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Prospects for Supersymmetry Discovery with the ATLAS

Detector at 10 TeV centre-oi-mass energy
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Supersymmetry also makes other nice

S u pe rsym m etry predictions, of which, the unification of the forces of S U SY and th e AT LAS d etecto r

Nature is possible. Since supersymmetry changes
: , the extrapolation of the coupling constants of the
symiiﬁf;zﬁﬂgﬁ:reyt(hi?rSeT;tSSaezgohposed \j; j,)f) ' Z forpgs, yvith supersymme_try we are able to get Assuming that the stable LSPs are weakly in.teracting, we expect them to pass undetectgd through
elementary particle of a given spin to P OO W unlflcat!on of these couplings at high energy, as the ATLAS detector. Thus we .expect a characterlstlc feat.ure of SUSY events: an imbalance n the
another of a spin differing by a half unit. \f/\_l'_u\_'f) | shown in below. transverse energy measured in the detector, which we will denote ET aqd refer to as the missing
That is, in a supersymmetric theory, for Qurks @ Leptons (@) Force paricles sats @ steptons @ SUSYtorce 1 e wResoluon e _ Resolutionm transverse energy. We also generally expect. many jets and Ieptons. with hlgh .tr_ansver.se momgntum,
every boson there is a corresponding Standard Model, keeping the Higgs mass light requires S denoted. P . Atypical SU.SY decay, producing large ET and a high mu!’uphmty of high P.. jets and
fermion and vice-versa. In order to ncredible fine-tuning in order to get cancellation of the | 1001 leptons, is shown below. Slncg there are many sup.ersymmetry models,_ with many paramete_rs, we must
incorporate supersymmetry into the diverging radiative corrections. This is avoided by having make our seSaGcSh\?s as model mdependlerln a;fpossmle. Thus,]c in searc_hmg for generlchR-Earlty T
Standard Model, we require the existence  gutomatic cancellations between fermionic and bosonic C,? ndservmg d ch S|gn|aturi§, \/2ve35|;rnp)/t OOO ;)rza n| ex;: oSS 9 de\r/]en’.[s mh\./ar:lc%s se\a;\\;c cnannes. |_n|_;[CIS
of a supersymmetric particle, coined a Higgs interactions rendered possible by supersymmetry. onitation ieumyr/e\ivoef_trfaesscer?;rne sz1|0 'Ige\,/ e;nci Jaens, (0.1, 2) leptons and having high Z7. We assume an
'sparticle’, for every Standard Model This is shown below, where the quadratic mass . . Intearated luminosit gyéf 200 »b-'. The
particle, this is shown on the right. renormalisation due to the fermionic top quark loop is I S T A G- A ana?ysis that we eméloyed wl;s Todel Mo
There are many theoretical thorns in cancelled by the corresponding scalar . independent, but we used a SUSY ! Missing E
the Standard Model that supersymmetry stop squark loop diagram in the Finally, supersymmetry proposes a natural dark matter Monte Carlo,dataset from the SU4 point T
may solve. The first attempt to incorporate supersymmetric Standard Model. candidate particle. In order to have conservation of baryonic and in the MSUGRA parameter space p
supersymmetry into the Standard Model leptonic quantum numbers, a new multiplicative quantum number mSUGRA (minimal super gravity) -is 9
was done in order to solve the Heirarchy ¢ must be introduced called R-parity. R-parity is 1 for particles and -1 class of models in which SUSY breaking
Problem. This is the problem of why the LY 20 U Hoo for the supersymmetric partners. Models in which R-parity is is mediated by the gravitational
Higgs boson is so much lighter than the violated can be formulated, but we will focus on R-parity interaction. The important aspect, at this i
Planck mass. One would expect the Higgs : con.serving supgrsymmer:ric mongT. The cogsequencde§ of R level. of thé TSUGRA models is ’Ehat
mass to be on the order of the scale at 7N parity conservation are that sparticles must be created in pairs, ’ : - .
which new physiCS appears - expected to H i{\. f}i H and that each will decay to the |IghteSt Supersymmetric particle IE§§ :]:(;/SIrglgolllzr?:thllxguaO¥?;§2;?S
be the Planck scale - due to quadratically ~~  ~~~~"""" m s (LSP) which must be stable. If the LSP were weakly interacting we and a sign
diverging radiative corrections. In the would have a natural dark matter candidate. '
Analysis: Results:
e D ata ° Event Selection Tg perform the _SUSY gearch in a .model i.nd.ependent fashion, the g-w %-:Gﬂ *g-ﬂ.ag_ %:ﬁw
Njet ot Nicps - effective mass distribution is used to find deviations between the 1.0 o s e i o o
- We analysed on the order of 10 TBs of Monte Carlo - Effective Mass: Meyy = ; P+ Z; Pr + Bt Standard Model plus the Signal and the expected Standard Model " e R E R
simulated data. Acquisition and first manipulation _ Transverse Mass: M — \/2 o Pr (L — cos i) background. The significance of a discovery can then be optimised by M2 ¥ Disoson ok * Ditoson
of this data was done on the Grid. Subsequent - ) ) varying the M, > X GeV cut. "y Tt e L
manipulation and analysis was done locally using - Transverse Sphericity: g, = » +2A2 Plots of the effective mass are Ens %mw sy I % 1 _¢
the ROOT framework. « Where A\; and ), are the eigenvalues of the 2x2 shown for the zero and one-lepton £ i W it A ] I OV [ O 77 ;i N |
: e : sphericity tensor s;; = > prp™. channels on the far right and a plot  “wg, T acoven e e e
. Object ldentification : | of the transverse mass for the one- _F " ol
- Cuts: Each channel must pass one of the below jet columns lepton-four-jets channel is shown vesr i F | Dlssoniet ER: e
- Jets are reconstructed in a cone with an angular Number of jets > 2 jets > 3 jets > 4 jets on the near right. " NN k&ﬁm ?Lﬁ ?T,Ef gm? o O
size of 0.4 in (N, ¢ ), and are required to have a Leading jet Pr (GeV) >180 ~100 >100 O AR S S AARAAARARIE o AT kg s i b aw
P, >20GeV and || < 2.5 to ensure proper jet Jet Pr (GeV) >50 (jet 2) | >40 (jet 2-3) | >40 (jet 2-4) i i | coone™ J+ . acome
calibration. Fr >max (80 GeV, f- M) | f=03 f =025 f=0.2 N oeg o
. _ A(jet;, Er) > 0.2 for the defining jets in the channel . ' T N7
- Electrons must pass the “medium” purity cuts, St > 0.2 CO nC| USIONS: O % 4% +ﬁ
which include E, dependent isolation criteria. They ~ Zero-lepton channels: No leptons with P, > 20 GeV ﬂr‘u""_;.[:u"1'[.;..;"1’5;..;""‘;;.;"iﬁa;ﬁmgﬁ;ﬁn 'y -;.;,"7:;;"'1550"53,&";@;@;@;#“
must also have P, >10GeVand|n|<2.5. | The background composition and SUSY SU4 signal have been
- Muons are reconstructed by matching the track c())tr;;rlse%cza ;ha:r;eolség\;]ealr?g t?vr[] V\:t?ogTGZ\Z/O sevandno mvestlgateq for channels with O 1and 2 Qpp03|te signed leptons ana 0 lepton 4 et 3 f T lepton 4 jo
reconstructed in the muon spectrometer with its T ) T 2, 3 and 4 jets for an LHC run_nlng. scenario of _110 TeV centre-of-m_ass %ni‘f gL %ni‘f
Corresponding inner detector track. To ensure the — TWO_|ept0n channels: Two |ept0ns with PT > 10 GeV with energy. and an Integrated |Um|nOS|ty of 200 pb . The results of this  Single Top Z = Singho Top
muons selected are isolated, it is required that the opposite charge. analysis show that in many channels the signal lies an order of " Gootonies " Gootonies
total energy in the calorimeter within a cone of | magnltude abovg the background, but to quantify th|§ in terms of AT ¥ esen " Diesen
AR < 0.2 is less than 10 GeV. We further require Why S and ﬂ discovery potential, we Wo_uld r.1eed to compgte the significance pf the 1+ 7 4;_ )
that the standard acceptance cuts of P, > 10 GeV | T measuremgnts presented in this study. This is t.he. natural following U Ay T
and | n| < 2.5 are passed. A¢ (] 6ti? %) step, and given that the framework has been laid it would be a smooth w0~ P oo~ et 3o 3568 w0
step to make.
- QOverlap removal and electron crack veto. CUtS?
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