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Abstract. The ILC accelerator parameters and detector conceptsitnenster discussion in the
world-wide community. As will be shown, the performance bé tBeamCal, the calorimeter in
the very forward area of the ILC detector, is very sensitivelte beam parameter and crossing
angle choice. We propose here BeamCal designs for a small Z0nrad) and large (20 mrad)
crossing angles and report about the veto performance gtutl. The signal to background ratio in
the 7 search in a particular realization of the super-symmetiaciehis estimated for several beam
parameter sets and various crossing angles.
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1. Introduction

The TESLA machine parameters were chosen to achieve a hiddlgminosity with only
little room for operational optimization. As a more flexilapproach [1] defines a number
of different machine configurations achieving the same paalknosity. We consider here
the impact of these schemes on the pair depositions in themBah The pairs, stemming
from the beamstrahlung photon conversions, deposit deleveaof energy in the BeamCal
(see Fig. 1) with large local energy density fluctuationsrfiaunch to bunch. Identifica-
tion of single electrons on top of these depositions is engling at the inner part of the
BeamCal even at highest electron energies [2].

For a 2 mrad crossing angle the depositions of the pairs iBdaenCal are very similar
to the ones of the head-on scheme (Fig. 1a). The only charfge=done for the BeamCal
is a slightly larger inner radius.

The 20 mrad concept is discussed for several version of tlgneti field inside the
detector. In the DID field configuration the magnetic field is directed along theiming
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Figure 1. The energy density of beamstrahlung remnants per bunclsiogsas a
function of position in the — ¢ plane at the a) 2 mrad and b) 20 mrad with DID field
crossing angles.

beam lines with a kink at the transverse plane containingRh€he incoming beams will

not suffer by synchrotron radiation and spin precessionreghey collide. However, the
amount of beamstrahlung deposited in the BeamCal risesd=rably (Fig. 1b), causing

also higher background in the tracking detectors due todzattering. Conversely, if the
magnetic field is directed along outgoing beam lines withr&k kit the IP plane, called

Anti-DID, the depositions on the BeamCal and backgrountiéncentral detector are very
similar to the head-on case.

The BeamcCal is an important tool to identify two photon egdt detecting either elec-
tron or positron with an energy near the beam energy. Twogrhetents constitute the
most serious background for many search channels whichhamacterized by missing
energy and missing momentum. In most cases lepton pairsipeddn photon-photon
processes have significantly different topology and kinttgaan comparison to the search
channel and can be rejected by simple cuts. However, sicevb photon cross-section
is typically several orders of magnitude larger, eventhi@tails of the kinematic distribu-
tions become important.

The electron veto performance, obtained from simulatiessed to estimate the sup-
pression of the two-photon background in the different IldBesmes. The search for a
7 super-symmetric particle is taken as a benchmark processpérticular realization of
the super-symmetric model, which we conider here (pointtBérlist of SUSY benchmark
points for the ILC detector [3]), thé&'s are the second lightest super-symmetric particles
which are pair-produced inf&~ annihilaion and decay into lighter neutralinos, which es-
cape undetected, and regutds. In context of this model, thé’s and neutralinos could
combine to provide plausible, quantitave explanationlieramount of dark matter in the
universe. The amount is directly related to the mass diffezdbetweerr and neutralino
and is assumed here to be equal 5 GeV.

2. Simulation and Results

Single electrons and beamstrahlung pairs were simulated fwoposed accelerator pa-
rameter sets (Tab. 1) at zero crossing angle and Nominal 8@trarad crossing angle with

2 Pramana — J. Phys.Vol. xx, NO. X, XXX XXXX



| Nominall LowQ | LargeY | LowP |
Bunch charge [10] 2 1 2 2
Number of bunches 2820 5640 2820 1330
Gradient [MeV/m] | 30

~ealve, [10-° mrad] 1070.04 10/0.03 1270.08 1070.038
Bz | By [mm] 21/0.4 12/0.2 10/0.4 10/0.2
ozl oy [NM] 655 /5.7 495/3.5 495/8.1 452 /3.8
o [um] 300 150 500 200
Luminosity [10* cm™?s™ '] 2.03 2.01 2.00 2.05

Table 1. Beam and IP parameters for various beam parameter confangaat
v/s =500 GeV.

DID magnetic field. Beamstrahlung was generated using GWHRES [4]. The detector
was simulated in GEANT4 [5].

The BeamCal is 370 cm apart from the interaction point. Theirradius is 1.5 cm
for 0 mrad crossing angle and 2 cm for 20 mrad. The outer radid$.5 cm. For 20
mrad crossing angle area of 30 degree i ¢ plane between beam pipes supposed to
be 100% inefficient for particle detection. This assumpi®made due to foresight of
instrumentation problem of that area.

Fine granularity is necessary to identify the depositiammsnf high energy electrons
and photons on top of energy depositions from beamstraliemgants. The simulated
sampling calorimeter is longitudinally divided into 30 kksof tungsten, each 1y¢hick
(3.5 mm) interleaved by diamond active layers (0.5 mm). Tresiive planes are divided
into pads with a size of about half a Moliere Radius (5 mm)athtdimensions, as shown
in Fig. 1.

The energy depositions from pairs and the single electrepssitions are superimposed
in the sensor pads. A reconstruction algorithm applied ¢oditput. The reconstruction
procedure is described in more details in [6].

After applying all selection cuts except electron veto72@vents are left, while the
number of survived 2-photon background events is abowt 207. Fig. 2 shows the energy
and spatial distribution of the electrons of backgrounchéseMost of the electrons have
nearly beam energy and hit the BeamCal outside the areaedfby pairs, though the
distribution has tails down to smallest angles and energfiessimportant to notice that the
distribution depends on mass difference, e.g. if it is latban 5 GeV the distribution is
broader and shifted to larger angles.

The average efficiency to veto electrons is shown in Fig. 2éeeral electron energies at
head-on collision and Nominal beam parameter configuradmnelectron of 250 GeV is
vetoed even in regions with high background with almost 1@¥éiency. The efficiency
drops near the innermost radius, partly due to shower l@ak&tgctrons of 75 GeV are
identified with high efficiency only at larger radii.

Performing reconstruction, fake particles can be founds Tan be either high energetic
particle in beamstrahlung remnants or background fluainativhich mimic the electron
signal. In this study the recognition algorithm was tunethwhe rate of fake electrons of
10%.
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Figure 2. Left: Electron energy and spatial distribution of the 2-mobackground
events passed all selection cuts except the BeamCal vegbt: Rihe efficiency to veto
an electron of energy 75, 150, 250 GeV as a function of theusaidithe BeamCal.

For each beam parameter set in table 1 veto efficiencies tameaésd from simulations.
These efficiencies where included into theearch analysis. The number of unvetoed 2-
photon events for each beam parameter set is listed in taBReglilts are given for energy
cuts of 50 and 75 GeV, showing that a relatively low energyafl80 GeV improves the
signal-to-noise ratio considerably. For the chosen bemckhiphysics scenario the chances
to seet particles are very good for most of the accelerator desighdy for the LowP
scheme the remnant background dominates the selected sarapte. By far the best
situation is given for the LowQ scheme.

In the cases of crossing angles of either 2 mrad or 20 mrad AnitiDID field we
expect the BeamCal performance similar to the head-on sehaesrthe coresponding pairs
deposition distributions are similar. In case of 20 mradssiog angle with DID field we
would have no chance to ségroduction for this benchmark scenario.

Energy cut [GeV] 75 50
Nominal, 0 mrad 45 5
LowQ, 0 mrad 40 0.1
LargeY, 0 mrad 50 9
LowP, 0 mrad 364 321
Nominal, 20 mrad, DI[ 396 349

Table 2. The number of unvetoed background events. The numbgegénts is 20.
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