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Introduction

• ATLAS has been collecting data 
since 2010, now nearing end of 
Run 2 

• Searches for new physics have 
been a primary motivator for LHC 
physics program 

• We haven’t found anything yet 

• Should we despair? …

�2
(Spoiler: no!)

Dark matter 

Hierarchy problem 

Gauge unification 

Higgs fine-tuning 

….

Problems!



Obligatory ATLAS experiment slide
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Using simplified models, summaries, and scans 
to identify research directions

�4



How should we interpret search results so far?

• If no, set limits! With limits, analyses prioritise making generalised statements 
which are as easy as possible to reinterpret in different frameworks 

• Simplified models are just spherical cows but give us a framework to 
understand how our results relate to one another  

• Summaries in context of various models help us find holes and plan next steps 
for search program
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Most important statement in any search: 
did we find evidence of new physics?

All models, and therefore all limits, should be taken with a 
grain of salt! 

But they are important to let us contextualise our zeros.



Example: simplified dark matter models at ATLAS
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What is that? Range of answers!

Common 
in Run 1

Run II 
standard

Moving this way

via DMF

q
q

q χ

χ



Example: PMSSM scan
• Use simplified “phenomenological” MSSM as a model generator  

• Throw toy universes with different parameters and check exclusion with analyses 

• Results reported as fraction of models excluded 

• Advantages: help us find holes! Disadvantages: difficult to make meaningful 
statements given sparse sampling of the parameter space
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Current results in SUSY
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SUSY strong production

• High production σ with 
boost from 13 TeV -> strong 
motivation for early run II 
searches! 

• Squark & gluino production 
gives final states with lots of 
hadronic activity + MET 

• Strong limits with 36/fb!
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Recent highlights:  
SUSY strong production
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Recent highlights:  
EW SUSY

• Production σ for EW smaller; 
benefited less from CME jump 

• Signature: leptons/gauge 
bosons+MET. Clean; main 
bkgs from diboson, ttbar
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Recent highlights:  
EW SUSY

• Production σ for EW smaller; 
benefited less from CME jump 

• Signature: leptons/gauge 
bosons+MET. Clean; main 
bkgs from diboson, ttbar
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the two classes of events. All events used in the SRs are required to have a dilepton invariant mass m`` > 40
GeV and not contain any b-tagged jets with pT > 20 GeV or non-b-tagged jets with pT > 60 GeV.

After this preselection, exclusive signal regions are used to maximize exclusion sensitivity across the
simplified model parameter space for �̃+1 �̃

�
1 and ˜̀ ˜̀ production. In the SF regions a two-dimensional

binning in mT2 and m`` is used as high-m`` requirements provide strong suppression of the Z+jets
background, whereas in the DF regions, where the Z+jets background is negligible, a one-dimensional
binning in mT2 is su�cient. The stransverse mass mT2 is defined as:

mT2 = min
qT

h
max

⇣
mT(p`1

T , qT),mT(p`2
T , pmiss

T � qT)
⌘i
,

where p`1
T and p`2

T are the transverse momentum vectors of the two leptons, and qT is a transverse
momentum vector that minimizes the larger of mT(p`1

T , qT) and mT(p`2
T , pmiss

T � qT), where:

mT(pT, qT) =
p

2(pTqT � pT · qT).

For SM backgrounds of tt̄ and WW production in which the missing transverse momentum and the pair
of selected leptons originate from two W ! `⌫ decays and all momenta are accurately measured, the mT2
value must be less than the W boson mass mW , and requiring the mT2 value to significantly exceed mW

thus strongly suppresses these backgrounds while retaining high e�ciency for many SUSY signals.

When producing model-dependent exclusion limits in the �̃+1 �̃
�
1 simplified models, all signal regions are

statistically combined, whereas only the same-flavour regions are used when probing ˜̀ ˜̀ production. In
addition, a set of inclusive signal regions are also defined, and these are used to provide a more model-
independent test for an excess of events. The definitions of both the exclusive and inclusive signal regions
are provided in Table 1.

6.2 Signal regions for 2`+jets channel

In the 2`+jets channel, two inclusive signal regions di�ering only in the E
miss
T requirement, denoted

SR2-int and SR2-high, are used to target intermediate and large mass splittings between the �̃±1 / �̃0
2

chargino/neutralino and the �̃0
1 neutralino. In addition to the preselection used in the 2`+0jets channel,

with the exception of the veto requirement on non-b-tagged jets, the sub-leading lepton is also required
to have pT > 25 GeV and events must have at least two jets, with the leading two jets satisfying pT > 30
GeV. The b-jet veto is applied in the same way as in the 2`+0jets channel. Several kinematic requirements
are applied to select two leptons consistent with an on-shell Z boson and two jets consistent with a W

boson. A tight requirement of mT2 > 100 GeV is used to suppress the tt̄ and WW backgrounds and
E

miss
T > 150 (250) GeV is required for SR2-int (SR2-high).

An additional region in the 2`+jets channel, denoted SR2-low, is optimized for the region of parameter
space where the mass splitting between the �̃±1 / �̃0

2 and the �̃0
1 is similar to the Z boson mass and the signal

becomes kinematically similar to the diboson (VV) backgrounds. It is split into two orthogonal subregions
for performing background estimation and validation, and these are merged when presenting the results
in Section 9. SR2-low-2J requires exactly two jets, with pT > 30 GeV, that are both assumed to originate
from the W boson, while SR2-low-3J requires 3–5 signal jets (with the leading two jets satisfying pT > 30
GeV) and assumes the �̃±1 �̃

0
2 system recoils against initial-state-radiation (ISR) jet(s). In the latter case,
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Compressed spectra in SUSY
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Compressed spectra in SUSY
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Compressed spectra in SUSY
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Compressed spectra in SUSY
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Compressed spectra in SUSY
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A challenging corner: Higgsinos
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RPC meets RPV: Long-lived charginos

�14

 [ns]τ

1−10 1 10

 [G
eV

]
1± χ∼  

Lo
w

er
 li

m
it 

on
 m

100

200

300

400

500

600

700

800

900

1000
Expected limits
Observed limits

  arXiv:1712.02118Disappearing track (pixel-only)   
 
 

  arXiv:1506.05332Pixel dE/dx                 
  arXiv:1411.6795Stable charged          

  arXiv:1310.3675Disappearing track   

95% CL limits.
 not includedtheory

SUSYσ

=13 TeVs, -136 fb

=8 TeVs, -118.4-20.3 fb

 PreliminaryATLAS

                                                       Status: December 2017]0W~[~1
0
χ∼ ±π → ]±W~[~1

±
χ∼

=1)γβ=0, η(r for Inner Detector Calo MS

St
ab

le

 [m]τc
2−10 1−10 1 10

Short 
lifetimes 
are more 
difficult

Decay 
lengths 
outside 

the 
detector 
= stable 
for us

AT
LA

S-
CO

NF
-2

01
8-

00
3

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


323
,,λ

400
600
800

1000
1200
1400
1600
1800
2000
2200
2400

) [
G

eV
]

1t~
m

(

 n
s

2
 =

 1
0

τ

 n
s

-2
 =

 1
0

τ

 n
s

-3
 =

 1
0

τ

 n
s

0
 =

 1
0

τ

 n
s

1
 =

 1
0

τ

 n
s

-1
 =

 1
0

τ

bs
)=

95
%

→ 1t~
BR

(

bs
)=

25
%

→ 1t~
BR

(

bs
)=

75
%

→ 1t~
BR

(

bs
)=

50
%

→ 1t~
BR

(

bs
)=

5%
→ 1t~

BR
(

RPC

Fo
rb

id
de

n 
by

 R
G

E:
 P

hy
s.

 R
ev

. D
60

 (1
99

9)
 0

56
00

2

)-1RPC Stop 0L (36.1 fb
)-1RPC Stop 1L (36.1 fb

)-1RPV 1L (36.1 fb
)-1), TLA (3.2 fb-1Dijet (37 fb

)-1Dijet pairs (36.7 fb

ATLAS  Preliminary

4−10 3−10 2−10 1−10 1

1

0
χ∼)=200 GeV, bino-like 

1

0
χ∼bs, m(→t~tbs) / →(

1

0
χ∼t→t~RPC-RPV Combination: 

=13 TeVs
Expected
Observed

95% CL limits

RPC meets RPV: Stops

�15
More RPC-like More RPV-likeAT

LA
S-

CO
NF

-2
01

8-
00

3

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


323
,,λ

400
600
800

1000
1200
1400
1600
1800
2000
2200
2400

) [
G

eV
]

1t~
m

(

 n
s

2
 =

 1
0

τ

 n
s

-2
 =

 1
0

τ

 n
s

-3
 =

 1
0

τ

 n
s

0
 =

 1
0

τ

 n
s

1
 =

 1
0

τ

 n
s

-1
 =

 1
0

τ

bs
)=

95
%

→ 1t~
BR

(

bs
)=

25
%

→ 1t~
BR

(

bs
)=

75
%

→ 1t~
BR

(

bs
)=

50
%

→ 1t~
BR

(

bs
)=

5%
→ 1t~

BR
(

RPC

Fo
rb

id
de

n 
by

 R
G

E:
 P

hy
s.

 R
ev

. D
60

 (1
99

9)
 0

56
00

2

)-1RPC Stop 0L (36.1 fb
)-1RPC Stop 1L (36.1 fb

)-1RPV 1L (36.1 fb
)-1), TLA (3.2 fb-1Dijet (37 fb

)-1Dijet pairs (36.7 fb

ATLAS  Preliminary

4−10 3−10 2−10 1−10 1

1

0
χ∼)=200 GeV, bino-like 

1

0
χ∼bs, m(→t~tbs) / →(

1

0
χ∼t→t~RPC-RPV Combination: 

=13 TeVs
Expected
Observed

95% CL limits

RPC meets RPV: Stops

�15
More RPC-like More RPV-likeAT

LA
S-

CO
NF

-2
01

8-
00

3

600 GeV 
stop

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


323
,,λ

400
600
800

1000
1200
1400
1600
1800
2000
2200
2400

) [
G

eV
]

1t~
m

(

 n
s

2
 =

 1
0

τ

 n
s

-2
 =

 1
0

τ

 n
s

-3
 =

 1
0

τ

 n
s

0
 =

 1
0

τ

 n
s

1
 =

 1
0

τ

 n
s

-1
 =

 1
0

τ

bs
)=

95
%

→ 1t~
BR

(

bs
)=

25
%

→ 1t~
BR

(

bs
)=

75
%

→ 1t~
BR

(

bs
)=

50
%

→ 1t~
BR

(

bs
)=

5%
→ 1t~

BR
(

RPC

Fo
rb

id
de

n 
by

 R
G

E:
 P

hy
s.

 R
ev

. D
60

 (1
99

9)
 0

56
00

2

)-1RPC Stop 0L (36.1 fb
)-1RPC Stop 1L (36.1 fb

)-1RPV 1L (36.1 fb
)-1), TLA (3.2 fb-1Dijet (37 fb

)-1Dijet pairs (36.7 fb

ATLAS  Preliminary

4−10 3−10 2−10 1−10 1

1

0
χ∼)=200 GeV, bino-like 

1

0
χ∼bs, m(→t~tbs) / →(

1

0
χ∼t→t~RPC-RPV Combination: 

=13 TeVs
Expected
Observed

95% CL limits

RPC meets RPV: Stops

�15
More RPC-like More RPV-likeAT

LA
S-

CO
NF

-2
01

8-
00

3

600 GeV 
stop

or here!

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


�16

Model e, µ, τ, γ Jets Emiss

T

∫
L dt[fb−1] Mass limit Reference

In
cl

u
si

ve
S

e
a

rc
h

e
s

3
rd

g
e
n
.

g̃
m

e
d
.

3
rd

g
e
n
.

sq
u
a
rk

s
d
ir

e
ct

p
ro

d
u
ct

io
n

E
W

d
ir

e
ct

L
o

n
g

-l
iv

e
d

p
a

rt
ic

le
s

R
P

V

Other

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) 1712.023321.57 TeVq̃

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 36.1 m(q̃)-m(χ̃

0
1)<5 GeV 1711.03301710 GeVq̃

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

0
1)<200 GeV 1712.023322.02 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)) 1712.023322.01 TeVg̃

g̃g̃, g̃→qq̄(ℓℓ)χ̃
0
1

ee, µµ 2 jets Yes 14.7 m(χ̃
0
1)<300 GeV, 1611.057911.7 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃
0
1

3 e, µ 4 jets - 36.1 m(χ̃
0
1)=0 GeV 1706.037311.87 TeVg̃

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

0
1) <400 GeV 1708.027941.8 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 36.1 cτ(NLSP)<0.1 mm ATLAS-CONF-2017-0802.15 TeVg̃

GGM (higgsino-bino NLSP) γ 2 jets Yes 36.1 m(χ̃
0
1)=1700 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2017-0802.05 TeVg̃

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 1711.019011.92 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 36.1 m(χ̃
0
1)<200 GeV 1711.019011.97 TeVg̃

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

0
1)<420 GeV 1708.09266950 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 1706.03731275-700 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, 1709.04183, 1711.11520t̃1 90-198 GeV 0.195-1.0 TeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet Yes 36.1 m(t̃1)-m(χ̃

0
1)=5 GeV 1711.0330190-430 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 1706.03986290-790 GeVt̃2

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Yes 36.1 m(χ̃
0
1)=0 GeV 1706.03986320-880 GeVt̃2

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

0
1)=0 ATLAS-CONF-2017-03990-500 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-2017-039750 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)) 1708.07875760 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-2017-0391.13 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 36.1 cτ<1 mm ATLAS-CONF-2017-0801.06 TeVW̃

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 1712.02118460 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

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

displ. vtx - Yes 32.8 τ(g̃)=0.17 ns, m(χ̃
0
1) = 100 GeV 1710.049012.37 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

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→qqχ̃
0
1, χ̃

0
1 → qqq 0 4-5 large-R jets - 36.1 m(χ̃

0
1)=1075 GeV SUSY-2016-221.875 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 1704.084932.1 TeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 1 e, µ 8-10 jets/0-4 b - 36.1 m(t̃1)= 1 TeV, λ323!0 1704.084931.65 TeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 36.7 1710.07171100-470 GeVt̃1 480-610 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 36.1 BR(t̃1→be/µ)>20% 1710.055440.4-1.45 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
December 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.

So don’t let this scare you:
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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) 1712.023321.57 TeVq̃

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 36.1 m(q̃)-m(χ̃

0
1)<5 GeV 1711.03301710 GeVq̃

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

0
1)<200 GeV 1712.023322.02 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)) 1712.023322.01 TeVg̃

g̃g̃, g̃→qq̄(ℓℓ)χ̃
0
1

ee, µµ 2 jets Yes 14.7 m(χ̃
0
1)<300 GeV, 1611.057911.7 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃
0
1

3 e, µ 4 jets - 36.1 m(χ̃
0
1)=0 GeV 1706.037311.87 TeVg̃

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

0
1) <400 GeV 1708.027941.8 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 36.1 cτ(NLSP)<0.1 mm ATLAS-CONF-2017-0802.15 TeVg̃

GGM (higgsino-bino NLSP) γ 2 jets Yes 36.1 m(χ̃
0
1)=1700 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2017-0802.05 TeVg̃

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 1711.019011.92 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 36.1 m(χ̃
0
1)<200 GeV 1711.019011.97 TeVg̃

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

0
1)<420 GeV 1708.09266950 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 1706.03731275-700 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, 1709.04183, 1711.11520t̃1 90-198 GeV 0.195-1.0 TeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet Yes 36.1 m(t̃1)-m(χ̃

0
1)=5 GeV 1711.0330190-430 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 1706.03986290-790 GeVt̃2

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Yes 36.1 m(χ̃
0
1)=0 GeV 1706.03986320-880 GeVt̃2

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

0
1)=0 ATLAS-CONF-2017-03990-500 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-2017-039750 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)) 1708.07875760 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-2017-0391.13 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 36.1 cτ<1 mm ATLAS-CONF-2017-0801.06 TeVW̃

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 1712.02118460 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

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

displ. vtx - Yes 32.8 τ(g̃)=0.17 ns, m(χ̃
0
1) = 100 GeV 1710.049012.37 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

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→qqχ̃
0
1, χ̃

0
1 → qqq 0 4-5 large-R jets - 36.1 m(χ̃

0
1)=1075 GeV SUSY-2016-221.875 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 1704.084932.1 TeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 1 e, µ 8-10 jets/0-4 b - 36.1 m(t̃1)= 1 TeV, λ323!0 1704.084931.65 TeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 36.7 1710.07171100-470 GeVt̃1 480-610 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 36.1 BR(t̃1→be/µ)>20% 1710.055440.4-1.45 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
December 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.

So don’t let this scare you:

These are ideal-case limits intended for reinterpretation: 
simple BR assumptions, straightforward               

parameter choices…. 
there is still space for a <2 TeV gluino, just in more 

complicated scenarios!



BSM Higgs
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The BSM Higgs program

• Many models (incl. 2HDM) 
postulate additional Higgs 
bosons 

• Charged higgses or heavier 
equivalents of SM Higgs

�18

• Look for production of DM 
particles by decays of SM Higgs 

• Uncertainty on SM Higgs 
production σ is ~30%, so 
sufficient “wiggle room” to allow 
this
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Recent highlights:  
Heavy Higgs to ZH
• Search in Z→ll, (another non-SM) H→bb. 

Possible additional b-jets in association with A. 

• Results framed in 2HDM model with various 
parameter choices for generality
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-34/


(Other) exotics searches
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Exotics search methodology
• Largely signature driven 

• Each signature open to range of 
BSM models 

• Various dedicated summary or 
combination efforts in Run II

�21
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Exotics search methodology
• Largely signature driven 

• Each signature open to range of 
BSM models 

• Various dedicated summary or 
combination efforts in Run II
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Recent highlights: 
lepton+MET • Search for heavy resonances decaying to 

e/μ + ν 

• W’ boson used as benchmark model to 
define limits 

• One of first 80/fb “intermediate” ATLAS 
results
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-1 = 13 TeV, 79.8 fbs

95% CL

1 Introduction

Extensions to the Standard Model (SM) may include heavy gauge bosons that could be discovered at the
Large Hadron Collider (LHC) [1]. For example, heavy gauge bosons are predicted in left-right symmetric
models [2, 3] or in the little Higgs model [4]. Conceptually, these particles are heavier versions of the SM
W and Z bosons and are generically referred to as W 0 and Z 0 bosons. The Sequential Standard Model
(SSM) [5] posits a W 0SSM boson with couplings to fermions that are identical to those of the SM W boson.
This model represents a good benchmark as the results can be interpreted in the context of other models
of new physics, and is useful for comparing the sensitivity of di�erent experiments.

This note presents a search for a W 0 boson conducted in the W 0 ! `⌫ channel. In the following, the
term lepton (`) is used to refer to an electron or a muon. The analysis uses events with a high transverse
momentum1 (pT) lepton and significant missing transverse momentum Emiss

T , that is used to infer the
presence of the neutrino in the event as it escapes direct detection. It is based on 79.8 fb�1 of pp collision
data collected with the ATLAS detector in 2015 (3.2 fb�1), 2016 (33.0 fb�1) and 2017 (43.6 fb�1) at a
centre-of-mass energy of

p
s = 13 TeV. The results are interpreted in the context of the SSM. The signal

discriminant is the transverse mass, which is defined as mT =
p

2pTEmiss
T (1 � cos �`⌫ ), where �`⌫ is the

azimuthal angle between the directions of the lepton pT and the Emiss
T in the transverse plane.

The most stringent limits on the mass of a W 0SSM boson to date come from the searches in the W 0 ! e⌫ and
W 0 ! µ⌫ channels by the ATLAS and CMS collaborations using data taken at

p
s = 13 TeV in 2015 and

2016. The ATLAS analysis was based on data corresponding to an integrated luminosity of 36.1 fb�1 and
sets a 95% confidence level (CL) lower limit on the W 0SSM mass of 5.1 TeV [6]. A search in the W 0 ! ⌧⌫
channel based on the same dataset excludes at 95% CL W 0SSM masses only up to 3.7 TeV [7]. The CMS
Collaboration used 35.9 fb�1 of data and excludes W 0SSM masses below 5.2 TeV at 95% CL [8]. While the
present analysis follows closely the same procedure as in Ref. [6], the sensitivity of the search presented
here is improved due to the inclusion of the 2017 dataset.

2 ATLAS detector

The ATLAS experiment [9] at the LHC is a multipurpose particle detector with a forward-backward
symmetric cylindrical geometry and a near 4⇡ coverage in solid angle. It consists of an inner detector
(ID) for tracking surrounded by a thin superconducting solenoid providing a 2 T axial magnetic field,
electromagnetic (EM) and hadronic calorimeters, and a muon spectrometer (MS). The ID covers the
pseudorapidity range |⌘ | < 2.5. It consists of a silicon pixel detector, including an additional inner
layer located at a radius of 3.2 cm since 2015 [10], and silicon microstrip and transition radiation
tracking detectors. Lead/liquid-argon (LAr) sampling calorimeters provide EM energy measurements
with high granularity. A hadronic (steel/scintillator-tile) calorimeter covers the central pseudorapidity
range (|⌘ | < 1.7). The end-cap and forward regions are instrumented with LAr calorimeters for both
the EM and hadronic energy measurements up to |⌘ | = 4.9. The muon spectrometer surrounds the
calorimeters and incorporates three large air-core toroidal superconducting magnets with eight coils each.

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points
upward. Cylindrical coordinates (r, �) are used in the transverse plane, � being the azimuthal angle around the z-axis. The
pseudorapidity is defined in terms of the polar angle ✓ as ⌘ = � ln tan(✓/2). Transverse momentum (pT) is defined relative to
the beam axis and is calculated as pT = p sin(✓) where p is the momentum.

2

ATLAS-CONF-2018-017

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-017/
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Recent highlights: TLA
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arxiv:1804.03496

• Dijet final state open to many models. 
Here, look for Z’ mediator 

• Use jets at trigger level to access low 
cross section, low mass signals

https://arxiv.org/abs/1804.03496
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Recent highlights: vector-like quarks
• Example of increasing usage of 

machine learning in ATLAS: one 
signal region defined via a BDT! 

• Only events not in traditional SR 
considered in BDT selection
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Figure 2.1: Representative Feynman
diagram showing the pair production
of Dark Matter particles in association
with a parton from the initial state via
a vector or axial-vector mediator. The
cross section and kinematics depend
upon the mediator and Dark Matter
masses, and the mediator couplings to
Dark Matter and quarks respectively:
(Mmed, mc, gc, gq).
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The coupling gq is assumed to be universal to all quarks. It is also
possible to consider other models in which mixed vector and axial-
vector couplings are considered, for instance the couplings to the
quarks are axial-vector whereas those to DM are vector. As men-
tioned in the Introduction, when no additional visible or invisible
decays contribute to the width of the mediator, the minimal width
is fixed by the choices of couplings gq and gc. The effect of larger
widths is discussed in Section 2.5.2. For the vector and axial-vector
models, the minimal width is:
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is the velocity of the fermion f with mass m f in the mediator
rest frame. Note the color factor 3 in the quark terms. Figure 2.2
shows the minimal width as a function of mediator mass for both
vector and axial-vector mediators assuming the coupling choice
gq = gc = 1. With this choice of the couplings, the dominant con-
tribution to the minimal width comes from the quarks, due to the
combined quark number and color factor enhancement. We specif-
ically assume that the vector mediator does not couple to leptons.
If such a coupling were present, it would have a minor effect in in-
creasing the mediator width, but it would also bring in constraints
from measurements of the Drell-Yan process that would unneces-
sarily restrict the model space.
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Figure 10. Sample diagrams in the THDM with an extra pseudoscalar that induce a h + ET,miss

signal in the alignment/decoupling limit. Graphs in which the role of a and A is interchanged can
also provide a relevant contribution.

charged Higgs H
± via the annihilation of light quarks followed by H

±
! aW

± (a ! ��̄).
One way to assess the prospects for detecting a mono-W signature consists in comparing the
production cross sections of H

± to that of H and A. Using for instance tan � = 1, we find
� (pp ! H

+) ' 1.0 fb for MH± = 500 GeV and � (pp ! H
+) ' 0.2 fb for MH± = 750 GeV

at the 13 TeV LHC. The corresponding cross sections in the case of the heavy neutral spin-0
resonances read � (pp ! H) ' 1.4 pb and � (pp ! A) ' 3.1 pb and � (pp ! H) ' 0.2 pb

and � (pp ! A) ' 0.3 pb, respectively. These numbers strongly suggest that an observation
of a mono-W signal is compared to that of a mono-Z or mono-Higgs signature much less
probable. We thus do not consider the W + ET,miss channel any further.

Let us finally add that besides a simple mono-W signature also Wt + ET,miss and
Wtb + ET,miss signals can appear in the DM model introduced in Section 2. For the rel-
evant charged Higgs production cross sections we find at 13 TeV the results �

�
gb̄ ! H

+
t̄
�
'

0.17 pb (�
�
gb̄ ! H

+
t̄
�
' 0.04 pb) and � (gg ! H

+
t̄b) ' 0.10 pb (� (gg ! H

+
t̄b) ' 0.02 pb)

using tan � = 1 and MH± = 500 GeV (MH± = 750 GeV). Given the small H
± production

cross section in gb and gg fusion, we expect that searches for a Wt+ET,miss or a Wtb+ET,miss

signal will in practice provide no relevant constraint in the small tan � regime.

6 Numerical results

The numerical results of our mono-X analyses are presented in this section. After a brief
description of the signal generation and the background estimates, we first study the impact
of interference effects between the a and A contributions to the j+��̄ and tt̄+��̄ channels.
Then the constraints on the parameter space of the THDM plus pseudoscalar extensions
are derived for several well-motivated benchmark scenarios. In the case of the mono-Z and
mono-Higgs searches we also discuss the LHC Run II reach in some detail.

6.1 Signal generation

The starting point of our MC simulations is a UFO implementation [96] of the simpli-
fied model as described in Section 2. This implementation has been obtained by means
of the FeynRules 2 [97] and NLOCT [98] packages. The generation of the j + ET,miss,
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Figure 8. Two possible diagrams that give rise to a tt̄ + ET,miss signal. Graphs with both an
exchange of an a and A contribute in the THDM plus pseudoscalar extensions but only the former
are displayed.

where the two-body phase-space function �(m1, m2, m3) has been defined in (4.10). Denot-
ing the lower experimental requirement on ET,miss in a given mono-Z search by E

cut
T,miss the

latter result can be used to derive a simple bound on MH for which a significant fraction
of the total cross section will pass the cut. We obtain the inequality

MH & Ma +
q

M
2
Z

+
�
E

cut
T,miss

�2
. (5.3)

Given that in the latest mono-Z analyses [28–30] selection cuts of E
cut
T,miss ' 100 GeV are

imposed it follows that the scalar H has to have a mass of MH ' 500 GeV if one wants to
be sensitive to pseudoscalars a with masses up to the tt̄ threshold Ma ' 350 GeV.

Our detailed Monte Carlo (MC) simulations of the Z + ET,miss signal in Section 6.4
however reveals that the above kinematical argument alone is insufficient to understand the
shape of the mono-Z exclusion in the Ma– tan � plane in all instances. The reason for this
is twofold. First, in cases where sin ✓ is small H ! aZ is often not the dominant H decay
mode and as a result the Z + ET,miss measurements lose already sensitivity for masses Ma

below the bound implied by the estimate (5.3). Second, Z +��̄ production in gg ! aZ and
gg ! AZ is also possible through box diagrams, and the interference between triangle and
box graphs turns out to be very relevant in models that have a light scalar H or pseudoscalar
A with a mass below the tt̄ threshold. We add that for tan � > O(10) also resonant mono-Z
production via bb̄ ! aZ and bb̄ ! AZ can be relevant in models of type II and IV. In the
context of the pure THDM such effects have been studied for instance in [95].

5.4 Mono-Higgs channel

In certain regions of parameter space another possible smoking gun signature of the pseu-
doscalar extensions of the THDM turns out to be mono-Higgs production. As illustrated
in Figure 10 this signal can arise from two different types of one-loop diagrams. For
MA > Ma + Mh the triangle graph with an Aah vertex depicted on the left-hand side
allows for resonant mono-Higgs production and thus dominates over the contribution of
the box diagram displayed on the right. In consequence the mono-Higgs production cross
sections in the THDM plus pseudoscalar extensions can exceed by far the small spin-0 DMF
model rates for the h + ET,miss signal [88].
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• Results still depend a 
lot on the assumptions 
we make, even with 
just 5 free parameters! 

• Plots: axial-vector 
mediator (vector 
mediator in backup) 

• Top: gL = 0.1, gq = 0.1 
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• Axial vector mediators, spin 
dependent limits 

• Left: DM-proton cross section. 
Right: DM-neutron cross section.

Important to place 
collider results in 

wider context!



Now what?
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Up and out
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Search program in early Run II 
focused on low-hanging fruit: 

strongly produced signatures, simple 
final states, simple detector needs



Up and out

�30

Now working up the tree: 
EW SUSY, low mass or low cross 
section signals are still benefitting 

from increasing luminosity



Up and out

�30

Lots left to do which is hard to see or 
hard to access! Really compressed 

states, long lived particles, signatures 
with interference…



Improving performance improves analyses!

• Instead of sitting and waiting for a slow accumulation of luminosity, 
push performance improvements and analysis reach improves.
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benefit searches!
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The BSM landscape at 13 TeV

Looked under most of the obvious rocks … 

         … time to start getting more complex!
�33



Thanks! Any questions?
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Backup

�35
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Additional info:  SUSY 
opposite sign dilepton

• “High-pT lepton search” addresses non-compressed 
cases where kinematic edge near the Z peak 

• “Low-pT lepton search” addresses small Δm between 
two lightest neutralinos: compressed scenario 

• Simplified model: set masses of all not-relevant 
particles very high so they decouple 

• Key backgrounds: Z/γ* + jets, fake leptons, diboson 
and rare top processes
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Additional info: SUSY 2/3 lepton EW search
• The idea: if squarks & gluinos are a lot heavier than sleptons/

charginos/neutralinos, then higher cross sections doesn’t benefit 
them in search 

• Simplified model: take mass-degenerate, pure wino chargino1 & 
neutralino2; mass-degenerate sleptons 

• Many individual signal regions defined by mll, mT2, number of jets, 
MET, … Just a few sample distributions shown here!
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Figure 5: Distributions of E
miss
T for data and the expected SM backgrounds in the 2`+jets channel for (a) SR2-

int/high and (b) SR2-low, without the final E
miss
T requirement applied. The “top” background includes tt̄ , Wt and

tt̄V , and the “other” backgrounds include Higgs bosons and VVV . The Z+jets contribution is evaluated using the
data-driven �+jet template method and the “reducible” category corresponds to the data-driven matrix method’s
estimate. The uncertainty bands include all systematic and statistical contributions. Simulated signal models for
charginos/neutralinos production are overlayed for comparison. The final bin in each histogram also contains the
events in the overflow bin. The vertical red arrows indicate bins where the ratio of data to SM background is larger
than the y-axis maximum.
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Figure 7: Distributions of E
miss
T for data and the estimated SM backgrounds in the 3` channel for (a) SR3-WZ-

0Ja,b,c, (b) SR3-WZ-1Ja, (c) SR3-WZ-1Jb and (d) SR3-WZ-1Jc. The normalization factors extracted from the
corresponding CRs are used to rescale the 0-jet and � 1-jet W Z background components. The “reducible” category
corresponds to the data-driven fake-factor estimate. The uncertainty bands include all systematic and statistical
contributions. Simulated signal models for charginos/neutralinos production are overlayed for comparison. The
final bin in each histogram also contains the events in the overflow bin. The vertical red arrows indicate bins where
the ratio of data to SM background is larger than the y-axis maximum.
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Additional info: SUSY stop to charm

• Model: stop pair production with flavour violation, allowing decay to charm + LSP, or 
flavour-conserving charm squark pair production. Assume 100% BR to c+LSP in 
both. 

• Require 2j, >= 1 c-tagged jets, MET, lepton veto. SR’s further cut on cjet+MET 
transverse mass to reduce τ contamination 

• Separate signal regions with softer/harder, more/fewer jets for various levels of 
compression
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Additional info: Exotics VLQs

• Vector-like quarks couple preferentially to 3rd generation and allow flavour-changing neutral 
currents as well as regular quark-like charged current decays 

• E.g. T VLQ can give T-> (Wb, Zt, Ht) 

• Classify events by number of jets, b-jets, leptons.  

• RECOSR: 3 large-R jets, one W-tagged. b-jet not near lepton. ST (scalar sum of MET, lepton, 
small-R jet pTs) must be large. BDTSR: trained and used on events which do not pass RECOSR. 
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Vector mediator DM summary plots: 
leptophobic
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