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Motivation
• Motivation for TeV-scale gluinos & stops 

due to electroweak fine-tuning 
concerns. 

• A stable LSP would also provide a 
candidate for WIMP dark matter … 

• Early Run 2 is the perfect time to look. 

• Gluino XS increased by an order of 
magnitude or more when moving 
from sqrt(s) 8 TeV -> 13 TeV!

“Natura valde simplex  

est et sibi consona!”

The world, unfortunately, rarely 
matches our hopes and 

consistently refuses to behave in 
a reasonable manner.

— VS —

30x increase 
for a 1.4 TeV gluino!
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1. Missing Energy

More on SUSY 
observable 

classification in 
1605.01416

2. Energy Scale

3. Energy Structure

Common ATLAS SUSY Search Strategies
• Searches targeting final states with significant 

hadronic activity often rely on three groups of 
observables: 

1. Missing energy, like the EtMiss. 

2. Energy scale, like the MEff. 

3. Energy structure, like the MJSum. 

• Final states where leptons are created in the 
decay cascade gain even more leverage.

See E. Gramstad’s WG3 talk for more info on SUSY reconstruction 
 and J. Veatch’s WG4 talk for details on jet reclustering!
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https://arxiv.org/abs/1605.01416
https://indico.cern.ch/event/656250/contributions/2866662/
https://indico.cern.ch/event/656250/contributions/2874179/
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Common ATLAS SUSY Search Strategies
• Aim to target specific regions of SUSY parameter space 

with each signal region (SR). 

• E.g. a high ∆M region (A) with boosted object 
reconstruction. 

• E.g. a low ∆M region with a relaxed MET 
requirement to target the compressed SUSY region.
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• Important backgrounds normalised by  
data/MC scale factor in ‘nearby’ control region (CR). 

• Extrapolation of this scale factor to SR vetted in 
intermediate validation regions before 
unblinding.
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Overview: ATLAS Strong SUSY Programme
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ATLAS-SUSY-2016-07 ATLAS-SUSY-2016-13 ATLAS-SUSY-2016-12 ATLAS-SUSY-2016-14

ATLAS-SUSY-2016-10 ATLAS-SUSY-2016-27

All ATLAS SUSY results …

0L + jets+ MET 0L + >7 - >11 jets + MET 1L+ jets + MET SS, >3L + MET

0L, >1L + b-jets + MET photons + MET

1712.02332 1708.02794 1708.08232 1706.03731

1802.031581711.01901

E. Gramstad, ATLAS Reconstruction techniques for SUSY

J. Lorentz, ATLAS Electroweak SUSY

J. Mitrevski, ATLAS Direct 3rd Gen. SUSY

C. Sandoval, ATLAS RPV & Long-Lived SUSY

J. Veatch, ATLAS Jet Substructure (re: Jet Reclustering)

Also from ATLAS SUSY @ DIS 2018:

WG4, 2018/04/17

WG3, 2018/04/18

WG3, 2018/04/18

WG3, 2018/04/18

WG3, 2018/04/18

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-13/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-27/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://arxiv.org/abs/1712.02332
https://arxiv.org/abs/1708.02794
https://arxiv.org/abs/1708.08232
https://arxiv.org/abs/1706.03731
https://arxiv.org/abs/1802.03158
https://arxiv.org/abs/1711.01901
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0 leptons 
+ 2-6 jets  

+ MET

“Where should we start?”



0L
• Two complementary analysis streams 

targeting cannonical jets+MET final state: 

• MEff-based analysis 

• High-pT jets, EtMiss. 

• Recursive Jigsaw Reconstruction 

• See E. Gramstad’s WG3 talk for 
details! 

• Both streams: data-driven background 
normalisations for  W+jets, Z+jets, multi-jets & 
ttbar.
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Representative SRs from ATLAS-SUSY-2016-07  
— complete tables in aux.

https://indico.cern.ch/event/656250/contributions/2866662/


0L
• Largest sources of uncertainty: 

• JES/JER 

• Modelling / theory 
uncertainties 

• Vary scales in V+jets events, 
generators and PS for ttbar, 
etc. 

• CR statistics
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• No significant excess above the predicted background is observed. 

• Small excesses in some MEff 2-jet (2 x 2.0sig.) & RJR (2.5sig.) SRs.
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0L



Squarks, 1-step, 
 decoupled gluinos

Gluinos, 1-step, 
 decoupled squarks
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0L

Squarks, 2-step 
M~X+1=(M~Q+MX01)/2

Gluinos, 2-step 
M~X+1=(M~G+MX01)/2

Gluinos, 2-step, 
via ~X02 with Z’s

Squarks, 2-step, 
50% BR each to ~X+1 & ~X20

Gluinos, 2-step, 
50% BR each to ~X+1 & ~X20

• Observed constraints 
on squark (gluino) 
masses reaching  
1.0-1.5 (1.8-2.0) TeV.


• RJR and MEff analyses 
perform consistently 
in most cases.
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Gluinos, 1-step, 
 decoupled squarks
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0L

Squarks, 2-step 
M~X+1=(M~Q+MX01)/2

Gluinos, 2-step 
M~X+1=(M~G+MX01)/2

Gluinos, 2-step, 
via ~X02 with Z’s

Squarks, 2-step, 
50% BR each to ~X+1 & ~X20

Gluinos, 2-step, 
50% BR each to ~X+1 & ~X20

• Observed constraints 
on squark (gluino) 
masses reaching  
1.0-1.5 (1.8-2.0) TeV.


• RJR and MEff analyses 
perform consistently 
in most cases.



0L  
+ >7-11 jets  

+ MET

“… . how can we improve our sensitivity if the decay cascade is very long?”



• SRs target the production of high-pT (>50-80 GeV) 
jets with large multiplicity (>= 7-11). 

• Heavy-flavour channel targets cascade decays 
which produce massive particles. 

• Jet mass channel targets cascades which 
produce structure due to high-pT massive 
particles. 

• Large-R jets produced by reclustering calibrated 
small-R jets.
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0L, >=7-11 jets

ATLAS-SUSY-2016-13 Signal Regions



• Multi-jet background taken directly 
from data using a templating 
method. 

• Uncertainties associated with this 
technique increase when 
statistics run low. 

• Leading sources of uncertainty: 

• JES/JER, MET Soft Term. 

• ttbar modelling effects (RadHi/
RadLo, parton shower choice).
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0L, >=7-11 jets



• Leptonic control regions 
provide normalisations 
of sub-dominant W+jets 
and ttbar backgrounds. 

• No significant excess 
observed.
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0L, >=7-11 jets
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0L, >=7-11 jets

• Constraints on benchmark models reach 1.6 TeV for pMSSM gluinos, 1.8 TeV for gluinos 
in the two-step simplified model, and 1.55 TeV for gluinos decaying via virtual stops!

Gluinos, two-step Gluinos via virtual stopspMSSM



Gluinos, two-step
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0L, >=7-11 jets

Gluinos via virtual stopspMSSM

• Constraints on benchmark models reach 1.6 TeV for pMSSM gluinos, 1.8 TeV for gluinos 
in the two-step simplified model, and 1.55 TeV for gluinos decaying via virtual stops!



0 / >1 lepton 
 + >3 b-tagged jets 

+ jets 
+ MET

“… . if the SUSY particles are mostly decoupled — what schemes could still give us answers?”



• A search for the decay of pair-produced gluinos which decay 
through off-shell stop & sbottom loops. 

• Two analysis streams: discovery and exclusion oriented. 

• Discovery stream uses inclusive, easily-reinterpretable 
SRs. 

• Exclusion stream uses MEff shape & jet multiplicity 
information to perform a multi-bin fit. 

• Orthogonal 0-lepton and >1-lepton channels are combined 
during limit-setting to give stronger constraints.
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Multi-b
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• All search regions dominated by ttbar + heavy flavour events. 

• Most significant deviation from expectation in multi-bin 
 SR-0L-HH: ~2.5sig local.

Representative SRs from ATLAS-SUSY-2016-10 — complete tables in aux.

Multi-b
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Multi-b

• Largest uncertainties:  

• Flavour tagging, JES/JER: 3-24%. 

• ttbar modelling (RadHi/RadLo, 
MC Generator, Parton Shower): 
5-76%.



• Observed constraints on 
gluino masses reach 1.9 (1.95) 
TeV for Gbb (Gtt) simplified 
models. 

• Limits also interpreted as a 
function of the gluino BR 
to Gtt / Gbb / Gtb!
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Multi-b

See C. Sandoval’s talk for more new 
ATLAS SUSY reinterpretation efforts 

— including recasting RPC-SUSY 
results in terms of RPV parameters 

from ATLAS-CONF-2018-003!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-003/
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Multi-b
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Multi-b

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-003/


photons  
+  

MET

“…  what if we’re making incorrect assumptions about the LSP?”



Photons+MET
• If our assumptions about the LSP in the 

previous searches are false, how could 
SUSY be manifest? 

• In Gauge-mediated SUSY breaking 
(GMSB) simplified models, we consider 
gravitino LSPs produced with photons by 
the NLSP decay. 

• Two analysis streams target events with 
one or two photons, MET and large HT 
or MEff.
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ATLAS-SUSY-2016-27 Signal Regions

yy channel -> 
 bino-like NLSP 

y channel -> 
 higgsino-bino admixture NLSP



• Diphoton channels: 

• Data-driven yy & y+jet 
 (jet -> y & e -> y) estimates. 

• Monophoton channels: 

• Data-driven QCD, Wy & tty estimates. 

• Several small, correlated excesses are 
observed across monophoton SRs (1.8 / 
2.4 / 1.2 sigma; not orthogonal regions).
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Photons+MET



• Limits are placed on a variety of 
models within the context of 
GGM. 

• Limits of 2.1 / 1.8 / 1.1 TeV are 
set on gluinos / squarks / winos, 
for any bino mass lighter than 
the produced state. 

• y+MET channel provides lower 
limits up to 2.0 TeV on the gluino 
mass in models with higgsino-
bino NLSPs.
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Photons+MET
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• Limits are placed on a variety of 
models within the context of 
GGM. 

• Limits of 2.1 / 1.8 / 1.1 TeV are 
set on gluinos / squarks / winos, 
for any bino mass lighter than 
the produced state. 

• y+MET channel provides lower 
limits up to 2.0 TeV on the gluino 
mass in models with higgsino-
bino NLSPs.

Photons+MET



Concluding remarks



Concluding remarks

• The ATLAS SUSY program has placed 
strong constraints on simplified 
models with natural squarks and 
gluinos. 

• Great richness & diversity in the 
final states considered: longer 
cascades, complex interpretations.  

• Many exciting results from ATLAS 
with the full LHC Run 2 dataset are 
in preparation — stay tuned!
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RPC RPV

“RPC meets RPV” 
ATLAS-CONF-2018-003

!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-003/


Thank you! 
Merci !

 
 

ありがとう
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Auxiliary material.



0L — simulation
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0L — MEff signal regions
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0L — RJR signal regions
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0L — scale factors
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0L — re: theory systematics
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Multi-jet — simulation
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Multi-b — cut & count SRs



Multi-b — multi-bin SRs



Photons+MET — VRs and CRs
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Model independent upper-limits
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Photons + MET

Multi-b



Model independent upper-limits
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multi-jets



Model independent upper-limits
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0L


