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Exclusive measurements for SUSY events with the ATLAS detector at the
LHC

A. Robichaud-Véronneau, on behalf of the ATLAS collaboration
Université de Geneve, Geneva, Switzerland (email: andree.robichaud-veronneau@cern.ch)

W e present recent work perform ed in AT LA S on techniques used to reconstruct the decays of SU SY particles at the
LHC .W e concentrate on strategies to be applied to the rst fb ! of LHC data.

1. INTRODUCTION

The Large Hadron Collider (LHC ) has started operation very recently and soon it willdeliver p p collisions at
a center-ofm ass energy of 14 TeV . The AT LA S detector w ill be used to search for evidence for physics beyond the
Standard M odel (SM ).

Am ong the m any extensions to the SM that predict what this physics m ight be, supersymm etry (SUSY ) with R—
parity conservation is a very attractive one. It provides a candidate particle for dark m atter, the lightest neutralino,
and predicts a light H iggs boson, in agreem ent w ith electrow eak precision m easurem ents.

T he follow Ing w ork is 1in ited to the study ofm SUGRA m odels. A listofprede ned points E']jn the param eter space
isused. Since there isno LHC data yet, events are generated w ith Isa £t and H erw ij, and passed through a realistic
sim ulation of the AT LA S detector. In these m odels, pair production of SUSY particles is assum ed, each decaying in
a cascade to the lightest supersym m etric particle (LSP ), which can only be detected by a m issing transverse energy
signature.

2. EDGE MEASUREMENTS

Endpoint m easuram ents are used when one particle is lost in the decay or cannot be m easured. In this case, the
LSP is only detected by itsm issing energy signature. To study this, the follow ing decay chain is used:

g ! &gl €1q! &T'lgqg 1)

T his decay chain provides a Jarge signal to background ratio due to its nalstate. In the case of the \Buk" point
(SU 3), the decay of the neutralino goes through an extra step nvolving sleptons, since & and e are lighter than
eg . For the \Low M ass" point (SU 4), the neutralino decays directly to a lepton pair and the LSP since sleptons are
heavier. Them SUGRA param eters for SU3 aremg = 100GV ,m;_, = 300GV ,Ay= 300GV ,tan =6, > O,
and for SU4,my = 200G&V ,m_, = 160GeV ,Ag= 400GeV,tan = 10, > 0.TheNLO crosssection for SU3
is 2768 pb while for SU4, it is 402.19 pb.
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2.1. Dilepton edges

By considering the lepton pair produced in eg.[d, it is possible to obtain insights about the m asses involved in

the decay. In the SU 3 case,we havem idge =mg mg

2
eq.[d. The Events with two or three isolated leptons (electrons or m uons) are selected. O pposite sign (0 S) lepton
pairs are required in the two-lepton events and all possible com binations of opposite sign leptons are considered in

and for SU 4, the expression ism ore com plex, as shown in

the threeJepton events. Lepton pairs w ith opposite- avour (O F) are subtracted from the sam e- avour (SF) pairs,
and cuts are perform ed on transverse m issing energy (ET 58y transverse m om enta of the four leading Fts, the ratio

between ET 58 and the e ective m ass and the transverse sphericity.
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T he nvariantm ass distribbution is tted with a triangular function an eared w ith a G aussian for the SU 3 case for
1f ! asschown in gure[l. The endpoint value obtained from the tis (99.7 14 0.3)GeV,where the quoted
errors are respectively the statistical error, the system atic error on the lepton energy scale and the system atic erroron
the parameter[l]. The SU4 case requires a 3-body decay theoreticaldistribution [2] an eared for the experin ental
resolition. The tgivesan endpointof(52.7 24 02)Ge&V for05fH '. The\Coannihiation" point (SU1) shows
a double edge in the sam e Invariantm ass distribution, due to both left-and right-handed sleptons being lighter than
eg . The edges cannot be tted with 1 b ' although an excess is visble, while with 18 b !, a t can be obtained
with a loweredge at (558 12 02)GeV and aupperedgeat (993 13 03)GeV.A llresults are consistent
w ith the calculated values of 1002 G eV (SU3),53.6 Ge&V (SU4) and 56.1 and 979 Ge&V (SU1).
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Figure 1: Invariant m ass distrdbution for SU 3 (left) and SU 4 (right). The points show the sum of the SM and the SUSY
contributions, the line histogram is the SM contribution only. T he result of the t is superin posed and the dashed line show
the expected position of the endpoint.

2.2. Jet + Lepton edges

As can be seen in eq.[dl, all m asses can be reconstructed using the Fts in the nal state to obtain endpoint
m easurem ents. Three new quantities can be used: m 1y (edge and threshold), m 1y nign) and M (e ), Which are the
highest and low est value ofm i; in an event using the sam e gt asm 4. Two straight lines, w ith a G aussian sm earing
for a sm ooth transition between them ,are tted to a sm allrange of data points in them 14 distribution, for both the
edges and the thresholds. T he endpoints are explicitely tted. T he results of the tsare shown i Table[d.

Endpoint||SU 3 truth SU 3 m easured SU 4 truth| SU4 m easured
m [ 501 |517 30 10 13| 340 [343 12 3 9
m " 249|265 17 15 7 168 |161 36 20 4
mi i, 325 333 6 6 8 240 201
m ) 418|445 11 11 11| 340 320

Table I:Endpoint positions from  tsforSU3 (1 fb ')and SU4 (0.5 '), in G eV . E rrors are respectively statistical, system atic
and Bt energy scale uncertainty.

2.3. Tau signatures

In the previous sections, leptons were considered to be only electrons or muons. Tau leptons have to be treated
separately. For the decay eg - ! e(l) * , the branching ratio is 10 tim es higher than for other leptons (for
SU 1 or SU 3 scenarios). Also, since the ; is nvolved in this decay and the neutralino m asses can be determ ined
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from other m easurem ents, it is possible to detemm ine the ; mass. Since the decay of involves neutrinos in the
nalstate, it is not possble to get a sharp edge at the m axim um kinem atic value.
Invariant m ass distrbutions are plotted for SU1 and SU 3 m odels, w here the sam esign (SS) distrbution is sub—
tracted from the oppositesign (O S) one. Special care is needed conceming the t results due to polarization e ects
on the Invariantm ass distribution, which can considerably shift the position of the endpoint.

2.4. Right-handed squark pairs

The decay chain presented in eg.[d holds for left-handed squark decay. In the case of right-handed squarks, the
decay goes directly to the LSP and quark: e ! egq. In this case, a new variable is introduced, the \stransverse
mass"mr, [1]. Assum ing them ass of the LSP is known from previousm easurem ents,m r, can be used to determm ine
the g mass. A linear t isapplied to a range of data points around the edge of them 1, distrbution to determ ine
the endpoint for SU 3 and SU 4 m odels. The results of the tare 591 " 1° (sys) 13 (stat) G eV for SU3 and 407 * 1°
(sys) 12 (stat) GeV for SU4 These should be com pared w ith the known values: 637 GeV for SU3 and 405 G &V

for SU4.

2.5. Light stop

In the particular case of SU4, all SUSY m asses are relatively Iight and so isthe § ,with amass of 206 GEV.A s
it is always decaying to the sam e channel, we can study the following: g ! &t ! e; bt The upper endpoint of
the tb invariant m ass depends on allm asses involved in the decay. O nly the hadronic top decays are included in
the distrbution. A t is perform ed on the invariant m ass distribution (after W background is subtracted using the
sideband m ethod) using a triangular fiinction an eared w ith a G aussian. It gives a value for the endpoint 0o£297 9
GeV (fora S-parameter t) for 200 pb ', in agreem ent w ith the calculated valie of 300G eV .

3. HIGGS IN SUSY EVENTS

T he H iggs boson can be produced in m any ways at the LHC .M ost comm only, it is Jooked for in SM interactions
(eg. g g fusion), but it can also occur In the decay of sparticles which were produced by the initial interaction,
ke here for the neutralino in the SU9 m odel (\Buk" point w ith enhanced H iggs production): ) ! e’h ! elkb.
R equiring signi cant m issing transverse energy suppresses the Q CD background, enabling the observation of H iggs
decay to b quarks.

4. MASS AND PARAMETERS MEASUREMENT

T he di erent endpoint m easurem ents obtained above form any m SUGRA m odels can be used to determ ine the
SUSY m ass spectra and ts can be perform ed to constrain the param eters of the given m odels. In som e cases (lke
the dilepton edges), an analytical form ula is known to describe the invariant m ass shape and obtain the m ass. In
the other cases, a “m inin ization procedure is used to obtain the sparticle m asses from several endpoint values.
Param eters of the m SUGRA m odels were obtained using 500 toy ts for both values of sign( ). For each t, the
observables are an eared using the full correlation m atrix. T he results can be found in [1]. For the m asses, there is
agreem ent betw een theoretical and experin ental values, but the parabolic error for the m Inim ization are still large.
A s for them SUGRA param eters,M o and M ;_, can be determm ined reliably, while in the case of tan and Ay, only

the order of m agnitude can be obtained for the SU 3 and SU 4 m odels in a data sam ple corresponding to 1 b 1.
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