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Introduction .

The Forward detector (FD) of the ANKE spectrometer was originally proposed for
exclusive investigation of the deuteron break-up reaction pd — ppn under the kinematic
conditions far from the kinematics of quasi-free nucleon-nucleon interaction (cumulative
break-up) ([1}, [2]). In this experiment the momentum of fast protons, emitted at
small angles with respect to the beam, is measured with a relatively low flux of the
particles through the detectors, determined by a small thickness of the jet {or cluster)
deuterium target. However, the requirements to the detector (acceptance, resolving
power, counting rate capability, particle identification possibility) were not restricted
by the demands of this experiment alone. Emission of secondary particles with high
momenta at small angles is typical for many intermediate-energy processes. Therefore,
the capability of their effective detection by the FD obviously improves the performance
of the spectrometer as a whole.

Indeed, it was shown ([3]-[7]) that study of several specific processes demands a
use of the Forward detector. Thus, the detector is definitely necessary for studying the
following processes:

(1) the cumulative deuteron break-up reaction ([1], {2})

p+d—p+p+nat T, =1000-2500 MeV; (1)

(1) subthreshold production of K*-mesons and K+ K~ pairs [3]-[5], correlated with
emission of light fragments in the forward cone of angles:

0+ 120 = (pyd) + K+ + X at T, = 800-1500 MeV;  (2)
p+"C = (pd HHe)+ K¥ + K™ + X at T, = 2000-2500 MeV; (3),
(ii1) production of a}-mesons [6] in the reaction:
p+p—d+at —d+ K*+ K°at T, = 2520 and 2600 MeV; (4),
(iv) search for the N N*-component in the deuteron [7]:
ptd—d+ N —d+n+rtat T, =1500-2000 MeV. (9)

All the reactions (1)-(3) do not cover all permitted processes that are accompanied
by emission of high-momentum particles at small angles and are currently of great
interest in terms of pﬁysics. Nevertheless, they rather completely characterize the
requirements to the ANKE Forward detector.

The purpose of the present paper is to study the capability of the FD to detect and
identifv the particles from reactions {1)-3), proposed for investigation at the ANKE
spectrometer.

The Monte Carlo simulation was used to study several of the main characteristics
of the detector performance:



a) angular-momentum acceptance;
b) the counting rates for the processes of interest:

{

(

{c) the accompanying background processes;

{d) the possibility of using Cherenkov counters of total internal reflection {CTIR) [8];

(e) the total background suppression factor, ensured by using of AE and Cherenkov
counters at the trigger level and time-of-flight (TOF) measurements during the off-line
data processing.

Forward Detector Overview.

The scheme of the ANKE setup is presented in Fig. 1. It consists of four detection
systems: Forward detector (FD), Positive and Negative Side detectors (PSD and NSD),
Backward detector (BD). The basic geometricai parameters of the detecior systems are
given in [5]. The FD [9] will be used in coincidence with the BD in the deuteron
breakup study ([i], [2]), with the Side detector in the experiments on K* and A+ A -
subthreshold production [3]-[5], and can also be used in other experiments {6],[7] that
involve emission of fast particles in the forward direction. The Forward detector records
fast positive particles emitted at small angles and leaving the dipole D2 through its
forward boundary. The FD consists of 3 packages of narrow-gap proportional chambers
(MWPC) [10] and two-plane scintillation hodoscope (FH) placed behind the MWPC.
The fist plane of this hodoscope consists of 8 elements, the second one of 9 elements.
The elements have scirtillators 20 and 15 mm thick, most of them are 80 mm wide.
Several scintillators close to the beam pipe (2 in the first and 3 in the second plane)
are less wide (40, 50, 60 mm) as the counting rate increases by a factor of about 3 at
this side of the hodoscope.

The Forward detector has to record the track of a particle, to measure the ionization
losses in both planes of the scintillation hodoscope and the time correlation with a
particle detected in the Side or Backward detector.

It is also possible to use Cherenkov counters (CTIR) [8] for additional suppression
of the background in the kinematic region where the AE and TOF methods alone are
not sufficient to identify particles. The Cherenkov counters are installed behind the
scintillation hodoscope (unlike the case in the detector scheme considered in (9], where
aerogel Cherenkov counters were supposed to be used).

Types of the Particles Detected in FD.
Table 1 lists the types of secondary particles to be detected in the FD in the planned

measurements([2]~[7]) depending on the energy of the initial particle.

The anguiar-momentum (geometrical) acceptance of the FD for two typical values
of incident energy and D2 magnetic field is shown in Fig. 2. The geometrical ac-
ceptance has been obtained at homogeneously generated ejectiles in the phase space
corresponding to Peje. = 0 + 4000 MeV/c and emission angles 9 < 10°.

Particles were considered as detected if they reached the second plane of the scin-
tilation hodoscope. All secondary processes, like decay in flight, muitiple Coulomb
scattering and hadronic interactions, were switched off in the simulation.
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Fig. 2. Angular-momentum acceptance of the Forward detector. ¥,,—projection of
the polar angle 4 of the ejectile with the momentum P.j.. to the median plane XZ of
the spectrometer. B is the magnetic field (Tesla) in D2.



Table 1. List of the particles detected in FD.

I Reaction | T, MeV] l Detected particles l P,;.. [MeV/c] l
p+BC —(pd) +K* +X 300-1400 p.d 600- L00O
p+2C - (p,d,..) + K*K~ + X [2000-2500 | p,d.*H *He 800-3300
p+d—p+p+n 1000-2500 P 800-3300
p+p—odtat —d+ Kt +K° |2520-2600 d 1000-3400
p+rd—d+ N >d+n+xt |1500-2000 d 1000-3000

It is seen that the salid angle acceptance is as large as about 40 msr at the maximum
and decreases to 5-10 msr at high momenta. The resulting acceptance is suitable for
the experiments of interest (see Table 1).

Expected Counting Rates .

The background conditions for the processes to be studied were estimated from
the Monte Carlo simulation. For event generation the ROC model for pC, pd and pp
interactions at different incident proton energy was used. The description of the modei
can be found in {11]. The code GEANT [12] was used to describe the setup and to
trace particles. The other simulation conditions were the same as in (13], [14].

The momentum spectra of secondary particles from the processes {2)-(5), expected
iz the forward hodoscope, are shown in Fig. 3. It is seen that the particle yield ratios
N, : Ny and Vog : Nag, are approximately of the same order of magnitude for the
process (3} and the yield of three-nucleon fragments is over two orders of magnitude
stnaller than the yield of p and d. For the reactions p+p — d(v*,p) + X at T, =
252G MeV znd p+d — d(x*,p) + X at T, = 1750 MeV the ratio of secondary particles
Ng: NN, is about 1 : 10 : 180.

Table 2 lists inclusive production cross sections for various types of particles pro-
duced in the reaction p+d — d(x*, p}+ X and detected in the forward hodoscope. The
events of pd interactions obtained by the ROC model at the energy T, = 1750 MeV
were used for the estimation. The cross sections expressed in mb are the integrals of
the differential cross section over the angular-momentum acceptance with taking into
account the detection probability €:(p) :

Bo .
Ad’.’ =/d—13.61(ﬁ)dp.

Here the detection probability £:(5) is defined ouly by the angular momentum ac-
ceptance of the detector. The cross sections are given separately for deuterons Ao (d)
from reaction (3), background protons Agy, (p) and 7*-mesons Aayy(7) from all other
significant p + d — d{x*,p) + X processes detected by the forward hodoscope at
T, = 1750 MeV.

The expected counting rates m; can be found multiplying the cross sections Ao;
by the beam-target luminesity L. At the laminosity L = 2.0 - 16 cm~? 571, expected
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at COSY with the pellet target [6], the total absolute counting rate in the forward
hodoscope is equal ton = 4.2 mb- L = 1.0- 107 571,

Table 2. Inclusive integrated cross sections {mb) for particles from the reaction
p+d— d(r*,p) + X detected in the FD hodoscope counters. The sequential number
of the counter increases with increasing the distance from the beam.

[ Neounter | A (d) | Aoy (7*) | Azyy(p) | ,

#1 0.0006 | 0.0004 0.804
#2 0.0017 | 0.0009 0.827
#3 0.0020 | 0.0022 0.715
#4 0.0022 1 0.0088 0.675
#5 0.0027 | 0.0072 0.410
#6 0.0023 | 0.0064 0.284
#7 0.0011 0.0055 0.214
#8 0.0005 { 0.0053 0.114
#9 0.0002 | 0.0052 0.062

Total 0.013 0.042 4.105
l l I

Particle identification .

The conditions for deuteron break-up event selection using the particle coincidences
in the Forward detector and the Backward detector have been estimated in {13], [14]. In
[15], [16] the procedure of K* mesons separation from a large pion background in the
Side detector has been considered. Let us examine the possibility of separation in the
Forward detector the particles (p, d,>H,%He), which participate in the processes (2)-(5).
The AL and TOF spectra were simulated to estimate the reliability of identification
and the background suppression by the Forward detector elements alone. The uniformly
simulated events in the interval of angles ¥ < 10° were used as the event generator.

Fig. 4(a, b) displays the distribution of energy losses for the particles (p,d,3H) in
the forward hodoscope elements (#4 and #8) with the mean momenta of 1300 MeV/c
and 2500 MeV /c respectively. The intrinsic energy and time resolution, experimentally
measured using the cosmic particles [L7], were taken into account. It is ohvious that
the deposited energy resolution and time resolution of the whole forward hodoscope is
better by a factor of /2 when the information from both planes of the hodoscope is
used.

Additional background suppression during the off-line data processing using the
TOF system has been considered. [n Fig. 4(c,d) the time-of-fight distributions for
the forward hodoscope elements are presented. The flight time is calenlated between
the target and a separate forward hodoscope counter. We suppose that the interaction
time moment can be reconstructed with the accuracy ¢ = 300 ps. The intrinsic time
resolution ¢ == 200 ps for the scintillation counters was assumed [17].
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It is seen that this method can be used for n/p separation up to 1500 MeV/c and
p/d separation up to 2500 MeV /c with the background suppression level not worse than
an order of magnitude.

Obviously, this is not enough to suppress the proton background at separation of
deuterons in processes (4)-(5) because the ratio Ny : ¥V, is about 1 : 100 at 2000-3000
MeV/c. Therefore, to improve the p/d separation we propose to use Cherenkov counters
in the Forward detectar. A Cherenkov counter based on total internal reflection (CTIR)
was proposed and described in [8].

Background Suppression by Cherenkov Counter .

Fig. 5(a) displays the background suppression factor, namely the proton suppres-
sion at detection of deuterons, for a wide momentum range and (b) the corresponding
values of the optimum inclination angles. The background suppression factor ( B) shows
the level of background reduction by a Cherenkov counter B = g,/¢, where =4, and
¢ are the detection efficiencies for background and useful events respectively at the
optimum discrimination threshold.

The background suppression factor was estimated by the Monte Carlo simulation.
The Cherenkov light propagation via total internal reflection and the PM output signal
generation were simulated by the code GEANT. The Cherenkov light intensity on the
PM photocathode is proportional to

tan(dp + &
~72 arccos[%l],

where 7 is the light collection efficiency, d¢ is the Cherenkov angle, dp is the total in-
ternal reflection angle and § is the particle entrance angle. The details of the Cherenkov
light yield estimation are described in {8]. The upper curve in Fig. 5(a) corresponds
to the light collection efficiency # = 0.2 and the lower curve is for n = 0.6, as denoted
at the curves.

"~ The PM anode pulses were generated for each event using the Poisson probabil-
ity density function for photoelectron number distribution and electron multiplication
process {18]. The PM characteristics, such as the cathode conversion efficiency, the
single electron response relative width and the dark current signal value, were taken for
XP2020 {19]. The optimum radiator inclination angle and the discrimination threshold
for the PM output signal were obtained for the momentum intervals covered by the
individual Cherenkov modules.

It is seen that an addition of the Cherenkov counters to the forward hodoscope leads
to reduction of the proton background by more than an order of magnitude.

The proposed Cherenkov module will consist of two identical Cherenkov counters
(upper and lower) arranged symmetrically relative to the mediane plane of the setup.
The Cherenkov counters overlap the same solid angle that covered by the forward
hodoscope. The total number of Cherenkov counters is 16, the width of each counter
is 8 ¢cm, the radiator thickness is 3 cm. All the Cherenkov modules have to be mounted



on the supporting frame allowing to tune the individual module orientation relative to
the ejectiles trajectories.
Total Background Suppression .

It was estimated that with scintillation counters and Cherenkov counters (CTIR),
the total background suppression factor is

Biot = Bag x Bror % Boper = 10° — 104

and is enough for p/d separation for the momenta up to 3000 MeV/c.
Cbonclusion. '

The conditions of particle detection in the Forward detector at the spectrometer
ANKE have been simulated on the basis of the ROC model data. The simulation
results shows that the expected performance of the Forward detector is adequite to
requested one in the planned experiments ([2]-[7}).
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Kayapasa A K. u gp. E1-97-324
YcnoBusl perHcTpalMH YacTHll B TIEPEHEM AETEKTOpE
Ha yctaHoBKe ANKE

[poBeneHo MomenupoBaHHe YCIOBHI PEMMCTPallH YacTHL B MEpEXHEM HETEK-
Tope ana ycraHoBku ANKE (COSY) Ha ocHoBe cobwrruii pC-, pd- ¥ pp- B3auMo-
HCHCTBHH, reepuposaHdpix Mo  ROC-monenn B uHTepBaie  3Hepruii
Tp = 1000 + 2500 MsB. [Ina nogaBneHUst NPOTOHHOTO (POHA PacCMOTPEHA BO3ZMOX-

HOCTb HCNOJB30OBAHHUA AE—C‘-ICT‘!HKOB, BpeMﬂnpOHCTHOFI CUCTEMBI H YEPEHKOBCKHX
CYETYHKOB INOJIHOI'O BHYTPEHHEIO OTPAXECHHA.

Pa6ota BhinonzeHa B JlaGoparopuu saaepusix npobnem OUSIH.

Coobmenne O6beMHEHHOTO HHCTHTYTA SIEPHBIX MccienoBanuii. [ly6ua, 1997

Kacharava A K. et al. E1-97-324
Expected Conditions of the ANKE Forward Detector Operation

The conditions of the particle detection in the Forward Detector
at the spectrometer ANKE (COSY) are simulated on the basis of pC, pd and pp
interaction events generated within the ROC model at the energy range
Tp= 1000 + 2500 MeV. The possibility of the background suppression using AE

counters, a TOF system and Cherenkov counters of total internal reflection (CTIR)
is examined.

The investigation has been performed at the Laboratory of Nuclear Problems,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 1997
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