


1 Introduction

Many experimental programs at intermediate and high energies require the measure-
ment of polarization. The knowledge of polarization with a good accuracy is very
important for such a kind of experiments to recognize between the predictions of
different theoretical models. Apart from the required good statistical error of such
measurements, possible systematic errors leading to the distortion of the polarization
value should be carefully investigated.

Dead-time distortions are one of the possible sources of systematics during po-
larization measurements. Such effects were studied in the measurements of the
deuteron beam polarization at SATURNE-2 [1]. It is shown that the values of ten-
sor and vector polarizations of the beam must be corrected for 14% and 6 — 9%,
respectively, under typical operating conditions of low-energy polarimeter (2. These
corrections are not negligible and very important to obtain reliable information dur-
ing the experiments.

In this paper, we investigate the influence of the dead-time distortion on the
measured value of deuteron beam tensor polarization at the Laboratory of High
Energies, Joint Institute for Nuclear Researches. The importance of such an effect
is discussed for a few polarization experiments.

2 Distortions of the polarization at a large dead-
time

Let us assume that we have Poisson statistics process and the corresponding number
of events Ny per measurement time T'. In this case; the mumber of stored events N
is defined as [3]:

Ny

M= 1w, T 1)

where 7 is the dead time of the setup (or a slow detector). _

The dependence of the number of stored events N; per cycle on the numb
of incident events N; obtained using the SPHERE setup described elsewhere (see,
for instance, [4]} is shown in Fig.1. The solid line is a linear dependence of N, on
N;. The dashed line is the result of the fitting by expression {1). The fit gave
the parameter 7/T = (0.754 £0.008) - 10~%. The dead time of the setup 7 can be
estimated as ~ 300 us for a typical beam burst duration of T' s 400 ms.

During the measurements of beam polarization, the counting rate in different
polarization states depends on the value of asymmetry: ,

N = N%(1+€b), - : (2)

where N? is the counting rate for an unpolarized beam and ¢* is the asymmetry for
different states of the beam polarization. In case of a tensor polarized beam and a
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zero detection angle:
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where _pf, is the polarization of the beam in different states and Typ is the tensor
analyzing power of the reaction used for the polarimetry. -

_ The values of polarization p, can be easily obtained from the following expres-
sions: : ' ‘ '
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Here N® and N* are the number of events incident on the detection system. In case
of a small dead-time of the setup, the number of stored events used to determine
the values of polarization are equal to the number of events incident on the setup.
Therefore, the values of polarization usually obtained from the ratio of stored events
are equal to the "true” values of polarization. However, in case of non-negligible

dead-time effects, the measured values of polarization pt, differ from the “true”
values:

-t
zz - , -y . (5)
1+ NP (14+et)-7/T
where N7 is the number of events incident on the detectors and obtained with
an unpolarized beam. One can see that the measured values of pola.riza,ti'on il

c‘iepend on the number of incident particles N}’ and asymmetry ¢, The value of
Dsz = (|| + |p2,|)/2 can be expressed as:

_ P :
_71+N.{f]_(1_62)_T/T! (6)

where p., = (|pt, |4+ |p2,|)/2 is the "true” value of polarization and ¢ = (|e*|+]e™|)/2
is the "true” asymmetry.

The ratios of the measured to the *true” polarizations p,,/p,, versus the number
of incident events Ny for different values of beam polarization are presented in
Fig.2. The curves shown by solid, dashed and dotted lines were obtained using the
value of tensor analyzing power Tz = —0.87 and |pE | values of 0.75, 0.5 and 0.25,
respectively. One can see a fast decrease of these ratios versus Ny as well as the
dependence on the value of beam polarization: the measured value of ¥, decreases,
whereas p, increases with the increasing of |p,.| value according the expression (5).
This effect depends on the sign of the tensor analyzing power: in case of a positive
value of Typ, the measured value of 5}, and p_, increases and decreases, respectively.
The p.. (Fig2.c) is less sensitive to the value of asymmetry and does not depend on
the sign of the analyzing power (see (6)).

From the measured asymmetry et = (NE— NP)/N?, one can easily obtain "true”
asymmetry ¢* using the following expression:

t
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However, it should be noted that such a method of the dead-time corrections can
be applied only in case of a very stable beam intensity and beam location on the
target, especially, for the tensor polarization ‘measurement at a zero angle. Linear
corrections of the polarization values [1] can be used up to a dead-time of about
10-15% only. . :

When beam polarization is obtained from the measurements of left-right asym-
metry, the measured value of € is related to "true” asymmetry et following:

. e
t"1+1~I}'A(1—eﬂ)-1r/T ®)

The ratio R = €'fe has the same behaviour as the ratio p,./p;, in Fig.2c. Expression
{8) was obtained under the assumption that false asymmetry equals zero. In this
case, the value of asymmetry is not sensitive to the stability of the beam intensity,
but requires a precise location of the beam on the target.

The considered above distortions of the asymmetry values due to a large dead-
time of the setup take place during the measurements of polarization in the absence
of beam intensity monitoring. These measurements can be performed using either a
fixed angle detector, or a left-right polarimeter. Linear corrections of the polarization
values can be applied up to 10 — 15% of dead-time only [1]. At a larger dead-time
of the setup due to non-linearity, the reconstruction of the "true” polarization is
difficult and gives a large error. The monitoring of the beam intensity decreasing
the dead-time distortion is desirable at a high rate of events.

3 Measurement of the deuteron tensor polariza-
tion at LHE

The tensor polarization of the deuteron beam produced by the ion source POLARIS

[5} at the Laboratory of High Energies, Joint Institute for Nuclear Researches, has
been measured using the SPHERE setup {4]. Deuteron inclusive breakup on nuclear
targets at a zero proton emission angle, d+ A — p{0°) + X, is used as an apalyzing
reaction [6]. This reaction has a large tensor analyzing power T {7} which is only
weakly dependent on the atomic number of the target. The |Ty0| has a maximum
value of about 0.8 at the proion momentum F, = %Pd independently of the initial
momentum of the deuteron beam between 2.5 and 9.0 GeV/c [7]. Due to a large
cross section of the process, the statistic error provided with this method can be
very small. However, the systematic error of the method was estimated to be ~ 5%
6].

The values of tensor polarization p%, can be obtained from the number of pro-
tons in each polarization state of the beam using expressions (4), where Ny must
be replaced by the normalized to the corresponding monitor value (counts of the
ionization chamber) number of protons ny = Ny/M,.

However, in case of a large dead-time of the setup, the ratio of stored events
N, to the blocked monitor M, is not equal to the ratio of incident particles Ny to
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the value of monitor My, eg. No/M, % Ny/M;. Therefore, the measured values of
polarization differ from the "true” polarization.

_The dependence of ny = Ny/My on ny = N;/M; is presented in Fig.3. The
points are the results obtained during the measurement of the polarization using
the SPHERE setup [4]. The solid line represents a linear dependence of n, on ny.
The dashed line is the result of fitting by the function:

n
ny = I—-—l-—a—!?—n—!’ . (9)
with the parameter ¢ = 0.01110 £ 0.00043. The dotted line is the result of the cubic
polynomial fit. The deviation from the linear dependence begins at a dead-time of
about 25 — 30%. The fit taken in the form (9) reproduces the behaviour of the data
up to a dead-time of ~ 60 — 70% only whereas the cubic polynomial fit perfectly
describes the data up to a dead-time of ~ 85%..

The ratios of the measured to the true” polarization values R for different
beam polarization states versus the fraction of lifetime M,/M; are shown in Fig.4.
The "true” values of polarization have been obtained from the ratios of Ny/M; for
different bearn polarization states corrected for a small admixture of inelastically
scattered deuterons (~ 6%) with the same momentum as protons. The open circles
and triangles represent the ratios of #7,/py, and pf./pt,, respectively. The ratio
Pez/P2. is shown by full squares. One can see that these ratios are about 0.9-0.95 at
a dead-time of ~ 50% and fall to 0.6-0.7 at a dead-time.of ~ 80%.

4 Reconstruction of beam polarization

In principle, the polarization values can be reconstructed using expression (7), where
the parameter 7/T is replaced by the parameter a = 0.0111, if the number of stored
events 1, depends on the number of incident particles n; by relation (9). The ratios
of the reconstructed to the *true” values of polarization are shown in Fig.5 by open
triangles and circles for positive and negalive signs of beam polarization, respec-
tively. One can see a good agreement of reconstructed and "true” polarizations at a
dead-time of about 50%. Such a correction cannot restore the value of polarization
at a larger dead-time of the setup. However, it gives a better agreement of the
measured and "true” polarizations.

Another way to reconstruct the polarization is to obtain the number of incident
protons n’ from the number of stored events n} for different beam polarization
states. Then ™true” polarizations can be obtained from expression (4). Such a
procedure is defined by the used parametrization of the ny dependence on ny.

The ratios of the reconstructed to the "true” polarization values are presented
in Fig.6. The reconstructed numbers of protons n; were obtained using expression
(9). The symbols are the same as in Fig.4. This method provides a good restoration
of the polarization values up to a dead-time of about 50 — 60%. However, it gives
larger errors than the use of expression (7). In case of the cubic dependence of ng

on nj, the restored values of polarizations coincide with the "true” values, but the
errors are enormously large (see Fig.7).

Since the events at 3 different beam polarization states of the ion source PO-
LARIS [5], n}, ny and n, are stored during the measurements of the polarization,
one can obtain the dependence of n, on ny for each measurement. Using this de-
pendence, one can reconstruct the number of incident protons nf, for each state of
beam polarization. The results of reconstruction of the beam polarization using a
linear dependence of n, on nj for each measurement is shown in Fig.8. The symbols
are the same as in Fig.4. One can see a good agreement of the obtained polarization
with the "true” polarization up to a dead-time of ~ 60%. The averaged polarization
P can be reconstructed up to 80% of dead-time.

5 Polarization experiments at a large dead-time

The satne problem of dead-time distortion exists in experiments requiring asymmetry
measurements. - ‘

For instance, the behaviour of the measured tensor analyzing power Ty and
vector polarization transfer o in the deuteron inclusive breakup reaction at a zero
emission angle of the protons strongly depend oa the fraction of setup dead-time.
Fig.9 shows the T3, dependence on the internal momentum of the proton inside the
deuteron, k, at a different dead-time of the setup. The solid line represents the
result of the theoretical prediction {8); the dash-dotted, dotted and dashed lines are
the behaviour of Ty obtained with 30, 50 and 80 % of the setup dead-time [4],
respectively. The dependence of vector polarization transfer ko on the fraction of
dead-time is presented in Fig.10. The lines are the same as in Fig.9. One can see
that the deviation of the theoretical values from the "measured” ones is smaller than
2%, ~ 6% and ~ 30% for a dead-time of 30, 50 and 80%, respectively. However, the
dead-time effect does not change the sign of the polarization observables.

The measured values of Tho or £¢ in deuteron inclusive breakup for a large dead-
time depend on the admixture and polarization of background: it increases (de-
creases) if the background has the opposite (the same) sign of polarization as the
studied process. However, all the above systematic effects do not exceed ~ 2% in
case of a setup dead-time of about 30%, which is comparable to other sources of
systematic errors (like the knowledge of the polarization value).

Another type of experiments requires the measurement of the secondary particle
vector polarization using focal plane polarimeters [9] by studying of the azimuthal
angle (¢) distribution of an analyzing reaction products. In this case, the number
of events produced at azimuthal angle ¢ in different beam polarization states can
be written as:

N*(¢)= N°- (14 P- A-cos(d)), (10)

where N° is the number of events produced with an unpolarized beam, A is the
analyzing power of the reaction, P is the vector polatization of the particle incident

5



on the polarimeter. In this case, the ratio
_NY_N-
Nt N- T :
is defined by asymmetry P - A varying as a function of cos{¢). The dependence of
the B- ratio on the setup dead-time is presented in Fig.1l. The solid line is the
"true” ratio. The dash-dotied, dotted and dashed lines represent the "measured”
R in case of 30, 50 and 30% of the dead-time, respectively. One can also see, that
a large dead-time reduces the value of asymmetry, but cannot change its sign.

If the analyzing power A is known, one can obtain the polarization of particie
P. The ratio of the "measured” to the "true” polarizations versus setup dead-time
[4] is shown in Fig.12. The "measured” polarization is systematically smaller and
differs from the ”true” polarization by ~ 30% at a setup dead-time of 80%. The
same effect takes place in case of the tensor polarization measurement.

R =P-A-cos($) (11)

6 Conclusions

The results of this work can be Bumma.rizea as follows:

¢ Tt is shown that the dead-time effects are very significant during polarization
mesasurements.

¢ The recommended maximum fraction of the setup dead-time during polariza-
tion measurements is 15% and 30% for measurements without and with beam
intensity monitoring. In the first case, the polarization values can be recon-
structed using linear corrections. In the second one, the systematic errer due
to dead-time distortion does not-exceed 1 — 2%.

At a larger dead-time (up to 50-60%), the values of asymmetry, can be in prin-
ciple reconstructed with a reasonable error. However, all of the polarization
reconstruction methods require a good knowledge of the ny (N;) dependence
on ny (Ng).

o It is shown that a large dead-time of the setup reduces the absolute values of
the measured polarization observables. Due to dead-time, the measured asym-
metry is weakly dependent on the fraction and polarization of the background,
as well. However, the systematic error due to all the considered effects does
not exceed ~ 2% at a dead-time of about 30%, which is comparable to other
sources of systematic errors.
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Fig.1. The dependence of the number of stored events N, per cycle
on the number of incident events Ny per cycle obtained using the
SPHERE setup [4]. The solid line is a linear dependence of Ny on
N;. The dashed line is the result of fitting by expression (1).
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Fig.2. The ratios R of the measured to the "true” values of tensor
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the results cbtained during the measurement of the polarization
using the SPHERE setup {4]. The solid line represents a linear
dependence. The dashed line is the result of fitting by function (9).
The dotted line is the result of cubic polynomial fit.
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Fig.4. The ratios of the measured to the "true” polarization val-
ues R for different beam polarization states versus the fraction of
lifetime M, /M.
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Fig.5. The ratio of the reconstructed (using modified expression
(7)) to the "true” values of the polarizations. The open triangles
and circles correspond to pesitive and negative signs of beam po-
larization.
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Fig.7. The ratio of the reconstructed to the "true” values of polar-
izations. The numbers of protons n; are obtained from the cubic
dependence of ny on n;. The symbols are the same as in Fig.4.

Fig.6. The ratio of the reconstructed to the "_true" v?.lues of polfl.r-
izations. The numbers of protons ny are obtained using expression
(9). The symbols are the same as in Fig.4.
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Fig. 8 “The ratio of the reconstructed to the ”tme values of po-
latizasions. The-aumbers of protons n; are obtained from a linear
* dependence of n, on » o) for each measurement. -The symbols are
the same as in Fig 4.
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Fig.9. Tup versus internal proton momentum inside the deuteron,
k. The solid line represents the result of the theoretical prediction
[8]. The dash-dotted, dotted and dashed lines are the behaviour
of Typ obtained with 30, 50 and 80 % of the setup dead-time [4],
respectively.
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Fig.10. The dependence of vector polarization transfer xo on the
dead-time of the setup [4]. The lines are the same as in Fig.9.
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Fig.1l. The azimuthal angle distribution of the B- ratio. The
solid line is the "true” ratio; the dash-dotted, dotted and dashed
lines represent the "measured” R in case of 30, 50 and 80% of the

dead-time, respectively.
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