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SIGNATURE NEW PHYSYCS MODEL

3L+ MET Weak Gauginos RPC
4L + MET Weak Gauginos RPV
3L, 4L H*
3L W', pr
4L Graviton
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Why Weak Gauginos ?

* No strongly produced SUSY observed by current searches

e squarks and gluinos may be too heavy to be directly produced at high rate
*  Weak gauginos mass could be in the ~100 GeV range

* based on naturalness arguments

* favored in decoupling scenarios

* Cross sections higher than for strongly interacting sparticles at 7 TeV!

Squark-gluino-neutralino model, m(Z?) =0 GeV

S‘ 2000 T l ! l l T 1 l T T T I L I B I | I I T
@ N ] ATLAS Preliminary ] B N
g : | I= Combired : 1 E =
% 1800 |— —— CL, cbserved 95% C.L. limit — - =
g - ! ===s CL, median expected limit ~ _| C W* +7 W‘ 7

~ - Y - Expected limit +1 o : ' 271 271

= 1600 [ Mo [} ATLAS EPS 2011 = W =
= B S _ [Ldi =271 \s-7 TeV = I 3
w | ~ . -~ - .
B .. , R i
1400 | R = 2l —
1200 |— = C ]
L =107l ] - ~N ~ —
- ] g el TN 3
1000 [— . - Yo YN 3
18 - - ’Q,. ~ <
|- IR - _ 74 [~ ', -
- ] L A N =
E 0 . arXivi{201.5382v1 -

600 _I 1 11 I 1 1 1 1 I I-r-3 l 11 1 | I 1 1 1 3 l 11 1 1 l L1 1 N 5 1 1 ".l | l 1 1 1 I 1 1 L 1

600 800 1000 1200 1400 I1 600 1 SOOG %ooo 500 1500 2000 2500
gluino mass [GeV] m§ (GeV)

5/3/12 A. Canepa (TRIUMF) A



RPC Frameworks

pMSSM Simplified Models

* MSSM with 19 parameters « Model defined by a TeV scale effective

* CP conservation, minimal . _ . . .
S . lagrangian describing particle and iteractions
flavor violation, negligible

trilinear couplings for 1%t and « Mass degenerate C1 and N2 (wino like)
24 generation, degenerate N1 (bino Iike)

st nd i
A 2T R BR into LH sleptons /sneutrinos set to 50%
sfermion masses

* Heavy squarks, gluinos and
LH sleptons, tanB=6, m,=500
GeV

* RH slepton masses in
between N1 and C1

* M1, M2, u free parameters

LH slepton midpoint between N1 and C1 mass

C1=N2 and N1, free parameters

Production of CIN2

Production of CIN2 dominant,
contributions from CN;
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Overview of the 3L Search

Weak Gauginos’ leptonic decay lead to 3L+MET final states
Heavy neutralinos decay via sleptons and Zs

OBJECT SELECTION EVENT PRE-SELECTION
* Lepton (electrons, muon) p;>10 GeV * 3 Isolated leptons
* At least 1 trigger electron (muon) with p;>25 (20) GeV * 1 SFOS pair m;>20GeV

Dominant Background in the SRs:
— WZ/y* and tt

Negligible contributions due to:
— 77, ttV, V/tt+heavy photon, Z

Z-enriched Signal Region (SR2) Z-validation region (VR1)

: — 3L; MET in [30:50] GeV
* Z request (10 GeV window) o _
« MET > 50 GeV tt-validation region (VR2)

— 3L; MET > 50 GeV; no SFOS pair

Z-depleted Signal Region (SR1)
» Z veto (10 GeV window)

* no b-jet candidate
* MET > 50 GeV
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Background Estimation

Real leptons: W, Z decay; Fake leptons: HF decay, conversions, mis-id LF

* Irreducible background (3 real) estimated from MC

* Reducible background (at least 1 fake) estimated with data driven ‘Matrix
Method’ depending on real efficiencies (€) and fake rates (f)
— Bkg. from heavy photons estimated with data driven ‘Weighting Method’

— 2L events scaled by the probability that a heavy photon is emitted and decays asymmetrically
into one identified muon

(Nrr) €16 €1f2 fie fifz Y (Ngr)
Nrp|_| ea(l-e) el(l - f2) fi(l -e) fil=f2) | | Nrr
Ny (1-e)e (1-e)f2 (I-fMe (1-/fDr Nrr

WNer) \(-e)l-e) (I-e)l-f) A-)d-e) (1-1)A-12)) \Nrr)

; i] ; 7 * i : type of fake (HF, conversion)
f;{;R = z:i,j(sfl X R)éR X f”) * j : type of process (tt or V)
* sfi : scale factor of fake type i
Fake rate determined as weighted * Ril, . : MC derived fraction of fake type i process j region XR
average on type and process « fii : fake rate of fake type | process j
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Results for 2/fb
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Selection VR1 VR2 SR1 SR2
tt W*/Z* 1.4+1.1 0.74+0.6 04403 2.7+21
ZZ* 6.7+1.5 0.03+0.04 0.7+0.2 3.4+0.8
wz* 61+11 0.440.2 1142 58+11
Reducible Bkg. 56435 14+9 14144 7.5+3.9
Total Bkg. 125437 1549 2645 72+12
Data 122 12 32 95
[T T T [T T T Dominant systematical uncertainty
<-Data20t  [[wz l: \5=7TeV det=2.06fb‘ E .
% Total SM * PDF uncertainty on the acceptance for

the irreducible background

» Statistical uncertainty on the fake rate
estimation for the reducible background

Signal Region p-value
SR1 19%
SR2 6%
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Interpretation of the 3L Results

Model-independent A€ .0 95% C.L. upper limits

Signal Region Exp.
SR1 7.1fb
SR2 14.1 fb
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Overview of the 4L Search

BC1 Scenario
RPV within mSUGRA/CMSSM

Relatively small RPV coupling lead to LSP decay => Stau LSP decays promptly

final state with 4 or more leptons

Final state sensitive to the production and leptonic
decay of N2N2 as well s

II./'/L (:‘1/1,)
OBJECT SELECTION

* Lepton (electrons, muon) p;>10 GeV
* At least 1 trigger electron (muon) with p; >25 (20) GeV

Z-enhanced Signal Region (SR1)
* Z request (10 GeV window)
* MET > 50 GeV

EVENT PRE-SELECTION Z-depleted Signal Region (SR2)
* 1 SFOS pair m;>20 GeV * MET > 50 GeV
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Background Estimation

Very small background!
— Dominant contributions due to ttV, ZZ, Z, WZ, tt

Estimated from MC
— Except for negligible contribution from Z+heavy photon

— 2L sample scaled by the probability that any of leptons emits a heavy photon
decaying into a pair of leptons

ZZ- Validation region VR1
« 41, MET < 50 GeV

Control Exp.

tt-Validation region VR2 Region
« 2L, 2 anti-isolated leptons 77 2345 20
« 1 OFOS pair, 1 b candidate tt 8.4+0.8 8

« MET > 50 GeV
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Results for 2/fb
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Interpretation of the 4L results
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Overview of the Exotics 3L Search

Several models for New Physics produce to a 3-lepton signature

OBJECT SELECTION EVENT PRE-SELECTION
* Leptons (electron, muon) p;>20 GeV * 3 Isolated leptons
* At least 1 trigger lepton with p;>25 GeV * no SFOS pair m;<20 GeV
Nominal Signal Region Samples for background determination
* Z veto (10 GeV window) - Z-dominated sample (1 fake)
Tighter Signal Region « Zrequest (10 GeV window)
* Z veto (10 GeV window) « 2L+1 loosely isolated lepton
* lepton p;>30GeV « MET < 50 GeV

 tt-dominated sample (1 fake)

 Dominant Background
« eu+1 anti-isolated lepton, MET > 20 GeV

— tt,7Z
- « W-dominated sample (2 fakes)
* Smaller contributions »
« 2L+1 anti-isolated leptons
— W, diboson
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Results for 1/fb

Process Yield (nominal signal selection) | Yield (tighter signal selection)
Z+jets 79 +32+24 10+15
tt + e Fake 39+1.6+0.5 1.1 £05+£02
tf + p Fake 48 +0.6+02 09+0.1+0.1
Z— TtT+jets 0+0.6 0+0.6
Double Fakes 5.1+ 1.1%17 02+02+0.0
Diboson 3604 1.5+02
Single Top 0.1+0.1 00+00
ti+W/Z 0.5+00 03+00
| Total Background 259 +3.8+43 49 +16+09 |
Data (p-value) 31 (27%) 6 (33%)
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Results for 1/fb

Process Yield (nominal signal selection) | Yield (tighter signal selection)
Z+jets 79+32+24 10+15
tf + e Fake 39+16+0.5 1.1+£05+0.2
tf + u Fake 48 +0.6+0.2 09+0.1+0.1
Z— 1T+jets 0+06 0+0.6
Double Fakes 51+ l.lf{:Z 02+02+00
Diboson 36+04 1.5+£02
Single Top 0.1+0.1 00+00
tt+W/Z 05+00 03+00
| Total Background 259 +3.8+423 49+ 1.6+09
Data (p-value) 31 (27%) 6 (33%)
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Interpretation for the 3L Results

Signal Region Exp. Obs.
Nominal 28 fb 38 fb
Tight 11 fb 14 fb
=10*F A L 7
= E ) signature (I=e,) f L=1.02fb" fs=7 TeV : DOUBLY CHARGED HIGGS
¢I | =——e— Expected limit at 95% CL —e— Observed limit | ATLAS Like-sign Dimuon search set 95% CL
? 10 Expected limit + 1o Expected limit+ 20 _| limit of 244 (209) for LH (RH) doubly
o F _ 3 charged Higgs
a Coaeee-- Right-Handed Theory ~  ------ Left-Handed Theory
© i
i ATLAS preliminary |
) EXCITED ELECTRON NEUTRINO
10° E
] 41 pb for 200 GeV mass
34 pb for 300 GeV mass
Sro — — e
10 H1 excluded excited electron neutrino
T with mass < 196 GeV at 95% C.L.
100 150 200 250 300
M,.- [GeV]

ATLAS-CONF-2011-158




Overview of the Exotics 4L Search

Doubly-charged Higgs, extra gauge bosons, seesaw mediators,
lepto-quarks, Technicolor could have a 4-lepton signature

OBJECT SELECTION EVENT PRE-SELECTION
* Leptons (electron, muon) p;>15 GeV * 4 Isolated leptons
* At least 1 trigger muon (electron) with p;>20(25) GeV * no SFOS pair m;<20 GeV
Signal Region Irreducible background (4 real)

— /7
— Estimated from MC

» Z veto (66-116 GeV window)
* Events classified by dilepton

pair class: * Reducible background (at least 1 fake)
a) 2SFSO - WZ, 27, tt
b) 1SFOS

— Data driven weighting method based on
rescaling 3L+1 ‘lepton-like jet’ and 2L
+2‘lepton-like jets’ samples by the lepton-
like jet mis-identification probability

c) No SFOS
d) 4SS
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Background Validation

 Muon-like jet, muon candidate failing isolation

* Electron-like jet, clusters in the EM calorimeter matched to an ID track
failing either or both the ID and isolation requirements
* Probabilities for lepton-jet to be mis-identified measured in QCD data
— Same method applied in MC and difference taken as system.
— Systematical uncertainty of 30-100% cover for the flavor composition

Process ete ete” ;ﬁu‘;ﬁu‘ e+e_u+,u,_
ptpu—ete” ZZ Control sample
ZZ 1.3£01£01 25+£01+£0.1 3.6+£01+£0.1 2 SFOS pairs in Z
. +0.02 +0.02 +0.9 +1.0 +0.8

Total Bkg. 1.3+£01+01 2.7 09+03 3.6 10 708
Data 2 § 1

Red. Bkg Irr. Bkg Obs. Z+fakes Control sample

0+1.3+0.8 0.15+0.01+0.01 0 No. SFOS pairs <2

SFOS pair in Z window
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Results and Interpretation for 1/fb

Process Total e‘eete” T eTe T uuete
ZZ 0.10+0.01+0.01 0.02+0.00+0.00 0.03+0.01+0.00 0.01+0.00+0.00 0.01+0.00=+0.01
Fakes 0.6172 *221  0.01 +0.01 +0.01 0.00ﬁ(')% Y 0.00* 30 025 0.0070:05 *o00
Total Bkg. 0.71% % 021 0.02+0.01 +0.01 0.03*50% o 0.01%193+0750.01 + 0.01 + 0.01
H35 127+0.04+0.03 0.05+001+0.01 0.09+0.01+001 0.13+0.01+0.01 0.16+0.01+0.01
Data 0 0 0 0 0
Process e“e tt urutt e*utet 4 same-sign
ZZ 001+0.00+000 0.01+0.00+£0.00 0.00+0.00+0.00 0.01+0.01+0.00
Fakes 0.6119% + 051 0.01#103 075 0.007103 +075 0.007103 075 ATLAS-CONF-2011-144
Total Bkg. 0.6179¢7 +0.51 0.02% 505 oo 0.007 505 *oo 0.0175%; oo
Hyo 030+0.02+002 037+0.02+0.02 0.18+0.01+0.01 0.00+0.00+0.00
Data 0 0 0 0
> L N L B L B L B L o) T T T ]
(¢)) 10 §_ ATLAS Pre’iminary _[L: 1.02 " * Data _§ = ATLAS Pre’iminafy —@— Expected limit at 95% CL
(O T I - Uncertainty 1 O | O ranroenimrrey ST s
<L b HD Bz S RS vl
_9 E ) 3 — H"H" = T ----- Right Handed/Doublet theory
c - - 3 102 I 00000 N Left Handed/Triplet theery 7
5 | | &
10" T El
10-3": J| Ll i .|....|....|..._
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Entries / 40 GeV

41 Search for ZZ Resonances

http://arxiv.org/abs/1203.0718

] _ SIGNAL REGION
Models of warped ED predict the existence 4 1solated leptons
% . H . .
of G* with enhanced coupling to 22 * 2 Z candidate [66;116] with m,, > 300 GeV
Process Total ) o
77 19L01+01 * Largest excess with p-value 7% (1.50)
, +1.0 +0.8 . : :
Misident. leptons 0.02 Z5.01 Lol02 * Single mass-independent counting
FIOF0E .
Total Bkg. 1.9 Tg'y Zo1 experiment
Data 3 — 95%C Lupperllmlt on czzﬁd—092 pb
LI LB I LR B LB B L o) T T RN T T T
10° ATLAS -e-Data Qo L B —o— Expected limit at 95% CL _|
. ZZ I(I\ - 4| —&— Observed I.im.it at 95% CL |
pE eIy frasioen' oeem 3Nl o ATHAS moi
10 G*(500) *T . ‘\‘\‘J.Ldt= 1026 Vs=7TeV RS1 Graviton (kI =0.1) =
10° --- G*(750) O] - e N
10 ---G*(1000) %’ : ST —o— - - :
e Mowly o wmeo x L : _
10" D D E 4 |lepton final Stg‘te optimal in E
102 1 gk\\\\\\ l' ' ' T - the low mass range -
s \\\ W :-- S | (compared to lljj state) ]
107 200 400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600
m,, [GeV] Mg+ [GeV]

Tevatron Limit
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3L Search for WZ Resonances

Search sensitive http://arxiv.org/abs/1203.0718
to heavy particles predicted by Extended Gauge Models, Extra-Dimensions Technicolor

EVENT PRE-SELECTION

OBIJECT SELECTION * 3 Isolated leptons

* Leptons (electron, muon) p; > 25 GeV * 4 flavor combinations analyzed separately and
then combined

 Dominant background

— W tt,7
Signal Region : :
: :  Smaller contributions
* Z request (20 GeV window) _ 777Y
« MET > 15 GeV ' .
* All background determined from MC
* My > 25 GeV except for the Z that is determined from
* MTWZ > 200 GeV data

— 2 isolated leptons + 1 lepton failing quality
requirement (ID: electron, isolation: muons)
sample scaled by the mis-identication fraction
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Results for 1/fb

Samples for background validation

Signal region

S L LR PV Combined
wz ]
MET < 25 GeV | mzz 3 W2z 34.6 = 3.1
[z _: _
for the Z I'+jets . ZZ 17 : 8;
i3 E Zy 23+ 1.1
o[- E £l + jets 6.4+ 1.07 32
4 \ e Overall backgrounds 450+ 1.0 = 2§
2k \ =
E .I_Wu.l.uliﬁ—.—v...: Data 48
8o 70 80 90 100 110 120
my [GeV]
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?1_) 16[— | " daazott - ° 107 ! ! ! ! . data 2011 3
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for the WZ [ Z+y e % 1oL ” J Ldt = 1.02 fb m Jets _
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C ] B . HZ‘ 1 [_1p;(500 GeV)
8:— —: 1 ’;-l: = ¢ 2 stat @ syst -
6F E S i
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o x BR [pb]

Interpretation for the 3L Results

EGM

* Couplings of W’ to SM particle as
in SM except for
m.,,m
— W7
Ewwz = 8wwz 2
W|
* Tevatron 95% C.L. at 690 GeV

Low Scale TechniColor
« Narrow resonances (p;, ar)
« Tevatron 95% C.L. at 408 GeV
« Assumptions
© Myr=Mmy +m
* my;=11x my
« Unpolarized W and Z decay

> UL LI LI LI L L UL UL E T T T I T T T T | T T T T T T T T I T T T T | T T T T
(%, T | | | | | T ] Q. [ ]
- 7, ATLAS Homowows | @k ATLAS 445 olpp b, ;> W2)
%y o | s . . . L.

B "‘/yy& Limit at 760 — . Expected Limit > 10 "/7;,’&,‘ Limit at 467 GeV Expected Limit -

10k 5, GeV/ Expectedtic _| © L%, (483 GeV using W’ [l Expected 1 3
- ‘. = _
: ‘/3/,,& Expected + 26 E "/f,&&a ccep tanc e) Expected + 26 -
B ‘&,& —e— Observed limit ] %, = Observed limit
. /y"//, ] B .
L ‘%, _
B y”&/,/y \'s=7 TeV B i \'s=7TeV 7]

2,
L ///,4/‘/,},// ] y
- ~ /‘,4/,/, = — =
- ~ "Xa ] C o =
: det: 1.02 fb" — %, = - _[Ldt =1.02fb" % —
- /// - - ?//o/ —
pa o by by by by by /l‘/yl’//(/l L1 PR TN T T T T ST W NN ST S S T ' L |///.//T;‘/§/V P
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800
my, [GeV] m, [GeV]
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Summary and Outlook

Strong physics case for multilepton searches at the LHC

— From theoretical point of view
* SUSY, EGM, ED, Technicolor, excited neutrinos, etc
— From experimental point of view
* very sensitive probes for NP thanks to a low expected background

ATLAS has developed a broad programme of searches in the 3L and 4L
final states

— Model dependent searches aiming at most likely discovery and Model
independent searches aiming at largest coverage of parameter space

— Searches for non resonant and for resonant NP
No deviation with respect to the SM expectations observed
— Most stringent limits up to date

— 5/fb searches well underway

Large dataset will be collected in 2012!
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Exotics 3L: Background Estimation

Irreducible background (3real)  Ny%, = Rio:Ruer - Rmy- Ngpy paa — Nsoatc
estimated from MC NSR
Reducible background (at least Ryer = NSR’,MET
1 fake) NZS:?:C
— Z: Z-control sample scaled to Ry, = g}ét/lc
account for the MET, M, and Nyvic

the loosely isolated-lepton

>

requirements s

— tt: measured in tt-dominated g 400
sample and scaled to SR using 2 -
MC predictions *F

— W: W-dominated sample 20
scaled by the probability both } gi,&
leptons pass the isolation 1o 4@
requirement - »*«

qO 30
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