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Abstract

Andreeva E.A., Bogdanov A.A., Nurushev S.B. et al. The Inclusive Neutral Pion Polarimeter
for RHIC: IHEP Preprint 97-61. – Protvino, 1997. – p. 8, figs. 4, refs.: 6.

A particular scheme of the inclusive πo polarimeter is proposed for the RHIC collider. The
specific features of such polarimeter are high counting rate, high analyzing power, complete
azimuthal coverage. This polarimeter can be easily used in a fixed target or in a collider mode.
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dLQ RHIC KOLLAJDERA PREDLAGAETSQ KONKRETNAQ SHEMA INKL@ZIWNOGO πo-POLQRIMETRA.
oSOBENNOSTQMI TAKOGO POLQRIMETRA QWLQ@TSQ WYSOKAQ SKOROSTX SˆETA, WYSOKAQ ANALIZI-

RU@]AQ SPOSOBNOSTX, POLNYJ ZAHWAT PO AZIMUTU. tAKOJ POLQRIMETR MOVET BYTX LEGKO

ISPOLXZOWAN KAK W MODE FIKSIROWANNOJ MI[ENI, TAK I W KOLLAJDERNOM REVIME.
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The approved at RHIC Spin Program is based on the acceleration of polarized proton
beam from AGS (injected into RHIC at 23 GeV/c) up to 250 GeV. The main tool keeping a
high degree of beam polarization during its acceleration is a Siberian Snake technique. For
measuring the beam polarization during a passage through strong depolarizing resonances
(in the acceleration stage) and in the collider regime (physics run) one needs to apply a
polarimeter with a high factor of merit [1]. According to the classification of polarimeters
introduced in [2], the best choice would be the absolute, local and on-line polarimeter.
But such polarimeter sensible to an accelerator environment is not yet established. In
each practical case, like the polarized RHIC, we are looking not only upon the factor
of merit but also the cost of such device. Stemming from this approach the inclusive
charged pion polarimeter has been recently proposed in [3]. Current proposal bases on a
high analyzing power, A±N , discovered by the E704 Collaboration at Fermilab in inclusive
charged pion production at large xF , at 200 GeV/c [4]. Such process has also a large
cross-section (∆σ � 0.1− 1 mb in the region of interest), allowing to determine a RHIC
beam polarization very quickly. According to [3] 104 events can be accumulated by two-
arm spectrometer in about 0.5 sec at 25 GeV/c and 100 sec at 250 GeV/c. In this
estimate the assumptions are made that RHIC is expected to run with 120 bunches at
2 · 1011 protons/bunch with a beam revolution frequency of 78 kHz. The carbon fiber of
diameter 5 µm with the following material properties will be used: density = 1.75 g/cm3,
heating capacity = 0.48 cal/(g.oC), emissivity = 0.8. The only complicated and costly
item in this project is a toroidal magnet, which is not yet specified. The detectors are not
chosen either.

In the current paper we propose to apply the inclusive neutral pion polarimeter (INPP)
to the RHIC environment. We argue that a high analyzing power and a large cross-section
are very attractive features of such polarimeter. Some additional advantages such as a
full azimuthal coverage, easy fit to the RHIC environment, availability the bulk of the
apparatus, etc. will be discussed later. The result of the E704 measurement of analyzing
power for inclusive πo production is shown in Fig.1. As is seen from Fig.1a, AoN(xF ) is
practically zero in the range 0 < xF ≤ 0.3 and an onset of non zero values appears at
xF = 0.4. Then AoN(xF ) rises linearly with xF and reaches AoN (xF ) = 0.15 ± 0.03 in
the interval from xF = 0.6 to 0.8. If we use for polarimetry the last 3 points for the
determination of beam polarization, then we write
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P̄B =
3∑
i=1

wiPBi/
∑
wi, (1)

where PBi is the value of beam polarization extracted from the measurements at point
i; wi is the weight of point i (in our case wi = (1/∆PBi)

2). The relative error, ∆PB/PB
in the polarization measurement (assuming that the beam polarization does not depend
on i and the raw asymmetry precision, ∆ε(ε = AoN · PB) is negligible in comparison with
∆AoN) can be found

∆PB/PB = 1/

√√√√ 3∑
i=1

(AoNi/∆A
o
Ni)
2. (2)

Fig. 1. The analyzing power, AoN(xF ), of inclusively produced neutral pion, measured at
200 GeV/c by E704 Collaboration at Fermilab: a) versus xF , b) a fake asymmetry ver-

sus xF , c) asymmetry versus pT for two groups of events: closed circles-for 0 < xF < 0.3
and open squares for 0.5 < xF < 0.8.
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Taking the face values of the analyzing power AoN(xF ) from [5], we come to the conclu-
sion that the E704 data allow one to determine the beam polarization with the precision

∆PB/PB = ±9%. (3)

The systematic error introduces a contribution of the same order of magnitude as is seen
from Fig.1b.

In order to select the applicable pT region for AoN(pT ), we have to look at Fig.1c.
The full circles correspond to the region 0 < xF < 0.3, while the open squares — to
0.5 < xF < 0.7. To keep analyzing power Aπ

o

N (pT ) ≥ 5%, we have to limit pT region by
pT ≥ 0.6 GeV/c. Therefore, for the application of INPP we select the following useful
region:

0.4 < xF < 0.8,

0.6 < pT (GeV/c) < 2.0. (4)

Fig. 2. Layout of the inclusive neutral pion polarimeter at
2 o’clock interaction section of RHIC. EMC1 and

EMC2 are the electromagnetic calorimeters. DX is
an analyzing magnit.

The scheme of the pro-
posed detectors is shown in
Fig.2. They are supposed
to be installed in 2 o’clock
straight section of RHIC. The
INPP consists of two Electro-
Magnetic Calorimeters EMC1
and EMC2. The EMC1 has di-
mensions: the outside diameter
is d2 = 1200 mm and the inter-
nal hole of diameter d1 = 80 mm
determined by a vacuum pipe
(V.P.). It is installed at the
distance l1 = 8 m from Interaction Point (IP). The EMC1 covers the rapidity region
3.3 ≤ η ≤ 10.0 (angular region 5 ≤ Θ(mrad) ≤ 75). The EMC2 is placed behind DX
magnet at the distance l2 � 20 m. It takes the shape of disc and subtends a solid an-
gle Ω2 = πR2

l22
, where R = 10 cm is its radius. Therefore Ω2 = 7.8 · 10−5 ster. The

EMC2 covers the rapidity region 10.0 ≤ η < ∞ (the corresponding angular interval is
0 ≤ Θ(mrad) < 5). So, EMC2 covers completely a hole in the EMC1. In such a way the
EMC1 and EMC2 together represent one integrated EMC covering the whole azimuthal
angle and subtending with high efficiency the useful kinematical interval (4). Such EMC
resembles somehow the E704 calorimeter (CEMC) configuration but exceeding the latter
twice in an azimuthal acceptance. Moreover, the central part of CEMC, that is, the EMC2,
is removed from beam and put behind the DX magnet. Therefore, it is not radiated by a
direct beam, moreover one hopes that charged secondary particles will not reach it either
due to a strong magnetic field of DX. The combination of two calorimeters offers some
flexibility for experiments as we will see later. To separate the showers from photons and
from charged particles, each EMC1 and EMC2 are supplied with scintillating hodoscopes
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installed in front of them (not shown). These hodoscopes will also carry other important
features: they measure the time of flight of charged particles accompanying neutral pion
and such information can be used to suppress backgrounds in shower analyses.

In order to generate the inclusive πo in reaction

p+ p→ πo +X, (5)

at the initial momentum of 200 GeV/c PYTHIA program version 5.7 was used. The
cross-section for reaction (5) is presented in Fig.3. The 2 · 105 events were generated and
their distributions on momentum of πo are shown in Fig.3a. Four kinds of distributions
are shown in Fig.3a:

• both detectors are combined in one EMC=EMC1+EMC2 (the solid line);
• only EMC1 is used (the dashed line);
• only EMC2 is used (the dotted line);
• it is required that one gamma from π0 would strike EMC1, while the second one

strikes EMC2 (hatched area).

All the distributions fall steeply in the region of interest. The EMC detects 93% of
all the events. If we use independently either EMC1 or EMC2, their efficiences are 68.8%
and 2.3%, correspondingly. Fig.3b is obtained after matching conditions (4). It is seen
(compare entries in Fig.3a and Fig.3b) that only 2.4 · 10−3 portion of all the events is
useful for polarimetry. The shaded area presents the same illustrations as above, but
for the case when one gamma from πo-decay goes to one detector, say, to the EMC1,
while the second gamma strikes another detector, that is, the EMC2. Such a combination
is very important, since results in building an on-line INPP. The reason is that we can
make signal S1 from EMC1 and S2 from EMC2 coincide. We can take advantage of the
following features of such combination:

• signal S2 coming from EMC2 should correspond to very energetic πo (photons) (see
Fig.3f). Therefore, we can obtain a fast analog sum of all counters in EMC2, set
sufficiently high threshold on energy Eth1 and use this signal as a trigger. The fact
that EMC2 is far from IP and stays behind strong magnetic field of DX assures that
signal S2 will be prevailing by photons from πo decay, that is, S2 must be a clean
trigger;
• signal S1 corresponds to the soft photons (see Fig.3e) and the energy threshold Eth2

must be lower than Eth1 ;
• we can use Eth1 and Eth2 in order to optimize a πo trigger;
• we can build a fast pT trigger similar to the one used in E704 [4]. As is seen from

Fig.3c, a cut on pT < 0.6 GeV/c might be very useful to suppress fake events;
• a special fast processor may be developed at the later stage in order to make a cut

for πo mass region by using a relation

m2πo � E1 · E2 ·Θ
2
12, (6)
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Fig. 3. The inclusive πo cross section for pp interaction at 200 GeV/c in Fixed Target mode
(PYTHIA, vers.5.7): a) versus momentum of produced πo; b) the same in a) but with

selected range of 0.4 < xF < 0.8, 0.5 < pT < 2.0 GeV/c; c) versus pT , d) versus xF ;
e) photon momentum spectrum for all events and f) photon momentum spectrum for

useful events. 2 · 105 events were generated.

where E1 and E2 are shower energies deposited in the EMC1 and EMC2, correspondingly,
Θ12 is an opening angle between two photons. All these values are accessible for on-line
analysis. Fig.3c and 3d present pT and xF distributions of πo, while Fig.3e and Fig.3f show
the gamma distributions for all the events and for the events of interest, correspondingly.
We have set the following cuts: a) energy deposit in the EMC1 is greater than 20 GeV;
b) energy deposit in the EMC2 is greater than 20 GeV, and c) the sum of the energy
deposit in both calorimeters is greater than 80 GeV. This gave us the background/signal
ratio equal to ∼ 23. After an additional cut on radii in both calorimeters (rEMC2 > 2 cm
and rEMC1 < 10 cm we decreased this ratio down to ∼ 11. We continue to study this
problem in order to realize the on-line regime. The energy calibration of both calorimeters
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can be done by reconstructing πo-events and normalizing to the mass of πo. Additionally,
the EMC1 energy scale may be calibrated by muons or charged hadrons. The LED and
radioactive sources will be used to monitor calorimeter functioning.

We made an estimate of expected counting rate to use the EMC1 and EMC2 as one
EMC. Two scenarious of using a fixed target were considered. In the first case we took
the hydrogen jet target with density nt = 3 · 1013 atoms/cm2 [6]. In the second case —
the same 5 µm fiber as in [3]. For the first case, having taken j = 70 mA for RHIC
(L = 1.31 · 1031 cm−2·s−1) and cross-sections from Fig.3b, we got the following expected
counting rates:

xF 0.5 0.6 0.7

N(counts/sec) 52 90 65

It means that one can accumulate useful 104 πo-events in 50 seconds. Our goal is to
measure beam polarization with a precision of 10% limited by the accuracy of analysing
power AN determined in the E704 experiment. Assuming that an averaged analysing
power AN is 10%, the required statistics N = 4.2 · 104 can be accumulated in 4′. But
in order to make the counting statistics contribution negligible (to 10% precision), we
increased the number of useful events by a factor of 3, that is, we need useful 1.26 ·105 πo-
events. Evidently, this takes 15′ of the beam run proper. Since the background-to-signal
ratio is at present estimated to be ∼ 11, we must accumulate 1.40 M events on tape. To
analyze them, it will take us 2 hours of CPU time at SGI Challenge L computer, or, 45′

at Alpha Server 8200 5/300.
The counting rate in the case of fiber target is expected to be higher by 6 orders

of magnitude. The use of jet target is preferable for continuous monitoring of beam
polarization, since an accepted level of its density (see above) does not disturb the main
collider experiments.

Comparing INPP with ICPP (inclusive charged pion polarimeter), one can outline the
following advantages of INPP over ICPP.

• full azimuthal coverage. This allows one to measure any transverse component of
beam polarization in the same run;
• practically full coverage of useful xF range and pT range;
• the readiness: major parts of detectors are available (from E704 experiment);
• no use of magnetic spectrometer and extra particle identification detectors. The

EMC fulfils all these functions itself.

We propose to use the inclusive Neutral Pion Polarimeter (INPP) at RHIC for the
following reasons:

• its high analyzing power, AoN ;
• its large production cross section, σo. Due to these two factors, the INPP has high

factor of merit, M = (AoN)
2 · σo;

• it fits well to the RHIC environment; it can be easily used in the fixed target as well
as in the collider modes. Fig.4 illustrates that in the collider mode in pp it keeps
mostly the same features as in fixed target mode;

6



• it serves as a local polarimeter;
• it is a constructive (non disturbing) polarimeter allowing to make a continuous

control of beam polarization;
• it may be used as on-line polarimeter (on part of statistics) or as off-line polarimeter

(full statistics is included);
• it is less sensitive to the background due to the required high energy threshold;
• most part of equipments is already available.

Fig. 4. The same as in Fig.3, but for colliding mode.
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