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Methods to measure the sparticle masses with the ATLAS detetor at
the LHC are reported. The supersymmetric phenomenology is rst brie y
discussed in the context of the mSUGRA constrained model. May exam-
ples of recent studies aiming at measuring the sparticle mags are then
described. Most of these examples are based on recent fullngilation of
the ATLAS detector.

PACS numbers: 12.60.Jv, 14.80.Ly

1. Introduction

The ATLAS experiment [1] at LHC will search for Supersymmetly
(SUSY), one of the most attractive extension of the StandardModel (SM)
that pairs fermions and bosons to solve the hierarchy probla. The min-
imal R-parity conserving SUSY extension of the SM (MSSM) brings 105
additional free parameters to those of the SM, thus preventig a systematic
study of the full parameter space. Most of these new paramets appear
during the soft breaking of SUSY and one can thus reduce theinumber by
constraining this breaking. The mSUGRA model [2], in which te breaking
is transmitted from the hidden sector to the observable seatr by gravity, as-
sumes that the gauginos and scalars masses, as well as thériear couplings,
are uni ed at the GUT scale, leading to only 5 fundamental pamameters: re-
spectively mi-,, mg and Ag for the previously cited parameters, as well as
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! The MSSM contains terms that violate the baryon ( B) and lepton (L) numbers
conservation. The R-parity, dened as R = ( 1)3B )25 s a symmetry that
forbids these terms.
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tan , the ratio of the vacuum expectation values of the scalar efls and
sgn( ), the sign of the Higgsino mass term. Constraints on mSUGRA &
usually displayed in themg m4-, plane, xing the remaining 3 parameters
to characteristic values, as shown in Fig. 1.
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Fig. 1. The bottom triangular area is theoretically excluded (the LSP is the light-
est stau and is thus charged); the light (bottom-left) area is favored by g 2;
the dark line area is favored by WMAP. The spin-independent dastic-scattering
cross-sections are also shown and labeled by their exponenin units of picobarns.
Generic decay chains originating from a gluino (right, top) or a squark (right,
bottom).

The measurements from WMAP,b! s andg 2 put strong constraints on
this plane. In particular, the dark matter (thus the Lightes t Supersymmetric
Particle, LSP) density should be kept low according to the WMAP measure-
ment, and the allowed regions are thus those where the LSP aiinlation is
large: the bulk at small mg, m;-, values (LSP = ~9), where sleptong are
light, allows a large annihilation by slepton exchange in thet-channel;
the stau co-annihilation region (small mg, LSP = ~2) where misp ' m-
allowing for a large ~ annihilation; the focus point (small m;-,) where the
LSP is mostly a Higgsino allowing a large annihilation intoW and Z.

The R-parity conservation implies that the LSP is stable. It is not de-
tected and leads to signi cant missing transverse energyH§). On the one
hand, this provides a distinct signature for the SUSY eventscompared to
the SM events, but on the another hand this prevents the recostruction of
the full event and thus of the mass peaks. Instead, one has taxploit the
kinematics of long decay chains, such as those shown in Fig, @riginating

2 Note that in this report, the word sleptons stands for sele ctrons and smuons. Staus
are explicitly designated as such.
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from gluino or squark production. Note that these chains prauce many jets
and leptons. Which route is being taken fromgsg, g6 or &g production down
to the LSP depends on which decay channels are opened and thbranching
ratio.

Understanding SUSY is usually done in three steps: the rst &p is
to discover SUSY by an inclusive search; the second step is took for
particular SUSY signatures to measure the sparticle massgthe third step
is to nd back the fundamental model parameters from the meaared masses.
This report mainly concerns the second step, but the next seéon shortly
describes the rst step as well.

2. Discovering SUSY

To discriminate the SUSY signal from the SM background, one eects
gvents with at least 4 jets and largeB 1, and constructs the variableMe =
j=11PT jJ + Bt distribution of which is shown in Fig. 2 (left). For large

values of M , the signal signi cance is very high €.9. S= B ' 286 for
Me > 1000GeV/c? with 5fb ).

The value of M at which the signal exceeds the SM backgrounds, pro-
vides a rst estimate of the SUSY massesrisysy = min( mg; mg)) [4,5], as
shown in Fig. 2 (right).

Fig.2. Left: Distributions of M. for the SUSY signal (error bars) and the SM
background (full line) simulated with PYTHIA (parton showe r generator). The
signal went through a full ATLAS simulation, but not the back ground. Note that
simulating the background from a matrix element generator sich as ALPGEN
would increase it by a factor 2 to 3. Right: Correlation between M, and mgysy .
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3. Spatrticle mass measurement using the endpoint method
3.1. Looking ateg ! ~9q! frlg! ~Slig (SPSla Point)

The g ! ~Jq! Trlg! -~flig decay chain (bottom, right in Fig. 1)
allows to measure the masses of the 3, Iz, ~9 and ~? sparticles. This
decay chain occurs in a large region of theng m;- plane, in particular
along the SPSla line dened bymg = Ap = 0:4 myp;tan = 10 and
sgn( ) =+ [6].

One computes various invariant masses of the visible prodigin this de-
cay chain: their endpoints correspond to particular kinemac con gurations
driven by the masses of the sparticles contained in the chainSince many
sparticles enter the chain, one needs to measure several @uihts in order
to unambiguously determine the masses.

SUSY events are selected by requiring at least three energetjets, sig-
nicant Bt and two isolated opposite-sign same- avor leptons. The oml
SM background surviving this selection comes frontt events.
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Fig. 3. Invariant mass of the dilepton (left) and quark lept on lepton (right) sys-

tems [6] for 300fb * (fast simulation [7], SPS1a point). The SF (resp. DF) curve
shows the same avor (resp. di erent avor) SUSY events. After DF subtraction,

one obtains the black dots which overlays with the signal chin (SC). The lower
curve shows the SM background.

Most of the background comes from SUSY itself: the oppositeign
SUSY events have correlated €.g. same avor, SF) and uncorrelated €.g.
50% SF, 50% di erent avour, DF) lepton sources, the latter being dom-

3 In mSUGRA, -2 in mostly a bino and ~3 a wino. Therefore, the dominant decay
channels areg;, ! g~2 andeg ! g-2: only & enters the long decay chains described
here, wherease decays directly to the LSP (its mass can still be measured via this
short decay chain, though).
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inant. The SF uncorrelated part can be subtracted using the [ events
since the DF events have the same experimental characteriss as the SF
events.

Fig. 3 shows the dilepton {I) and quark lepton lepton ( gll) invariant
masses for the SUSY and SM events. The endpoints are tted fra these
distributions to obtain the mass di erences. The statistical error is usually
negligible compared to systematic error due to the lepton ojet energy scale
of respectively 0:1% and 1%.

The potential of extracting the masses from the endpoint mesurements
is evaluated with a toy Monte Carlo of 10000 experiments. Thenasses are
not always unambiguously determined depending on which emmbints are
considered. Fig. 4 shows the results of this study. The obtaed masses are
correlated via the LSP mass. With300fb !, the masses are well determined.
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Fig.4. Sparticle masses (empty dark histograms) and mass dirences (lled his-
tograms) for the SPS1a point. The empty light histograms shav the wrong solu-
tions that are returned in 17% of the Monte Carlo experiments.

3.2. Dilepton endpoint in co-annihilation and focus points

To illustrate the dependence of the decay chain con guratio on the
MSUGRA point, the dilepton endpoints are shown in Fig. 5 for he co-
annihilation and focus points [8].

In the co-annihilation point, both the right-handed and left-handed slep-
ton masses are lower (but close) than the-} mass. Therefore, both kinds
of sleptons are produced in the decay chain inducing two endpnts in the
dilepton invariant mass distribution.

In the focus point, mg is very large and thus the squarks and sfermions
have masses above 2 TeV. The SUSY production is dominantly de via
gaugino pairs but these events are hardly distinguishablerém the SM. Only
10% of the SUSY production occurs via gluinos that decay to gaugios and
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jets. The gauginos decay directly to leptons. One looks at3 ! Il -{ and
~9 1 1I-? and thus one observes two endpoints that measure the mass
di erence between the heavy gauginos and the LSP.

In both analyses, the SF DF subtraction is used to remove the SUSY
uncorrelated backgrounds. The plots show that the endpoirg are well mea-
surable already with less than10fb 1.

Fig.5. Left: Dilepton invariant mass for the co-annihilati on point (full simulation,
20:6 fbo 1). The full (resp. dashed) curves corresponds to the left-haded (resp.
right-handed) squark decay chains. After DF subtraction, one obtains the dots
corresponding to the signal events. Right: Dilepton invariant mass for the focus
point (full simulation, 6:9 fb ). The empty (full) histograms shows the SF and
DF distributions. Apart from the Z peak, one observes two endpoints measuring

Mmoo moandm_po m_g.
3 1 2 1

3.3. Sbottom and gluino masses

Several methods are foreseen to measure the sbottom and glaimasses
using gluino-initiated decay chain with the gluino decayirg to bh

The rst method [9] considers the events close to the dilepto endpoint:
in this case, the LSP and the dilepton system are almost at résn the ~J

frame, and the ~3 momentum can be approximated by the expression:

' q 1 o —m 4
p=o' m 1 m_o=m; ™

2 1
If the ~§ and ~§ masses are known, one can then compute the sbottom
mass asm, = m(~9b) and the gluino mass asng = m(~9bh. The correla-
tion between these two invariant masses is shown in Fig. 6 (i9: the o -

diagonal events corresponds to badly associatdsjets and are thus removed.

4 Note that this approximation works well for the chosen point , but this would not be

the case for other points where m. is close to eitherm o or m .
T 2 1
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The spread of the remaining good events is due to thed momentum ap-
proximation. The gluino mass can be precisely measured witB00fb ! as
shown in Fig. 6 (right).

Fig.6. Left: Correlation between m(~3b) and m(~3by. The o -diagonal events
correspond to badly associatedxjets. Right: Gluino mass given by m(~3bb for
300fb !, fast simulation.

Fig. 7 (left) shows the di erence m(~3bl  m(~9b) in which the spread
due to the ~§ momentum approximation is factored out. The two states

B and B, are not well separated but can still be distinguished with a &rge
luminosity (300fb ).

Fig.7. Left: Sbottom mass given by m(~Jb). The two states of the sbottom
quarks are distinguishable with 300fb ®. Right: The two solutions of the Mass
Reconstruction Method. The two sbottom peaks are well sepated.
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The second method [10], called the Mass Reconstruction Metid, makes
use of all the events. The idea is to completely solve the kimeatics of
the SUSY cascade decay by using the assumption that the seted events
satisfy the same mass shell conditions of the sparticles inwed in the cascade
decay. Knowing the ~9, Ik and ~9 masses, one can determine the gluino and
sbottom mass and discriminate the two sbottom states.

A third method makes use of additional endpoints using the gark from
the gluino decay into . It is not described here, see [11] for more details.

3.4. Conclusion

At a few months of the LHC startup, a new era has started in the ALAS
experiment: a large scale production of Monte Carlo events sing the full
detector simulation is currently being analyzed. Systemat errors are being
more precisely inferred and methods are being developed tovaduate the
backgrounds more precisely. Also, new models and new analytechniques
are being investigated. In most models, a few fb* are su cient to observe
squarks and gluinos up to a mass ofl or 2 TeV/ ¢ and sleptons up to
300 GeV/ ¢ and to precisely measure their mass using cascade decays.

I would like to thank E. Richter-Was, D. Zervas, R. Lafaye, S.Asai and
D. Tovey and the members of the ATLAS SUSY working group for treir
useful input to the presentation.
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