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SUSY Third Generation Squark Searches

 Stop and sbottom are the SUSY partners
of top and bottom quarks

 Light ttL, ttR, bt L favoured by naturalness

 Perfect time for direct stop & sbottom searches:
- Lumi × cross-section at 13 TeV significantly beyond run 1 now

 Updates since Moriond:
- stop in 0, 1, or 2 lepton final states

- stop2 → stop1 + Z search

- stop search in tau final states

 Not covered here:
- Gluino-mediated   tt → see talk by David Miller this morning

- Recent stop 1-lepton and sbottom 0-lepton papers with 2015 data

- Stop searches in R-parity violating models (4-jet search, talk by Suen Hou)

New preliminary results
~13 f-1 (2015+16)
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ATLAS Detector & Recorded Dataset

 ATLAS detector and LHC performing very well!

 IBL upgrade: improved tracking → improved flavour tagging

 2016 pp data-taking at full swing, expecting ~30 fb-1 this year

 Analyses shown here use 13-15 fb-1 of 2015+2016 data
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Data-driven Background Normalisation

 Aim: SR enriched in signal,
well-understood background estimate

 Dominant backgrounds (typically):
ttt, W+jets, single-top, ttt+V

 Estimate normalisation in CRs

 CR = SR with minimal changes to ...
- ... enrich targeted background,

- ... suppress possible signal 
contamination,

- ... achieve sufficient event yield,

- … be orthogonal to other selections

Example from stop 1-lepton: 
Relation between SR, CR and VRs

SR = signal region
CR = control region
VR = validation region
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Searches in 0, 1, 2 Lepton Final States

 3 searches in 2015+2016 data, targeting 
varying number of leptons (e or μ)

 Direct stop pair production with several 
decay chains considered

 Also cover ttt+DM final state

tN: 0L and 1L bC: 0L, 1L, 2L three-body: 0L and 2L

DM: 0L, 1L, 2L
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Direct stop (All-hadronic Final State)

 Multitude of SRs, targeting different scenarios / masses

 SR A & B: tN scenario, events categorised using 2 large R-jets

 SR D: tN scenario, high sensitivity near diagonal

 SR C: bC scenario, SR E: DM scenario, SR F: highly boosted tN

ATLAS-CONF-2016-077ATLAS-CONF-2016-077
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Direct stop (All-hadronic Final State)

 Further discriminating variables: E
T

miss and m
T

b

 Main backgrounds: Z+jets, t (+W/Z), normalised on data.tt

 Extended run 1 limits: m( )>820 GeV for m( )<220 GeVtt χχ⁰

ATLAS-CONF-2016-077ATLAS-CONF-2016-077
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Direct stop (1 Lepton Final States)

 7 signal regions (tN, bC, DM), main variables: 
E

T
miss, m

T
, am

T2
, topness

 ttt, ttt+Z, single-top and W+jets backgrounds 
normalised using data

ATLAS-CONF-2016-050ATLAS-CONF-2016-050
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Direct stop (1 Lepton Final States)

 Excess of 3.3 sigma observed in DM_low

- only 2.2 sigma in SR1 (optimised for tN)

 Exclusion extended beyond 2015 result:

- tN: m( )>830 GeV for massless tt χχ⁰

- bC: various limits

ATLAS-CONF-2016-050ATLAS-CONF-2016-050

tN

bC
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Direct stop (2 Lepton Final States), bC

 Final states: 2 leptons, 2 b-jets, ETmiss from ν and χ⁰
 Main backgrounds: t , singletop (Wt), normalised in CRstt

 Event selection: m
T2

(b,b), m(b,ℓ)

 No significant excess → run 1 exclusion not yet extended much

ATLAS-CONF-2016-076ATLAS-CONF-2016-076



4 August 2016 K. Rosbach: third generation squarks with ATLAS@13 TeV 11

Direct stop (2 Lepton Final States), 3-body

 Three-body selection: "super-razor" variables R p
T
 and M

Δ
R 

 Extended three-body exclusion: m(tt)>350 GeV

ATLAS-CONF-2016-076ATLAS-CONF-2016-076
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Dark Matter Interpretations for scalar mediator

 Comparable limits between stop 0, 1, 2 lepton 
searches on mediator and neutralino masses

 For scalar mediator
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Dark Matter Interpretations for pseudo-scalar

 Comparable limits between stop 0, 1, 2 lepton 
searches on mediator and neutralino masses

 For scalar mediator ...

 and pseudo-scalar mediator.



4 August 2016 K. Rosbach: third generation squarks with ATLAS@13 TeV 14

Search in stop + Z Final States

 Search for heavy tt→ light tt + Z

 Assume tt1 and χχ⁰
1
 are compressed.

 Final states with ≥3 leptons

- 1 opposite-sign, same-flavour pair with mℓℓ m∼
Z

 3 SRs, for different mass-splittings between tt2,tt1
- E

T
miss>100 GeV; different requirements

on #jets, leading jet p
T
, p

T
(ℓ,ℓ)

 Main backgrounds: t +Z and VVtt

- normalisation estimated in CRs

 No excess in any SR, improved limits
beyond run 1:

          m(tt₂)>730 GeV, m(χχ⁰
1
)>325 GeV

ATLAS-CONF-2016-038ATLAS-CONF-2016-038
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Direct stop (Tau Final States)

 Motivated within natural gauge mediation framework
 Stop pair-production, decay via stau, gravitino as LSP (~massless)
 Main discriminating variables: E

T
miss, mT2( , )ℓ τ

 Main background: top events with fake tau → dedicated CR
 Significantly extended exclusion beyond run 1 result

ATLAS-CONF-2016-048ATLAS-CONF-2016-048



4 August 2016 K. Rosbach: third generation squarks with ATLAS@13 TeV 16

Summary & Conclusions

 Stop searches updated with 
available run 2 data.

 Many final states & simplified 
models covered.

 No observation of SUSY...

 … but some excesses that 
will be interesting to follow as 
more data is recorded!
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B A C K U P
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stop exclusion in b+chargino scenarios
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stop 0 lepton, exclusion in b-chargino
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stop 0 lepton, SRs



4 August 2016 K. Rosbach: third generation squarks with ATLAS@13 TeV 21

stop 1 lepton, SRs
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stop 1 lepton, yields
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stop 1 lepton, best expected region (CLs)
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stop 1 lepton SR DM_low kinematics
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stop 1 lepton SR1 kinematics
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Illustration of asymmetric m
T2

 m
T2

: transverse mass in case of 2 invisible particles

 Dileptonic ttt background, one lepton not reconstructed
→ one "invisible W", one neutrino

 Combine b1 + W, and b2 +  + ℓ ν to define am
T2
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How to compute topness

 S describes incomplete dileptonic ttt event in terms of not-
reconstructed W and pz(ν).   Topness := min(ln(S)).

 Low topness → dileptonic ttt event.

 Particularly powerful to select asymmetric stop decays.
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stop 2 lepton regions
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stop 2 lepton yields
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Direct sbottom (0 lepton final state)

 Sbottom pair-production, with  b bt → χχ⁰
 ≥2 b selection with lepton veto

 Using E
T

miss, leading jet p
T
, m(b,b) and 

contransverse mass m
CT

 Main backgrounds: ttt and single-top

 Exclusion extended beyond run 1 with 
2015 dataset:

- m(bt ) ≥ 800 GeV for m(χχ⁰)<360 GeV

1606.08772, submitted to EPJ-C1606.08772, submitted to EPJ-C

https://arxiv.org/abs/1606.08772
https://arxiv.org/abs/1606.08772
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Definition of m
CT
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Definition of R
ISR

 (stop 0 lepton)
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Definition of R
pT

 (stop 2 lepton)
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Definition of M
Δ

R (stop 2 lepton)
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Gluino-mediated stop (1 lepton final states)

 Refinement of Moriond result, using 2015 data only

 3 signal regions, main variables: E
T

miss, m
T
, am

T2
, topness

 ttt, single-top and W+jets backgrounds normalised using data

1606.03903, submitted to PRD1606.03903, submitted to PRD

https://cds.cern.ch/record/2160253/files/arXiv:1606.03903.pdf
https://cds.cern.ch/record/2160253/files/arXiv:1606.03903.pdf


4 August 2016 K. Rosbach: third generation squarks with ATLAS@13 TeV 36

Gluino-mediated stop (1 lepton final states)

 No limit set on stop mass in this scenario

 Exclusion extended beyond run 1 with 2015 data:
- m( ) ≥ 1460 GeV, for low m(gg tt) and Δm( ,tt ₁₁) = 5 GeVχg

1606.03903, submitted to PRD1606.03903, submitted to PRD

https://cds.cern.ch/record/2160253/files/arXiv:1606.03903.pdf
https://cds.cern.ch/record/2160253/files/arXiv:1606.03903.pdf
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