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Abstract

Goncharenko Yu.M. et al. Photon Detector for High Energy Measurements in the Selex Spec-
trometer (Fermilab Experiment E781): IHEP Preprint 95-109. — Protvino, 1995. - p. 22, figs. 17,
tables 4, refs.: 11.

A possibility to use one or two photon lead glass detectors for high energy measurements in
the SELEX spectrometer (with E, up to 500 GeV) is studied. It is concluded that it is possible
to use a single photon detector, equipped with radiative resistant lead glass counters. For the
best energy resolution in the case of Primakoff effect like 7~ +4* — 7~ 4+ the combined method
would be used with weighted combination of direct E, measurement in the Photon-3 detector
and the beam constraint method.

AuxHoTanus

Tonuapenko I0.M. u np. Porouublil mereKTop ANS M3MEepeHUH MPU BEICOKMX SHEPTHAX IS
cnektpomerpa SELEX (3kcrepument E781, Fermilab): Ipenpunt UPBO 95-109. — IIporsuso,
1995. - 22 c., 17 puc., 4 Tabu., 6ubnuorp.: 11.

PaccMOTpeHa BO3MOXHOCTL MCIIONB30BaHMS B cocTase cnekTpoMerpa SELEX ommoro mmn
IIBYX NETEKTOPOB U3 CBUHIOBOTO CTEKJa JJIA U3MepPeHVH BHICOKODHEPTHYHBIX 7-KBaHTOB (BiIOTH
1o suepruit 500 'sB). Crenan BHIBOI 0 TOM, 9TO BO3MOXHO HCIONB30BaHUE ONHOTO IETEKTOpa,
0GOpY/IOBAHHOTO CUETUYMKAMH U3 PALMAINOHHO-CTONKOro cTekia. lns momyweHus HamIyylIero
SHEPTeTHYECKOTO pa3pelleHus [JIs IIPOIeccoB TUHa 3dpdeKTa TlpumakoBa 7~ + ¥* — @7 + 7
MOXeT IPAMEHAThCA KOMGMHIPOBAHHLI MeTOM, HCIONEL3YIOIINil B3BelIaHHOe NIPAMOe M3MepeHne
snepruu 7-kBauToB B nerekTope PHOTON-3 u ToyHoe usmMepeHune SHepriuu MydKa 7~ -ME3OHOB.

© State Research Center of Russia
Institute for High Energy Physics, 1995




1. Introduction

One of the main requirements for successful experiments in modern hadron spec-
troscopy (at nb level) is a possibility to detect not only charged secondaries, but neutral
ones as well, i.e. photons from the radiative decays of secondary hadrons (7° — ~«,
n — 47, X° — A~y etc.). Particular attention has been given to the radiative decays of
hadrons under study, for example, =¥ — =, 4+ v and so on.

The photon detection system of the SELEX spectrometer used in the experiment E781
Fermilab is an essential part of equipment [1,2]. It will be used in different branches of the
experimental program — in the study of charmed physics, electromagnetic formfactors of
hyperons, Primakoff effects, i.e. processes in the Coulomb field of nuclei (measurements
of pions polarizability and radiative widths of hadrons, search for exotic mesons), in the
search for charmed Pentaquark baryons and cryptoexotic strange baryons with additional
hidden strangeness, etc.

The layout of the SELEX setup is presented in Fig.l. In order to obtain the large
angular acceptance for photons (up to 100 mrad) and not to kill the charged secondaries,
the photon detection system of E781 is split in 3 independent detectors schematically
shown in Figs. 1 and 2

Photon-1 - in front of the magnet M2; with the holes for charged par-
Photon-2 - in front of the magnet M3; ticles to come through the ap-
Photon-3 — in the rear of the magnet M3 ) perture of the magnets.

For the experiment on charmed baryons spectroscopy the energy range of these photon
detectors are:

for Photon 1 - 1 < E, <20 GeV; (Ey) ~ 4.5 GeV;
for Photon 2 - 1 < E, <50 GeV; (Ey) ~ 15 GeV;
for Photon 3 - 5 < E, <100 GeV; (E,) ~35—40 GeV.
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But for the measurements of pion polarizability in the Cculomb field production re-
action = + Pb — w~ + v + Pb the operating range of the Photon-3 detector would be
extended up to E, ~ 500 GeV. Thus the dynamical range for the Photon-3 spectrometer
has to be quite large.

For the construction of the Photon-3 detector of E781 the elements of IHEP lead glass
spectrometers from E704 [3] will be used. The Photon-3 detector is the matrix of 21 x 16
counters from TF1 or partly froin radiative resistant lead glass TF101 with the dimensions
of 3.82 x 3.82 x 45.0 cm? for each block (for more details see Appendix 1). But the total
thickness of the available lead glass (~16-18 radiative lengths) is not enough to work with
E., of several hundreds CeV with maximal energy resolution because of substantial energy
leakage (of the order of 10-20% in these electromagnetic showers).

To avoid this difficulty it was proposed to use two identical detectors — the Photon-3
and the Photon-4, which must be arranged one after another (Fig.3).

The preliminary study of energy resolution of the Photon-3 — Photon-4 system was
performed in two H-notes by Z.H.Zhu [4]. It was found that the Photon-4 essentially
improved the energy resolution of the system for high energy Primakoff photons in com-
parison with the Photon-3 alone. Unfortunately the geometry of the Photon-3 — Photon-4
system used in this calculations was not adequate to the real geometry of installation.
The distance between the end of lead glass blocks of the Photon-3 and the beginning
of lead glass blocks of the Photon-4 was assumed to be 105 cm, instead of the existing
one of 150 cm. The greater distance between calorimeters diminishes the amount of en-
ergy reaching the Photon-4 and may cause the degradation of resolution. There are also
exist many other factors that can affect the resolution and which were not taken into
consideration in the simplified calculations of Z.H.Zhu. Among them are

1. Passive matter between Photons, consisting of photomultipliers, magnetic shield-
ings, bases, cables, plates, connectors, etc;

2. Beam hole in the Photon-4;

3. Finite energy threshold of the Photon-4;

4. Physical background due to the secondary interactions of accompaning Primakoft
pion in photon detectors.

All these factors work in the same direction, diminishing the amount of measureable
energy in the Photon-4 and may result in further degradation of the resolution. These
were the reasons which forced us to recalculate the energy resolution of the Photon-3 —
Photon-4 system in more realistic conditions.

2. Geometry of the Photon-3 - Photon-4 system

As it was sald in Introduction, the geometry and construction of photon detectors are
presented in Fig.3. Each photon detector consists of 21 x 16 lead glass counters with the
dimensions of 3.82 x 3.82 x 45 cm® and has a beam hole of 2 X 4 counters (in vertical x
horizontal planes). The support frame installed in the beam hole is described in detail in
Appendix 2. Just in front of the blocks there is an aluminum plate 1 cm thick.
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Fig. 3. The Photon-3 structure and the proposed arrangement of the Photon-3 and Photon-4
detectors: a) looking downstream; b) beam along Z axis.



The passive material after blocks was described as a homogenious medium with the
properties of aluminum, but with the density 20% of it. This corresponds to 1.2 of
radiation length in total. Each photon detector ends with the door made of aluminum
plate 0.8 cm thick.

Most of calculations was made for the lead glass with the same parameters as in the
previous calculations (R.L. = 2.36cm, p = 3.86g/cm?, index of refraction = 1.67). In
order to have a feeling about, the influence of the value of radiation length of the glass we
also about, on made some calculations for the glass with R.L. = 2.8 cm. We also assumed
the same mean attenuation length of 80 cm for Cherenkov light inside the lead glass. The
beam of 4’s with fixed energy hit the Photon-3 exactly in the centre of detector. We used
the GE781 Monte-Carlo code specially adapted for this task.

3. Energy leakage from the Photon-3

As the first step we calculated the energy leakage of electromagnetic showers from the
Photon-3. This leakage can’t depend on geometry (with the exception of the presence
of the hole) and may be used to check the validity of the code and for the comparison
of calculations with the experimental data at lower energies [4,5] and with the empirical
approximation (curves 1 and 2 on Fig.4) based on EGS Monte-Carlo [6]

EBreax/ Ein = 2.0exp(—0.3X)E2?, (1)
where X is the thickness of the detector in the units of radiation length; Ej, - the initial
photon energy in GeV. The main results of our calculations with GE781 code were ob-
tained with the energy cut for photon and electron energies equal to 1 MeV. The results of
these calculations are shown in Fig.4 together with the experimental result of D0 test run
at E. = 100 GeV [5]. The DO data, GAMS data (at E. < 50 GeV) and our Monte-Carlo
data at E, = 30 GeV are in a good agreement with the results based on approximation
(1). But at higher energies there is some systematic discrepancy between our Monte-Carlo
calculations (solid line) and approximation (1) (Fig.4). In order to find the origin of this
discrepancy we repeated the calculations for the energy of 100 GeV using lower threshold
of 0.4 MeV and recieved much better agreement. Nevertheless we used the threshold of
1 MeV for the following reasons:

1. The natural threshold for Cherenkov radiation in lead glass is 0.64 MeV and up to
1 MeV the yield of Cherenkov photons is rather low;

2. 7’s and electrons with the energy lower than 1 MeV have practically no chance to
pass through the dead matter after the Photon-3 and hit the Photon-4;

3. The calculations with the threshold of 1 MeV are relatively time consuming (the
simulation of one event with the initial energy of 500 GeV takes approximately 1 minute
of CPU on SiG-computer in Fermilab).
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Fig. 4. Energy leakage from the rear part of the Photon-3 detector. Results of EGS Monte-
Carlo approximation (see expression (1) in the text): curve 1 — for the detector thickness
19.2 r.1. (Photon-3); curve 2 — for 22 r.l. (D0); O - experimental data from DO [5];

calculational with GE781 Monte-Carlo code with cut 1.0 MeV is presented by solid line
(+); similar calculation with cut 0.4 MeV is pesented by *.
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4. Measurable energy in the Photon-4

We calculated the energy resolution in the Photon-3 - Photon-4 system at six fixed
energies: 10, 30, 100, 200, 300, 400 and 500 GeV. We assume the energy threshold for the
individual counters in photon detectors to be 30 MeV. This is a very optimistic value, as
compared with the practically used thresholds in the exeperiments with lead-glass photon
detectors (50-60 MeV for GAMS, 100 MeV for SPHINX and E704, etc.).
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Fig. 5. Response of the Photon-3 — Photon-4 system to the typical Primakoff event 7~ + Pb —
7~ 4+ v 4+ Pb with the secondaries with energies E,=170 GeV and E,=480 GeV. The
numbers in the Photon-3 are energies in GeV. The numbers in the Photon-4 are energies
in MeV.

We also introduced the geometrical cut for the energy in the Photon-4. The necessity
of such a cut can be clearly seen {rom Fig. 5, where the response of the Photon-3 - Photon-4
detectors to the typical Primakoff event is shown. The final state in this event consists of a
charged pion with the energy of 170 GeV and a v with the energy of 480 GeV. It is evident
from the picture, that the pion interacting in the Photon-3 (70% of interaction length),
gives very complicated pattern in the Photon-4 and the bumps of energy (comparable
in the energy with a Primakoff photon) are distributed throughout the whole Photon-
4 detector. The simplest and the only practical way to isolate the energy from ~ is to



introduce the geometrical cut defined as the area of 5 * 5 or 3 * 3 counters near the central
counter, predicted from the pattern in the Photon-3. We must emphasize that the lower
the energy of v, the worse the situation is: the distance between pion and v is smaller and
the relative energy of pion in the Photon-4 is greater. In the calculations of the energy
resclution we didn’t use the real Primakoff events and simply introduce the geometrical
cuts, so the the results of the calculations must be considered as optimistic.

5. Results for energy resolution

The results of our calculations are shown in Fig.6.
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Fig. 6. Results of the calculation of energy resolution for the Photon-3 and the Photon-3 —
Photon-4 system (for the thickness of detector 19 r.l.): 1 - old calculation [4] for
the Photon-3 alone; 2 - old calculation [4] for the Photon-3 — Photon-4; 3 — present
calculation for the Photon-3 alone; 4 — present calculation for the Photon-3 — Photon-
4 with the assumption that the whole energy in the Photon-4 can be measured; 5 —
present calculation for the Photon-3 ~ Photon-4 system under real conditions (with all
the cuts described in the text); 6 — resolution for the beam constrained method of E,
measurement in the reaction 7= + Pb — =~ + v + Pb.



The curve 6 in Fig.6 corresponds to the assumption that the resolution for the primary
pion beam is 0.7% and the energy of 4 can be calculated as Ey = Epear, — Er- (Fr- the
energy of secondary pion). It is seen from this curves, that our result for the "ideal”
Photon-3 — Photon-4 system is by a factor of 1.6-1.7 worse than that of [4]. This is
mainly due to the greater distance between photons in the present geometry. It is also
seen that for the "realistic” Photon-3 - Photon-4 system the energy resolution for the
energy of 500 GeV is worse by another factor of 1.5. We can conclude from this figure
that:

1. The resolution of the Photon-3 - Photon-4 system will be approximately constant
(above 100 GeV) and equal to 2 — 2.5%.

2. The Photon-4 only slightly improves the energy resolution as compared to the
Photon-3 alone.

3. For Primakoff-type experiments it seems that the best way is to use only the
Photon-3 detector with a combined method of energy determination for y-rays: the
weighted measurements of E, from the Photon-3 data (direct measurement) and from
the beam constraint procedure (indirect method) (Fig.7). Practically for E, <200 GeV
the main results would be obtained by the direct method and for higher energy — by the
beam constraint procedure. In the last case the Photon-3 is only used to measure impact
point of 4. The expected precision in the coordinate measurements at E, ~ 400 GeV is
Ozy =~ 0.7 — 0.8 mm.

We also calculated the energy resolution of photon detectors for the 500 GeV energy
of v using smaller value of radiation length of lead glass: (R.L. = 2.8cm), because of
some uncertainty in the existing data on the radiative length for our lead glass counters.
The point is that in this case the energy leakage from the Photon-3 is greater and it may
turn out that the Photon-4 is more useful. In reality we received the energy resolution of
the Photon-3 being 6% and for the combined system — 3.3 — 3.8%. We also calculated the
realistic energy resolution for the 105 cm distance between two photon detectors (as in [3]
and found the resolution to be about 1.5 — 1.8% for 500 Gev v’s. This is also worse than
in the indirect measurement from beam constraint. Thus, in any case the best results for
the energy resolution would be obtained for the single Photon-3 detector with combined
Photon-3/(beam constraint) method.

It seems desirable to use an additional lead converter before the Photon-3 with the
thickness of 1.5 rad.length. Such a converter will improve the energy resolution for mod-
erate energy photons, where the indirect measurements from beam constraint are not
accurate. At the same time this passive converter will not distort the resolution of v -
detector even for low energy photons. This was stated in the special measurements with
such a converter in BNL experiment [7]. The results of these measurements are presented

in Table 1.
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Fig. 7. Expected resolution for the combined method of the photon energy measurement in
the reaction 7~ + Pb — 7~ + v + Pb (the weighted average of the direct mesurement
in the Photon-3 detector and indirect evaluation by the beam constrained method):
3,6 — the same as in Fig.6; 7 — weighted average of the curves 3 and 6.

Table 1.

Effect of pre-radiator on energy resolution

Beam Energy(GeV) || Pre-radiator Thickness | AE || - ("HE:‘;;::“ £ ;er::"ri':::: o)r)
(Rad.Leungth) (Mev)
1.0 0.7 30 1.0
1.0 1.7 130 1.2
3.0 0.7 40 1.0
3.0 1.7 180 1.1

Note: AF is the average shift of the energy with pre-radiator.

6. Radiative damage of lead glass counters in the
Photon 3 detector.

6.1. Characteristics of lead glass counters in the process of irradiation.

The study of the radiative damage for different types of lead glass Cherenkov counters
in v spectrometers was performed on different beams of high energy particles in [8]. The

10



measurements were done with counters from TF1-00, F8-00 and TF101 (radiative resistant
lead glass) with dimensions 38 x 38 x 450 mm?, working with phototubes FEU-84.
The transparency of the counter is definited as

R = Ai/A,, (2)

where A, and A; are the phototube responses before and after irradiation. Transparencies
R were measured with yellow and green LEDs and with the signals from electrons and
muons (for lead glass counters irradiated in pion beam). The transparency depends on
the flux of particles N, passing through the counter

R = exp[—N/b]. (3)

The value of the slope 1/b depends on different circumstances: flash spectrum, photo-
cathode spectral characteristics, energy of particles, o(abs) cross section of the particles.
In experiment of Ref.[8] it was obtained, that b(yel. LED) > b(greenLED) >
b(electron) (measurements were made after the irradiation in pion beam with E, =

30 GeV).
It was approximated in [8], that

1/b = const - 0(qps) - E (4)
Thus, for the lead glass T8 it was found that

blyel. LED; protons 70 GeV]/b[yel. LED; pions 30 GeV] =~ 3.1(experiment);
~ 2.9(calculations with (4)).
(5)
But it must be stressed, that approximation (4), which is very important for our
calculations for large energies, is not tested in the wide interval of E.
The final results of measurements [8] are presented in Table 2.

Table 2.
Glass type | b., 30 GeVr~ N, for 80% residual transparency
E,=30 GeV | £,=600 GeV (est. with (4))
F8 (7£2)x 10 | 1.4x 10 7 x 10%
TF1 (5£1)x 10 | 1.0x 10'° 5x 10°
TF101 (4+1)x 102 | 8.0x 10" 4 x 1010

11



6.2. The irradiation of Photon-3 detector in the hyperon beam with
momentum Py ~ 650 GeV/c

The first analysis of the radiative damage in the lead glass counters in Photon-3 was
made in [9). But this analysis must be revised because new calculations are now available
for the modified hyperon beam (with the enlarged collimator) and ¥~ — n7~ decay
product distribution (Ref.[10] and Fig.8-11). Another factor is a new schedule with the
~ 50-week run (old calculations were made for 16-week run).

When calculating the irradiation damage we really distinguish four kinds of fluxes

causing different ”slope” parameters b; in the expression for transparency of irradiated
lead glass counters

R.’ = e:z:p(—N;/b,-).
The total transparency coefficient R is a product of all R;

R=Ri- Ry Rs- Ry,

where

R, relates to the L -beam of 650 GeV energy;

R, relates to the 7~-beam of the same energy;

R3 is relevant to the 7~ flux produced in ¥ — 7~ + n decay;

Ry is relevant to the neutron flux from X~ — n + 7~ decay.

As it have been discussed earlier (see expression (4)) the slope parameter b; depends
on the energy and absorption cross section of particular fluxe. The ¥~ and 7~ beam
energies are fixed at 650 GeV, while the secondary =~ and n-fluxes have the energy
spread. For example, the secondary 7~ energy spectrum ranges from 120 to 170 GeV
with the average energy of E(7~) ~150 GeV. The secondary neutron energy spectrum
spreads over the region 450-540 GeV with the average energy of E(n)=500 GeV. So in the
following calculation of b; we use the average energies for secondary 7~ and neutron-fluxes.

Thus for the transparency calculations we used the ”effective neutron flux” and [1/b,]
slope

Nejs = [Ny + (Npeam [1.27) + (Nx(X2)/5.48)] (6)
and
R = exp[—Ness/b] (7)

The resulting effective fluxes for different counters for 50 weeks of running are presented
in Fig.12. The main radiation damage in neutral direction and around is caused by
neutron flux. The decay m~ particles swept out to the right side of a beam (if you look
downstream) produce the major radiation damage on that side. From these data it is
possible to conclude that in order to reduce the radiative damage we must use in the
Photon-3 practically all of our TF101 radiative resistant counters.

12
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Fig. 12.
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x10% | x10% | x10% { x10% | x10% | x10% | x10% | x 107
0,13 [0,15 [0, 18 [0,21 | 0,27 [ 0,24 | 0,25 | 0,26 | 0,31 0. 74
x101%(x10%%% 101%x 101%|x 101%|x 101°|x 1010} 1010} 1 910
0.4510.54 10,65 1,0 | 2.7 | 6.5 | 1L | 11 [ 94 [ 66 [ 42 [ 24 035 <3
%10'%1x10'01x101|x 101%}% 1010} % 101°|x 1079}x 101°| 5 101 1029 103}x 1 09| x 1010} 1 010
082 L0t 1216|938 ® h%4) [h%4) 18 11 [ 4,8 1,0 <5
x101%x 1019]x 10'°]x 1619|x 1010 %1019 101%[x 10%x 1049 x 1010
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0.16] <5
x1019)x 109 x 108

The effective fluxes B.;; (see (6) and Table 3) in the counters of the Photon-3 detector
for the run with a duration of 50 calendar weeks. The cross indicates the position of
the neutral particle direction (12.6 cm from the middle of the beam hole). The beam

hole is marked as . Only upper half of the Photon-3 detector is presented in this
figure (because of the vertical symmetry).

Table 3. The evaluation of effective fluxes of particles in the counters (Fig.12)

Boeam = 650 GeV/c 500 GeV/c

TF101 TF1

by(beam) [1.85-107 | 2.32.10° | b,(beam)/b, = 1.27

5, (Z- = 7n) | 8.0-10" | 10.09 b,(%)/b, = 5.48 x1.3

b.(E- = x-n) | 1.46-10'1 | 1.83-10°

data, for
by(beam),

be(%), ba(E) ob-
tained from Table
2 with the help of
(4)

(E,) = 500GeV
(.E,)z = 150GeV
(E,,)beam = 650GeV

R = exp{—(Nn/bn) - (Nx(beam)/bx(beam) — [Na(n)/ba(x)]} = exp{—Neg/ba}

by beam by
Neff = Mot [Naeamy/ = 7] 4 [Nagor/ 52 =
= N,+ [Nw(beam)/127] + [N“’(E)/548]

To obtain the values for Nw(beam)’Nﬁ(E)’Nﬂ we must use the rates in Figs.8-11,
and to multiply these rates by the factor F = 4.3 - 10° sec. Here F = (50 weeks) -

(83 hour/week)(1000 sec/hour) = 4.3 - 10° sec - effective duration of 50 calendar
weeks.
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6.3. INew scheme for the Photon-3

In Tig.13 a new scheme of the Photon-3 detector is shown and the regions with TF101
and TF1 lead glass counters are marked. The transparences of the counters after 50
weeks of exposition are presented in Fig.14. It must be pointed out here again that the
data in this figure have been obtained as a result of approximation (4), and this energy
dependence of radiative damage needs further tests.
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Fig. 13. Proposed arrangement of the radiative resistant counters from TF 101 lead glass in
the Photon-3 detector.

As is clear from Fig.14, there is ”dangerouse zone” in the Photon-3 detector (in spite
of a rather large hole for the beam), in which the change of transparences of the counters
during the run would be significant (more than by factor of 2). Thus for this "dangerouse
zone” we need careful continuous calibrations during the run (using the laser, LED’s,
periodical calibrations of several counters in electron beam).

The influence of radiative damages on the resolution of v spectrometer was studied in
(8] for the spectrometer with TF1 lead glass. It can be presented in the form

10 30R
E? E
and is illustrated by Fig.15. The coordinate reconstruction accuracy is less sensitive to a
decrease of the radiator transparency. This accuracy is dependent mainly on the gradient

[0E/E] = [1 + = + 10In*R + —=]/2. 1072, (8)
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of transparency. In the GAMS measurements this reduction in oy is several times less
than o, even at R = 0.15(0y, >~ 1.3 mm at E, = 25 GeV).

1.0, 1.0 1.0 1,0 1,0 1,0, 1.0 1
09+ 1099 1099 1099063053093 0038|095 ] 0951 009 1
097 1 D96 1096 [ 093 083|064 | 048 | 0.46 | 0.53 | 0.64 0,73 § 0,85 | 0,93 1

0.95 {093 1052 | 090 1051 [ ) | & & [ loaafoasTorz] 004 1

Fig. 14. Transparencies R of counters in the Photon-3 detector after the irradiation with the
effective fluxes of Fig.12.

s : /
w 0o | els /

Q.01

'\\\\

/R

Fig. 15. Dependence of energy resolution on radiator transparency R for a spectrometer with
TF1 lead glass counters [8]. The curves are expressions (8) in the text.

The Photon-3 detector must be used in a trigger of the second level for Primakoff
production experiments (or may be in a part of them, connected with the polarizability
measurements). Thus, to have a possibility to adjust the amplitudes of signals from a
phototube when the transparency of the counter is changed during the run, we propose
to have an individual regulation of HV on ~ 50 counters in the "dangerous zone”. These
counters with the individual HV control are shown in Fig.16.
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Fig. 16. Proposed arrangement of the counters with individual HV control in the Photon-3
detector (the blackened areca).

It is possible, that in the two intervals between main parts of the run we should revise
the Photon-3 for the recovering of the transparency of some counters. Because of lack of
spare counters with TF101 radiative resistant glass, the technique of UV irradiation for
the recovering from the radiative damage [11] must be used in this case. This technique
is under study now.

7. Conclusion

Our general conclusion: with the present geometry and the beam intensity the Photon-
4 detector is almost useless for the measurements of high energy +’s.

We think that the best way out is to use only one detector (the Photon-3), fully
equipped with radiative-resistant lead glass blocks and high voltage channels from the
Photon-4. In this case the Photon-3 will measure the energy and coordinates of 4's for
the energies up to 200 GeV and coodrinates only for higher energies, where for specific
reactions the beam constrained methed would be used for E, measurements.
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Appendix 1

Table 4. Chemical structure of lead glass.

TF1-000 | TF101
PbO 51.2% 51.23%
Si0, | 41.3% | 41.53%
K,O 7.0% 41.53%

As,05 0.5% -
CeO, - 0.2%

Density (g/cm?®) —~ 3.86

Radiation length (cm) - 2.8

Refractive index, n, — 1.6522
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Appendix 2

Instead of 8 lead glass counters taken off in order to make a hole for beam particle the
4-support modules have been installed. The dimension of one of 4 modules are shown
in Fig.17. They are made from PN Aramid Honeycomb material having the following
features:

— high strength to weight ratio;

— corrosion-proof;

~ good thermal insulation;
fire-proof (self-extinguishing);
easily shaped;
excellent dielectric properties;
very bondable.

!

|

!
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The PN Designates Aramid Fiber Honeycomb has the density (in pounds per cubic
feet) p=0.3. Besides the fitting to the hole sizes the support modules must meet the
following requirements:

to be strong enough to support seven lead glass counters (~20 kg) supported by each
module;

to absorb a small fraction of the beam.

As each module has two supporting planes (side planes, front and rear parts are
open) the strength of these planes is equal to 40 kg in the worst case. Therefore there
is a safety factor of the order of two. The fraction of absorbed (by nuclear interaction)
beam assuming that the A;,(hooneycom) = X (carbon)=60.2 g/cm? is 3%, while for
electromagnetic interaction the portion of the converted beam is 4.3%. Since only 24%
of the beam is obstructed by honeycomb panel, the loss of beam will be smaller by an
additional factor of 4.
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