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WHY SUSY IS COOL

• Electroweak symmetry breaking 
predicted and natural


• Dark Matter candidate


• Unification of forces


• …


• Rich variety of signatures for the 
experiment to measure


• No SUSY particles has been 
observed yet 
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Theory

I “Unnatural” fine-tuning of m
2
H

) presence of scalar top partner
would cancel quadratic radiative
corrections and protect m

2
H

I No gauge coupling unification in
the Standard Model

Theory

I “Unnatural” fine-tuning of m
2
H

) presence of scalar top partner
would cancel quadratic radiative
corrections and protect m

2
H

I No gauge coupling unification in
the Standard Model

+ = 0

Only works if stop not much heavier than top and Higgs !

Bullet Cluster (astro-ph/0608407)

(Planck: 1502.01589)

I Strong evidence for Dark Matter
from astronomy and observational
cosmology

I What is it made up of?
We don’t know.

I Can we produce it at the LHC?

• Requires R-parity 
conservation 

• Constraints from relic 
density and direct 
detection limits

Theory

I “Unnatural” fine-tuning of m
2
H

) presence of scalar top partner
would cancel quadratic radiative
corrections and protect m

2
H

I No gauge coupling unification in
the Standard Model

Only a coincidence ? 

χ~



LOTS OF SUSY RESULTS

❖ SUSY searches at experiments pursued vigorously : 22 new 
ATLAS or CMS papers submitted since La Thuile last year
❖ Only papers from SUSY working group, not including those with relevant SUSY interpretations from 

other working groups. 

❖ Here I will give a broad overview and more details on 
some recent results (since November) 

❖ For everything else, check the experiments pages :
❖ https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

❖ https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS


STRONG PRODUCTION
❖ High cross section => probing high 

masses
❖ R-parity conservation => lightest 

particle (LSP) stable, missing 
momentum

❖ High-pT jets
❖ Depending on decay chain, possibly 

leptons and photons
❖ “Easy” - but strong limits from 

previous searches! 

❖ Example : CMS Razor search 
[1812.06302]
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Figure 1: Diagrams for the simplified models considered in this analysis: (left) pair-produced
gluinos, each decaying to two top quarks and the LSP, denoted T1tttt; (middle) pair-produced
gluinos, each decaying to a top quark and a low mass top squark that subsequently decays to
a charm quark and the LSP, denoted T5ttcc; (right) pair-produced top squarks, each decaying
to a top quark and the LSP, denoted T2tt. In the diagrams, the gluino is denoted by eg, the top
squark is denoted byet, and the lightest neutralino is denoted by ec0

1 and is the LSP.

2 The CMS detector and object reconstruction
The CMS detector consists of a superconducting solenoid of 6 m internal diameter, providing a
magnetic field of 3.8 T. Within the solenoid volume there are a silicon pixel and a silicon strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintillator
hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Extensive
forward calorimetry complements the coverage provided by the barrel and endcap detectors.
Muons are measured in gas-ionization detectors embedded in the magnet steel flux-return yoke
outside the solenoid. Events are selected by a two-level trigger system. The first level is based
on a hardware filter, and the second level, the high level trigger, is implemented in software.
A more detailed description of the CMS detector, together with a definition of the coordinate
system used and the relevant kinematic variables, can be found in Ref. [48].

Physics objects are defined using the particle-flow (PF) algorithm [49], which aims to recon-
struct and identify each individual particle in an event using an optimized combination of in-
formation from the various elements of the CMS detector. Jets are clustered from PF candidates
using the anti-kT algorithm [50, 51] with a distance parameter of 0.4. Jet energy corrections are
derived from simulation and confirmed by in-situ measurements of the energy balance in dijet,
multijet, photon+jet, and leptonically decaying Z+jet events [52]. Further details of the per-
formance of the jet reconstruction can be found in Ref. [53]. Jets used in any selection of this
analysis are required to have pT > 30 GeV and pseudorapidity |h| < 2.4. To identify jets origi-
nating from b quarks, we use the “medium” working point of the combined secondary vertex
(CSVv2) b jet tagger, which uses an inclusive vertex finder to select b jets [54]. The efficiency to
identify a bottom jet is in the range of 50–65% for jets with pT between 20 and 400 GeV, while
the misidentification rate for light-flavor quark and gluon jets (charm jets) is about 1 (10)%. We
also use the “loose” working point of the CSVv2 b jet tagger to identify b jets to be vetoed in the
definition of various CRs. The loose b jet tagging working point has an efficiency of 80% and a
misidentification rate for light-flavor and gluon jets of 10%. s Large-radius jets used for identi-
fying Lorentz-boosted W bosons and top quarks are clustered using the anti-kT algorithm with
a distance parameter of 0.8. The subset of these jets having |h| < 2.4 and pT > 200 (400) GeV are
used to identify W bosons (top quarks). Identification is done using jet mass, the N-subjettiness
variables [55], and subjet b tagging for top quarks. Jet mass is computed using the soft-drop
algorithm [56], and is required to be between 65–105 and 105–210 GeV for W bosons and top
quarks, respectively. The N-subjettiness variables:

tN =
1
d0

Â
k

pT,k min (DR1,k, DR2,k, · · · , DRN,k) , (1)

35 events 
in 2015-2016



CMS RAZOR : STRATEGY AND SELECTION

❖ Several event categories

❖ Visible momenta clustered in two mega jets and used to compute Razor 
variables

❖ MR peaking at new particle mass 

❖ R sensitive to weakly interacting particles momenta  
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The Dijet category is further divided into subcategories with zero, one, and two or more b-
tagged jets, and all other nonboosted categories are divided into subcategories with zero, one,
two, and three or more b-tagged jets.

For each event in the above categories, we group the selected charged leptons and jets in the
event into two distinct hemispheres called megajets, whose four-momenta are defined as the
vector sum of the four-momenta of the physics objects in each hemisphere. The clustering
algorithm selects the grouping that minimizes the sum of the squared invariant masses of the
two megajets [82]. We define the razor variables MR and M

R
T as:
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q
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where ~pji , ~p ji
T, and p

ji
z are the momentum of the ith megajet, its transverse component with

respect to the beam axis, and its longitudinal component, respectively. The dimensionless vari-
able R is defined as:

R ⌘ M
R
T

MR
. (4)

For pair-produced SUSY signals, the variable MR quantifies the mass splitting between the
pair-produced particle and the LSP, and exhibits a peaking structure, while for background it
is distributed as an exponentially decaying spectrum. The variable R quantifies the degree of
imbalance between the visible and invisible decay products and helps to suppress backgrounds
which do not produce any weakly interacting particles. The combination of the two variables
provide powerful discrimination between the SUSY signal and SM backgrounds.

Single-electron or single-muon triggers are used to collect events in the one-lepton categories,
with a total trigger efficiency of about 80% for pT around 30 GeV, growing to 95% for pT above
50 GeV. Events in the boosted category are collected using triggers that select events based on
the pT of the leading jet and the scalar pT sum of all jets, HT. The trigger efficiency is about 50%
at the low range of the MR and R2 kinematic variables and grows to 100% for MR > 1.2 TeV
and R2 > 0.16. For the zero-lepton nonboosted event categories, dedicated triggers requiring
at least two jets with pT > 80 GeV and loose thresholds on the razor variables MR and R2 are
used to collect the events. The trigger efficiency ranges from 95–100% and increases with MR
and R2.

Preselection requirements on the MR and R2 variables are made depending on the event cate-
gory. For events in the one-lepton categories, further requirements are made on the transverse
mass mT defined as follows:

mT =
q

2p
miss
T p`T[1 � cos(Df)], (5)

where p
`
T is the charged-lepton transverse momentum, and Df is the azimuthal angle (in ra-

dians) between the charged-lepton momentum and the p
miss
T . For events in the zero-lepton

categories, further requirements are made on the azimuthal angle DfR between the axes of the
two razor megajets. These requirements are summarized in Table 2.

Finally, in each event category, the search is performed in bins of the kinematic variables MR
and R2 in order to take advantage of the varying signal-to-background ratio in the different
bins. For one-lepton categories, the SRs are composed of five bins in MR, starting from 550 GeV,
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Table 2: The baseline requirements on the razor variables MR and R2, additional requirements
on mT and DfR, and the trigger requirements are shown for each event category.

Category Preselection Additional Trigger
requirements requirement

Lepton multijet MR > 550 GeV & R2 > 0.20 mT > 120 GeV Single lepton
Lepton seven-jet MR > 550 GeV & R2 > 0.20 mT > 120 GeV Single lepton

Boosted W 4–5 jet MR > 800 GeV & R2 > 0.08 DfR < 2.8 HT, jet pT
Boosted W 6 jet MR > 800 GeV & R2 > 0.08 DfR < 2.8 HT, jet pT

Boosted top MR > 800 GeV & R2 > 0.08 DfR < 2.8 HT, jet pT
Dijet MR > 650 GeV & R2 > 0.30 DfR < 2.8 Hadronic razor

Multijet MR > 650 GeV & R2 > 0.30 DfR < 2.8 Hadronic razor
Seven-jet MR > 650 GeV & R2 > 0.30 DfR < 2.8 Hadronic razor

and five bins in R2 starting from 0.20. For the zero-lepton boosted categories, the SRs are com-
posed of five bins in MR, starting from 800 GeV, and five bins in R2, starting from 0.08. Finally,
for the zero-lepton nonboosted categories, the SRs are composed of five bins in MR, starting
from 650 GeV, and four bins in R2 starting from 0.30. To match with the expected resolution,
the bin widths in MR increases from 100 to 300 GeV as the value of MR grows from 400 to
1200 GeV. In each category, bins are merged such that the expected background in each bin
is larger than about 0.1 events. As a result, the SRs have a decreasing number of bins as the
number of jets, b-tagged jets, and MR increases.

5 Background modeling
The main background processes in the SRs considered are W(`n)+jets (with ` = e, µ, t), Z(nn)+jets,
tt, and QCD multijet production. For event categories with zero b-tagged jets, the background
is primarily composed of the W(`n)+jets and Z(nn)+jets processes, while for categories with
two or more b-tagged jets it is dominated by the tt process. There are also small contribu-
tions at the level of a few percent from single top quark production, production of two or three
electroweak bosons, and production of tt in association with a W or Z boson.

The background prediction strategy relies on the use of CRs to isolate each background process,
address any deficiencies of the MC simulation using control samples in data, and estimate
systematic uncertainties in the expected event yields. The CRs are defined such that they have
no overlap with any SRs. For the dominant backgrounds discussed above, the primary sources
of mismodeling come from inaccuracy in the MC prediction of the hadronic recoil spectrum
and the jet multiplicity. Corrections to the MC simulation are applied in bins of MR, R2, and
the number of jets (Njets) to address these modeling inaccuracies. The CR bins generally follow
the bins of the SRs described in Section 4, but bins with limited statistical power are merged in
order to avoid large statistical fluctuations in the background predictions.

For the boosted categories, the CR selection and categorization are slightly adapted and the de-
tails are discussed further in Section 5.4. An additional validation of the background prediction
method is also performed for the boosted categories.

In what follows, all background MC samples are corrected for known mismodeling of the jet
energy response, the trigger efficiency, and the selection efficiency of electrons, muons, and
b-tagged jets. These corrections are mostly in the range of 0–5%, but can be as large as 10% in
bins with large MR and R2, where the corrections have larger statistical uncertainties.

lepton 
veto

signal region (SR) binned in MR and R 



BACKGROUND ESTIMATE AND RESULTS

Results for one of the eight categories : 

arXiv:1812.06302
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Figure 11: The MR–R2 distribution observed in data is shown along with the background pre-
diction obtained for the Lepton Multijet event category in the 0 b tag (upper) and 1 b tag (lower)
bins. The two-dimensional MR–R2 distribution is shown in a one-dimensional representation,
with each MR bin denoted by the dashed lines and labeled above, and each R2 bin labeled
below. The background labeled as “Other” includes single top quark production, diboson pro-
duction, associated production of a top quark pair and a Wor Z boson, and triboson production.
The ratio of data to the background prediction is shown on the bottom panel, with the statisti-
cal uncertainty expressed through the data point error bars and the systematic uncertainty in
the background prediction represented by the shaded region. Signal benchmarks shown are
T5ttcc with meg = 1.4 TeV, met = 320 GeV and mec0

1
= 300 GeV; T1tttt with meg = 1.4 TeV and

mec0
1
= 300 GeV; and T2tt with met = 850 GeV and mec0

1
= 100 GeV. The diagrams corresponding

to these signal models are shown in Fig. 1.

❖ W(lν), tt, Z(νν) : MC with corrections to MR 
and R2 derived in control samples (1L0b, 1L, 
γ+jets)   

❖ Validation and systematics in additional 
control samples 

❖ QCD multijet  control samples inverting ΔφR 

Background estimate : 



RAZOR INTERPRETATIONS 
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Figure 22: Expected and observed 95% CL limits on the production cross section for pair-
produced gluinos each decaying to the LSP and top quarks. The blue dashed contour rep-
resents the expected 95% CL upper limit using data in the nonboosted categories only.

The results were interpreted in the context of simplified models of pair-produced gluinos and
direct top squark pair production. Limits on the gluino mass extend to 2.0 TeV, while limits
on top squark masses reach 1.14 TeV. The combination of a large variety of final states enables
this analysis to improve the sensitivity in various signal scenarios. The analysis extended the
exclusion limit of the gluino mass from the CMS experiment by ⇡100 GeV in decays to a low-
mass top squark and a top quark, and the exclusion limit of the top squark mass by ⇡20 GeV
in direct top squark pair production.
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Figure 24: Expected and observed 95% CL limits on the production cross section for pair-
produced squarks each decaying to a top quark and the LSP. The blue dashed contour rep-
resents the expected 95% CL upper limit using data in the nonboosted categories only. The
white diagonal band corresponds to the region |met � mt � mec0

1
| < 25 GeV, where the mass dif-

ference between the et and the ec0
1 is very close to the top quark mass. In this region the signal

acceptance depends strongly on the ec0
1 mass and is therefore difficult to model.
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Figure 1: Diagrams for the simplified models considered in this analysis: (left) pair-produced
gluinos, each decaying to two top quarks and the LSP, denoted T1tttt; (middle) pair-produced
gluinos, each decaying to a top quark and a low mass top squark that subsequently decays to
a charm quark and the LSP, denoted T5ttcc; (right) pair-produced top squarks, each decaying
to a top quark and the LSP, denoted T2tt. In the diagrams, the gluino is denoted by eg, the top
squark is denoted byet, and the lightest neutralino is denoted by ec0

1 and is the LSP.

2 The CMS detector and object reconstruction
The CMS detector consists of a superconducting solenoid of 6 m internal diameter, providing a
magnetic field of 3.8 T. Within the solenoid volume there are a silicon pixel and a silicon strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintillator
hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Extensive
forward calorimetry complements the coverage provided by the barrel and endcap detectors.
Muons are measured in gas-ionization detectors embedded in the magnet steel flux-return yoke
outside the solenoid. Events are selected by a two-level trigger system. The first level is based
on a hardware filter, and the second level, the high level trigger, is implemented in software.
A more detailed description of the CMS detector, together with a definition of the coordinate
system used and the relevant kinematic variables, can be found in Ref. [48].

Physics objects are defined using the particle-flow (PF) algorithm [49], which aims to recon-
struct and identify each individual particle in an event using an optimized combination of in-
formation from the various elements of the CMS detector. Jets are clustered from PF candidates
using the anti-kT algorithm [50, 51] with a distance parameter of 0.4. Jet energy corrections are
derived from simulation and confirmed by in-situ measurements of the energy balance in dijet,
multijet, photon+jet, and leptonically decaying Z+jet events [52]. Further details of the per-
formance of the jet reconstruction can be found in Ref. [53]. Jets used in any selection of this
analysis are required to have pT > 30 GeV and pseudorapidity |h| < 2.4. To identify jets origi-
nating from b quarks, we use the “medium” working point of the combined secondary vertex
(CSVv2) b jet tagger, which uses an inclusive vertex finder to select b jets [54]. The efficiency to
identify a bottom jet is in the range of 50–65% for jets with pT between 20 and 400 GeV, while
the misidentification rate for light-flavor quark and gluon jets (charm jets) is about 1 (10)%. We
also use the “loose” working point of the CSVv2 b jet tagger to identify b jets to be vetoed in the
definition of various CRs. The loose b jet tagging working point has an efficiency of 80% and a
misidentification rate for light-flavor and gluon jets of 10%. s Large-radius jets used for identi-
fying Lorentz-boosted W bosons and top quarks are clustered using the anti-kT algorithm with
a distance parameter of 0.8. The subset of these jets having |h| < 2.4 and pT > 200 (400) GeV are
used to identify W bosons (top quarks). Identification is done using jet mass, the N-subjettiness
variables [55], and subjet b tagging for top quarks. Jet mass is computed using the soft-drop
algorithm [56], and is required to be between 65–105 and 105–210 GeV for W bosons and top
quarks, respectively. The N-subjettiness variables:

tN =
1
d0

Â
k

pT,k min (DR1,k, DR2,k, · · · , DRN,k) , (1)
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Figure 1: Diagrams for the simplified models considered in this analysis: (left) pair-produced
gluinos, each decaying to two top quarks and the LSP, denoted T1tttt; (middle) pair-produced
gluinos, each decaying to a top quark and a low mass top squark that subsequently decays to
a charm quark and the LSP, denoted T5ttcc; (right) pair-produced top squarks, each decaying
to a top quark and the LSP, denoted T2tt. In the diagrams, the gluino is denoted by eg, the top
squark is denoted byet, and the lightest neutralino is denoted by ec0

1 and is the LSP.

2 The CMS detector and object reconstruction
The CMS detector consists of a superconducting solenoid of 6 m internal diameter, providing a
magnetic field of 3.8 T. Within the solenoid volume there are a silicon pixel and a silicon strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintillator
hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Extensive
forward calorimetry complements the coverage provided by the barrel and endcap detectors.
Muons are measured in gas-ionization detectors embedded in the magnet steel flux-return yoke
outside the solenoid. Events are selected by a two-level trigger system. The first level is based
on a hardware filter, and the second level, the high level trigger, is implemented in software.
A more detailed description of the CMS detector, together with a definition of the coordinate
system used and the relevant kinematic variables, can be found in Ref. [48].

Physics objects are defined using the particle-flow (PF) algorithm [49], which aims to recon-
struct and identify each individual particle in an event using an optimized combination of in-
formation from the various elements of the CMS detector. Jets are clustered from PF candidates
using the anti-kT algorithm [50, 51] with a distance parameter of 0.4. Jet energy corrections are
derived from simulation and confirmed by in-situ measurements of the energy balance in dijet,
multijet, photon+jet, and leptonically decaying Z+jet events [52]. Further details of the per-
formance of the jet reconstruction can be found in Ref. [53]. Jets used in any selection of this
analysis are required to have pT > 30 GeV and pseudorapidity |h| < 2.4. To identify jets origi-
nating from b quarks, we use the “medium” working point of the combined secondary vertex
(CSVv2) b jet tagger, which uses an inclusive vertex finder to select b jets [54]. The efficiency to
identify a bottom jet is in the range of 50–65% for jets with pT between 20 and 400 GeV, while
the misidentification rate for light-flavor quark and gluon jets (charm jets) is about 1 (10)%. We
also use the “loose” working point of the CSVv2 b jet tagger to identify b jets to be vetoed in the
definition of various CRs. The loose b jet tagging working point has an efficiency of 80% and a
misidentification rate for light-flavor and gluon jets of 10%. s Large-radius jets used for identi-
fying Lorentz-boosted W bosons and top quarks are clustered using the anti-kT algorithm with
a distance parameter of 0.8. The subset of these jets having |h| < 2.4 and pT > 200 (400) GeV are
used to identify W bosons (top quarks). Identification is done using jet mass, the N-subjettiness
variables [55], and subjet b tagging for top quarks. Jet mass is computed using the soft-drop
algorithm [56], and is required to be between 65–105 and 105–210 GeV for W bosons and top
quarks, respectively. The N-subjettiness variables:

tN =
1
d0

Â
k

pT,k min (DR1,k, DR2,k, · · · , DRN,k) , (1)

Stealth stop region, see next slide

arXiv:1812.06302



STEALTH STOP SEARCHES
Near decay threshold, kinematics very similar to tt events !
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Figure 1: Diagrams for the simplified models considered in this analysis: (left) pair-produced
gluinos, each decaying to two top quarks and the LSP, denoted T1tttt; (middle) pair-produced
gluinos, each decaying to a top quark and a low mass top squark that subsequently decays to
a charm quark and the LSP, denoted T5ttcc; (right) pair-produced top squarks, each decaying
to a top quark and the LSP, denoted T2tt. In the diagrams, the gluino is denoted by eg, the top
squark is denoted byet, and the lightest neutralino is denoted by ec0

1 and is the LSP.

2 The CMS detector and object reconstruction
The CMS detector consists of a superconducting solenoid of 6 m internal diameter, providing a
magnetic field of 3.8 T. Within the solenoid volume there are a silicon pixel and a silicon strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintillator
hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Extensive
forward calorimetry complements the coverage provided by the barrel and endcap detectors.
Muons are measured in gas-ionization detectors embedded in the magnet steel flux-return yoke
outside the solenoid. Events are selected by a two-level trigger system. The first level is based
on a hardware filter, and the second level, the high level trigger, is implemented in software.
A more detailed description of the CMS detector, together with a definition of the coordinate
system used and the relevant kinematic variables, can be found in Ref. [48].

Physics objects are defined using the particle-flow (PF) algorithm [49], which aims to recon-
struct and identify each individual particle in an event using an optimized combination of in-
formation from the various elements of the CMS detector. Jets are clustered from PF candidates
using the anti-kT algorithm [50, 51] with a distance parameter of 0.4. Jet energy corrections are
derived from simulation and confirmed by in-situ measurements of the energy balance in dijet,
multijet, photon+jet, and leptonically decaying Z+jet events [52]. Further details of the per-
formance of the jet reconstruction can be found in Ref. [53]. Jets used in any selection of this
analysis are required to have pT > 30 GeV and pseudorapidity |h| < 2.4. To identify jets origi-
nating from b quarks, we use the “medium” working point of the combined secondary vertex
(CSVv2) b jet tagger, which uses an inclusive vertex finder to select b jets [54]. The efficiency to
identify a bottom jet is in the range of 50–65% for jets with pT between 20 and 400 GeV, while
the misidentification rate for light-flavor quark and gluon jets (charm jets) is about 1 (10)%. We
also use the “loose” working point of the CSVv2 b jet tagger to identify b jets to be vetoed in the
definition of various CRs. The loose b jet tagging working point has an efficiency of 80% and a
misidentification rate for light-flavor and gluon jets of 10%. s Large-radius jets used for identi-
fying Lorentz-boosted W bosons and top quarks are clustered using the anti-kT algorithm with
a distance parameter of 0.8. The subset of these jets having |h| < 2.4 and pT > 200 (400) GeV are
used to identify W bosons (top quarks). Identification is done using jet mass, the N-subjettiness
variables [55], and subjet b tagging for top quarks. Jet mass is computed using the soft-drop
algorithm [56], and is required to be between 65–105 and 105–210 GeV for W bosons and top
quarks, respectively. The N-subjettiness variables:

tN =
1
d0

Â
k

pT,k min (DR1,k, DR2,k, · · · , DRN,k) , (1)

soft !

❖ High mLSP : neutralinos carry a significant 
fraction of stop boost : extra MET. 

❖ Low mLSP : soft neutralinos but extra cross 
section and weaker spin correlation effects (stop 
are scalars!) 

❖ New CMS search : use MT2 shape and 
normalization to achieve sensitivity across 
different masses  

Selection : eµ, 2 jets, 1 b-jet (in SM 98% pure top)

!8

arXiv:1901.01288
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CMS STEALTH STOP 

MT2 (used in exclusion fit) : good agreement with SM.  

m(t) < 210 GeV excluded for ΔM at threshold 
Results for smaller (3-body decay) and larger ΔM in backup  
The ΔM=175 GeV “stealth stop” corridor is under pressure… 
my summary from the published plots : 

arXiv:1901.01288

ATLAS spin cor. 1412.4742

CMS razor 1812.06302

175-210
275-520

175-191

235-590

CMS MT2 1901.01288

ATLAS 0L 1709.04183

225-525 ATLAS 1L 1711.11520

~



 STOP - MORE COMPLEX DECAYS

❖ Naturalness (need light higgsinos) and relic density consideration make an 100% stop decay to the LSP not very 
likely. With more complex decay patterns, limits are weaker

❖ For 300 GeV LSP mass, any stop mass is likely viable for some decay modes 
!10

Higgsino-like LSP Higgsino LSP  Bino LSP  Bino LSP
Wino NLSP  

t N1 
t N1 

t N2

b C1 

Z/h/W N1 

t N2

t N1

b C1 

Stealth stop
hole



SUSY with photons - signatures

❖ If gravitino LSP, the neutralino is no longer stable. 

❖ A new CMS paper [arXiv:1901.06726] targets gluino and stop production with a 
photon+(b)-jets+MET final state 

❖ An other [arXiv:1812.04066] targets photon+lepton+MET final states

γ+jets+MET γ+lep+MET

triggers γ and γ+jet 2γ (eγ channel) 
γµ (µγ channel)

selection
pTγ, HTγ > 100,800 or 

190,500 GeV
2 jets

pTmiss > 100 GeV

mT > 100 GeV
pTmiss > 120 GeV

SR binning pTmiss, Njets, Nbjets pTγ, pTmiss, HT

!11



SUSY with photons - results
arXiv:1901.06726 arXiv:1812.04066

❖ Reducible background estimated with control selection and transfer factors/fake rates
❖ Irreducible background with simulation normalized to control selections  
❖ Good agreement between data and estimated background everywhere 

!12



SUSY with photons - interpretations

arXiv:1901.06726 arXiv:1812.04066

!13

❖ Limits between 1.35 and 2.1 TeV on gluinos, and 930 GeV on directly produced chargino NLSP, for the 
simplified models considered [other interpretations in backup]

❖ Real models likely to have different (generally lower) σ x BRs in each final state. Cross section limits are 
provided for each mass for easy reinterpretation

100% BR

50% BR



Electroweak production
❖ Lower cross sections => we probe lower 

masses => potentially large backgrounds 

❖ Electroweak states might be much lighter 
than strongly interacting ones. Higgsinos 
most directly linked to naturalness

❖ A new ATLAS paper [arXiv:1812.09432] 
addresses the WH+MET final state in four 
different channels 

❖ multilepton (2LSS/3L) +MET 

❖ diphoton (H(γγ)+MET) 

❖ 1 lepton (1Lbb+MET) 

❖ Fully hadronic (qqbb+MET) [never done 
in previous papers, best sensitivity at 
high masses!] 

!14

FIG. 2: Decay patterns of NLSP’s for all the six cases AI−CII.

branching fractions in Figs. 3−8. The partial width formulae are collected in the Appendix. The

transitional decays among the degenerate Winos or Higgsinos NLSPs (e.g. χ0
2 ↔ χ±

1 ) are almost

always suppressed due to the small mass splitting among the multiplets. Dominant decay modes

for NLSPs are always those directly down to the Bino-like LSP.

For Cases AI and AII with Wino and Higgsino NLSPs, respectively, the two-body decay of

χ±
1 → χ0

1W dominates leading to f f̄ ′χ0
1 of about a 100% branching fraction. Leptonic and

hadronic final states are essentially governed by the W decay branching fractions to the SM

fermions, namely about 67% for χ0
1qq

′, and 11% for χ0
1ℓνℓ for each lepton flavor.

9

Wino NLSP, bino LSP. 
Final states : 
❖ WW+MET
❖ Wh+MET
❖ WZ+MET

figure from T. Han et al., 1309.5966



1Lbb and had channels

❖ 1Lbb : Single lepton trigger, 2 or 3 jets, 2 b-
tagged jets, large pTmiss, (co)transverse mass 
cuts, mbb in Higgs widow

❖ Three orthogonal selections (SR) optimized for 
increasing mass, combined for exclusion

❖ Largest background from top and W+jets; 
normalized in dedicated CRs, CR=>SR from 
simulation 

❖ Had : pTmiss trigger, 4-5 jets, 2 b-jets, large meff = 
HT+pTmiss, (co)transverse mass cuts, mbb in 
Higgs window

❖ Two selections (SR) optimized for medium/
high mass

❖ Largest background from top and Z+jets; 
normalized in dedicated CRs, CR=>SR from 
simulation 

arXiv:1812.09432
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1Lγγ AND MULTI-LEPTON CHANNELS

❖ 1Lγγ : Di-photon trigger, one lepton, b-jets veto, 
pTmiss, (co)transverse mass, and angular cuts, 
mgg in Higgs widow

❖ Two orthogonal selections (SR), combined for 
exclusion

❖ Non-peaking background from sideband fits; 
H(γγ) background (mostly WH) from MC

❖ Multileptons : 2 same sign or 3 leptons, 
selections on pTmiss, N(jets), mass combinations 
and angles. 

❖ 8 orthogonal selections (SR) combined

❖ Largest background from fake leptons (data 
driven) and WZ (from MC, normalized to data 
for 3L) 
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INTERPRETATION

❖ Nice complementarity between channels
❖ BIG improvement over run1 results [270 GeV exclusion for massless LSP] and best 

limit to date for this simplified model
❖ Read the fine print : at deepest point the excluded cross section is 60% of nominal 

❖ The χ02 might decay into χ01Z and χ01h with comparable BRs  
❖ chargino-neutralino production cross section is lower for higgsino-like NLSP

!17
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OTHER SUSY EWK

❖ Direct production with compressed spectrum (higgsino 
LSP) : well motivated by naturalness, first limit beyond 
LEP

❖ Higgsino decaying to gravitino LSP well covered 

❖ Direct sleptons : Δm gap in sensitivity. Motivated by 
Dark Matter and g-2 

❖ No sensitivity to direct stau production yet !
!18



RPV SUSY
arXiv:1811.09760

ATLAS summary of RPV gluino searches

CMS search for resonant smuon/
sneutrino production in 2µ+2jets!19



CONCLUSIONS
❖ SUSY searches being pursued vigorously by both 

experiments

❖ Pushing limits outwards, but also covering holes 
(difficult scenarios) at low mass, like the stop stealth 
window 

❖ We haven’t giving up hope to find supersymmetric 
particles, and we will continue doing this for a long time 
to come - see M. Goblirsch talk for the high luminosity 
LHC prospects

!20
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gluino limits 



7.2 Experimental uncertainties 9

Table 1: Summary of the uncertainties on the MT2 distribution resulting from tt background
modelling uncertainties. The ranges correspond to variations of the uncertainty along the MT2
distribution. When only one number is shown, the uncertainty is approximately constant over
the entire MT2 range.

Source Range (%)
µF and µR scales 0.3–1.0
PDF ⇡0.6
Initial-state radiation 0.5–1.0
Final-state radiation 0.6–1.2
ME/PS matching (hdamp) 0.3–2.0
Underlying event ⇡0.8
Colour reconnection ⇡1.5
Top quark pT reweighting 0.1–0.5
Top quark mass (acceptance) ⇡1.0

0.2% for muons [67]. The uncertainties associated with the jet energy scale and jet energy
resolution are determined by varying these quantities in bins of pT and h, according to the
uncertainties in the jet energy corrections, which amount to a few percent.

The uncertainties associated with the b tagging efficiency and mistag rate are determined by
varying the scale factors for the b-tagged jets and mistagged light-flavour jets, according to
their uncertainties, as measured in QCD multijet events [66]. The average uncertainties on
these scale factors for a tt sample are of the order of 1.2%, with a dependence on pT and h.

The uncertainty from the pileup reweighting procedure is evaluated by varying the inelastic
pp cross section by ±4.6% [75].

The uncertainty in p
miss
T from the contribution of unclustered energy is evaluated based on the

momentum resolution of the different PF candidates, according to their classification. Details
on the procedure can be found in Refs. [61, 76, 77].

The uncertainty in the integrated luminosity, which affects the signal and background normal-
ization, is estimated to be 2.5% [78].

Table 2: Summary of the uncertainties in tt background and signal simulation resulting from
experimental uncertainties. The numbers represent typical values of the uncertainties in the
signal and tt background yields or ranges for these uncertainties in different MT2 bins and in
different signal samples.

Source Range for tt and signal (%)
Muon efficiencies ⇡1.4
Electron efficiencies ⇡1.5
Trigger efficiency ⇡0.6
Lepton energy scale 0.5–2.0
Jet energy scale 1.5–3.0
Jet energy resolution 0.3–3.5

btagging efficiency 1.2–2.0
Mistag efficiency 0.2–0.6
Unclustered energy 0.5–1.5
Pileup 0.5–3.5
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photon+jets+MET background estimate

❖ Lost lepton (Wγ, ttγ) from eγ and 
µγ control regions, 1=>0 lepton 
ratio from simulation

❖ W(eν)+jets, e=>γ, electron control 
region weighted by misID rate

❖ Z(νν)+jets, simulation with 
normalization from Z(ll)+jets

❖ γ+jets, low Δφ(jets, MET) control 
region, ratio R= high Δφ/low Δφ 
measured at low MET, and 
extrapolated at high MET with 
simulation

MC closure for lost lepton background



photon+jets+MET other interpretations



γ+lepton+MET 
❖ Reducible backgrounds (e => γ, jet => γ, fake leptons) with data driven methods 

(control selection weighted by fake rates) 

❖ Irreducible backgrounds (Wγ, Zγ) from MC, normalized to data in control 
selection



ATLAS WH fully hadronic

❖ Control regions :
❖ tt : low mCT, mTb,min, mbb > 135 GeV 
❖ Wt : 1 lepton, mCT, mTb,min above the 

top mass, mbb > 195 GeV
❖ Z+jets : ee,µµ events in Z peak, 

leptons treated as invisible 
❖ Validation regions : 

❖ TT : top dominated, low mCT, mbb > 
135 GeV, mTb,min as in SR

❖ SB : sideband in mbb and mqq
❖ high : mbb > 135 GeV, mqq in W 

window

Table 10: Dominant systematic uncertainties in the background estimates in the various signal regions, expressed in
terms of number of events. Individual uncertainties can be correlated, and do not necessarily add up quadratically to
the total background uncertainty. For the 3` channel, numbers in parentheses indicate the results for the (b) signal
region in each case.

0`bb̄ channel

Uncertainty of region SRHad-High SRHad-Low

Total background expectation 2.5 8

Total background uncertainty ±1.3 ±4

Systematic, experimental ±0.9 ±1.2
Systematic, theoretical ±0.7 ±3
Statistical, MC samples ±0.5 ±0.8
Statistical, µTT,ST,Zj scale-factors ±0.25 ±0.5

1`bb̄ channel

Uncertainty of region SR1Lbb-Low SR1Lbb-Medium SR1Lbb-High

Total background expectation 5.7 2.8 4.6

Total background uncertainty ±2.3 ±1.0 ±1.2

Systematic, experimental ±1.3 ±0.7 ±0.6
Systematic, theoretical ±2.2 ±0.9 ±0.7
Statistical, MC samples ±1.1 ±0.5 ±0.6
Statistical, µTT,ST,Wj scale-factors ±0.8 ±0.6 ±1.3

1`�� channel

Uncertainty of region SR1L��-a SR1L��-b

Total background expectation 0.36 5.3

Total background uncertainty ±0.22 ±1.0

Systematic, experimental ±0.018 ±0.27
Systematic, theoretical ±0.008 ±0.11
Statistical, MC samples ±0.006 ±0.024
Statistical, non-peaking ±0.22 ±0.9

`±`± channel

Uncertainty of region SRSS-j1 SRSS-j23

Total background expectation 6.7 5.3

Total background uncertainty ±2.2 ±1.6

Systematic, experimental ±2.1 ±1.6.
Systematic, theoretical ±0.21 ±0.28
Statistical, MC samples ±0.4 ±0.34
Statistical, µWZ scale-factors � �

3` channel

Uncertainty of region SR3L-DFOS-0J SR3L-DFOS-1Ja (b) SR3L-SFOS-0Ja (b) SR3L-SFOS-1J

Total background expectation 2.05 8(1.7) 3.8(2.37) 11.4

Total background uncertainty ±0.98 ±4 (±0.7) ±1.7 (±0.96) ±2.6

Systematic, experimental ±0.8 ±4 (±0.5) ±1.7 (±0.8) ±2.0
Systematic, theoretical ±0.11 ±0.25 (±0.16) ±0.15 (±0.22) ±1.5
Statistical, MC samples ±0.6 ±1.2 (±0.4) ±0.6 (±0.4) ±0.9
Statistical, µWZ scale-factors ±0.022 ±0.12(±0.06) ±0.30(±0.24) ±0.9
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ATLAS WH 1 lepton

❖ Control regions :
❖ tt : low mCT, Higgs mass veto 
❖ Wt : mbb > 195 GeV
❖ W+jets : 40 < mT < 100 GeV, mbb < 80 

GeV
❖ Validation regions : 

❖ on peak : Higgs mass window, low 
MCT 

❖ off peak : mbb < 95 or 145-195 GeV 

Table 10: Dominant systematic uncertainties in the background estimates in the various signal regions, expressed in
terms of number of events. Individual uncertainties can be correlated, and do not necessarily add up quadratically to
the total background uncertainty. For the 3` channel, numbers in parentheses indicate the results for the (b) signal
region in each case.

0`bb̄ channel

Uncertainty of region SRHad-High SRHad-Low

Total background expectation 2.5 8

Total background uncertainty ±1.3 ±4

Systematic, experimental ±0.9 ±1.2
Systematic, theoretical ±0.7 ±3
Statistical, MC samples ±0.5 ±0.8
Statistical, µTT,ST,Zj scale-factors ±0.25 ±0.5

1`bb̄ channel

Uncertainty of region SR1Lbb-Low SR1Lbb-Medium SR1Lbb-High

Total background expectation 5.7 2.8 4.6

Total background uncertainty ±2.3 ±1.0 ±1.2

Systematic, experimental ±1.3 ±0.7 ±0.6
Systematic, theoretical ±2.2 ±0.9 ±0.7
Statistical, MC samples ±1.1 ±0.5 ±0.6
Statistical, µTT,ST,Wj scale-factors ±0.8 ±0.6 ±1.3

1`�� channel

Uncertainty of region SR1L��-a SR1L��-b

Total background expectation 0.36 5.3

Total background uncertainty ±0.22 ±1.0

Systematic, experimental ±0.018 ±0.27
Systematic, theoretical ±0.008 ±0.11
Statistical, MC samples ±0.006 ±0.024
Statistical, non-peaking ±0.22 ±0.9

`±`± channel

Uncertainty of region SRSS-j1 SRSS-j23

Total background expectation 6.7 5.3

Total background uncertainty ±2.2 ±1.6

Systematic, experimental ±2.1 ±1.6.
Systematic, theoretical ±0.21 ±0.28
Statistical, MC samples ±0.4 ±0.34
Statistical, µWZ scale-factors � �

3` channel

Uncertainty of region SR3L-DFOS-0J SR3L-DFOS-1Ja (b) SR3L-SFOS-0Ja (b) SR3L-SFOS-1J

Total background expectation 2.05 8(1.7) 3.8(2.37) 11.4

Total background uncertainty ±0.98 ±4 (±0.7) ±1.7 (±0.96) ±2.6

Systematic, experimental ±0.8 ±4 (±0.5) ±1.7 (±0.8) ±2.0
Systematic, theoretical ±0.11 ±0.25 (±0.16) ±0.15 (±0.22) ±1.5
Statistical, MC samples ±0.6 ±1.2 (±0.4) ±0.6 (±0.4) ±0.9
Statistical, µWZ scale-factors ±0.022 ±0.12(±0.06) ±0.30(±0.24) ±0.9
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ATLAS WH 1Lγγ

Table 10: Dominant systematic uncertainties in the background estimates in the various signal regions, expressed in
terms of number of events. Individual uncertainties can be correlated, and do not necessarily add up quadratically to
the total background uncertainty. For the 3` channel, numbers in parentheses indicate the results for the (b) signal
region in each case.

0`bb̄ channel

Uncertainty of region SRHad-High SRHad-Low

Total background expectation 2.5 8

Total background uncertainty ±1.3 ±4

Systematic, experimental ±0.9 ±1.2
Systematic, theoretical ±0.7 ±3
Statistical, MC samples ±0.5 ±0.8
Statistical, µTT,ST,Zj scale-factors ±0.25 ±0.5

1`bb̄ channel

Uncertainty of region SR1Lbb-Low SR1Lbb-Medium SR1Lbb-High

Total background expectation 5.7 2.8 4.6

Total background uncertainty ±2.3 ±1.0 ±1.2

Systematic, experimental ±1.3 ±0.7 ±0.6
Systematic, theoretical ±2.2 ±0.9 ±0.7
Statistical, MC samples ±1.1 ±0.5 ±0.6
Statistical, µTT,ST,Wj scale-factors ±0.8 ±0.6 ±1.3

1`�� channel

Uncertainty of region SR1L��-a SR1L��-b

Total background expectation 0.36 5.3

Total background uncertainty ±0.22 ±1.0

Systematic, experimental ±0.018 ±0.27
Systematic, theoretical ±0.008 ±0.11
Statistical, MC samples ±0.006 ±0.024
Statistical, non-peaking ±0.22 ±0.9

`±`± channel

Uncertainty of region SRSS-j1 SRSS-j23

Total background expectation 6.7 5.3

Total background uncertainty ±2.2 ±1.6

Systematic, experimental ±2.1 ±1.6.
Systematic, theoretical ±0.21 ±0.28
Statistical, MC samples ±0.4 ±0.34
Statistical, µWZ scale-factors � �

3` channel

Uncertainty of region SR3L-DFOS-0J SR3L-DFOS-1Ja (b) SR3L-SFOS-0Ja (b) SR3L-SFOS-1J

Total background expectation 2.05 8(1.7) 3.8(2.37) 11.4

Total background uncertainty ±0.98 ±4 (±0.7) ±1.7 (±0.96) ±2.6

Systematic, experimental ±0.8 ±4 (±0.5) ±1.7 (±0.8) ±2.0
Systematic, theoretical ±0.11 ±0.25 (±0.16) ±0.15 (±0.22) ±1.5
Statistical, MC samples ±0.6 ±1.2 (±0.4) ±0.6 (±0.4) ±0.9
Statistical, µWZ scale-factors ±0.022 ±0.12(±0.06) ±0.30(±0.24) ±0.9
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Table 10: Dominant systematic uncertainties in the background estimates in the various signal regions, expressed in
terms of number of events. Individual uncertainties can be correlated, and do not necessarily add up quadratically to
the total background uncertainty. For the 3` channel, numbers in parentheses indicate the results for the (b) signal
region in each case.

0`bb̄ channel

Uncertainty of region SRHad-High SRHad-Low

Total background expectation 2.5 8

Total background uncertainty ±1.3 ±4

Systematic, experimental ±0.9 ±1.2
Systematic, theoretical ±0.7 ±3
Statistical, MC samples ±0.5 ±0.8
Statistical, µTT,ST,Zj scale-factors ±0.25 ±0.5

1`bb̄ channel

Uncertainty of region SR1Lbb-Low SR1Lbb-Medium SR1Lbb-High

Total background expectation 5.7 2.8 4.6

Total background uncertainty ±2.3 ±1.0 ±1.2

Systematic, experimental ±1.3 ±0.7 ±0.6
Systematic, theoretical ±2.2 ±0.9 ±0.7
Statistical, MC samples ±1.1 ±0.5 ±0.6
Statistical, µTT,ST,Wj scale-factors ±0.8 ±0.6 ±1.3

1`�� channel

Uncertainty of region SR1L��-a SR1L��-b

Total background expectation 0.36 5.3

Total background uncertainty ±0.22 ±1.0

Systematic, experimental ±0.018 ±0.27
Systematic, theoretical ±0.008 ±0.11
Statistical, MC samples ±0.006 ±0.024
Statistical, non-peaking ±0.22 ±0.9

`±`± channel

Uncertainty of region SRSS-j1 SRSS-j23

Total background expectation 6.7 5.3

Total background uncertainty ±2.2 ±1.6

Systematic, experimental ±2.1 ±1.6.
Systematic, theoretical ±0.21 ±0.28
Statistical, MC samples ±0.4 ±0.34
Statistical, µWZ scale-factors � �

3` channel

Uncertainty of region SR3L-DFOS-0J SR3L-DFOS-1Ja (b) SR3L-SFOS-0Ja (b) SR3L-SFOS-1J

Total background expectation 2.05 8(1.7) 3.8(2.37) 11.4

Total background uncertainty ±0.98 ±4 (±0.7) ±1.7 (±0.96) ±2.6

Systematic, experimental ±0.8 ±4 (±0.5) ±1.7 (±0.8) ±2.0
Systematic, theoretical ±0.11 ±0.25 (±0.16) ±0.15 (±0.22) ±1.5
Statistical, MC samples ±0.6 ±1.2 (±0.4) ±0.6 (±0.4) ±0.9
Statistical, µWZ scale-factors ±0.022 ±0.12(±0.06) ±0.30(±0.24) ±0.9
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SUSY EWK cross sections

200 400 600 800 1000
10−4

10−2

100

102

M2   (GeV)

σ
 (p

b)

Case AI  M1 < M2 < |µ|

 

 

  χ2
0χ1

±

  χ1
+χ1
−

  χ1
0χ1

±

(a)

200 400 600 800 1000
10−4

10−2

100

102

µ   (GeV)

σ
 (p

b)

Case AII  M1 < |µ| < M2

 

 

  χ2
0χ1

±

  χ3
0χ1

±

  χ1
+χ1
−

  χ2
0χ3

0

  χ1
0χ1

±

  χ1
0χ3

0

  χ1
0χ2

0

(b)

200 400 600 800 1000
10−4

10−2

100

102

M1   (GeV)

σ
 (p

b)

Case BI  M2 < M1 < |µ|

 

 

  χ1
0χ1

±

  χ1
+χ1
−

  χ2
0χ1

±

(c)

200 400 600 800 1000
10−4

10−2

100

102

µ   (GeV)

σ
 (p

b)

Case BII  M2 < |µ| < M1

 

 

  χ3
0χ2

±

  χ2
0χ2

±

  χ2
+χ2
−

  χ2
0χ3

0

  χ1
0χ1

±

  χ1
+χ1
−

  χ2
0χ1

±

  χ3
0χ1

±

  χ1
+χ2
−

  χ1
0χ2

0

  χ1
0χ3

0

(d)

200 400 600 800 1000
10−4

10−2

100

102

M1   (GeV)

σ
 (p

b)

Case CI  |µ| < M1 < M2

 

 

  χ1
0χ1

±

  χ2
0χ1

±

  χ1
0χ2

0

  χ1
+χ1
−

  χ3
0χ1

±

  χ2
0χ3

0

  χ1
0χ3

0

(e)

200 400 600 800 1000
10−4

10−2

100

102

M2   (GeV)

σ
 (p

b)

Case CII  |µ| < M2 < M1

 

 

  χ3
0χ1

±

  χ2
0χ2

±

  χ1
0χ2

±

  χ1
+χ2
−

  χ2
0χ3

0

  χ1
0χ3

0

  χ1
0χ1

±

  χ2
0χ1

±

  χ1
+χ1
−

  χ1
0χ2

0

  χ3
0χ2

±

  χ2
+χ2
−

(f)

FIG. 10: Total cross sections for the chargino and neutralino pair production at the NLO in QCD at the 14

TeV LHC for all the six cases: (a) Case AI: versusM2 forM1 = 100 and µ = 1 TeV, (b) Case AII: versus

µ for M1 = 100 and M2 = 1 TeV, (c) Case BI: versus M1 for M2 = 100 and µ = 1 TeV, (e) Case BII:

versus µ forM2 = 100 andM1 = 1 TeV, (e) Case CI: versusM1 for µ = 100 andM2 = 1 TeV, (b) Case

CII: versusM2 for µ = 100 andM1 = 1 TeV.
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FIG. 2: Decay patterns of NLSP’s for all the six cases AI−CII.

branching fractions in Figs. 3−8. The partial width formulae are collected in the Appendix. The

transitional decays among the degenerate Winos or Higgsinos NLSPs (e.g. χ0
2 ↔ χ±

1 ) are almost

always suppressed due to the small mass splitting among the multiplets. Dominant decay modes

for NLSPs are always those directly down to the Bino-like LSP.

For Cases AI and AII with Wino and Higgsino NLSPs, respectively, the two-body decay of

χ±
1 → χ0

1W dominates leading to f f̄ ′χ0
1 of about a 100% branching fraction. Leptonic and

hadronic final states are essentially governed by the W decay branching fractions to the SM

fermions, namely about 67% for χ0
1qq

′, and 11% for χ0
1ℓνℓ for each lepton flavor.

9

Wino NLSP Higgsino NLSP

T. Han et al., arXiv:1309.5966



ATLAS RJR EWK SEARCH
3 leptons 2 leptons + 2jets

 

Targeted by two papers : 
❖ “conventional” discriminating variables [EPJ C78 (2018) 

995, arXiv:1803.02762]
❖ Recursive Jigsaw Reconstruction [PRD 98 (2018) 092012, 

arXiv:1806.02293]
Complementary (similar sensitivity to target simplified 
model, but selecting different events / phase space) 

What is Recursive Jigsaw Reconstruction ?
❖ Assume a specific decay chain 
❖ Perform a series of Lorentz boosts 

between frames 
❖ Determine unknowns (like pzmiss) with 

Jigsaw rules 
❖ Provides 4-vector of each particle in the 

assumed decay chain 

References : 
Jackson, Rogan, Santini, PRD 95 (2017) 035031
http://restframes.com

http://restframes.com
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