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Introduction Supersymmetry signature

Selections and signal region

The two-lepton signature is a very promising venue for the discovery and measurement of Supersymmetry.
Many studies have been devoted to this signature in the last fifteen years. The channels characterized

by the presence of two leptons in the final state are the best channels for the measurement of SUSY particle
properties. The two-lepton signature typically suffers from lower statistics than the zero lepton

and one lepton analyses. On the other hand, there are advantages due to the reduced Standard Model

> Inclusive SUSY search strategy relies on fairly general features:
- SUSY production at collider dominated by squark
and gluino production
- In many model gluinos/squarks are the heaviest
and decay through complex cascades involving

The three dilepton analyses share common object definitions, a common set of event selection criteria and where
appropriate they share common background estimation techniques. The only difference in event selection between the
opposite-sign and same-sign analyses is the different charge requirements on the leptons in the pairs.

background. charginos and neutralinos Primary vertex i —
- gluino/squark decays give rise to (high pt) jets * At least 1 good vertex with Ny, _...>4
- neutralinos/charginos often decay via emission * pr > 20 GeV, [n|<2.47
of leptons Jets * reject events if electron candidates
- if the conservation of R-parity is assumed, . i iti i
sparticles are produced in couples and * E"U'kﬁ R=0.4 arein transition region (1.37<nj<1.52)
LSP is stable, neutral and escaping detector. * pr> 20 GeV, n|<z.5 iliore

* Reject events compatible
> Generic signature, covering a large classe of models ] P

and with a good rejection of SM background, is:
- transverse momentum jets
- possibly some leptons
- large missing transverse energy

*pr > 20 GeV, |n|<2.4

with noise or cosmics * combined/extrapolated info from ID

The 2010 ATLAS pp data

I and Muon spectrometer
Missing E; * Sum p; of tracks <1.8 GeV in AR<o.2

* Calculated from objects and clusters

o Remove overlapping objects

ATLAS Online Luminosity s=7Tev The main source of dilepton events is the decay of .
2010 was a great year! neutralinos and charginos

If AR(jet,e)<0.2, remove jet

50 [ LHC Delivered 0 e * If o.2<AR(jet,e)<0.4, veto electron

- [ AmLAs Recorded > Calibrating ATLAS a) Xy — i * I AR(jet,1t)<0.4, veto muon

. . » o

401 Toral Delivered: 48.1 pb’ > “Rediscovering” the SM: W, Z * A two-lepton event can be obtained either through

~  Total Recorded: 45.0 pb' and top candidates b) it — £ }:ED gec}?is c) and d) on a single leg or decays a) and b) on

o : : th legs.
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- Top cand. The road to the discovery of / For selecting the interested topologies we request exactly 2 leptons with m(ll)>5GeV
20

Total Integrated Luminosity [pb

Wcand. 7 cand E . -~ - « The two final state leptons can have equal or opposite
~ - - Supersymmetry 18 i | c) X i — £ '{CFX i sign, and equal or different flavour, thus yielding four
- ] started...(if SUSY exists)! possible configurations. The signals regions used in these analysis are all simple high missing transverse energy regions.
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The analyses are based on 34.3 pb™ 2) The second analysis searches for inclusive opposite-sign leptons (OS) 5} Sarpe Sign gziﬂ‘rﬂ'm- Ww, Wz, 22 ] E Opposite Bign B Zy+jets, WW, WZ, 7Z
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flavour events with two OS leptons b 1 B Wjets .
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> For quantifying the agreement between observed data and the prediction from Standard Model physics é i E EF‘_wﬂ H+-~"”*'
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SM dilepton sources are: or spec1f}c SUSY_ model_s we used a prof}le log hkghhood ratio (LLR)_t.est. . . . e AN A 400 05 5::.“""*”1 00 s B0 S50 300 3t0—a6o
- Z/y -> 1l + jets [partially data-driven estimate] > A profile LLR is obtained from a likelihood defined for each specific analysis. Defined the signal _ e
_ ttbar (fully dileptonic) [partially data-driven estimate] enriched region (SR) as well as control regions (CRs) dominated by the various components of SM E™ [GeV] Er [GeV]
- Di-bosons WW, WZ, ZZ [only MC] background that reach the SR, we can write a generic likelihood function as the product of a Poisson
- Fakes (one or both leptons not from heavy objects: W, QCD, semi-leptonic ttbar) [fully data-driven estimate] FllStI‘lbllthl’l for the SR,_ optional POlSSOl’Il dlstrlbut‘lor.ls for CRs, and of additional distributions that
- Cosmics [fully data-driven estimate] implement the constraints on systematic uncertainties.
L(n,6°,b,0) =  Psg X Pcr X Psy
OS channel 0
ESFgllirsH:ie;minate ee and co-dominates - P(HSHS (;.z b, 8)) X I I P(Hfuf{'u’ b, 9)) X Psm(ﬂ ’ 9) ' SS results
ey, pu (in particular semi-leptonic ttbar ieCs
xl;v?ere [Rele cONTN e PIORMCOmME IO mEd where ns and n: are the number of observed events in the signal region and each control region i, As and A .
o.WZ /77 can produce SS when 1,2 Flavour-subtracted OS channel are}:3 thi Poissc()in expec‘ltations dfependirl;gfon b as O Thehnumber ﬁf ob]jfrved and expected events for each SS channel in the MET > 100 GeV signal region at 34.3 Pb
- background normalization factors b for various sources such as QCD jets or W+jets is shown in the table
l.eléi?;s g_rgilo(s(’;f o) ottty aheniette - nuisance parameters 0 that parameterize systematic uncertainties
ttbar SR Y P - a signal normalization factor y, also called the signal strength. For p = 0 the signal
Comporflent is turned off, and for p = 1 the signal expectation equals the nominal Datal Observed) Fake background (estimated) Diboson (expected) 17 (charge-flip)
value of the model under consideration.
0 =
Systematic uncertainties are included using the probability density function Psyst (9 ,9 ) where 90 are ¢ ;3 . 0 0.12+0.12+0.05 0.015+0.004 +0.003 0.019 + 0.001 + 0.008
the nominal values around which 0 can be varied. M 0 0.014+0.01+0.005 0.035 +0.005 +0.011 0.0
eTu® 0 0032002620005 £0.000() | 0.021 £0.000420.0.008 | 0.026 £ 0001 £ 0.011
> The statistical treatment is based on the profile LLR, defined as
. . . A(p) = A(,u, n,BO)E —Z(In L(n,@o | ﬂ,ﬁ, é) —1In L(n,90 | ,[t,bA,é)j None event expected and none event observed!

BaCkground dEtermlnatlon- ttbar A oa A oa By comparing the SM expectations with the numbers of events observed in the SS channel, we put 95%
where [/, b,0 maximize the likelihood function, and b,8 maximize the likelihood for the specific, confidence limits on the ‘effective cross section’ (cross section times branching ratio times acceptance) for
fixed value of the signal strength p, and the data n, 8° . new physics processes producing SS lepton pairs and MET of 0.07 pb.

Contransverse mass tagger Only signal hypotheses that lead to a positive number of observed events are considered, that is if ££<0,
e For two identical decays of heavy particles & into two invisible particles (or -aggregates) a, and visible afitwith fixed zz=01s used. , - s MSUSTACUSS o= 3 A3 oz
particles X, as in _ _ P . . . . . . NS AR A
- _ _— » Defining I . as giving the one-sided p value for a given X, the test statistic for upper limits is defined app F-1" = 35 067 BT Tev Dizzeried limt 35% CL
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s e A P.(AGR) Az P.(A(E)  A<O g e W
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wh(_ere Xi (:‘[z)l.n then be a lepton, a jet or a lepton-jet combination, giving three mcr variables (per leg for a signal SUSY hypothesis (left, generally py=1) and SM hypothesis (right, p=0). - _ . R
assighment: ( Y, f) ( - ) ( i/ i E) > It is the approximate p-value for the agreement between the SUSY signal (Standard Model) and the R T L
M \6,£), My J) M UJE ) experimental data 160 —
. ) . . o . 140 T -
e The values are then compared to appropriate distributions and the various leg assignments are rejected or > Models with p-values smaller than 0.05 are said to be excluded with 95% confidence level. 120 3
accepted as compatible with dileptonic ttbar —
o If at least one leg fulfills this condition, the event is top-tagged 100 100 150 200 %0 300 350 400
Estimation procedure - T T T T T g my [GeV]
> Define a ttbar-dominated CR region & i 1 ATLAS ° Data2010Ns=7TeV) o
e Based on the contransverse mass tagger o 10° I ol ol s = Standard Model E .
e 60 GeV < MET < 80 GeV P Cpposite Sign  EBZyejets, Wi, Wz, 22 3 Flavour subtraction (OS)
> Estimate non-top background in the CR region '% 10° gg‘ijteh =
> Apply MC to find the ratio of ttbar events in the SR w W sjets E
and the CR region o? C eer SU4+SM o_
> Get estimated number of ttbar events in SR from ! = R 4 e At the base of this method there is the observation that the dominant SM OS dilepton mechanisms, ttbar,
simple scaling. e.o. for ee - = gives uncorrelated (OS) di-leptons and that the combinations come in equal rates, SF = DF.
p g, eg
10 = e This gives opportunity to subtract one with the other. OS re Sults
(N _ (( N\ g — (N1 ) J (Niop.a1C)s Ree = 3 e Useful if a signal is expected in SF
it )5 Ree = data’CR non—it MC/CR (N9 L _ e S0, we can estimate the excess of SF events after the “flavour subtraction” as
top MC = 3 _ _ —
NEe) M) pw)
Results 10, et i el AU S ERSSSARRE S S = - ~ + s MET>100GeV e*e' ei/ft 1
MC dileptonic ttbar has a top-tagging efficiency of 83% o & ' ' T 1 1 2 1— (1 —T )(1 —T ) 1—(1 ¢
both for CR and for SR % at I e LUL—(1— T, e p -d-z, Data. ) 13 3
S ob HH"I +_ T < 17 2507 [1: _Bé 6.61 téj."é 17 lﬂ_ga
Data CR: 15 top-tagged events e ﬂop 5-6"'!——91 e a0 R R00" 550 450 : whjch_takes in.tol acc.ount the differences in both reconstruction efficiencies € | #="¢ £, Z-+iets 037 +0.15 036+ 0.13 0.91 +0.76
MC CR: 21.3+3.8 (18.8 from ttbar) ET [GeV] andctlﬂggel‘ elfflﬂenﬂes T between muons and electrons. fakes 0.31+0.24 —0.15 + 0.46 0.01 £0.01
For data we have: single to 0.13 £ 0.08 0.70+£0.21 0.67 £0.20
_ . 0 . 0 [ p A3+ 0. A0+ 0. .67 0.
The estimation in SR (MET>100GeV) gives: f=0.69(x0.3), 7z, =98.5(+1.1)%, Tu= 83.7(+1.9)% WW+WZ+Z7 0.30 £ 0.15 0.36 + 0.18 0.61 +0.30
COSIMICS 0 0.42 £ 1.07 —-1.39 £ 1.43
Data SR: 13.8 +5.6 - 5.3 In presence of low-mass SUSY the ttbar OSSF — no MET cut OSDF —no MET cut total 3.561 - uncorr.)+0.36(corr.) | 8.23*32) (uncorr.)+0.94(corr.) | 6.82*73] (uncorr.)+0.67(corr.)
MC SR: 20.5 £ 4.8 b : _ = J T Ty T e = SN =
background is overestimated by 10-15% & 10 o ILd‘t ~ 35 pb’ ¢ Data2010Ns=7TeViy o - |Ldt~35pp" o Data 2010 s = 7 TeV)
. PN R : . ~ © Ditferent Flavour - L = - _ —
And for MET>150GeV: reducing the significance for signal discovery = - B Etanciad Koddl 1 o B Standard Madel ] e+ o et /7 ;o
~ N @zeswzzz ] - 4 E?‘:ﬂz'ﬂ 1 MET>150GeV H HH
DataSR: 2.8 +1.4-1.3 T Ot 1, ww - & _+ @ Wejets a Data 1 4 ]
£ = EW+jets 3 £ 10 = = O FUET U0
MC SR: 4.2 £ 1.2 WD - [CJDijets 1 o = []Dijets 3 it . D-'E"E_u_gg ~ 1-24_055 IDD:_H-H
3 ATLAS 1 3 - : Ztjets 0.19 £ 0.15 0.08 £ 0.08 0147514
< . =, - - fakes —0.02 £0.02 —0.05 £ 0.04 0
g 10 _E E - . single top D.DBfg:gg Dﬂﬁfggg 0. 1[-} + 0.07
. 1= _ WW+WZ+7Z7 0.09 + 0.03 0.06 £ 0.03 0.15 £ 0.03
. = . COSIMICS 0 —0.20+£0.18 043+ 127
= - - total D.Qlfg-gﬁ{uncorr.):tﬂ.l4{r;:0rr.) l.43fé-i§{uncorr. 120,28 (corr.) l.SQfé-igiuucorr. 120.23(corr.)
Background determination: fakes i L ]
1l Considering MET>150GeV, we observed 9 events when SM predicts 3.7 (+2.2 -0.9) events for 34.3 b_l. The excess
107
= - , is in eu and pp.
Estimation done for 6 combinations: % T ’ ] % 3 The probability for the SM background to exceed the number of observed events is 14% and 13% for ep and pp.
(SS, OS) x (ee, uu, eu) U I TR I Sy E
e SS: fake contribution dominant. Well described. E _ ' *"‘F‘Ht‘*ﬁ . E sz o _ _ _ _ _ _
e OS: fake contribution less important Q - : - : Limits can still be set on the existence of new physics which produces OS di-leptons (Ieptons with PT > 20 GeV
0 100 150 200 250 30 300 .
and MET > 150 GeV) :
Matrix method m, [GeV] m, [GeV] e ee: cross-section x BR x acceptance < 0.09 pb
e Define two lepton definitions/qualities, one “loose” (L), the other “tight” (T). e eu: cross-section x BR x acceptance < 0.21 pb
e Define a “real” region where leptons (R) are expected to be real (from Z, W) OSSF: Z totally dominates before MET cut OSDF: ttbar main background above certain m(ll) e uu: cross-section x BR x acceptance < 0.22 pb
e Define a “fake” region where leptons (F) are expected to be from jets
e Find the probability that a real/fake lepton also passes the tight definition. This gives _ _ MEUGRATCMSEM: tanfi= 3, A =0, p=0
the real and fake efficiency (“rate”), r and f. Note the appI'OXImE.lte equal'lty betwe.en OSSF and OSDF ttbar g G L 1 e e [T T T T T T T 1T T [ T T T T [ T T T T T T T T T T T T =
e Then count the number of TT, TL, LT and LL in the Signal Region of the analysis Events are appropriately weighted with B, ¢ and 7, 3pg E- L7 = 385 R JEaT Ty —— Cozenved Imit 25% Tl S
e Invert the matrix and get the number of RR, RF, FR and FF events in the SR. :F Z-leplon S analysls --—-- Medan sxzecad 1Tk 3
) . i o . 280 - ) B =t .
Nrr I rf fr 11 Nir 4 260 I R :
. _ _ _ MC predictions (34.3 pb ) _ / —— s 2 ]
NTL B r(l—r) r(l—f) f(l_r) f(l_f) NRF ete’ eyt uEp® = 240 F  mmtcen ml:|:l:l§:-i:|.-=l:l.111'h'1 =
= - - - - = 5 otal sys. | stat. : =
Nir (L=r)r (L=n)f (1= 1) (L=-)f || Neg 7 37203 | 08205 | 7.004 _ —— : = 220 o B o 53, tanpes, 21"
: \ : : : : - - Dibosons | 0.30+0.02 | 0.3620.03 | 0.61£0.03 I - e . e -]
— — — — — — — — 200 B —
Nl ((E=n)=r) (=n)(=f) (= A=) (1= )T = P NFF] Drell Yan |  0x0 0+0 0+0 Dibosons | 0.51 0.12 | 0.043 60 3
Z4jets 0.4+0.2 0.4+0.2 1.0+0.3 - : - =
The method is validated with collision data, in a control region where one of the two electrons has Er W ‘], 020 0+0 0+0 D1e111 Yan 0 0 0 160 “E-s.)?_m =
between 10 GeV and 20 GeV and the other still has Er above 20 GeV. TIets + + Z+jets 0.89 0.54 0.35 —
Dijets 0+0 0x0 0+0 W+jets 0 0 0 140 1 =
* For MET>100 GeV, no event is observed; the estimation is 0.05 + 0.05(stat) + 0.02(sys) events Single Top 0«0 1+0 1 +0) Dijets 0 0 0 120 E
; -
MSSM27T 13.8+1.2 45407 16.2+1.3 100 150 200 250 300 350 400
Background determination: cosmic muons Data | 443219 | 13+4.7:36 [13+4.7:36 Suc =151 1sys)+0.87(stat.) e
Sobs. =1.98+£0.15(sys 5)+0.02(sy5.- )£0.06(s15.,)
Cosmic muons enter the analysis in: Cuts Data  Estimated cosmics -ttbar: still some, but subtracts to zero .
e ey, if a cosmic muons is incident with a collision event OS5 ey 131 —314x3.34 _ MEZUGRA/CMESH: lar =3, & =0, 40 L™ = 35 pb, JET TaW Conclusions
e 4’4 if both incoming and outgoing is reconstructed Ezis > 100GeV 13 042+ 1.07 -Diboson: significant in all channels, also 3 =L ﬁfL:ﬁISIF;réiilmlir;a}yl T T T e L
within the same event ET5 = 150GeV 4 -0.20+1.18 after flavour subtraction o 300 2-laplon Navour sublrachion anahsis memmer Wil Spectsd limil 3 I presented the details and results of three different searches for two-lepton, high missing transverse energy events.
_ _ _ E 280 N B = — These three searches when carried out in parallel are sensitive to a variety of supersymmetric decays. These analyses
Estimation method S5 ep 3 0.69 + 1.4 - Others (including Z): nearly consistent 260 & a7 LEP2, E observed no significant deviations from Standard Model predictions.
e Use the transverse impact parameter in an additional “quality” ETT = 80GeV 0 0+ 1.17 with zero 241 Eiat [ poxs i, E During the 2011 we hope to collect a fb™ of data. In this way, we’ll be able to extend the Tevatron limits on SUSY parameter
cut to select cosmic muons; Eris = 100GeV 0 0+ 1.17 _ _ i e T ] eaguenzim’ 3 space...
“cosmic-loose” and “cosmic-tight” (passing this new cut) - Some excess in data relative to SM 220 I cCF §.3. tankst, 2 3
e obtain cosmic and collider efficiencies for “cosmic-loose” Cuts Data 2 cosmics 1 cosmic estmation, ey agd uu, not present after 200 —
to also be “cosmic-tight” from calo-stream and MC OS 1 12772 930+319 B663+ 1149 flavour-subtraction 180 E
e The number of cosmic events in SR are estimated Ersiss o 100GeV 13 003+1.20 -139+1.43 e
for the ep and pp channels using matrix methods. E:’:"'” = 150GeV 4 001120 -043+1.27 180 ‘E‘-T;""-._—;_; Ref crences
140 -
Results SS 3 7122150 —030:1790 100 = The ATLAS (_?ollaboration, Search for an excess _of events with an identical ﬂavour_ lepton pair and sig_nificant missing transverse
e Consistent with zero, but considerable uncertainty E™e > 80GeV 0 0+1.20 0+1.24 ; momentum in ~/s= 7 TeV proton-proton collisions with the ATLAS detector, ArXiv:1103.6208, submitted to EPJC
e Upper bound: Ncos < 1.32 at 68% CL, Ncos < 3.45 at 95% CL Epes = 100GeV 0 0+1.20 0+1.24 &0 100 160 X0 260 g0a g A0 _
M, [GeV] The ATLAS Collaboration, Search for supersymmetric particles in events with lepton pairs and large missing transverse
momentum in ~/S= 7TeV proton-proton collisions at the ATLAS experiment , ArXiv:1103.6214, submitted to EPJC Letters
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