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1. Introduction.

The scalar top quark, the bosonic partner of the top quark, is expectee tioe lightest
colored supersymmetric (SUSY) particte.andir, the supersymmetric partners of the left-handed
and right-handed top quarks, mix and the resulting two mass eigenitatedi,, can have a large
mass splitting. It is even possible that the lighter eigendiateuld be lighter than the top quark
itself. Searches for top squarks were performed at LEP and Tevatrdwill continue at LHC
and ILC. At ILC it is planned to have the option of a photon collider (PLG)p#gginally planned
for TESLA. This will be achieved by using backscattered photon bean@onypton scattering of
laser photon beams with electron beams.

It has been stressed that the polarization effects in the interactionsksdadiered laser pho-
tons provide additional opportunities for studying the properties of thdymed particles. In the
following we study the reaction B

y+y— i+t 1.1

Among the possibl&-decay channels within the MSSM (s¢f [1] for details), we focus on the
decayt; — b)”(f followed by the two-body chargino deca}f — X{W=, where one of the W’s
decays hadronicallj — g;@;j, and the other one leptonicaly — pv,, 1. The final state of this
signal process, shown in the left plot of Fig.1, contains baguarks and two quarks (originating
from the decay of one W boson), a hard muon plus a neutrino (from tteyd# the other W) and
two neutralinos:

yy — fify — bb%y %y — bW W~ X — bbaidj v, XPRY. (1.2)

The main background process is top quark pair production with the subsedecay — bw*
(for W's we use the same decay channels as in the stop case):

yy — tt — bbwtw— — beiq_j HVy. (1.3)

The only difference between the final states of stop and top productiow(sin the right diagram
of Fig.1) is that the stop pair production has two neutralinos which are urtdete. Thus, both
processes have the same signature:lijets, two jets from W decay and a muon. In the following
we show that the physical variables constructed out of the final state sraiow to reconstruct the
scalar top quark mass. In the present paper we consider only top pdirgtion as background.

We analyse the processes (1.2) [ = 167.9 GeV) and (1.3) with the help of Monte Carlo
samples of the corresponding events. Two programs PYTHIA6.4 ancCE2Rvere used. To
simulate stop pair production process (1.1), we used the PYTHIAG6.4 geaetrator in which the
formula for the cross section of the stop pair productioeie™ annihilation was replaced by the
formula for two scalar particles (s) productign — ssfrom [g], (see [If] for the NLO corrections
and [8] for more details about differential cross sections), which takesaccount various pho-
ton polarization states. The top background was also simulated with PYTHIA®d program
CIRCEZ2 was used to generate the momentum spectra of the backscattet@usphvolved in the
process (1). The energy of the electron beams was chosenEfj he= 500 GeV (i.e. the total
e e energy isEl", = ,/Se = 1000 GeV).

1The process’ e~ — f;f; with the subsequent decay chanrfgls: bX; was studied in[|2] anc[[3].
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Figure 1: Left isthe stop signal event diagram, Right is the top background diagram.
2. Some global variables and signal-to-background ratio.

In this Section we present some plots for the global variables distributisesllan two sam-
ples of 25-10* stop pair production events generated by CIRCE2 and PYTHIAG.4. Weeg
weighted by the photon-photon luminosity calculated with the help of CIRCEZ@mnithe cor-
responding polarizations. Analogous plots are also given for1I0° generated background top
events. The generation of all events, i.e. for the stop and top produatasngone separately for
both possible combinations of photon polarizations, i.e. for the same sign{"and " — —") and
for the opposite sign (- —" and " — +") helicities.

To find the jets we use the subroutine PYCLUS of PYTHIA. The paramefahssjet finder
are chosen such that the number of jets is exactly four.

In our work [4], [B] we have considered a set of global invariantiateles, which can be
useful for signal and background separation. Here we can fgresjnthe most important ones.
Figure 2 shows the distributions of the total visible (detectable) energy imt &g o in stop
production (plotsa) and b)) and in top production (plots) andd)). A cut on the total visible
energy of approximatelf£,is ot < 250 GeV would eliminate most of the top background while
approximately 10% of the signal events are lost.

An even more efficient separation of the signal and the backgrountdecabtained by using
the invariant masMin, (All jets) of the system that contains all jets.

Miny (Al jets) = 1/ (ZN5 Pl )2, (2.1)

The corresponding distributions for the signal stop events (upper @lntsjor the background top
events (lower plots) are shown in Fig.3. Itis seen that the application obithv; ¢ (All jets) < 180
GeV leads to a practically complete separation of signal stop and top backbevents.

The variablesE,is 1o« andMin(All jets), by definition, include the total 4-momentum of all
jets, defined as the vectorial sum of the 4-momenta of all jets. Therefoyedtheot suffer on
energy redistribution between jets. Based on our results above, we @ithagollowing three cuts
to separate the signal and background events:

e there must be at least twmjets in an event:

No_jets > 2; (2.2)
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Figure 2: Total energy E,is_to: distribution. a) and b) are for stop pair production; c) and d) are for top

pair production. a) and c) " + —" and " — +” polarizations, b) and d) ” ++" and” — —" polarizations.
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Figure 3: Distribution of number of events versus the reconstructed invariant mass of all jets Mip, (Al jets).
a) and b) are for stop pair production; c) and d) are for top pair production. a) andc) "+ —"and " — +”
polarizations, b) and d) ” ++" and” — —" polarizations.
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e the invariant mass of all jets must be less than 180 GeV:
Minv(All jets) < 180GeV; (2.3)
o the detected enerdyiis_tor must be less than 250 GeV:
Evis_tot < 250GeV. (2.4)

All the figures presented in this paper are obtained after applying thesditsh order to get
the right picture of jets when thejets are clearly determined.

These three cuts for the case with= 0 enhanced state of the total angular momentum of the
beams considered here, improve the signal-to—background ratio in thefcas —" and " — +”
polarizations fron5/B = 0.15 to S/B = 59, losing about 23% (from 1903 to 1453) of the signal
stop events and reduction of background top events from 112270 24. In the case of - +”
and "— —” polarizations an improvement of the signal-to—background ratio is BB 0.22 to
S/B = 120, with a loss about 26% (from 3233 to 2338) of the signal stop events and a reduction
of the background top events from 1.440° to 19.

3. Determination of the scalar top quark mass.

Another variable of interest is the invariant m&ds, (b — jet, Jetsy):

Min(b— jet, Jetsw) = \/ (P jet + Prtsn )% (3)

which is constructed as the modulus of the vectorial sum of the 4-momeAfuja of the b-jet,
plus the total 4-momentum Jdktsy system, i.e. nom-jets stemming from the W decapsfs, =
Pja1y + Pjei2y, @s there are only two jets allowed to be produced in W decay). This is ossilpe

if one can discriminate between theandb-jets experimentally. Here we do not use any b-tagging
procedure. The PYTHIA information about quark flavor is taken faraging theb- andb-jets.

The distributions of the invariant masses of thejét+Jetsy” system in the case of stop pair
production are shown in plot andb) of Fig.4 for the two polarization combinations, as well as
in the case of top pair production in platy andd). In the top case the invariant malsl,, (b —
jet,2 jetsy) of the system composed ofbgjet and two jets from W decay should reproduce the
mass of their parent top qualop = 1709(+1.8) GeV (see Fig.1).

Note that, according to the stop decay chain (1.2), the right edge of ttkeopéae invariant
mass distribution of thel*jet+Jetsy" system corresponds to the mass differeNge— ng. The
width between the grid dots in plb) of Fig.4 is found to be about 7.4 GeV. Thus, we can estimate
that the right edge of the peak of th,(b-jet, Jetsy-) distribution lies a little higher than 85.2
GeV. This allows one to reconstruct the input value of the stop mass (1&\/9 &y adding the
mass of the neutralino to the value mentioned above. For this the mggshafs to be known.
More detailed description of the procedure of the stop-quark massstaotion see af]4][]5].

In conclusion, we can say that th channel is very well suited for the study of stop pair
production.
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Figure 4. The spectra of the invariant masses Min (b — jet, Jetsy) obtained without use of cuts (2.3) and
(2.4). a) and b) are for stop pair production; c) and d) are for top pair production. a) and ¢) " + —" and

" —+" polarizations, b) andd) " ++" and " —
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