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Supersymmetry (SUSY)

• Fundamental symmetry between fermions and bosons that 
presents solutions to some problems of the SM:
• SUSY particles provide opposite-sign loop corrections to the 

Higgs mass, canceling out quadratic divergencies
• If R-parity = (-1)3(B-L)+2s conserved, Lightest SUSY particle 

(LSP) is stable and natural Dark Matter candidate
• Achieve unification of gauge couplings at MGUT ≈ 1016 GeV
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Supersymmetry (SUSY)

Tomoyuki Saito (Tokyo, ICEPP), May 16, 2017, LHCP @ Shanghai Jiao Tong Univ. 2

SUSY：Unification of Fermion and Boson
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Why SUSY？
▸ Good dark matter candidate
▸ Higgs mass 125 GeV (MSSM prediction < ~150 GeV [1])
▸ GUT prefers SUSY
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[1] Y. Okada, M.Yamaguchi T. Yanagita 
prog.Theor. Phys. 85 (1991).

bino/winos/higgsinos mix: 
charginos/neutralinos are 

mass eigenstates
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e�±
1,2

LSP

But if we have other scalars...

Contributions to Higgs mass from possible heavy scalars have
opposite sign and cancel out!

“We are, I think, in the right Road of Improvement, for we are making Experiments.”
–Benjamin Franklin

1 Introduction

The Standard Model of high-energy physics, augmented by neutrino masses, provides a remarkably
successful description of presently known phenomena. The experimental frontier has advanced into the
TeV range with no unambiguous hints of additional structure. Still, it seems clear that the Standard
Model is a work in progress and will have to be extended to describe physics at higher energies.
Certainly, a new framework will be required at the reduced Planck scale MP = (8�GNewton)�1/2 =
2.4 � 1018 GeV, where quantum gravitational e�ects become important. Based only on a proper
respect for the power of Nature to surprise us, it seems nearly as obvious that new physics exists in the
16 orders of magnitude in energy between the presently explored territory near the electroweak scale,
MW , and the Planck scale.

The mere fact that the ratio MP/MW is so huge is already a powerful clue to the character of
physics beyond the Standard Model, because of the infamous “hierarchy problem” [1]. This is not
really a di�culty with the Standard Model itself, but rather a disturbing sensitivity of the Higgs
potential to new physics in almost any imaginable extension of the Standard Model. The electrically
neutral part of the Standard Model Higgs field is a complex scalar H with a classical potential

V = m2
H |H|2 + �|H|4 . (1.1)

The Standard Model requires a non-vanishing vacuum expectation value (VEV) for H at the minimum

of the potential. This occurs if � > 0 and m2
H < 0, resulting in �H� =

�
�m2

H/2�. We know
experimentally that �H� is approximately 174 GeV from measurements of the properties of the weak
interactions. The 2012 discovery [2]-[4] of the Higgs boson with a mass near 125 GeV implies that,
assuming the Standard Model is correct as an e�ective field theory, � = 0.126 and m2

H = �(92.9 GeV)2.
(These are running MS parameters evaluated at a renormalization scale equal to the top-quark mass,
and include the e�ects of 2-loop corrections.) The problem is that m2

H receives enormous quantum
corrections from the virtual e�ects of every particle or other phenomenon that couples, directly or
indirectly, to the Higgs field.

For example, in Figure 1.1a we have a correction to m2
H from a loop containing a Dirac fermion

f with mass mf . If the Higgs field couples to f with a term in the Lagrangian ��fHff , then the
Feynman diagram in Figure 1.1a yields a correction

�m2
H = � |�f |2

8�2
�2

UV + . . . . (1.2)

Here �UV is an ultraviolet momentum cuto� used to regulate the loop integral; it should be interpreted
as at least the energy scale at which new physics enters to alter the high-energy behavior of the theory.

H

f

(a)

S

H

(b)
Figure 1.1: One-loop quantum corrections to the Higgs squared mass parameter m2

H , due to (a) a
Dirac fermion f , and (b) a scalar S.
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The ellipses represent terms proportional to m2
f , which grow at most logarithmically with �UV (and

actually di�er for the real and imaginary parts of H). Each of the leptons and quarks of the Standard
Model can play the role of f ; for quarks, eq. (1.2) should be multiplied by 3 to account for color. The
largest correction comes when f is the top quark with �f � 0.94. The problem is that if �UV is of
order MP, say, then this quantum correction to m2

H is some 30 orders of magnitude larger than the
required value of m2

H � �(92.9 GeV)2. This is only directly a problem for corrections to the Higgs
scalar boson squared mass, because quantum corrections to fermion and gauge boson masses do not
have the direct quadratic sensitivity to �UV found in eq. (1.2). However, the quarks and leptons and
the electroweak gauge bosons Z0, W ± of the Standard Model all obtain masses from �H�, so that the
entire mass spectrum of the Standard Model is directly or indirectly sensitive to the cuto� �UV.

One could imagine that the solution is to simply pick a �UV that is not too large. But then one
still must concoct some new physics at the scale �UV that not only alters the propagators in the loop,
but actually cuts o� the loop integral. This is not easy to do in a theory whose Lagrangian does not
contain more than two derivatives, and higher-derivative theories generally su�er from a failure of either
unitarity or causality [5]. In string theories, loop integrals are nevertheless cut o� at high Euclidean
momentum p by factors e�p2/�2

UV . However, then �UV is a string scale that is usually† thought to be
not very far below MP.

Furthermore, there are contributions similar to eq. (1.2) from the virtual e�ects of any heavy
particles that might exist, and these involve the masses of the heavy particles (or other high physical
mass scales), not just the cuto�. It cannot be overemphasized that merely choosing a regulator with no
quadratic divergences does not address the hierarchy problem. The problem is not really the quadratic
divergences, but rather the quadratic sensitivity to high mass scales. The latter are correlated with
quadratic divergences for some, but not all, choices of ultraviolet regulator. The absence of quadratic
divergences is a necessary, but not su�cient, criterion for avoiding the hierarchy problem.

For example, suppose there exists a heavy complex scalar particle S with mass mS that couples to
the Higgs with a Lagrangian term ��S |H|2|S|2. Then the Feynman diagram in Figure 1.1b gives a
correction

�m2
H =

�S

16�2

�
�2

UV � 2m2
S ln(�UV/mS) + . . .

�
. (1.3)

If one rejects the possibility of a physical interpretation of �UV and uses dimensional regularization
on the loop integral instead of a momentum cuto�, then there will be no �2

UV piece. However, even
then the term proportional to m2

S cannot be eliminated without the physically unjustifiable tuning
of a counter-term specifically for that purpose. This illustrates that m2

H is sensitive to the masses of
the heaviest particles that H couples to; if mS is very large, its e�ects on the Standard Model do not
decouple, but instead make it di�cult to understand why m2

H is so small.
This problem arises even if there is no direct coupling between the Standard Model Higgs boson

and the unknown heavy particles. For example, suppose there exists a heavy fermion F that, unlike
the quarks and leptons of the Standard Model, has vectorlike quantum numbers and therefore gets a
large mass mF without coupling to the Higgs field. [In other words, an arbitrarily large mass term of
the form mF FF is not forbidden by any symmetry, including weak isospin SU(2)L.] In that case, no
diagram like Figure 1.1a exists for F . Nevertheless there will be a correction to m2

H as long as F shares
some gauge interactions with the Standard Model Higgs field; these may be the familiar electroweak
interactions, or some unknown gauge forces that are broken at a very high energy scale inaccessible to
experiment. In either case, the two-loop Feynman diagrams in Figure 1.2 yield a correction

†Some attacks on the hierarchy problem, not reviewed here, are based on the proposition that the ultimate cuto� scale
is actually close to the electroweak scale, rather than the apparent Planck scale.
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actually di�er for the real and imaginary parts of H). Each of the leptons and quarks of the Standard
Model can play the role of f ; for quarks, eq. (1.2) should be multiplied by 3 to account for color. The
largest correction comes when f is the top quark with �f � 0.94. The problem is that if �UV is of
order MP, say, then this quantum correction to m2

H is some 30 orders of magnitude larger than the
required value of m2

H � �(92.9 GeV)2. This is only directly a problem for corrections to the Higgs
scalar boson squared mass, because quantum corrections to fermion and gauge boson masses do not
have the direct quadratic sensitivity to �UV found in eq. (1.2). However, the quarks and leptons and
the electroweak gauge bosons Z0, W ± of the Standard Model all obtain masses from �H�, so that the
entire mass spectrum of the Standard Model is directly or indirectly sensitive to the cuto� �UV.
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still must concoct some new physics at the scale �UV that not only alters the propagators in the loop,
but actually cuts o� the loop integral. This is not easy to do in a theory whose Lagrangian does not
contain more than two derivatives, and higher-derivative theories generally su�er from a failure of either
unitarity or causality [5]. In string theories, loop integrals are nevertheless cut o� at high Euclidean
momentum p by factors e�p2/�2

UV . However, then �UV is a string scale that is usually† thought to be
not very far below MP.

Furthermore, there are contributions similar to eq. (1.2) from the virtual e�ects of any heavy
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For example, suppose there exists a heavy complex scalar particle S with mass mS that couples to
the Higgs with a Lagrangian term ��S |H|2|S|2. Then the Feynman diagram in Figure 1.1b gives a
correction

�m2
H =
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�
�2
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�
. (1.3)
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ATLAS: A Toroidal LHC ApparatuS

• Major upgrades for Run 2 - detectors, trigger, DAQ, reconstruction
• Excellent performance under challenging LHC conditions
• peak lumi 1.38 x 1034 cm-2 s-1

• up to 50 interactions per crossing
• 36 fb-1 of good 13 TeV pp collision data collected in 2015 and 2016
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① Build signal regions (SRs) based on requirements on signal / background discriminating variables to 
target specific SUSY event topologies. Optimised for discovery & exclusion.

② Determine Standard Model background in the SRs:

21/03/17 Moritz Backes 14

Blueprint of a vanilla SUSY search

VR1
Unblind when BG model 

established

SR
Unblind when BG model 

validated

Observable 2

O
bs

er
va

bl
e 

1

VR2
Unblind when BG model 

established

CR 

Proximity to SR

U
nc

er
ta

in
ty

Reducible backgrounds: 
• Dominant processes:  

- MC normalised to data in process-enhanced 
control regions (CRs) 

- Extrapolation to validation regions (VRs) & SRs
• Subdominant processes: Pure MC predictions

Irreducible Backgrounds Reducible backgrounds: 
• Fake ET,miss, fake leptons 

backgrounds: Pure data-driven 
estimates

• Validation in VRs

Reducible Backgrounds

Reducible backgrounds: 
• Simultaneous fit of all components 

in CRs (and SRs for exclusion) 

Combined Fit

CR/VR 
optimisation

• Make assumptions on mass spectra 
and use simplified models to define 
signatures and guide searches
• R-parity conservation - RPC: pair-

produced SUSY particles decaying 
to LSP

• R-parity violation - RPV: LSP 
decays to SM particles

• Signal regions built with high S/B 
using discriminating variables

• Backgrounds:
• Irreducible predicted from MC or 

normalized in control regions
• Reducible estimated from data-

driven methods
• Checked in validation regions

How to search for SUSY
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!  If coloured sparticles (including 3rd 
gen.) have very large masses, 
direct EWK-ino production 
becomes dominant 

!  Leptonic decays of charginos, 
neutralinos, sleptons are a main 
feature of EWK SUSY searches 

!  Distinctiveness of multileptonic 
signatures counterbalance low 
cross sections x BR 

"  High-efficiency triggering and        
effective SM background 
suppression 

!  Available Run-2 data already 
sufficient to probe significant 
portions of the parameter space 

Electroweak SUSY Production 

highest cross-
sections for strong 
production of 1st/2nd 
generation squarks 

and gluinos

3rd generation 
squarks

important for 
Naturalness

lowest cross-
sections for 

EWK production 
of charginos, 

neutralinos and 
sleptons
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Inclusive searches for 
squarks and gluinos
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Multijets
• Njets ≥ 7-11 and leptons vetoed

• Sensitivity to gluino pair 
production with cascade decays

• Discrimination from MET/√HT

• 27 non-exclusive SRs based on 
Nb-jets and mass of “fat jets” → 
large gluino masses and 
boosted topologies

• Template for dominant multijet 
bkg MET/√HT distribution 
extracted from Njets = 6 data

• Leptonic control regions used to 
normalize W+jets and ttbar

6

see ATLAS-CONF-2017-033
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Figure 1: Pseudo-Feynman diagrams for the di�erent signal models used in this search.

section and the uncertainty are taken from an envelope of cross section predictions using di�erent PDF
sets and factorisation and renormalisation scales, as described in Ref. [76].

4 Event reconstruction

4.1 Primary vertex

Primary vertices are reconstructed using at least two charged particle tracks with pT > 400 MeV measured
by the ID [77]. The primary vertex with the largest sum of squared track transverse momenta (

P
p2

T) is
designated the hard scatter vertex.

4.2 Jets

Jets are reconstructed from three-dimensional topological clusters of calorimeter cells (topoclusters) that
are noise-suppressed and calibrated to the electromagnetic scale, i.e. corrected for the calorimeter response
to electrons and photons [78]. Small-radius jets are built by applying the anti-kt clustering algorithm [79],
as implemented in FastJet [80], with jet radius parameter R = 0.4 to the topoclusters. Four-vector
corrections are applied to the jets, starting with a subtraction procedure that removes the average estimated
energy contributed by pileup interactions based on the jet area [81]. This is followed by jet energy scale
calibrations that restore the jet energy to the mean response versus particle-level simulation, using a global
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Figure 3: The distribution of the number of jets observed in the W+jets (left) and tt̄ (right) control regions with
the lowest jet multiplicities. The backgrounds have been scaled by the normalisation factors extracted from the fit,
described in section 6.3. The blue hashed band indicates the statistical uncertainty from MC simulated samples. The
dashed lines labelled ‘pMSSM’ and ‘2-step’ refer to benchmark signal points – a pMSSM slice model with
(mg̃,m �̃±1

) = (1400, 200) GeV and a cascade decay model with (mg̃,m �̃0
1
) = (1400, 200) GeV. The lower panels

show the ratio of the observed data to the total SM background.
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An uncertainty due to jet flavour composition is determined as the di�erence between the nominal estimate,
which assumes an identical flavour composition between the TR and SRs, and a �2 fit that interpolates
between the nominal estimate and a flavour-split template estimate. The flavour-split template prediction
is produced by separating the template and signal regions into two bins, one requiring exactly as many
b-jets as in the SR Nb-tag selection, and the latter requiring at least one more. A �2 fit to data in the
validation regions is then used to linearly combine the nominal and flavour-split templates. The resulting
combined template is used as a basis for comparison to the nominal prediction. This procedure ensures
that an appropriate uncertainty is estimated if the nominal estimate is significantly di�erent from the
best-fit; if the naïve flavour-split estimate describes the data poorly, this does not result in an overestimate
of the uncertainty. For the jet mass channel, this uncertainty ranges from 3-6%. It is larger in the heavy
flavour channel: at most 20% in the tightest selections, and up to 12% elsewhere.

Finally, to account for other potential sources of mismodelling, an overall closure uncertainty is computed.
This is defined as the maximal relative di�erence between the template prediction and the observation in
data for the VRs defined in Section 5.2.1, either with a lower jet multiplicity or a reduced Emiss

T /
p

HT value.
The template closure is checked in a VR at a lower jet multiplicity but with the same Emiss

T /
p

HT > 5 GeV1/2

threshold as in the SR, or in several bins of Emiss
T /
p

HT :

Emiss
T /
p

HT 2 (1.5, 2.0), (2.0, 3.0), (3.0, 4.0) GeV1/2.

Example distributions of Emiss
T /
p

HT in the lower-jet-multiplicity VRs are shown in Figure 2. The degree
of closure varies, generally ranging between 8-12% and extending to 30% for regions with the lowest
statistics.
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Figure 2: Distributions of the Emiss
T /
p

HT for events in the validation regions for a 50 GeV flavour channel selection
(a) and a M⌃J selection (b). The blue hashed band indicates the quadrature sum of the statistical uncertainty
from MC simulated samples and the separate sources of systematic uncertainty on the background prediction.
The dashed lines labelled ‘pMSSM’ and ‘2-step’ refer to benchmark signal points – a pMSSM slice model with
(mg̃,m �̃±1

) = (1400, 200) GeV and a cascade decay model with (mg̃,m �̃0
1
) = (1400, 200) GeV. The lower panels

show the ratio of the observed data to the total SM background.
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multijet template 
validated in Njets = 7 

VR

good modelling of 
Njets in ttbar CR

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-033/
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Multijets

• No significant excesses observed 
over background expectation

• Gluino masses up to 1.8 TeV 
excluded for light LSPs assuming 
a two-step cascade decay

7

see ATLAS-CONF-2017-033
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Figure 4: Summary plot showing the data and SM predictions constrained by the likelihood fit for all signal regions.
Systematic and statistical uncertainties are shown in the blue hatched band, accounting for (anti-)correlations in
their e�ects on di�erent background components.
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Figure 7: Exclusion contours in gluino-mediated stop production scenarios, illustrated in the mg̃, m �̃0
1

plane with
o�-shell stops (a) and an R-parity-violating scenario plane in which the stop decays via t̃1 ! sb (b), shown in the
mg̃, mt̃1 plane. The solid maroon line indicates the observed limit, while the dashed blue line shows the expected
limit. Experimental, MC theoretical and statistical uncertainties are shown in the yellow band. Dotted maroon lines
delimit the variation of the observed limit within the ±1� uncertainties on the signal cross-section at NLO+NLL
accuracy.
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Figure 5: Distributions of the Emiss
T /
p

HT for events in the 11-jet SR for the 50 GeV flavour channel, inclusive
in Nb-tag (a) and the 10-jet SR for the jet mass channel (b), with M⌃J > 500 GeV. The backgrounds have
been scaled by the normalisation factors extracted from the fit, described in section 6.3. The blue hashed band
indicates the quadrature sum of the statistical uncertainty from MC simulated samples and the separate sources of
systematic uncertainty on the background prediction. The dashed lines labelled ‘pMSSM’ and ‘2-step’ refer to
benchmark signal points – a pMSSM slice model with (mg̃,m �̃±1

) = (1400, 200) GeV and a cascade decay model
with (mg̃,m �̃0

1
) = (1400, 200) GeV. The lower panels show the ratio of the observed data to the total SM background.
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Figure 1: Pseudo-Feynman diagrams for the di�erent signal models used in this search.

section and the uncertainty are taken from an envelope of cross section predictions using di�erent PDF
sets and factorisation and renormalisation scales, as described in Ref. [76].

4 Event reconstruction

4.1 Primary vertex

Primary vertices are reconstructed using at least two charged particle tracks with pT > 400 MeV measured
by the ID [77]. The primary vertex with the largest sum of squared track transverse momenta (

P
p2

T) is
designated the hard scatter vertex.

4.2 Jets

Jets are reconstructed from three-dimensional topological clusters of calorimeter cells (topoclusters) that
are noise-suppressed and calibrated to the electromagnetic scale, i.e. corrected for the calorimeter response
to electrons and photons [78]. Small-radius jets are built by applying the anti-kt clustering algorithm [79],
as implemented in FastJet [80], with jet radius parameter R = 0.4 to the topoclusters. Four-vector
corrections are applied to the jets, starting with a subtraction procedure that removes the average estimated
energy contributed by pileup interactions based on the jet area [81]. This is followed by jet energy scale
calibrations that restore the jet energy to the mean response versus particle-level simulation, using a global
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are noise-suppressed and calibrated to the electromagnetic scale, i.e. corrected for the calorimeter response
to electrons and photons [78]. Small-radius jets are built by applying the anti-kt clustering algorithm [79],
as implemented in FastJet [80], with jet radius parameter R = 0.4 to the topoclusters. Four-vector
corrections are applied to the jets, starting with a subtraction procedure that removes the average estimated
energy contributed by pileup interactions based on the jet area [81]. This is followed by jet energy scale
calibrations that restore the jet energy to the mean response versus particle-level simulation, using a global

7

27 SRs

Nb-jets
fat 
jets

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-033/
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2ℓ same sign / 3ℓ + (b-)jets
• Sensitivity to 12 different 

RPC and RPV models
• Low SM backgrounds → 

looser selections → target 
low mass splittings

• 19 non-exclusive SRs 
based on Njets, Nbjets, MET 
and meff = ∑pT + MET

• Electron charge-flip bkgs 
estimated from likelihood 
fit to Z/𝜸* → ee data

• Fake or non-prompt lepton 
backgrounds estimated 
with data-driven methods

8

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a

t
i
o

n
o

n
l
y

DRAFT

g̃

g̃
p

p

�̃0
1

t̄

t

�̃0
1

t

t̄

(a)

g̃

g̃
p

p

�̃0
1

t
b̄

W�

�̃0
1

b̄

W�

t

(b)

g̃

g̃

�̃±
1

�̃0
2

�̃±
1 �̃0

2

p

p

q q̄0 W±

Z

�̃0
1

q̄0q W±
Z

�̃0
1

(c)

g̃

g̃

�̃0
2

˜̀⌥/⌫̃

�̃0
2

˜̀⌥/⌫̃
p

p

q q̄ `±/⌫
`⌥/⌫

�̃0
1

q̄q `±/⌫
`⌥/⌫

�̃0
1

(d)

b̃1

b̃⇤1

�̃�
1

�̃+
1

p

p

t

�̃0
1

W�

t̄

�̃0
1

W+

(e)

t̃1

t̃⇤1

�̃0
2 �̃±

1

�̃0
2 �̃±

1

p

p

t W⌥

(W ⇤)

�̃0
1

t̄ W⌥
(W ⇤)

�̃0
1

(f)

g̃

g̃

t̃⇤

t̃⇤

p

p

t

�00
313

d

b

t

d

b

(g)

g̃

g̃

t̃⇤

t̃⇤

p

p

t

�00
321

d

s

t

d

s

(h)

g̃

g̃

�̃0
1

�̃0
1

p

p

q q̄

�0

e/µ/⌫

q0

q̄00

q q̄
e/µ/⌫

q0
q̄00

(i)

g̃

g̃

�̃0
1

�̃0
1

p

p

t t̄

�00
112

u

d
s

t t̄
u
d
s

(j)

g̃

d̃R

d̃R

p

p

�00
313

t̄

b̄

t̄

b̄

(k)

g̃

d̃R

d̃R

p

p

�00
321

t̄

s̄

t̄

s̄

(l)

Figure 1: RPC SUSY processes featuring gluino ((a), (b), (c), (d)) or third generation squark ((e), (f)) pair production
studied in this analysis. RPV SUSY models considered are gluino pair production ((g), (h), (i), (j)) and t-channel
production of down squark-rights ((k), (l)) which decay via baryon or lepton number violating couplings � 00 and
� 0 respectively. In the diagrams, q ⌘ u, d, c, s and ` ⌘ e, µ, ⌧. In Figure 1(d), l̃ ⌘ ẽ, µ̃, ⌧̃ and ⌫̃ ⌘ ⌫̃e, ⌫̃µ, ⌫̃⌧ . In
Figure 1(f), (W ⇤) indicates that W -boson is o�-shell – the mass di�erence between �̃±1 and �̃0

1 is around 1 GeV.
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), as proposed in minimal flavour69
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Figure 1: RPC SUSY processes featuring gluino ((a), (b), (c), (d)) or third generation squark ((e), (f)) pair production
studied in this analysis. RPV SUSY models considered are gluino pair production ((g), (h), (i), (j)) and t-channel
production of down squark-rights ((k), (l)) which decay via baryon or lepton number violating couplings � 00 and
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1 is around 1 GeV.
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Figure 1: RPC SUSY processes featuring gluino ((a), (b), (c), (d)) or third generation squark ((e), (f)) pair production
studied in this analysis. RPV SUSY models considered are gluino pair production ((g), (h), (i), (j)) and t-channel
production of down squark-rights ((k), (l)) which decay via baryon or lepton number violating couplings � 00 and
� 0 respectively. In the diagrams, q = u, d, c, s and ` = e, µ, ⌧. In Figure 1(d), l̃ = ẽ, µ̃, ⌧̃ and ⌫̃ = ⌫̃e, ⌫̃µ, ⌫̃⌧ . In
Figure 1(f), (W ⇤) indicates that W -boson is o�-shell – the mass di�erence between �̃±1 and �̃0

1 is around 1 GeV.

bottom squark pairs decaying to tt̄WW �̃0
1 �̃

0
1. The latter, addressed here by looking for a three same-sign

lepton final state, is a model that could explain the excess seen in same-sign lepton signatures during
Run 1 [30]. Finally, a full SUSY model with low fine-tuning, the non-universal Higgs model with two
extra parameters (NUHM2) [31, 32], is also considered. When the soft SUSY breaking electroweakino
mass, m1/2, is in the range 300–800 GeV, the model predominantly involves gluino pair production with
gluinos decaying predominantely to tt̄ �̃0

1 and tb �̃±1 , giving rise to final states with two same-sign leptons
and Emiss

T .

In the case of non-zero RPV couplings in the baryonic sector (� 00
i jk

), as proposed in minimal flavour
violation scenarios [33–35], gluinos and squarks may decay directly to top quarks, leading to final states
with same-sign leptons [36, 37] and b-quarks (Figs. 1(g) and 1(h)). Although these figures illustrate decay
modes mediated by non-zero � 00313 (resp. � 00321) couplings, the exclusion limits set for these scenarios also
hold for non-zero � 00323 (resp. � 00311 or � 00322), as these couplings lead to experimentally undistinguishable
final states. Alternatively a gluino decaying to a neutralino LSP, that further decays to SM particles via a
non-zero RPV coupling in the leptonic sector, � 0, or � 00, is also possible (Figs. 1(i) and 1(j)). Lower Emiss
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Figure 2: Distributions of the number of jets (a), of b-tagged jets (b) and of the e�ective mass ((c), (d)). The
distributions are made after requiring at least two jets (pT > 40 GeV) and Emiss

T > 50 GeV, as well as at least two
same-sign leptons ((a), (b), (c)) or three leptons (d). The uncertainty bands include the statistical uncertainties
for the background prediction as well as the systematic uncertainties for fake or non-prompt lepton backgrounds
(using the matrix method) and charge-flip electrons. Not included are theoretical uncertainties on the irreducible
background contributions. The “rare” category is defined in the text.

regions is resolved by removing events that are selected in the signal regions. The purity of the targeted
background processes in these regions ranges from about 35% to 65%. The expected signal contamination
is generally below 5% for models near the limit of exclusion in tt̄ Z , W Z and W±W± VRs and about 20%
in the tt̄W VR. The observed yields, compared with the background predictions and uncertainties, can be
seen in Table 4. There is good agreement between data and the estimated background in all the validation
regions.

5.3 Systematic uncertainties

Statistical uncertainties due to the limited number of data events in the loose and tight lepton control
regions are considered in the FNP lepton background estimate. In the matrix method, the systematic
uncertainties mainly come from potentially di�erent compositions of b-jets, light-quark jets and photon
conversions between the control and the signal regions. The uncertainty coming from the prompt lepton
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Figure 2: Distributions of the number of jets (a), of b-tagged jets (b) and of the e�ective mass ((c), (d)). The
distributions are made after requiring at least two jets (pT > 40 GeV) and Emiss

T > 50 GeV, as well as at least two
same-sign leptons ((a), (b), (c)) or three leptons (d). The uncertainty bands include the statistical uncertainties
for the background prediction as well as the systematic uncertainties for fake or non-prompt lepton backgrounds
(using the matrix method) and charge-flip electrons. Not included are theoretical uncertainties on the irreducible
background contributions. The “rare” category is defined in the text.

regions is resolved by removing events that are selected in the signal regions. The purity of the targeted
background processes in these regions ranges from about 35% to 65%. The expected signal contamination
is generally below 5% for models near the limit of exclusion in tt̄ Z , W Z and W±W± VRs and about 20%
in the tt̄W VR. The observed yields, compared with the background predictions and uncertainties, can be
seen in Table 4. There is good agreement between data and the estimated background in all the validation
regions.

5.3 Systematic uncertainties

Statistical uncertainties due to the limited number of data events in the loose and tight lepton control
regions are considered in the FNP lepton background estimate. In the matrix method, the systematic
uncertainties mainly come from potentially di�erent compositions of b-jets, light-quark jets and photon
conversions between the control and the signal regions. The uncertainty coming from the prompt lepton
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Figure 3: Comparison of the observed and expected event yields in each signal region (a) and relative uncertainties
on the total background yield estimation (b). On the latter, “statistical uncertainty” corresponds to reducible and
irreducible background statistical uncertainties. The background expectations correspond to those presented in
Table 5 and the “rare” category is explained in the text.

in the benchmark scenarios of Figure 1. The HistFitter framework [93], which utilises a profile-likelihood-
ratio test [94], is used to establish 95% confidence intervals using the CLs prescription [95]. The likelihood
is built as the product of a Poisson probability density function describing the observed number of events
in the signal region and Gaussian distributions constraining the nuisance parameters associated with the
systematic uncertainties whose widths correspond to the sizes of these uncertainties; Poisson distributions
are used instead for MC simulation uncertainties. Correlations of a given nuisance parameter between
the di�erent sources of backgrounds and the signal are taken into account when relevant. The hypothesis
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Figure 4: Observed and expected exclusion limits on the g̃, b̃1, t̃1and �̃0
1 masses in the context of RPC SUSY

scenarios with simplified mass spectra. The signal regions used to obtain the limits are specified in the subtitle of
each scenario. All limits are computed at 95% CL. The dotted lines around the observed limit illustrate the change
in the observed limit as the nominal signal cross-section is scaled up and down by the theoretical uncertainty. The
contours of the band around the expected limit are the ±1� results (±2� is also considered in Figure 4(e)), including
all uncertainties except the theoretical ones on the signal cross-section. In Figures 4(a)–4(d), the grey diagonal lines
indicate the kinematic limit for the decays in each specified scenario and results are compared with the observed
limits obtained by previous ATLAS searches [23, 96].
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Figure 1: RPC SUSY processes featuring gluino ((a), (b), (c), (d)) or third generation squark ((e), (f)) pair production
studied in this analysis. RPV SUSY models considered are gluino pair production ((g), (h), (i), (j)) and t-channel
production of down squark-rights ((k), (l)) which decay via baryon or lepton number violating couplings � 00 and
� 0 respectively. In the diagrams, q = u, d, c, s and ` = e, µ, ⌧. In Figure 1(d), l̃ = ẽ, µ̃, ⌧̃ and ⌫̃ = ⌫̃e, ⌫̃µ, ⌫̃⌧ . In
Figure 1(f), (W ⇤) indicates that W -boson is o�-shell – the mass di�erence between �̃±1 and �̃0

1 is around 1 GeV.

bottom squark pairs decaying to tt̄WW �̃0
1 �̃

0
1. The latter, addressed here by looking for a three same-sign

lepton final state, is a model that could explain the excess seen in same-sign lepton signatures during
Run 1 [30]. Finally, a full SUSY model with low fine-tuning, the non-universal Higgs model with two
extra parameters (NUHM2) [31, 32], is also considered. When the soft SUSY breaking electroweakino
mass, m1/2, is in the range 300–800 GeV, the model predominantly involves gluino pair production with
gluinos decaying predominantely to tt̄ �̃0

1 and tb �̃±1 , giving rise to final states with two same-sign leptons
and Emiss

T .

In the case of non-zero RPV couplings in the baryonic sector (� 00
i jk

), as proposed in minimal flavour
violation scenarios [33–35], gluinos and squarks may decay directly to top quarks, leading to final states
with same-sign leptons [36, 37] and b-quarks (Figs. 1(g) and 1(h)). Although these figures illustrate decay
modes mediated by non-zero � 00313 (resp. � 00321) couplings, the exclusion limits set for these scenarios also
hold for non-zero � 00323 (resp. � 00311 or � 00322), as these couplings lead to experimentally undistinguishable
final states. Alternatively a gluino decaying to a neutralino LSP, that further decays to SM particles via a
non-zero RPV coupling in the leptonic sector, � 0, or � 00, is also possible (Figs. 1(i) and 1(j)). Lower Emiss

T
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Figure 4: Observed and expected exclusion limits on the g̃, b̃1, t̃1and �̃0
1 masses in the context of RPC SUSY

scenarios with simplified mass spectra. The signal regions used to obtain the limits are specified in the subtitle of
each scenario. All limits are computed at 95% CL. The dotted lines around the observed limit illustrate the change
in the observed limit as the nominal signal cross-section is scaled up and down by the theoretical uncertainty. The
contours of the band around the expected limit are the ±1� results (±2� is also considered in Figure 4(e)), including
all uncertainties except the theoretical ones on the signal cross-section. In Figures 4(a)–4(d), the grey diagonal lines
indicate the kinematic limit for the decays in each specified scenario and results are compared with the observed
limits obtained by previous ATLAS searches [23, 96].
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Figure 1: RPC SUSY processes featuring gluino ((a), (b), (c), (d)) or third generation squark ((e), (f)) pair production
studied in this analysis. RPV SUSY models considered are gluino pair production ((g), (h), (i), (j)) and t-channel
production of down squark-rights ((k), (l)) which decay via baryon or lepton number violating couplings � 00 and
� 0 respectively. In the diagrams, q ⌘ u, d, c, s and ` ⌘ e, µ, ⌧. In Figure 1(d), l̃ ⌘ ẽ, µ̃, ⌧̃ and ⌫̃ ⌘ ⌫̃e, ⌫̃µ, ⌫̃⌧ . In
Figure 1(f), (W ⇤) indicates that W -boson is o�-shell – the mass di�erence between �̃±1 and �̃0

1 is around 1 GeV.

bottom squark pairs decaying to tt̄WW �̃0
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0
1. The latter, addressed here by looking for a three same-sign62

lepton final state, is a model that could explain the excess seen in same-sign lepton signatures during63

Run 1 [30]. Finally, a full SUSY model with low fine-tuning, the non-universal Higgs model with two64

extra parameters (NUHM2) [31, 32], is also considered. When the soft SUSY breaking electroweakino65

mass, m1/2, is in the range 300–800 GeV, the model mainly involves gluino pair production with gluinos66

decaying predominantely to tt̄ �̃0
1 and tb �̃±1 , giving rise to final states with two same-sign leptons and67

Emiss
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In the case of non-zero RPV couplings in the baryonic sector (� 00
i jk

), as proposed in minimal flavour69

violation scenarios [33–35], gluinos and squarks may decay directly to top quarks, leading to final states70

with same-sign leptons [36, 37] and b-quarks (Figs. 1(g) and 1(h)). Although these figures illustrate decay71

modes mediated by non-zero � 00313 (resp. � 00321) couplings, the exclusion limits set for these scenarios also72

hold for non-zero � 00323 (resp. � 00311 or � 00322), as these couplings lead to experimentally indistinguishable73

final states. Alternatively a gluino decaying to a neutralino LSP, that further decays to SM particles74

via a non-zero RPV coupling in the leptonic sector, � 0, or in the baryonic sector � 00, is also possible75
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Figure 1: Pseudo-Feynman diagrams for the di�erent signal models used in this search.

section and the uncertainty are taken from an envelope of cross section predictions using di�erent PDF
sets and factorisation and renormalisation scales, as described in Ref. [76].

4 Event reconstruction

4.1 Primary vertex

Primary vertices are reconstructed using at least two charged particle tracks with pT > 400 MeV measured
by the ID [77]. The primary vertex with the largest sum of squared track transverse momenta (

P
p2

T) is
designated the hard scatter vertex.

4.2 Jets

Jets are reconstructed from three-dimensional topological clusters of calorimeter cells (topoclusters) that
are noise-suppressed and calibrated to the electromagnetic scale, i.e. corrected for the calorimeter response
to electrons and photons [78]. Small-radius jets are built by applying the anti-kt clustering algorithm [79],
as implemented in FastJet [80], with jet radius parameter R = 0.4 to the topoclusters. Four-vector
corrections are applied to the jets, starting with a subtraction procedure that removes the average estimated
energy contributed by pileup interactions based on the jet area [81]. This is followed by jet energy scale
calibrations that restore the jet energy to the mean response versus particle-level simulation, using a global
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Figure 1: RPC SUSY processes featuring gluino ((a), (b), (c), (d)) or third generation squark ((e), (f)) pair production
studied in this analysis. RPV SUSY models considered are gluino pair production ((g), (h), (i), (j)) and t-channel
production of down squark-rights ((k), (l)) which decay via baryon or lepton number violating couplings � 00 and
� 0 respectively. In the diagrams, q ⌘ u, d, c, s and ` ⌘ e, µ, ⌧. In Figure 1(d), l̃ ⌘ ẽ, µ̃, ⌧̃ and ⌫̃ ⌘ ⌫̃e, ⌫̃µ, ⌫̃⌧ . In
Figure 1(f), (W ⇤) indicates that W -boson is o�-shell – the mass di�erence between �̃±1 and �̃0

1 is around 1 GeV.

bottom squark pairs decaying to tt̄WW �̃0
1 �̃

0
1. The latter, addressed here by looking for a three same-sign62

lepton final state, is a model that could explain the excess seen in same-sign lepton signatures during63

Run 1 [30]. Finally, a full SUSY model with low fine-tuning, the non-universal Higgs model with two64

extra parameters (NUHM2) [31, 32], is also considered. When the soft SUSY breaking electroweakino65

mass, m1/2, is in the range 300–800 GeV, the model mainly involves gluino pair production with gluinos66

decaying predominantely to tt̄ �̃0
1 and tb �̃±1 , giving rise to final states with two same-sign leptons and67

Emiss
T .68

In the case of non-zero RPV couplings in the baryonic sector (� 00
i jk

), as proposed in minimal flavour69

violation scenarios [33–35], gluinos and squarks may decay directly to top quarks, leading to final states70

with same-sign leptons [36, 37] and b-quarks (Figs. 1(g) and 1(h)). Although these figures illustrate decay71

modes mediated by non-zero � 00313 (resp. � 00321) couplings, the exclusion limits set for these scenarios also72

hold for non-zero � 00323 (resp. � 00311 or � 00322), as these couplings lead to experimentally indistinguishable73

final states. Alternatively a gluino decaying to a neutralino LSP, that further decays to SM particles74

via a non-zero RPV coupling in the leptonic sector, � 0, or in the baryonic sector � 00, is also possible75
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or sbottom are assumed to be o�-shell in order to have simplified models with only two parameters: the
gluino and �̃0

1 masses2. All other sparticles are decoupled.

Two simplified models are used to optimise the event selection in addition to interpreting the results. In
the Gbb (Gtt) model, illustrated in Figure 1(a) (1(b)), each gluino undergoes an e�ective three-body decay
g̃ ! bb̄ �̃0

1 (g̃ ! tt̄ �̃0
1) via o�-shell sbottom (stop) quarks, with a branching ratio of 100%. The Gbb

model is the simplest in terms of object multiplicity, resulting in the minimal common features of four
b-jets and two �̃0

1. In addition to these objects, the Gtt model produces four W bosons originating from the
top quark decays: t ! W b. The presence of these four W bosons motivates the design of signal regions
with a higher jet multiplicity than for Gbb models, and in some cases with at least one isolated electron or
muon.

g̃

g̃
p

p

�̃0
1

b

b

�̃0
1

b

b

(a) (b)

Figure 1: The decay topologies in the (a) Gbb and (b) Gtt simplified models.

This note includes a novel interpretation that probes the sensitivity of the search as a function of the gluino
branching ratio, in addition to the gluino and �̃0

1 masses. For that interpretation a third gluino decay
is considered: g̃ ! tb �̃±1 (via the o�-shell stop decay t̃1 ! b �̃±1 ). The �̃±1 is then forced to decay as
�̃±1 ! W ⇤ �̃0

1 ! f f̄ 0 �̃0
1 (where f stands for a fermion). To keep the numbers of model parameters at only

two, the mass di�erence between the �̃±1 and the �̃0
1 is fixed to 2 GeV. Such a small mass splitting between

the �̃±1 and the �̃0
1 is typical of models where the �̃0

1 is Higgsino-like (see e.g. Ref. [27]), which are well
motivated by naturalness. Consequently, the products of the decay W ⇤ ! f f̄ 0 are typically too soft to
be detected, except for very large mass di�erences between the gluino and the �̃±1 . Thus, in this model,
the gluino can decay as either g̃ ! bb̄ �̃0

1, g̃ ! tb �̃±1 (with �̃±1 ! f f̄ 0 �̃0
1) or g̃ ! tt̄ �̃0

1, with the sum
of individual branching ratios adding up to 100%. This model probes more realistic scenarios where the
branching ratio to either g̃ ! bb̄ �̃0

1 or g̃ ! tt̄ �̃0
1 is not 100%, and where one, two or three top quarks, and

thus on-shell W bosons, are possible in the final state, in-between the Gbb (no top quarks) and Gtt (four
top quarks) decay topologies. The decay topologies that are considered in the variable branching ratio
model are illustrated in Figure 2. The model also includes the Gbb and Gtt decay topologies illustrated in
Figure 1. A limited set of 10 mass points are generated for this variable branching ratio model with mg̃

varying from 1.5 TeV to 2.3 TeV and m �̃0
1

varying from 1 GeV to 1 TeV.

The technical implementation of the simulated samples produced from these models is described in
Section 4.

2 Models with on-shell sbottom and stop were studied in Run 1 [26] and the limits on the gluino and the �̃0
1 masses were found

to be mostly independent of the stop and sbottom masses, except when the stop is very light.

3

2LSS/3L powerful in 
compressed region multijets powerful at 

high gluino masses
Several analyses searching 

for up to ~2 TeV gluinos!

see ATLAS SUSY Public Results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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!  If coloured sparticles (including 3rd 
gen.) have very large masses, 
direct EWK-ino production 
becomes dominant 

!  Leptonic decays of charginos, 
neutralinos, sleptons are a main 
feature of EWK SUSY searches 

!  Distinctiveness of multileptonic 
signatures counterbalance low 
cross sections x BR 

"  High-efficiency triggering and        
effective SM background 
suppression 

!  Available Run-2 data already 
sufficient to probe significant 
portions of the parameter space 

Electroweak SUSY Production 
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Figure 1: Diagrams illustrating the signal scenarios considered for scalar bottom (and scalar top) pair production
targetted by the (a) zero-lepton and (b) one-lepton channel selections. In (a) sbottom decays to a bottom quark
and the lightest neutralino. In (b), decays via intermediate charginos compete. If the mass di↵erence �m(�̃±1 , �̃

0
1) is

small, W from chargino decays are o↵-shell.

experiment at the LHC in 2015 and 2016. The third generation squarks are assumed to decay to the51

lightest neutralino (LSP) directly or through one intermediate stage. The search targets models inspired52

by minimal supersymmetric extension of the SM (MSSM) [15, 16, 17], where the b̃1 exclusively decays53

as b̃1 ! b�̃0
1 or where two decay modes for the sbottom (stop) are allowed and direct decays to the54

LSP compete with decays via an intermediate chargino (�̃±1 ) state, b̃1 ! b�̃0
1 and b̃1 ! t�̃±1 (t̃1 ! t�̃0

155

and t̃1 ! b�̃±1 ). In this case it is assumed that the �̃±1 is the next-to-lightest supersymmetric particle56

(NLSP) and is almost degenerate with �̃0
1, such that its decay products have momenta too low to be57

e�ciently reconstructed. The first set of models lead to final state events for sbottom pair production58

characterized by the presence of two b-jets, Emiss
T and no charged leptons (referred to as zero-lepton59

channel, Figure 1(a)). For mixed decays (direct or through an intermediate stage), the final state of60

sbottom and stop pair production is the same, it depends on the branching ratio of the competing decay61

modes, and is characterised by the presence of a top quark, a bottom quark, and neutralinos. Hadronic62

decays of the top quark are targeted by the zero-lepton channel, whilst a dedicated selection requiring one63

charged lepton (e and µ), two b-jets and Emiss
T is developed for leptonic decays of the top-quark (referred64

to as one-lepton channel, Figure 1(b)). A statistical combination of the two channels is performed when65

interpreting the results in terms of exclusion limits on the third generation squark masses.66

Previous searches for b̃1 ! b�̃0
1 with the

p
s = 13 TeV LHC Run-2 dataset at ATLAS and CMS have67

set exclusion limits at 95% confidence level (CL) on b̃1 masses in such scenarios. For �̃0
1 masses around68

100 GeV, limits at 95% to 840 GeV and 960 GeV have been reported by the ATLAS [18] and CMS [19]69

collaborations, respectively, using 3.2 fb�1(ATLAS) and 35.9 fb�1(CMS) of data. Searches for the mixed70

decay models were performed by ATLAS using the Run-1
p

s = 8 TeV dataset and resulted in exclusion71

limits on the third generation squark mass of up to 550 GeV depending on the branching ratio of the72

competing decay modes [20].73
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Figure 1: Diagrams illustrating the signal scenarios considered for scalar bottom (and scalar top) pair production
targetted by the (a) zero-lepton and (b) one-lepton channel selections. In (a) sbottom decays to a bottom quark
and the lightest neutralino. In (b), decays via intermediate charginos compete. If the mass di↵erence �m(�̃±1 , �̃

0
1) is

small, W from chargino decays are o↵-shell.

experiment at the LHC in 2015 and 2016. The third generation squarks are assumed to decay to the51

lightest neutralino (LSP) directly or through one intermediate stage. The search targets models inspired52

by minimal supersymmetric extension of the SM (MSSM) [15, 16, 17], where the b̃1 exclusively decays53

as b̃1 ! b�̃0
1 or where two decay modes for the sbottom (stop) are allowed and direct decays to the54

LSP compete with decays via an intermediate chargino (�̃±1 ) state, b̃1 ! b�̃0
1 and b̃1 ! t�̃±1 (t̃1 ! t�̃0

155

and t̃1 ! b�̃±1 ). In this case it is assumed that the �̃±1 is the next-to-lightest supersymmetric particle56

(NLSP) and is almost degenerate with �̃0
1, such that its decay products have momenta too low to be57

e�ciently reconstructed. The first set of models lead to final state events for sbottom pair production58

characterized by the presence of two b-jets, Emiss
T and no charged leptons (referred to as zero-lepton59

channel, Figure 1(a)). For mixed decays (direct or through an intermediate stage), the final state of60

sbottom and stop pair production is the same, it depends on the branching ratio of the competing decay61

modes, and is characterised by the presence of a top quark, a bottom quark, and neutralinos. Hadronic62

decays of the top quark are targeted by the zero-lepton channel, whilst a dedicated selection requiring one63

charged lepton (e and µ), two b-jets and Emiss
T is developed for leptonic decays of the top-quark (referred64

to as one-lepton channel, Figure 1(b)). A statistical combination of the two channels is performed when65

interpreting the results in terms of exclusion limits on the third generation squark masses.66

Previous searches for b̃1 ! b�̃0
1 with the

p
s = 13 TeV LHC Run-2 dataset at ATLAS and CMS have67

set exclusion limits at 95% confidence level (CL) on b̃1 masses in such scenarios. For �̃0
1 masses around68

100 GeV, limits at 95% to 840 GeV and 960 GeV have been reported by the ATLAS [18] and CMS [19]69

collaborations, respectively, using 3.2 fb�1(ATLAS) and 35.9 fb�1(CMS) of data. Searches for the mixed70

decay models were performed by ATLAS using the Run-1
p

s = 8 TeV dataset and resulted in exclusion71

limits on the third generation squark mass of up to 550 GeV depending on the branching ratio of the72

competing decay modes [20].73
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Figure 1: Diagrams illustrating the signal scenarios considered for scalar bottom (and scalar top) pair production
targetted by the (a) zero-lepton and (b) one-lepton channel selections. In (a) sbottom decays to a bottom quark
and the lightest neutralino. In (b), decays via intermediate charginos compete. If the mass di↵erence �m(�̃±1 , �̃

0
1) is

small, W from chargino decays are o↵-shell.

experiment at the LHC in 2015 and 2016. The third generation squarks are assumed to decay to the51

lightest neutralino (LSP) directly or through one intermediate stage. The search targets models inspired52

by minimal supersymmetric extension of the SM (MSSM) [15, 16, 17], where the b̃1 exclusively decays53

as b̃1 ! b�̃0
1 or where two decay modes for the sbottom (stop) are allowed and direct decays to the54

LSP compete with decays via an intermediate chargino (�̃±1 ) state, b̃1 ! b�̃0
1 and b̃1 ! t�̃±1 (t̃1 ! t�̃0

155

and t̃1 ! b�̃±1 ). In this case it is assumed that the �̃±1 is the next-to-lightest supersymmetric particle56

(NLSP) and is almost degenerate with �̃0
1, such that its decay products have momenta too low to be57

e�ciently reconstructed. The first set of models lead to final state events for sbottom pair production58

characterized by the presence of two b-jets, Emiss
T and no charged leptons (referred to as zero-lepton59

channel, Figure 1(a)). For mixed decays (direct or through an intermediate stage), the final state of60

sbottom and stop pair production is the same, it depends on the branching ratio of the competing decay61

modes, and is characterised by the presence of a top quark, a bottom quark, and neutralinos. Hadronic62

decays of the top quark are targeted by the zero-lepton channel, whilst a dedicated selection requiring one63

charged lepton (e and µ), two b-jets and Emiss
T is developed for leptonic decays of the top-quark (referred64

to as one-lepton channel, Figure 1(b)). A statistical combination of the two channels is performed when65

interpreting the results in terms of exclusion limits on the third generation squark masses.66

Previous searches for b̃1 ! b�̃0
1 with the

p
s = 13 TeV LHC Run-2 dataset at ATLAS and CMS have67

set exclusion limits at 95% confidence level (CL) on b̃1 masses in such scenarios. For �̃0
1 masses around68

100 GeV, limits at 95% to 840 GeV and 960 GeV have been reported by the ATLAS [18] and CMS [19]69

collaborations, respectively, using 3.2 fb�1(ATLAS) and 35.9 fb�1(CMS) of data. Searches for the mixed70

decay models were performed by ATLAS using the Run-1
p

s = 8 TeV dataset and resulted in exclusion71

limits on the third generation squark mass of up to 550 GeV depending on the branching ratio of the72

competing decay modes [20].73
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and the lightest neutralino. In (b), decays via intermediate charginos compete. If the mass di↵erence �m(�̃±1 , �̃
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1) is

small, W from chargino decays are o↵-shell.

experiment at the LHC in 2015 and 2016. The third generation squarks are assumed to decay to the51

lightest neutralino (LSP) directly or through one intermediate stage. The search targets models inspired52

by minimal supersymmetric extension of the SM (MSSM) [15, 16, 17], where the b̃1 exclusively decays53

as b̃1 ! b�̃0
1 or where two decay modes for the sbottom (stop) are allowed and direct decays to the54

LSP compete with decays via an intermediate chargino (�̃±1 ) state, b̃1 ! b�̃0
1 and b̃1 ! t�̃±1 (t̃1 ! t�̃0

155

and t̃1 ! b�̃±1 ). In this case it is assumed that the �̃±1 is the next-to-lightest supersymmetric particle56

(NLSP) and is almost degenerate with �̃0
1, such that its decay products have momenta too low to be57

e�ciently reconstructed. The first set of models lead to final state events for sbottom pair production58

characterized by the presence of two b-jets, Emiss
T and no charged leptons (referred to as zero-lepton59

channel, Figure 1(a)). For mixed decays (direct or through an intermediate stage), the final state of60

sbottom and stop pair production is the same, it depends on the branching ratio of the competing decay61

modes, and is characterised by the presence of a top quark, a bottom quark, and neutralinos. Hadronic62

decays of the top quark are targeted by the zero-lepton channel, whilst a dedicated selection requiring one63

charged lepton (e and µ), two b-jets and Emiss
T is developed for leptonic decays of the top-quark (referred64

to as one-lepton channel, Figure 1(b)). A statistical combination of the two channels is performed when65

interpreting the results in terms of exclusion limits on the third generation squark masses.66

Previous searches for b̃1 ! b�̃0
1 with the

p
s = 13 TeV LHC Run-2 dataset at ATLAS and CMS have67

set exclusion limits at 95% confidence level (CL) on b̃1 masses in such scenarios. For �̃0
1 masses around68

100 GeV, limits at 95% to 840 GeV and 960 GeV have been reported by the ATLAS [18] and CMS [19]69

collaborations, respectively, using 3.2 fb�1(ATLAS) and 35.9 fb�1(CMS) of data. Searches for the mixed70

decay models were performed by ATLAS using the Run-1
p

s = 8 TeV dataset and resulted in exclusion71

limits on the third generation squark mass of up to 550 GeV depending on the branching ratio of the72

competing decay modes [20].73
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tN_med ttZ CR

1ℓ
• Stop search in ttbar + 

MET with 1ℓ final states
• Different stop decays and 

LSP scenarios 
considered

• 16 SRs optimized
• BDTs and soft leptons for 

small mass splittings
• Hadronic top 

reconstruction essential 
for boosted topologies

• ttbar, W+jets, single top 
and ttV normalized in 
CRs
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Figure 2: Illustration of the sparticle mass spectrum for various LSP scenarios: a) Pure Bino LSP, b) Wino NLSP,
c) Higgsino LSP, and d) Bino/Higgsino mix. The t̃1 (and b̃1) shown as black lines decays to various electroweakino
states: the bino state (red lines), wino state (blue lines), or higgsino state (green lines), possibly with the subsequent
decay into the LSP. The light sbottom (b̃1) is considered only for pMSSM models with mq3L < mtR.

b, W , and �̃0
1. Otherwise the decay proceeds via a four-body process, t̃1 ! b f f 0 �̃0

1, where f and120

f 0 are two distinct fermions, or via a flavor-changing neutral current (FCNC) process, such as the121

loop-suppressed t̃1 ! c �̃0
1. Given the very di�erent final state the FCNC decay is not considered122

further in this paper. The various t̃1 decay modes in this scenario are illustrated in Figure 3. The123

region of phase space along the line of mt̃1
⇡ m�̃0

1
+ mt is especially challenging to target, and is124

referred to in the following as the ‘diagonal region’.125

(b) Wino NLSP:126

A pMSSM model is designed such that a wino-like chargino ( �̃±1 ) and neutralino ( �̃0
2) are mass127

degenerate to each other, having the lighter bino as the LSP. This scenario is motivated by models128

with gauge unification at the GUT scale such as the cMSSM or mSugra [56–58], where the mass of129

the wino (M2) is assumed to be twice as large as the mass of bino (M1), leading to the �̃±1 and �̃0
2130

having masses nearly twice as large as that of the bino-like LSP.131

In this scenario additional decay modes for the stop (composed mainly of t̃L) become available, such132

as the decay to a bottom quark and the lightest chargino (t̃1 ! b �̃±1 ) with a branching ratio (BR)133

of about 2/3, or the decay to a top quark and the second neutralino (t̃1 ! t �̃0
2) with a BR of about134

1/3. The BRs can be significantly di�erent in the regions of phase-space where one of the decays is135

kinematically inaccessible. The �̃±1 and �̃0
2 subsequently decay to �̃0

1 via emission of a (potentially136

o�-shell) W boson or Z/h boson, respectively. The t̃1 ! b �̃±1 decay is considered for a chargino137

mass above around 100 GeV since the LEP limit on the lightest chargino is m�̃±1
> 103.5 GeV [59].138

An additional t̃1 ! b �̃±1 decay signal model (simplified model) is designed, motivated by a scenario139

with close-by masses of the t̃1and �̃±1 . The model considered assumes �M (t̃1,
�̃±1 ) = 10 GeV and140

that the top decays via the process t̃1 ! b �̃±1 with a 100% BR. In this scenario the jets originating141
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of defining dedicated search regions meant to target specific SUSY models. The phenomenology of each94

model is largely driven by the composition of its lightest supersymmetric particles, which are considered95

to be some combination of the electroweak gauginos and higgsinos. In practice, this means that the most96

important parameters of the SUSY models considered are the masses of the gauginos (and higgsinos) and97

of the colored third generation sparticles.98

Figure 1: Diagrams illustrating the stop decay modes, which are referred to as t̃1 ! t �̃0
1 (left) and t̃1 ! b �̃±1 (right).

Other decay and production modes such as the t̃1 ! t �̃0
2 and t̃1 ! t �̃0

3, and sbottom direct pair production (not
shown here) are also considered. Sparticles are shown as red lines. In these diagrams, the charge-conjugate symbols
are omitted for simplicity. The above scenarios begin with a top squark–antisquark pair.

The phenomenological MSSM (pMSSM) [45, 46] parameters mtR and mq3L specify the t̃R and t̃L masses,99

with the smaller of the two controlling the t̃1 mass. In the models where the t̃1 is primarily composed100

of t̃L, the presence of a light sbottom (b̃1) with a similar mass is also considered. The electroweakino101

(gauginos and higgsinos) spectrum is given by the running mass parameters M1, M2, M3, and µ, which102

set the masses of the bino, wino, gluino, and higgsino, respectively. If several of these parameters are103

comparably light, the physical LSP will be a mixed state, composed of the multiple electroweakinos. The104

MSSM parameter � gives the ratio of vacuum expectation values (VEVs) of the up- and down-type Higgs105

bosons, which can influence the preferred decays of the stop.106

In this paper, a range of LSP scenarios are considered: (a) pure bino LSP, (b) bino LSP with a wino NLSP,107

(c) Higgsino LSP, and (d) mixed bino/higgsino LSP, which are detailed below with the corresponding108

sparticle mass spectra illustrated in Figure 2. Complementary searches target scenarios where the LSP is109

a pure wino (yielding a disappearing track signature [47] represented by anomaly-mediated models [48,110

49] of SUSY breaking) as well as other LSP hypotheses (such as gauge-mediated models [50–52]), which111

are not discussed further in this paper.112

(a) Pure Bino LSP:113

A simplified model [53–55] is designed for the scenario where the only light sparticles are the stop114

(composed mainly of t̃R) and the lightest neutralino ( �̃0
1). The remaining sparticles are assumed115

to be heavy (compared to the mass of the stop) and completely decoupled from the stop and its116

decays. When the stop mass is greater than the sum of the top quark and the LSP masses, the117

dominant stop decay channel is via t̃1 ! t �̃0
1. If this decay is kinematically disallowed, the stop118

can undergo a three-body decay, t̃1 ! bW �̃0
1 when the stop mass is above the sum of masses of the119
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to be some combination of the electroweak gauginos and higgsinos. In practice, this means that the most96

important parameters of the SUSY models considered are the masses of the gauginos (and higgsinos) and97

of the colored third generation sparticles.98

Figure 1: Diagrams illustrating the stop decay modes, which are referred to as t̃1 ! t �̃0
1 (left) and t̃1 ! b �̃±1 (right).

Other decay and production modes such as the t̃1 ! t �̃0
2 and t̃1 ! t �̃0

3, and sbottom direct pair production (not
shown here) are also considered. Sparticles are shown as red lines. In these diagrams, the charge-conjugate symbols
are omitted for simplicity. The above scenarios begin with a top squark–antisquark pair.

The phenomenological MSSM (pMSSM) [45, 46] parameters mtR and mq3L specify the t̃R and t̃L masses,99

with the smaller of the two controlling the t̃1 mass. In the models where the t̃1 is primarily composed100

of t̃L, the presence of a light sbottom (b̃1) with a similar mass is also considered. The electroweakino101

(gauginos and higgsinos) spectrum is given by the running mass parameters M1, M2, M3, and µ, which102

set the masses of the bino, wino, gluino, and higgsino, respectively. If several of these parameters are103

comparably light, the physical LSP will be a mixed state, composed of the multiple electroweakinos. The104

MSSM parameter � gives the ratio of vacuum expectation values (VEVs) of the up- and down-type Higgs105

bosons, which can influence the preferred decays of the stop.106

In this paper, a range of LSP scenarios are considered: (a) pure bino LSP, (b) bino LSP with a wino NLSP,107

(c) Higgsino LSP, and (d) mixed bino/higgsino LSP, which are detailed below with the corresponding108

sparticle mass spectra illustrated in Figure 2. Complementary searches target scenarios where the LSP is109

a pure wino (yielding a disappearing track signature [47] represented by anomaly-mediated models [48,110

49] of SUSY breaking) as well as other LSP hypotheses (such as gauge-mediated models [50–52]), which111

are not discussed further in this paper.112

(a) Pure Bino LSP:113

A simplified model [53–55] is designed for the scenario where the only light sparticles are the stop114

(composed mainly of t̃R) and the lightest neutralino ( �̃0
1). The remaining sparticles are assumed115

to be heavy (compared to the mass of the stop) and completely decoupled from the stop and its116

decays. When the stop mass is greater than the sum of the top quark and the LSP masses, the117

dominant stop decay channel is via t̃1 ! t �̃0
1. If this decay is kinematically disallowed, the stop118

can undergo a three-body decay, t̃1 ! bW �̃0
1 when the stop mass is above the sum of masses of the119
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• No significant excesses observed
• Exclusion limits set on different 

simplified, pMSSM and dark 
matter models

• Stop masses up to 920 GeV 
excluded for massless LSPs
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regions for pure Bino LSP model

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-037
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Summary of stop searches
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Contours of different analyses (with different assumptions) 
are overlayed, but overall ATLAS is searching for stops with 

masses up to 1 TeV!

see ATLAS SUSY Public Results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Searches for electroweak 
production of gauginos and 

sleptons

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a

t
i
o

n
o

n
l
y

Antonella De Santo, LHCP 2017                  p.4 

!  If coloured sparticles (including 3rd 
gen.) have very large masses, 
direct EWK-ino production 
becomes dominant 

!  Leptonic decays of charginos, 
neutralinos, sleptons are a main 
feature of EWK SUSY searches 

!  Distinctiveness of multileptonic 
signatures counterbalance low 
cross sections x BR 

"  High-efficiency triggering and        
effective SM background 
suppression 

!  Available Run-2 data already 
sufficient to probe significant 
portions of the parameter space 

Electroweak SUSY Production 
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SR2-highSR2-int

3ℓ 1jet SR

2ℓ / 3ℓ
• Multilepton analyses 

searching for wino 
and slepton pair 
production (bino LSP)

• 17 exclusive 2ℓ+0jet 
SRs binned in mT2 
and mℓℓ

• 3 inclusive 2ℓ+2jet 
SRs targetting low, 
intermediate and high 
mass splittings

• 11 exclusive 3ℓ SRs 
using mℓℓ, mT, Njets 
and MET

18

Z+jets in 2ℓ+2jet modelled 
with 𝛾+jets data

signal at high MET
dominant WZ background 

normalized in CR

see ATLAS-CONF-2017-039

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-039
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2ℓ/3ℓ
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No significant excesses, limits extended compared to Run 1
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see ATLAS-CONF-2017-039

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-039
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• Probing production of winos with masses up to 1.2 TeV decaying via 
intermediate sleptons to a bino-like LSP

• Probing production of winos with masses up to 580 GeV decaying via 
intermediate gauge bosons to a bino-like LSP (sleptons decoupled)

Summary of EWK searches

20
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see ATLAS SUSY Public Results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Dedicated searches for RPV 
SUSY
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B-L

• 2ℓ, Njets = 2, Nb-jets ≥ 1
• Sensitivity to stop pair 

production with RPV decay 
under minimal B-L model 
violating lepton number but not 
baryon number

• 2 inclusive SRs defined using 
HT, mbℓ and mℓℓ

• ttbar, Z+jets and single top 
normalized in dedicated CRs
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Figure 1: Feynman diagram for scalar top pair production, with t̃ decay to a charged lepton and b-quark.

This paper presents the first search performed by ATLAS for direct scalar top pair production, with the52

RPV decay of each t̃ to a charged lepton and a b quark, as shown in Figure 1. In contrast to R-parity53

conserving searches for t̃, there is no significant missing transverse momentum. The t̃ decay branching54

fractions to eb, µb, and ⌧b may be di�erent in a manner related to the neutrino mass hierarchy [16, 17].55

Therefore, the experimental signature is two oppositely charged leptons of any flavor and, in principle,56

two b-jets. For this analysis, only events with electron or muon signatures are selected, and final states are57

split by flavor into ee, eµ, and µµ selections. To improve the e�ciency of the selection of signal events58

for high values of the t̃ mass, only one jet is required to be identified as initiated by a b quark. Events are59

chosen that reconstruct two b` resonances of roughly equal mass.60

Previous searches with similar final states have targeted the pair production of first, second, and third61

generation leptoquarks at ATLAS [18, 19] and at CMS [20]. However, they consider final states within62

the same generation (ee j j, µµ j j, ⌧⌧bb where j indicates light flavor) and do not focus on final states63

with b-jets and electrons and muons (eebb, µµbb) nor consider final states with both electrons and muons64

(eµbb). The results of the Run 1 leptoquark searches were interpreted for the t̃ mass and its decay65

branching fractions in the B � L model [16, 17], setting weaker limits than expected from a dedicated66

search by up to 300 GeV.67

The ATLAS detector and the dataset collected during Run 2 of the LHC are described in Sec. 2, with the68

corresponding Monte Carlo simulation samples presented in Sec. 3. The identification and reconstruction69

of jets and leptons is presented in Sec. 4, and the descriminating variables used to construct the signal70

regions are described in Sec. 5. The method of background estimation is described in Sec. 6, and the71

systematic uncertainties are detailed in Sec. 7. The results are presented in Sec. 8, and the conclusion72

given in Sec. 9.73
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see ATLAS-CONF-2017-036

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-036
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see ATLAS-CONF-2017-036
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CRs• No significant excesses observed
• BR-dependent limits set on stop masses
• Stop with masses up to 1.55 TeV 

excluded assuming 100% BR to 
electron + b-quark

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-036
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Summary and conclusions
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SUSY ATLAS summary

• Stronger limits are putting SUSY under more and more stress
• But many corners of phase space are still being explored and a lot more 

data is on the way so stay tuned!
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MSUGRA/CMSSM 0-3 e, µ /1-2 τ 2-10 jets/3 b Yes 20.3 m(q̃)=m(g̃) 1507.05525q̃, g̃ 1.85 TeV

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV, m(1st gen. q̃)=m(2nd gen. q̃) ATLAS-CONF-2017-0221.57 TeVq̃

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 3.2 m(q̃)-m(χ̃

0
1)<5 GeV 1604.07773608 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV ATLAS-CONF-2017-0222.02 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃

0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) ATLAS-CONF-2017-0222.01 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃
0
1

3 e, µ 4 jets - 36.1 m(χ̃
0
1)<400 GeV ATLAS-CONF-2017-0301.825 TeVg̃

g̃g̃, g̃→qqWZχ̃
0
1 0 7-11 jets Yes 36.1 m(χ̃

0
1) <400 GeV ATLAS-CONF-2017-0331.8 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 3.2 1607.059792.0 TeVg̃

GGM (bino NLSP) 2 γ - Yes 3.2 cτ(NLSP)<0.1 mm 1606.091501.65 TeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 20.3 m(χ̃
0
1)<950 GeV, cτ(NLSP)<0.1 mm, µ<0 1507.05493g̃ 1.37 TeV

GGM (higgsino-bino NLSP) γ 2 jets Yes 13.3 m(χ̃
0
1)>680 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2016-0661.8 TeVg̃

GGM (higgsino NLSP) 2 e, µ (Z) 2 jets Yes 20.3 m(NLSP)>430 GeV 1503.03290g̃ 900 GeV

Gravitino LSP 0 mono-jet Yes 20.3 m(G̃)>1.8 × 10−4 eV, m(g̃)=m(q̃)=1.5 TeV 1502.01518F1/2 scale 865 GeV

g̃g̃, g̃→bb̄χ̃
0
1 0 3 b Yes 36.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2017-0211.92 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 36.1 m(χ̃
0
1)<200 GeV ATLAS-CONF-2017-0211.97 TeVg̃

g̃g̃, g̃→bt̄χ̃
+

1 0-1 e, µ 3 b Yes 20.1 m(χ̃
0
1)<300 GeV 1407.0600g̃ 1.37 TeV

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 36.1 m(χ̃

0
1)<420 GeV ATLAS-CONF-2017-038950 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 1 b Yes 36.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )= m(χ̃

0
1)+100 GeV ATLAS-CONF-2017-030275-700 GeVb̃1

t̃1 t̃1, t̃1→bχ̃
±
1 0-2 e, µ 1-2 b Yes 4.7/13.3 m(χ̃

±
1 ) = 2m(χ̃

0
1), m(χ̃

0
1)=55 GeV 1209.2102, ATLAS-CONF-2016-077t̃1 117-170 GeV 200-720 GeVt̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Yes 20.3/36.1 m(χ̃
0
1)=1 GeV 1506.08616, ATLAS-CONF-2017-020t̃1 90-198 GeV 205-950 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet Yes 3.2 m(t̃1)-m(χ̃

0
1)=5 GeV 1604.0777390-323 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222t̃1 150-600 GeV

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 36.1 m(χ̃
0
1)=0 GeV ATLAS-CONF-2017-019290-790 GeVt̃2

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Yes 36.1 m(χ̃
0
1)=0 GeV ATLAS-CONF-2017-019320-880 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃
0
1 2 e, µ 0 Yes 36.1 m(χ̃

0
1)=0 ATLAS-CONF-2017-03990-440 GeVℓ̃

χ̃+
1
χ̃−

1 , χ̃
+

1→ℓ̃ν(ℓν̃) 2 e, µ 0 Yes 36.1 m(χ̃
0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2017-039710 GeVχ̃±

1

χ̃±
1
χ̃∓

1 /χ̃
0
2, χ̃

+

1→τ̃ν(τν̃), χ̃
0
2→τ̃τ(νν̃) 2 τ - Yes 36.1 m(χ̃

0
1)=0, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2017-035760 GeVχ̃±

1

χ̃±
1
χ̃0

2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 36.1 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2017-0391.16 TeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1Zχ̃

0
1

2-3 e, µ 0-2 jets Yes 36.1 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled ATLAS-CONF-2017-039580 GeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1h χ̃

0
1, h→bb̄/WW/ττ/γγ e, µ, γ 0-2 b Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled 1501.07110χ̃±

1 , χ̃
0

2 270 GeV
χ̃0

2
χ̃0

3, χ̃
0
2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃

0
2)=m(χ̃

0
3), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

0
2)+m(χ̃

0
1)) 1405.5086χ̃0

2,3 635 GeV

GGM (wino NLSP) weak prod., χ̃
0
1→γG̃ 1 e, µ + γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 115-370 GeV

GGM (bino NLSP) weak prod., χ̃
0
1→γG̃ 2 γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 590 GeV

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 Disapp. trk 1 jet Yes 36.1 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2017-017430 GeVχ̃±

1

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 dE/dx trk - Yes 18.4 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )<15 ns 1506.05332χ̃±

1 495 GeV
Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃

0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584g̃ 850 GeV

Stable g̃ R-hadron trk - - 3.2 1606.051291.58 TeVg̃

Metastable g̃ R-hadron dE/dx trk - - 3.2 m(χ̃
0
1)=100 GeV, τ>10 ns 1604.045201.57 TeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795χ̃0

1 537 GeV

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 1<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542χ̃0

1 440 GeV

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃

0
1)< 740 mm, m(g̃)=1.3 TeV 1504.05162χ̃0

1 1.0 TeV

GGM g̃g̃, χ̃
0
1→ZG̃ displ. vtx + jets - - 20.3 6 <cτ(χ̃

0
1)< 480 mm, m(g̃)=1.1 TeV 1504.05162χ̃0

1 1.0 TeV

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.2500q̃, g̃ 1.45 TeV
χ̃+

1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

0
1→eeν, eµν, µµν 4 e, µ - Yes 13.3 m(χ̃

0
1)>400GeV, λ12k!0 (k = 1, 2) ATLAS-CONF-2016-0751.14 TeVχ̃±

1

χ̃+
1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

0
1→ττνe, eτντ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133!0 1405.5086χ̃±

1 450 GeV
g̃g̃, g̃→qqq 0 4-5 large-R jets - 14.8 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2016-0571.08 TeVg̃

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 0 4-5 large-R jets - 14.8 m(χ̃

0
1)=800 GeV ATLAS-CONF-2016-0571.55 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1, χ̃

0
1 → qqq 1 e, µ 8-10 jets/0-4 b - 36.1 m(χ̃

0
1)= 1 TeV, λ112!0 ATLAS-CONF-2017-0132.1 TeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 1 e, µ 8-10 jets/0-4 b - 36.1 m(t̃1)= 1 TeV, λ323!0 ATLAS-CONF-2017-0131.65 TeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084410 GeVt̃1 450-510 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 36.1 BR(t̃1→be/µ)>20% ATLAS-CONF-2017-0360.4-1.45 TeVt̃1

Scalar charm, c̃→cχ̃
0
1 0 2 c Yes 20.3 m(χ̃

0
1)<200 GeV 1501.01325c̃ 510 GeV

Mass scale [TeV]10−1 1

√
s = 7, 8 TeV

√
s = 13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
May 2017

ATLAS Preliminary
√

s = 7, 8, 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

• ATLAS has 
produced plenty of 
new searches for 
SUSY particles 
using the full 2015 
+ 2016 dataset

• Only presented a 
small selection of 
new results but 
many more 
available!

• Sadly no significant 
deviations from the 
SM have been 
observed

see ATLAS SUSY Public Results

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