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Abstract

We report a new calibration of the polarimeter POMME for energies between 1.05 and 2.40 GeV using polarized proton
beams at the Laboratoire National Saturne. A 16 parameter and a new 14 parameter empirical formula have been used to fit
both the angular and energy dependencies of the inclusive proton—carbon analyzing power data between 0.80 and 2.40 GeV.
Both fits have very good chi-square, 1.20 per degree of freedom for the former, and 1.05 for the latter. The parameters from
these fits can be used to predict the angular distribution of the pC analyzing power at any energy within the energy range of

the fits.

1. Introduction

Polarization experiments have recently become increas-
ingly important in the study of nuclear reactions such as
(d, p) and (e, ¢'p). The measurement of spin observables
for hadronic and electromagnetic interactions provides a
rich source of information about nuclear structure and
spin-dependent forces. Polarization measurements in the
focal plane of a magnetic spectrometer have become a well
established and very important experimental technique in
these type of investigations. The focal plane polarimeter
POMME (Polarimétre Mobile 3 Moyenne Energie) at the
Laboratoire National Saturne was built for such purpose.

* Corresponding author. Tel. +1 804 221 3572, fax +1 804
221 3540.

POMME was first calibrated in 1988 for proton kinetic
energies between 0.20 and 1.20 GeV using the spectrome-
ter SPES 1. The results of this calibration have been
published by Bonin et al. [1].

In the course of a recent investigation of the polariza-
tion transfer from deuteron to proton in both the inclusive
deuteron breakup reaction and the backward dp elastic
scattering, it became necessary to extend the POMME
calibration up to 2.40 GeV. The results of this new calibra-
tion also have great interest at CEBAF (Continuous Elec-
tron Beam Acceleration Facility) where a large focal plane
polarimeter is being installed in the 4 GeV /¢ high resolu-
tion hadron spectrometer in Hall A.

The new calibration was accomplished in two separate
runs, first in 1990 and then in 1992, using the spectrometer
SPES IV [2,3]. Polarized proton beams with seven differ-
ent energies were used; 1.6 and 1.8 GeV in 1990, and
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Fig. 1. Schematic diagram of the polarimeter POMME. C,, C,
and C; are the small front chambers. C,, C5 and Cg are the large
rear chambers. C is the carbon analyzer and P is the plastic
scintillator. Also shown is the coordinate system used here.

1.05, 1.35, 2.00, 2.24 and 2.40 GeV in 1992. In this paper
we report the results of this calibration. In the next section,
we describe the working principle of POMME and show
some representative characteristics of a proton polarimeter.
The calibration proper is described in Section 3. In Section
4, results for a new 14 parameter fit of the proton—carbon
analyzing power, and an old Los Alamos 16 parameter fit
[4] based on a previously published function [5] are given.
A discussion of the results is presented in the final section.

2, Polarimeter principle and characteristics

The polarization of medium energy protons can be
determined by scattering the protons with an analyzer,
typically made of carbon or liquid hydrogen, and measur-
ing the azimuthal angular distribution of the scattered
particles. A complete description of the polarimeter
POMME has been published elsewhere [1,6], including its
special MWPC readout system using the charge division
method. Here, we only mention briefly the basic working
principle of POMME and some of its characteristics. The
device contains six XY multiwire proportional chambers
and a thick carbon block as the analyzer. A schematic
diagram of POMME is shown in Fig. 1. The working
nrmmnle IQ haced on inclusive nmton carbon scattering,

AR i =2

with one forward charged particle detected,
p + C — one forward charged particle + X. (1)

The three small upstream chambers, C;, C, and C;, seen
in Fig. 1, have a sensitive area of 48 X 48 cm?, while the
sensitive areas for the three large downstream chambers,
C,, C5, and Cg, are 96 X 96 cm?. The chambers permit

the particle traiectory reconstruction both before
e yuxuvnv trajectory reconstruction both peiore and aller
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the pC scattering, and so give the measurement of the
scattering angles.

The three small front chambers have an average spatial
resolution of 1.6 mm (FWHM), and the resolution for the

large chambers is 3.2 mm (FWHM). Taking into account

the redundancy of the three-chamber svstem. the overall
.............. cy nhamoer system, the overal

trajectory reconstruction efficiency we measured is 99.8%
for the small chamber group, and 85% for the large
chamber group. The carbon analyzer, C, used in POMME
had a thickness of 53.0 gcm 2, comparable with the

s
carhon nuclear collicion lenoth which ic 6802 o cm "~ The
Caroon nuciCar Couision 18Ngia, wallil 15 Su.2 g im N

probability of having any pC nuclear interaction in

POMME was then given by [1 —exp(—53.0/60.2)] =

0.59. A plastic scintillator, P, was placed between the

small front chambers and the carbon analyzer, and it
rad ac nart of tha POMME trigoar

erved as part of the POMME trigger.

In the energy region where the C(p,p)X reaction domi-
nates the pC interactions, the forward going charged parti-
cles are mostly protons. In general, their angular distribu-
tion after the analyzer has the form of

n(8, ) =no(0){1+A4,c(8)[ P, cos ¢— P, sin 6]},
2

where n,, is the distribution for unpolarized protons, and

A,c(8) is the analyzing power of carbon in POMME that

we would like to calibrate. P, and P, are the projections
of the proton polarization onto the vertical- and
horizontal-axis, respectively. The angles 6 and ¢ are the
polar and azimuthal scattering angles of the protons, re-
spectively. As shown in Eq. (2), once the proton beam
polarization is known, the analyzing power, A, can be
found by Fourier analysis of the angular distribution of the
scattered protons.

3. Calibration

The polarimeter was calibrated with a polarized proton
beam. First, we had to determine the proton beam polariza-
tion, and then we used ithe polarized beam to measure ihe
POMME analyzing power. This process was repeated for
each beam energy at which we made the measurement.

For the beam polarization measurements, the spectrom-
eter SPES IV was set at an angle 6, relative to the
incoming beam, and a liquid hydrogen target was put in
place in front of SPES IV. The angles 6, used for
different beam energies and the corresponding proton—pro-
ton analyzing powers determined by Perrot et al. [7] are
given in Table 1.

uufiﬁs the CApcxuucm, the s bpul of the proton beam was
orientated in the vertical direction and flipped between up
and down for consecutive beam bursts. The spectrometer
at angle 6, together with the hydrogen target acted as a
single-arm polarimeter using proton—proton scattering. The

hodoscopes located at the intermediate and final focal
noagscopes iocatea at the intermediate and final focal
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Table 1

Results for the measurements of the proton beam polarization, P,,
at various energies, as well as the pp scattering angles, 8,,,, and
the analyzing powers, A, that were used. The uncertainties in
P, given are statistical only, and included the statistical errors
propagated from A, [5]

T, [GeV] 6.1, [deg] AL P,

1.05 16.1 0.42040.020 0.885+0.045
1.35 16.1 0.360 + 0.020 0.875+0.050
1.60 10.1 0.330+0.030 0.860 + 0.080
1.80 10.1 0.295+0.020 0.855 +0.060
2.00 139 0.270+0.020 0.815+0.060
2.24 139 0.235+0.020 0.810+0.070
2.40 11.6 0.255+0.020 0.765 £ 0.060

plane of SPES IV detected the scattered protons. The
measured asymmetry, X, is given by

N, =N,

X(olab) = m’
) !

©)
where N, and N are the number of protons counted in
SPES IV with the beam polarization in the spin-up and
spin-down state, respectively. One also has

X(glab) =PpApp(01ab)’ (4)

where A is the pp analyzing power at angle 6,,,, and P,
is the proton beam polarization to be determined.

The results of the P, measurements at various energies
are given in Table 1. The statistical uncertainties of P,
include the root sum square of the contributions from both
the X(6,,) measurement and the statistical error in
A, (0,,,). According to Ref. [7], the systematic error of
A,, was estimated to be 4% over the energy range relevant
here. This results in an additional 4% systematic uncer-
tainty in the proton beam polarization measurements which
is not included in Table 1.

After the beam polarization had been determined, the
liquid hydrogen target was removed. The polarized proton
beam entered the spectrometer at 0° and was then guided
onto the polarimeter POMME at the final focal plane of
SPES 1V. In the energy range of our calibration, the pC
scattering at small angle is dominated by the multiple
Coulomb scattering which has a typical scattering angle of
0.6° (rms). All protons not undergoing any nuclear interac-
tion in the carbon appear in this ‘‘Coulomb peak’’. These
events have no analyzing power and are therefore useless
for polarization measurements. Besides, the azimuthal an-
gular resolution of POMME is poor when 8 is less than 1°.
Events with small & were rejected on-line to reduce both
the computer dead-time and the amount of magnetic tapes
needed to store the data.

During the calibration, the electronic signals from the
wire chambers and other detectors were sent to the data
acquisition computer SAR [8]. The signals from the cham-
bers C;, C; and C, were read first and the information

was used to estimate the polar scattering angle, 6, of the
pC scattering. A fast-rejection test was run by SAR to
reject events with 8 smaller than 2°. One percent of the
raw events were collected without going through this test,
providing a sample of the original ‘‘uncensored’’ event
population. If an event passed this small angle test, SAR
continued to read the remaining information from other
detectors, and transferred the data onto a magnetic tape for
off-line analysis. Otherwise, the system was reset and
ready for the next event.

During off-line analysis, the particle trajectories both
before and after the carbon analyzer were reconstructed
event by event, using the information from all six wire
chambers. Only single track events were selected. The
coordinates of the proton scattering vertex in the carbon
and the scattering angles, 6 and ¢, were then calculated.
Software windows were used to select events that had
vertex coordinates compatible with the location of the
analyzer. A cone-test was used to remove the instrumental
asymmetry originating from the finite size of the chambers
behind the analyzer. For an event with a given polar
scattering angle 6, this test required that the whole 27
azimuthal acceptance for the scattered particle be con-
tained within the large chambers located after the carbon
analyzer.

Events that passed the cone-test and the software win-
dows were used to determine the analyzing power of the
carbon analyzer, ApC(G). The angular distribution of the
events are shown in Fig. 2 for the 1.60 GeV data. A
strongly suppressed Coulomb peak at 6 less than 2° is
visible in Fig. 2(a). These are mostly events from the 1%
‘‘uncensored’’ data. The ¢ distribution shown in Fig. 2b
displays a clear cosine modulation.

Since the direction of the beam polarization of consecu-
tive beam bursts was alternated between up and down in
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Fig. 2. (a) The 6-distribution and (b) the ¢-distribution of the
scattered particles at 1.60 GeV.
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the vertical direction throughout the experiment, we have
n: (0, &) =ny(0){1+P,A,c(8) cos ¢},
n, (0, ¢)=ny(0){1-P,A,(0) cos ¢}, (5)

where n, and n are the distributions for the proton
spin-up and spin-down state, respectively. The asymmetry,
R(8, ¢), of the proton angular distribution after the carbon
analyzer is given by
ny (6, ¢)—n (6, ¢)
ny (0, ¢)+n (6, ¢)

=P,A,c(0) cos ¢. (6)
After Fourier analysis of R(0, ¢), one has
R(6, ¢)=Ay(8) +A(8) cos o+ B,(0)sinp+ ---.

(™

All coefficients except A; are expected to be zero. The
typical values of B, were found to be plus or minus

0.01 + 0.01, and are indeed compatible with zero. Compar-
ing Egs. (6) and (7), we have

Apc(0) =A,(6)/F,. (®)

The results of the A, calibration, together with the
statistical uncertainties are given in Table 2. There is a 4%
systematic uncertainty in A,., which comes from the

R(6, ¢) =

Table 2

proton beam polarization measurements, as mentioned
above.

Besides the analyzing power, the figure of merit, F, is
also a very important quantity characterizing a polarimeter.
It is defined as

2 Omax nO( 0) 2
F~E/6‘ N Apc(8) d6, 9)
with &, the total number of incoming protons; (6,;.,6,..,)
indicates the useful scattering angle domain of the po-
larimeter. The absolute statistical uncertainty of the polar-
ization measured by a polarimeter is simply given by

AP,=\2/F*N,, . (10)

The figure of merit provides a very important guideline to
determine the number of events one has to acquire during
an experiment to achieve a given absolute uncertainty for
the measurement. The values of F, integrated from 3° to
25°, are given in Table 3 at various proton energies. The
value at 1.05 GeV is consistent with the earlier result from
Ref. [1]. Also given in Table 3 and Fig. 3 are the figure of
merit after correction for the chamber efficiency so that the
new values correspond to a POMME like polarimeter with
chambers of 100% detection efficiency.

A very important aspect of the figure of merit as
defined here is that it depends not only on the hardware of

Values of the proton—carbon analyzing power, APC(O), obtained in this experiment at various proton kinetic energies. The uncertainties
given are statistical only. The systematic uncertainties are 4%, as discussed in the text

9 A(8)
ldeg] 105 Gev 1.35 GeV 1.60 GeV 1.80 GeV 2.00 GeV 2.24 GeV 2.40 GeV
3 0136 £0.010  0.123+£0.010 0.109+0.013  0.096+0.010 0.092+0.011 0.087 £0.012  0.084 + 0.012
4 0.163+0.011 0152+ 0011 0.136+0.016 0.110+0.011  0.124 +0.014 0.098 +£0.014  0.118 + 0.016
5 0.186+0.012  0.168+0.013 0.119+0.015 0.137+0014 0.118 £0.015 0.140 £ 0.018  0.098 £ 0.017
6 0.195+0.013  0.177+0014 0.137+0018 013140014 0130 +0.016 0.130 £ 0.018  0.124 +0.018
7 0.190 £0.013  0.183+0.015 0.155+0019 0.124+0.014 0123 +0.016 0.120 £ 0.018  0.098 + 0.018
8 0209 £0.014  0.169 £ 0.014  0.157+0.020 0.118+0.014 0138 +0.017 0.122£0.019  0.107 £+ 0.019
9 0.205+0.014 0186+ 0015 0.122+0018 013740015  0.121 +0.017 0.092+0.018  0.089 +0.019
10 0.209+£0.015 0191+0015 0.128+0019 0.114+0015 0.129 £0.018 0.100 +0.019  0.085 + 0.020
1 0.202+0.014 0.165+0015 0.121+0019 0.103+0015 0.108 £ 0.017 0.097 £ 0.019  0.087 4 0.020
12 0200 +£0.014  0.164 +0.015  0.134+0.020  0.107+0.015  0.107 + 0.018 0.153 £0.022  0.057 +0.020
13 0208 £0.015 0.172+0015 0.131+0020 013310017  0.146 +0.020 0.076 £ 0.020  0.067 + 0.021
14 0210+ 0015 0177 +£0.016  0.095+0.019 0120 +£0.017  0.096 + 0.019 0.093 £0.021  0.152 +0.025
15 0.193 £0.014 0160 +0.015 0.104+0019 0.120+0.017  0.066 + 0.019 0.059 +0.021  0.033 + 0.023
16 02020015 0.146+0015 0.087+0019 0.093+0.017  0.081+0.020 0.074 +£0.022  0.081 £ 0.024
17 0.181+0.014 0168+ 0016 0.083+0019 0.071+0.017  0.083 + 0.020 0.055+0.022  0.072 +0.025
18 0.181 £0.015  0.165+0016 0.088+0.020 0.070+0.017  0.098 +0.021 0.077£0.023  0.052 +0.026
19 0.176 £ 0.015  0.140+0.016  0.101 +0.022  0.069+0.018  0.031 +0.021 0.050 +0.023  0.035 +0.026
20 0.191£ 0015 0100+0.015 0.102+0.022 0078+0019  0.062 +0.021 0.009 +0.024  0.019 +0.027
21 0177+ 0015  0.126+0.016 0.098+0.023 0.023+0019  0.069 +0.022 0.013 £0.025  0.047 £ 0.029
22 0.157+0015 012240018 0.057+0.023 0.050+0.020 0.053 + 0.024 0.043 £0.026  0.004 £ 0.029
23 0.171+0.016  0.119+0.019 0.092+0.026 0.040+0.022  0.032+0.026 0.024 +0.027  0.011+0.033
24 0.133+0.017 007410021 0030+0028 00320024 0.058+0.029 0.067 £ 0.031  0.079 +0.038
25 0.152£0.019 0.095+0025 0003+0032 0034+0028 0037+0.033 —0.028+0035 0.005+0.043




Table 3

The figure of merit of POMME, integrated from 6 = 3° to 25°.
The numbers in the second column are experimental results from
POMME. In the third column are resulis after corrected for the
chamber detection efficiency, as described in the text. The error

bars given are statistical only

T, [GeV] Figure of merit, F (1072)
POMME Corrected for efficiency

1.05 9.45+0.15 10.26 £0.17
1.35 5.75+0.12 6.2440.13
1.60 3.9610.15 4304016
1.80 4.23+0.13 4.60+0.15
2.00 4.28+0.16 4.65+0.17
2.24 3.661+0.16 3.98+0.18
2.40 290+0.15 3154017

the polarimeter, but also on the beam quality and the way

evante ware selected durine analveic. In this calibration
events were seiecied qurng anaiysis. in {als caioration,

we used a monochromatic proton beam that was directed
onto the center of the carbon analyzer. On the other hand,
if the beam was not monochromatic and the spectrometer
spreads the protons over the analyzer, more events would

he reiected by the cone-test mentioned above and the
O€ rejecied By ine cone-test mentioned above and ing

figure of merit could be reduced significantly.

4. Parametrization
4.1. 14 parameter fitting

A 14 parameter empirical formula was used to fit the
energy and angular dependences of the obtained data
between 0.80 and 2.40 GeV; besides the seven sets of data
reported here, two more sets of data from a previous
calibration, at 0.80 and 1.20 GeV, were also included in
the fit. The fitting formula consists of two exponential

functions and has the following form:

ApC(O,pmid) =ax"e P* 4 cxteT4x (11)
12 v T - T
©
[T 8 - u J
g .
1S
B 4 T .
L - i
o
= %
ey
ic
0 . . , .
0.8 1.2 1.6 2.0 2.4
Tp (GeV)

Fig. 3. The figure of merit of POMME, integrated from 6 = 3° to

Ago £

25° and correcied for the chamber deiection ClllLlCXlLy
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Table 4
The values of p_;, and the thickness of the carbon analyzer used
at different proton energies

T, [GeV] Pmiq [GeV /] Thickness [cm]
0.80 1.40 31.2
1.05 1.65 31.2
1.20 1.86 30.0
1.35 2.03 31.2
1.60 2.30 31.2
1.80 2.52 31.2
2.00 2.73 31.2
2.24 2.98 31.2
2.40 3.15 31.2

is the nmmn momentum

sin 8, where p_.. he
in GeV/c at the middle of the carbon analyzer after
correction for the energy loss. The thickness of the carbon
analyzer was 31.2 cm for all data sets, except at 1.20 GeV
where the thickness was 30.0 cm. The reason p,;4 was
used is to reduce the analyzer thickness dependence to a
simple momentum dependence. The values of p, .4 to-
gether with the thickness of the carbon analyzer used at
different proton energies are given in Table 4. The six
quantities a, b, ¢, d, r and s, are parametrized functions

(YIVP“ as:
sy

with x=p
I m:

a=aytap+ap’,
b=by+b,p +b,p”,
c=co+clp’+c2p’2, (12)

d=dy+d, p +d,p*

r=ry,
§=5g,
where

D = Pmia —2.3GeV /c.

The new momentum variable p’ was chosen to be at the
center of the parametrization domain.

Ll.l (11) auu luC dUUVC palauwumcu LullbllUllb WweIo
used to fit the A data between 6= 3° and 25°. Nine sets
of data, a total of 207 data points were included. The
optimum values of the 14 parameters as well as their

Table 5
The optimum values for the 14 parameter fit of the inclusive pC
analyzing power data

0 1 2
a 5758 £ 6665 —9910+ 12289 4543 +5997
b 26451314 —7.018 +1.957 —3.448 +1.399
¢ 6.015+3.029 —4.492+2.855 3.654 +£2.564
d 4.6761+0.561 —0.2947+0.2357  0.6398 +0.3732
r  3.869+0.419
s 206640321
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uncertainties are given in Table 5. The fit, obtained with
the code MINUIT, has a very good chi-square of 1.05 per
degree of freedom. The curves from the fit are compared
with the calibration data in Fig. 4. The results of this
proton-carbon analyzing power parametrization between
0.80 and 2.40 GeV are plotted in Fig. 5 in steps of 0.20
GeV. The curves show that the pC analyzmg power has its
peak at 6 between 5° and 10°. As the proton energy
increases, the value of ApC decreases from roughly 0.22 at
0.80 GeV to about 0.10 at 2.40 GeV. This trend indicates
that the analv'nna power is hkplv to become even smaller

at proton energies bcyond 2.40 GeV.

4.2. 16 parameter fitting

In the previous calibration [1] al6 paramet_er formula,
first proposed by Ransome et al. [5], was used to fit the
analyzing power of POMME between 0.5 and 1.2 GeV.
Such a fit has been used by McNaughton et al. [4] at the

Los Alamos National Laboratory to parametrize the pC
anal\nmg power below 1.2 GeV. It is interesting to see

analyzin er belo is interesting 1o see
how well this 16 parameter fit works in the newly cali-
brated energy region, and to compare it with the results
from the 14 parameter fit we have presented above. The 16
parameter fit is based on the analytical form

Cheung et al. / Nucl. Insir. and Meth. in Phys. Res. A 363 (1995) 561-567

0.4 T T T 7
F O————0 0.80 GeV
0=+ ———01.00 GeV

)
w
T

Analyzing power
[=)
[\%]
T

0.1

0.0

0 5 10 15 20 25
8 (deg.)

Fig. 5. The parametrized inclusive pC analyzing power between
T, = 0.80 and 2.40 GeV, from the 14 parameter fit.

with x =p_., sin 6. The quantities a, b, ¢ and d are

P Y S Y A oo Fallaoro.
palaulcuchu ad 1ULUWD,

a=a0+a1p’+a2p’2+a3p’3

b=by+b,p +b,p*+byp"” (14)
c=c(,-+—c“';’-.‘—c2p/24.-53,')’3

d=dy+d,p +d,p’* +d,p”>

where

P =Pmia—2.3GeV/c.

The fitting prescription was applied to the same nine sets
of calibration data over the same @ range between 3° and
25° as described above for the 14 parameter fitting. The
resulting values for the 16 parameters of the optimum fit
are given in Table 6. The fit gives a chi-square of 1.20 per
degree of freedom, slightly higher than the 14 parameter
fit. Fig. 6 shows the 16 parameter fit with the calibration
data. The results between 0.80 and 2.40 GeV are shown in

Fig. 7 in steps of 0.20 GeV. At energies between 0.80 and
1.40 GeV, both fits show a similar behavior. At higher

o0l sS40 SHnal Dodaviol, AL AIghcd

energies, the curves from the 16 parameter fit start to cross
each other.

5. Discussion

We have reported the first systematic measurement of

A, o(0,Ppiy) = ————— + dp, sin(50), (13) the high energy inclusive proton—carbon analyzing power.
pe mia) 1+ bx?+ox? mid The old Los Alamos 16 parameter fit and a new 14
Table 6
The optimum values for the 16 parameter fit of the inclusive pC analyzing power data
0 1 2 3
a 0.9791 +0.0534 —0.4707 + 0.1389 0.5810 +0.1230 —0.5966 + 0.2504
b 11.31 +1.62 —19.63 +3.97 5421 +2.42% i13.79 584
c 6.204 +3.959 —1338 +10.54 —-1292 +5.78 3141 +16.03
d 0.00497 + 0.00811 -0.1012 + 0.0114 0.00116 + 0.01267 0.1285 + 0.0256
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Fig. 6. Results of the Los Alamos 16 parameter fit of the inclusive
proton—carbon analyzing power, A .. The curves are from the fit.
The filled circles are data from this work and the open circles are
results from the previous calibration of Ref. [1).

parameter fit were used to parametrize the results for
energies between 0.80 and 2.40 GeV. Both fits describe
the analyzing power well, but the 14 parameter fit has a
smoother behaviour at energies beyond 1.40 GeV. As the
energy increases, both the analyzing power A,. and the
figure of merit F of the polarimeter POMME decrease. At
240 GeV, A, becomes as small as 0.1 and F is about
33 102, Thus for polarized protons with higher energies,
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Fig. 7. The parametrized inclusive pC analyzing power between
T, = 0.80 and 2.40 GeV, from the Los Alamos 16 parameter fit
explained in the text.

it will become necessary to use other reactions with larger
analyzing power for proton polarimetry. A possibility might
be C(p, 2p)X [9] or some other exclusive pC interactions,
although these reactions require particle identification and
energy measurement after the analyzer. Other options have
been investigated using materials such as copper [9], hy-
drogen [10,11] or deuterium [12] as the analyzer. The
simplest choice would be liquid hydrogen since the pp
analyzing power, A, is about three times larger than A ¢
in the high energy region [10]. Of course, its relatively low
density (0.0708 g cm™?) and the necessity to have a
cryogenic system will certainly be a challenge to the
designers of the next generation of high energy proton
polarimeters.
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