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Searching for new physics

Standard Model: remarkably successful Extra Dimensions
description of known phenomena, but
requires new physics at the TeV scale.

o Large, warped, or universal extra
dimensions

o Might provide:
o Dark Matter candidate
o Solution to Hierarchy problem

- Unification of forces

7]
E o Searches for new heavy particles, black
§ holes..
o
S Strong EW symmetry breaking
Three Generations of Matter o Modern variants of Technicolor
o Might provide:
/ o Dark Matter
S o Hierarchy problem
Upersymmetry o Possibly search for composite Higgs,
o Introduce heavy superpartners, scalar new heavy vector bosons (Z, W'...), 4th
particles, light neutral Higgs generation of quarks

o More than100 parameters even in MSSM
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LHC Run I just concluded. Exceptional
machine performance, high efficiency of
experiments in collecting data (>90%)
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Outline

» Not comprehensive (but quite dense!) overview of latest
results of searches for new physics from ATLAS, CMS and LHCb

Indirect and direct searches, from ‘simple’ to more complex topologies,
searching for the unexpected

In this talk: Extra dimensions
Heavy Resonances o dileptons Supersymmetry
o dileptons o diphotons o 3" generation, weak
o diphotons o jet +MET (also for production, indirect
o dijets Dark Matter) constraints

.or W', Z" and heavy
neutrinos in
o lepton+MET

o dibosons Long-lived particles

4th generation
o chiral or vector-like

Most of the results shown in this talk use the full 2012 data-set (8 TeV)
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Resonances: Extra Dimensions, new
gauge bosons and more

Large Extra Dimensions Randall-Sundrum

o(/
NN
It Aka oy,
Compact H‘\NE
imension

Z and W’ bosons

Natwrally awrise from mony SM
extersions ( GUTS - €6,S0(10),...,
extra dimensions etc..)
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Search for high mass resonances

» Di-lepton resonances have a strong track record for discovery = /U, Y, Z

Enlarge the possible final states: looking in dijet, dileptons, dibosons and more!

» Construct pair invariant mass and look for excesses in the high mass
spectrum

u,gda,s I _ -
TV o i R R - %49 e
MO | R s Iele >L<
: T o . - Q:E:Q q'aig
' u,d,s !
Advantages

—> Sensitive to many BSM scenarios:
* ZSSM in Sequential SM (with same Z-coupling as in SM)
* Z” models from E6 and SO(10) GUT groups
* The Kaluza-Klein (KK) model in Extra
Dimension
» Little, Littlest Higgs model ...

A - relatively clean with good S/B (SM-tails)
- Experimental challenges

Di-jet event, * detector resolution can be a key player

Mjj =5.15 TeV « extra care for E and p recontruction > 1 TeV
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Di-lepton final states: resonance searches

CMS

Searches in di-electron and di-muon final states
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Di-lepton searches: results

Constrain Z’ and RS graviton (G*) production in o ¢
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Dijet resonance searches

CMS
Generic search for new physics in the dijet > T T T -
.. . U.;.,m{_ — Quark-Quark _:
spectrum —> Sensitive to excited quarks, s — QuarkGluon
. . . ) ) o "™ Gluon-Gluon
contact interactions, axigluons, W', Z’, ... = :
) E Dpaas E CMS Simulation Prellmlnar'_.rz
* look for central resonances (ATLAS: S SeoToVWidedes
|Ay|<1.2; CMS: |An|<1.3) s E Measabnets 3
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Dijet resonance searches: results
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Resonant diboson production

» Several SM extensions predict the e Ty

: o U9
existence of heavy resonances g 08
decaying in WW, WZ or ZZ 507
W’ in Extended Gauge Model (charged, spin 1, 2 E’?
fermionic couplings like W, triple gauge ﬂ' .
W'WZ) G:E_
Technimesons 0.2

pT (spin 1) or aT (spin 0) in WZ or Wy 0.1

=

RS graviton (spin2, neutral, decaying in WW,
77 or yy)

W a W
el e >k
5 Z @ Zhy W/Zhy
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Events / 40 GeV
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Resonant WZ production

4

ATLAS-CONF-2013-015 @

WZ-> lllv: trilepton + Missing Transverse Momentum (EMiss )

Resonant diboson production (ZZ,WZ,Zy,Wy) taken from MC simulation

Reducible background from misidentified leptons (Z+jets, ttbar, Wt) from data
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Example of interpretation: W’in Extended Gauge Models
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In back-up: Search for resonant ZZ->
llqq (I=e, n) (7. 2 fb-1):
exclude G* mass above 860 GeV

ATLAS-CONF-2012-150
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W’ in lepton+ETM‘55 PAS EX012060

» Search for new physics in final states with an electron or a muon and a low
mass neutrino

Sensitive to SM-like W', split universal Extra Dimensions and Kaluza-Klein

W2, states, compositness and contact interactions
CMS prtlallmlnary, 20 fb', 2012, Vs=8TeV

CMS Preliminary [Lat=20m" Vs=8Tev a EiT Observed 95% CL limit
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Search for W’ in

t+b final states Bz26-12-010

» W’ decaying in top+b quarks predicted by Extra Dimensions, little Higgs and

Technicolor models

» Final states events with one lepton (e or p) + (b)-jets +EMiss

CMS Preliminary, 19.6 fb™ at |'s = 8 TeV

W' Mass [GeV]

Limits also apply to W boson if no SM-
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4th generation, vector-like quarks
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4th gen

Searches for

» denoted as

» Top partners with Q=5/3 (CMS-B2G-12-012, in back-up) —— =

and excited top (t*) also searched for (CMS) 153 600 Gavy

» Complex final states: _ :
T—Wb, B5>Wt or T>Zt, T->Higgs+t, B>Zb N

» Usually assume 100% BR for one decay modes o o 30 ”6&??83&1“0

eration / heavy quarks

heavy quarks carried out by CMS and ATLAS T(5/3) t+W
T and B, and/or t’and b”; or Q (Q’) for either flavor ol cisFreimnay ™ T2

F 196 at s=8TeV CIwiw:
F ]

- \WZ : 9
1 Charge MisID
—1Non-prompt

ATLAS uses also different hypothesis for T decay BR in Wb/Ht/Zt
as computed with theory-based calculations (PROTOS)
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1T T T

[T T T T[T T T T[T T T T[T T T T[T T T T[T TITTI]]

Singlet Doublet E
—t — Wb —
—_—t—=2Zt - t— Zt .
—t—-Ht - t'— Ht 7

* In general both single and
pair productions considered
* Mechanism and cross section

depend on Q nature
e Chiral or vector-like

300 400 500 600 700 800 900 1000
m, [GeV]
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Search for vector-like T @g

» T-WDb, Zt, Higgs+t decays considered ATLAS-CONF-2013-018

» Use 1 lepton (e,u) + 26 jets + E;MisS plus transverse mass M;

nepr-p

Major SM background: ttbar+jets

bin in number of b-tags, from 2 to 4 b-jets Limits on weak-isospin double
and singlet models:

. . <
S [ ATLAS Preliminary  e+p 26 jets, 3 b-tags Regions with = Exclude T'< 790 (640) GeV for
S 800 Lat=143" f Dt (10 = 8 ToV : a doublet (singlet) model
s - =, Hy=X pr (jets) < 700 GeV
~ 700 P S — tl+'l_?Fh! jets i
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Number of Events / 50 GeV/c?

Search for excited top quarks

» Consider t* decaying in t+gluons:

Right-handed t* quarks expected to be the lightest spin-3/2 Regge
excitation predicted in string realizations of the RS model

CMS

CMS-B2G-12-014

pair-production cross section ~ few pb at 500 GeV

1 lepton (e,u) + >=6 jets

CMS Preliminary 2012 19.6 fb™' Vs=8TeV

T 17T TWT .\ ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ ]
= e — Fitting function -
103 - [ Fitting uncertainty —
- * Observed data ]
- t* Signal (M =750 GeV) -
| t

, i (muon channel) |
10° 3
- ’ ]
10 E
15 =
: | - | | | ‘ | i

0

200 400 600 800 1000 1200 1400
Mass(top + gluon)

(pp — t*t*X) [pb]

10

CMS Preliminary L = 19.6(Muon & Electron) fb" (s = 8 TeV
R

e S observed limit
Sy, 0 mmee expected limit

RN 10

v Ay P R 2 O

Expected Limit at 95% CL: \I > 738+87 GeV/c? S,

B Observed lelt at 95% ( L \I > 794 Ge\ /c

IIHl" | \IHIIl

| .
400 500 600 700 800 900 1000

M,. [GeV/c?]
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1 object and nothing else: Monojets

Energetic gluon/photon
— radiation in the initial sate

q . q
g
X
q G
. q X
qq—9G, qg—qG, gg—gG, G = Graviton
= WIMP
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Monojets

Monojet is a simple

and striking signal

High-pT jet with no object to balance pT

Main background is Z 2 v v + jet(s)

- Limits on graviton in Large Extra Dimension (ED):

Set on Modified Planck scale (MD) for N extra dimensions

- Constraints on Dark Matter (more in back-up)

- ATLAS result obtained with 10.8 fb-1 (ATLAS-CONF-2012-147)
- CMS result obtained with 20.6 fb-1 (CMS-PAS-EX0-12-048)

E 1 T I T T 17T T T 1 T T 17T I LI I T T 17T I T T 11 | TT 17T I T T 1]
Q E — 95%CL Observed limit .
v T == 95%CL Expected limit (£ 1+ 26,,,)]
X - %ess ADDn =2 =
< - [ ADDn=6 1
X
b . —
[ -1
ATLAS Preliminarp:) \s=8TeV, J L=1051
10‘1 - -
B N ]
L
"F 3
_I L1 I 1111 | - l 1111 | L1 XN \ L1 1 l 1111 | - I 11 I_

1 1.5 2 25
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Monojets results as constraints on DM

Limit on WIMP pair production cross-section can be transformed into limit on
effective WIMP-hadronic contact interaction:

Vector (SI): (z7,2)(@r"q)- A
Axial-v. (SD): (zy 7> x)(@r"7°q) -

WIMP-nucleon 1 — x
scattering xsect © " A4 >.<

l—10'27_* T T T T T T T T T T T TTTTTH 1—1027 T T T TTTT T T TTTTT T T T T 17777
q T T A
£ 10~ CMS Preliminary —*— CMS 2012 Vector = 10-28 — CMS Preliminary —s— CMS 2012 Axial Vector —
L s=8Tev R OME201] Voetor = (528 TeV e CMS 2011 Axial Vector
c 10%°F — - CDF 2012 E - 10‘3° = — - CDF 2012 =
— -1 e — - & —
S el J"- dt=19.5 e’ e S F J.L dt=19.5fb" == SIMPLE 2012 -
o 107°F --:= COUPP 2012 = = o - CDMSII 2011 —
@ F 000 s SIMPLE 2012 E o) - COUPP 2012 —
D e CoGeNT2011 7 1T had S o =
8 36 -+=- CDMSII 2011 B n — SSCHparICI . p=i
9 10 i ---- CDMSII 2010 : 8 10 36 — - lceCube W*W —
O jp®f———1 ] : S
c " O o
o C
% 8 J0™
=) O (v, 0@y Q)
Z S 10% S B
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- 8 ik s N
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Searches for Supersymmetry

-> superpartner for every SM particle, spin differs by one half

Many good reasons to consider SUSY: Standard particles SUSY particles
. ) d S ’ Higs d S [ Hiogsino
- Fermion and Boson loops protect the Higgs mass at R N D
: g . » Ve Vv, V.
large energies (reduces “fine tuning”) J~ \J,v J~
* Higgs ‘candidate’ = lightest neutral CP-even SUSY Higgs "h" W
Quarks @ Leptons @ Force SQuarks ) Sleptons () SUSY Force

Carriers Carriers

- unification of 3 coupling constants at high energy in
one point (GUT scale at 1016 GeV?)

L e=s 1
H H ,d 1.'
- offers (with R-parity conservation) weakly e e ST
interacting massive particles for Dark Matter with a )
mass of 0(100) GeV Light stops and

gauginos/higgsinos to cancel
divergences in higgs mass

R-parity = (-1)381 +2s
-1 for sparticles
1 for particles
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Searches for SUSY @ ATLAS and CMS

A broad search
programme:

» Effort to probe
maximum area of
SUSY parameter
space possible

» Several full
dataset results
public for Winter:

8 for ATLAS
4 for CMS

More in preparation
for LHCP

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 26, 2013)
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Wide range of signatures covered - Here will focus on ‘natural’ SUSY (others in back-up)
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“Natural” SUSY

Lightest squarks are stop/sbottom, gluinos
possibly not too heavy, gauginos accessible

Low cross-sections and large SM backgrounds require
dedicated searches

Strong & strategic approach by ATLAS and CMS

o also: 25 b+ 4
b/t 4

Gluino-mediated b/ production Direct b/t pair production

P,
Direct slepton-pair production /

25

1 TeV

500 GeV_|

M+

A Natural Spectrumi

General “bottom-up” viewpoint
g br L
q . “Distant

; , Cousins”
The “Nuclear Family” —|_
of the Higgs v

()7

«—— Closeness to Higgs
L. Hall (LBL Workshop, 21-Oct11)

Associated gaugino production
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Stop via gluino pair production ()

» Final state contains up to 4 bjets, up to 12 jets and 4 leptons (possibly same sign):

Many different analyses developed to target this final state. Here the ones using full 8 TeV dataset:
ATLAS: 2 same sign leptons + (b)-jets and large E;Miss(20.7 fb-!, ATLAS-CONF-2013-007):

Very versatile analysis, mostly data-driven bkg estimate, 3 Signal Regions defined on N bjets, E;{™ssand M effective

CMS: 1-lepton + >= 6 jets (2 or 3 bjets) (19.8 fb-1, CMS-PAS-SUS-13-007):

. Two complementary approaches: eS|
@ ‘Lepton Spectrum’ - large E;s*and H; é SR Nb > 3 N > 6
. . =+ Vet =

‘Delta Phi’ = A¢(W,]) and total transverse energy (Slep) -
1 03 CMS Simulation L=19.4fb™ s =8 TeV

nepr-p

E T T ‘ 1T T | T T | T T | T T | T T ‘ JE

SR: N, 21, Ny 2 3, Ef™**>150 GeV SRe—— Muons :

> O T n N - —  tto11 HT>500 GeV -

§ 12— ATLAS Prellmlnary simgzganm Heglon — -E- 1 02 - — 21 250<S <350 GeV |

Q C IL dt=20.7b" \s = 8 TeV tsz_“iT\?m ] ) : = ]

2 10F oo 4 5 & SMS(M,=1000M, =600) ]

g | \:ICharge fI|p - L —— SMS(M =1150, M —300) 7

€ - gattx (m (x) =200GeV, m@ )=1100GeV) —

w8 - by {7, (M(E))=150GeV, m(b)= 450GeV)—_ 1 O = —_—— SMS(M =1250 MLSP 0) E

6 — - g

. e e i

_ N iaianliais - |

10 e oo o

o - —— |

Z - e
% 1 O— | ‘ | | | | | | | | | ] ‘ L
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Stop via gluino pair production (Il)

Final state contains up to 4 bjets, up to 12 jets and 4 leptons (possibly same sign):

v

nepr-p

§-g production, g— tf’;zo

Many different analyses developed to target this final state. Here also:

ATLAS: Multijet, 3 bjets (0-lepton); 3-lepton; Same Sign leptons;
CMS: MET+HT, Alpha_T (0-lepton); Dphi, Lepton Spectrum (1-lepton); Multilepton; SS leptons;

\s=8TeV

Status: Moriond QCD 2013

95% CL limits. 62YSY not included.

theory

O-lepton, 6-9 jets L, =58fb7
ATLAS-CONF-2012-103
0-lepton, = 3 b-jets L =128 o

ATLAS-CONF-2012-145

3-leptons, = 4 jets
ATLAS-CONF-2012-151

2-SS-leptons, [0-3] b-jets
ATLAS-CONF-2013-007
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Direct stop pair production

» Decay of stop depends on SUSY mass spectrum

t T production where T —t%> - heavy
or: stopinb +y* > medium/heavy

Signature:

0-lepton + 2 6 jets (= 2 b-tagged jets) + E M
ATLAS-CONF-2013-024

1-lepton + = 4 jets (1-2 b-tagged jets) + E_ ™
ATLAS-CONF-2013-037

Backgrounds

Semi-leptonic ttbar;

Z = vv +jets (0-lepton)

W->1v+jets (1-lepton)

O-lepton: Loose, medium, tightsignal regions using E_miss

1-lepton: Loose, medium, tight signal regions using

various complex observables and (mT, E ™) cut-

and count and shape fit

CMS Results (1-lepton): CMS-PAS-SUS-12-023

Events /50 Ge

Data / SM

————
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3_ , 444 SM Total ]
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ATLAS Direct stop search summary

t t production

Status: March 26, 2013

100

_-; -..-
mx =150 Gev =~

;‘ 600 T L ILANLLANLN NNLNL I N LA B | 1T [Trr T[T rrr[rrrrrrrr]
[} L ATLAS Preliminary Ly,=13-21f0"vs=8TeV L, =4.7f"\s=7 TeV |
(O) - == oL, E—) 130 0L ATLAS-CONF-2013-024 0L [1208.1447) .
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Note that these plots overlay contours belonging to different stop decay channels, different
sparticle mass hierarchies, and simplified decay scenarios.

In back-up: search for t2 - t1 +Z and t1 in Gauge Mediated scenarios: ATLAS-CONF-2013-025
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Direct stop in RPV scenarios  PAssus-13-003

CMS Preliminary \s=8TeV, L,=195 fb’

% 3-leptons incl. no taus + off-Z + at least 1 b-jet -

L% 102 — —+— Observed =

@ Bkg Uncertainties 3

- Data-driven ]
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N e B .
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CMS (9.2 tb-1, ) and other ATLAS results in back-up
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Indirect constraints on SUSY and
other BSM models

LHCb-Paper-2013-002
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B, > uu "

hys.Rev.Lett 110, 021801 (2013)
» Constrain MSSM with large tan f3 i s PR
B B
» Enhancement from many BSM models » s}w<w

First evidence of the decay Bs—uu

I|v
. 1

» InSM: ° W Z b . :
i zZ _ H
. 4 t la ‘
— s(d) L _
b W Ty

Full PDF
- Bl—utw
B’ —utw
- Comb. backgroun
B — h+ h -
— B" s utv

B = 1%

s, LA
BR(B,— U= (3.23+0.27) x10 S uE

- o - S 124
Maximize sensitivity by classifying events = ok
according to two variables: 2 85
Pl - 8 F
* Boosted Decision Tree (BDT) combining ©
geometrical and kinematic information =R

© aF “+ i

Data driven calibration of BDT for signal | S

, 5000
from Bd,s—h+h’-events

10 TTev)+1.1 i (BT V)

LHCb

BDT =0.7

|IIIIIII|IIIIIII|IIIII

N1

T

I
5500

600C
m,, - [MeV/ c?]

BR(B) — u'u )= (3.2"};(stat.) £ 0.2(syst.)) x 10 °
Probability of background-only fluctuations: 5x10* ¢ 3.5 ¢ (first evidence!)
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LHCb B, = pp and SUSY

______ “ =]  Whatcan this tell us about SUSY?
~ MSSM-LL ;ﬁ b ut
T u,_ A !
s :
> Large tan 3 with light pseudoscalar
- Higgs disfavoured
‘Natural’ (small fine tuning)

MSSM scenarios barely affected
* SUSY-BR(Bs—=>up) is ~ to SM-BR
* in some scenarios can even be

suppressed!
Z I I
sk 1
3, L
Tm b
= S
x L ]
8 30 o 1ar
m =2TeV f‘" b
(@) p=1TeV,A >0 ? 0.5 i i
(b) jp = 4TeV, A, > 0 o
©p=—15TeV,A >0 7 i
(d)pp=1TeV, A <0 O 00k, ., T B Lo T R RS b
i -0.05 0.00 0.05 0.10 0.15 0.20
gray: A,H — 747~ i
[Altmannshofer et al. 1211.1976] 1 Cp=-Cs
--------- 200 400 600 800 wo 1200 - (Straub, Moriond QCD)
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Direct searches for BMS @ LHCb S8

» Search for B, = pu pu: Strongly suppressed in SM, BR can be enhanced in
SUSY models (direct production of new scalar S, and pseudoscalar P, both

decaying in pp)
Non-resonant candidates
SUSY-like g T T T
p z 35F | LHCb
o = |
’ Pl _ = 2sE I 3
; s A | E
" B s\“~< 2 1_55_ | 3
: Wt - T é 1;_ b4t ot I 4 _;
(a) (b) () O'S;:-———-_._._._ ll . E
BIB® = SP) < 1.6 (1.9) % 10~ 86550 3000 5100 5300 5300 5100 2200 %50
. . i | el . i o ] = My - e - (V1€
Limits (SM BR < 10-19) \Ba o)< LB 1L.2) %
B(B" = SP) < 6.3 (511 % 1077
L L B B L B L
» Search for Majorana neutrinos (N) 1L LHCb j

Upper limits on |V 4 |* at 95% CL as a function of the

2 .
e 10 Majorana neutrino mass from the B~ — # u~ u~ channel
o
b 3107
~ W Ty =
/‘“\/vvv 10¢ /
~I__
— N = 1
J W AN 5 Tl ™
Ny + 10
L™ | | o', g
_1.-_ \/I 10_5,,,.|....|.||||||||||||l|ll
N—W I 0 1000 2000 3000 4000 5000

Majorana neutrino mass (MeV)
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http://cdsweb.cern.ch/record/1528276
http://cdsweb.cern.ch/record/1528276
http://cdsweb.cern.ch/record/1528276
http://cdsweb.cern.ch/record/1528276
http://cdsweb.cern.ch/record/1528276
http://cdsweb.cern.ch/record/1528276
http://cdsweb.cern.ch/record/1528276
http://dx.doi.org/10.1103/PhysRevD.85.112004
http://dx.doi.org/10.1103/PhysRevD.85.112004
http://dx.doi.org/10.1103/PhysRevD.85.112004

Long-lived particles

MetaStable Stable
disappearing (kink) stable massive
track : particle

displaced Tf 77 i slow @<,

vertex : long time
o, - of flight) " penetrate
fean. a detector
O(10) mm O(100) mm > O(1000) mm decay length
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Long-Lived particles

» Several new physics models could give raise to new, massive
particles with long-lifetime.

[f AM(chargino-neutralino) * 100 MeV (eg. in AMSB):
Long-lived charginos = disappearing tracks (ATLAS: JHEP01(2013)131)

If very heavy squarks mediate gluinos decay (strong virtuality):
Long-lived gluinos = R-hadrons (eg. Split SUSY)

In Gauge Mediated SUSY Breaking (GMSB) couplings might be weak -
long-lived sleptons or photons depending on NLSP (gravitino LSP)

In R-Parity Violating SUSY, LSP might decay:
Displaced vertex (ATLAS: PLB 719 (2013) 280)

Hidden sectors (ATLAS: arXiv:1210.0435, CMS: arXiv: 1211 2472):

Higgs decay to hidden sector neutral particles:

displaced vertex

Higgs decay to hidden sector fermions:

Collimated pairs of leptons (lepton-jets)
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Non pointing photons

» In GMSB, the gravitino is the LSP

» Phenomenology driven by nature of NLSP:

If v,° - v+ G, neutralino can be long-lived
Signature: 2 photons + high ETMiss

Photons do nat &“"I.“r - uster
point back to the = e i
primary vertex

2 5 “q‘_~‘
1% A\ '@

0 o
z z

zDCA: difference between the z-coordinate of the y

» Use Y ﬂlght direction and time of ﬂlght (TOF) extrapolated back to its distance-of-closest-approach

from Calorimeter
ATLAS-CONF-2013-1226

o served Limit
A=) 102 ceI ngé‘{:g |:i|rrr]11iltt (i"{i::s:r‘;)ATLAS Preliminary_:
= e B = 15 vt e
%{ < Excluded Region " aa (1s=7Te ):
All limits 95% CL 4 _
Ldt=48fb |
10
1
10—1 1 1 1 1 1 1 1 I 1 1 I 1 1 1 1 1 1 1
80 100 120 140 160 180
A [TeV]
| | 1 1 | | 1 | 1 1 | 1 1 1 | I
100 150 200 0250
moc) [Gev]

ATLAS: for A=120TeV, 1< 8.7 ns are excluded at 95%
CLs, the expected limit would exclude T < 14.6 ns.

(DCA) to the beamline (ie. x =y = 0) and zPV, the z-
coordinate of the PV

_C% 22 B T T T | ] T ] T T T T T T T T T ]

D0 _ATLAS Preliminary ]

2 18 Data 2011 i

218 \s 7 TeV, [ Ldt- 481 }

W1l ]

— + Data (Signal Region) i

14~ Best S+B Fit,u = 0204019 | -

19— SPS8 MG, A=120 TeV, 1=6 ns | |

10 . — Bkg Only Fit B

8 | -100 -80 -60 -40 -20 0 20 40 SDZDC;&?mr:'?D_

6 ]

4 — =

2 — —

0 : .

-1000 -800 -600 -400 -200 O 200 400 600 800 1000

Zpca [mMm]

PAS EXO-11-035
CMS: m(x“I) > 220 GeV (for ¢t < 500 mm). on the

proper decay length of the lightest neutralino, ct> 6000
mm (for m(x”l) < 150 GeV) excuded at the 95% CL
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Search for Stable Massive Particles =
» Also referred to as Heavy stable charged particles (HSCPs)

e . D. Colored sparticles can hadronise into
» Within SUSY: R-hadrons - long-lived bound hadronic states

Stable > ct = size of detector Heavy parton f
) carrying most o
Produced with <1 £X0-12.026 | the momentum @ @

TI'aCke.Ij only Light quark system (LQS)
e Sensitive to any promptly produced HSCP rrombor - Oty CMS Protminry ¥om8 Tov. L1085
e Uses dE/dx in tracker to separate signal s [ ¢ obsemea ]
g _ i% IIl Data-based SM prediction _
from baCkground = 105 i [ Gluino (M=1000 GeV/c?) 3
Muon Only \E i
e Sensitive to any HSCP crossing muon L
detector -
e Uses TOF to separate signal from BKG
— - 107
B =1+(cd )|L :
Tracker+TOF -
e uses both 102l
0 500 1000
Mass (GeWV/c2)
@ATLAS: R hadrons and stable sleptons (7 TeV)
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http://arxiv.org/abs/1211.1597
http://arxiv.org/abs/1211.1597

SMP: CMS Results

» Consider (and combine) 7 and 8 TeV results

Tracker + TOF CMS Preliminary Vs=8 TeV, L=18.8 b’

G (pb)

40

102

10

:II T T T | T T
Theoretical Prediction
gluino (NLO+NLL)

------ stop (NLO+NLL)

............ GMSB stau (NLO)
Q=2e/3 (LO)
Q=1e (LO)

T T I T T T T
—¥— gluino; 50% 5;;
—— gluino; 10% gg
—m— stop

-~ Pair Prod. stau (NLO)—=— Pair Prod. stau

—¥— GMSB stau
Q=2e/3

—— Q=1e

] IIIIII| 1 IIIIIII| l IIIIIIII | IIIIIIII l IIIII|,|,I 1 IIIIIII| L1l

oy
500

N
1000

L1
1500

Mass (GeV/c?)

Cross section upper limits at 95% C.L.
on various signal models for

the tracker+TOF analysis (at 8TeV)

Monica D'Onofrio, BSM Searches at the LHC, [oP

Ratio of the Cross-section upper limits at 95% C.L.
to theoretical cross-section prediction for various
signal models: tracker+TOF analysis for 2011
data (at 7TeV) and 2012 data (at 8TeV) combined

CMS Preliminary {s=7 TeV, L=5.0fb" Vs=8 TeV, L-18.8 b

£ T T T T I T T T T
E Tracker + TOF
£ 10
1
10
10
-3 ~
10 —*— gluino; 50% gg
—a— gluino; 10% gg
_4 —m— stop
10 —¥— Pair Prod. stau
5 —— GMSE stau
10 Q=2e/3
—a— Q=1e
1 0‘6 1 I 1 1 | 1 1 I
500 1000 1500

Mass (GeV/c?)
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95% CL Lower

(Status: March 26, 2013)

MSUGRAICMSSM : O lep +]'s + .. i
MSUGRA/CMSSM : 1 lep + s+ E. ., § =7 mass
W Phenomodel : Olep+js+E. ., GMass @< 2T Ight ;) ATLAS
£ Phenomodel : Olep +js+E. .. Gmass  (mie2ted g’y Preliminary
g Gluino med. " (§-aTi’) 1 lep +]'5 + E,m Gmass iz} <200 Gevm(y') = omy i)
& GMSB’\S NLSF) 2lep sos) HSHE L, gmass feni<1s)
I g GGM (b\r’\’u) NLSZI:) 'ﬁ : E”‘“ L2071 BTV (1210304] 14O Gmass g 10
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Gravitino LSP : 'monojet + E+ ., Fscale  mi»10'ey)
¢ ol gobby 10lep+3bs+E, X gmass )< 200 Gev)
g% Bt 288Hep+ Q30 s ¢ £, [LTREaTiNAS e W006e| §mass (o) 8TeV, all 2012 data
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Each bar is one or more searches

Large ED (ADD) : monajet + £
Large ED (ADD) : monophoton +E ..
Large ED (ADD): diphoton & dilepton, m,
UED : diphaton + £, ..

5"z, ED : dilepton, m,
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RS-t (BR=D.925): tt— l+jets. m

hoosted
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ADD BH (M., !M ) : leptons + jets, £p
Quantum hlack hole : dijet, F (m ( A
qgqq contact interaction : 1( )
qqllCl: ee &y, m
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Extra dimensions
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Scalar LQ pair (#=1) : kin. vars. in uyjj, pvij
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LQ

" 4" generation : tt— WbWh
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New quark &' 6B 264X, m

Top partner: TT = tt+A0;i\Q (dilepton, M

Vector-like quark : CC,m,,

Vector-iike quark : NC,m,,

Excited quarks - -jet resonance, m

Excited quarks : dijet resonance, md
Excited lepton : |-y resonance, m
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a
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ATLAS Exotics Searches* - 95% CL Lower Limits (Stal CP 2012)
T T TTTTT T T TTTTTT T T T TTTIT T T TTTTT
My (522)
My (6:2)
M (HLZ 83, NLO) ATLAS
Preliminary

Compact. scale R
M =R
Graviton mass (kiMg = 0.1)
Graviton mass (k/Mg =0.1)

Graviton mass (k/My = 0.1} J"—df =(1.0-13.0) "

- f5=7,8TeV
M, (5=6)
M, (5=6)
A
A (constructive int.)
A
Le5.-6.1 1, 8 To [ATLAS-CONF-2012-120 249V 7' mass
L=A7 1" 7 Te¥ [1210.6604] 14TeV Z'mass
L2471 7 TeV [1209.4446] 255Tev. W' mass
L=47 1", 7 TeV [1209.6503] 4GV W mass
L1010, 7 TeV [1205.1016] 1437V W mass
L4710, 7 TeV [1209.4446] 242Tev. W* mass

s0Gev 1 gen. LQ mass
56V 2" gen. LQ mass
536y 3 gen. LQ mass

L4017 TeV [tH12.4820)
L0, 7 TeV [1203.4172)
L=A71h", 7 TeV [Preliminary)

L=A7 1", 7 Te¥ [1210.5486] 656Gev [ mass

L2471, 7 TaV [ATLAS-CONF-2012:30] 670GaV D' (Tm) mass

L=2.01", 7 TeV [1204.1265] a0Gev b mass

L=AT 10, 7 TeV [1209.4186] 483GV, T mass (m(A, ) <100 GeV)

L=46 1", 7 TaV [ATLAS-CONF-2012437] 142Ta¥| VLQ mass (charge -1/3, coupling x,q = vim,)

Techni-hadrans (LSTC) : dilepton, m,.,
Techni-hadrons (LSTC) : WZ resonance (v, m
Major. neutr. (LRSM, no mixing) : 2-lep + Jels
W, (LRSM, no mixing) : 2-lep + jats
H“(Dvpmd BR(H™=sll)=1) : 33 ee {up), m
' (D prod, BR@-I“—)E}L F1):SS e !
Color octet scaILar dijet resonance, m‘

Other

*Only a selection of the available mass limits on new states or phenomena shown
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L= 10", 7 TeV [ATLASCONF-2012437] 1168Tav. VLQ mass (charge 2/3, coupling g = vim,)

[* mass (A = m{l*)
poy mass (mipjor) -mix) = M,)
p, Mass (m(p} = mir) + my, mia ) = 1.1m(p.)
N mass (m{W ) =2 TeV)
W, mass (m(N) < 1.4 TeV)
H* mas (limit at 398 GeV for uy)
H* mass

Scalar resonance masi
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Summary and conclusions

» Impressive program of searches!

several beyond SM models explored at the LHC as well as signature
based searches carried out

Looking for the unknown, pretty much everywhere!
Strenuous work of analyses teams in all experiments to analyze all
data in very short time (< 3 months from end of pp Run I)

UK contributions across many areas of research

» Much more expected in the next few months and years, with
the Run Il at LHC

» To know more:

https://twiki.cern.ch /twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch /twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch /twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch /twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch /twiki/bin/view/CMSPublic/PhysicsResultsB2G

http://lhcb.web.cern.ch/lhcb/lhcb page/physics results/recent lhcb results/
Default.html
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cMs,

Di-lepton: non resonant searches

Dedicated searches for non-resonant signals in dielectron and dimuon final states

CMS-PAS-EX0-12-027
CMS-PAS-EX0-12-031

CMS 2012 Preliminary _[ Ldt=206f" {E=8TeV

e Enrichment due to virtual Graviton (ADD model)
* Two possible parameterizations of LO x-section:

*  GRW: single parameter A > | | | ]
* HLZ: n and Ms(A)=MPI(4+n), n=N extra £ 4/ =
dimensions CMS 2012 Preliminary ~ [Ldt-206f" 5=8Te e -
> L L B L B & r
$1o Wov-w 1 ==
3 n=7 |
103 [l Top + Diboson L
GRW parameterization £10? data 31 o[ HLZ parameterizationor 1.3 ]
Q —— ADD A,=3.6 TeV 3 i i )
1 ECMS 2012 Preliminary JLﬂl:EU.E m' s=sTev W10 E i —— Observed Limit
N L L T LA L LI B AL B . r N
£ - s ——— 958 CL Observed Limit | 1 Expected Limit i
o 1.4F RIEEEES 95% CL Expected Limit 10" E C |:| +2a expected Limit (n=3) ]
@ v+ [ + 16 Exp.Limit ] 102 ) S N AN S BT
X1.2- '\ [+ 2 Exp.Limit . = 2 3 4 5 6 7
s PRREEES Theory LO . 10° . M, [TeV]
' 1 S Theory NLO - . =
Q | ! 1 197500 1000 1500 2000 2500
o 0.85 3 . M, [GeV]
8 Vi HH
G 0.61 R ] Mg [TeV]
0.4 - AN J Channel n=2 n=3 n=4 n=5  n=6 n=7
HH 369 449 377 34 317 3.00
P P S L S U 309 477 401 363 337 319
2 25 3 35 4 45 5 e
Aq [TeV] combined 4 35 494 415 375 349 3.30
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-ance Search below 1 TeV

W 0LT TeW)
Wa =7 T8

Wida Jets

||||-€E 5 i

(0.7 TeV) ..

D (1.5 TaV)

#— CNS Frelimmary (013487)

— Fa

QLD Pythia

| JetEnergy Scale Uncertainty

| | Data Scouting: ~1kHz

| = Novel trigger and data acquisition
strategy applied to physics
analysis

» Trigger: H; > 250 GeV
— Reduced event content:
= HLT calorimeter jets only
= no raw data
= no offline reconstruction

— Bandwidth (rate x size)
under control

Sy

0 1000

1500

Data Parking: 300-600 Hz

looser and new triggers
— increased range for many analyses

* For the shutdown

2500 SEIIEIU
Dijet Mass (GeV) -

2000
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Resonant WZ production Y

» WZ-> lllv: trilepton + Missing Transverse Momentum (EMiss)
Resonant diboson production (ZZ,WZ,Zy,Wy) taken from MC simulation

Reducible background from misidentified leptons (Z+jets, ttbar, Wt)
estimated from data

Two control regions used to check predictions:

. . mias W

WZ and Z+jets regions —— Eym=e <25 GeV, m"™ <25 GeV

\/ m.= Transverse Mass
ﬂy[w.Z} } 1 _E ﬂm ﬂﬁw,z] { E_E } :I TTT | T TTT | TTTT I TTTT I TTTT | T TTT I TTTT | TTTT B
B ] o L B B B R = & 1 4:_ ATLAS Preliminary  —- Dala Ewz _:
S opof. ATLAS Proliminary - Data mwz 3 « 1o V=8 TEN.JLdt:ﬂl-ﬂ ' 142 Eli+jets -
S s ‘ S lsjets 3 £ . I Zy I Wy ]
- 1ggz_u§-BTw.JLm.13.nm 2z + E = - s :
E = -ET - WT - g 10 — stal. +5ys. —
c 160F ot ssys. e w - ]
[+H] C . - _
@ 140 E 9 -
120 = C eVee channel N
100 inclusive channel 3 6 :_ _:
BOE = af- =
il E o -
40E E n _ .
20F- = O, e o IIFSS == P .

ok - [}ﬂ /5 B0 85 90 95 100 108 110

200 400 600 BOO 1000 1200 m, [GeV]

My, [GeV]
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Resonant WZ production: results
P .
3 140 B L I L l T T T I T T 1T | L I T rT | T T 1T | T T 1T I ] % 1 02 ;7' T T LI | LI ‘ T ‘ LI | LA ‘ LI LI | T E
O [ ATLAS Preliminary 4 Data I wz 1 O - \s=8TeV | Ldt=13.01b" .
L . — o
& 120: \'s=8 TeV,det=13.0 v [z [ tjets 1 ¥ 10 ATLAS Preliminary -izw E
T,; B - Zy - Wy B ) = Il + jets 3
£ 100~ — W/(m=600 GeV) — W'(m=800 GeV) | 5 1L |Bwz N
2 C =400 GeV) (m=600Gev)] T} = —=— 2012 Data E
T 80 - «e P, (M= e Py (M= /] un| = ///]| Total Error 3
: Gstat_+sys. : 1 0_1 ;_ _;
60 inclusive channel ] g 3
B 2 102 = E
40~ - F iy s
- ] 3L /] il
: i ]
10 0 200 400 600 800 1000 1200 1400 1600 1800 2000
o? [GeV1 Myz [GeV]
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Qo i Expected 95% CL Limit 2 1000 - ATLAS Preliminary i —
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B * (72 S 95% C.L limit - Observed - M(a ) 11 M(p ) F .
% +20 g L 95% C.L limit - Expected - M(a ) >>M(p,) S -
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- Vs:STeV].Ldt=13.0 fb" B ]
- | 400~ .
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47 Monica D'Onofrio, BSM Searches at the LHC, IoP 8 April 2013

ner-e



Resonant ZZ production  smsscoxezoziso §
> Search for resonant ZZ% llqq (I=e, 1)

Events / 50 GeV

ved) 500

ATLAS Prallmlnary

10°F 1s=8TeV, |Ldl=7210" gmwWwWwWzzZz
@+ Z—
10*E Resolved Selection

- Data
-1 [ £+jets

D%ﬂEIS

=800 GE‘U‘
gh =100 3

1000

1500 2000

m(lljj) [GeV]

Use Bump Hunter algorithm to test for
the presence of a signal.
Fit mlljj distribution with smooth

background hypothesis:
1-x)™ g /3 (resolved)
J(m;poy2s)= Pnﬁ |y /N5 (merzed)

48

Two signal regions to treat jet-jet overlap

olpp — G*) x BR{ G* — ZZ ) [pb]

Resolved. p{llj=20GeV

+ Two leading jets: Ady=<1.6, 65 <m < 115 GeV
Merged. p(ll) > 200GeV

= Leading jet: p(j)=200GeV, m, = 40 GeV/

_I'I | L

I T T T T T T I T T T T
RS Graviton, KM, = 1.0

1
—s— QObserved 95% Upper Limit _
----- Expected 95% Upper Limit
B i

2T

ATLAS Preliminary
\s=8TeV.|Ldt=721b"

| lIIllIl

-EI 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 I L 1 1 1 1
107400 600 800 1000 1200 1400 1600 1800 2000
M- [GeV]

Upper limit on o(pp->G*)x BR(G*-> Z7)
Lower limit mg.: 850 GeV @ 95% C.L.
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W’ in lepton+EMss

CMS |

» Search for new physics in final states with an electron or a muon and a low

mass neutrino
» Additional interpretations:

Limits for contact interactions (HNC model) in the p+MET
channel.
Excludes A <10.9 TeV (13 TeV in electron channel)

95% CL limits on the split-UED
parameters p and 1/R derived from the
W' mass limits taking into account the
corresponding width of the W”2_KK.

—. 1g¢ CMS preliminary, 20 fb", 2012, \'s =8 TeV > 103 N | e
2 i Observed 95% CL limit — E C_MS BE |
'0_3' = | memeaa Expected 95% CL limit = VST 8 TeV i

i Expected 95% CL limit+ 1c E
- 10° | P . JLdt=20fb'1
© : Expected 95% CL limit+ 2c V;
% -] e HNC contact interaction LO I / 777777777777777777777777777777777777 -
b 3 [ | PDF uncertainty 1; &
% 10° U+ BT G 3 i ;"f._._ i Electron
0 = H T - E Y RS i.channel -
wn - _ B ;
O i 7 Excluded I

§ " 1 Muon

© 10 g 3 r“‘lr | channel

S - f:

R ] -1 U

B 7| 10 K \ """"""""""""""""""""""" Combined ]

R i ; channgels

I
1 E_ _,:r | | | | | | | | | | | | | | | | | | |
| | | | ‘ | | | ‘ | | | ‘ | | | | | | | | | :\ 0 05 1 1 5 2
4 6 8 10 12 14 1/R [TeV]
A [TeV]
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Search for W’ in

t+b final states:

left-handed and right-handed couplings dependence

Cross section for single top
production via W’ boson for

. o 1 "— T T T | T T T | T T T | T T T | T T T —"
any set of couplings ® -
fr‘?‘[‘, ak L
‘ ) 0.8~ =
L ]
0 = Ospm +aggap, (0p —0R — Osu) - ]
+ ((ﬂﬁdﬂﬁ,)w ()) 0.6 -
1 2 2 i
T3 ((”#dﬁfb) + (ﬂﬁdﬂﬁ:) ) (0Lr — 01 — OR) 0 4J/J\
Assume equal production and decay ]
couplings a 4 and ay, 0.2 1
~ Imvariant Mass Analysis |
Contour plots of M(W’) in the ~ 95% CL Observed j
(aL, aR) plane(95% CL limits) Qb L ] e
0 0.2 04 06 08 1
aL
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CMS Preliminary, 19.6 fb™ at (s = 8 TeV
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Excited leptons

» 1*inlly, selection similar to Z’" analysis

with an additional photon

» Use total lly mass as discriminant:

Electron channel plot similar

2

'O ETATLAS Préliinary | —— Obsorved fm
J Ldi-13? Expected limit

B I Expectedtic

Expected+2c |
—— A=25TeV
—— A=50TeV

— A=12.0TeV

10

¢ B(u" — uy) [fb]
-(;)!_‘
Il
o]
o
<

events / 100 GeV

nepr-p

ATLAS Preliminary * Data 2012 N
1 [z +vy

Ldt=13fb [ z + jets, diboson, tt .
\s =8 TeV Bkg. uncertainty E

(m . A) = (0.2,10) TeV
l[mp,.:'\] = (0.5, 10) TeV
O {mu,, A) =(0.8,10) TeV

800 1000 1200 1400
My [GeV]

A=25Tev et ut

expected limit (TeV) 2.28 2.13
observed limit (TeV) 2.17 2.13
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Search for vector-like T

e m, = 350 GeV m.=400GeV| ATLAS Preliminary
I , p
T Vs=8TeV, _[Ldt=14.3fb
Y ——————————————— " A e S B TR L 95% CL expected exclusion
= .
m =— 95% CL observed exclusion
m :
= o5 1 % SU(2) doublet @® SU(2) singlet
=
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[ [ ——h %
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Monica D'Onofrio, BSM Searches at the LHC, [oP 8 April 2013

nepr-p



CMS

Search for top partners with charge 5e,

» Search for pair production of charge 5/3 T, T>Wt BR=100% CM5-B2G-12-012

Final state signature: same-sign (SS) leptons outside Z mass window + H;>900 GeV

Require =5 “constituents” in addition to two SS leptons

Constituent: lepton, jet, V-tagged jet (2-jets), or top-tagged jet (3-jets) 95, wes fu ~
S OFE196fTatis=8TeV Iwiw: 1 *“top-tagging” algorithm - 2 W
- B WWW ] . DOy
- T 1 based on identifying jet AN
10° eetell il =gy = g’
k4 = substructure (t—=2jjj merged .
- -7 N R . Exclude 5/3 Top Partners with masses
B =1 Charge MisID in one jet)

1Non-prompt

up to 770 GeV (830 GeV expected)

102 ? o T53 600 eVE * Similarly for V-tagged iets T | TTTT | TTTT ‘ TTTT ‘ TTTT | TTTT | TTTT ‘ TTTT ‘ TTTT ‘ TTTT | ||
- - - =W boson decay products 2 - CMS Pr1elimi_nary ]
1oL o, T -~ merged in one jet x I 196fb atys=8TeV -
3 BSe i ., - & I ]
B ] .2l |
8 § CMS Preliminary :gza‘a 10 - 7
B W7 196f"at (s=8TeV Ciww ] C .
I i —i ] B S 1
1076200 400 600 800 1000 1200 1400 1600 1800 2000 "0 eeretun —A 7 i N T ]
H; [GeV] 4 ‘ - .

r 1 Charge MisID -|
T S I o .
Reconstruction of the T 5/3 mass 6:, - , - - E,'?;g;‘tfg |I__ilrrnniltt -
can be used to distinguish it from _ ] - [ 1Expected Limit £ 16 ]
other exotic particles 4 T - [ Expected Limit + 2¢ 7
B [y ] - — Signal Cross-Section i

2 ; . i

[ .y T —4 l | | | [ ‘ LI ‘ [ | [ | [ ‘ [ ‘ LI ‘ [ | L
e we Z o2 ] 10 550600650700 750800850900 9501000
TR0 0 TR e Mr5; (GeV)
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Monojets results as constraints on D% =

Limit on WIMP pair production cross-section can be Ng]gj;j_ BB Brotriiner, A e
transformed into limit on effective WIMP-hadronic 8. 15=8Tev S Ooon Ve
contact interaction: S - Jrai=tosm! - Yenontooaorz
. A/ A~ M -2 8 :_ ...... SIMPLE —:
veCtor (SI)‘ (Zyﬂl)(qj/ q) ) A 0¥ CoGeNT22(:J1121 =
i -.=-- CDMSII 2011 =]

il -- CDMSII 2010
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q DM q q

== v = e
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333 3
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E‘X 4505_ -EXpecied ||m|t (i 1i206xp) _E %18’22_‘ CMS| Fl, T |I|.|||. T _I.l_’CI'\IAglzo,'zlelllvl |t|||+_
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SUSY interpretation for Monojet results:

» Search for gravitino production in association with squarks or gluinos

» Same signature as WIMP production, but not ISR search (similar to ADD)

. . = T LA B B T
In GM SUSY, gravitino LSP with mass & - / ATLAS Preliminary os: cL srs. m 5m 3
related to SUSY breaking scale Y 1 Ldt=10.5 fp = Do N

- L — Observed limit -
At LHC with low-scale SUSY < E ST 5=8TeV M- .. ]
breaking, direct G+q or G+g 5 Sl [+ 20 i
i T m=2.0s-05 [&V]
production can dominate. Cross- 10 o N ooy —
section ~ 1/m?(G) L N N ms0e 05l ]
_--:rf-----.i-!_:----‘gi-:l'{-i----\_._..mG=E_De-&5|E'u'] -
- - T, ‘* S == Mg=1.08-04 [2V] :
1:.' 1 D-E - 'f-.’ ..... o ™ .,‘\ ‘-._‘ \.\_\.".‘ ““‘ - M2 D204 [8V] |
- ,’j;:/"'"-“‘\\:‘-wl RN N, ", = = = M=3.0004 V] =
[~ ? P . _\\'\\._‘T\\\ “ : == Mg=4.0e-04 [2V] ]
= . ‘\ . \'\ \.'s. "». AL % — I'I'IG=5.|'.'IE-|'.'I~4 [=V] —
; . ~ s M ‘-\_‘-‘ —  m=8.0e-04 [&V]
g — jet + E/mss 1073 f..|....|.-..\w~ S
0 500 1000 1500 2DDD 2500 3000 SSDD
; E My [GeV]
Lower limits on gravitino mass as
function of squark/gluino masses
g .0 o jet + Eymis Improves existing limits by O(magnitude)
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Sbottom via gluino pair production

» Final state contains up to 4 bjets and large E;Miss

Several different analyses developed to target this final state:
ATLAS: 0 leptons + 3 b-jets, large M effective = E;Mss+ H; (12.8 fb-!, ATLAS-CONF-2012-145)
CMS: 0 lentons+2=3 iets 21 b-iets) + large E;Miss (19.8 fb'1, CMS-PAS-SUS-12-024)

A 35— CMS /|
T > C T T T T T \ ] |
L © = ATLAS Prellmlnary ) e Data 2012 1 CMS Preliminary, LIn =194 " s=8TeV ”
A O 390 p %55 SM total = £ | T L 3 ¥
2 Q C % J Ldt=1281" ys=8Tev ~ [Jtopproduction ] 2 =T ]
— - I 1b/bb production §2] 4
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a o 1 B Z production b > M Single top = E
% 20 [ diboson — w -QQD 3
I.I>.I r . Gbb:m, = 1000, m =600 ] O Z+jets b
15} . Gbb: m = 1200, m_ -1 - [CJDibeson |
. 3 10°E =
10 - -
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E E 10° > T T ""'I' T
n ——— . 1 E [0 : : ZL N 23 i
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> 25: LI L e B e e .n \‘| L L e j@ F . g DZ'l"JetS ]
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« - / SR4-L [ W production B Nb ot ]
c 15 r / 8 Z production N e q
C|>) - é%/ % [ diboson g
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Sbottom via gluino pair production

» Final state contains up to 4 bjets and large EMiss

Several different analyses developed to target this final state:
ATLAS: 0 leptons + 3 b-jets, large M effective = E;Mss+ H; (12.8 fb-!, ATLAS-CONF-2012-145)

nepr-p

g9 production,g — b5+if, m(@ >> m(g)
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CMS: 0 leptons+23 jets (21 b-jets) + large E;Miss (19.8 fb'1, CMS-PAS-SUS-12-024)

CMS Preliminary, 19.4 fo™, ys = 8 TeV
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Strong production: Same Sign leptons %!

» Generic signature sensitive to new physics

g >bb :
et f Gluinn—smp{bfllj degenerate [m}. 1“'[;]'
Leb 7 | Gluino-stop (bF,) on-shell
[ 30 Gluino-stop {17, off-shell (m; <m- +m,)
o Gluino-stop (17,') on-shell {m. > m; +m,)
—~ bs Gluino-stop (bs) RPYV
gqq - W "'f” Gluino-squark (via W)
g i< 5
‘ » _ Vit Gluino-squark (via slepton)
qx FEvy
b =1 F - direct sbottom (L, ) fixed m.,
L,"‘IV" IE:J . !
- - direct sbottom (g~} varied m.,
4—4q.r ) '
L. Fy P
- "i‘_ 4 direct squark (via slepton)
— |"J"r|,r'pI
=i}
q—qx
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Signature: e*e?* p*pt, e*pt
> 3,4 jets (0, 2 1, 3 b-tagged jets)+ E ™

e el B="11]

I W

Same Signep
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interpretations

» Interpretation in MSUGRA/CMSSM and
vast array of RPC/RPV simplified models
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Direct stop production in Z+b-jets

t,t, production where t,— Z 1,

First time directly addressed at the LHC!
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Strong SUSY production: 1t, 2t
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Weak SUSY production: 2t i
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Multilepton SUSY: >= 4 lepton search §

ATLAS-CONF- 2013 036
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Multilepton SUSY: >= 4 lepton search
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Some of the interpretation in RPC/RPV
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CMS Chargino-neutralino summary
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Direct stop pair production: 0, lepton. .
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Direct stop production: 1 lepton
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Direct sbottom pair production

» Direct sbottom pair production with sbottom in b+neutralino
-> 0 lepton + 2 bjets + Missing ET P
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