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SEARCHING FOR SUSY @ 13 TEV 3
SUSY was not revealed in the LHC Run 1 dataset  
                      comprehensive search campaign at by the LHC experiments at 13 TeV

FINAL STATE SIGNATURES
! R-parity violation (RPV) 

! Little/no E Tmiss 

! Unstable LSP (with lifetime?)  

      !  multiple Þnal state particles

! R-parity conservation (RPC) 

! Missing transverse momentum (E Tmiss) 

! Stable LSP !  dark matter candidate? 

! Prompt/non-prompt decays 

http://inspirehep.net/record/1326406

Significant increase in  
cross-section relative to 8 TeV

Light stops favoured by 
naturalnesss arguments 

http://inspirehep.net/record/1326406


SUSY SEARCH STRATEGY 4
! Select ÒhardÓ SUSY-like signatures using ETmiss, jet/lepton transverse momentum (p T) & 

multiplicity 

! So far no compelling evidence for SUSY at 13 TeV ( early Run 2 searches using partial dataset) 

! Any hints at discrepancy from the early 13 TeV data need to be followed up on with high 
priority 

! Exploit more complicated event-level variables to target challenging event topologies
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ATLAS SUSY public results page: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults


GLUINOS WITH b-JETS 6

5-7 jets 7-8 jets

Compressed scenarios 

High mass/boosted 

Forbidden 

Intermediate mass 

splitting 

! Analysis divided into multiple bins 

! Multiple control regions are orthogonal 
!  simultaneous Þt to all regions for 
exclusion 

! Exclude gluino masses up to 2.2 TeV

Targeting strong production with decays to multiple 
b-jets Require high pT 

leading jet (ISR)

High ETmiss and meff for high 
mass splitting/boosted decays

ATLAS-CONF-2018-041

escaping detection, from particles produced outside the detector acceptance, or from badly reconstructed
objects or mis-measured object properties. The E

miss
T is calculated as the magnitude of the negative

vectorial sum of the pT of all reconstructed and calibrated objects in the event. An additional “soft” term
is added to account for the remaining energy contributions that are not associated with any reconstructed
object, but are associated with the identified primary vertex. This term is calculated from inner detector
tracks to make it more resilient to contamination from pile-up interactions [61, 62] .

5 Event selection

The event selection is divided in two sets of preselection criteria targeting final states which contain no
leptons or at least one lepton (referred to as 0-lepton and 1-lepton channels in the following). Events are
preselected by requiring that E

miss
T > 200 GeV, which ensures that the e�ciency for the E

miss
T triggers

used in this analysis is close to ⇠100%, and by requiring at least four jets of which at least three must be
b-tagged. To enhance the sensitivity to the various signal benchmarks, multiple signal regions (SRs) are
defined using the following discriminating variables. The e�ective mass (me�):

me� =
’
i

p
jeti
T +

’
j

p
`j
T + E

miss
T ,

where the first and second sums are over the selected jets (Njet) and leptons (Nlepton), respectively. It
typically has a much higher value in pair-produced gluino events than in background events.

In regions with at least one selected lepton, the transverse mass mT composed of the pT of the leading
selected lepton (`) and E

miss
T is defined as:

mT =
q

2p
`
TE

miss
T {1 � cos[��( Æpmiss

T , Æp`T)]}.

It is used to reduce the tt̄ and W+jets background events in which a W boson decays leptonically. The mT
distribution for these backgrounds has an upper bound corresponding to the W boson mass and typically
has higher values for Gtt events. In addition, the minimum transverse mass formed by E

miss
T and any of

the three highest-pT b-tagged jets in the event is used:

m
b-jets
T,min = mini3

✓q
2p

b-jeti
T E

miss
T {1 � cos[��( Æpmiss

T , Æpb-jeti
T )]}

◆
.

The m
b-jets
T,min distribution has an upper bound corresponding to the top quark mass for tt̄ events with a

semileptonic top quark decay, while peaking at higher values for Gbb and Gtt events. Another powerful
variable is the total jet mass variable, defined as:

M
⌃
J =

’
i4

mJ ,i ,

where mJ ,i is the mass of the large-radius re-clustered jet i in the event. The decay products of a hadronically
decaying boosted top quark are reconstructed in a single large-radius re-clustered jet, resulting in a jet
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-041/


PHASE SPACE CHALLENGES 7
Probing compressed scenarios 

" Producing Þnal states with 
characteristics identical to SM 
background 

" Challenging analyses to cover 
difÞcult-to-reach regions of mass 
plane

! (m(÷t) ! m(÷! 0
1)) " 0
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Search for stop production in compressed region

" Charm-jets with E Tmiss  from escaping 
stable LSP. 

" Identical Þnal state for direct scharm 
production 

" Makes use of c-tagging 

" Algorithm using  multivariate 
technique (BDT with information on 
impact parameter, secondary 
vertices and b/c-hadron decays) 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-26/
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COMPRESSED SCENARIOS (STOP/SCHARM) 9
Search for stop production in compressed region

Large improvement relative to 
8 TeV reach

Important 
complementarity with 

mono-jet based 
search coverage

Assumes 100% BR

JHEP 09 (2018) 050

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-26/
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SBOTTOM WITH MANY b-JETS 10
Sbottom production with decays to Higgs - new analysis @ 13 TeV!

COMPRESSEDBULK
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ATLAS-CONF-2018-040

" Up to 6 b-tagged jets in the Þnal state 

" Make use of algorithms exploiting b-tagged jet separation 

" Reconstruct mass of Higgs candidates 

" Reject events with poorly measured objects (resulting in 
ÒfakeÓ ETmiss) 

" Object-based E Tmiss SigniÞcance [ATLAS-CONF-2018-038 ]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-040/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-038/
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SBOTTOM WITH MANY b-JETS 11
Sbottom production with decays to Higgs - new analysis @ 13 TeV!

ATLAS-CONF-2018-040
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Diverse program of searches optimised for RPC or RPV SUSY 
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" The 13 TeV dataset is now complete, with no conclusive evidence of SUSY in 
inclusive strong production channels. 

" Exclusion limits on squark/gluino production based on simpliÞed SUSY models are 
at the TeV scale. 
" Unconventional signatures must be explored. 
" Important to probe difÞcult-to-reach corners that remain. 

" The full 13 TeV dataset will help consolidate current experimental coverage. 
" Cover all signatures within reach and follow up on any mild excesses.

SUMMARY 13
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SUSY WITH TAUS 15
Search for gluinos with decays involving hadronically decaying taus

" Reconstruct hadronic tau using multivariate tagger 

" BDT trained using track and shower shape information 

" Probe compressed region where 

" Single low p T tau or with multi-bin Þt over di-tau transverse mass
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First, loose τ candidates are discarded if they overlap with
an electron or muon (steps 1 and 2). If an electron and a
muon are reconstructed using the same inner-detector track,
the electron is discarded (step 3). For overlapping light
leptons (electrons and muons) and jets, the jet is kept in
cases where the lepton is likely to result from a heavy-
flavor hadron decay within the jet, otherwise the lepton is
kept (steps 4–7). Finally, if a jet is also reconstructed as a
loose τ-lepton, the jet is discarded (step 8).

V. EVENT SELECTION

A preselection common to the 1τ and 2τ channels is
applied. Events are required to pass the missing transverse
momentum trigger with the lowest threshold and no band-
width limitation. To select a phase space where the trigger is
fully efficient, the offline selection requiresEmiss

T >180GeV
and a leading jet with pT>120GeV. Furthermore, an
additional jet with pT > 25 GeV is required. The two
leading jets are required to be separated from pmiss

T by at
least 0.4 inϕ, to rejectmultijet backgroundwhere largeEmiss

T
can arise from jet energy mismeasurements. The 1τ channel
requires exactly one medium τ-lepton while the 2τ channel
requires at least two medium τ-lepton. The preselection is
summarized in Table II.
To isolate signatures of potential SUSY processes from

known SM background, additional kinematic variables are
utilized:

(i) The transverse mass of the system formed by pmiss
T and

the momentum p of a reconstructed object,

mT≡mTðp;pmiss
T Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2pTEmiss

T ð1−cosΔϕðp;pmiss
T ÞÞ

q
;

where Δϕðp; pmiss
T Þ denotes the azimuthal angle be-

tween the momentum of the reconstructed object and
the missing transverse momentum. For events where a
lepton l and the missing transverse momentum both
originate from a WðlνÞ decay, the ml

T distribution

exhibits a Jacobian peak at the W boson mass.
The transverse mass of various objects is used in this
analysis, most notably the transverse mass of the
reconstructed τ-lepton.

(ii) The mττ
T2 variable [80,81], also called stransverse

mass, computed as

mττ
T2 ¼ min

paTþ pbT¼ pmiss
T

ðmax ½mTðpτ1 ; paTÞ; mTðpτ2 ; pbTÞ&Þ;

where ða; bÞ refers to two invisible particles that are
assumed to be produced with transverse momentum
vectors pa;bT . In this calculation, ða; bÞ are assumed to
be massless. The mττ

T2 distribution has a kinematic
endpoint for processes where massive particles are
pair-produced, each particle decaying into a τ-lepton
and an undetected particle. When more than two
τ-leptons are produced in a decay chain, there is no
way to a priori select the pair leading to the desired
characteristic. Therefore, mττ

T2 is calculated using all
possible τ-lepton pairs and the largest value is chosen.

(iii) The scalar sum of the transverse momenta of all
τ-leptons and jets, HT ¼

P
ip

τi
T þ

P
jp

jetj
T .

Figure 2 shows examples of kinematic distributions after
the preselection and after applying background normali-
zation factors as described in Sec. VI. The dominant
backgrounds in the 1τ channel are tt̄ production and
WðτνÞ þ jets events, with subdominant contributions from
ZðννÞ þ jets and ZðττÞ þ jets. In the 2τ channel, the
spectrum is dominated by tt̄, WðτνÞ þ jets and ZðττÞ þ
jets events. The multijet background does not contribute
significantly while contributions from the diboson back-
ground are only relevant at high values of mτ1

T þ mτ2
T .

Multiple phase space regions are then defined. A set of
signal regions (SRs) with stringent kinematic requirements
and low background contribution is designed to target
the different signatures and kinematic configurations of
the two SUSY models. A set of control regions (CRs) with
negligible signal yield is used to constrain the normalization
of the dominant backgrounds in phase space regions close to
the SRs. The determination of background normalization
factors and the search for a possible signal are performed
simultaneously by fitting a signal-plus-backgroundmodel to

TABLE I. Overview of the successive steps in the overlap-
removal procedure.

Object discarded Object kept Matching condition

1. Loose τ Electron ΔRy < 0.2
2. Loose τ Muon ΔRy < 0.2
3. Electron Muon Shared inner-

detector track
4. Jet Electron ΔRy < 0.2 and

jet not b-tagged
5. Electron Jet ΔRy < 0.4
6. Jet Muon ΔRy < 0.2, jet with

≤ 2 tracks and not
b-tagged

7. Muon Jet ΔRy < 0.4
8. Jet Loose τ ΔRy < 0.2

TABLE II. Summary of the preselection criteria applied in the
1τ and 2τ channels. Njet and Nτ are the number of jets and
τ-leptons respectively; other variables are defined in the text.

Subject of selection 1τ channel 2τ channel

Trigger Emiss
T > 180 GeV, pjet1

T > 120 GeV

Jets Njet ≥ 2; pjet2
T > 25 GeV

Multijet events Δϕðpjet1;2T ; pmiss
T Þ > 0.4

τ-leptons Nτ ¼ 1 Nτ ≥ 2
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Validation regions
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Search for gluinos with decays involving hadronically decaying taus
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Improved reach in the compressed region 
owing to multi-bin fit combined with the 

low pT  single tau signal region

Multi-bin fit provides further 
improvement at high mass

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-30/


VR0L-ISR
VR0L-Lnj-Lmeff

VR0L-Lnj-Imeff

VR0L-Lnj-Hmeff

VR0L-Inj-Lmeff

VR1L-Inj-Lmeff

VR0L-Inj-Imeff

VR1L-Inj-Imeff

VR0L-Hnj-Lmeff

VR1L-Hnj-Lmeff

VR0L-Hnj-Imeff

VR1L-Hnj-Imeff

VR0L-Hnj-Hmeff

VR1L-Hnj-Hmeff

1

10

210

310Ev
en

ts

data Total bkgd.
tt single top
 + Xtt W+jets

Z+jets diboson
Multijet

-1=13 TeV, 79.8 fbs
 PreliminaryATLAS

Multi-bin analysis

VR0L-ISR
VR0L-Lnj-Lmeff

VR0L-Lnj-Imeff

VR0L-Lnj-Hmeff

VR0L-Inj-Lmeff

VR1L-Inj-Lmeff

VR0L-Inj-Imeff

VR1L-Inj-Imeff

VR0L-Hnj-Lmeff

VR1L-Hnj-Lmeff

VR0L-Hnj-Imeff

VR1L-Hnj-Imeff

VR0L-Hnj-Hmeff

VR1L-Hnj-Hmeff

2−
0
2

to
t

σ
) /

 
pr

ed
 - 

n
ob

s
(n

GLUINOS WITH b-JETS 17

5-7 jets 7-8 jets

Compressed scenarios 

High mass/boosted 

Forbidden 

Intermediate mass 

splitting 

! Analysis divided into multiple bins 

! Multiple control regions are orthogonal 
!  simultaneous Þt to all regions for 
exclusion

Targeting strong production with decays to multiple 
b-jets Require high pT 

leading jet (ISR)

High ETmiss and meff for high 
mass splitting/boosted decays

ATLAS-CONF-2018-041

escaping detection, from particles produced outside the detector acceptance, or from badly reconstructed
objects or mis-measured object properties. The E

miss
T is calculated as the magnitude of the negative

vectorial sum of the pT of all reconstructed and calibrated objects in the event. An additional “soft” term
is added to account for the remaining energy contributions that are not associated with any reconstructed
object, but are associated with the identified primary vertex. This term is calculated from inner detector
tracks to make it more resilient to contamination from pile-up interactions [61, 62] .

5 Event selection

The event selection is divided in two sets of preselection criteria targeting final states which contain no
leptons or at least one lepton (referred to as 0-lepton and 1-lepton channels in the following). Events are
preselected by requiring that E

miss
T > 200 GeV, which ensures that the e�ciency for the E

miss
T triggers

used in this analysis is close to ⇠100%, and by requiring at least four jets of which at least three must be
b-tagged. To enhance the sensitivity to the various signal benchmarks, multiple signal regions (SRs) are
defined using the following discriminating variables. The e�ective mass (me�):

me� =
’
i

p
jeti
T +

’
j

p
`j
T + E

miss
T ,

where the first and second sums are over the selected jets (Njet) and leptons (Nlepton), respectively. It
typically has a much higher value in pair-produced gluino events than in background events.

In regions with at least one selected lepton, the transverse mass mT composed of the pT of the leading
selected lepton (`) and E

miss
T is defined as:

mT =
q

2p
`
TE

miss
T {1 � cos[��( Æpmiss

T , Æp`T)]}.

It is used to reduce the tt̄ and W+jets background events in which a W boson decays leptonically. The mT
distribution for these backgrounds has an upper bound corresponding to the W boson mass and typically
has higher values for Gtt events. In addition, the minimum transverse mass formed by E

miss
T and any of

the three highest-pT b-tagged jets in the event is used:

m
b-jets
T,min = mini3

✓q
2p

b-jeti
T E

miss
T {1 � cos[��( Æpmiss

T , Æpb-jeti
T )]}

◆
.

The m
b-jets
T,min distribution has an upper bound corresponding to the top quark mass for tt̄ events with a

semileptonic top quark decay, while peaking at higher values for Gbb and Gtt events. Another powerful
variable is the total jet mass variable, defined as:

M
⌃
J =

’
i4

mJ ,i ,

where mJ ,i is the mass of the large-radius re-clustered jet i in the event. The decay products of a hadronically
decaying boosted top quark are reconstructed in a single large-radius re-clustered jet, resulting in a jet

7
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! Almost always set BR to 100% for simpliÞed models 

! Show how the gluino mass limit varies according to this assumption 

! Assume 

! Results provided for LSP masses of 1 GeV and 600 GeV

Interpret limits in terms of the branching ratios of gluinos into 3rd 
generation squarks

Observed

BR to stops

BR
 t
o
 s
bo

tt
o
m

s

Assuming 1 GeV LSP

BR( ÷g ! tøt ÷! 0
1) + BR( ÷g ! bøb ÷! 0

1) + BR( ÷g ! tøb ÷! 0
1) = 100%

ATLAS-CONF-2018-041
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