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Backdrop: striking blind spot in ATLAS Electroweak SUSY searches last year

χ̃±
1

χ̃0
2

p

p

χ̃0
1

W

χ̃0
1

Z

 ) [GeV]
2
0χ∼, 

1
±χ∼m( 

100 150 200 250 300 350 400 450 500 550 600

 ) 
[G

eV
]

0 1χ∼
m

( 

0

50

100

150

200

250

300
Expected limits
Observed limits

 2l,   arXiv:1403.5294 via  WW  −
1χ
∼ +1χ

∼

 2l+3l, 8 TeV, arXiv:1403.5294 via  WZ 
 2l+3l, 13 TeV, ATLAS-CONF-2017-039 via  WZ 

+3l, arXiv:1501.07110±l±+lγγ lbb+l via  Wh 

0
2χ
∼±

1χ
∼

All limits at 95% CL

 PreliminaryATLAS -1=8,13 TeV, 20.3-36.1 fbs May 2017

1
0

χ∼

 = 
m

2
0

χ∼m

Z

 + 
m

1
0

χ∼

 = 
m

2
0

χ∼m

h

 + 
m

1
0

χ∼

 = 
m

2
0

χ∼m

1
0
χ∼

 = 2m

2
0
χ∼m

New charged, neutral fermion

Da
rk

 m
at

te
r

Formχ̃ ∼ 100 GeV,σ(pp→ χ̃02 χ̃
±
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4 fb× 30 fb−1 ∼ 300 000 events
[LHC SUSY Cross-section Working Group; ATLAS SUSY Summary Plots]
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Theoretically favoured Higgsino dark matter hiding in blind spot?

Higgsinos H̃ near weak scale by naturalness arguments

Higgsinos H̃ realised asmultiplet of charged & neutral states
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Challenge to reconstruct & trigger so� intra-Higgsino decays

Higgsinos = spin 1/2 partners of two Higgs doublets
[Sara Strandberg plenary, Anyes Ta�ard parallel]

ICHEP 2018@ Seoul | Jesse Liu | 11 Jul 2018 3

https://indico.cern.ch/event/686555/contributions/3028076/
https://indico.cern.ch/event/686555/contributions/2969882/


Performance highlight: confronting so� lepton reconstruction limitations
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pT(e/µ)> 4.5/4 GeV for 2017 among lowest in ATLAS (> 7/6 GeV in 2016)
Fun fact: amuon loses 3 GeV of energy before reaching the muon spectrometer

[Mark Hodgkinson parallel]
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Dilepton discriminant: signals localised at lowm`` (‘bump-hunt’ SUSY style)
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Signal endpointm`` <∆m(χ̃02 , χ̃01 ) for decisive background rejection
[PRD 97 (2018) 052010]
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First hadron collider sensitivity to Higgsino dark matter beyond LEP
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How do we close the Higgsino prompt–long-lived gap?
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So�er leptons*?

Shorter tracklets†?

Striking blind spot: need new ideas to discover Higgsinos below 100 GeV
*Zhi Zheng poster, †1703.09675
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 COMPRESSED SPECTRA SIGNALS             DILEPTON MASS DISCRIMINANTS          SURPASS LEPTON COLLIDER LIMITS

J A R G O N   B U S T E R
MET: transverse momentum imbalance
Higgsino: spin 1/2 partner of Higgs boson
Slepton: spin 0 partner of charged lepton
Bino: spin 1/2 partner of U(1) hypercharge boson
IBL: pixel layer closest to vertex installed for Run 2
Shape fit: simultaneous fit of orthogonal signal regions
Supersymmetry (SUSY): new boson–fermion symmetry
Dark matter (DM) ḝ: stable massive state invisible to ATLAS 
mT2: transverse mass of lepton & MET for 2 semi-invisible decays
Coannihilation: DM abundance set by annihilating with state near in mass
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PERFORMANCE WORK CRUCIAL FOR SENSITIVITY
pT(e/μ) > 4.5/4 GeV among lowest in ATLAS (was 7/6 GeV in 2016)
Fun fact: muons lose 3 GeV of energy before spectrometer

BACKGROUND ESTIMATION STRATEGY
Data-driven estimate of fake/non-prompt leptons 
Dominant background & systematic at soft lepton frontier

Soft 2L from same leg
Signal peaks at low m(ll) 

Soft 2L from different legs
Signal peaks at low mT2 

SOFT 2L STRATEGY
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DISAPPEARING TRACK STRATEGY for ultra-compressed Δ
New in Run 2: probe shorter lifetimes with pixels+IBL tracklets (pixels+strips in Run 1)
JHEP 06 (2018) 022, arXiv:1712.02118, PHYS-PUB-2017-019

Phys. Rev. D 97 (2018) 052010 
arXiv:1712.08119 

ICHEP 2018@ Seoul | Jesse Liu | 11 Jul 2018 8

https://indico.cern.ch/event/686555/contributions/2974969/

