliveredat JLab. In con-
trast, Compton polarimetry, which useselastic scattering
of electronso� photons, is a non-invasive technique. In-
deed,the interaction of the electron beamwith the "pho-
ton target" doesnot a�ect the properties of the beam so
that the beampolarization can be measuredupstream of
the experimental target simultaneously with running the
experiment. The applicabilit y of Compton polarimetry
has beendemonstrated at high-current (> 20 mA) stor-
agerings (NIKHEF [1], HERA [2]) and at high-energy(>
50 GeV) colliders (SLAC [3], LEP [4]). However, at the
CEBAF beamconditions (energyof several GeV, current
of up to 100 � A) the Compton crosssection asymmetry
is reduced to a few percent, which makes Compton po-
larimetry extremely challenging.

A pioneering technique was selected to increase the
Compton interaction rate such that a 1% statistical er-
ror measurement could be achieved within an hour: an
optical Fabry-Perot type cavit y fed by an infrared photon
source. The Compton luminosit y hasbeenenhancedfur-
ther by minimizing the crossingangle between the elec-
tron and the photon beams, which required setting the
cavit y mirrors only 5 mm away from the electron beam.
This unique con�guration allows measurements of the
electron beam polarization at moderate beam energies
(> 1 GeV) and currents (> 10 � A). The Fabry-Perot
cavit y [5], comprising two identical high- re
ectivit y mir-
rors, ampli�es the photon density at the Compton In-
teraction Point (CIP) with a nominal gain of 7000. The
initial laserbeam (NdYAG, 300mW, 1064nm) is locked
on the resonant frequencyof the cavit y through an elec-
tronic feedback loop [6]. The optical cavit y, enclosedin
the beam pipe, is located at the center of a magnetic
chicane (16 m long), consisting of 4 identical dipoles.
The chicane separatesthe scattered electrons and pho-
tons and redirects the primary electron beamunchanged
in polarization and direction to the Hall A beam line.
The backscattered photons are detected in a matrix of
25 PbWO4 crystals [7], which are read out by PMT's.
The PMT output signal is ampli�ed and integrated be-
fore being sent to ADC's. This article reports on the �rst
polarization measurements performed during the second
part of the data taking of HAPPEX experiment [8] (July
1999) with the Hall A Compton polarimeter at an elec-
tron energyof 3.3 GeV and an averagecurrent of 40 � A.

I I. TO W ARDS A POLARIZA TION
MEASUREMENT

For the HAPPEX experiment CEBAF produced a
longitudinally polarized electron beam with its helicity

ipp ed at 30 Hz. This reversal induces an asymmetry,
Aexp = N + � N �

N + + N � , in the Compton scattering events N �

detectedat opposite helicity. In the following, the events
are de�ned as count rates normalized to the electron
beamintensity within the polarization window. The elec-
tron beampolarization is extracted from this asymmetry
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via [9]

Pe =
Aexp

P
 A th
; (2.1)

whereP
 denotesthe polarization of the photon beam
and A th the analyzing power. The measuredraw asym-
metry A r aw has to be corrected for dilution due to
the background-over-signal ratio B

S , for the background
asymmetry AB and for any helicity-correlated luminos-
it y asymmetriesAF , so that Aexp can be written to �rst
order as

Aexp =
�

1 +
B
S

�
A r aw �

B
S

AB + AF : (2.2)

The polarization of the photon beam can be reversed
with a rotatable quarter-wave plate, allowing asymme-
try measurements for both photon states, A (R;L )

r aw . The
averageasymmetry is calculated as

Aexp =
! R AR

r aw � ! L AL
r aw

! R + ! L
; (2.3)

where ! R;L denote the statistical weights of the raw
asymmetry for each photon beam polarization. Assum-
ing that the beam parameters remain constant over the
polarization reversal and that ! R ' ! L , false asymme-
tries cancelout such that

Aexp '
AR

r aw � AL
r aw

2
(1 +

B
S

): (2.4)

I I I. D ATA TAKING AND EVENT
PRESELECTION

Before starting data taking, the electron beam orbit
and its focus in the central part of the chicane have to
be optimized to reduce the background rate observed in
the photon detector which was generated by a halo of
the electron beam scraping on the Fabry-Perot mirror
ports [11]. The vertical position of the electron beam
was adjusted until the overlap between the electron and
the photon beam was maximized at the CIP. This was
achieved by measuring the count rate in the photon de-
tector while adjusting the �eld of the chicane dipoles.
Becauseof a slow drift of the electron beam, its position
had to be readjusted every couple of hours to minimize
systematic e�ects (cf section IV ). Polarimetry data were
accumulated contin uously while running the HAPPEX
experiment. Each one hour run consisted of �v e pairs
of signal - with the cavit y resonant (cavit y ON) - and
background - when the cavit y was intentionally unlocked
(cavit y OFF), approximativ ely one third of the time -
runs. Signal and background events wererecordedfor al-
ternating valuesof the photon beam polarization inside
the cavit y. With an averagepower of 1200W inside the

cavit y, the count rate observed in the photon detector
was � 90 kHz and the background rate of the order of 16
kHz.

For the data presented here, only the central crystal
was used in the backscattered photon detection. The
electronics was triggered when the amplitude of a sig-
nal recorded in the PMT coupled to that central crys-
tal exceededa preset threshold value. The state (Cav-
it y ON/Ca vit y OFF) of a recorded event is determined
by the photon beam diagnostics outside the cavit y and
by the cavit y-locking feedback parameters [6]. The �rst
event selectionimposeda minimum current of 5 � A and
variations smaller than 3 � A within each run as well as
minor cuts to account for malfunctions of the experimen-
tal setup. The modulation of the electron beam position
and energy [8] imposedby the HAPPEX experiment in-
duced a signi�can t loss of events (� 36 %) in limiting
systematic e�ects (cf section IV ).

IV. EXPERIMENT AL ASYMMETR Y

The raw asymmetry normalized to the electron beam
intensity, A r aw , is determined at 30 Hz for each pair of
opposite electron helicity states. Averaging all pairs for
both photon polarizations yields the mean raw asymme-
try (eq. 2.3) The mean rates with cavit y ON (r 1) and
cavit y OFF (r 0) areobtained by averagingover both elec-
tron and both photon states within each run. The dilu-
tion factor of the asymmetry is thus(1+ B

S ) = r 1

r 1 � r 0 . The
average signal and background rates were respectively
about 1.9 and 0.4 kHz/ � A. The experimental asymme-
try of about 0:013 was determined with a relative sta-
tistical accuracy � 1.4% within an hour. Fluctuations
of the signal over background ratio B

S and of the statis-
tical precison of the background asymmetry estimation
AB within a run account for a small contribution to the
error budget (cf table I).

Any correlation between the Compton scattering lu-
minosity and the electron helicity induces a false asym-
metry which adds to the physical asymmetry (eq. 2.2).
For each pair i of opposite electron helicity, a system-
atic di�erence of the transverse electron beam position

or angle � pi = p+
i � p�

i
2 (pi = x; y; � x ; � y ) givesrise to an

asymmetry

A i
p =

1
r i (p = pi )

@r i

@p

�
�
�
�
i

� pi ; with r i =
N i

t i I i
: (4.1)

The two beams,crossingin the horizontal plane, each
have a transversesizeof � 100 � m. The Compton lumi-
nosity is thereforehighly sensitive to the vertical position
of the electron beam (�g. 1), of the order of 0.2%/� m.
Thus, a systematicposition di�erence of � 100nm would
generate a false asymmetry of 0.02%, corresponding to
� 1.5% of the experimental asymmetry. To minmize the
systematic error, the secondevent selectionacceptsonly

2



data lying within 50 � m from the luminosit y optimum.
Again, averaging over the two helicity states of the pho-
ton beamcancelsthis contribution if the beamproperties
remain stable over the duration of the run. However, a
slow drift of the beam parameters induces a change in
the count rate sensitivity. The asymmetry induced by
a di�erence � pi can therefore be di�eren t for the two
photon states, thus creating a residual false asymmetry.
This residual contribution is estimated by calculating A i

p
for each pair and summing over the four positions and
angles. Averaging over all pairs is done using the sta-
tistical weights of the experimental asymmetry. Helicity-
correlated falseasymmetriesrepresent on average1.2%of
the experimental asymmetry and remain its main source
of systematic error (cf table I).

V. PHOTON BEAM POLARIZA TION

The photon beam polarization can not be measured
at the CIP during the experiment since any instrument
placed in the photon beam interrupts the build-up pro-
cess. Instead, the polarization at the exit of the cavit y
was monitored on-line during data taking. Absolute po-
larization measurements were performed at the CIP and
at the exit of cavit y during maintenanceperiodswhen the
cavit y is removed. These measurements allow to model
the transfer function of the light from the CIP to the
outside detectors, which then result in an evaluation of
the photon beampolarization during the experiment [10].
The polarization is found to be P R;L


 = � 99:3+0 :7
� 1:1%, for

both right- and left-handed photons.

VI. ANAL YZING PO WER

The Compton scattering crosssection has to be con-
voluted with the responsefunction of the calorimeter:

d� �
smear ed

dk0
r

=
Z 1

o

d� �
c

dk0
g(k0 � k0

r ) dk0

where k0 is the backscattered photon energy, k0
r is the

energy deposited in the calorimeter, d� �
c

dk 0 is the helicity-
dependent Compton cross section and g(k0) is the re-
sponsefunction of the calorimeter. The latter is assumed
to be gaussianwith a width � r es(k0) = a � b=

p
k0 � c=k0

where (a; b;c) are �tted to the data. The observed en-
ergy spectrum (�g. 2) hasa �nite width at the threshold.
This can be dueeither to the fact that the threshold level
itself oscillatesor to the fact that a given chargecan cor-
respond to di�eren t voltage amplitudes at the discrim-
inator level. To take this into account the threshold is
modelled using an error function p(k0

s; k0
r ) = erf ( k 0

r � k 0
s

� s
)

in which � s is �tted to the data. Hence, the observed
count rate can be expressedas :

N � (k0
s) = L �

Z 1

0
p(k0

s; k0
r )

d� �
smear ed

dk0
r

dk0
r

where L is the interaction luminosit y. An example of a
measuredenergyspectrum and a �t using the procedure
described in this section is shown in �g. 2. Finally , the
analyzing power of the polarimeter can be calculated:

A th =
N + (k0

s) � N � (k0
s)

N + (k0
s) + N � (k0

s)

and is of the order of 1.7 %. In calculating the en-
ergy spectrum, the raw ADC spectrum had to be cor-
rected for non-linearities in the electronics, resulting in
a systematic error of 1 %. Another 1 % comes from
the uncertainty in the calibration which is performed by
�tting the Compton edge. Variations of the parameter
a; b; c; k0

s; � s around the �tted valueswhereusedto esti-
mate the systematic error associated with our imperfect
modelling of the calorimeter response. This contributes
1.9% to the systematic error which is mainly due to the
high sensitivity of the analyzing power to the valueof the
threshold (� 1%/MeV around 30 MeV). This represents
the main source of systematics in our measurement (cf
table I).

VI I. RESUL TS AND CONCLUSIONS

We have measuredfor the �rst time the JLab electron
beam polarization at an electron energy of 3.3 GeV and
an averagecurrent of 40 � A. The 40 measurements of the
electronbeampolarization, which wasof the order of 70%
[11], are displayed in �g. 3. The averageerror budget for
thesedata is given in table I. These results are in good
agreement with the measurements performed with the
Hall A M�ller polarimeter [12]. Moreover, the Compton
polarimeter provides a relative monitoring of the polar-
ization with an error of 2% due to the absenceof corre-
lations betweenconsecutive runs in the systematic errors
associated with the photon detector (A th ) and with the
photon polarization (P
 ). These results show that the
instrument presented here is indeed capable of produc-
ing a fast and accurate polarization measurement. The
challenging conditions of JLab (100 � A, few GeV) have
beensuccesfullyadressedwith a low-power laser coupled
to a Fabry-Perot cavit y. Moreover, the level of system-
atic uncertainties reached in these �rst measurements,
is encouraging for forth-coming achievements. Several
hardware improvements have been added to the setup
since then: new front-end electronic cards, feed-back on
the electron beam position and a detector for the scat-
tered electron, consisting of 4 planes of 48 micro-strips.
Data taken during recent experiments [13] [14] are being
analyzed and are expected to reach a 2% total error at
4.5 GeV and 100 �A .
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TABLE I. Average relativ e error budget.

Source Systematic Statistical
P
 1.1%
Aexp Statistical 1.4%

B =S 0.5%
AB 0.5% 1.4%
AF 1.2%

A th Non-linearities 1%
Calibration 1% 2.4%

E�ciency/Resolution 1.9%
Total 3.0% 1.4%
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FIG. 1. Count rate normalized to the beam current versus
vertical position of the electron beam.
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FIG. 2. Energy spectrum of Compton photons, detected in
the central PbWO4 crystal. The solid curve is the �t, which
accounts for the calorimeter resolution and e�ciency .
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FIG. 3. Polarization measured by the Compton (full cir-
cles) and the M�ller (stars) polarimeters during the HAPPEX
experiment. For the M�ller data the total error is shown, for
the Compton the statistical and total error is indicated sepa-
rately.
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