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Third generation squarks

« Supersymmetry (SUSY) offers a solution to the
hierarchy problem in the Standard Model (SM)

- Light squarks can significantly contribute in Higgs boson
mass loop corrections.

- Large mixing imply lower masses for third generation
squarks t (stop)andb (sbottom) with respect to the
first two generations.

- If R-parity is conserved, Zlo (lightest neutralino) remains a
good candidate for Dark Matter (LSP)

- Many “natural” scenarios predict light third generation
squarks to be lighter than ~1 TeV
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Production and decays

- Here focus is on direct stop/sbottom pair production searches

- Few possible decay modes are possible for t and b depending
on the sparticle masses of the point in the parameter space

- Simplified assumption is 100% branching fraction for the given

final state considered
Am = m(i,) - m(¥ ) .
' e Since 2011

ATLAS & CMS
analyses are

“4-body” closing up the
“3-body” gaps with
“o-body” incre.a.si.ng
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Direct production of sbottom pairs
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- Signatures of interest can include o leptons or 2-3 leptons
° The last case considered can happen via Z instead of Higgs boson
. 71 assumed to be the LSP, unless differently specified
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PAS-SUS-13-018
O leptons + 2 (1 b-)jets + MET

- Signal discriminant is Mer: M2()i,12) = [Er(h) +Er(J2) - [pr()h) — pr(2)?
= 2pr(J1)pr(J2)(1 +cos Ap(]1, |2))

- Eight exclusive signal regions (SRs):
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JHEP 10 (2013) 189

O leptons + 2 b-jets + MET ()

- Signal Regi % [ aras « Datars-8Tov. 20315

Peseription SFA = |eglons SFB | % 50;—3%‘?& T

Event cleaning and lepton veto common to all SR | E: a0 %/ = onee =
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JHEP 10 (2013) 189

O leptons + 2 b-jets + MET /)

ne»r-p»

No significant excess is observed in either SR

The analysis is also sensitive to t —b+y,* scenarios with very low mass
difference between y,* and y °.

Sbottom pair production, b, — b %

- 600 L | L | L T
> 120""I" I TTT T LN DL L L L L > - ‘ | | .............. Ob SuUsY
@ - aten B To . - ) B S served limit (+1o oo )
o = g;'/;\As _ y - zmlu‘: |_EsT et ] (2. = ATLAS -
& 100 S o ) — %Wr — N et Expected limit (+16,,,)
hy L . i top-quark production - E 500 - Ldt = 201 fb , \S=8 TeV
%) ~ “w [ W production ] ~ ]
S sl 7% B Z oroduction 7 - I coF 265! -
2 N 7 1 " Alllimits at 95% CL . ]
i} | Others | 400 N l:l Do 5.2fh N
C m(b,)=500 GeV, mi))=1GeV  — s —— ATLAS 2.05fb", \s=7 TeV -
60_— . m(t) 500 GeV , m(" =100 GeV _| - e
- m(,() 105 GeV _| — \-C-i .
- . - & e N
40— — 300~ e P ]
20—_ ] : """"" \ :
B i 200 — E ]
0_ ‘‘‘‘ 5 i E i
E — : I ]
o 2 100 b -
g 1 ) -
=) = N ; |
0 Ce 0 L1 l L1 1 1 | L1 1 | l 111 | L E | ] L1 11
0 50 100 150 200 250 300 350 400 450 500 100 200 300 400 500 600 700 800
mer [GeV] m- [GeV]



Rencontres du Vietnam 2014: Physics at LHC and beyond — August 16, 2014

A. Ventura - Third generation squark searches

JHEP 06 (2014) 035 - arXiv:1404.2500

2 same-sign/3-leptons + 0-3 b-jets + ME
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Direct production of stop pbairs
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PAS-SUS-13-019

0 leptons + (b)jets + MET + large M,

CMS Preliminary, 19.5 o', (s = 8 TeV

. . . — 800 — -
- Inclusive search for fully hadronic final states S [ppBBE b3 NLOMNLL exchusion
= =Observed = 10, 510
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arxiv:1406.1122
o
O leptons + 6 (2 b-)jets + MET
- Specific experimental signature § | oamas e ommn |
different from 1% two generations 8 [ Jg;‘jnfjrfsjef*m‘iZfTeV = i
« 22 b-jets in final state g ek — B
« Re-clustered fat jets used to enhance i = ]
sensitivity for heavy stops I e om0 Gy
- Lepton veto T B
« MET > 150 GeV i ]
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« Few SRs defined: _ oo tesemiogeny
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EPJC 73 (2013) 2677 - arXiv:1308.1586

1 lepton + jets + MET
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PAS-SUS-14-011 §§

Inclusive razor & exclusive 1-lepton %

Razor variables M and R are used to

L , Mr = o/ (py+p)? — () + p2)2
study the dijet topology resulting from the | 3
. R /E_r;'_uw .+ p{r E'rma-. .} + ﬁ}l j
production of two squarks, each one Mi = 5
decaying to a quark and a neutralino: —
i . M5 After combination
- Nine razor boxes are defined and R = M_ NS I e
compared with exclusive single-lepton K exclusive analysis
« M, and R are functions smoothly falling OMS Preliminary, L= 195 " 5 =8 TeV
for background and to peak for signal S [w-ti= somweeem| 2
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arXiv:1407.0583

1 lepton + 4 (1 b-)jets + MET (),

- Wide range of scenarios considered with different sets of t,, 1*, 2 masses

- Different approaches used for a total of 15 SRs with E;™ss > 100 GeV:
= b-tagged jets to build kinematic variables, single large-radius jets for heavy stop;
= low-py leptons to improve sensitivity for t—by " decays for small Am(y 2 %°)

Both cut-and-count and shape-fit methods used to estimate expected and
observed exclusion limits

« Largest SM background for large-R jets is dileptonic ¢t events with one lost lepton
= Also W+jets is relevant: both sources are estimated with data-driven CRs

S T e A e e o T e  Amama m
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arxXiv:1407.0583

1 lepton + 4 (1 b-)jets + MET (.,
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JHEP 06 (2014) 124 - arXiv:1403.4853

2 leptons + (b-)jets + MET )

Three separate approaches followed, based on my,, § | %E

115 S
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JHEP 06 (2014) 124 - arXiv:1403.4853 ¢

2 leptons + (b-)jets + MET ./,

ne»r-p»

- Each analysis determines improvements in 95% CL exclusion limits plots
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ATLAS summary plots
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CMS summary plots
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Expected 14 TeV ATLAS coverage
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Conclusions

 The status of third generation squarks searches at the
LHC has been presented

» Only few relevant channels have been shown here, while

many more interesting analyses are ongoing in both
ATLAS and CMS Collaborations, including:

= RPV stop decays
= Very compressed spectra
= Gluino decays via virtual squark exchange

 No significant excess over the Standard Model
background has been observed so far in any analysis

- The next LHC run at Vs = 13 TeV will improve knowledge
in the uncovered parts of phase space
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PAS-SUS-13-009
O leptons + soft c-jets + MET
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Reinterpretation from
ttbar cross-section measurements
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PAS-SUS-13-024 - arXiv:1405.3886

Stop search with H or Z bosons
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EPJC 74 (2014) 2883 - arXiv:1403.5222

Z + b-jet + jets + MET
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ATLAS direct stop pairs production
stop — b chargino

Status: ICHEP 2014

i, production,t, - b, %> W %, m. = 300 Gev
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complementarity of the
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particular challenges lie
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ATLAS-CONF-2014-014

Stop in b, tau and gravitino
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ATLAS and CMS 95% CL exclusion limits
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Recent ATLAS papers

« 0 lepton + 6 (2 b-)jets + Etmiss [Heavy stop] — Submitted to JHEP —
1406.1122

« Z + b-jet + jets + Etmiss [Stop in GMSB, stop2] — Accepted by EPJC —
1403.5222

- 2 leptons + (b)jets + Etmiss [stop] — JHEP 06 (2014) 124 — 1403.48553

0 leptons + 2 b-jets + Etmiss [Sbottom/stop] — JHEP 10 (2013) 189 —
1308.2631

- Stop in b, tau and gravitino — ATLAS-CONF-2014-014

0 leptons + mono-jet/c-jets + Etmiss [Stop in charm+LSP] — ATTLAS-
CONF-2013-068

- 0-1leptons + >=3 b-jets + Etmiss [3rd gen. squarks] — ATLAS-CONE-
2013-061

» 0 lepton + 6 (2 b-)jets + Etmiss [Heavy stop] — ATLAS-CONF-2013-024

- 1lepton + 4(1 b-)jets + Etmiss [Medium / heavy stop] — ATLAS-CONE-
2013-037

« Z + b-jet + jets + Etmiss [Stop in GMSB, stop2] - ATLAS-CONF-2013-
025
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A. Ventura - Third generation squark searches

Recent CMS papers

Search for top-squark pair production with Higgs and Z bosons in the
final state in pp collisions at 8 TeV — Submitted to PLB

Search for top-squark pair production in the single lepton final state in
pp collisions at 8 TeV —

Search for stop in R-parity-violating supersymmetry with three or more
leptons and b-tags — :

Search for direct production of a pair of bottom squarks —

Search for direct production of stops decaying to a charm and LSP using
the monojet + MET final state —

Search for top squarks in multijet events with large missing momentum
in pp collisions at 8 TeV —

Search for Direct Top Squark Pair Production with Higgs bosons in the
Final State in pp collisions at 8 TeV —

Search for direct top squark pair production in events with a single
isolated lepton, jets and missing transverse energy at Vs = 8 TeV —
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