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Abstract

Bogdanov A.A., Korotkov V.A., Nurushev S.B. et al. The Inclusive Neutral Pion Polarimeter
for High Energy Accelerators/Colliders: IHEP Preprint 98-54. – Protvino, 1998. – p. 16, figs. 9,
tables 2, refs.: 15.

The inclusive πo polarimeter (INPP)is proposed for the oncoming polarized RHIC collider
and for the proton ring of accelerator HERA (if polarized). The attractive features of such a

polarimeter are a high counting rate, a high analyzing power, a complete azimuthal coverage.
It fits also the requirements to be applicable over a large energy region starting at the injection

energy and lasting up to the top accelerator/collider energy, as well as to be readjustable for
fixed target and collider modes of operations. A sketch of simple apparatus for the INPP appli-

cation is proposed and the running time estimates are given for polarized RHIC and polarized
HERA-p assuming that the analyzing power is the same as it was measured by Fermilab E704
Collaboration and it does not vary with initial energy.
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dLQ WSTUPA@]EGO W STROJ POLQRIZOWANNOGO KOLLAJDERA RHIC I PROTONNOGO KOLXCA

USKORITELQ HERA-p (POLQRIZOWANNOGO) PREDLAGAETSQ INKL@ZIWNYJ π0 POLQRIMETR (INPP).
pRIWLEKATELXNYMI OSOBENNOSTQMI TAKOGO POLQRIMETRA QWLQ@TSQ: BOLX[AQ SKOROSTX SˆE-
TA, WYSOKAQ ANALIZIRU@]AQ SPOSOBNOSTX, POLNYJ OHWAT PO AZIMUTALXNOMU UGLU. tAKOJ

POLQRIMETR OTWEˆAET TAKVE TAKIM TREBOWANIQM KAK PRIMENIMOSTX W [IROKOM INTERWALE

“NERGIJ, NAˆINAQ OT “NERGII INVEKCII DO KONEˆNOJ “NERGII USKORITELQ/KOLLAJDERA, WOZ-

MOVNOSTX PERESTROJKI OT MODY FIKSIROWANNOJ MI[ENI K KOLLAJDERNOJ MODE I NAOBOROT.
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POLQRIZACIJ PUˆKOW NA RHIC I HERA-p W PREDPOLOVENII, ˆTO ANALIZIRU@]AQ SPOSOBNOSTX

NE ZAWISIT OT NAˆALXNOJ “NERGII I SOWPADAET S IZMERENNOJ W “KSPERIMENTE e704.
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1. Introduction

Spin physics investigation with initially polarized colliding nucleons is a very valuable tool
for studying the nucleon spin structure and underlying interaction dynamics. Such pro-
gramme was approved at RHIC [1], [2] and it is under discussions at HERA-p [3], [4]. The
future of the hadron spin physics essentially depends on the acceleration of the polarized
proton/antiproton beam by making use of the Siberian Snake technique [5]. For measur-
ing the beam polarization during a passage through strong depolarizing resonances (at the
acceleration stage) and at the top energy (physics run) one needs to apply a polarimeter
with a high factor of merit, M, [6]. According to the classification of polarimeters intro-
duced in [7] the best choice would be the absolute, local and on-line polarimeter. But
such a polarimeter sensitive to an accelerator environment has not been established yet.
In each practical case, like the polarized RHIC and HERA-p, we are looking not only
at M, but also at a cost of such a device. Stemming from this approach the inclusive
charged pion polarimeter has been recently proposed in paper [8]. This proposal bases

on the high analyzing power, A
(±)
N , discovered by E-704 Collaboration at Fermilab [9]. In

the current paper we propose, basing on the A0N measurement by the same Collaboration
[10], to apply the inclusive neutral pion polarimeter (INPP) to the RHIC and HERA-p
environments. We argue that a high analyzing power and a large cross-section are very
attractive features of such a polarimeter. Some additional advantages like full azimuthal
coverage, easy fit to the accelerator/collider environments, the background suppression
by selecting the high energy threshold for the photon detection, the possible way of build-
ing an on-line operation scheme are being discussed too. The estimate of radiation level
expected in the INPP at RHIC is also presented.

2. The inclusive π0 analyzing power

The result of the E704 measurement of analyzing power for the inclusive πo production
in pp-collisions at 200 GeV/c is shown in Fig.1. As it is seen from Fig.1a, AN(xF ) is
practically zero in the range 0 < xF ≤ 0.3 and an onset of nonzero values appears at
xF = 0.4. Then AN (xF ) rises linearly with xF in the interval from xF = 0.4 to 0.8 and
reaches AN(xF ) = 0.15 ± 0.03 at xF = 0.8. If we use for polarimetry (for determination
of the beam polarization) the last 3 points, then we can write
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P̄B =
3∑

i=1

wiPBi/
3∑

i=1

wi, (1)

where PBi is a value of the beam polarization extracted from the measurements at the
point i; wi is a 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 = AN · PB), is negligible in
comparison with ∆AN) can be found through the relation

∆PB/PB = 1/

√√√√ 3∑
i=1

(ANi/∆ANi)2. (2)

Taking the face values of the analyzing power AN (xF ) from [10], one can conclude that
the E704 data allow one to define the beam polarization with the precision

∆PB/PB = ±9%. (3)

The systematic error introduces a contribution of the same order of magnitude as it is
seen from Fig.1b.
In order to select the applicable pT region for AN (pT ), one can use the E704 data

presented in Fig.1c. The full circles correspond to the region 0 < xF < 0.3, while open
squares – o 0.5 < xF < 0.8. To keep the analyzing power AN(pT ) ≥ 5%, one needs to
limit the useful pT region by pT ≥ 0.6 GeV/c. Therefore, for the application of INPP the
following useful region is selected

0.4 < xF < 0.8,

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

assuming that all the π0 mesons produced out of this region present a background.
There are no additional experimental data on analyzing power AN for inclusive π0 in

pp-collisions in the kinematical region of interest. Therefore, we assume that AN does
not depend on an initial energy and it is the same as in Fig.1a for the same kinematical
domain.

3. The scheme of the inclusive neutral pion polarimeter

The scheme of the proposed detectors is shown in Fig.2. The detectors are supposed
to be installed in 2 o’clock straight section of RHIC (Fig.2a) or in a suitable place in
HERA-p (Fig.2b). It is preferable to install the INPP at the RHIC Interaction Point
(IP). In this case in the Fixed Target (FT) mode one can calibrate either beam1 or beam2
by using two symmetrically placed INPPs around the IP. As an internal target we plan
to use the hydrogen gas target with density 3 · 1013 atoms/cm2 [11]. During the main
RHIC run (colliding beam (CB) mode) one can continuously monitor beam polarizations
by both INPPs. There is a limitation ±7 m in a free space around IP which may influence
on the detector’s position.
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Fig. 1. The analyzing power, AoN(xF ), of inclusively produced neutral pions, measured at 200 GeV/c
by E704 Collaboration at Fermilab: a) versus xF , b) a fake asymmetry versus 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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/ / / /
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jet target
at 820 GeV
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at 40 GeV b)

Fig. 2. Layout of the inclusive neutral pion polarimeter at 2 o’clock interaction section of RHIC(a)
and for HERA-p(b). EMC1 and EMC2 are the electromagnetic calorimeters. DX is the beam
crossing dipole magnet.
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The INPP consists of two Electro-Magnetic Calorimeters EMC1 and EMC2. The
EMC1 has a hole of diameter D1 = 60 mm defined by a vacuum pipe (V.P.). The EMC2
is placed either in the front or in the rear part of the DX magnet and aims to cover
a hole in the EMC1 completely. The DX magnet presents one of the bending magnets
belonging to accelerator/collider and placed just at the end of straight section. Depending
of its position the EMC2 may have the same hole as EMC1 has or may not have such
a hole at all. In such a way the EMC1 and the EMC2 together present 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 [10] but exceeding the last one twice in an azimuthal acceptance. Moreover,
the central part of CEMC, that is the EMC2, can be removed from the beam and put
behind the DX magnet. Therefore, it is not radiated by the direct beam and one may
hope that the charged secondary particles will not reach it due to a strong magnetic field
of DX. The combination of two calorimeters offers some flexibility for an on-line scheme
of the INPP as we’ll see later.
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Fig. 3. Cross section of inclusive πo production in pp interaction at 250 GeV in Fixed Target mode
(Fritiof 7.02). Both decay photons are registered in some combination of EMC1 and EMC2.
a) versus momentum of produced πo; b) the same as a) but all πo’s produced in the kinemat-
ical region 0.4 < xF < 0.8, 0.6 < pT < 2.0 GeV/c; c) decay photon momentum spectrum
corresponding to πo’s shown in a).

For the separation of photon shower from charged particle shower, each EMC1 and
EMC2 are supplied with scintillating hodoscopes installed in front of them (they are
not shown in Fig.2). These hodoscopes will also carry another important feature: they
measure a time of flight of charged particles accompanying the neutral pion and such
information can be useful for suppression of background events.
The inclusive πo production in the reaction

p+ p→ πo +X, (5)

for the energy region of interest was studied using Monte-Carlo program FRITIOF-7.02
[12]. The cross-sections for reaction (5) at 250 GeV in Fixed Target mode versus different
variables are presented in Fig.3. Four kinds of distributions are shown in this figure:
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• solid line – both photons are in the acceptance of EMC=EMC1+EMC2;
• dashed line – both photons are in the acceptance of EMC1;
• dotted line – both photons are in the acceptance of EMC2;
• hatched area – one of the photons is in the acceptance of EMC1, while the second
one is in the acceptance of EMC2.

All distributions fall steeply in region of interest. Fig.3b is obtained after matching
conditions (4). Only small portion of all π0 mesons is useful for polarimetry. The hatched
area presents the case when one gamma from πo-decay goes to one detector, let say to
EMC1, while the second gamma strikes another detector, that is EMC2. Such combination
is very important, since it may result in building an on-line INPP. The reason is that we
can make a coincidence of signal S1 from EMC1 and S2 from EMC2. We can play on the
following features of such combination:

• signal S2 coming from EMC2 should correspond to very energetic πo (photons).
Therefore we can make a fast analog sum of all counters in EMC2, put sufficiently
high threshold on energy Eth

2 (xF ∼ 0.4) and use this signal as a trigger. The fact
that EMC2 is far from IP and stays behind strong magnetic field of DX (in the main
CB mode) assures that signal S2 will be prevailed by photons from πo decay, that
is, S2 must be a clean trigger;
• signal S1 corresponds to the softer photons and by selecting the appropriate energy
threshold out one can suppress significantly the backgrounds;
• we can play on Eth

1 and E
th
2 in order to optimize a π

o trigger;
• we can build a fast high pT trigger similar to that used by E704 [10]. 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 apply a cut
in the πo mass region by using a relation

m2πo 
 E1 · E2 ·Θ212, (6)

where E1 and E2 are shower energies deposited in EMC1 and EMC2 correspondingly,
Θ12 is an opening angle between two photons. All these values are accessible for on-
line analysis. Fig.3c shows the distributions of γ’s from all produced πo mesons. In the
following we study a possible way of INPP optimization with the goal to apply it to the
polarized RHIC and HERA-p.

3.1. The INPP optimization for RHIC

The experimentally measured asymmetry, ε, depends on the beam polarization, PB ,
the analyzing power of the reaction, AN , and the purity of selected π

o sample, d =
S/(S+B), where S means the number of πo mesons produced in region (4) and B presents
the backgound contribution, in the following way:

ε = AN · PB · d. (7)
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From this relation one can extract the magnitude of PB and estimate its dispersion

σ2(PB) =
1

(AN · d)2 · σs · L
. (8)

Here, σs is the inclusive π
o cross section integrated over region (4), L = L · T is an

integrated luminosity, L is a machine luminosity and T is a running time. As it is seen
from the above relation, to reach a minimum dispersion one must get a maximum value
of the factor of merit

M = (AN · d)2 · σs. (9)

If one requires that the beam polarization with a precision ∆PB be measured, it is neces-
sary to accumulate the statistics

Nt =
1

(AN ·∆PB · d)2
. (10)

The time, t, for gathering Nt events is

t = Nt/n, (11)

where n = L · σs is a counting rate.
In further discussion we limit ourselves to the case when each of the two photons

is detected by the different calorimeters. The optimization of the INPP parameters was
made by looking for the maximum of the factor of merit, M, as a function of two variables:
a) distance L from IP to EMC1 and b) photon detection threshold Emin

γ . In the latter case
both detector thresholds were put the same for simplicity. The diameter of the EMC1
hole was taken as D1 = 6 cm. Fig.4 presents the results of such calculations for the FT
mode at 250 GeV RHIC energy, while for CB mode they are presented in Fig.5. One
can see that in both cases there is a clear maximum in M versus L and the shape of the
curves resembles a gaussian. The curve falls down on the left side of the maximum due
to a decreasing analyzing power, while on the right side of the maximum it drastically
drops because of a sharp decrease of the useful cross section, σs. The magnitude of M
strongly depends on the threshold photon energy changing by one order of magnitude
when passing from Emin

γ = 25 GeV to 55 GeV. The position of maximum weakly depends
on this cut (changing from L=5m to 5.6 m). The maximum threshold energy was taken
in accordance with condition (4) in order to avoid a cut of the useful events. For a cut
at Emin

γ = 55 GeV the optimum position of EMC1 in the FT mode is L = 5.6 m and
M 
 1.7 · 10−1 µb (see Fig.4a). Comparison with Fig.5a for the CB mode shows that this
position does not practically depend on the mode of RHIC running.
In passing from the top energy to the injection energy, Einj = 23 GeV, one sees a

change in the optimum position of EMC1 (see Fig.6a). The change is roughly proportional
to the energy variation and this fact is understandable through the kinematics of the
production and decay of π0 mesons. The shape of the figure is not changing almost. In
the CB mode (Fig.7) for the injection energy all distributions are the same as above for the
FT mode. For the highest threshold Emin

γ = 5 GeV corresponding to condition (4), the
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optimum position of EMC1 is L=0.52 m andM 
 2 ·10−1 µb which is higher by one order
of magnitude than at the lowest threshold Emin

γ = 2 GeV (Fig.6a and 7a). Therefore,
we can conclude that the INPP can be effectively used in the FT and the CB modes of
RHIC, as well as at top and injection energies. In the latter case one must deplace EMC1
from L=5.6 m to 0.52 m. Figs.4-7 present also the dependences of some other useful
observables versus the distance L. For example, for the FT mode at 250 GeV, Fig.4b
shows the ratio of signal S to signal plus background (S+B). At L=5.6 m and Emin

γ = 55
GeV the ratio S/(S+B) 
 0.9 meaning that one expects 90% of useful events and 
 10%
of backgrounds. The useful cross section for accepted cuts can be found from Fig.4c and
it is equal to σs = 12µb. The expected analyzing power comes from Fig.4d and equals
AN 
 10%. If we want to attain 5% precision in the beam polarization measurement, we
can calculate now all the parameters by using the above given relations and assuming the
luminosity L=13 (µb)−1 for the FT mode. The results of the calculations are presented
in Table 1. It is seen that the required precision in the beam polarization can be reached
in ∼ 10 minutes. The last two rows of Table 1 present the expected outer diameters of
calorimeters which permit to accept 99% of photons from π0 decay. Similar calculations
were done for the colliding mode at

√
s = 500GeV . Fig.5 presents the results of such

calculations and shows the similar to Fig.4 behaviour for any of the observables. From
these data one can fill in Table 1 for this energy. As it is seen from Table 1, the INPP
parameters in the CB mode are close to those in the FT mode, but the time of the
polarization measurement is much shorter due to the higher luminosity of the colliding
beams. The gross sizes of the calorimeters are virtually the same as in the FT mode.

Table 1. The Inclusive Neutral Pion Polarimeters Parameters

Parameters RHIC HERA-p

E, GeV 250 250 + 250 23 23 + 23 40 820

L, m 5.6 5.5 0.5 0.5 1.0 17.5

S/S+B 0.90 0.90 0.90 0.90 0.68 0.84

σs, µ b 12 10 15 13 13 10

n, counts/sec 156 2000 195 260 195 150

AN ,% 10 10 10 10 8.0 9.0

N5%(10
4) 9 10 10 10 12 10.1

T5%, min 10 1 9 7 10.3 12

Dout EMC1,mm 360 360 300 300 200 200

Dout EMC2,mm 300 300 800 800 400 400

The important problem is the measurement of the beam polarization at the injection
energy of 23 GeV and the colliding mode at the same initial lab. energy (

√
s = 46 GeV).

The results of estimates are presented in Figs.6 and 7. Using these data one can fill in
the 4th and 5th columns of Table 1. The main parameters of the INPP are virtually the
same as above but two changes are obvious: one must put the EMC1 very close to the
IP and make bigger the gross size of the EMC2. For the colliding mode the situation is
similar. It is obvious that the INPP can measure the beam polarization at RHIC in the
whole range of the beam energy and in both modes of operation.
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Fig. 4. Shown as a function of EMC1 position, L, are (FT): a) figure of merit, b) the signal significance,
c) the integrated useful cross section for inclusive π0 production, d) the average analyzing power.
The initial protons energy is 250 GeV. The curves are labeled by threshold energy, Eminγ , for
detection of decay photons in EMC1 and EMC2.
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Fig. 5. Shown as a function of EMC1 position, L, are (CB): a) figure of merit, b) the signal significance,
c) the integrated useful cross section for inclusive π0 production, d) the average analyzing power.
The initial protons energy (in colliding mode) is 250 + 250 GeV. The curves are labeled by
threshold energy, Eminγ , for detection of decay photons in EMC1 and EMC2.

10
-2

10
-1

0.5 1
0

0.2

0.4

0.6

0.8

1

0.5 1
1

10

10 2

0.5 1

10
-3

10
-2

10
-1

0.5 1
L, m

M
, µ

b

Eγ
min, GeV

5.0
4.5
4.0
3.0
2.0

a)

L, m

S
/(

S
+B

)

Eγ
min, GeV

5.0
4.5
4.0
3.0
2.0

b)

L, m

σ s,
 µ

b

Eγ
min, GeV

5.0
4.5
4.0
3.0
2.0

c)

L, m

<A
N

>

Eγ
min, GeV

5.0
4.5
4.0
3.0
2.0

d)
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c) the integrated useful cross section for inclusive π0 production, d) the average analyzing power.
The initial protons energy is 23 GeV. The curves are labeled by threshold energy, Eminγ , for
detection of decay photons in EMC1 and EMC2.
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c) the integrated useful cross section for inclusive π0 production, d) the average analyzing
power. The initial protons energy (in colliding mode) is 23 + 23 GeV. The curves are labeled
by threshold energy, Eminγ , for detection of decay photons in EMC1 and EMC2.

3.2. The INPP optimization for HERA-p

The HERA-p environments have several specific features. It contains only one proton
ring, therefore a polarimeter would be used only in a fixed target mode. Second, an
energy range includes 40-820 GeV, that is, it spans 20×Emin range, while at RHIC it was
10 × Emin. Third, the electron and the proton beams are separated at a large distance
from IP (around 100 m, while at RHIC two proton beams are separated around 20 m).
Therefore, the INPP might be different in size, shape, positions, etc. A sketch of the
proposed INPP is shown in Fig.2b; note that this scheme is not connected yet to the
HERA lattice structure. The INPP for a top energy of 820 GeV would consist of two
electromagnetic calorimeters EMC1 and EMC2 separated by a series of the accelerator
magnetic elements (DX in Fig.2b). For separation of the photons from charged particles
both EMC1 and EMC2 could be supplied with scintillating hodoscopes (not shown in
Fig.2b). The results of calculations of INPP parameters for the HERA-p ring are shown
in Fig.8 for 820 GeV. There is a wide maximum in the dependence of figure of merit,
M, on L around L=15÷19 m (Fig.8a). The highest magnitude of M is 1.7 · 10−1 µb and
it is reached at L=17 m for Emin

γ = 170 GeV. The next Fig.8b shows a plateau in the
signal significance, d, versus L in a region 11-16 m and then d drops precipitiously at
L>17 m. Combining these data with the useful cross section σs presented in Fig.8c one
gets an optimum value L=17 m, at which σs = 10µb. The estimated INPP parameters
for the HERA-p top energy is included in Table 1. One can conclude that the beam
polarization precision of 5% can be obtained by the 12’ beam run. The parameters of the
INPP for the injection energy of 40 GeV were estimated by applying the similar approach
to Fig.9. They are presented also in Table 1. It is seen that a precision of 5% in the beam
polarization measurement can be reached at the injection energy for approximately the
same time as it was for the top energy. The positions of EMC1 vary from 1m at 40 GeV
to 17m at 820 Gev, while EMC2 should be deplaced closer to EMC1 at 40 GeV (EMC2’ in
Fig.2b). This may present a problem since a polarimeter can interfer with the accelerator
lattice. A possible solution might be to deplace the internal target as it is shown in Fig.2b.
Another interesting conclusion is: the time spent on the beam polarization measurements
is virtually the same at RHIC and HERA-p. The gross dimensions of the calorimeters
are smaller at HERA-p than at RHIC due to a higher energy of HERA-p.
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power. The initial protons energy is 820 GeV. The curves are labeled by threshold energy,
Eminγ , for detection of decay photons in EMC1 and EMC2.
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Fig. 9. Shown as a function of EMC1 position, L, are: a) figure of merit, b) the signal significance,
c) the integrated useful cross section for inclusive π0 production, d) the average analyzing
power. The initial protons energy is 40 GeV. The curves are labeled by threshold energy, Eminγ ,
for detection of decay photons in EMC1 and EMC2.

3.3. The kinematical aspects of INPP

The qualitative understanding of the main features of INPP and quick estimates of
its parameters can be made by applying the standard π0 decay kinematics and using
the fixed kinematical domain (4). It is important to gently apply those relations to the
specific environments. A vacum pipe with diameter D1 puts a limit for detection angle

tanΘ1 =
D1/2

L
, (12)

where L is a distance from IP to the EMC1. For the fixed π0 momentum from conditions
(4) one can define a minimum production angle, Θ2, for π

0 at which the useful pT and xF

domain will be respected

sinΘ2 =
pT
pπ
, (13)

where pπ 
 Eπ. Assuming pT = 0.8 GeV/c, xF = 0.6 one gets

sinΘ2 =
1.33

Ep

, (14)
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where Ep is an initial proton energy. Therefore, for any fixed energy one can find the
EMC1 position by putting Θ1 = Θ2 and using the previous relation. For example, if
Ep=250 GeV, then Θ2 = 5.3 mrad. By putting L = D1/2

Θ2
for D1 = 60 m, we find

L = 5.6 m which is close to the number in Table 1 obtained by the precise calculations.
In order to get a rough but quick estimate of the gross size of the EMC1, we must fix

a portion, α, of π0 decay which we’d like to accept. Let us assume α = 0.99. From the π0

decay distribution we get a relation between the α and the largest accepted photon angle
around the π0’s direction, Θa, that is

sin
Θa

2
=
sin(Θγγ/2)√
1− a2 · β2 , (15)

where β is a π0 velocity in units of the light velocity and a minimum decay angle, Θγγ,
between two decay photons, is defined by relation

sin(Θγγ/2) =
mπ

Eπ

. (16)

Since the electromagnetic calorimeter should be installed symmetrically around the beam
axis, we must calculate the largest angle of π0 emission with large pT (1.6 GeV/c). Since
the largest accepted π0 angle Θmax

π0 comes from the slowest π0 decay, we put Eπ = 0.4 ·E0.
Therefore, the largest angle of the photon emission Θmax is defined by

Θmax = Θa/2 + Θ
max
π0 . (17)

As an example for E0 = 250 GeV, we get Θmax = 22 mrad. At L=5.6 m this leads to the
outer diameter of EMC1: Dout = 2 × 22 × 5.6 = 246 mm. By adding the extra size for
the shower width of 
 100 mm one gets Dout 
 346 mm. The more precise calculation
gives Dout = 360 mm (see Table 1). We conclude that the rough but quick estimates of
the position and gross size of the electromagnetic calorimeter for INPP can be made by
applying the above kinematical relations.

3.4. The radiation level in the INPP at RHIC

The INPP will be exposed to radiation from pp-collisions during the collider operation
or from any internal target used for a polarimetry in the FT mode. We assume that the
main source of radiation is the two colliding beams (at 250 GeV due to the high luminosity)
and neglect any other effects. A radiation dose in the INPP can be estimated following
the scheme developed at SSC and described by Particle Data Group (see [13], p. 152).
According to this scheme the dose rate at RHIC,

.

D(RHIC), can be calculated from the
dose rate at SSC,

.

D(SSC), through relation

.

D (RHIC) = κ·
.

D (SSC), (18)

where

κ =
(Lnom · σinel ·H· < pT >0.7)RHIC

(Lnom · σinel ·H· < pT >0.7)SSC

. (19)
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Here Lnom is a nominal collider luminosity, σinel is an inelastic total cross section, H is the
height of the pseudorapidity plateau, < pT > is a mean value of transverse momentum
of particles of interest (charged hadrons, neutrons and photons). So, κ = 3.1 · 10−2. The
dose rate for SSC is given by the expression

.

D (SSC) =
0.4MGy · yr−1
(r⊥/1cm)2

=
40MRad · yr−1
(r · sin θ/1cm)2 , (20)

r⊥ is a distance from beam axis to a detector, θ is a polar angle of inclusively produced
charged particle. Using as inputs the data from Table 2, one can find the absolute dose
rate at RHIC (the relative dose rate for the central plateau is shown in Table 2 in the last
row):

.

D=
1.3Mrad · yr−1
(r · sin θ/1cm)2 . (21)

This relation can be applied to the thin detectors, like scintillating hodoscopes irradiated
by the charged particles. In a medium like calorimeter one must take into account the
hadronic and electromagnetic showers. The most commonly modelled in details calorime-
ter was a fine-sampling uranium/scintillator calorimeter with alternating 3 mm uranium
plates and 3 mm scintillator sheets [14]. For one year irradiation at a nominal SSC lu-
minosity, one expects the following parametrization of the maximum dose (see Fig.7 in
[14]):

D(Gy · yr−1) = c1 · ηc2, (22)

where η is a pseudorapidity, constants c1 and c2 depend on the type of particles and
the position of the EMC. For example, for SSC at the position of calorimeter L=2 m
(from IP) they equal c1 = 4.27 and c2 = 9.8728 for the electromagnetic dose and c1 =
5.28 · 10−2 and c2 = 11.2518 for the hadronic dose. The ratio of the electromagnetic dose
to the hadron dose is roughly of order of a ratio of the nuclear interaction length to the
radiation length. In order to transform those doses from SSC to RHIC, we must multiply
them by κ = 3.1 ·10−2 for the central plateau. Assuming that EMC1 is placed at L=5.5 m
instead of 2 m, we get the final electromagnetic dose at RHIC

D(RHIC, el.mag.) = 1.59 · 10−2 · η9.8728(Gy · yr−1). (23)

In a similar way one gets for hadron contribution to dose

D(RHIC, hadr.) = 1.98 · 10−4 · η11.2518(Gy · yr−1). (24)

The closest to the beam position of EMC1 is ηmax = 5.62 and we get

D(RHIC, el.mag.) = 40 Mrad · yr−1. (25)

Such a dose is expected at the maximum of the electromagnetic shower and in the region
of the central plateau. At η = 5.6 this dose must be decreased by a factor of 5 leading
to the final maximum dose at EMC1 of 8 Mrad · yr−1. In recent research paper [15] it
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was shown that the required parameters could be obtained by using the PS-115 based
scintillators produced by the injection molding technique. The expected hadronic dose is
of order 1 Mrad · yr−1 for the same condition (a ratio D(hadron)/D(el.mag.) ≈ λel.mag.

λhadr
).

Therefore, it can be practically neglected under our condition. The same is true for the
neutron initiated dose.

Table 2. A rough comparison of beam-collision induced radiation at the differ-
ent colliders

Collider RHIC Tevatron LHC SSC 100TeV
√
s(TeV ) 0.5 1.8 15.4 40 100

Lnom(cm
−2 · s−1) 2 · 1032(a) 2 · 1030 1.7 · 1034 (a) 1 · 1033 1 · 1034

σinel(mb) 50 56 84 100 134
H 3.0 3.9 6.2 7.5 10.6

< p⊥ > (GeV/c) 0.425 0.46 0.55 0.60 0.70
Relative dose(b) 3.1 · 10−2 5 · 10−4 11 1 20

Comments: a)High luminosity option. b) Proportional to Lnom · σinel·H· < p⊥ >0.7.

4. The possible on-line INPP scheme

The following scheme of on-line INPP can be proposed. The EMC counters might
be electronically separated in two halves (left-right) for normally polarized proton beam.
Pulses from the left counters will be summed independently, as well as from the right
counters. This means integration in azimuthal angle in the interval −900 ÷ +900 for
the left half and 900 ÷ −900 for the right one. Let us denote these pulses as L1 and
R1. After making a coincidence S12 = S1 × S2, one creates the following coincidences:
S3 = S12×L1 or S4 = S12×R1. S3 and S4 will feed the scalers Sc1 and Sc2. Denoting
the counting rates on Sc1 as N1 and on Sc2 as N2, we can define the asymmetries

εL = ε · cosφ =
N1+ −N1−
N1+ +N1−

, εR = ε · cosφ =
N2+ −N2−
N2+ +N2−

, (26)

where ε was defined earlier, cos φ means an averaged value of cosφ over the acceptance
of the half of EMC1; N1(+,−) presents the counting rates for the up and down beam
polarization. The cos φ equals 0.79 for the indicated above acceptance. Therefore, the
amount of needed statistics for reaching 5% in the beam polarization measurement will be
higher than before by coefficient |cosφ|−2 = 1.6. The time of measurement therefore will
increase by the same amount. We continue to study this problem in order to realize the on-
line regime. There are several problems open at the moment. First one is a shower width
that must be taken into account, in particularly, in the on-line regime. This problem can
be solved by taking out of a trigger the set of counters surrounding just a vacuum pipe in
EMC1 and the outer counters in EMC2. The second problem is relevant to the ”diamond”
size of the beam in the IP. It may put a severe restriction for a trigger at the lowest energy,
when calorimeters are placed close to the IP. This problem must be solved specifically
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for each accelerator/collider by Monte-Carlo calculations. The energy calibration of both
calorimeters can be done by reconstruction of πo events and normalizing to the mass of πo.
Additionally EMC1 energy scale may be calibrated by muons or charged hadrons. The
LED/Laser and radioactive sources will be used for monitoring calorimeters functioning.
By 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;
• practically full coverage of useful pT range;
• due to the use of the electromagnetic calorimeter, the INPP becomes more preferable
with the growth of energy than the ICPP;
• no necessity for a magnetic spectrometer and extra particle identification. The EMC
fulfils all these functions itself.

Conclusions

We propose to use the Inclusive Neutral Pion Polarimeter (INPP) at high energy
accelerators/colliders for the following reasons:

• its high analyzing power, AN ;
• its large production cross section, σs. Due to these two factors the INPP has a high
factor of merit, M = (AN)

2 · σs;
• it fits well to the RHIC and HERA-p environments; it can be easily used in the
fixed target as well as in the collider modes.
• it serves as a local polarimeter;
• it is a ”transparent”(non disturbing) polarimeter allowing one to make a continuous
control of beam polarization;
• it may be used as on-line polarimeter;
• it is less sensitive to the background due to the high energy threshold for photons;
• the technique (electromagnetic calorimeters) is robust and reliable.

There are two open problems which must be solved in order to make the INPP a real
polarimeter: a) the absence of the precise experimental data on AN(π

0) in the energy
range of interest, and b) the necessity to demonstrate in experiment that an INPP can
be operated as an on-line polarimeter.
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