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_ecture Overview

QPart | : Ingredients needed for a A Part Il : Status of SUSY searches
SUSY search at LHC at LHC & Prospects
400 m hurdles Edwin Moses, , 400 m. hurdles (47s75")
First (bUt |aSt) sections :‘llgohmurzerzrt]o clear Result (Iast) section of os e Olympl -
of the SUSY papers oo SUSY papers
1. Motivation
2. Detector description
3. Monte Carlo Simulation 1.R-Parity Conserving [RPC] inclusive searches
4. Object Reconstruction 2.Natural RPC: stop, sbottom, EWK-inos
5. Trigger & Event Selection - Lived -
L .Lon r
6. Background Estimation ong Lived particies
7. Systematic uncertainties on 4.R-Parity Violating [RPV] signatures
background estimation 5.Monojets €<-> Dark Matter production = see ban Hooper
8. Results

9. Result Interpretation 6.MSSM Higgs Searches  see vivek sharma

7.Future prospects
TODAY ! — ] TOMORROW !

10.Conclusion
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_ecture Overview

O Part | : Ingredients needed for a
SUSY search at LHC

400 m hurdles
= 400m to run

First (but last) sections 3 10 hurdles to clear
of the SUSY papers

}—»“What drives the sensitivity to SUSY at LHC ?”

"l am sure we all agree that a giraffe is
truly beautiful, but she doesn’t seem to

1. Motivation serve any purpose”.
2. Detector description J. Weiss (1974)
3. Monte Carlo Simulation
4. OPJeCt Reconstruction _ “Pure logical thinking cannot yield us any
5. Trigger & Event Selection knowledge of the empirical world; all
6. Background Estimation knowledge_: qf [eality starts from experience
_ o and ends in it.
7. Systematic uncertainties on A. Einstein (1933)
background estimation
8. Results

9. Result Interpretation
10.Conclusion

TODAY ! — ]
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Motivation

Except (yet) for P. Higgs
-- From SLAC

Standard Model (36+1 artic'es -3 force ) Selected Nobel Prizes since 1957
S
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Rubbia Higgs

» Space-time
(4 dimensions)

* Global symmetry
(Poincare-Lorentz)

Feynman « Gauge symmetry

T T -S¢ w‘i\nger ' SU(S)égBU(Z)L@J(l)Y&WSB
AR SUB)Y Uy
’:’: Mg obay
‘_. Lo0dd \/ —— AdS/CFT
Supersymmetry (SUSY) Extra Dimensions/Technicolor

= New symmetry between boson & fermions (broken) following SN dimensionsinteractions/substicire
generalisation of space-time symmetries

» Higgs (H) mass stabilized - AL () IEED Sl Ak
= New particles at = TeV scale (2xSM) weakly coupled to H >New particles at = TeV scale, strongly coupled to H

+ Force unified at 2 10%*¢ GeV, Dark Matter candidate, gravitation
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SUSY at LHC (1)

Q Theoretical framework used for SUSY searches at LHC

= Concentrate on SUSY models that give new particles in 100 GeV- 1TeV range !
=> By default here SUSY = weak scale SUSY = Minimal SuperSymmetric Model (MSSM)

= A wide spectrum of SUSY models on the market

MSSM with R-Parity Violation NMSSM
Lepton/Baryon Number Violation, Additional light scalars (Higgs,
lepton/jet Resonance scalar gluon), Resonances

MSSM-105 (N=1) with R-Parity Conservation
K Simplified MSSM (MSSM-24, pMSSM-19)

oM SSM-5: GMSB(GGM) AMSB CMSSM/mSUGR A
Y\e\“ TeV range new particles: Long decay chain, Dark Matter
ey?\ candidate (LSP), mass degeneracies
66
Split SUSY Simplified Model Stealth SUSY
Long Lived particle Mimic SUSY topologies Compressed spectra

= LHC SUSY Analyses are interpreted in those models
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SUSY at LHC (2)

Q General (weak-scale) SUSY features
= 105 model parameters in the MSSM

= Not swamped by SUSY particle: SUSY is broken , but how ? (several models xxSB)

» R-parity (Pg or Rp)= -1 SUSY, +1 SM

MSSM: 29 sparticles + 5 Higgs undiscovered

Some key parameters of MSSM

* L= SUSY version of the SM Higgs mass
« tan 3 = Ratio of vacuum expectation values of H /H
e my =Mass of h% mg2< M2+ Am,4? (A, tanB,p,m; ,,m,v+)

*m,= Mass of A° 1 2 7 tangﬂ - uQ

]\[2 - My, — Mg,
em,+=Massof H*"- 27"

tan® 3 — 1
*m, 2,m, 2from SUSY breaking
» My2= Squark 3x3 mass term
* M, 2= Slepton 3x3 mass term

=m,? at GUT scale*

* M= Bino mass term
* M,= Wino mass term
* M,= gluino mass term

=m,, at GUT scale*

Names Spin | Pr | Gauge Eigenstates | Mass Eigenstates
Higgs bosons | 0 | +1| H) HY H; H; | A" H° A" H*
. U Un EL Eﬂ (same)
squarks 0 -1 i1 &p Cr Cg (same)
i, Tr by by £, T by by
EL ER De (same)
sleptons 0 | -1 Br fig U, (same)
TL TR Vr Ty T2 Ur
charginos | 1/2 | -1| W* HI H, g e
gluino 1/2 | -1 | g T (same)
Geaitine) | (/2 | ~1 @ (same)

* A, qe~Yukawa-like 3x3 matrix =A; at GUT scale*

= A new world to explore (if it exists). Will take decades !

* In Planck scale-mediated SUSY breaking models like mSUGRA, ** v=v/(v, 2+v 2
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Parenthesis on the Higgs

O Higgs and (weak-scale) SUSY in close relation See M. Papucci
Ms SUSY
= CF T L NUAM e 5
< — —— MSUGRA (0]
EW scale 5 13°F veMssM Gmss 3
= L NMSSM AMSB E
130 [
125/ [
120j \51 %
1150+ - ¢
i 1™
Mo-——Fg——"326¢ 30 46 50
tan B
=>» Already huge constraints on simpliest SUSY models
GUT scale
Planck sca

These lectures ! See V. Sharma

=>» 1) Direct SUSY search and 2) Higgs are equally powerfull tools to discover SUSY
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SUSY at LHC (3)

L Some guiding principles for the mass spectrum
= At least one low mass Higgs -~ Higgs of Standard Model

11sY2nd generation squarks, sleptons heavy and degenerate  to avoid Large CP violation/FCNC

34 generation and gauginos = Higgs Bodyguards: M(t, b, ¥*0) <1 TeV, M(g) > M(X*"/°)

to naturally cancel the Higgs mass divergence via top, W, Z loops

Nature of Lightest Supersymmetric Particle (LSP): )~(1°, G, T

Mass Spectrum can also be quite compressed i.e. harder to discover at LHC

800

A Natural Spectrum. [ Point SU3 .
General “bottom-up” viewpoint | | @ ____ '
M i o b | 600 1 ——
: | “Distant = A typical point
1TV | | . Cousins” - i %2.%2 | in mMSUGRA:
The “Nuclear Family” | 2z B o N 9 m,=100 GeV
z ! L o '
of the Higgs o g 4001 fl’f;gg GeV,
500 GeV_| f Li3L Workshop L. ) t iy -‘6 |
B ‘ = - 8.5t anp=6,
ul M g () 21-Octl1 200 g ‘ sgn(y) = +
- h+ = . T mmae ~
0 ()5 . h
O | ISR NN SR TR T NN ST SO N N
«—— Closeness to Higgs J=0 J=1/2

=>» Experimental inputs are vital to make progress !
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SUSY at LHC (4)

O R-Parity conserved =» sparticles are paired produced at LHC

“Dedicated” searches a(pb) N(evt) produced in 2011
g < Prospino2.1
8 T 200008 10 :‘ N ] o
o N E
p N S - 0, [pbl: pp = SUSY VS =7TeV ] g “Energyfrontier/generic” searches
8 -i: [ § > | JrTTT
o) /
>’mr % ° :3)
7 ; ) - 1000
Note: no t channel, o lower 'c% [\
~ 1 I v
q —%(L) %g aa i k
q- - 11100
g | 2l NN Tt em o
2
y _ a
X T
o
a r v | | [ i p L l 1 L 1 |9
20 100 200 300 400 500 600 700 800 900
[GeV]
avcmgc
q r\Jy

Spin structure of SUSY spectrum (ots of scalars) : lower ¢ than other BSM models
=» Searching for SUSY often means building dedicated/refined analyses
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SUSY at LHC (5)

1 Once mass spectrum known, theoretically computable

decay rate

= Mix of on-shell (2 body decay) and off-shell (3-body decay)

MSSM: 29 sparticles + 5 Higgs undiscovered

Main decay channels in MSSM

Names Spin | Pp | Gauge Eigenstates . Mass Eigenstates
_ . — | h->bb,WW,TT; H*->hh,WW,tt,bb; A®>tt,bb; H"> Tv,th|
Higgs bosons | 0 | +1| H] HY Hy H; | n" H® A" H*
U Un EL Eﬂ . (same) ~ ~ - —_ ~ qLeqi O’q’i +- (’)v( OWin(
Oa'y - agw® 1(2 1 2
squarks | 0 | 1| 5 5,8 & (same) qeq%q X, dX, W Xlg{é—luRéq'f( (0)(5(, 0hino)
Biabibn | HEHEE [9>0d, qaX %00 X, L RONG
EL ER De (same) — — — — —
sleptons | 0 | =1 |  fip fig U, (same) I%le(z)o,vxl’f" o |L9|X1(2)°’V|X1+/_ (X,” wino)
TL Tr Ur T T2 Ur udvy 01y +- T D 0/(S Ohi
| | VovxX. X 1.>1% ° (x °bino
neutralinos | 1/2 | -1 E:l) :ﬂ\;’_ﬁl I?(g ﬁ’; i N, N, Ny N, - % 12 ¢ 3: e ~R0 T)I(l ~(X1~ )
chargines | 1/2 | -1| W* H {-}E | &= & >_E1(2)+/_9W (*?(_}0 ' Z(*) _2(11_’ » VV, qq’
gluino | 1/2 [ =1 g (same) X]_(z) >W Xl , Z Xl , 1V, VI, aq Electro-Weak
Eonving) | 3y | 1 G (same)

=>» Predictable but huge combinatorics: (Possible decays) x (mass spectrum) !
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SUSY at LHC (6)

 R-Parity conserved =» cascade of particles + Missing Energy

= SUSY appears as excess in tails

MSSM: 29 sparticles + 5 Higgs undiscovered

*Missing Energy=MET ()~(1°)
«“Jetty” (some from b)
*Eventually leptons
«Eventually y

STRONG

Names Spin | Py | Gauge Eigenstates | Mass Eigenstates
Higgs bosons | 0 | +1| H? HY Hi H; | h% H® A H*
U Un EL Eﬂ . (same)
squarks 0 -1 i1 &p Cr Cg (same)
i, Tr by by £, T by by
EL ER De (same)
sleptons 0 | -1 Br fig U, (same)
TL TR Vr _ Ty T2 Ur
neutralinos | 1/2 | -1 BY wo I?E I?E . N, Ny N3 N,

charginos | 1/2 | -1| W* H H, g o
gluino | 1/2 | =1 g (same)
goldsting 12 = "
f;avitinn] f3::'2} =1 G {brjl‘ﬂ[‘,}

« Missing Energy=MET 6(10)
*Jet veto
" «2 or 3 leptons

Electro-Weak (EWK)

= Generally signal acceptance quite low (~1% strong , ~10% EWK)

P. Pralavorio
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SUSY at LHC (7)

*MET=Missing transverse Energy

v'Later called «QCD»: fake MET (low MET for bb)

O Background to SUSY searches

15 SUSY and Background Cross

—&
a

v'W->Iv+jets (ISR/FSR): I=e,u, I=12>jet, vo>MET*
v'Z>vv+ets (ISR/FSR): MET+jets irreducible

—&

a
—
La

(v tt>bWbW->bqgbqq: jets and low MET (b-decay)
vit=>bWbW->bqgblv: I=e,y, I=t2>jet, v2>MET
vit>bWbW->blvblv: I=e,u, I=t>jet, vo>MET
vit+jets (ISR,FSR)

S
@ 7 vit+X with X=bb,Z,W,H, y: Predicted but not yet discovered!
/ LEP/  \/'Single top: Wt, tb, thqq

/' """""" Excluded by LHC 2010~~~ T
_____________________________ m(g,q)~ 500 GeV, m(t;)~ 200 GeV, m(x,,)~ 60 GeV

Discoverable
R | — m(g,q)~ 850 GeV, m(t;)~ 400 GeV, m(x,,)~ 200 GeV

Hard
Fo---- m?g,q)~1300 GeV, m(t,)~ 600 GeV, m(x,,)~ 350 GeV
Too Hard

Jats
]

o(pb)*100
N

m

2

o

3

- -
(=] (=]
=] =]

-
a
Eh

-
o
E=

-
o
IH

-
o
%]

=y
a

—&

=>» Need to suppress QCD / WZ / top by ~ 1010/ 10%/ 102 and estimate small remaining quantities
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SUSY at LHC (8)

U R-parity violating search at LHC

Lepton Number Violation (LFV) o

" Proton decays only forbids simultaneous violation of lepton and baryon number

Signature From H.

Dreiner

Model

Multilepton production

1)
(including taus)

2)
3)
4)
5)
6)
7)
8)

Resonances (2jets,
2X2 jets, 2x3 jets, ey,
eT, m1)

Note: Absence of Z and
Importance of taus

4 charged leptons: etet = p—
2 leptons, 2 taus: eTetTr 7
6 jets or 2 w/ substructure
like-sign dileptons + jets
dilepton resonance

mono lepton

dijet resonance

like sign ditau's 7= 7~ + 6jets

x§-LSP, LLE, 7~LSP, LLE
x{-LSP, LLE, 7—LSP, LQD
x$—LSP, UDD
\{-LSP, LQD
LLE @ LQD
LLE @ LQD
pure LQD
7—LSP, LQD

=» Generally: lower background (no LFV nor BNV in SM) and MET than RPC

P. Pralavorio

SUSY Searches at LHC

SLAC (30/07/12)
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SUSY at LHC (9)

4 Long-lived Particles (examples)
= Very weak coupling with G=LSP [GMSB] : => Non pointing yor Z
= Lifetime proportionnal to A2,A'2, A2 [R-Parity violation] =» Displaced vertex if A\,A‘,A”"<107’
= Low mass difference AM(x;*-x,°)~100 MeV [AMSB]  =» Low mtemitted, kinked track
= Stable Massive Particle =» R-hadron (g orq) or sleptons
Note: R-hadrons can stopped in the detector and decay later (stopped gluinos) or change sign

Stable
MetaStable _ _ o _
disappearing (kink) : stable massive
o track particle
Non pointing displaced T/ -7 gow (B<1
vz vertex - : long time
- primary &~ ; of fligh) penetrate
o~ verex a detector
O(1-100)mm O(10) mm O(100) mm > O(1000) mm decay length

=> Very detailed understanding of the detector/LHC beams to remove the background

P. Pralavorio SUSY Searches at LHC SLAC (30/07/12) 14



Experimental challenges

O How to find direct evidence of (weak-scale) SUSY at LHC ?
= SUSY cross-section is weak (pb-fb) and SM background is huge

= SUSY mass spectrum is unknown, but some guidelines exists

= SUSY signatures can be numerous and striking

O Experimental challenges = systematics = search sensitivity
= Changing LHC conditions (especially pile-up)
= Trigger can kill the signal ...
= Object reconstruction in hadronic environment

» Detector understanding (timing, ...) crucial for non standard SUSY

(+) Data/Monte-Carlo agreement in hadronic environment

P. Pralavorio SUSY Searches at LHC SLAC (30/07/12) 15



LHC

High luminosity, center of mass energy and Pile-upe  vents'!

= Impact on track reconstruction, object definition (jets , MET, 1/b-tagging, electron)

87 40 E ' T T T T 17 17T 17T T 1771 ' T T T T T T T T T°1 ' T T T T T T T T T°1 =
'g 35 ;_ATLAS -\|'§=-?Te\." V=T Tev Vs=8TeV _;
s 30 Online Luminosity e & —
a = ® ‘ -
g o5 ‘ —
= [T T T T T T ] 2 = < =
£ 10 ATLAS Online Luminosity — g 20 2010 2011 ¢ —
2 [ —2010pp\s=7Tev ] £ 15 r —
a L 2011 pp N5 =7 TV . 3 = =
@] . —
£ 8~ —2012ppVs=8Tev — o 10E l 2012 =
E T ] = gin —
3 . ] = ’ 3 =
o 6 ; ; 0 [l L1 1 I Y N N I N A N M| [ T Y Y S Y N s
o i ] b ppt W ot yat ppt WY ot yan ppt W od
g - . Month in 2010 Month in 2011 Month in 2012
a 4 —
i ] Z-> pu event from 2012 data with 25 reconstructed vertices
2r- B
07 L |
yat

Month in Year
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Non collision + cosmic muon

4 LHC Beam Halo, single bunch, ... (esp. early 2010 and monojet-type searches)
= All prompt RPC analysis ask for a reconstructed primary vertex
= Reject very badly reconstructed jets or EM-like jet f .= ijet(EM)/ *>01

"I pie > 002

= Use jet charge fraction f 4= Z P,

O Cosmic muons

= Despite underground, ATLAS/CMS reconstruct lots of cosmic muons (few Hz pseudo-
projective)

v' Best measurement of R= p*/pu- (CMS) while waiting for data [PLB 692 (2010) 83]
R=1.2766 £+ 0.0032 (stat.) £ 0.0032 (syst.)

= Stringent cuts (~0.1-1 mm) on d, and z, wrt to Primary Vertex remove all of them

=>Well under control. Negligible in all SUSY searches (except stopped R-hadrons)

P. Pralavorio SUSY Searches at LHC SLAC (30/07/12) 17



Trigger

O Often drive the main analysis cuts

= Work on the trigger plateau (>95% efficient, low systematics)

= Most analyses use combined trigger to reduce the p; threshold [Ex: ATLAS RPC 2011]

Object | Unprescaled thres. ‘ + ‘ .OR@ OR
. p_ljet > 350 GeV p_l_jet>130 GeV + MET>150 GeV wOR.‘OR@@

* Olepton + MET + 22-6jets p&>17 GeV + p#>12 GeV

MET>170 GeV * Olepton + MET + 1-3bjets + jets « 2leptons + MET + jet veto
(incl. direct stop) * 3leptons + MET
. pr > 25 GeV e 1-2Taus + MET + jets * 4leptons + MET
>

@ == ®000@ YO
@ P, > 85 GeV 5 jets p >80 GeV + 6 jets p 1>55 GeV 2 photons p {¥>25 GeV

« Olepton + MET/ VH; + 6-9jets « 2photons + MET

= Dedicated SUSY triggers for low beta particles, stopped gluinos (out of collision),

=>» Triggering is really challenging and may limit what we can do : soft MET, soft jet, ...

P. Pralavorio SUSY Searches at LHC SLAC (30/07/12) 18



MET reconstruction (1)

 An object crucial for all SUSY searches
. —> —> . —> —>
= Energy conservation (transverse plane) : MET = E;"o™nt = -5 E_ (calo) - < E; (muon)
» Real MET: Presence of a neutral weakly interacting particle in the event (i.e. v)

» Fake MET : Mismeasurement + detector malfunctions, poorly instrumented regions

cms pretiminary DiJet (2011) Performance inZ 9uu (2011)
T T T T ‘ T T T T ‘ T T T T | T T T T T T T T ‘ T T T T
% 10° 161 pb™' Jet Triggered Data — E _[Ldt-42fb ATLAS Prellmlnary
(O) Jet p/® > 400 (200) GeV E < Ns=T7Tev = Data 2011
~ L0 - Before Cleaning a P Fake MET & vc ot
}2 — After Cleaning 3 S i &3 MC Wz
QCJ B Simulation ] Lﬁ No pile-up suppression
10 = .
(i1 = Fake MET (high p
4 reconstruc &0
1 = 0
- N E
S0 0 00 1 | '| !
B P17 Fake MET o N :
10 (Detector problem th by, 4 g
can be cleaned) ﬁ}ér - ~
-2 T S R AN RS T R A S RO N E =
107 500 1000 1500 2000 2500 3000 o o - - == me =
ET™ [GeV]
PF E; [GeV]

=» Generally fair agreement data — Monte Carlo
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O SUSY ~ high MET : Need to remove efficiently high p

MET reconstruction (2)

T ‘fake’ jets

= Simpliest is to cut on Ag(jet, MET),,,: Ag(jet, MET),,,>0.2-0.4
= Reverting this cut provide a very nice QCD enriched sample

QCD sample (0.5<pT<1.

1 TeV)

% E . . +» True miss %WGE
S fe  ATLAS Simulation Er 2
g10° e miss s I
S F e Before DeltaPhi Cut Fake ET £ T 1:
= ! 5 \ B
<103 __‘A‘. <10 E
E a® -
E A
B .h -
I A
1[|2E ..A“ ok
- ® A E
B ry -
10 4 ;
TSRO i
L T T
1L ﬂ”f“ﬁ T% | 1
EI|IIII|I\II| 11 | ITT'TTII'IITI I\IIlTIIIlIII\l :

100 200 300 400 500 600 700 800 900 1000

. ) miss
ATLAS Simulation * True E;

After DeltaPhi cut * Fake ET"

L
HH
-
e
e

3

it

|

TI

]

|

T'M [
1]

E.Irruss (GeV)

I|IIII IIII|IIII 11| I|IIII|IIII|\III|IIII|
100 200 300 400 500 600 700 800 900 1000

ET™® (GeV)

=» Can also consider Track jet based MET, ...

P. Pralavorio

SUSY Searches at LHC

SLAC (30/07/12)
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Jet Reconstruction

O Central for SUSY searches
= Anti-kt Jet with Radius R=0.4/0.5 (ATLAS/CMS)
= Uncertainties on Jet Energy Scale (JES) and Resolution are generally the dominant exp. syst.
= Several technics to remove pile-up dependence

S 012 2010 - > 0.04——— S
_1%  Anti-k,R=0.6, EM+JES, 2.1< 71 < 2.8, Data 2010 + Monte Carlo incl jets -% _ ;ATLAS Preliminary LCW scale Vs=7TeV, |Ldt=47 ‘b_E
S 01 4 ALPGEN+HERWIG+JMMY v  Noise thresholds _' % 7F MPF Method TOTAL Data 2011 7
2 [ x  JES calibration non-closure +  PYTHIA PERUGIA2010 7] e 0 03:_ — Stat. Myl <12 3
g | o Single particle (calorimeter) »  Additional dead material o = -+- Photon energy scale ]
= 0-08__ O Intercalibration [ Total JES uncertainty ] 0.025— . -%- Jet resolution —
£ C . E Ok ~=- Radiation: p?2 =
B 0.06 ATLAS — - 0.02F =~ Radiation: Aj(yjet) 3
» L & - - -@- MC generator .
@ 0.04— A 0.01 5:_ -+ Photon purity =
= L 5 4 = | A - Pile-up =
g I T 5 o ] 001« =
'..(_.—D 0.02— + Iy o - g ob o =] _ - A 4
3 r R E ¢ ¥ g ¢ O o o (] 0.005 E 77777 - o
— [ = 8 & - e -
30 40 102 2x10° 10° 735 405 100 200 300 1000
pj_ln_et [GeV] pl [GeV]

=>ATLAS and CMS now reach the 1% level for JES Uncert. (even with high pile-up) !
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B and T tagging

A Crucial for 3 ™ generation studies !

= Combined many inputs in a likelihood/BDT to increase light jet rejection
v' b : Impact parameter, secondary vertex information

v' 1 (hadronic): seeded from jet, 11 shower shape + tracker variables

% 1()5§ LA B ||.||.|| L L L E 5105§|||| LA L A  O I\—Ef
.§ a ; JetFitterCombNN _ § 4 ; ) . lih d —
_"6 1 O 1 = JetFitterCombNNc E E 10 ? J. dt L = 370 pb ! : lee oo g
= o~ e~ mmmees IP3D+SV1 ] o] R = . . -
2 = vo E % 10° = SUSY Working Points =
- _ ] > F " «* Tight .
i Medium _ é 102 ‘l‘b . Medium =
E = E L] 3
- ] a  r ‘o, "eQ. Loose E
- 4 4 u |
i ] % i Lo ‘% .
T simulation,\ s=7 E o 10 3 1 Prong L 8 E
Eous N\s= E > £ p.>20GeV, <23 ]
C pF'>15 GeV, m*'|f2. _. ] £ B T 7
| I - 1 | L1 1 | | I | | I I | I | I | | I S | 11 L1 ‘ { I | | L1 | | | ‘ I | | L1 | L1 ‘ | .| ‘ L
d.3 0. 0.5 0/ 0.7 0.8 0.9 1 10 01 02 03 04 05 06 07 08
v b-jet efficiency Signal Efficiency

Rejection c-jet/light-jet/t = 10/380/30

= Compete with Jet Energy scale systematics in b/t enriched analyses
=>» Final states with had. T (eg, tt->1+X) are often the main SM background
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Leptons (e, mu)

O Identification & Reconstruction down to very low pT (5-7 GeV)
= Generally ask for isolated leptons (can be tuned per analysis)
= RPC: Very helpful for compressed spectra and direct Gaugino searches
= RPV: Mandatory for high signal efficiency in Multilepton searches

105

a‘ :| |\II\|IIII|IIII‘III\|I\II|\III|II\I|I\II|: a.. [ T T T B
_é 100; ATLAS Preliminary  Data 2012_.‘|_ dt=1.1-18f" —i S e - = ]
&= o o g 4 =2 B .
® 95k c o § § ¥ = = - ]
8 - + . g S L 0.8 — ]
£ 90f = =2 . .
3 E ; L - *
< 85k = o o.e|- -
c E 7 B |
T 80F = i ]
5 = = 0.4~ ]
% 75:_ MultiLepton selection criteria = B nl<1.2 ]
@ = [n| <2.47 = -~ —e— Data, 2012 N
m70F - 0.2\ —
F  ® DataZ— ee O MCZ— ee = =L I simulation -
65 M DataJly —ee 0O MC Jiy— ee = - CMS Preliminary, \s = 8 TeV |

C - L L T | 1 L 1 L 1 L L

60_||\|||\||\||||||||||\l||\||\|||\||||||\|||\|||T 05678 _10 20 30 40 100
5 10 15 20 25 30 35 40 45 50 muSh pe (GeV/c)
E, [GeV]

=>» Systematics from Lepton energy scale and resolution small in SUSY

P. Pralavorio SUSY Searches at LHC SLAC (30/07/12) 23



Speed measurement of muons

4 Crucial for long-lived particles
= Test on a (pure) Z->uu samples

= Combine Muon Spectrometer + Calorimeter

2010 : GB~4 8% + tails 2011 : O'B~3 5% + smaller tails
) ) ><10
— 4T T — —— — — — - B rrrrr T T T T T T T
S 10 | | | ‘ | "1 . Improve RPC and g 50l ATLAS Preliminary B
N - ATLAS —~ - Calorimeter + MS 7
2 g calo combination £ - -
% 10%L Ldt = 37 pb i S a0 J-Ldt:4.7 fo ]
S * e Include all = | .
S i . B Data 2011 (Vs = 7 TeV) ]
© el calorimeters go| T Mean 100 E
- E MC, Z — ppn E
I . 20— Mean = 0.996 —
10 » Check consistency [ ©=0033 ]
i between detector 10} -
1 oy measurement i ]
02 04 06 08 1 12 1.4 O 02 04HbéH(II)8”1H‘I.2'J_A1.4
B (slepton search) B

=>» Also good description by Monte-Carlo. A great achievement !
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Photon

4 Fake rate electron-photon ( f,,) can amper SUSY sensitivity
= Ex: ATLAS yy + MET 1fb-1 25 fb-1
= Improve fg, by introducing categorisation (conv. vs unconv., barrel vs endcap)

% 104 T T 1T TTrTrT I TTTT I L I TTTT I TTTT I TTTrT I TTTT | TTTT I TTT IE > — . l : . : . | . : . : I . . . . l . . . . | . . . —
0] —¢— Scaled Data 2011 {\s =7 TeVH 8 = J- ; ATLAS Preliminary 3
2 108 B QCD, Z- ee E o 10° g r= a8 —4+— Data 2011(\s =7 TeV) 3
2 I Wosevajets O ] _— CCetetietr > ]
§ 102 W __ g 2 i I:l W, top |
= e = 10 F [ W/Z + vy 3
B iieviX ] LI B e N SPS8 A=190 TeV ]
10 ATLAS [Lat=107o' 3 DD 10 F E
: ; y  [en70.020.08 °
j— = II!I/ =
1 fe,y—0.05—0.17 E VR T E
10" | R 107 '
[ ] e e =
10—2 M TR AT A || I N |_ 10-2
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300

ET®® [GeV] EMss [GeV]

=> A nice example of object performance implication on SUSY Sensitivity
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Pileup

1 Object Id./Reconstruction robust against pile-up (c heck with data)

267\ T T T L L L T T T T T T T T L
L S R e e A R = BN B RN IR lATll_ASPlrelimlinary|*
E‘- 100; ATLAS Preliminary Data 2012 J- Ldt=770 pbr1 —f O, 24; 8 mgg gﬁzﬂg suppression STVF ]
C 7 ' r ® Data 2012 default
.5 95— + ? Peaoe LI ] § ? é — £ > 22: n Dgtg 2012 P?Iea-ﬂp suppression STVF M ET
£ £ . - ] W -
g oo R R 3 | o ]
S g5t 3 18- e %4;% E
= = —] [ — -1 -
g 80E P B e N wwEg§eRg ' 3 Average o = E
= = — i i . —o— J
S f 1 interactions per 145 Ojelsp 220GV (e E
= c - . . —— |
6 70; ® Data Loose 4 Data Medium = Data Tight 7 bunCh CrOSS|ng 12i *_’_ 7
5 E E = 3
ﬁ E O MCLoose A MC Medium o MC Tight 10i - J
o 65 e F =
C r ‘a—a—a -8 -S—a_n -
607I — ‘ - ‘ - ‘ L ‘ - ‘ - ‘ L ‘ - ‘ L Coa | . ‘ L1 | I - | L1 | I - | L1 | I - | L1 | |
0 820 u~1 4*Nrec 60 2 4 6 8 10 12 14 16 18
NPV ’ PV NpV
> [ ]
% 1:| T T T ‘ T T T T I T T T T I T T T T I T T T T ‘ T T T I: l LC, L |
% (g~ —* Unconverted photons ATLAS Preliminary 3 D4 o0l B
2 ""E..o. Converted photons Data 2012, {s=8 TeV 3 Number of é ) W"'d:*—'tb—_
c 0.8 —— singl k i B — [«F) - _
8 5~ ool ok comersons [La=asm : reconstructed < o.e8}- -
c E = . o - m
Q = 3 - -
g o6l E primary vertex v o.96| ]
[+X E - ——— -, 3 D C ]
E 0 55_ s e e lle B WO s S e e T e Sa e Ss Sia e Sl e Lo Lo g _g - 0.94 - ]
o 04 — oc B i
= = - [TH B 7
g€ 0 3= etttk = 0O 0.92| —e Data, 2012 | ]
- 0_22— A ol —f r IJ I simulation ]
0 1; y 3 0.90 - CMS Preliminary, ¥s = 8 TeV m
= — co bl b b e b b L
OE' A R B B BN S 10 15 20 25 30 35 40
5 10 15 20 25 30 35 "

g :
=>» Also good description by Monte-Carlo. A great achievement !
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Monte Carlo (1)

O Challenging to model SM processes with high jet muli tplicities

= Parton Shower (PS) : PYTHlA’ HERWIG Note: SHERPA, HERWIG++, NLO+PS (MC@NLO,
= Matrix Element (M E) + PS : MADGRAPH. ALPGEN POWHEG) also used as cross-check or for systematics

=> ‘Best’ to describe large-angle emissions beyond the hardest jet (jets well separated)

SUSY -1lepton Top Control Region

> — T 1) S
&1 0" = ATLAS Preliminary « Data 2011 \s=7 TeV) S 10° = ATLAS Preliminary . Sf*aff’l, 1 hgl\sz=l7 TeV)
— Standard Model = > — Standard Mode
o h - = i B ; -
6 -1 [ multijets (data estimate - 7 1 [ multijets (data estimate)
©10 JLdt=4.7fb S ) I 10 JLdt=4.7fb =T
o - Z+Jets o 10° - Z+Jets
<10 i e i
o ;r:r%csor::;ﬁlefeglon -smgletop g TopdCont‘:oIdReglon -smgletop
o, , ® - Dibosons 2 10° € andp comoine: - Dibos
10 MSUGRA m,=820 m,,=300 &5 MSOGHA m =820 mw—aoo
©
[=]

3jets p> 802525(3Vb10rem cut

3jets p,>80.25,25 GeV, m >400 GeV

107 e s | .
3 5 2f |
I S s 0 o o £ [T S RPAAIIIIVIA S~
00- 2(‘)0 460 5(‘)0 800 1000 1200 1400 16‘00 ° 0 = 6 2 1 é é 10
Meff=MET+Zp/** (GeV) N(jets) with p [°s >25 GeV

=» Yellow band = KT scale variation barely cover data-MC discrepancy in Meff
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O SUSY Signal: standard for ATLAS/CMS for 5 fb

Monte Carlo (2)

1 results (1206.2892)

= Cross-section from Prospino: NLO (EWK), NLO+NNLL (Strong)

= Systematics: PDF4LHC and Factorisation/renormalisation scale variation
= Example: gg with q decoupled

|

jon [pb]
a

Cross section

0.01F

== Cross section and total uncert.

— CTEQ NLO+NLL cross section

""" CTEQ scale uncert.

------------ CTEQ scale @ PDF uncert.
CTEQ scale & PDF & o_ uncert.

— MSTW NLO+NLL cross section

------ MSTW scale uncert.

[N MSTW scale & PDF uncert.

9200

950

1000

1150 1200
m. [GeVie

1 I 1 1 1 1 1
1050 1100

gg* with g decoupled

l

[pb]
B

Cross section
o
]

01—

0.05

== Cross section and total uncert.

—— CTEQ NLO+MNLL cross section

""" CTEQ scale uncert.

------------ CTEQ scale @ PDF uncert.
CTEQ scale & PDF & o uncert.

——— MSTW NLO+NLL cross section

------ MSTW scale uncert.

(NI MSTW scale & PDF uncert.

A

650 700 750 800 850 200 950 1000

m, [GeVic?]

> Typical systematics (scale + PDF) = 20-30 % for mg5<1 TeV
=> Initial/Final State Radiation for compressed spectra (up to 30%)
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Systematic Summary

1 Need to fill the following table per analysis

Systematics SM background estimate SUSY Signal Comments
<lTeV
Pile-up Negligible or Small
_ Trigger Small
@©
I Jet Energy scale (JES) Generally dominates exp Fully
GE) Jet Energy resolution (JER) | Less than JES (apart Z+jets) Less than JES correlated
= : between
8_ b/t-tagging Take over for 2 2 b/t }signal &
X Lepton/y energy scale Small (even for backgrd
L multilep.) except t
Lepton/y energy resolution negligible
Scale, PDF uncertainties Not for data-driven methods | ~20% for NLO+NLL | Depend on many parameters
>
5 Generators+Showering Poor man’s method N.A.
]
IE ISR/ESR Generally important Up to 30% for
for ttbar Compressed spectra
MC stat Depend on grid computing !
Total (indicative) ~20-100% ~20-50%
=>» Will give some concrete examples tomorrow !
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Signal Region Definition

15 SUSY and Background Cross-Sections

14

10

10
13

Y Jets

1079

v

o(pb)*100

10°

108
107
108
10°%
Excluded by LHC 2010

m(g,q)~ 500 GeV, m(t;)~ 200 GeV, m(x,,)~ 60 GeV

102 _ Discoverable
1 11000 evtsin2011 _____~ m(g,q)~ 850 GeV, m(t,)~ 400 GeV, m(x, ,)~ 200 GeV
0 _

. Hard
pefeMs A -----mG,a)~1300 GeV, m(t,)~ 600 GeV, m(x; ,)~ 350 GeV

Too Hard

4

290 000 evts in 2011

10

10

1) Need to suppress QCD / W,Z / top by ~ 1019/ 10°/ 102

2) Estimate small remaining quantities

3) Interpret the results if no excess
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Signal Region Definition (1)

4 First need hard kinematic cuts
» To reduce “difficult” background (Fake MET/ lepton, pile-up): Ex leptonic RPC

8 a

SM Background SM Background

1.Z(=>vv)+jets 1.ttbar
2.ttbar/W+jets 2.W+jets
3.QCD (3.Fake lepton)
>2lepton +jets+MET:

Olepton +jets+MET: ' llepton +jets+MET: = Dilepton trigger
= Jet+MET trigger « Lepton trigger = MET and/or high pT jets
= Ask several high pT jets = Ask several high pT jets = 2| Opp. sign: Z or non Z
= High MET cuts needed to = Lower MET cuts than Olep = 2| Same sign

kill QCD = m, (W) >m(W) = 3, 4leptons

Q Then add powerful discriminating variables
v’ Define ‘Signal’ populated regions (SR)
v'Choose the best ones to discover a certain SUSY topology [best S/V(B+AB) from MC]
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Signal Region Definition (2)

O Discriminating variables commonly used in SUSY anal yses
= LHC: unknown momentum along the beams
= SUSY: Sparticles pair produced + Presence of invisible (massive) particles

Assume knowledge of SUSY decay chain Other approaches w/o this assumption:
=» Transverse mass-like variables
- Reconstruction of 2megajets: Razor, o+

J7t - QCD killers: Ag(jets, MET)

min

\/gmén
- QCD+EWK killers: b-jets

Moc - ttbar killers: 2lepton Same sign, 3 bjets, 3leptons

M2

y MTey, TMT
mr21

© Joe McDonald

P —used in SUSY analyses

=>» Optimal choice of variable(s)/method(s) is analysis dependent
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Signal Region Definition (5)

1. Effective mass (Mgg) - inclusive “transverse mass”, used w or w/o leptons in final states
= Profit from the correlation between H; and MET in SUSY absent in SM

M, =H, +MET

Typical SUSY chain

— . . : . L ‘~ 35 pb’”
M Susy= HTRZpT % 400—ATLA'S ﬂehmmary&lgtaaf di‘:;(’M(:;eI”eV) :
r \A - | B MSUGRA m;=360,,,=280 |
max[ o m] \(-?/ 200_—' — .o o] Electron Chann 4 2IVISUSY
9 :l: <= {igh) Pt e T o000} T a.
min ( 9.9 ) E 800:j
--F"""'—_ = L
— P C
ety 6002
~ S| =
X & 400
1 —— Iepton 200}
mmsmg) v - | ]
00 100 200 300 400 500
Higgs->bb

MET (GeV)

=>» Hard M, and MET cuts: signal efficiency ~0.1-10 %, high purity for signal
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Signal Region Definition (6)

2. O+ : used w/o lepton in final states 3. Razor : used w or w/o leptons in final states
; B, (E"p) —E"p))’
” 2 2 \2 y )2 Ef2 Me=21pjI=21pj; | o p! ) _(E”_Eﬂ)z Mg peaks at mass scale M,
i=1 = i=1
_ T _ R=""T Razor (R) has a kinematic edge of 1(M;R kinematic edge at M )
(i, less energetic jet) M
=Group part. in 2 hemispheres (2 megajets) = Similar + use longitudinal information
= a,=0.5 if perfect megajet balance = Boost in “R Frame” where p(J;)=p(J,)

=>a.<0.5 if 2 megajets imbalanced
=>a,>0.5 if 2 megajets not back-to-back+real MET

=More discrimin. w RGT:N(O(T>O.5)/N(0(T<O.5)

=» If no ISR: R Frame=Center of Mass Frame
=> If M, high: signal peaks at M, ~ M,
» |ncrease discrimination with R2

WS St fr? |'| rlt T3 g

N ‘:'5 :

Kill QCD Kill Top/W/Z

P \"|'H\"'l“w"w“‘\"‘%70‘:“H‘|‘.‘.‘.Hw\.u‘.‘.‘_.‘.‘.‘.:
° CMS, 114fb"Ns=7Tev 1 = [ CMS, 1147 N5 =7TeV
2 , ’ *, 60 Data, had I sampl E
a adronic slgna sample

q‘:) . .Dnln Iﬂ' E O Prediction fromp andy dnla samples
= W Standard Model V=== Nominal hypotf esis + U 5 —
LT ™ - N —-—— ultijef E e Nominal hypothesis (p value = 0.56) 7
— (T, 1, W, ZVV ) + jets 11— H;-independent hypothesis (p value = 0.41) I —
........ E 1 ]
30 Ir =
20 I_,L_— .
10F = } + Eh =
il ok P I I BN BT Sl

002 04 08 0 oy 1. T3 300 400 500 600 700 800 900 500 1000

o Hy (GeV)
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Signal Region Definition (3)

4.mlfm . 1 lepton 5. Root-smin_ : direct stop 1, 2 lepton + bjets
M2(e,v) = 2pSMET (1-cosAg, ),m, ~ m, ~0 S P p—_ )2 o 2
r(&Vv) Pr ( %)M ~m, § min m(sub)+pT(sub) +(m™)? "‘(E )’ (pT(sub)+pT
3 F s ommmeron 3 Visible hard Invisible from Boost correction
21 [La-roew’ igﬁ'}ggﬂdmtim’ process hard process caused by ISR
9108 +jets K]
§ 10 Electron Channel -smgle 1op g
w104 - Dibosons 2
SUGRAm »=500 m, =330 %3 — —~ _ - -
o e D For ttbar, starting point  For tt, t=>tx, m(t)-m(x)<m(t)
10°
" ~2m(t), no ISR+m(v)~0  starting point <2m(t)
j- 800 \ w o TamasPreimnary @ ouzn |
10" - Subsystem: tE-bb1'1 Ky o CF ftd‘=4-7'b")|s=7)Tev %%ﬂw
% ? . ‘ i | 3 E 800 - H et M=0 GeV 4 % 10‘? ;
E 15‘ - — * ++++4’ "'l|:-| ------------------- ; f 2 h‘ighest i L=0.5 1™ i m:?:
oo- oov 200 360 200 500 ?5 400 - b ; N i 15_
CUt mr [GeV] ;.: all jets -; - ; z
W Mass end-point (smeared by resolution) Ef 200]- ol 1 L R R = =
2 T]e s : % 15E +- 1.l %%
9 Remove W-I-Jets but Cut also Slgnal I 0 2(‘)0 .\/gé:‘)lb) cen) 600 800 -°o§ 700 :00';)-0 700 500 600 700 at:os(suso[t:a;?;oo
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Signal Region Detfinition (4)

. . 5 \.-%(Q)
6. M,,, m~;_: exclusive “transverse mass”, 2 leptons/bjets + MET + Jet veto
SN : : . : A
= Generate end-point at different position than SM because of massive LSP* 2
2 . 2 2
Mro= 4nin [max{M+(A,p), I\%T(AZ’q)}] Mcr =[E+(Ay) + E+(Ay)]* - [ﬁT(Al) __bT(AZ)]Z
pT+qT:MET
)I\eﬂtaéer?]c:rs]t/igict))rllslsstent missing momentum sharing For ttbar, endpoint For b?bx endpoint .
[M()? = M(W)2] / M(t)  [M(b) - M(X)I* / M(b)
'Max.: Better of the 2 lower bounds

~ 135 GeV, m(b,v)~0 ~260 GeV, m(b)~0

> 5 =
& 10 ATLASPreliminary  —e— Data 2011 (ys=7TeV) E > soFTTTT e Aaanantaca il
o . %’;’IU}?‘F} C!arlo 8 ATLAS -Top W+b1
~ 10 ake lep! = - s ]
8 Oy 3 T : o | _ & ILdt~2.o5 1o'Ns =7 il 7+b ]
E 10°k -1S‘ingletop = I:Or Ielx endp0|nt _a 40 ] ] b
2 ; E . = = 2-jet exclusive 1
‘;Igfg?gg?;ev,m,uzzoeev 3 —~ 2 2 ~ z 5 B Others 1
1 oo TRt 4 [M(l) - M(X) ]/ M(I) g % 4711 SM+SUSY Yignal
o e = ~130 GeV for m(A)~0 | - sof gl i M(B)=300Gev
- IR 3 i M()= 100GaV
AR ¢ 48 S
- 3 10 : ]
107 28
50 100 150 =300 o= o
o 2 M(b.b" (GeV) 0 00
= 15p mgr [GeV]
8 1
8 os ‘ ‘ ‘ ] |
00 50 100 150 200 250

mp,[GeV]

=>» Powerfull to reject SM background but need to assume value of endpoint to cut !
*QOriginally designed to measure SUSY _masses
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Background estimate

3 e "L[L;L;.;f'bf""”'—;
g E e Data 2011 s =7 TeV)
15 SUSY and Background Cross-Sections S I 31 and ange top
O 1|:| ; 5 -Z+Jt_ets
a o™ g 1 I Dicheon E
c [ multijet
X w o e SM+SU(500,570,0,10)
11 13 e SM+SU(2500,270,0,10)
Qo Jats 10
=t 1u1z< o
o Bottom ' _
10 \— L Signal Region
1019 J/ J
10 a % 2'; — e E—
SUSY < ]
10° £ e et +»+ ..............................
7 LEP/ e 085 500 1000 1500 200_0 T 2500 3000
10 i
18 Tevat mg4(incl.) [GeV]
ron
K exclu
ey , -ded Excluded by LHC 2010
0
. 1_9_Q_QQ_Q§ _____________________________________________ m(g,q)~ 500 GeV, m(t,)~ 200 GeV, m(x,,)~ 60 GeV
102 ? , ” 2 Discoverable
1 . 1000evtsin2011 . B m(g,q)~ 850 GeV, m(t;)~ 400 GeV, m(x,,)~ 200 GeV
o i ' Hard
 pot0eMsin20L -----mG,a)~1300 GeV, m(t,)~ 600 GeV, m(x; ,)~ 350 GeV

Too Hard

1) Need to suppress QCD / W,Z / top by ~ 1019/ 10°/ 102

2) Estimate small remaining quantities

3) Interpret the results if no excess

P. Pralavorio SUSY Searches at LHC SLAC (30/07/12) 37



Background estimate (1)

U Different strategies for different background

" Note: out of the box Data-Monte Carlo agreement is generally very good at LHC

Fully data-driven Semi data-driven Pure MC
Methods : alot! Methods : i) isolate a pure Methods : none'!
background sample, ii) normalise
Pros: i) Don't rely on potential MC iii) assume MC shape to Pros: Easy, helpful to start
failures in simulation, ii) Suited for transfer it to Signal Region and design Signal Regions
large o

Pros: Main systematics cancel in Cons: Suffer from large syst
Cons: Rely strongly on simplifying the transfer factor and/or statistical errors
assumptions =» systematics

Cons:_full study of possible Targets: Well suited for
Targets: Fake MET (QCD, Z+jets), theory systematics small backgrounds
fake leptons, long-lived particle (high
pT muons with mis-measured [3) Targets: Main irreducible

background (top, W/Z+jets)

=» Precision in background determination drives the SUSY sensitivity
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Background estimate (2)

] Take the example of Olepton + 24jets + MET channel
= Production : m(gluinos, squarks) <~1 TeV=>» g
= Decay (1) : g=>qgX and g=>gx dominates = Olepton + 24 jets + MET
= Discriminant variable : Mgy >1200 GeV "

E S 5506

"} | AV, Y LT SIS I A o e Sl PPN
00 200 300 400 500 600 700 B0OO 900

Signal Region (SR) Definition: Lepton veto pT (e/n)>20/10 GeV e [GV]
. Channel
Reqmremem -
C 4
EMs[GeV] > 160 : )
rrr— ~ }Trlgger driven
pr(j2) [GeV] > 60
pr(j3) [GeV] > 60
prijs) [GeV] > 60 I|e-Up drlven
pr(js) [GeV] > -
prije) [GeV] > =
PRy e el CD rejection -driven
EXS [mew(N j) > 0.25 (4))
mearinel JIGeV] > et Discriminating variable

=» 3 main backgrounds: QCD, semileptonic ttbar/Leptonc W, Z->vv +jets,
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Background estimate (3)

1 QCD/Multijets background (Data driven)
= Enter SR because of fake MET or v inside jet

= Can not trust MC + limited by MC stat = Compute Jet response R=pT(jet reco)/pT(jet true)
and generate pseudo data to populate SR

s B of [l R
- . . . S 10'E >2jets 4 ET LJaoD mujet -
1. Determine the jet response function R from dijet balance g Er im0 e
: £ 19F 400 GeV<m,_,<500 Gev Tt 3
and 3-jets mercedes events 2 [1Control SN SUSY e point - 3
o 4. ATLAS 3
T s Stae) TN W
.. . AEEAS ARES ARIUEE Ja RN
2. Take a control sample of multijets events with small 1 iRl
MET. 107 |
102 L
3. Smear each jet by its response R = Pseudo-data 5 off et e teb e e st
,§EEE /—- \\\ - - A(I)min (Jet! E_I":liss)
d ™ 5 CF T T el T
./ \\. ,-"( \||l g r é ér\a;a 5%}1 Ns=7TeV) 7
{ | : E 102? =gvzjne; ingle top _
\ 24N / : —Ey
N newin =l TS,
4. Normalize the shape obtained in a QCD enhanced region g .
. . . 1 5 - =
with low A¢(jet,E,™i=s) < 0.4 3 g i }L
% 2.2: S I = T I
- - < 15F ‘.‘¢+_L'+' BRES |
5. Propagate to signal region — =Y e u
0 500 1000 1500 2000 2500 3000

my(incl.) [GeV]
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Background estimate (4)

0 W=->Iv +jets and ttbar ->blvbqgqg (Semi Data-driven)

» Enter SR because lepton is reconstructed as a jet, is T, out of acceptance
= Have v (real MET): can trust MC

v" Define enriched background “control” region (CR) by reverting a cut (Ex: ask
llepton for Olepton channel)

v Force the lepton as a jet (acceptable approximation) W+djets CR

1 lepton, 0 bjet, 30<mT(Ilv)<100 GeV
= Look in the Control Region: 3 N A
® Data 2011 Ns =7 TeV)
v Monte Carlo should reproduce the data S sl S |
v High Purity (N,,.°"~small), small Signal contamination 8 =k ]
e [l Diboson
= Estimate Ngg*9 Transfer factor (c) relying on MC shape: R Thy " SiSUGa00s70010)
E o8 ATLAS Preliminary
1
NSBEQ — Nggla _ N(I;/IRC,otherS) — Ng/lzac ;
CcRSR Scale factor (k~1) R e al oY H*r ------------------------
= 0(; 500 1000 1500 2000 2500 3000

m(incl.) [GeV]

=>» Systematics partially cancel in the ratio, but need small extrapolation (c~0.1-1)

P. Pralavorio SUSY Searches at LHC SLAC (30/07/12) 41



Background estimate (5)

d Z->vv +jets (Data Driven) _Yraiets Control Region

T T L B~y L
]!L dt=471" ]

e Data 2011 (s =7 TeV)

— SM Total

It and single top

[ W+jets

Hl Z+jets

[ Vy + jets (Alpgen)

17 + jets (Alpgen)

ATLAS Preliminary =

CR1a SRC 3

» Enter SR because it is exactly signal like: Irreducible background !

107

1. Use a close-by SM process: y+jets

v’ Similar kinematic at pT~400 GeV>>mZ

=>»Obtain a very pure sample

v Force the photon as a jet

DATA/MC

v'Gain a factor ~3 in stat: R:G(Z+jets)/o(y+jets)~0.3 O 5650007500 2000 2500 3000

meffincl

L IS e e
Ldt=471b"

® Data 2011 s =7 TeV)
— SM Total
[Jtt and single top
[ W+jets
Ml Z+jets -
[l Diboson 7
----- SM+SU(500,570,0,10)
e SM+SU(2500,270,0,10)
ATLAS Preliminary
(CR1b SRC

2. Use a close-by SM process: Z->ll+jets

Entries / 100 GeV

v"More statistically limited (~10 times less than y+jets)

v'Will not consider it in the following _

' +++++++J' D TR

0 500 1000 1500 2000 2500 3000
m4(incl.) [GeV]

DATA/ SM
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Background estimate (6)

: _ : - ma ttbar+jets
O Summary: SR=0lepton + 24jets + MET + M  (incl.) >1200 GeV
m \W+jets
W+4jets CR3 (1 lepton, 0 bjet, mT) Top+4jets CR4 (1 lepton, 1 bjet, mT)
> T ""[wm‘ B 3 T e |:|y+jets
‘g o Data 2011 {'s = 7 TeV) g o Data2011 s=7TeV) -
< 102 Etsf’:nzoglglelop = = 107 El?:n‘;o:lg\stop E
é E = Waets i é E =¥?:t¢: E | | QCD
i [ M+SU(500,570,0,10) 1 D R i E r Egmssﬁ(soo,sm,o,m)
IS M:SU(E00270010) 108 - SMsSU2500270010) | c= Transfer factor
f ATLAS Preliminary /\ BN ATLAS Preliminary 3
r L cRegRe ] OQ O F AN + CR4 SRC ]
i =60 Tf 11 4=511 p= purity
E E 1= 8, E
L i Y Mleln == CR-ISR
i PN N - --» CRa>CRb
8 %3t < os FITTeeaTT «
0 500 1000 1500 20031 (Ir?glog [G:\%)O ) 00 500 1000 1500 2000 2500 3000
o SR (Olepton+4jets+MET) rﬁ;,(incl. [GeV]
T T T T T T
> 3 1
> 10°E r[Lclt=4.7fb = <
y+4jets CR1a g 10 L Lamare’ d QCD CR2 (Ag(,MET)<0.4)
T I HLUARRE S r — SM Total ] S 1T ‘ T T HLE
L I!;Ld‘ 471" ] = r [l and single top ] ) E lLdt 471" E
L J’ e Data 2011 (Is = 7 TeV) q — 7 +]eS g . sﬁ’ﬁz?r Ns=7TeV) ]
oL — SM Total i Q{02 I Wet — e [ 7'anos?n e to ]
10° E ) Ql:I;Lb ig\lar‘d single top 2 é ; EEEESEn E E 1025_ ig&*j—é{s gle top
[ 1, 5 V7 e (Apger) ] w rf  mh5. - SM+JSU(500,570,0,10) 1 % F Egﬁzsin
g v +iets (Alpgen) F e SM+SU(2500,270,0,10) | & - SM+5U(500,570,0,10)
10 ¢+ ATLAS Preliminary ~ — 10 $i4. o SM+SU(2500,270,0,10)
: ‘l* e ; yez g QCD 6QCD 10 E ATLAS Preliminary
:45 — F . . ] — F |:  CR2SRC
1 = - Signal Region | i L D,=42, ]
1S 4 €70.87:0.11 I * 9 9 | ©=0.00260.006 i,
= 3 ~ 0, - 1 " J E =
] H 3 p~100% T Cut & Count” p=15% g D E
NP . ] E ] I
g 23 i L L ] 5 25 —rE W
= 1'? m‘u’_+++ % 5 < 1 b A...++L+ 11T+ |
S %3 7000 1500 _ 2000 _ 2500 3000 = %7 LLLL - g 05k B | |
o meffind! P 1R ha sV G & SN f<'~+ .............................. O 500 1000 1500 2000 2500 _ 3000
< o05- ++ m,g(incl.) [GeV]
0

0 500 1000 1500 2000 2500 3000
mgg(incl.) [GeV]

=>» Errors contains exp. (Jet Energy scale, btagging) and theo. (PDF, scale) syst.
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Fit Result & Interpretation

o -
O 1 - o BB _
— 10 For use in case of 8™ ATLAS Example | = iy |8
X Rt 50 SUSY discovery 25 b ey i | ammame e
2 Jets 1. Check label for F f o o 18
3 10 1< I “Champagne”. (Do not é 100l e B ‘3;
use “Cava”) Remove o 1z
b 10 11 E_nttn m protective xl:over. O R F . ;z
10 \\ 2. Gently twist cork to 3 300 4 E gﬁ
10 release fluid. (Aim away L 8
a from face) . 200 |- 7_ “Z”
" SUSY 3. Apply fluid to it : _f E
10 a Champagne flutes. 5
Repeat until all flutes [ 9‘\)0 - .10\00
10 7 LEP/ are filled. _lj m,[GeV]
10 ® Tevat
ron
10° exclu
" . -ded Excluded by LHC 2010
] . v
120000 evtsin201 | o | el m(g,q)~ 500 GeV, m(t,)~ 200 GeV, m(x,,)~ 60 GeV
v . !
Discoverable
10° -
. 1000evtsin2011 . B ﬂ(gaq* 850 GeV, m(t,)~ 400 GeV, m(x, ,)~ 200 GeV
- - a r
 p--00eMsin 201 ===, )~1300 GeV, m(t,)~ 600 GeV, m(x; ,)~ 350 GeV
Too Hard

1) Need to suppress QCD / W,Z / top by ~101°/10°/ 102

2) Estimate small remaining quantities

3) Excess or another SUSY limit ?
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Fit Results (1)

U Building the likelinood

*pdf=probability density function
= | ikelihood function

. products of Poisson pdf* for SR and CR (as mutually exclusive) & syst.

b=background

_ 0= systematics treated as nuisance parameters with Gaussian
I—(n |1u’ b’ H) - PSR X I:)z X I:)W X Pl'op X PQCD X Cwst n=Number of observed events in data

p= SUSY signal strength to be tested

= Inputs : Transfer factors (c), #evts for data in SR (s) and CR; (b))

CcR,SRSR
Region Main CR/Process
PSR = P(n |AS(/‘1’ b’ 0)) = ,U' CSR—>SR(8) e S+ Z CjR—>SR(6) ° bj CRla/Z/y+jets | CR2/QCDjets | CR4/ i+ Single Top | CR3/ Wiets
. CRla 1 0 0 0
J CR2 0.1 1 039 0.2
P=P(n|A(1D,0)) = t* Cqin(8)* S+ D Cpup(@)e by | o |
j
A (1, b, 8) = expected number of events SR 037 0.0026 027 02

=» Can correctly take the systematic correlation and cross-contamination into account
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Fit Results (2)

O Background-only fit (  p=0)

[all examples from SR: Olepton+ 24jets+MET, Meff>1200 GeV]

= Predict the background in the Signal Region by maximizing the likelihood

» SR not in the fit + no signal contamination in CR (can be reproduced by theorists)

Background in SR Cirx( )* b, Others | Total Background in SR
Zvv+tijets QCD W+jets Top Dibosons SR
MC 16 0.01 11 10 1.7 39
Fit Output | 1746 | 0.02:t0.03 | 8+3 | 1245 | 1.740.9 | 3949)+5(stat)+7(syst)]
=2 25% error (mainly from y/Z acceptance, CR stat)
g o g PR
1% E tSf':n—l(—iOtseilrLgle top
— 7 +jets
g 1 B Dibbeon E
E ‘:l rS|'1I\l‘/III-E-ijSeEJ(500,570,0,1 0)
o R SM+SU(2500,270,0,10)
=>» Observed 36 evts in Data. No Excess ! 1o} arias poimnary
1 2 * j/
% (133 T “ﬂ_‘_ﬂ‘-++ -4 -+ .. B SRR SRR
00 500 1000 1500 2000 2500 3000

m(incl.) [GeV]
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Fit Results (3)

O Quantify the agreement between data and SM predicti  on
= Test: compatibility of data with background only hypothesis in the signal region

= Test statistic_: based on one-sided profile log likelihood ratio (a la Higgs)

*In practice this approximation

A() = =2x[L(n | ,b,8) = L(n| 2,b,6)] ~ x* dist WithNdof = (1 = 0)  werkewen for s ftciont st

(n>5). If not the case, use toys

Maximise L for a choice of u Maxillﬂse L See Eilam Gross lectures

= Use CLs prescription (a la Higgs)
= |n Olepton+24jets+MET + M (incl.) >1200 GeV:

Predict 39+/-9 and observe 36
CLs p-value =0.6 (-0.2 g). Compatible !
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Fit Results (4)

O Derive a model independent limit
= Limit on visible cross-section on non-SM: g, =G X AX €
= |n Olepton+24jets+MET + M (incl.) >1200 GeV:

: Exclude at 95%CL N(BSM) 2 18 and N/L = g, > 3.7 fb
Predict 39+/-9, observe 36 mmmp 2 Exclude at 95%CL N(BSM) Ouvis

=» Expected to exclude N(BSM)>= 19 and N/L=¢g,, >4.1 fb
= A and € given for a well-defined SUSY model : Examples below
Acceptance of Truth cuts~0.1-10% Efficiency wrt Truth ~ 1 CMS MC Simulation, VS =7 TeV
3 < % ook ’ 1 E
%ron - %mo? e E,‘ I ﬁ W#ﬁ ]
E E GOU:— 16 é 0.8% / r '# E
: . 5o |1
g 12 0_6_ i I “i
1o 200 1 05 I [
04 b |
00F 06 03 ‘i‘ * ET®°>100 GeV é
10° 200 04 0.2 T J = Ef>200 GeV | ]
! ’ 0 1% / T o EP™>300 Gev. é
100 02 OEJL T T
5% ~To06 150520002500 300035002000 5001000 1500 2000 2500 300035004000 0~ 100 200 300 400 200 600
m, [GeV] m, [GeV] generator ET [GeV]

=» Result can be recasted in other models than the one considered
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Interpretation: exp. view (1)

D Derive a I|m|t in a Very COﬂStrained SUSY mOdeI (or parametrize or ignorance !)
»* Reduce number of SUSY parameters from 105 (MSSM) to 5 or 6

+ Model of SUSY
breaking: gravity
mediated, gauge
mediated...

+ Assume GUT scale
parameters (few)

+ Predict
phenomenology at
the EWK scale

MSSM-105 (N=1) with R-Parity Conservation
Simplified MSSM (MSSM-24, pMSSM-19)
MSSM-5: GMSB(GGM) AMSB CMSSM/mSUGR A

TeV range new particles: Long decay chain, Dark Matter
candidate (LSP), mass degeneracies

Running Mass (Ge\)

-200 -/ —

T I Y A IO I |

8 8 10 12 14 18
Long {'GEV}I Sl

2303415

E.g. MSUGRA/CMSSM: Note: 5 fb-1 ATLAS/CMS papers use a

common mMSUGRA framework described
in Matchev et al, '
Mg, My, tanPB =10, A, =0, u>0

o
m,: common scalar mass (GUT) E‘:
m, .. common gaugino mass (GUT)

tanp: Ratio of Higgs vaccum expectation
values

Ayt Trilinear coupling

Sign(un): Higgs mass term

=>» Useful to calibrate our exclusion and compare with other results
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Interpretation: exp. view (2)

Q Derive a limit in a simplified decay chain Model (S MS)  yime SUSY toaarogies

= Well suited for natural SUSY and direct production (not a SUSY model !):

v’ 29 sparticles = 2 or 3, decoupled all other particles, force a specific decay mode
= Assumptions on the chirality and nature of particle involved “arbitrary”
= Perfect for GMSB where gravitino=LSP. NLSP drives the phenomenology (GGM)

A and/or B j ! A’ If A, fix its mass

+jet(s) or lepton
LSPy

Fix LSP mass ...

M,

=>» Very helpful also to design analyses. Possible to recast SMS in mMSUGRA (1202.2662)
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Interpretation: exp. view (3)

MSSM-105 (N=1) with R-Paritv Conservation

d Derive a limit in a simplified MSSM Simplified MSSM (MSSM-24, pMSSM-19)
MSSM-5: GMSB(GGM) AMSB CMSSM/ mSUGR/
= Reduce number of SUSY parameters from TeV range new particles: Long decay chain, Dark Matter

105 (MSSI\/I) to 19, i.e. “manageable": candidate (LSP), mass degeneracies
v Well justified assumptions
v’ “Standard” exp. constraints

= Recover the SUSY complexity =» can track missing features of SMS in “simple” cases

Direct Stop production Direct Gaugino production
bl SMS will assume BR(t>tLSP)=100% - N, composition .
b o
x2" (258) 300 =,
A, SMS will assume X bino
.- W 5 260 or higgsino-like
12" (142) e
9 J‘w' S 200
t 0’
25 9|z
x1"(114) y 150
‘t\h 38 7.4 100 |
%40 (108) P o 100 150 200 250 300 350
(M1 =100 GeV) MU [GeV] DGemtR_350

=» Should definitely be checked when designing our signal regions
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Interpretation: exp. view (4)

O Exclusion limits : a new standard ATLAS/CMS procedu re (>June 2012)

= Ease the life of theorist by separating the signal theoritical and experimental systematics

g-g production, g— ﬂif:

Observed limit :

ey

=Central value : Idem as for expected limit 200

\'.

L

=+10 band : re-run and increase/decrease the signal cross
section by the theoretical signal uncertainties (PDF, scales)

L - - O ) WL ) L ) e e |

T ® 600 — == Observed limit (+1c5. ") | =

Expected limit %x— - ATLAS Example | Expected limit (10, ) é

=Central value: all uncertainties included in the fit as nuisance = sgo— det: 47 NET Ty | Aimisateswat, 5
parameters, except theoretical signal uncertainties (PDF,scales) - r .
- P =2

=+]10 band : +1o results of the fit 408> s
......... i

300 |— C1 T

- 2

: :

2

2

g

=

100 =~

\'.
"
-
+,
I,&" R
Tt 7
pree 3 o B
I|IIII|IIII|IIII|IIII

500 600 700 900 1000
Excluded Model Cross section (SMS) < myIGeV]

=>» Number quoted in paper correspond to observed -1 ¢ observed (conservative)
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Summary of First Lecture

4 Ingredients needed for a SUSY search oy STk S e s

1. Signal Region definition (“cut and count” approach)
= Trigger (Jet+MET or leptonic)
» Hard kinematic cuts to reduce “difficult” background (Fake MET/lepton, pile-up)
= Enhance S/B by cutting on a discrimant variable (Mg, Mc+...) " =

(pb)*100
I

WiZ
—

107
108

o

aaaaaa

2. Background estimate in signal region
» 4 possibilities: MC, closed by process, CR—-> SR, fully data driven
= Experimental syst: Jet Energy scale, b-tagging, ...
» Theory syst: Renormalization/factorisation scale, PDF, ...

3. Quantify the SM - data agreement in Signal Region
= Any significant excess (p-value) ?

4. If not interpret the results:
» Model independent
= Simplified models, Constrained SUSY models

= Remember: this drives the sensitivity to SUSY at LHC !
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Appetizers for tomorrow

1 Weak-scale SUSY searches before first LHC SUSY results

MSSM: 29 sparticles + 5 Higgs undiscovered

Mass Limits from PDG2010 (95% CL)
X.°=LSP, RPC, degenerate squarks (except b,t),

Names Spin | Py | Gauge Eigenstates | Mass Eigenstates I=I;, Gaugino mass unification at GUT scale
Higgs bosons | 0 | +1| HY HY Hf H; | A% H® A9 H* 114.4,92.8,93.4,79.3 GeV (m,"® benchmark scenarios)
U Un EL Eﬂ . (same) W
squarks 0 -1 i1 &p Cr. Cg (same)
i, T by by i) T by by 95.7 , 89 GeV
€L Er Ve (same) 107 GeV
sleptons 0 |-1 iy fig U, (same) 94 GeV Note: These limits are
| T % 5, 81.9 GeV also model dependent
neutralinos I 1/2 | -1 BO 0 I?E I?E j'T\_TL ﬁg ﬁ;; f\_ﬂt 46 ,62.4,99.9, 116 GeV
chargins | 1/2 | -1| W* H: jf-“'r'i | e 94 GeV
gluino | 1/2 [ =1 g (same) IWI
Ernting | (s | =1 G (same)

Covers most of SUSY production and decays ... But most in the 0-100 GeV range limited by Vs

=» Come back tomorrow to explore the 0.1-1 TeV range !
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ATLAS Calorimetry

Tile barrel Tile extended barrel

——\ 13m /

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

LAr forweard (FCal)

30 cm

= Very granular : EM (173 500), HAD (14000 = 5 000 Tile + 5500 HEC + 3500 FCal)

= Hermetic : EM (22-35 X;), EM+HAD (11-15 A), 0.7°<6<179.3°

=» Measure electrons/photons/jets, missing transverse momentum (MET)
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MET reconstruction

d To identify weakly interacting particle, avoid «hol es» in the detector !

During a fraction of the data-taking period (about 20% the reconstruction efficiency for jets with pp > 20 GeV.
(]
EXtraCted from of the total integrated luminosity), a localised electronics For events selected during this data period, if any jet
an ATLAS failure in the LAr barrel calorimeter created a dead region with pp > 50 GeV falls in the aforementioned region,
% in the second and third calorimeter layers (An x A¢ ~ the event is rejected. The loss in signal acceptance is
SUS papers 1.4 x 0.2) in which on average 30% of the incident jet smaller than 10% in the affected period for the models
energy is not measured. Negligible impact is found on considered.

= Reminder: 187500 cells in ~3000 Front-End boards on the ATLAS EM calorimeter cryostat
= Irst may 2011: 6 boards lost their 25 ns clock (power glitch)
=> Dip in the number of reconstructed jets, E;™sS tail

|_Jet Eta and Phi
2000
1500
1000
500
B 0

= Successful repair «acrobatique/téléguidé» during the shutdown early July 2011

= Affected ~1fb-1 of 2011 data (an offline fix was applied)
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LHC Luminosity

_N? N“fBy
477;:,8

[ Start 23 November 2009 !

2009: L;,=1.2x10°5 pb-! 2010: L;y =45 pbt 2011: L;=5250 ph*

x10°

k%) £ _y - — 607 ......... . - B e e s e
g 900 ATLAS CO”IS'IOn Cz-'md.|dates ) g F  ATLAS 0n||ne Lummosny \F 7TeV ] a 7 ATLAS OnI|ne Lum|n05|ty \F 7TeV
& E  MBTS A/C-side Coincidence Trigger = o ] = E
- 800; 2 50— -LHC Delivered — = 6: -LHC Delivered
; 700 8 I [] ATLAS Recorded - 8 £ []ATLAS Recorded
e} = = r B = C
g 600 — Total % 40~ Total Delivered: 48.1 pb’! i § 5 Total Delivered: 5.61 o |
= E - r Total Recorded: 45.0 pb™' J = E  Total Recorded: 5.25 fb™" e
o 9008 During Stable Beams I X3 10 6 B F q Xl 15 T 4 —
= E . = 30j — = E E
§ 400 5 F 1 & 4 3
2 E [o) n ] Q . -
E 300; E 20 — = C 1
© 200 ® E ] g 2F =
c o - - L |
100 = 10— — = 1i E
bt ! il AR R BN R F ] F 3
2 4 6 8 10 12 14 16 C o N IR 7 E e
Day in December 23103 1600 W07 08109 03/11 S0 4 3006 3008 3
5 28/02 30/04 30/06 30/08 3110
Day in 2010 Day in 2011

2012: L;,>8500 ph!

— E =
a 121~ ATLAS OnI|ne Lum|n05|ty \s=8TeV ]
E» F - LHC Delivered ]
g 10 - [C] ATLAS Recorded E
E gl Total Delivered: 9.04 "
= [ Total Recorded: 8.50 by ]
X>163 ¢ ]
g 6 -
g L ]
g [ ]
£ 4 .
5 L ]
] L -
Toan g
ol N (S IR R
01/04 30/04 30/05 29/06 29/07

Day in 2012
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Calorimeter : Jet

O Application : Measure the energy of non interacting pa rticle (E non-int)

g FH

= Em i , 3 i

gy

S

~ 1
o I
g |

2 i /

k
detector response characteristics (e/h # 1)
jet reconstruction algorithm efficiency
jet reconstruction algorithm efficiency
added tracks from in-time (same trigger) pile-up event
added tracks from underlying event
lost soft tracks due to magnetic field

physics reaction of interest (parton level)

longitudinal energy leakage
detector signal inefficiencies (dead channels, HV...)

@]
)

pile-up noise from (off-time) bunch crossings
calo signal definition (clustering, noise suppression ,...)

electronic noise

dead material losses (front, cracks, transitions...)

auj

parton jet

=>» Not so easy to reconstruct jet ... Need lots of LHC datat o check
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Jet Grooming

« Distinguish jets from the decay of massive objects from
massive QCD jets by removing soft wide angle radiation:

o Improve large-R jet mass resolution
o Increase S/B

o Remove pile-up effects on jet mass (reduced areq)

8O0y « ATLAS has commissioned three groomin
Lt O @ e —
| Il
i O ! . & - - . . .
& D4 algorithms: trimming, pruning, filtering
@ p!;;:uE' < fout Trimmed Jet
u 020 RN RS I R R R SR SR ) R RS BRLE R R LI A SR LI AL AL SULR B
E 3 ATLAS Simulation | & 280 ATLAS Preliminary E 280 ATLAS Preliminary E
50.18 anti-k, R=1.0 LG cluster jets = 260F antik LCW jets with R=1.0 = 260[ anti-k LCW jets with R=1.0 E
, : BO0 < p, < BOO GeV | .~ o4pf Noletgrooming appiied 3 F Trimmed (f_=0.05, R_ =0.3) E
® 0.16- i = wi £ 600<p” <800 GeV, <08 E 240E 6o < p <00 GeV, i < 0.8 :
= : veverere Wiliets (POWHEG) i —g 220 —g= Data2011,|Ldt=4.7 1" = 200F ==e=l= Data2011,[Ldt=471b’ =
£0.14- e 0 200E " R Dijets (Pythia) _ = ogok  +--@--- Dijets (Pythia) E
=< 0.12 Trimmed Muli-jets (POWHEG) 1 80;— e Dijets (POWHEG+Pythia) _; 1802— s Dijets (POWHEG+Pythial) __
: 160F e dpugidl  160F E
0.1 : ; 1 140F u""-“'tlﬂ“-l“-".‘f‘m*?.' E 140E E
0.08F . Inmming 1 20 igrave’ 3 amf E
- N ] 100F E 100 I e
0.06 A 1 BOL : 80| BT avlu g -aBi e fi
0.04k b a BUE‘I ] | | WA I e 60F e
. { S : 1.1
0.020 . My g B = 1.0f-
i B 1= T 09} T s P e,
s ] R e §
0 50 100 150 200 250 300 350 40(O B M 12 4 0 2 4 6 & 10 12 1
Mass [GeV] Reconstructed vertex multiplicity (N, ) Reconstructed vertex multiplicity (N, )

P. Pralavorio SUSY Searches at LHC SLAC (30/07/12) 60



taus

O Often lightest slepton=stau, i.e. tau in final stat es
» Seeded by anti-kt R=0.4 jet
= Keep often separated from other leptons (e,l)

a‘ 105 TT LN L L L ) L T % 3 008 C T ] T ] T T T T T T T ] ] 3
c E ATLAS Preliminary « BDT . _% = ATLAS Preliminary 2011 Data + Simulation -
% A . < 007 ys=7TeV =
E 10° ?. I dtL = 370 pb.1 s+ Likelihood E g 0.06 ;_ 1 prong decays O Single particle resp. ¢ Material modeling _;
.g C w ] = C 0.3<|n/<0.8 X Underlying event A Non-closure ]
10° = - S 0.05 =
E E - - SUSY 3 % - vV  Pile-Up Total uncertainty :
o f TR Working ] S 0.04 E
S 10° S Point E - - ]
c s = 0.03F n
o F i, ", 3 .03 -
o [ e T, ] = 3
7] a - =
g 10F 1 Prong £l 3 0.02¢- © = - 0 O A A
= - Pp>20GeV.in<23 ] 0.01F A & K& P A -
- B B C o .
| I ‘ | I | | I L | I ‘ | I ‘ | I L | | | I - X 0 x K y Q § —
10704 02 03 04 05 06 07 08 ob—— X = x TR R T TR =
Signal Efficiency
PS [GeV]

=> Note: final states with had. taus (eg, tt>1+X) are often the main SM background
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Tthar+X

N T [T [l (A FEy [ T (R fR [l S T
Top pair associated production in lowest order
1000

500

4 20 1 | | | | I | | 1 | ] | | | |
7 8 9 10 11 12 13 14 15

Vs[TeV]

o (ttbb) ~ 1 pb
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Miscellaneous

CM frame Mg definition: signal Laboratory Frame Item Lowest unprescaled | Rate (Hz)
4 EF threshold (GeV) @ bx1033
Bup), Plup) + Two massive P i
particles produced e el o 24 60
u at res; ©-8-44,) g Tncl. 24 45
| Bty Pou pu:iA /1 ' ee 12 8
= . 2 ) // Boost g 13 5
M, M S G ™ 29,20 12
. 2 M, I} vy 20 10
""""""" mE miss L
; R frame equalizes 3-momentum of the two jets = CM frame if no ISR and ET - L
: sparticles are produced at threshold. 5j 55 8
_ _ = Mg peaks for the signal at the mass
MR =2p= \/; scRale of the heavy particle, M,
__:l: 3 T T T T T | T T | T T ‘ T
- [=3 2
Xt X1 = 10 -+ Mode A (3 %,)
W Z /v 2 10 = Mode C (%)
i) .
% 1 -+ Mode D (szz)
7]
9 - 8 10"
2 X1
2
; 10
10°
107
10°
10°E
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