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1. Generalities on supersymmetry

One of the main purposes of LHC is the search for physics beyond thdeBtaiModel (SM).
In this framework, Supersymmetry (SUSY) is one of the most popular aedited candidate to
extend the SM[]1]. It introduces a new symmetry that, for each SM bosedjqts a fermionic
super-partner and vice-versa. Following this symmetry, one can cladsBJSY patrticles fore-
seen by the theory as either: scalar partners of the SM fermions (calftdrdeand squarks) or
fermionic gauginos (called Winos, Binos, Zinos and gluinos). The Higgesés composed by
two doublets of fermions (in order to avoid triangular anomalies) that giiginoto five phys-
ical scalar bosons, and four fermionic partners called Higgsinos (twtraieand two charged).
While the gluino is a mass eigenstate, Higgsinos and other gauginos mix givingifarged mass
eigenstates called Charginos and four neutral mass eigenstates caltealihgsl In the R-parity
(quantum number that has value +1 or -1 respectively for SM and Sla&kles) conserving mod-
els, the lightest neutralino is the LSP (Lightest Supersymmetric Particle) thetips a suitable
candidate for Dark Matter because it's stable, neutral and weakly ititegadevertheless SUSY
has not been discovered yet, and this means that this symmetry must be. bfekee, one needs
to add in the lagrangian some terms breaking Supersymmetry in order to remesdeganeracies
between particles and their super-partners.
The final number of free parameters needed for MSSM (Minimal Super@tric Standard Model)
is then 105, including mass terms, couplings, mixing angles and CP-violaticemhBecause of
this large number of free parameters, more constrained frameworkfemaused at LHC in order
to develop analysis strategies. In this paper the focus will be on strategiesSlUGRA scenario.
The mSUGRA model is characterised by gravity mediated SUSY-bregkirayfi#] foresees only
five independent parameters to define SUSY sector: the common gaugisomashe common
scalar massy, the common trilinear gauge couplidg at some high unification scale, the ratio of
the vacuum expectation values of the two Higgs doubletg8 tamd the sign of the Higgsino mix-
ing parametepu. The top mass can be taken as a sixth independent parameter becaaswiy str
affects the value of physical quantities. All the analyses in this sectioreaf@rmed in this frame-
work with the addition of the R-parity conservation. In order to perfortaited studies of SUSY
discovery potential, specific sets of values of the mMSUGRA space pararhater been chosefj [3]
taking into account the constraints arising from experimental data (dieactises on Higgs and
SUSY at LEP, precision tests at B-factory), theoretical reasonsi¢st@f electroweak symmetry
breaking mechanism) and cosmological data (compatibility of abundancddoDeok Matter in
the Universe with relic density of lightest neutralinls)[4].

2. Measurements from super symmetric events

SUSY can be discovered by the ATLAR [5] experiment at the LHC duriegrtial running
period, if some coloured sparticles have masses of the order of hisnalf€kV and production
cross-sections of the order of a few b [3].

Once a signature consistent with Supersymmetry has been establisheghahimental emphasis
will move on to measure the sparticle mass spectrum and derive the paraoidtersnodel. In
the case of R-parity-conserving models, the decay chain of sparticiestdae completely recon-
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structed, as sparticles eventually decay into LSPs that cannot be deteotdtlis reason, edges,
rather than mass peaks, are measured in the invariant mass distributiantimieplecay products.
During initial data-taking, the uncertainty on such measurements will be limitethbgtgs, mak-
ing measurements possible only for models with moderaté TeV) values of the SUSY mass
scale where enough events can be isolated.

A typical SUSY event selection, in the mSUGRA scenario with R-parity ceasien, is charac-
terised by the request of high missing energy due to LSPs andghighdronic jets due to coloured
sparticles decay. The additional signature considered here is thexpeesietwo isolated leptons
(electrons or muons) with opposite charge in the final state.

Hence, the following decay chain is particularly suited to measure the mass StI8Y particles
involved using this signature:

6L — %29 — (*6Fq— x2tiq (2.1)

wherel = e, u. The interest here is on the reconstruction of the endpoints ifi'tfie, /"¢~ g and
¢*q invariant mass distributions and of thresholds in thé—q and ¢*q invariant mass distribu-
tions. These distribution are function of the masse,%looﬁ(g, /and theg. The goal is to use these
relations in order to determine the values of the masses of the spatrticles irctyecthain.
Although the discussion here is on the reconstruction of edges anddidestithin the mSUGRA
framework, the same methodology can be applied to the large variety of SUg¥Isnshere the
. decay channel in Eq. 2.1 is open.

3. Event sdlection and results

Events with two or three isolated leptons (electrons or muons) gtk 10 GeV andn| <
2.5 are selected. If two leptons are selected, they are required to hpesitepsigns. If three
leptons are present, the two opposite-sign combinations are considert@a@ied independently
in the rest of the analysis.
In order to select SUSY events and reject the Standard Model bacidjrone must require the
presence of energetic jets and missing energy. Selection criteria wéovenped on the transverse
missing energy, the transverse momenta of the four hardest jets, the tateebehe transverse
missing energy and the effective mass (e.g the scalar sum of the transvissing energy and the
four hardest jets of the event), and the transverse spher&ity; (
The dominant SM background, after the selection criteria, is ftognents, with a small contribu-
tion fromW+jets andzZ+jets events. The QCD contribution is negligible.
The selection criteria on these variables are optimised in order to maximise teeo¥alu
S= (NQSSF— NOSDF)/ Nossre+ Nospr, whereNpsseandNgspe are the number of same-flavour
and different- flavour lepton pairs respectively. The corresponsiitection criteria were:
Elss> 120(100) GeV, p!! > 180(100) GeV andp!? > 100(50) GeV, for SU3 (SU4) benchmark
points. The S variable can be computed from data, then no Monte Carlmiatfion is used.
An advantage of the decay chain in Eq.2.1 is the possibility of estimating both t8¥ S8émbina-
torial background and the SM from the data with high accuracy. The igadnknown aslavour
subtraction is based on the fact that the signal contains two opposite-sign samarf{@8SF)
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leptons, while the background is from of leptons coming from differenagiehains, which can be
of the same flavour or of different flavour with the same probability. Theképeound thus cancels
in the subtraction:

N(e"e )/B+BN(u*u ) —N(e u™) (3.1)
wheref is an efficiency correction factor equal to the ratio of the electron and macamstruction
efficiencies. The value @8 is assumed to be known with an uncertainty of 10%.

The¢*¢~ invariant mass distribution after the flavour subtraction is shown irf]Fig.1 éobémch-
mark points SU3 (left) and SU4 (right) (selg¢ [3] for the coordinates in the GISA parameter
space) and for luminosities of 1 Th and 0.5 fb'! respectively. The power of the flavour sub-
traction technique is visible in the region beyond the endpoint, where the dantiombinatorial
background has been cancelled by the subtraction.

A fit of the two distributions has been performed using a triangular functiorthie SU3 point
and using the theoretical function of a three body defhy [6] for the Siilt fin the SU4 point,
m(?) > m(%2), then the decay i§d — %2¢*¢~ ). Both fit functions have been smeared by the
gaussian effect of the experimental resolution.

The values of the endpoints from the fit are (82 1.4+ 0.3) GeV (true value 100.2 GeV) for the
SU3 point and (57 + 2.4+ 0.2) GeV (true value 53.6 GeV) for SU4 point. The first error is sta-
tistical while the second is the systematic error on the lepton energy scal@ dnelparameter.
Both measurements are compatible with the truth values.

For a determination of the masses of all the particles in the decay[chlin 2hkrforass distribu-
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Figure 1: Left: Distribution of ¢t ¢~ invariant mass after flavour subtraction for the SU3 benckhmaint
with an integrated luminosity of 1 fit. Right: the same distribution is shown for the SU4 benchrpaikt
and an integrated luminosity of 0.5th. The line histogram is the Standard Model contribution, levttie
points are the sum of Standard Model and SUSY contributi®hs.fitting function is superimposed and the
expected position of the endpoint is indicated by a dasmed li

tions involving a jet are usedinyq, mté% Myq(iow) @NAdMyghighy- Since the quark from the. decay
cannot be identified, the assumption that it generates one of the two hjghgss in the event is
made based on the fact that pei$ much heavier than thig.

For themq distribution, a maximum value of the distribution is expected so the jet giving the
lowestmyq value is used, while in thentg% distribution a minimum is expected, so the jet giving
the highestm,q value is used in this distribution.
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Endpoint| SU3truth  SU3 measured| SU4 truth  SU4 measured
[GeV] [GeV] [GeV] [GeV]
e 501 517-30+10+13 340 343t12+£3+9
mify 249 265:17+15+7 168  161-361+20+4
M) 325 333:6£6+8 240 20H:9+3+5
Mg 418 44511+ 11411 | 340 32Q:8+3+ 8

Table 1: Endpoint positions for SU3 and SU4, in GeV. The first errottéistical, the second and third are
the systematic and the jet energy scale uncertainty, régplgc The theoretical values are also given for
ease of comparison to the left of the fitted values. The iategrluminosity assumed is 1thfor SU3 and
0.5 fb~* for SUA4.

The distributionsmyq( oy and Myghign are formed from the lower and higheyg value of each
event using the same jet as foy,y. Both distributions have well-defined endpoiris [7].

The fit values for the endpoints and the thresholds irtég@nd{q invariant mass distributions are
listed in Tabl€[JL.

4. Conclusions

A brief overview of the strategies developed in ATLAS to measure the mabke &USY par-
ticles using events with two leptons, missing energy and jets has been shisemehsurement of
endpoints and thresholds in thel—, ¢+ ¢—qand¢*qinvariant mass distributions, allows to extract
information on the mass of the SUSY particles involved in the decay chainfin Eq.2.1
With an integrated luminosity of 1 fi, endpoints and thresholds are measured with an uncertainty
of 2-5% in the mSUGRA framework. Using these measurements, the uncegaintig and)?f2
masses are respectively 15% and 50% for the SU3 benchmark point. '

More statistics is needed to reduce the uncertainty on the masses and thestiaictthe mMSUGRA
space parameter and eventually discriminate among different SUSY models.

References

[1] J. Wess and B. ZumindJucl. PhysB70 (1974);
[2] H.P. Nilles,Phys. Rev110 (1984) 1;

[3] ATLAS Collaboration,Expected Performance of the ATLAS Experiment, Deteciggdirand
PhysicsCERN-OPEN 2008-020 (2008) to appear;

[4] J.R. Ellis et al. Phys. LettB565 (2003) 176;

[5] ATLAS Collaboration, G. Aad et alThe ATLAS experiment at the CERN Large Hadron Collider
JINSTS08003 (2008) ;

[6] U. De Sanctis, T. Lari, S. Montesano and C. Trondeerspectives for the detection and measurement
of supersymmetry in the focus point region of mMSUGRA modttisghe ATLAS detector at LHEur.
Phys. Journ. G/0l.52 (2007) N.3;

[7] B.C. Allanach, C.G. Lester, M.A. Parker and B.R. Webl3&tEP 0009 (2000) 004;
C.G. Lester, M.A. Parker and M.J. Whit#3{{EP 0710 (2007) 0051.



