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Introduction: SUSY searches and DM

Many viable candidates for dark matter: e.g. axions, sterile neutrinos, WIMPs

Direct production of dark matter at the LHC: pp → χχ + X. Very general. Doesn't 
need SUSY.  But not the subject of this talk.  

SUSY provides arguably the best motivated candidate for WIMP dark matter (LSP)

However, SUSY searches at the LHC are only indirectly Dark Matter searches. 
More precisely, they are searches for the (N...)NLSP. 

This is manifest in the simplified models that both ATLAS and CMS use to 
interpret their SUSY search results 

example of 
gluino NLSP simplified model
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LHC Run1 SUSY limits (examples)

Strong assumptions on NLSP: 
What is the NLSP and its mass
NLSP decay branching fractions

Run1 summary plot links: ATLAS, CMS

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/index.html
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SUSYSMSSummaryPlots8TeV
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pMSSM interpretation: DM implications

More meaningful DM interpretation comes by interpreting 22 different ATLAS 
search results in a random scan of the 19-parameter pMSSM arXiv:1508.06608 

published in JHEP

LSP required to be consistent with relic density 
but not to account for all of it. Constraints applied
from precision EWK, flavor, LEP, and Higgs mass.

ATLAS searches have some sensitivity
up to m(χχ1

0) < 800 GeV for bino- and
wino- LSP.

http://arxiv.org/abs/1508.06608
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pMSSM interpretation: DM implications

CMS-PAS-SUS-15-010
Bayesian analysis with MCMC sampling of  19-dim. pMSSM parameter space

CMS likelihood

Probability density of model parameters based on 
  non-CMS constraints applied to a flat pMSSM prior

Posterior density of an observable λ

Impact of CMS searches on m(χχ1
0)

No constraints on relic density are imposed

https://cds.cern.ch/record/2063744
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pMSSM interpretation: DM implications

CMS-PAS-SUS-15-010 Impact of categories of CMS searches on m(χχ1
0)

https://cds.cern.ch/record/2063744
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LHC Run 2 (2015)

Lower pileup with 25ns bunch crossing

Analyses reported here
based on:

● 3.2-3.3 fb-1 (ATLAS)
● 2.1-2.4 fb-1 (CMS)

Peak luminosity: 5 x 1033 cm-2 sec-1
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SUSY Production Cross Section

arXiv:1411.1427

(Higgsino, 14 TeV), PROSPINO

}13 TeV, NLL-fast

•

•

•

•

Cross section ratio (13 TeV/8 TeV):
gluino (1.4 TeV):  ~25
stop/sbottom (750 GeV): ~10

Current ratio of integrated luminosities (13 TeV/8 TeV): ~1/6

but backgrounds increase too...

Gluino and squark production are the 
current search targets

•

•

http://arxiv.org/abs/1411.1427
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Gluino and squark decays

q = d,u,s,c,b,t

Typical decay cascades contain multiple jets (possibly b-tagged), Etmiss, 
(possibly multi-) leptons, and (possibly) top quarks
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ATLAS 13 TeV SUSY searches

ATLAS Dec 2015 # SR Key variables Link

0L jets+MET (2-6 jets) 7 Njet, Meff ATLAS-CONF-2015-062

0L jets+MET (7-10 jets) 15 Njet,Nbjet (lower MET) arXiv:1602.06194

1L jets+MET 6 Pt(lep), Njet, MET, MT ATLAS-CONF-2015-076

2L Z+jets+MET 1 Same SR as 8 TeV ATLAS-CONF-2015-082

2L SS/3L jets+MET 4 Njet, Nbjet, MET, Meff arXiv:1602.09058

Multi-b jets+MET (0L,1L) 8 Nbjet, MET, Meff, Ntop ATLAS-CONF-2015-067

Sbottom (2b+MET) 4 MCT, Pt(jet1),MET ATLAS-CONF-2015-066

ATLAS NEW # SR Key variables Link

Stop 1L 3 MT(+var), topness, MET ATLAS-CONF-2016-007

Stop 2L 2 MT2, SF/OF, MET/Meff ATLAS-CONF-2016-009

Slow, massive ch. particle 2 MET, MT, Pt, μID, dE/dx paper to appear soon

ATLAS 13 TeV SUSY Summary plots: link
Lepton (L) ≡ e or μ

https://cds.cern.ch/record/2114828
http://arxiv.org/abs/1602.06194
https://cds.cern.ch/record/2114848
https://cds.cern.ch/record/2114854
http://arxiv.org/abs/1602.09058
https://cds.cern.ch/record/2114839
https://cds.cern.ch/record/2114833
https://cds.cern.ch/record/2139641
http://cdsweb.cern.ch/record/2139643
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/index.html
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CMS 13 TeV SUSY searches

CMS Dec 2015 # SR Key variables Link

0L jets+MHT (≥ 4 jets) 72 Njet, Nbjet, HT, MHT arXiv:1602.06581

0L MT2 (≥ 1 jet) > 150 Njet, Nbjet, HT, MT2 CMS-PAS-SUS-15-003

0L alphaT (≥ 1 jet) > 150 Njet, Nbjet, HT, α
T
 , PT(jet2) CMS-PAS-SUS-15-005

0+1L Razor > 400 Nlep, Nbjet, R2, M
R

CMS-PAS-SUS-15-004

1L jets+MET 24 Njet, Nbjet, MT, MET, ΣM
J

CMS-PAS-SUS-15-007

2L SS jets+MET 66 Njet, Nbjet, HT, MET, MT
min

CMS-PAS-SUS-15-008

2L OS jets+MET 47 Njet, Nbjet, HT, MET, Mℓℓ CMS-PAS-SUS-15-011

Slow, massive ch. particle Mass PT, dE/dx, TOF CMS-PAS-EXO-15-010

CMS NEW # SR Key variables Link

MT2 ( inc.reinterpretation) arXiv:1603.04053

Stop 1L 9 N(b)jet, MT2, topness, MET CMS-PAS-SUS-16-002

SMS reinterpretations α
T 
, 2L (SS & OS), MHT, Razor, MT2 CMS-PAS-SUS-16-004

CMS 13 TeV SUSY Summary Plots: link

Lepton (L) ≡ e or μ

http://arxiv.org/abs/1602.06581
https://cds.cern.ch/record/2114816
https://cds.cern.ch/record/2114880
https://cds.cern.ch/record/2114815
https://cds.cern.ch/record/2114814
https://cds.cern.ch/record/2114813
https://cds.cern.ch/record/2114811
https://cds.cern.ch/record/2114818
http://arxiv.org/abs/1603.04053
https://cds.cern.ch/record/2139650
https://cds.cern.ch/record/2140312
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS#Run_2_Summary_plots_13_TeV
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Excesses? Z+jets+MET (8 TeV)

arXiv:1503.03290

(published in EPJC)

Recall that in Run1 ATLAS observed a 3σ excess
in on-shell Z+jets+MET in Z→ee  (1.7σ in Zμμ)

Kinematic distributions showed the excess towards
the more background-like regions

arXiv:1502.06031
(published in JHEP)

Both ATLAS and CMS have revisited these
excesses in Run2, taking care to keep the
same cuts

The on-Z excess was not seen by CMS 
(though the cuts were not the same as ATLAS).

Instead, CMS saw a 2.6σ excess in the low-mass
region (with a preference for ≥ 1 bjet)

http://arxiv.org/abs/1503.03290
http://arxiv.org/abs/arXiv:1502.06031
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Excesses? Z+jets+MET (13 TeV)

                  CMS
On Z: 12 events observed vs 
12.0 +4.0

-2.8
  expected in the 

ATLAS-like signal region

CMS-PAS-SUS-15-011

                  CMS
Edge analysis: Run 1 excess 
is disfavored                  ATLAS

On Z: 21 events observed 
(10 ee, 11 µµ) vs
10.3 ± 2.3 expected.

2.2σ excess 

ATLAS-CONF-2015-082

https://cds.cern.ch/record/2114811
https://cds.cern.ch/record/2114854
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gluino NLSP: g̃ → ttχ
1̃

0

Highly motivated decay mode inspired by “Natural SUSY” scenarios

High sensitivity from ATLAS multi-b search
(but note: ATLAS 3b limits combine 0- and 1-lepton channels Gluino mass limits up to 

1750 GeV!!

gχ → bbχχ1
0 in the backup
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gluino NLSP: g̃ → qqχ
1̃

0  (q=u,d,s,c)

ATLAS-CONF-2015-062

ATLAS: 0L, 2-6 jets+MET

https://cds.cern.ch/record/2114828
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squark NLSP: q̃ → qχ
1̃

0  (q=u,d,s,c)

ATLAS-CONF-2015-062

ATLAS: 0L, 2-6 jets+MET

CMS: inclusive 0L, MT2

Significantly weaker limits if squarks
are not assumed to be mass-degenerate

arXiv:1603.04053

https://cds.cern.ch/record/2114828
http://arxiv.org/abs/1603.04053
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bottom squark NLSP: b̃ → bχ
1̃

0

ATLAS-CONF-2015-066

ATLAS sbottom analysis CMS: inclusive 0L, MT2

Monojet SR's with HT as the discriminating
variable in CMS MT2 analysis gives added
sensitivity near the diagonal

arXiv:1603.04053

https://cds.cern.ch/record/2114833
http://arxiv.org/abs/1603.04053
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top squark NLSP: t̃ → tχ
1̃

0

ATLAS 1-lepton stop analysis

ATLAS-CONF-2016-007
CMS-PAS-SUS-16-002

CMS 1-lepton stop analysis

2.3σ excess in one signal 
region  leads to a degradation 
in ATLAS observed limit

Observed exclusion as a 
function of BR to two
modes: tχ → t χχ1

0 and
 tχ → b χχ1

+ → bW* χχ1
0

https://cds.cern.ch/record/2139641
https://cds.cern.ch/record/2139650
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top squark NLSP: t̃ → tχ
1̃

0

CMS: inclusive 0L, MT2 CMS: 0L, MHT

arXiv:1603.04053

Inclusive searches for SUSY are also sensitive to stop pair production

CMS-PAS-SUS-16-004

http://arxiv.org/abs/1603.04053
https://cds.cern.ch/record/2140312
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Conclusion and outlook

Based on ~2.2 (3.2) fb-1 of 13 TeV data, CMS (ATLAS) have significantly extended 
SUSY limits beyond Run1 for gluino and squark production

ATLAS observes an excess of 2.2σ in Z+jets+MET (on top of a 3σ excess in Run1).  
However, this is disfavored by the CMS analysis with the same cuts.

Expecting an additional 25 fb-1 of 13 TeV data in 2016.  

Look forward to a large set of new results over the coming year
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Backup material
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gluino NLSP: g̃ → bbχ
1̃

0

ATLAS-CONF-2015-067

Strong limits by CMS near the diagonal

Light stop from naturalness usually
implies light sbottom

Very big gains over Run1

https://cds.cern.ch/record/2114839


23

g̃ → tt̃ → tχ
1̃

0 + soft stuff

Final state looks just like stop
pair production with tχ → t χχ1

0

Motivated by stop-coannihilation scenario

ATLAS 1-lepton stop analysis

ATLAS-CONF-2016-007

CMS SS 2-lepton analysis

CMS-PAS-SUS-16-004

https://cds.cern.ch/record/2139641
https://cds.cern.ch/record/2140312
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g̃ → qqχ
1̃

+ → qqWχ
1̃

0  (q=u,d,s,c)

arXiv:1602.06581

CMS also includes gχ → qqχχ
2

0 → qqZχχ1
0 

(inclusive 0L+MHT)

http://arxiv.org/abs/1602.06581
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g̃ → qqχ
2̃

0 → qqZχ
1̃

0  

CMS-PAS-SUS-15-011

m(LSP) = 1 GeV

q=u,d,s,c

q=u,d,s,c,b

ATLAS-CONF-2015-082

2-lepton (on Z) + jets + MET analyses:

reflects the
on-Z excess
in ATLAS

https://cds.cern.ch/record/2114811
https://cds.cern.ch/record/2114854
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gluino decay: long cascades

g̃ → qqχ
1̃

+ → qqWχ
2̃

0  → qqWZχ
1̃

0

arXiv:1602.06194

pMSSM topology that evades Run1 searches

Important decay modes:
● gχ → ttχχ02,3

 → tt Z/h χχ01

● gχ → tbχχ+1
 → tb W χχ01

Long decay cascades tend to have
relatively low Etmiss

http://arxiv.org/abs/1602.06194
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top squark: other decays

ATLAS 2-lepton stop analysis t̃ → bχ
1̃
+ → bWχ

1̃
0 (on-shell W)

large Δm(χχ1
+, χχ1

0) m(χχ1
+) = 2m( χχ1

0)

ATLAS-CONF-2016-009

http://cdsweb.cern.ch/record/2139643
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Slow, massive charged particles

CMS-PAS-EXO-15-010

ATLAS uses muon ID to separate “metastable”
from “stable”, but muon TOF info is not used

CMS presents two analyses: tracker-only and
tracker+TOF

ATLAS: 10% “gluon-ball” probability assumed

https://cds.cern.ch/record/2114818
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