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Introduction

• Electroweak&production&of&
charginos,&neutralinos&and&
sleptons offer&avenues&for&possible&
SUSY&discovery.

• Relevent to&the&issue&naturalness&
in&SUSY&and&the&search&for&a&dark&
matter&candidate.

• Full&run&II&dataset&of&139&fb/1 offers&
increased&sensitivity&to&many&
challenging&signatures&as&well&as&
the&opportunity&to&explore&new&
channels.
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Many&
results!

1&public&
result

6&results
So+far

Although&none&of&the&results&so&far&have&seen&
significant&deviations&from&the&SM&

predications,&the&use&of&innovative&search&
methods&and&new&reconstruction&techniques&
have&set&strong&constraints&on&new&physics…

Electroweak+
searches:+
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Simplified)models)for)elecroweak production
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Two&simplified&scenarios&for&gaugino mass&parameters&often&considered&in&MSSM

Reminder:&in&the&MSSM&M1,2=&bino (wino)&mass&parameter,&μ =&higgsino mass&parameter
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• Leptonic&decays&give&high&pT leptons&
that&can&be&triggered&on.

• Significant&!"#$%% for&models&with&high&
∆'

Simplified)models)for)elecroweak production

4

Two&simplified&scenarios&for&gaugino mass&parameters&often&considered&in&MSSM

1.&M1,M2&<<&μ →&bino/like& ()*+ LSP&
with&wino/like& (),+, ()*± as&(mass/

degenerate)&NLSPs

Reminder:&in&the&MSSM&M1,2=&bino (wino)&mass&parameter,&μ =&higgsino mass&parameter
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Simplified)models)for)elecroweak production
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Two&simplified&scenarios&for&gaugino mass&parameters&often&considered&in&MSSM

2.&M1,M2&>>&μ →&lightest&gauginos

are&a&nearly&degenerate&higgsino

triplet&{ !"#$, !"#±, !"'$}&

• Soft&leptons&in&final&state

• ISR&activity&required&to&generate&

()*+,,

Reminder:&in&the&MSSM&M1,2=&bino (wino)&mass&parameter,&μ =&higgsino mass&parameter

=>)Next)talk,)but)can)also)get)similar)final)state)with)compressed)wino)
production
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Simplified)models)for)elecroweak production
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Two&simplified&scenarios&for&gaugino mass&parameters&often&considered&in&MSSM

2.&M1,M2&>>&μ →&lightest&gauginos

are&a&nearly&degenerate&higgsino

triplet&{ !"#$, !"#±, !"'$}&

=>&Plus&signatures&involving&direct&slepton production&under&different&assumptions&

about&the&relative&masses&of&)̃*,+, !,*,+, -̃*,+

• Soft&leptons

• ISR&activity&required&to&generate&

./0122

Reminder:&in&the&MSSM&M
1,2
=&bino (wino)&mass&parameter,&μ =&higgsino mass&parameter
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Simplified)models)for)elecroweak production
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Two&simplified&scenarios&for&gaugino mass&parameters&often&considered&in&MSSM

2.&M1,M2&>>&μ →&lightest&gauginos
are&a&nearly&degenerate&higgsino

triplet&{ !"#$, !"#±, !"'$}&

This&talk&(and&the&next&by&Francisco&Alonso)&will&focus&on&the&scenarios&where&
gauginos/sleptons decay&promptly.&Long/lived&SUSY&searches&in&ATLAS&will&be&

covered&tomorrow&by&Christian&Ohm

=>&Plus&signatures&involving&direct&slepton production&under&different&assumptions&
about&the&relative&masses&of&)̃*,+, !,*,+, -̃*,+

• Soft&leptons

• ISR&activity&required&to&generate&
./0122

Reminder:&in&the&MSSM&M1,2=&bino (wino)&mass&parameter,&μ =&higgsino mass&parameter
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Signature*driven*approach*for*end*of*run*II*results

Search*channel Targeted*signals Details

2l+0jets&+&!"#$%% Wino&'̃(±'̃(∓ → ,±'̃(-,∓'̃(- (, → ./)
Wino&'̃(±'̃(∓ → 2 × 3.4/ /̃4. → 2 ×./'̃(-
3.4,6 3.4,6 → .7'̃(-.8'̃(-

ATLAS/CONF/2019/008 (*)

2l&+&ISR&+&!"#$%% Higgsino '̃(±'̃(∓, '̃(±'̃9-,&'̃(-'̃9- , Wino&'̃(±'̃9-
('̃(± → ,∗'̃(-, '̃9- → ;∗'̃(-)

3.4,6 3.4,6 → .7'̃(-.8'̃(-

ATLAS/CONF/2019/014

3l&(+ISR)&+&!"#$%% Wino&'̃(±'̃9- → ,±'̃(-;'̃(- (, → ./, ; → ..) ATLAS/CONF/2019/020 (*)

2< + !"#$%% <̃4,6<̃4,6 → <7'̃(-<8'̃(- ATLAS/CONF/2019/018 (*)

1l&+&>> Wino&'̃(±'̃9- → ,±'̃(-ℎ'̃(- (, → ./, ℎ → >>) ATLAS/CONF/2019/019

1l&+&@A@ Wino&'̃(±'̃9- → ,±'̃(-ℎ'̃(- (, → ./, ℎ → @A@) ATLAS/CONF/2019/031

8

This*talk*will*highlight*some*new*and*improved*searches*using*the*full*run*
II*dataset.*The*remaining*will*be*covered*in*the*next*talk!

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2668387
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2675954
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2676597
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2676595
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2676596
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-031/
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ATLAS DRAFT

6 Grand Summary18

Model

Signature

R
L dt [fb�1]
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q̃q̃, q̃!q�̃0
1 0 e, µ 2-6 jets Emiss

T 36.1 m(�̃0
1)<100 GeV 1712.02332

1.55

q̃ [2⇥, 8⇥ Degen.]
0.9

q̃ [2⇥, 8⇥ Degen.]
mono-jet 1-3 jets Emiss

T 36.1 m(q̃)-m(�̃0
1)=5 GeV 1711.03301

0.71

q̃ [1⇥, 8⇥ Degen.]
0.43

q̃ [1⇥, 8⇥ Degen.]

g̃g̃, g̃!qq̄�̃0
1 0 e, µ 2-6 jets Emiss

T 36.1 m(�̃0
1)<200 GeV 1712.02332

2.0

g̃
m(�̃0

1)=900 GeV 1712.02332
0.95-1.6

g̃̃g Forbidden

g̃g̃, g̃!qq̄(``)�̃0
1 3 e, µ 4 jets 36.1 m(�̃0

1)<800 GeV 1706.03731
1.85

g̃
ee, µµ 2 jets Emiss

T 36.1 m(g̃)-m(�̃0
1 )=50 GeV 1805.11381

1.2

g̃

g̃g̃, g̃!qqWZ�̃0
1 0 e, µ 7-11 jets Emiss

T 36.1 m(�̃0
1) <400 GeV 1708.02794

1.8

g̃
SS e, µ 6 jets 139 m(g̃)-m(�̃0

1)=200 GeV ATLAS-CONF-2019-015
1.15

g̃

g̃g̃, g̃!tt̄�̃0
1 0-1 e, µ 3 b Emiss

T 79.8 m(�̃0
1)<200 GeV ATLAS-CONF-2018-041

2.25

g̃
SS e, µ 6 jets 139 m(g̃)-m(�̃0

1)=300 GeV ATLAS-CONF-2019-015
1.25

g̃

b̃1b̃1, b̃1!b�̃0
1/t�̃

±
1 Multiple 36.1 m(�̃0

1)=300 GeV, BR(b�̃0
1)=1 1708.09266, 1711.03301

0.9b̃1b̃1 Forbidden
Multiple 36.1 m(�̃0

1)=300 GeV, BR(b�̃0
1)=BR(t�̃±1 )=0.5 1708.09266

0.58-0.82b̃1b̃1 Forbidden
Multiple 139 m(�̃0

1)=200 GeV, m(�̃±1 )=300 GeV, BR(t�̃±1 )=1 ATLAS-CONF-2019-015
0.74b̃1b̃1 Forbidden

b̃1b̃1, b̃1!b�̃0
2 ! bh�̃0

1 0 e, µ 6 b Emiss
T 139 �m(�̃0

2 , �̃
0
1)=130 GeV, m(�̃0

1)=100 GeV SUSY-2018-31
0.23-1.35b̃1b̃1 Forbidden

�m(�̃0
2 , �̃

0
1)=130 GeV, m(�̃0

1)=0 GeV SUSY-2018-31
0.23-0.48b̃1b̃1

t̃1 t̃1, t̃1!Wb�̃0
1 or t�̃0

1 0-2 e, µ 0-2 jets/1-2 b Emiss
T 36.1 m(�̃0

1)=1 GeV 1506.08616, 1709.04183, 1711.11520
1.0

t̃1

t̃1 t̃1, t̃1!Wb�̃0
1 1 e, µ 3 jets/1 b Emiss

T 139 m(�̃0
1)=400 GeV ATLAS-CONF-2019-017

0.44-0.59

t̃1

t̃1 t̃1, t̃1!⌧̃1b⌫, ⌧̃1!⌧G̃ 1 ⌧ + 1 e,µ,⌧ 2 jets/1 b Emiss
T 36.1 m(⌧̃1)=800 GeV 1803.10178

1.16

t̃1

t̃1 t̃1, t̃1!c�̃0
1 / c̃c̃, c̃!c�̃0

1 0 e, µ 2 c Emiss
T 36.1 m(�̃0

1)=0 GeV 1805.01649
0.85

c̃
m(t̃1,c̃)-m(�̃0

1 )=50 GeV 1805.01649
0.46

t̃1
0 e, µ mono-jet Emiss

T 36.1 m(t̃1,c̃)-m(�̃0
1)=5 GeV 1711.03301

0.43

t̃1

t̃2 t̃2, t̃2!t̃1 + h 1-2 e, µ 4 b Emiss
T 36.1 m(�̃0

1)=0 GeV, m(t̃1)-m(�̃0
1)= 180 GeV 1706.03986

0.32-0.88

t̃2

t̃2 t̃2, t̃2!t̃1 + Z 3 e, µ 1 b Emiss
T 139 m(�̃0

1)=360 GeV, m(t̃1)-m(�̃0
1)= 40 GeV ATLAS-CONF-2019-016

0.86

t̃2t̃2 Forbidden

�̃±1 �̃
0
2 via WZ 2-3 e, µ Emiss

T 36.1 m(�̃0
1)=0 1403.5294, 1806.02293

0.6

�̃±1 /�̃
0
2

ee, µµ � 1 Emiss
T 139 m(�̃±1 )-m(�̃0

1 )=5 GeV ATLAS-CONF-2019-014
0.205

�̃±1 /�̃
0
2

�̃±1 �̃
⌥
1 via WW 2 e, µ Emiss

T 139 m(�̃0
1)=0 ATLAS-CONF-2019-008

0.42

�̃±
1

�̃±1 �̃
0
2 via Wh 0-1 e, µ 2 b/2 � Emiss

T 139 m(�̃0
1)=70 GeV ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ

0.74

�̃±1 /�̃
0
2�̃±1 /�̃
0
2 Forbidden

�̃±1 �̃
⌥
1 via ˜̀L/⌫̃ 2 e, µ Emiss

T 139 m( ˜̀,⌫̃)=0.5(m(�̃±1 )+m(�̃0
1)) ATLAS-CONF-2019-008

1.0

�̃±
1

⌧̃⌧̃, ⌧̃!⌧�̃0
1 2 ⌧ Emiss

T 139 m(�̃0
1)=0 ATLAS-CONF-2019-018

0.12-0.39

⌧̃ [⌧̃L, ⌧̃R,L]
0.16-0.3

⌧̃ [⌧̃L, ⌧̃R,L]

˜̀L,R ˜̀L,R, ˜̀!`�̃0
1 2 e, µ 0 jets Emiss

T 139 m(�̃0
1)=0 ATLAS-CONF-2019-008

0.7

˜̀
2 e, µ � 1 Emiss

T 139 m( ˜̀)-m(�̃0
1)=10 GeV ATLAS-CONF-2019-014

0.256

˜̀

H̃H̃, H̃!hG̃/ZG̃ 0 e, µ � 3 b Emiss
T 36.1 BR(�̃0

1 ! hG̃)=1 1806.04030
0.29-0.88H̃ 0.13-0.23H̃

4 e, µ 0 jets Emiss
T 36.1 BR(�̃0

1 ! ZG̃)=1 1804.03602
0.3H̃

Direct �̃+1 �̃
�
1 prod., long-lived �̃±1 Disapp. trk 1 jet Emiss

T 36.1 Pure Wino 1712.02118
0.46

�̃±
1

Pure Higgsino ATL-PHYS-PUB-2017-019
0.15

�̃±
1

Stable g̃ R-hadron Multiple 36.1 1902.01636,1808.04095
2.0

g̃

Metastable g̃ R-hadron, g̃!qq�̃0
1 Multiple 36.1 m(�̃0

1)=100 GeV 1710.04901,1808.04095
2.4

g̃ [⌧( g̃) =10 ns, 0.2 ns]
2.05

g̃ [⌧( g̃) =10 ns, 0.2 ns]

LFV pp!⌫̃⌧ + X, ⌫̃⌧!eµ/e⌧/µ⌧ eµ,e⌧,µ⌧ 3.2 �0311=0.11, �132/133/233=0.07 1607.08079
1.9

⌫̃⌧

�̃±1 �̃
⌥
1 /�̃

0
2 ! WW/Z````⌫⌫ 4 e, µ 0 jets Emiss

T 36.1 m(�̃0
1)=100 GeV 1804.03602

1.33

�̃±1 /�̃
0
2 [�i33 , 0, �12k , 0] 0.82

�̃±1 /�̃
0
2 [�i33 , 0, �12k , 0]

g̃g̃, g̃!qq�̃0
1, �̃0

1 ! qqq 4-5 large-R jets 36.1 Large �00112 1804.03568
1.9g̃ [m(�̃0

1)=200 GeV, 1100 GeV] 1.3g̃ [m(�̃0
1)=200 GeV, 1100 GeV]

Multiple 36.1 m(�̃0
1)=200 GeV, bino-like ATLAS-CONF-2018-003

2.0

g̃ [�00
112

=2e-4, 2e-5]
1.05

g̃ [�00
112

=2e-4, 2e-5]

t̃t̃, t̃!t�̃0
1, �̃0

1 ! tbs Multiple 36.1 m(�̃0
1)=200 GeV, bino-like ATLAS-CONF-2018-003

1.05

g̃ [�00
323

=2e-4, 1e-2]
0.55

g̃ [�00
323

=2e-4, 1e-2]

t̃1 t̃1, t̃1!bs 2 jets + 2 b 36.7 1710.07171
0.61

t̃1 [qq, bs]
0.42

t̃1 [qq, bs]

t̃1 t̃1, t̃1!q` 2 e, µ 2 b 36.1 BR(t̃1!be/bµ)>20% 1710.05544
0.4-1.45

t̃1
1 µ DV 136 BR(t̃1!qµ)=100%, cos✓t=1 ATLAS-CONF-2019-006

1.6

t̃1 [1e-10< �0
23k
<1e-8, 3e-10< �0

23k
<3e-9]

1.0

t̃1 [1e-10< �0
23k
<1e-8, 3e-10< �0

23k
<3e-9]

Mass scale [TeV]

10�1 1

ATLAS SUSY Searches* - 95% CL Lower Limits

July 2019
ATLAS

Internalp
s = 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.

Figure 22: Mass reach of the ATLAS searches for Supersymmetry. A representative selection of the available search
results is shown. Results are quoted for the nominal cross section in both a region of near-maximal mass reach and a
demonstrative alternative scenario, in order to display the range in model space of search sensitivity. Some limits
depend on additional assumptions on the mass of the intermediate states, as described in the references provided
in the plot. In some cases these additional dependencies are indicated by darker bands showing di�erent model
parameters.

4th July 2019 – 17:57 20

Summary'of'ATLAS'constraints'on'gauginos

9

Assuming&m( !"#$)=0

>&~&600&GeV >&~&420&GeV
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6 Grand Summary18

Model

Signature

R
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V

q̃q̃, q̃!q�̃0
1 0 e, µ 2-6 jets Emiss

T 36.1 m(�̃0
1)<100 GeV 1712.02332

1.55

q̃ [2⇥, 8⇥ Degen.]
0.9

q̃ [2⇥, 8⇥ Degen.]
mono-jet 1-3 jets Emiss

T 36.1 m(q̃)-m(�̃0
1)=5 GeV 1711.03301

0.71

q̃ [1⇥, 8⇥ Degen.]
0.43

q̃ [1⇥, 8⇥ Degen.]

g̃g̃, g̃!qq̄�̃0
1 0 e, µ 2-6 jets Emiss

T 36.1 m(�̃0
1)<200 GeV 1712.02332

2.0

g̃
m(�̃0

1)=900 GeV 1712.02332
0.95-1.6

g̃̃g Forbidden

g̃g̃, g̃!qq̄(``)�̃0
1 3 e, µ 4 jets 36.1 m(�̃0

1)<800 GeV 1706.03731
1.85

g̃
ee, µµ 2 jets Emiss

T 36.1 m(g̃)-m(�̃0
1 )=50 GeV 1805.11381

1.2

g̃

g̃g̃, g̃!qqWZ�̃0
1 0 e, µ 7-11 jets Emiss

T 36.1 m(�̃0
1) <400 GeV 1708.02794

1.8

g̃
SS e, µ 6 jets 139 m(g̃)-m(�̃0

1)=200 GeV ATLAS-CONF-2019-015
1.15

g̃

g̃g̃, g̃!tt̄�̃0
1 0-1 e, µ 3 b Emiss

T 79.8 m(�̃0
1)<200 GeV ATLAS-CONF-2018-041

2.25

g̃
SS e, µ 6 jets 139 m(g̃)-m(�̃0

1)=300 GeV ATLAS-CONF-2019-015
1.25

g̃

b̃1b̃1, b̃1!b�̃0
1/t�̃

±
1 Multiple 36.1 m(�̃0

1)=300 GeV, BR(b�̃0
1)=1 1708.09266, 1711.03301

0.9b̃1b̃1 Forbidden
Multiple 36.1 m(�̃0

1)=300 GeV, BR(b�̃0
1)=BR(t�̃±1 )=0.5 1708.09266

0.58-0.82b̃1b̃1 Forbidden
Multiple 139 m(�̃0

1)=200 GeV, m(�̃±1 )=300 GeV, BR(t�̃±1 )=1 ATLAS-CONF-2019-015
0.74b̃1b̃1 Forbidden

b̃1b̃1, b̃1!b�̃0
2 ! bh�̃0

1 0 e, µ 6 b Emiss
T 139 �m(�̃0

2 , �̃
0
1)=130 GeV, m(�̃0

1)=100 GeV SUSY-2018-31
0.23-1.35b̃1b̃1 Forbidden

�m(�̃0
2 , �̃

0
1)=130 GeV, m(�̃0

1)=0 GeV SUSY-2018-31
0.23-0.48b̃1b̃1

t̃1 t̃1, t̃1!Wb�̃0
1 or t�̃0

1 0-2 e, µ 0-2 jets/1-2 b Emiss
T 36.1 m(�̃0

1)=1 GeV 1506.08616, 1709.04183, 1711.11520
1.0

t̃1

t̃1 t̃1, t̃1!Wb�̃0
1 1 e, µ 3 jets/1 b Emiss

T 139 m(�̃0
1)=400 GeV ATLAS-CONF-2019-017

0.44-0.59

t̃1

t̃1 t̃1, t̃1!⌧̃1b⌫, ⌧̃1!⌧G̃ 1 ⌧ + 1 e,µ,⌧ 2 jets/1 b Emiss
T 36.1 m(⌧̃1)=800 GeV 1803.10178

1.16

t̃1

t̃1 t̃1, t̃1!c�̃0
1 / c̃c̃, c̃!c�̃0

1 0 e, µ 2 c Emiss
T 36.1 m(�̃0

1)=0 GeV 1805.01649
0.85

c̃
m(t̃1,c̃)-m(�̃0

1 )=50 GeV 1805.01649
0.46

t̃1
0 e, µ mono-jet Emiss

T 36.1 m(t̃1,c̃)-m(�̃0
1)=5 GeV 1711.03301

0.43

t̃1

t̃2 t̃2, t̃2!t̃1 + h 1-2 e, µ 4 b Emiss
T 36.1 m(�̃0

1)=0 GeV, m(t̃1)-m(�̃0
1)= 180 GeV 1706.03986

0.32-0.88

t̃2

t̃2 t̃2, t̃2!t̃1 + Z 3 e, µ 1 b Emiss
T 139 m(�̃0

1)=360 GeV, m(t̃1)-m(�̃0
1)= 40 GeV ATLAS-CONF-2019-016

0.86

t̃2t̃2 Forbidden

�̃±1 �̃
0
2 via WZ 2-3 e, µ Emiss

T 36.1 m(�̃0
1)=0 1403.5294, 1806.02293

0.6

�̃±1 /�̃
0
2

ee, µµ � 1 Emiss
T 139 m(�̃±1 )-m(�̃0

1 )=5 GeV ATLAS-CONF-2019-014
0.205

�̃±1 /�̃
0
2

�̃±1 �̃
⌥
1 via WW 2 e, µ Emiss

T 139 m(�̃0
1)=0 ATLAS-CONF-2019-008

0.42

�̃±
1

�̃±1 �̃
0
2 via Wh 0-1 e, µ 2 b/2 � Emiss
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Figure 22: Mass reach of the ATLAS searches for Supersymmetry. A representative selection of the available search
results is shown. Results are quoted for the nominal cross section in both a region of near-maximal mass reach and a
demonstrative alternative scenario, in order to display the range in model space of search sensitivity. Some limits
depend on additional assumptions on the mass of the intermediate states, as described in the references provided
in the plot. In some cases these additional dependencies are indicated by darker bands showing di�erent model
parameters.
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Summary'of'constraints'on'sleptons

11

Strong&constraints&on&mass/degenerate&!"#,% !"#,%,&as&well&as&constraints&on&
individual&sleptons &'#, &'%, )̃# )̃%.&
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Search'for'charginos and'sleptons in'23lepton'events

12

Binned&SRs&in&jet&multiplicity&and&
“stransverse”&mass&(mT2)&exploit&shape&

differences&between&signal&and&background

Search'performed'in'events'with'high'values'of'object'based'missing'transverse'
momentum'significance'(!)'which'provides'strong'background'suppression.

Large&extension&of&run&I&limits

ATLAS/CONF/2019/008

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2668387
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Object'based+missing+transverse+momentum+
significance+

• Event+based+definition:+
!="#

$%&&

'#
(or&similar)

• Object+based+definition:+
Determine&! from&the&log/
likelihood&ratio&that&the&
reconstructed&()*+,, is&
consistent&with&the&hypothesis&
of&0&real&()*+,, based&on&the&
full&event&composition.

13

Indicates&the&degree&to&which&the&observed&()*+,, = |/)*+,,|&is&consistent&with&
momentum&resolution&and&particle&identification&inefficiencies.

Significantly&reduces&fake/ ()*+,, backgrounds,&
particularly&in&1/jet&events

ATLAS/CONF/2018/038

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-038/
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Indicates&the&degree&to&which&the&observed&()*+,, = |/)*+,,|&is&consistent&with&
momentum&resolution&and&particle&identification&inefficiencies.

Significantly&reduces&fake/ ()*+,, backgrounds,&
particularly&in&1/jet&events

Background:&0 → 22

Signal:&00 → 2233

ATLAS/CONF/2018/038

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-038/
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Final&states&with&taus

• Small&signal&cross/sections&with&

large&backgrounds.

• Challenging&QCD&background&

estimated&using&ABCD&method&that&

inverts&the&! – identification/charge&
requirements.

• First&LHC&limits&on&direct&non/

degenerate&stau production&

assuming&!̃# only.

15

Search&for&direct&stau production&in&events&with&two&hadronically&decaying&taus

(identified&using&a&BDT)&with&two&orthogonal&SRs&targeting&high&and&low&stau masses

ATLAS/CONF/2019/018

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2676595
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Search&for&direct&stau production&in&events&with&two&hadronically&decaying&taus

(identified&using&a&BDT)&with&two&orthogonal&SRs&targeting&high&and&low&stau masses

ATLAS/CONF/2019/018

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2676595
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Emulated)Recursive)Jigsaw)Reconstruction)(eRJR)

17

Follow/up&on&excesses&in&36&fb/1 Recursive&Jigsaw&Reconstruction&search&by&
emulating&variables&using&lab/frame&observables&for&the&low&and&ISR&SRs.&

Consistently&reproduce&excesses&in&the&low/ and&ISR/ SRs&for&2015+2016&data,&with&
no&significant&deviations&in&the&full&run&II&dataset.&Exclusion&limits&calculated&for&on/
shell&models.

• RJR&technique&aims&constructs&
approximate&boosts&to&access&
kinematic&information&in&rest&
frames&of&an&assumed&decay&
tree.

• eRJR analysis&emulates&RJR&
variables&in&the&lab&frame&and&
repeats&the&search&in&the&3L&SRs.

ATLAS/CONF/2019/020

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2676597
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Follow/up&on&excesses&in&36&fb/1 Recursive&Jigsaw&Reconstruction&search&by&
emulating&variables&using&lab/frame&observables&for&the&low&and&ISR&SRs.&

Consistently&reproduce&excesses&in&the&low/ and&ISR/ SRs&for&2015+2016&data,&with&
no&significant&deviations&in&the&full&run&II&dataset.&Exclusion&limits&calculated&for&on/

shell&models.
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kinematic&information&in&rest&
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Image&credit:&iStock&photo

Early&searches&for&charginos,&
neutralinos&and&sleptons have&shown&
no&significant&deviations&from&the&SM.&

Improved&search&methods&and&new&
reconstruction&techniques&have&enabled&
strong&constraints&in&SUSY&simplified&
models.

Only&at&the&“tip&of&the&iceberg”&in&terms&of&
potential&for&EWK&searches&using&the&run&
II&dataset,&with&much&more&to&come

Thanks&for&listening,&and&all&members&of&the&
ATLAS&collaboration&who&contributed&to&
these&early&results!&Any&questions?



Dr Sarah&Williams:&EPS/HEP&2019&Ghent

Backup:(2l+0jets(search(strategy

21

• jet candidates within �R0 =
p
�y2 + ��2 < 0.2 of an electron candidate are removed;

• jets with fewer than three tracks which lie within �R0 = 0.4 around a muon candidate are removed;

• electrons and muons within �R0 = 0.4 of the remaining jets are discarded, in order to reject leptons
from the decay of a b- or c-hadron;

• electron candidates are rejected if they are found to share an ID track with a muon.

The missing transverse momentum (pmiss
T ), which has magnitude Emiss

T , is defined as the negative vector
sum of the transverse momenta of all identified physics objects (electrons, photons, muons, jets). Low
momentum contributions from particle tracks from the primary vertex which are not associated with
reconstructed analysis objects (soft term) are also included in the calculation, and the Emiss

T value is adjusted
for the calibration of the selected physics objects [80]. Linked to the Emiss

T value is the Emiss
T significance

value, which helps to separate events with true Emiss
T (arising from weakly interacting particles) from those

where it is consistent with particle mis–measurement, resolution or identification ine�ciencies, as further
detailed in Ref. [81].

6 Search strategy

Events used in this search are required to have exactly two oppositely-charged signal leptons `1 and `2,
both with pT > 25 GeV. In order to remove contributions from low-mass resonances and to ensure good
modelling of the SM background in all regions relevant for the analysis, the invariant mass of the two
leptons must be m`1`2 > 100 GeV. Events are further required to have no reconstructed b-jets, to suppress
contributions from processes with top quarks. Selected events must also satisfy Emiss

T > 110 GeV and Emiss
T

significance > 10.

The stransverse mass mT2 [82, 83] is a kinematic variable used to bound the masses of a pair of particles
that are presumed to have each decayed semi-invisibly into one visible and one invisible particle. It is
defined as

mT2(pT,1, pT,2, qT) = min
qT,1+qT,2=qT

�
max[ mT(pT,1, qT,1),mT(pT,2, qT,2) ]

 
, (1)

where mT indicates the transverse mass4, pT,1 and pT,2 are the transverse-momentum vectors of the two
leptons, and qT,1 and qT,2 are vectors with pmiss

T = qT,1 + qT,2. The minimisation is performed over all the
possible decompositions of qT. For tt̄ or WW decays, assuming an ideal detector with perfect momentum
resolution, mT2(pT,`1, pT,`2, pmiss

T ) has a kinematic endpoint at the mass of the W boson [83]. Signal models
with su�cient mass splittings between the �̃±1 and the �̃0

1 feature mT2 distributions that extend beyond
the kinematic endpoint expected for the dominant SM backgrounds. Therefore, events in this search are
required to have high mT2 values.

Events are separated into “same flavour” (SF) events, i.e. e±e⌥ and µ±µ⌥, and “di�erent flavour” (DF)
events, i.e. e±µ⌥, with the split being motivated by di�erent background compositions in the two classes of
events. SF events are required to have a di-lepton invariant mass far away from the Z peak, asking for
m`1`2 > 121.2 GeV, to reduce diboson and Z+jets backgrounds.

4 The transverse mass is defined by mT =
p

2 ⇥ |pT,1 | ⇥ |pT,2 | ⇥ (1 � cos(��)), where �� is the di�erence in azimuthal angle
between the particles with transverse momenta pT,1 and pT,2

7

DF(SF)&=&different&(same)/ flavour

ATLAS/CONF/2019/008

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2668387


Dr Sarah&Williams:&EPS/HEP&2019&Ghent

Backup:(2l+0jets(background(estimation

22

Data:driven(
normalization(factors(
for(all(major(
backgrounds(
extracted(from(
simultaneous(fit(to(
data(in(three(control(
regions((CRs)

ATLAS/CONF/2019/008

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2668387
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=>&In&addition&to&ABCD&
method&for&QCD&extract&
data/driven&normalization&
for&W+jets background

ATLAS/CONF/2019/018

https://cds.cern.ch/record/2676595
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ATLAS/CONF/2019/018

=>&High/mass&and&low/mass&validation&regions&for&
all&non/negligible&backgrounds&taken&from&MC

Good&agreement&between&
data&and&prediction&in&all&
validation&regions.

https://cds.cern.ch/record/2676595
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Phys.&Rev.&D&98&(2018)&092012

• Use&measured&event&properties&to&
approximate&rest&frames&of&
intermediate&particles&in&an&
assumed&decay&tree.

• RJR&technique&gives&new&basis&of&
observables&using&energies&and&
momenta&of&objects&in&these&frames.

Two&search&channels&considered&for&"̃#±"̃%& production&
where&"̃#± → (±"̃#&, "̃%& → *"̃#& ∶
• 3l&(( → ,-, * → ,,)
• 2l+jets&(( → qq0, * → ,,)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092012
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36(fb51 RJR(analysis(saw(excesses(
in(SRs(targeting(low(and(
compressed(mass(splittings:(first(
follow5up(with(full(run(II(data(is(an(
emulation(of(the(technique(using(lab(
frame(variables
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2σ

2.1σ 3σ

*New techniques, and statistical 
combination of channels*

• Excesses seen in SRs targeting low and 
compressed mass splittings.  

• Need to follow up with more data.
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Figure 4: The observed data and expected SM background yields in the VRs and SRs. The SM background prediction
is derived with the background-only fit configuration, and the hatched band includes the experimental, theoretical,
and statistical uncertainties. The bottom panel shows the significance [69] of the di�erences between the observed
and expected yields.

9 Results

The HistFitter package [70] is used to compute the statistical interpretation based on a log-likelihood
method [71]. All the systematic uncertainties are treated as Gaussian nuisance parameters in the
likelihood.

To determine the background prediction, the control regions are used to constrain the fit parameters
assuming no signal events in the CR, referred to as a background-only fit. Normalization factors on the W Z
MC simulation are derived from a simultaneous background-only fit of the two orthogonal CRs with all
other background processes held constant. The normalization factors are found to be 0.84±0.07 for CR-low
and 0.94 ± 0.05 for CR-ISR. The two normalization factors are compatible within their uncertainties
(described in Section 8), with small di�erences expected due to the di�culties in accurately modeling
higher-order radiation in the electroweak W Z process.

The observed event yields in the low-mass and ISR regions are compared to the fitted background estimation
derived from the log-likelihood fits in Table 6 and visualized alongside the validation regions in Figure 4.
The data agrees well with the background estimation in both signal regions, with SR-ISR showing only
a small 1.27 � excess of data with respect to the predictions. Kinematic distributions for these SRs are
shown in Figures 5 and 6, demonstrating good agreement between data and the background estimation in
the SRs and across the boundaries of the SR selections.

As no significant excess is observed, model-independent limits are derived at 95% confidence level (CL)
using the CLs prescription [72]. An upper limit on the visible cross section of beyond-the-SM processes is

16

Table 6: The observed and expected yields after the background-only fit in the SRs. The normalization factors of
the W Z sample for the low-mass and ISR regions are di�erent and are treated separately in the combined fit. The
Other category includes triboson, Higgs boson, and rare top-quark processes. Combined statistical and systematic
uncertainties are presented. The individual uncertainties can be correlated and do not necessarily add in quadrature
to the total background uncertainty.

SR-low SR-ISR

Observed events 51 30

Fitted SM events 46 ± 5 23.0 ± 2.2

W Z 38 ± 5 19.5 ± 2.0
Z Z 4.9 ± 0.6 0.38 ± 0.07
Others 1.3 ± 0.7 1.2 ± 0.7
Top-quark like 0.03+0.18

�0.03 1.9 ± 0.8
Fake/non-prompt 1.6 ± 1.3 0.01+0.05

�0.01

Table 7: Summary of the expected background and data yields in SR-low and SR-ISR. The second and third
columns show the data and total expected background with systematic uncertainties. The fourth column gives the
model-independent upper limits at 95% CL on the visible cross section (�vis). The fifth and sixth columns give the
visible number of observed (S95

obs) and expected (S95
exp) events of a generic beyond-the-SM process, where uncertainties

on S95
exp reflect the ±1� uncertainties on the background estimation. The last column shows the discovery p-value and

Gaussian significance Z assuming no signal.

Signal channel Nobs Nexp �vis[fb] S95
obs S95

exp p(s = 0) (Z)

SR-low 51 46 ± 5 0.16 22.0 20.7+6.2
�4.3 0.27 (0.60)

SR-ISR 30 23.0 ± 2.2 0.13 18.0 12.1+5.3
�2.0 0.10 (1.27)

derived for each SR. A log-likelihood fit is performed to the number of observed events in the target SR and
the associated CR, and a generic BSM process is assumed to contribute to the SR only. No theoretical or
systematic uncertainties are considered for the signal model except the luminosity uncertainty. The observed
(S95

obs) and expected (S95
exp) limits on the number of BSM events are shown in Table 7. Also shown are the

observed limits on the visible cross section �vis, defined as S95
obs normalized to the integrated luminosity,

which represents the product of the production cross section, acceptance, and selection e�ciency of a
generic BSM signal. Limits on �vis are set at 0.16 fb in SR-low and 0.13 fb in SR-ISR. The p-value,
representing the probability of the SM background alone fluctuating to the observed number of events, and
the associated significance Z are also shown.

Exclusion limits are derived at 95% CL for the �̃±1 �̃
0
2 models which decay exclusively into W and Z bosons.

Limits are obtained through a profile log-likelihood ratio test using the CLs prescription, following the
simultaneous fit to the low-mass and ISR CRs and SRs [70]. The low-mass and ISR regions do not a�ect
the nominal fit in the other region due to their orthogonality, but uncertainties that are correlated across
regions may be constrained. Experimental uncertainties are treated as correlated between signal and
background events and across low-mass and ISR regions. The theoretical uncertainty on the signal cross
section is accounted for by repeating the limit-setting procedure with the varied signal cross sections and
reporting the e�ect on the observed limit.
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=>&No&significant&
deviations&from&
the&SM&in&the&full&
run&II&dataset.

ATLAS/CONF/2019/020

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/2676597
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Table 2: Selection criteria for the low-mass and ISR regions. The variables are defined in the text. In addition, events
are required to have three signal leptons, and a b-jet veto is applied. The invariant mass between the two leptons
identified as coming from the Z boson decay is between 75 GeV and 105 GeV and the invariant mass of the three
leptons is greater than 105 GeV.

Selection Criteria

Low-mass Region p`1
T

[GeV] p`2
T

[GeV] p`3
T

[GeV] mT [GeV] Emiss
T [GeV] Hboost [GeV] m3`

e�
Hboost

psoft
T

psoft
T +m

3`
e�

CR-low > 60 > 40 > 30 2 (0, 70) > 40 > 250 > 0.75 < 0.2
VR-low > 60 > 40 > 30 2 (70, 100) - > 250 > 0.75 < 0.2
SR-low > 60 > 40 > 30 > 100 - > 250 > 0.9 < 0.05

ISR Region p`1
T

[GeV] p`2
T

[GeV] p`3
T

[GeV] mT [GeV] Emiss
T [GeV] |��

⇣
Emiss

T , jets
⌘
| R

⇣
Emiss

T , jets
⌘

p jets
T [GeV] psoft

T [GeV]
CR-ISR > 25 > 25 > 20 < 100 > 60 > 2.0 2 (0.55, 1.0) > 80 < 25
VR-ISR > 25 > 25 > 20 > 60 > 60 > 2.0 2 (0.55, 1.0) > 80 > 25
VR-ISR-small psoft

T > 25 > 25 > 20 > 60 > 60 > 2.0 2 (0.55, 1.0) < 80 < 25
VR-ISR-small R

⇣
Emiss

T , jets
⌘

> 25 > 25 > 20 > 60 > 60 > 2.0 2 (0.30, 0.55) > 80 < 25
SR-ISR > 25 > 25 > 20 > 100 > 80 > 2.0 2 (0.55, 1.0) > 100 < 25

calculated in �̃±1 �̃
0
2 events does not have such a constraint, and the SRs therefore require mT � 100 GeV

to reduce the SM W Z background. Additionally, signal events usually have larger values of Emiss
T due to

the massive but undetected LSPs. The backgrounds where one or more leptons are fake or non-prompt
are reduced by targeting the source of the additional leptons. Events containing b-tagged jets are rejected
to minimize contributions from the top backgrounds tt̄ and Wt. In the Z+jets background, a third signal
lepton can arise from photon conversion, where the photon comes from the bremsstrahlung of a lepton
originating from the Z boson. In this situation all three signal leptons originated from the Z boson, and
this background can be reduced by requiring that the invariant mass of the three lepton system m``` be
larger than 105 GeV.

The signal regions are split into two di�erent topologies: SR-low, the low-mass region that requires a jet
veto, and SR-ISR, the ISR region that requires at least one central jet. Both SRs were optimized for signals
with small mass splittings, which can lead to events with lower pT leptons or smaller Emiss

T in the final state.
The inclusion of recoiling ISR boosts the invisible decay products in the same direction, enhancing the
measured Emiss

T and improving the discrimination against the lower Emiss
T W Z background.

The low-mass signal region requires the pT of the first, second, and third leptons (ordered in pT) to be
greater than 60 GeV, 40 GeV, and 30 GeV, respectively, to minimize contributions from backgrounds
with fake/non-prompt leptons. Tight selection thresholds on the eRJR variables Hboost, psoft

T
psoft

T +m
3`
e�

, and
m3`

e�
Hboost further reduce the W Z contribution in the signal region. The ISR region has a requirement of
Emiss

T � 80 GeV to reduce the Z+jets background which does not have a source of real Emiss
T . The pT

requirement on the three leptons can then be relaxed to be greater than 25 GeV, 25 GeV, and 20 GeV,
ensuring the dilepton triggers are fully e�cient. To select the ISR topology in which the system of
leptons and Emiss

T is recoiling against the ISR jets, the angular separation between the signal jets and p

miss
T ,

��(Emiss
T , jets), is required to be greater than 2.0. The ratio between the p

miss
T and the total transverse

momenta of the jets is required to be 0.55  R(Emiss
T , jets)  1.0 to ensure the majority of transverse

momentum along the jet axis is carried by the invisible particles and not by the high-pT leptons from the
W Z background. A requirement of psoft

T less than 25 GeV further reduces background contamination.
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Dominant&WZ&background&normalized&to&data&in&dedicated&control&regions&(CRs)&
and&modelling&checked&in&a&set&of&validation&regions&(VRs):

Fake&non/prompt&
lepton&background&
associated&with&
Z+jets production&
estimated&using&
data/driven&fake/
factor&method
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