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* one (pseudo-)Dirac neutralino + one chargino

|-loop radiative mass splitting ~ (O(100 MeV)



Direct Detection

thermal freeze-out (early Univ.) «  Direct detection loop-suppressed for pure states.
indirect detection (now)

- No tree-level coupling to h for Wino/Higgisno.
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 lLarge Sl cross section for Higgsino via Z, already
productlon at colliders excluded.

*  Pseudo-Dirac Higgsino. Amia 2 O(100 keV)



Indirect Detection

thermal freeze-out (early Univ.) Continuum Gamma Rays: ¢*'—=WW-+ZZ
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Anti-matter

 Sensitive to the astro uncertainties (e.g. DM profile, propagation model)

»  Complementary to collider searches.



Collider Searches

1. Han, S. Mukhopadhyay, XW, arXiv: [805.00015

thermal freeze-out (early Univ.) Future hadron colliders

indirect detection (now)
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Disappearing track

Higher energies are very advantageous.
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One hard jet recolls against MET.
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Results
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1000 1500 2000 2500 0o 500 1000 1500
Wino Mass my [GeV] Higgsino Mass my [GeV]
95% CL limit [GeV] | 14 TeV 27 TeV 100 TeV
Wino 190 — 280 | 530 — 700 | 1500 — 2000
Higgsino 130 — 200 | 330 — 490 | 900 — 1370




Disappearing lrack

ATLAS- CONF ZO|7 O|7

*  Long-lived chargino decays inside the tracker
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Scale according to Z(vv) + jets
*  Vary background from 20% to 500%.

*  Systematics: X = 20%. " —=ulii | |




Result

I 14 TeV, 3 ab7!
o 27 TeV, 15 ab™!

—— 20% bkg.

I 100 TeV, 30 ab~! -
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Summary

Wino/Higgsino dark matter are simple but well-motivated models.

Collider searches are important to cover the relevant parameter
space, which 1s complementary to the indirect detection.

Mono-jet and disappearing track are powerful channels.

The possible LHC high energy upgrade would significantly extend
the reach of wino/Higgsino searches.

95% Wino Wino Higgsino Higgsino

C.L. Monojet | Disappearing Track | Monojet | Disappearing Track
14 TeV | 280 GeV 900 GeV 200 GeV 300 GeV
27 TeV | 700 GeV 2.1 TeV 490 GeV 600 GeV
100 TeV | 2 TeV 6.5 TeV 1.4 TeV 1.5 TeV







Monojet

Madgraph 5 + Pythia 6.4.28 + Delphes 3

| | Vs | B7" [GeV] | pry [GeV] | pryj, [GeV] | prr [GeV]
MLM matching up to 2 jets 14 TeV 650 300 30 30
27 TeV | 1800-2700 400 60—160 30
| 100 TeV | 4800-7000 1200 250450 40
Selection cuts:
Monojet
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Tracklets

Data / BG

Various backgrounds

Hard to estimate

ATLAS-CONF-2017-017
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(c) Electroweak channel high—E%niSS region

100 200

- : VVe do a naive estimation
0 S - f(pr) = exp (—po - log(pr) — p1 - (log(p))?)
1g“’%rlnf,ﬁ):ﬁ?oeevl, oz20m) E - Scale according to Z(vv) + jets
1_%“”“}“ ______ B T __________________________________________ o . \Vary backerolind from 2074 Sle i
OSA ____________________________ e 10(')00

| I1I(I)OO |
Tracklet p_[GeV]

Systematics: A =20%, v = 10%



Disappearing lrack

We follow the | 3 TeV ATLAS analysis to extract the signal efficiency.

Selection cuts: Systematics:

« MET, pr i, PT,jss PT track A=20%, v=10%
e Ag@;MET > 1.5

Dl s R

- Track isolation AR =04

- Track length 12 < d < 30 cm

Vs Fr [GeV] | prji [GeV] | prjs [GeV] | prtrack [GeV]
14 TeV 150 150 70 250

27 1R 400 — 700 400 — 600 140 400 — 700
100 TeV | 1000 — 1400 | 700 — 1400 500 1000 — 1400
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Result
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