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Abstract

The results of a new calibration of the polarimeter POMME for energies between 0.175
and 1.6 GeV, using the polarized deuteron beam of the Laboratoire National Saturne, are
reported. The present calibration, together with previous ones, gives a complete set of vector
analyzing powers in the energy range 0.175 to 1.8 GeV. The vector analyzing powers are
fitted as a function of energy and scattering angle, with empirical formulas. Two sets of
parameters are given, one for deuteron energies between 0.175 and 0.575 GeV, and the other
1in an energy range between 0.7 and 1.8 GeV.



1 Introduction

Many studies in intermediate energy physics require measurement of the polarization of the
secondary particles of a reaction. These investigations provide stringent tests of nuclear
structure and reaction mechanism theories. The focal plane polarimeter POMME with 27
azimuthal angular acceptance, based on inclusive scattering on a carbon target, was built
for such a purpose. In the last few years POMME was used in a number of experiments at
SATURNE as a deuteron polarimeter. One application has been the study of the isoscalar
spin transitions in nuclei for low-lying levels, as well as in the continuum by inelastic (d—; d7)
scattering on nuclei [1]; another has been the measurement of the polarization of the deuteron
in the reaction pp — dnt [2].

POMME was initially calibrated for deuteron energies up to 0.7 GeV (3]. In Ref. [3]
an iron absorber and trigger counters behind the coordinate detectors were used to stop
protons from the deuteron breakup in the carbon. The use of the iron absorber increases the
analyzing power as the breakup reaction, which has small analyzing powers, is suppressed.
We will show in the present work that this technique does not work at energies higher than
0.7 GeV because the stopping power difference in iron for protons and deuterons is too small.

In a previous paper [4] the results of a calibration of POMME at 1.8 GeV with both
carbon and paraffin targets were reported. These measurements were made without iron
absorber and scintillator counters behind the chambers, in the same way as calibration for
protons [5, 6]. It was found in Ref. [4] that the vector analyzing powers and corresponding
figures of merit are large even at this energy and can be used for polarimetry.

We report here new calibration results of POMME with polarized deuteron beam with
energies from 0.175 to 0.300 and from 0.7 to 1.6 GeV. In next section the polarimeter
POMME is described briefly; in section 3 the details of the calibration and data analysis are
presented. Experimental results are given in section 4 and fits at low energy and at high
energy of deuteron-carbon data are described in section 5. The conclusions are in the last
section.

2 The Polarimeter POMME

A detailed description of the polarimeter POMME is given in Refs. [3, 5]. Here we briefly
mention its main characteristics. In the polarimeter POMME the 27 azimuthal distribution
of particles from the inclusive reaction d + C = one charged particle + X is measured.
The layout of the polarimeter is shown in Fig. L. Three front proportional wire chambers
with size 50 x 50 ¢1n* are used to determine the trajectories of the deuterons incident on
the carbon analyzer. The scattered particles are detected in three rear chambers which have
dimension of 100 x 100 ¢rn?. Their resolution is approximately 1.7 mun and 3.2 mm for front
and rear chambers. respectively. The chambers were mechauically aligned within 1 g
however particle trajectories were used to obtain an alignment at the level of 0.1 mm, with
a software procedure. A total thickness of 30 cm of graphite with a density of 1.7 g/cm?
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was used as analyzer at energies between 0.7 and 1.6 GeV. Thicknesses of graphite and iron
used for lower energies between 0.175 and 0.300 GeV are given in Table 1.

The trigger of the polarimeter is defined by a set of overlapping scintillators F} placed
close to the focal plane in coincidence with the counter P, and located just before the
analyzer, covering the full size of the front chambers in the dispersive direction. The plane
of scintillators Q placed behind the iron absorber, was part of the trigger for the low energy
calibration, but not for the high energy measurement. No fast rejection of events with small
scattering angles due to Coulomb interaction was done at the trigger level.

3 Experiment and data analysis

The polarimeter was calibrated usingthe polarized deuteron beam of the Laboratoire Na-
tional Saturne, in the focal plane of the spectrometer SPES4 [7]- The polarized deuteron
beam was directly incident on the polarimeter. The lowest intensity from the machine, ~ 108
particles per beam burst, was further reduced to ~ 10* — 2. 10* with the help of beam slits
and by defocalizing the beam with the last quadrupoles of the line.

The polarized deuteron beam of Saturne has vector and tensor polarization components
pio and pyo along the vertical symimetry axis [8]. Different radio frequency transitions in the
ion source are combined to obtain either two states (only vector polarized), or four states of
polarization (vector and tensor polarized), changing the sign of the compouents at each beam
burst. The polarization of the deuteron beam was measured in a low energy polarimeter [
located at the exit of the source . The measured values were very stable, and we used, in
the analysis, averaged values over the whole duration of the calibration. With the four state
beam, the vector and tensor polarizations were p;p = —0.40 £ 0.02 and p20 = 0.65 £ 0.02,
respectively. For the purely vector polarized beam, p;o = 0.8040.02. During the calibration,
we used beam with four states at energy 1.6 GeV, and two states of polarization at all other
energies. The change of the polarization state at every beam burst cancels the instrumental
asymmetries.

During the off-line analysis, the incoming and outgoing particle trajectories were recon-
structed using the information from the multiwire proportional chambers. Next the vertex
of the reaction in the carbon and the polar and azimuthal scattering angles, - 8 and ¢ -,
were calculated. Vertex cuts, compatible with the location of the analyzer, as well as a cut
on the distance between incoming and outgoing tracks, were required. A cone test, which
requires that for an event with given polar-f and azimuthal-¢ angles, any other choice of
¢ would be within the large chambers, was applied to remove the instrumental asymmetry
introduced by the finite size of the chambers dowustream of the analyzer. Events which
passed all tests were used to determine the analyzing power and efficiency of the polarime-
ter. For each spin state of the beam (s), a two-dimensional array of N (0, ¢) was filled by
the selected events, mouitored on the beam intensity. The angular ranges were 0° < § < 20°
and —180° < ¢ < {807, with bins of 12 and 10° for 6 and ¢, respectively.

[u the general case with vertical symmetry axis of the deuterou polarization, the number



of events in each (0, ¢) bin can be written as:

, . 1 3
N( )(0, (b) = M,(()) 1 + \/§p101T11(6)60~S¢ - ipgngo(()) - \/;ponn(G)cosilqﬁ} 5 (1)

where the Tj;’s are the analyzing powers and N,(0) is the average number of events per ¢ -
bin.

Combinations of the events from N©)(8, ¢) distributions with different polarization states
give either purely vector or purely tensor distributions:

NG 4 N _ N(6) _ N(8)
Rv(8,¢) = NG 4+ N(T) 4 N(6) + NI(8) =
= \/§pwiT11(9)cos¢ = Ay(0) cosd, (2)

NG £ N6 _ N _ N®)

Rr(0.9) = 55 TNOFNG £ NE
1 3
= —§P2oT20(9) - \/;P20T22(9)0052¢ = Ao+ Ay(0) cos2¢, (3)

The vector analyzing power 1Ty, or tensor analyzing powers Ty and Ty; are obtained by
fitting these Ry and Rr distributions, respectively.
For a purely vector polarized beam the vector ratio is defined as:

N _ N

Bv(6,9) = S o (4)

4 Results

The performance of a polarimeter is usually expressed in terms of the figures of merit, F;;,
where 7j are the tensorial indices. These depend on the polar angle # and are functions of

the differential efficiency, £(8), and analyzing powers, T;;(8). The figures of merit are defined
as:

. omaJ—' . gmnz B
Fi o= /gmm £(8) TA(6) df = ]m.».. 7%(9) do, (5)
where ¢;;(f) is the differential figure of merit and the integration is done over the angular
X . X i . : N,(8) .
range where the polarimeter is efficient. The differential efficiency () = () is defined as

inc

the ratio between the number of eveuts in a giveu # - bin, and the number of events incident
on the carbon analyzer. It depends on the differential cross section of the reaction and on the



geometry and efficiency of the detection. The typical efficiency of the track reconstruction
after the analyzer was between 60% and 80% , depending on the experimental conditions.
Due to the high heam flux during the calibration, the efficiency of the large chambers is
lower than during a normal operation as a polarimeter. In order to obtain a real value of

the efficiency and figure of merit the values quoted in tables ave corrected for 100% track
reconstruction.

The overall polarimeter efficiency, ¢, is then:

0"‘01
€ = €(#) db 5
L o) (6)
The figures of merit F; are used to determine the number of events, N, necessary to obtain
a given statistical uncertainty, AT;;, in a polarization measurement:

23,

AT = —_—, 7
7 Ninc .E.ZJ ({)

where 40 is the Kronecker symbol (as an example, it is zero for the tensor analyzing power
T>y and one for the vector analyzing power Ty,). All uncertainties shown in the next two
subsections are statistical only. The main source of systematic error comes from the mea-
surement of p;g and pyg, which were evaluated to be +2%. The errors caused by instrumental
asymmetries are cancelled because distributions with opposite polarization are being sub-
tracted as shown in eqns. 3 and 4. All results presented below were obtained with an incident
beam of a few centimeters in the focal plane. In an experiment using the polarimeter to
measure the polarization of deuterons emerging from a reaction at the primary target, and

spread over the whole focal plane, efficiencies and figures of merit would be smaller due to
events lost in the cone test.

4.1 Low Energy Results

The results of the calibration for the vector analyzing power iT}; at the six lower energies
0.175, 0.200, 0.225, 0.250, 0.275 and 0.300 GeV are given in Table 2a and are shown as a
function of the polar angle in Fig. 2. As no fast small angle rejection was available, the ¢
range is limited to 0,,;, > 3° and 0,,,. < 15°. Table 2b contains the values of the differential
efficiency €(0) which are shown in Fig. 3.

Even though these data are restricted in polar angle range, when combined with the
previous data. they are helpful in constraining the parameters of the low energy fit.

4.2 High Energy Results

The vector analyzing powers i T}, at the 4 higher energies 0.700. 1.10, 1.35 and 1.60 GeV ave
shown as a function of the polar angle in Fig. 4 and are given in Table 3a. The differential



efficiencies, €(#), which are shown i Fig. 5, are listed in Table 3b. All these data were
obtained with purely vector polarized deuteron beam (two states).

At 1.6 GeV data were obtained using both the two and four state polarized deuteron
beam. The vector analyzing powers ¢7}, obtained fron: four state polarized beam are shown
in Fig. 6 together with tensor analyzing powers Ty and Ty;. The data for {7, obtained
with the two and four state beam are in good agreement and were averaged to make the fits.
The values of 1Ty, Ty and Tsy averaged over § are given in Table 4 together with the data
obtained earlier at 1.8 GeV [4]. The tensor analyzing powers Ty and T, are very small at
these high energies.

The differeutial figure of merit, ¢;,(f), presented in Fig. 7 for the four energies, demon-
strates that the most useful angular range is between 3° and 15°.

To calculate the integrated efficiency, figure of merit and averaged analyzing power we
took the events with the scattering angle § > 1.5°. In Table 5 values of efficiency, figure
of merit and average :T;; are given for the four energies, both as experimental values and
values corrected for 100% track reconstruction efficiency. The fraction of events having a
scattering angle smaller than 1.5°, which are mostly due to multiple scattering, is ~ 40%.
These distributions are peaked at 1° and 0.5° for energies of 0.7 and 1.6 GeV, respectively.

POMME was previously calibrated at 0.7 GeV [3], using a 25.2 c¢m thick graphite analyzer
and a 9 cm thick iron absorber placed in front of the Q counters. The vector analyzing
power and differential vector figure of merit of the previous and currents calibrations are
compared in Fig. 8. The full symbols are the new results and the solid lines are the fit
results of Ref. [3]. Both calibrations give a high figure of merit, F}; ~ 0.07 for the new, and
~ 0.05 for the previous calibration. Although the higher figure of merit obtained without
iron corresponds to a reduced measurement time in an experiment using this polarimeter,
the larger < iT|; > value obtained with iron will result in a smaller systematic error in
polarization measurements. We conclude from these results that for deuteron energies higher
than 0.7 GeV the use of an iron bloc is not necessary.

5 Parametrization of the analyzing power 7}, and ef-
ficiency ¢

Usually an analytical parametrization of analyzing powers as a function of scattering angle
and momentuin is given, as it allows a quick estimation of counting rates, for experiments
needing a polarimeter.

5.1 Parametrization of the low energy data

The angular dependence of the analyzing power (T}, at the lower six energies were fitted
with the same analytical function as in Ref. [3]:



ar I — €

I + ba? § oot + d pmia 5in50 exp[—(

1Ty

)] (3)

where the six parameters have a quadratic or linear dependence on P = Pmia — 2.4 (where
Pmid 15 the momenturm of the deuteron at half the thickness of the analyzer) as follows:

a = ag+ ayp! + axp’?

b = bg+ byp! + bypi?

¢ = c¢o+cpl + copt

d = do+dipr

€ = c¢g+ep/

f = fot hp 9)
with ¢ = pnig sinf. In the it we included all data from Ref. [3] with energies between

0.200 and 0.575 GeV.

In Fig. 9 the data from the previous calibration [3], for which a small angle fast rejection
trigger was available, are shown as open circle; these data cover a larger ¢ range.

The results of the present fit are the solid lines in Fig. 9. The fit of Ref. [3] is shown as
a dotted line in this Figure. The values of the parameters are in Table 6.

5.2 Parametrization of the high energy data

The angular dependence of the analyzing powers are smooth at all the higher energies, and
similar to what has been observed for proton-carbon analyzing powers [5, 6]. Therefore, it
seems resonable to use the same analytical formulas to fit the deuteron-carbon data, instead
of using the fit from Ref.[3], which requires a larger set of parameters. Furthermore, the
function proposed in [6], which requires 10 parameters, can be simplified without loss of fit
quality, as follows:

1Ty, = a x exp(—br), (10)

with a form for @ and b in Eq. 10 quadratic in p’ (p' and z are defined as above ) and
requiring six parameters:

= a0+a1pl+a2p/2
b = bo+ bypt + bypt? (11)

The results of these fits are shown in Fig. 10. A y? of about | per degree of freedom was
obtained for the four energies. The corresponding values of the six parameters are given in
la -
Table 7.

A parametrization of the polarimeter efficiency, £(8) as a function of scattering angle and
incident momentum in the center of the carbon block has also been done: it is useful for

-1



counting rate estimations and is also required to extract the polarization parameters from
the global fit of N(8, @) distributions, as discussed in Ref. [2]. The efficiency data, corrected
for 100% track reconstruction in the chambers, were fitted with the following 17-parameter
function:

¢ =a exp(—bz) + [ c exp(—ex) +d exp(—fr) ] 27, (12)

where x is as defined above and the coefficients a through g were parametrized as follows:

a = ag+ apl+ axpt?

b = by + bypl + bypt*

c = ¢+ ap+ czpl2

d = do+ dipt + dypl? (13)
e = e+ ep/

f = fot+ hpo

9 = 9o

The values of the seventeen parameters in eqns. (15) are given in Table 8 and the fits are
shown in Fig. 11.

As was stressed in section 3, the angular distributions of the differential efficiency depend
on the geometrical acceptance of the polarimeter and on the beam conditions, and therefore
depend upon the polarimeter geometry; the situation is different for the analyzing powers,
which are quite independent of the polarimeter geometry.

6 Conclusion

We have presented the results of a new calibration of the 27 azimuthal acceptance polarime-
ter POMME, using vector polarized deuterons, for deuteron kinetic energiesin the range
0.175 and 0.300 GeV, and in the range 0.700 to 1.6 GeV. The lower energy data comple-
ment the previous calibration [3] by adding 4 energies within the range. The higher energy
data demonstrate that the effective vector analyzing powers remain large. The results on
vector analyzing power T}, for energies between 0.175 and 0.300 GeV have been compared
with the previous fit from Ref. [3] and a new global fit has been obtained. The data for
energies between 0.7 and 1.8 GeV have been fitted with an analytical function depending
on the deuteron scattering angle and momentum. The present calibration, together with
the previously published results, allows to extend the working range of POMME as a vector
deuteron polarimeter from 0.2 up to 1.8 GeV. This is especially interesting in anticipation
of experiments where the polarization of deuteron emerging from a given reaction has to be
measured in a wide range of energies, such as in the study of baryonic resonances excited
in the reaction (d.d') or in the pp — dnt reaction. However, the tensor analyzing powers
are too small to be used to measure the tensor deuteron polarization. in agreement with the



conclusions of the previous calibration [3]. Larger tensor analyzing powers require use of an

exclusive reaction, like ¢, p elastic scattering or d,2p charge exchange [11]. A modified con-
figuration of POMME has recently been tested [12] at Saturne. The fraction of d,p elastic
scattering events was enhanced by replacing the graphite target by a large liquid hydrogen
cell [13] and by adding a recoil protons detector. A prototype las been recently tested,
showing large tensor and vector analyzing powers[14].
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Table 1 The optimum thicknesses of carbon and iron for the low energy calibration

Ty, MeV  graphite, cm  diron, em

175 2.3 0.8
200 3.6 1.3
225 4.3 1.0
250 4.3 1.4
275 4.3 1.8
300 4.8 2.0

10



Table 2a. Analyzing powers 1T (0)

for six lower energ

tes; error bars are statistical only.

Oldeg]  0.175 GeV 0.200 Gev 0.225 GeV  0.250 GeV' 0.275 (ioV 0.300 GeV
4 0.02£000 0.05+0.00 0.05%0.01 0.08+£0.01 0.11£000l 0.12<% 0.01
3 0.03+£0.00 0.04+0.01 0.06+0.01 0.08+0.01 0.124+0.01 0.14 + 0.01
6 0.02+£0.01 0.05+001 0.06+0.01 0.10£0.00 0.1640.01 0.19 +0.0]
v 0.00 £0.01 0.05+0.01 0.07 +0.01 0.10£0.01 0.17+0.01 0.21 +0.01
S 0.0l £0.01 0.06+0.0L 0.08 +0.01 0.134+£0.01 0.184+0.01 0.23+0.0]
9 001 £0.01 0.06+0.01 0.08+0.01 0.15+£0.01  0.224£0.01 0.28+0.01
10 0.00+0.01 0.07+£0.02 0.11 +0.01 0.18£0.01  0.254+0.01 0.27+0.01
11 0.00£0.01 0.1140.02 0.13 +0.01 0.194+£0.02 0.25+001 0.25+ 0.01
12 0.03+£0.02 0.124£0.02 0.16+0.02 0.25 +0.02 0.26£0.02 0.24+0.02
13 0.07£0.02 0.134£0.04 0114002 017 +0.03  0.27+0.02 0.20 +0.02
14 0.07 £0.04 0.24 £0.08 0.11 £0.01 0.21 +0.02
15 0.16 £ 0.04 0.13+0.05

Lt



Table 2b. Efficiencies €(#) for 6 lower energies; error bars are statistical only.

O[deg]

0.175 GeV

0.200 GeV

0.225 GeV

(1.88 £ 0.01)10~2
(1.00 £ 0.01)10~2
(1.04 £0.01)1072
(1.03 £ 0.05)10~2
(9.32 £0.05)107°
(7.81 £0.04)1073
(6.11 £+ 0.04)1073
(4.42 £0.03)107°
(2.94 £ 0.03)102
(1.68 +£0.03)1072
(8.37 £ 0.14)107*

)

(2.56 £ 0.07)10™*

(7.30 £0.04)10°2
(

8.12 £ 0.04)1073
(8.39 £ 0.04)1073
(7.57 £0.04)1072

(6.19 £ 0.034)103
(4.51 £ 0.033)10-3
(3.07 £ 0.027)10-3

(1.86 £ 0.02)10-2
(8.67 £ 0.14)10~*
(2.83 £0.08)10™*
0.40 +0.03)10~*

(1.05 £ 0.01)102
(1.14 £ 0.01)1072
(1.17 £ 0.01)1072
(1.04 £ 0.01)10"2
(8.43 £0.04)1073
(6.34 £0.04)1073
(4.48 £0.03)1073
(2.74 £0.02)1073
(1.20 £ 0.02)1073
(3.44 £0.01)10°*

0.250 GeV

0.275 GeV

0.300 GeV

(9.61 £0.05)10°°
(1.31 £0.01)10"2
(1.11 + 0. 01)10-‘
(1.01 £ 0.01)10-2
(9.06 £ 0.09)10-3
(8.50 % 0. 09)10-‘
(7.92 % 0.09)1073
(7.59 £ 0.09)10~2
(7.02 + 0.09)1073
(

)
6.96 + 0.09)10~3
(6.52 £ 0.08)10"3

(9.43 £ 0.04)107°
(1.00 £ 0.01)10~2
(9.09 % 0.04)1073
(7.18 +0.04)1073
(5.23 +0.03)1073

(3.67 +0.03)1073
(2.52 + 0.02)1073
(1.77 4 0.02)1073
(1.23 +£0.01)1073
(0.63 +0.01)10~3
(2.06 & 0.06)10*
(1.91 % 0.01)10-2

(1.00 £ 0.01)10~2
(1.03 £0.01)102
(8.89 £0.01)1073
(6.82 £0.01)1073
(4.83 £0.01)1073
(3.40 +£0.03)1073
(2.41 £0.02)1073
(1.81 £0.02)1073
(1.41 £0.02)1073
(9.99 £0.01)107*
(5.27 £0.11)107¢
(1.47 £ 0.06)10~*




Table 3a. Analyzing powers 1 T1,(0)

only.

for the four higher energies; error bars are statistical

Oldeg] 0.7 GeV [.1 GeV 1.35 GeV 1.6 GeV
2 0.04 £0.01 0.06 £0.01 0.074+0.01 0.07 +0.01
3 0.12£0.01 0.11+£0.01 0.10£+0.01 0.08 =+ 0.01
4 0.15£0.01 0.134+£0.01 0.1140.01 0.12+0.01
) 0.134£0.01 0.13£0.01 0.124+0.01 0.10 + 0.02
6 0.18£0.01 0.144£0.01 0.12+0.01 0.14 + 0.02
7 0.184£0.01 0.16 £0.01 0.12+0.01 0.12+0.02
8 0.17+0.01 0.14£0.01 0.13+£0.01 0.13+0.02
9 0.16 £0.01 0.16£0.01 0.134£0.01 0.12 +£0.02
10 0.18+0.01 0.15£0.01 0.134+£0.01 0.09 %+ 0.02
11 0.174£0.01 0.15+£0.01 0.11+0.01 0.14 +0.02
12 0.16+£0.01 0.13£0.01 0.12+£0.01 0.09 £+0.02
13 0.16 £0.01 0.12+£0.01 0.1040.01 0.08+0.02
14 0.14£0.01 0.11£0.02 0.104+£0.01 0.11+0.02
15 0.15£0.01 0.12£0.02 0.1240.01 0.10£0.02
16 0.14£0.0f 0.11 £0.02 0.0840.01 0.07 £0.03
17 0.104£0.01 0.09+0.02 0.09+0.02 0.10+0.04
18 0.1240.02 0.10+£0.02 0.08+0.02 0.154+0.05
19 0.12+0.02 0.13£0.02 0.07+0.04
20 0.14 £0.04 0.09 £0.03
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Table 3b. Efficiencies €(#) for the four higher energies; error bars are statistical only.

f[deg]

7 GeV

1.1 GeV

1.35 GeV

1.6 GeV

-1 O Ut 4= IS

[ Y e
o~ O Ot s v — o & &
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(3.47 £ 0.009)10~2
(2.18 £ 0.008) 102
(1.88 £ 0.007)1072
(1.45 £ 0.006)102
(1.05 £ 0.005)102
(7.88 £0.05)103
(6.28 £0.04)107°
(5.33 £ 0.004)1072
(4.70 £0.04)1073

(4.34 £0.03)1073
(3.92 £0.03)103
(3.73 £0.03)10°3
(3.45 £0.03)10°3
(3.18 £0.03)1073
(2.91 £0.03)1073
(2.21 £0.02)1073
(1.44 £0.02)1073
(7.27 £0.14)107*
(2.33 £0.08)10*

(4.58 £ 0.020)10~2
(3.66 +0.018)107*
(2.59 £ 0.015)107*
(1.71 £0.012)1072
(1.26 +0.010)1072
(1.05 £ 0.010)1072
(9.53 £0.09)107?
(8.76 £ 0.09)1073
(8.00 £0.08)1073
(7.39 £0.08)1073
(7.04 £0.08)107?
(6.63 £0.08)1073
(6.35 +£0.07)107?
(6.30 £0.07)10~3
(5.95 £0.07)1073
(5.47 £0.07)1073
(4.39 £0.06)1073
(3.01 £0.05)1073
(1.71 £0.04)1073

(3.54 £0.013)1072
(2.64 £0.011)1072
(1.72 +0.009)1072
(1.14 £0.007) 102
(9.10 £ 0.065)10~3
(8.01 £0.061)10°3
(7.24 £0.058)10°3
(6.79 £ 0.056)10~3
(6.25 £ 0.054)1073
(5.84 £0.052)103
(5.53 £0.051)1073
(5.32 £ 0.050)103
(5.22 £ 0.049)103
(4.94 4 0.048)1073
(4.25 £0.045)1073
(2.79 £ 0.036)10-3
(1.52 £0.027)103
(5.46 £0.16)10~*

(4.82 £ 0.022)10~2
(3.20 £ 0.018)10~

(1.91 +0.014)10~

(1.31 i0.0l’)lO -2
(1.11 £0.011)10-2
(1.01 £ 0.010)10-2
(9.06 & 0.098)10~3
(8.50 & 0.095)10~2
(7.92 % 0.092)10-3
(7.59 % 0.090)10-2
(7.02 £ 0.087)10~3
(6.96 % 0.086)10~3
(6.52 + 0.084)10~3
(5.93 +0.079)10-3
(4.50 % 0.069)10~3
(2.18 + 0.054)10"3
(1.31 +0.037)1073
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Table 4 Average analyzing powers for carbor analyzer, calculated at the scattering angle

8 > 1.5° at 1.6 GeV from present calibration for four state beam only and at 1.8 GeV from
Ref.[4].

1.6 GeV 1.8 GeV

<:T11 > 0.10 £ 0.01 0.09 £ 0.01
<Tp> 0.03+£001 —0.00+0.01

<Ty> —0.0440.01 —0.03+0.03

Table 5. Efficiency ¢ and figure of merit F;,, corrected for 100% of track reconstruction,

experimental efficiency %7, figure of merit Fii', and averaged vector analyzing power 17},
between 1.5° < 8 < 20°

€ .7'-11 ge*r ]_-fi‘p <tly >

0.7 GeV  0.426 £0.001  0.089 + 0.002 0.245 4+ 0.001 0.068 £ 0.001 0.12+£0.01

1.1 GeV  0.389 £0.001  0.074 £ 0.002  0.2243 + 0.0005 0.0560 £ 0.0017 0.113 +£0.01

1.35 GeV  0.357 £0.001  0.062 £+ 0.002  0.2059 = 0.0005 0.0472 £0.0015 0.10 +0.01

1.6 GeV  0.335+£0.001  0.059 +0.005 0.1889 =+ 0.0005 0.0445 £ 0.0036  0.10 +0.01

Table 6 The optimum values of the 15 parameters from the fit of 7T}, covering the low
energy data presented in this paper and the five lower energies from Ref. [3].

0 1 2
a =326 +£0.70 2.81 £1.33 -1.33 £ 0.60
b =97.0 £ 12.1 157.6 £ 19.0 —78.7T 4+ 3.3
¢ 1836. £+ 359. =3969. £699.  2320. + 335.
90815 £ 16165.  —46657 + T705.
e 4.60 £ 0.35 -6.89 £0.17

f —1.66+0.065 2.36 £0.106




Table 7. The optimum parameters for the six parameter from the fit of the inclusive deuteron-
carbon vector analyzing power data.

0 1 2
a 1.1857 £0.0396 —0.8754 £0.0700 0.4721 £0.1360
b 3.1335 £0.0940 —1.1242+0.1976 0.6191 £ 0.3531

Table 8. The optimum parameters for the seventeen parameter from the fit of the cor-
rected efficiency of POMME.

0 1 2
0.1958 +0.0004  0.0362 £ 0.0003 0.0372 £0.0014
10.808 £ 0.012 —-1.202 £ 0.023 0.7421 £ 0.044

0.4398 £ 0.0001 0.0045 = 0.0011 0.0872 £ 0.0022
-0.3326 £0.0001 —0.0184 £0.0010 -0.0997 £ 0.0017

0.5668 £ 0.0001 0.3241 £ 0.0002

0.2330 £ 0.0003 0.4844 £ 0.0012

1.5364 £ 0.0005

g — 0O A0 T W

16



Figure caption

Fig. 1. Layout of polarimeter POMME.
Fig. 2. Vector analyzing powers 7}, for the six lower energies.

Fig. 3. Efficiency of the polarimeter at the same six energies as in Fig.2, corrected for
the track reconstruction efficiency.

Fig. 4. Vector analyzing powers T}, for the four higher energies.

Fig. 5. Efficiency of the polarimeter at the four higher energies, corrected for 100% track
reconstruction.

Fig. 6. Analyzing powers 1Ty, Tso, T2z at 1.6 GeV.
Fig. 7. Differential figure of merit g;; of the polarimeter at the four higher energies.

Fig. 8. Analyzing power Ty, and differential figure of merit g;; at 700 MeV from present
calibration (points) and from Ref.[3] (lines).

Fig. 9. Results of the low energy fit (solid line). The experimental values of the analyzing
powers ¢T3, are shown as black circles. The open circles are the data from Ref.[3] and the
dashed line is the fit of [3].

Fig. 10. Results of the six parameter fit (dotted lines) of the analyzing power Ty, for
the four higher energies and the previous results from Ref. {4].

Fig. 11. Results of the seventeen parameter fit of the corrected efficiencies, ¢, for the
higher energies .
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Fig. 1. Layout of polarimeter POMME.
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Fig.2 Vector analyzing powers iT}; for the six lower energies.
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Fig. 3. Efficiency of the polarimeter at the same six energies as in Fig.2, corrected for
the track recoustruction efficiency.
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Fig. 5. Efficiency of the polarimeter at the four higher energies, corrected for 100%
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Fig. 7. Differential figure of merit g;;, of the polarimeter at the four higher energies.
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Fig. 8. Analyzing power iTy; and differential figure of merit ¢, at 700 MeV from
present calibration (points) and from Ref.[3] (lines).
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Fig. 9. Results of the low energy fit (solid line). The experimental values of the
analyzing powers i7T}; are shown as black circles. The open circles are the data from Ref.[3]
and the dashed line is the fit of [3].
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Fig. 10. Results of the six parameter fit (dotted lines) of the analyzing power Ty, for
the four higher energies and the previous results from Ref. [4].
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Fig. 11. Results of the seventeen parameter fit of the corrected efficiencies, ¢, for the
higher energies .

(S
cr



