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Abstract

The differences in width and in deposited energy between electromagnetic and hadron showers
developed by 18.5 (GeV/c and 38 GeV/c pions and clectrons in a combined hodoscope detector
composed of a GAMS-type electromagnctic calorimeter and a modular hadron calorimeter allows to

' rcject pions or clectrons to a level < < 0.1 % keeping a detection efficiency larger than 90% when the
other particle is selected. The hadron calorimeter helps to efficiently reject background in studies of
multiphoton decays of neutral mesons with GAMS.
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It has been shown previously that the difference in transverse dimensions of showers allows to
identify cffectiveiy clectrons from hadrons in an cicctromagnetic calorimeter of the GAMS type [1].
Similar results have been obtaincd with a modular hadron calorimeter [2] MHC — 100. In this case a
hadron shower covers 3x3 cells in MIIC (the transverse dinensions of a cell are 20 x 20 cm?) while an
clectron develops a shower that is practically contained within a unique cell. The square root of the
dispersion Pyp = Dy + D”y is used as a measure of the width of the shower in MIIC, where Dy
= EixziA[Ii/‘izz.A[li: %; 1s the distance of the shower axis to the center of the i-th cell, d is the

i
half-width of a cell (10 ecm) and Apy; is the amplitude of the sign.al in this cell. Distributions versus
\/5” are shown in fig. la for 18.5 GeV/c clcctron's and pions in MIIC.

As the overlap of these distributions is small, it is possible to separate hadrons from electrons by
imposing a suitable lower limit on Dyy (fig. [b). While the detection efficiency =, for 38 GeV/e pions
still remains close to one (& (1.9) the ratio z./z; is reduced to 5 %. If instead an upper limit is prt on
the width of the shower ((/Dyy <= 04, see fig. 1b) then MHC sclectively detects clectrons: for te =
0.9, epfea= 4% and 5% at 38 GeV/c and 18.5 GeV/c, respectively.’

Thus, both the modular hadron calorimeter and GAMS may not only be used to measurc the
energy and coordinates of particles [2],[4]. [5] but they also may be used to scparate hadrons from
clectrons.

The rejection power of a combincd hodoscope calorimeter [6], composed of GAMS — 2000 (7], a
fine granulantv clectromagnetic calorimeter, followed by the modular hadron calorimeter MC = 100,
used in experiments perfformed at the THEDP accelerator in the framework of the GAMS programme?
[10] has been measured with 18.5 GeV/e and 38 GeV/c negative particles.

Electron (photon) showers arc practically totally absorbed in the lead glass of GAMS — 2000,
The encrgy leakage from GAMS into MHC (fig. 2a) does not exceed a few percent. On the other
hand, GAMS is only a thin active converter for hadrons (onc interaction length) in which 60 % of in-
cident pions start a nuclear cascade while 40 % cross the glass without interacting. The combination of

two hodoscope calorimeters. one for photons the other for hadrons, into a single detector allows to

' With increasing energy the width of clectromagnetic showers does practically not change, badron showers slowly shrink and
fluctuations in their width decrease [37], [4].

? A simitar combined calorimeter, but of larger size, is in use at CERN (experiment NA - 12/2) [5], [RY, [9].
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improve much the selectivity ol single calorimeters while measuring the energy of cither particles. £3].
The separation of electrons from pions is not oniy based on the difference between the widths of clec-
tromagnetic and hadron showers, but also on the difference between the encrgy released by these par-
ticles in both calorimeters (fig. 2a).

In order to select electrons in the presence of hadron background. cuts arc applied on the width of
the showers: /Dy < O0.4and 0.1 < /D¢ < 0.6 [1], where D¢; 1s the dispersion in GAMS, which
suppress the detection of pions by one order of magnitude (fig. 2b); in this case e = 95 %. If in addi-
tion one requircs that the cnergy of the showers is mainly released i GAMS (A1i/AG ~ M1), then a
level e,/eo < < ().1% can be achieved while maintaining a high detection cfficiency for electrons (gg ™
90%). This result has been obtained in mcasurements with a pion beamn containing a small clectron
component with the same momentum (the original electron contamination at 18 GeV/c is about (1.5%;
it is reduced below (0.1% by a Jead filter installed in the beam).

A similar rejection can be obtained when the energies of the clectrons and of the hadrons are dif-
ferent: ¢ /e, = 0.02 % for F = 18.5 GeV and E. = 38 GeV. Even in the case when the electrons
have a lower energy (i, = 38 GeV, Il = 18.5 GeV) /e, < 0.05%. The combined hodoscope calo-
rimeter is very cfficient to identify clectrons and photons in an intense hadron background.

Inversion of cuts on the widths (fig. 2¢) and on the cnergy (A = = App of the showers in
GAMS and MITC allows to reject electrons down to a level of to/e, 7 007 % at 18.5 GeV and to
less than 0.1 % at 3R GeV. These values are upper limits (the clectron beam had a smalt hadron ¢on-
tamination), effective values of ¢, arc significantly lower. With these cuts, r, = 95 %,

In the case of unequal clectron and pion cnergies, a stmilar clectron rejection © .07 %% s

o fr
obtained for L = 38 GeV, [i, = 18.5 GeV and vice versa.

The combined calorimeter is particularly well suited for the detection of neutral mesons decaying
into photons [9], [10]. In this case GAMS measures the coordinates and the energy of the photons
and MIIC allows to “cleanup” the hadron background. Fig. 3a shows, as an example, the invarant

mass spectrum of 3y events measured in GAMS — 2000. Using the information of MHC — 100 (with a

cut Ajp < 1 GeV), the background under the peaks, corrcsponding to the decays w—n%y and
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n—2y(+yp), where ypis a fake photon® may be reduced by a factor three (fig. 3b) [117.

A combined electromagnetic and hadron calorimeter of the type described here not oniy allows to
measure the coordinates and energy of a large number of particles simultaneously. but it allows also to
scparate with high efficiency photons (clectrons) from hadrons and vice versa without resorting to an
additional detector. Dissential is the fact that this information can be used in the trigger, before writing
events on magnetic tape. This result (sce also {6]. [8] ) is important for the conception of basic de-

tectors for the future multi-TeV accclerators {127, [13].

* The presence in the 3y mass spectra of a peak in the region of the # is due to the fact that for a smail fraction of n — 2y de-
cays the reconstruction program of events in GAMS interprets a fluctuation taking place at the periphery of one of the
showers as an additional low energy photon y (the decay -+ 3y is forbidden by C-parity conservation). The spurious n-peak
is eliminated {fig. 3¢) after introducing a cut on the mass of 2y-sysiems: two nearby photons are considered 1o be a single
pheton if their #ivariant mass is less than 60 MeV.
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Figure captions

Fig.l  a) Distribution versus /Dy of events in the modular hadron calorimeter MITC — 100 irradi-
ated with 18.5 GeV/c electrons and pions (\/D'” = ] corresponds to 10 em);
b) detection efficicncy of pions (z,) and electrons (e;) versus the cut on \/I_)” at 15.5 GeV/e and 38

GeV/c momentum (present work) and 200 GeV/c (from the data in {5]).

Iig.2  Spectra of the signals in GAMS (Ag) and MHC (A} obtained with 38 GeV/c electrons (ag)
and pions (a,) in the combined calorimeter. Ay = };.‘,Ani, Ag = -}.i‘,'/\Gi. The black histogram in (ag)
shows the MUC spectrum with A¢; > 33 GeV (bin width is 0.4 GeV). The dashed curve on (ay) is
the total energy rcleased in the combined detector (the summation procedure of the signals in GAMS
and MHC i1s described in [6] ). (bp) and (b,) are the same as (a,) and (a,) but after selection of elec-
trons with the cuts: /Dy < 0.4, and 0.1 < 4D¢; + 0.6, (c.) and (¢,) the same again but with cuts

selecting hadrons: /Dy > 04, /DG < 0.land /Dg > 06.

Fig.3. a) Invanant mass spectrum of 3y events in GAMS obtained in the charge exchange reaction
7p = Mn, M® = 3y at B = 38 GeV. The shaded peak corresponds to w. The dashed curve is a
polynomial background. Arrows point to the tabulated mass values of » and 4.

b) Same but after the cut A > | GeV is introduced.

¢) Same as b) but after a cut on the mass of y-pairs (sce text). The width of the « peak corresponds

to the intrinsic resolution of GAMS.
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