SUSY SEARCHES
AT LHC

MARIA TERESA DOVA
ON BEHALF OF ATLAS & CMS

IX Latin American Symposium on —
High Energy Physics O

CONICET

U N L P

SILAFAE 2012, Sao Paulo, Brazil




IMPOSSIBLE TO COVER EVERYTHING!

Search for new physics in the multijets + missing transverse energy final state

Search for new physics in events with opposite-sign leptons, jets and missing

transverse energy

Search for new physics with same-sign isolated dilepton events with jets and

missing energy

Search for new physics in events with same-sign dileptons and b-tagged jets in pp

collisions at Vs = 7 TeV

Search for Anomalous Production of Multilepton Events in pp Collisions at Vs =7

SuUS12011 4.98/fb
SuUsS11011 4.98/fb
SuUsS11010 4.98/fb
SUS11020 4.98/fb

Accepted by PRL:
arXiv:1207.1898 NEw

Submitted to PLB:
arXiv:1206.3949

PRL 109, 071803

(2012),

JHEPO08(2012)110,
arXiv:1205.3933

JHEPO06(2012)169,

Recent Preliminary Results with 2012 8 TeV Data

Analysis Approved Luminosity
Plots

Short Title of the CONF nots O e e

ATLAS-CONF-2012-7109 Link

O leptons + >=2-6 jets + Etmiss 08/2012
O leptons + >=6-9 jets + Etmiss 08/2012
7 lepton + >=4 jets + Etmiss 08/2012

2 same-sign leptons + >=4 jets + Etmiss 08/2012

2011 Data (7 TeV)

(]

(]

5.8
5.8
5.8

With thanks to the ATLAS
and CMS SUSY convenors

Shor: Title of the Paper oo Plote+Aux. Matorial | Joumal

Pair of 2-jet resonance [N=1/2 scalar gluon] NEwW
Pair of 3-jet resonance [RPV] nNeEw

>=4 leptons + Etmiss [RPV] nNeEw

Monojet + Etmiss [WIMP] new

Disappearing track + jets + Etmiss
[Direct long-lived charginos - AMSB] nNEwW

1-2 taus + 0-1 leptons + jets + Etmiss [GMSB] NEwW
Monophoton [ADD, WIMP]

2 leptons + jets + Etmiss [Medium stop]

1-2 b-jets + 1-2 leptons + jets + Etmiss [Light Stop]
2 photons + Etmiss [GGM]

1-2 leptons + >=2-4 jets + Etmiss

10/2012
10/2012
10/2012
10/2012
10/2012

10/2012
09/2012
08/2012
09/2012
08/2012
08/2012

NN NN

NN NN NN

1210.4826 Link
4.6 12104813 Link
4.7 1210.4457 Link
4.7 12104491 Link
4.7 1210.2852 Link
4.7
4.7
4.7
4.7
4.7
4.7

Submitted to EPJC
Submitted to JHEP
Submitted to JHEP
Submitted to JHEP
Submitted to JHEP

Submitted to EPJC
Submitted to PRL
Accepted by JHEP
Submitted to PLB
Accepted by PLB
Accepted by PRD

N




SUSY FRAMEWORK
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Why believe in SUSY?

CMSSM

Names Spin | Py | Gauge Eigenstates| Mass Eigenstates
Higgs bosons | 0 | +1 H0 H0 H Hd K H° A H*
| . | ur, UR dL dp b (same) |
squarks 0 | -1 8, 8 €1, Cp (same)
ty, g by by f) & by by
€L ER Ve (same)
sleptons 0 | -1 AL fir v, (same)
| TL T Vs Ty Ty U
neutralinos | 1/2 | -1 | B0 W0 0 m| MmN §N§,
charginos 1/2 1| W qu' Hd CY (j‘jL
gluino 1/2 | -1 g » (same)
(ﬁl’fffﬁﬂﬁ) (éﬁ) -1 G (same)
7/

o Light Higgs: need new physics to stabilize mass.

o Dark matter: strong evidence from astrophysics

(R-parity conservation, neutral light LSP)

Goal: find hints of SUSY particles in 0.1—few TeV range




SUSY CROSS SECTION & MASS SPECTRUM
A“natural” SUSY spectrum

Direct stop/

L. Hall (LBL Workshop, 21.10.11)

First 2 generations
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SUSY ANALYSIS

1. Event selection cuts and definition of signal regions:

Cut in a set of variables that can discriminate between signal and
backgrounds.

2. Background determination:

QCD and fake backgrounds: estimate from data
top, W/Z+jets: estimate from data when possible or with transfer factors
using background-enhaced control regions

NMC
est,Bkg _ 'YSR data _ pyMC others
NSR - NM(. (NCR NCR )
CR

Smaller irreducible background using MC

3. Estimate all uncertainties:

Experimental uncertainties: jet energy scale calibration, b-tagging eff....

Theoretical uncertainties: renormalisation and factorisation scales, PDF....

4. Look into the signal region: Excess in data?

If not, derive exclusion limits

5. Interpretation

MT Dova IFLP-UNLP, La Plata Argentina



STRONG PRODUCTION IN RPC
» Lightest sparticle (LSP) stable (WIMP candidate)

» Pair produced sparticles
» Cascade decay down to the LSP

o-lepton 1-lepton

Inclusive jets + E;™ss + X
X=1v, {,more jets...
depending on NLSP

20

1
!
q ‘1\ l !
;g>"q' i }4
, p x
q

>
>

p
9 /<‘x 2-lepton




ATLAS 0-LEPTON + JETS + Emiss
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CMS JET + Hmiss ANALYSIS

o-lepton, >3 jets
generic SUSY search.

Interpretation in
simplified models with
only gluinos or squarks
production
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CMS Qlp ANALYSIS 8 TeV
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ATLAS 1-LEPTON ANALYSIS 8 TeV

Signal region with exactly one lepton (e or ), >4 jets and E™ss
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improved by about 100 GeV with respect to 7 TeV analysis




Entries / 50 GeV

ATLAS 2-LEPTON SS ANALYSIS

MSSM-gluinos are strongly interacting Majorana fermions.

Same sign leptons from the two legs in 50% of the cases + jets + E;™ss

The requirement of SS leptons suppresses the contribution from SM
processes and thus enhances the potential SUSY signal significance.

8 TeV
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THIRD-GENERATION SQUARKS

\ L. Hall (LBL Workshop, 21.10.11)

Naturalness requires :

[( (,V]
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 stop and sbottoms
up to 600 GeV.

1000 <+

* Gluinos up to
1.5 TeV.

500 +

v" Direct production: bs, Ws, ts, Emiss
v" Gluino mediated: : bs, Ws, ts, E ™5 jets




CMS DIRECT SBOTTOM 8 TeV

CMS Preliminary Vs =8TeV, L, = 11.7 b
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ATLAS DIRECT SCALAR TOP

Very light stop

m(j;)<m(i)<m(t) & —=>by:—bW%
106 GeV

—>soft dilepton + jets + Emiss

Light stop

Scalar top mass below or around
top quark mass
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ATLAS DIRECT SCALAR TOP
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FINAL RESULTS FOR STOP PAIR
PRODUCTION SEARCHES AT 7TeV (4.71tb™)

T, production: T, — b+, %~ W'+%; (BR=1, m; <200 GeV) f,> t+7, (BR=1,m. >200 GeV)
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ATLAS GLUINO MEDIATED
8 TeV Gtt simplified models ’
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CMS SBOTTOM FROM GLUINOS 8 TeV

2 SS leptons and >2 b-jets

Interpretation in
several SMS

Exclusion (95% C.L.) for
different choices of the .

chargino mass.
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ELECTROWEAK PRODUCTION

OF SUSY PARTICLES  zux;
v Weak production could be the él
dominant production at this stage. 1 .-
v" Models with decays into Ero-
sleptons/W, Z.

v Signatures with multiple charged
leptons. ,
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CMS WEAKLY PRODUCED SUSY

CMS Preliminary Vs=8TeV,L =9.2fb"
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Entries / 10GeV

Data/MC

ATLAS EWK PRODUCTION: SLEPTONS

2 leptons + E,miss

Reduce the WW background by
using its endpoint in tranverse

mass: mr, (at ~90 GeV)
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PHOTONS + E™iss > GMSB SCENARIOS
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experimental signatures. B T T B T
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Photons provide a clean experimental signature,
reconstructed with high purity and efficiency.
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General Gauge Mediation (GGM)

Events / 20 GeV

ATLAS yy + Emiss

Simplified models:

* Gluino/squarks for production
« Bino-like neutralino as NLSP

« Gravitino
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ATLAS vy + b + Emiss

Selection

1 photon (pr > 125 GeV)
> 2 jets (pr > 20 GeV)
> 1 b-tagged jet
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RPV & LONG-LIVED SPARTICLES

> R-parity Violation° Lifetime proportional to A2, 172, A2
_ 1 -
Wi, = wiHuLi + - AZ]kL LiEx + AfpLiQ;Dy + = Afy iD;Dx

Displaced vertexif A, A", A7 <107

Displaced vertex Disappearing track  Stable massive particle

soft /et penetrate
all detectors
i low
chargin

primary ."neutralino high dE/dx

vertex

decay length

O (10) mm 0 (100) mm >0 (1000) mm

» A long-lived (LL) can also be produced in RPC
o AM(XF,xY) ~100 MeV (e.g, AMSB) - disappearing track

MT Dova IFLP-UNLP, La Plata Argentina

 Heavy LLP: sleptons, squarks, gluinos (R-hadrons)




ATLAS CHARGINO DISAPPEARING TRACK

¢ L1” glecaying into P ar's

Long-lived AMSB charginos via EW processes
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1 , f 33577
Wr, = piluLi + 5AijkLilj Eg + Xijp LiQ; Dy + 5Ai5:Us Di Dy
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CMS RPV SEARCH

RPV RPV

Multileptons provide
sensitivity to several

new physics models

Stop RPV: LeptonicRPV in
stop pair production

Hadronic
RPV

atthew Walker, Rutgers University November 13, 2012
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CONCLUSIONS (I): SUMMARY CMS

Best analysis result per topology

4.98 tb 1> 7 TeV
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CONCLUSIONS (II): SUMMARY ATLAS

ATLAS SUSY Searches*

- 95% CL Lower Limits (Status: HCP 2012)

T T T T TTT
L=581b", 8 TeV [ATLAS-CONF-2012-109]

L=5.81b", 8 TeV [ATLAS-CONF-2012-104]
L=58b", 8 TeV [ATLAS-CONF-2012-109]
L=581b", 8 TeV [ATLAS-CONF-2012-108]

,,,,,,,,,,,,,,,,,,,,,,,,,,, MSUGRAICMSSM - 0 16p 4 5 +E; L
MSUGRAI/ICMSSM : 1 lep +js +E
Pheno model : Olep +js + E

Pheno model : Olep +j's + E

Gluino med. % (G—qa; ) : 1lep +j's +E
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GMSB (TNLSP): 127+ 0-1lep + s +E, "
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GGM (higgsino NLSP) : Z + jets + E, .

T.miss
................................. 9..'?‘!!.‘."'."0..L..S..P..v.v.'T.‘Q.’v‘.‘?.J??..f?rms..

oo g—)bb (vnrtual b):0lep +3b-j's +E; .,
c B gty (virtyalD) : 2 lep (SS) +j's +E
g2 —)ttx (wrtualt) Slep+js+E
23
™M

T miss
T.miss
T.miss
T.miss

T miss

T.miss

Inclusive searches

L=581b", 8 TeV [ATLAS-CONF-2012-152]
L=10.5 b, 8 TeV [ATLAS-CONF-2012-147]
L=12.8 fb”. 8 TeV [ATLAS-CONF-2012-145)
L=58fb", 8 TeV [ATLAS-CONF-2012-105]
L=13.0 b, 8 TeV [ATLAS-CONF-2012-151)
L=5.81b", 8 TeV [ATLAS-CONF-2012-103)
- |L=128 b, 8 TeV [ATLAS-CONF-2012-145)
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g—>tf,( vnrtualt) 0 lep + multi-j's + E
a-ti lv-..r.t.u..y) Olep +3b-j's +E;,
. bb b.—b 0Iep+2b—1ets+E
x S bbb—) 3Iep+Js+E
35S . it (very I|ght) t—)b,( :2lep+E
a3 _tt (light), by :1/2 lep + b-jet + E
S 3
D L
o> O
o2
Ch=

T.miss

T.miss
T.miss L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-151)

T.miss
L=4.7 b”, 7 TeV [1209.2102)

L=4.7 fb”, 7 TeV [1209.4186)
L=4.7 fb”, 7 TeV [1208.2590)
L=4.7 1b”, 7 TeV [1208.1447)

o T.miss
tt Qnedtum) t—)lx :2lep + b-jet+ E

it (heavy), bt - 1lep + b-jet + E
tt (heavy), t—)tx :Olep + b-jet+E, .

T miss
T.miss

........................................................ o

5 ; ('.b's’ iy 2ten E’ ~
Siv(W)=Ivy ep

§ i*fx —>X'|‘L\7v‘|:|(w) )Ivl I‘\;v 3lep +E.

*|L=4.7 1o, 7 Tev [1208.2884)
L=4.7 b”, 7 TeV [1208.2884)
L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-154]

T Miss
L=13.01b", 8 Tev [ATLAS-CONF-2012-154)

23
> § Stable t R- hadrons : low B By (full detector)
53 GMSB : stable T

FV pp—w +X, V. —e+| resonance

LFV : pp—vV, +X, V. —)e(p)ﬂ resonance

> Bilinear RPV CMéSM Tep +7j's + Ey e
@ % x "11‘_ Wx x —eev, .euv_ tdlep+E, . [t=1301b" 8 TeV [ATLAS-CONF-2012-153]
ILIL, IL—)I/( X, —eev,.euv cdlep+E; o L=13.0fb”, 8 TeV [ATLAS-CONF-2012-153]

g —) qqq 3-jet resonance pair .
Scalar luon : 2-Jet resonance pair |L=4.61b",7 TeV [1210.4526)
WIMP interaction (D5, Dirac %) : 'monojet +E I s |L=10.51b7.8 TeV [ATLAS.CONF-2012-147)
‘ | | ] 111

ATLAS

Preliminary

lln'rw q=9g malss I
124Tev §= g mass
1.18 TeV g mass {m(@) <2 Tev, I»ghtz )
1.3'1W q mass {m(g) < 2 TeV, I»ght 1 )
g mass (mig” |) <200 GaV, m(z") = —(m(l J+mi@)
g mass' {tang < 15)
gmass (tang > 20)
M G mass (m(f,)>50Cev) det = (2.1-13.0) fb”
g mass

gmass (mi;" |) > 220 GaV) fs=7,8TeV
690 GeV g mass (m(H) > 200 GaV)
6ascev F ~scale (m(G)>10* eV]
124 Tev g mass (m(1 ) < 200 GeV)
850Gev. g mass (m(x )<3oo GaV)
g 8 TeV results

860GaV g mass (mix )< 300 GaVv)
1.00 Tev g mass (m(,{ )< 300 GaV)
1.15TeV g mass (m(1 ) < 200 GaV)
b mass (miz" )< 150 GaV)
amhv b mass (miz, )-2mu 0
t mass (m(x )< 70 GeV)

12316768 t mass (m(_z )= 55 GeV)

298-305 GeV | tmass (mi” J=0
230-440 GeV tmass (" 1=0)
370-465 GEVl Tmass (m(x =0)
t mass (115 <miz" ;< 230 GaV)

EsHesGav | mass (mq D=0
| 110-340GeV x mass

(m(l )< 10 GeV., m('VJ -(m(,{ )*m(z m
WGGV x' mass (m(z ) m(x )m(z ) 0, m(lv)asabove)
140-295 G._! x1 mass (mix_ ) mu ). m(x J=0 sleplons decoupled)
%.mass {(1<ziy )< 10 ns)
g mass
t mass
Tmass (5<tanf <20)
gmass (0. 3x1o" <k, < 154107, 1 mm < et < 1 m,§ decoupled)
.mass (i,,=0.10, 4,,,=0.05)
V:. mass {43,70.10, 2, , . =0.05)
q-= g mass {cT 4p < 1 mm)
700 Gev Z mass (mu )>300 Gev by 0r A
T mass_ (m(x ) > 100 GaV, m(l¢)=m(l,‘)-m(l,) Ay
g mass

mn

122 = D)

430 GeV Jork,,>0)

PGeEEREEW sgluon Mass (incl. limit from 1110.2693)

704 Gev M* fcale {m, < B0 GeV, limit of < 687 GeV for JB)
| L1 11111 | L1111 ] [

|
10"

*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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CONCLUSIONS

» ATLAS and CMS have produced an impressive
number of papers and conference notes using
data from 7 TeV and 8 TeV collisions.

» Probed a wide variety of SUSY motivated final
states: SUSY was not “just around the corner”...

» Analysis at 8 TeV data are in progress. Expected
~20fb* More to follow!
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BACKUP SLIDES
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ATLAS y + LEPTON+ MET

(?g 8 -E'—l Ldt-48 ﬂ) _I‘_ ﬁf l—;
S E V=7 TeV . 3
~ IF e channel wr E
g sb- — GGM (1500, 200)_’
Lﬁ E —— GGM (600, 500) I
sE systematics 3 _
2 ATLAS Prefiminary 3
4 = GGM wino-like NLSP
3-5'_ _; ;‘ 1500—||||| lIIIIlIIIIIIIIIIIIlIIIIIIIII:
3 E [0) o 2 - SUSY,
21_ ‘ l!=l ‘ 3 o} 1400E | —— Observed limit (16, ) ;
0: F:]El S i § 1300;_ . Expected limit (+1a,, ) —;
100 150 200 250 300 2350 400 450 300 e = i . ) 3
ET= (Gev] o 1200 — All limits at 95% CL E
c - 3
S L ER- ATLAS Preliminary
N \* T S C 3
0.5 E- N E - E E
0= g0 Z00 280"~ 400 250 400 450 BT - : | 3
E™= (GeV] 800 E_ \s=7 TeV —E
700 N —
Selection | Channel | Total SM | Data 6005 O kA b =
SR e 13.0+34 | 15 g | | . | | g NLSIP .
Z 151+£36 | 11 0000 "200 300 400 500 600 700 800

wino mass [GeV]

- Gluinos masses < 619GeV excluded at 95% CL for any m_wino < excluded m__ gluino
- Wino masses < 221GeV excluded at 95% CL for any value of the gluino mass.




3 Exclusion limits : a new standard ATLAS/CMS procedure (>June 2012)

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

~ re

a9 producton, g— tYi_‘:

[E— < IAREEEI EEEEYN EE =" agv, | B
. .y o 600 I — Obeerved limi [t'oml =
Expected limit: %" : ATLAS Example |~ ——
=Central value: all uncertainties included in the fit as nuisance = 5o [La=aruiserioy [mmusma, -
parameters, except theoretical signal uncertainties (PDF,scales) - ] g
I 13
»+10 band : +10 results of the fit 01 13
E— [ 13
300 19,
Observed limit: i 1
. 18
*Central value: Idem as for expected limit 200~ 8
- 48
»+10 band : re-run and increase/decrease the signal cross ’ 1%
section by the theoretical signal uncertainties (PDF, scales) e i
goop i) agiy | "
500 900 1000
Excluded Model Cross section (SMS) « my [GeV]

=> Number quoted in paper correspond to observed -1 ¢ observed (conservative)
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