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Our Team

■ Strong commitment to the compressed searches in ATLAS.
   ○ 139 fb-1, Soft-2L, Soft-3L results
   ○ Soft lepton/track reconstruction

■ Person-power: 
   Post-doc:  Jeff Shahinian, Jeff Dandoy, Shion Chen
   Students:  TBA (1-2?)
   Advisors:   Elliot Lipeles, Joseph Kroll
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Compressed EWK SUSY @ Santa Cruz

We’ve been working for several years on soft-lepton searches for

compressed SUSY in ATLAS:

36 fb
≠1

: ATLAS-SUSY-2016-25

139 fb
≠1

: ATLAS-SUSY-2018-16
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These were the starting point for the ATLAS soft-2L projections

for HL-LHC
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Figure 17: Exclusion limits obtained for the WZ-mediated model and the Wh-mediated model. The expected 95%
CL sensitivity (dashed black line) is shown with ±1�exp (yellow band) from experimental systematic uncertainties
and statistical uncertainties on the data yields, the observed limit (red solid line) is shown with ±1�theory (dotted red
lines) from signal cross-section uncertainties. The exclusion for the WZ-mediated model is shown projected (top left)
onto the m(e�±1 /e�0

2 ) vs m(e�0
1 ) plane or (top right) onto the m(e�±1 /e�0

2 ) vs �m plane. The light and dark grey shade are
the constraints obtained by the previous equivalent analysis in ATLAS using the 8 TeV 20.3 fb�1dataset [30] and the
compressed spectra search using the 13 TeV 139 fb�1dataset [31] respectively. The dark blue line in the top right
panel represents the mass splitting range that yields a dark-matter relic density equal to the observed relic density,
⌦h2 = 0.1186 ± 0.0020 [138], when the mass parameters of all the decoupled SUSY partners are set to 5 TeV and
tan � is chosen such that the SM-like Higgs boson mass is consistent with the observed value [23]. The area above
(below) the blue line represents a dark-matter relic density larger (smaller) than the observed. Exclusions on the
Wh-mediated model model, projected onto the m(e�±1 /e�0

2 ) vs m(e�0
1 ) plane, are shown in the bottom panel.

41

Soft 2-lepton: ATLAS-SUSY-2018-16 3-lepton: ATLAS-CONF-2020-015 

Wino-NLSP/Bino-LSP

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://cds.cern.ch/record/2719521
https://cds.cern.ch/record/2719521
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European Strategy: Higgsino Projections

European Strategy propaganda plot

• Want to understand legitimacy of this plot
I Where can we improve existing studies?
I Where can we inject new ideas?

• Vertical lines: lepton colliders
• Will focus on hadron collider projections

The Snowmass Dream: to provide your children
with a better understanding of naturalness and
dark matter than you had

Je� Shahinian Penn Group Meeting July 14, 2020 2 / 18

124 CHAPTER 8. BEYOND THE STANDARD MODEL
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 m(NLSP,LSP) not displayedΔMonojet reach in 

CLIC: extrapolated below 5 GeV

Fig. 8.10: Exclusion reach for Higgsino-like charginos and next-to-lightest neutralinos with
equal mass m (NLSP), as a function of the mass difference �m between NLSP and LSP. Exclu-
sion reaches using monojet searches at pp and ep colliders are also superimposed (see text for
details).

Collider experiments have significant sensitivity also to sleptons. Searches for staus, su-
perpartners of � leptons, might be particularly challenging at pp facilities due to the complex-
ity of identifying hadronically-decaying taus and reject misidentified candidates. Analysis of
events characterised by the presence of at least one hadronically-decaying � and pmiss

T show
that the HL-LHC will be sensitive to currently unconstrained pair-produced �̃ with discov-
ery (exclusion) potential for m�̃ up to around 550 (800) GeV [443]. The reach depends on
whether one considers �̃ partners of the left-handed or the right-handed tau lepton (�̃R or
�̃L, respectively), with substantial reduction of the sensitivity in case of �̃R. The HE-LHC
would provide sensitivity up to 1.1 TeV [443], and an additional three-fold increase is ex-
pected for the FCC-hh (extrapolation). Lepton colliders could again provide complementary
sensitivity especially in compressed scenarios: ILC500 [428] would allow discovery of �̃ up to
230 GeV even with small datasets, whilst CLIC3000 would allow reach up to m�̃ = 1.25 TeV
and �m(�̃,�0

1 ) = 50 GeV [454].

8.3.3 Non-prompt SUSY particles decays
There are numerous examples of SUSY models where new particles can be long-lived and may
travel macroscopic distances before decaying. Long lifetimes may be due to small mass split-
tings, as in the case of pure Higgsino/Wino scenarios, or due to small couplings, as in R-parity
violating SUSY models, or due to heavy mediators, as in Split SUSY. For HL-LHC [443], stud-
ies are available on long-lived gluinos and sleptons. Exclusion limits on gluinos with lifetimes
� > 0.1 ns can reach about 3.5 TeV, using reconstructed massive displaced vertices. Muons dis-

Region of Interest @Penn

■ Would like to understand the discovery potential of:
  ○ Mono-jet:     Very impressive sensitivity in the ES. What to reproduce & understand.
  ○ Mono-jet+X (soft-2L, soft-3L, soft displaced tracks?)
     Naively thinking should improve the mono-jet only sensitivity in Δm = O(1-10)GeV
     How the “gap” will be filled in?
   in hadron colliders (HL-LHC, FCC-hh).
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://cds.cern.ch/record/2719521
https://arxiv.org/abs/1910.08065
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://cds.cern.ch/record/2719521
https://arxiv.org/abs/1910.08065
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Region of Interest @Penn

■ DELPHES-based analysis for direct comparison with the other colliders.
   Interested also in contributing to the MC generation task force.

■ Realistic “fake lepton” BG modeling
   Understanding the composition (Heavy-flavor decays, pion in-flight decays in jet etc.)
   Feedback from current ongoing hadron colliders?
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