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Basic Remarks

[n this paper we consider the Cerenkov Counter of total internal reflection pro-
posed for /K and p/d separation and background suppression at the trigger level
in the momentum range above the threshold. We plan to use this type of the Ceren-
kov counter i the forward detector of the Zero Degree Facility (ZDF) at the COSY
svichrotron {Jilich). The ZDF is a general purpose detector under construction. It
is intended for investigation of the A *-subthreshold production {1] and to study the
exclusive deuteron hreak-up process {2]. |

We have well known expression for the Cerenkov photon number reaching the
photocathode: _

Q'—h = sinlt?('/ o, BYdE
dl e AE
where 9 = arccos(1/3n) is the Cerenkov cone half opening angle and E = 2xkc/ )
is the energy of the irradiated photon. We have assumed that £(8, F) is the factoriz-
able light collection efficiency, uniform over E and equal to the fraction of the light
reaching the photodetector €(8, E) = e A¢(6,9¢-)/2m with constant light propaga-
tion-efficiency ¢7. & € [8,.0, + Aé] i1s the particle entrance angle, with §, radiator
inclination angic and the angular spread Aé of uniform distribution.

The number of generated photoelectrons in the photomultiplier (PM) with the

conversional efficiency ¢ pps i1s equal to

B deh Az

’\’, = EpPM
P dl cosé

where A, /cos d is the particle path length in the radiator with thickness A,.

Simulation

The idea is to make use of the total internal reflection (the angle of total internal
reflection: ¥g = arcsin(l/n)) for the Cerenkov light collection for particles with
higher /3 through the radiator inclination angle selection [3]. The proposed Ceren-
kov counter characteristics were studied by Monte-Carlo simulation using GEANT3
package (4] for particle tracing. The particles were generated at the pointlike target
and traced straightly to the counter. We used lucite for the Cerenkov radiator in
the simulation program. The Cerenkov counter consisted of a plane parallel radiator
connected with PM on one side. Radiator dimensions were 50x 10 x5cm?.

For each event we calculated the amount of Cerenkov light fraction that reached
PM. For the light fraction detected by PM we used a simplified algorithm for the
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arc A¢ estimation in each generated event (instead of ray tracing). The “arc active
fraction’ (or detectable part of Cerenkov light) was defined as:

tan(Vp + b)
tan o, ) '

IfIg+4é > J. | total internal reflections do not oceur and Ag = 0. The photocathorde

conversional efliciency ¢ ppys was taken equal to 0.2 and the light propagation efhciency
= 0.4. AE = 12¢eV for lucite. The inclination anglv & = 0° corresponds to

perpendicular particle entrance direction and § = —90° to the entrance from the (vee
side of the radiator.

Agp =2 a.rccos(

The following factors wfluencing the particle detection efficieney were taken mto
account:

o The particle momentum spread for one counter in the acceptable range, hecanse
of kinematical and geometrical fluctuations and due to energy losses. It gives:

0.52 Ap
i Adc|deg) = =L
cldeg] (By) p |
A
=P 3% at 1.5GeV/c gives Ad = |
p

e Variations of the particle entrance angle and position due to the acceptable
pangular range and multiple Coulomb scattering. In the simulation program we have

used most unfavorable geometry: the entrance angle spread was taken cqual to
Ab = 5°.

e The number of calculated photoelectrons has been undergoue to the gauss
fluctuations on the stage photocathode- first dinode with o = /N,

The factors such as radiator optical dispersion, light attemation, encrgy losses
and multiple scattering inside the radiator were not considered. It is cvident that
these factors are not significant (maybe except the light attenyation).

In fig.1 the particle detection efficiencies (expressed as ’arc active Fraction” Ad)
for various radiator orientation angles (é,) are shown I'or I\ and 7 mesons in the
momentum range 0.8 + 0.02 GeV/c! )

The corresponding pulse heights for the lucite radliator arc presented in lig.2
In the simulation program 1000 input events were gmwratml for: mi.rh particie typ(
In the presented results pulse he:ghts from PM are- t=xpnwsti i the” “photoc hee Lron
number, but, as is evident from the assumptions fisted: abow- thesd mmbers were
estimated approximately. On the other hand they reflect’ i.lu* pulse height relative
values correctly :
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fig. ] Arc active fraction at 0.8 GeV /e for various inclination angles¢é ).
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Experimental Testing

The Cerenkov counter prototype was a plane parallel radiator made of e
(o= 1.19) with a 27 PM FEU-IN glued on the one endeof it. A voltage divider
of the PM was optimized Tor ontput signal in the linecar range. The anode signal
duration was abont 1000 s, The radiator was polished on all sides except the opposite
side of the PN and wrapped up in black paper to suppress the diflusion reflection,
Dinmrensions of the radiator were 36 « 1) x Yo

The counter was placed on the plane that allowed placing it at angles from — 157
to +15° refative to the beam direction.

Measurements were varnced ont on the secondary heam of FEEP aceelerator, Tan-
ing the operation mode of the beam channel elements allowed choosing the particles
of a given momentim and type. The intensity of the positive particle beam with mo-
mentmn 15300V e (with Ap/p = £3% ) containing protons and pions was (35 3) 10
for als spill duration of s and acccleration evele of 5. The beam spot on e
Cerenkov connter was approxitmately lene i diameter,

The PM anode pulse was recorded inan ADC (10 bit LeCroy 2219A) placed in the
CAMAC crate and analvzed on-line by IBM-PC/AT. The ADC and data acquisition
were triggered by the beam signal obtained hy coincidence of three seintilfation
counters, These triggering connters were located at a distance of abont 200 and the
detay selection allowed choiee of hoth protons and pions in the heann.

Measurements proceeded mainly for the beam hitting of about 25 from the
PM. Investigation of tae seintilation was done at the beam momentum 0.8 Ge V/e
(that is the threshold for protons). The seintillation in the radiator was not. observesd,

Dependence of the Cerenkov counter signal ot the heam entrance angle was
imvestigated with the beam containing both protons (4 = 0.85) and pions of momen-
tom 1.5 GV eo Protons with this momentum radiate Cererikov light equivalent 1o
denterons at 3.0 GoV/e and Komesons at 0.8 GoV/ e, At this momentum the angle of
Cerenkov radiation in the radiator with a refractive index 2= 1.5 is 36° for protons

while for plons it cqnals 18 and total internal reflection angle equals 12°.

Results of measurements for protons and pions are presemted in fig.d, As is scen
Iramn this figure. dependence of the PM anode pulse height on the angle relative to
the heam direction s elearly observed. With rotation 'in the direction of negative
angles the pulse height from m mesons rises carlier than for protons. As mentioned
above, the cone of Cerenkov radiation for protons is narrower, therefore the increase
in the amplitude for protons is sharper. At 8, = 07 a deercase in the amplitude s

stipnlated in the same way  the signal is well extingnished by multiple reflection.
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fig.3 Measured pulse heights for protons and pions vs the rotation angle at
1.0 GeV/eo Error bars correspond to the output signal spread.

At the positive angle disposition a decrease in the reflection number occurred and
it also included the reflections from the free side of the radiator. That caused some
increase in the signal. For pions the total internal reflection takes place even at the
perpendicular disposition of the radiator and an increase in the signal at negative
angles is more gentle. In the case when both protons and pions radiate Cerenkov light
the possibility of discrimination is well demonstrated in fig.4 corresponding to the
disposition angle —10°. | »r the given conditions 98% of pions can be suppressed at
15% of lost protons.
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fig.4 Pulse-height distributions for protons and pions at 1.5 GeV/c, corresponding
to the rotation angle —10° in fig.3



Conclusion

The advantages of the proposed Cerenkov counter are the possibility of operation
at high Cerenkov radiation intensity (it means good timing properties aud high detec
tion efficiency with respect to-the threshold Cerenkov counters, e.g. Silica Acrogel )
and the threshold tuning with variation of the rotation angle. The proposed Ceren-
kov counter is compact and does not require complicated «ngmvc ring, can be casily
standardized, requires less space than a conventional threshold Cerenkov counter for
particle separation in the mementum range above the threshold.

The authors are indebted to prof.N.Amaglobeli and prof.QO.W.B.Schult {or sup
porting and helpful discussions. The Tbilisi team members note that the rescarch
described in this paper was made possible in part by grant MXQO000 from the fn
ternational S¢ientific Foundation. The JINR (Dubna) participation was supported
by RFFR grant 93-02-3745. The work has been done in the framework of ZDI
Collaboration supported by INTAS.
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Kayapasa A K. 1 ap. E1-95-380
HcrnbiTatine na ny4ke 4epenkoBCekoro cuéTuMka wis ycranosks ZDF

B pabore paccMaTpMBaeTcs 4epEHKOBCKHH CUETUHK MOMHOMO BHYTPEHHETo
OTPaXEHHs, IPEANA3HAYEHHDBIH LIS pa3deneHity yacTul B 001acTi HMIYILCOB Bbllle
1I0pOra HEPEHKOBCKOI0 Hydenus. ITpororun cuéryuka Obut HenibITan Ha Bropuqi[om
nyuke yckopureis MT® (Mocksa). Habmoaanack 3aBHCHMOCTD BBIXOAHOIO CHIHATA
OT OPHEHTAUNH PULHATOPR OTHOCHTETRHO HANPABRICHHA BXOMQ HYIKA.

Pabora shitioamena s Jdaboparopunt saepitsix npobnest OUMAH.

Npenpuiy OORCAMBCHBOIG HHCTHTYTA SLICPHBIX weceosannii Jlyona, 1995

Kacharava A.K. et al. E1-95-380
Beam Test of Cerenkov Counter Prototype for ZDF Setup

In this paper we describe a écrenkov counter of total internal reflection

for particle separation in the momentum range where all types of particles radiate
erenkov light. The Cerenkov counter prototype with the lucite radiator was tested
on the secondary beam of the ITEP (Moscow) accelerator. Dependence

of the photomultiplier pulse height on the particle. entrance angle was clearly
observed.

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