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Direct Detection

thermal freeze-out (early Univ.)

indirect detection (now)
.
DM

DM SM

B —————————
production at colliders

Direct detection loop-suppressed for pure states.
*  No tree-level coupling to h for Wino/Higgisno.
- No tree-level coupling to Z for Wino.

Large S| cross section for Higgsino via Z, already

excluded.
»  Pseudo-Dirac Higgsino. Amis = O(100 keV)

Accidental cancellation @ |-loop 5



Indirect Detection

thermal freeze-out (early Univ.) Continuum Ganina Rays: X 0 WWAZ7
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 Sensitive to the astro uncertainties (e.g. DM profile, propagation model)

»  Complementary to collider searches.



Collider Searches

thermal freeze-out (early Univ.)

indirect detection (now)
.
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direct detection
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1. Han, S. Mukhopadhyay, XW, arXiv: [805.00015

Future hadron colliders
HL-LHC 14TeV with 3 ab™*
HE-LHC 27TeV with 15 ab™*

FCC/SppC 100TeV 30 ab ™!

M. Low, L. T. Wang, arXiv: [404.0682
. M. Cirelli, et al. Xiv: 1407.7058
Monojet

Disappearing track

Higher energies are very advantageous.



Monojet

One hard jet recoils against MET.
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Monojet

One hard jet recoils against MET.
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Sighal
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Monojet

Madgraph 5 + Pythia 6.4.28 + Delphes 3

MLM matching up to 2 jets

Selection cuts:

° MET, pT,j17 pTan

. IN;

jets S 27

Agjj, < 2.5

N Echtion veto

\/g ?m [GeV] DT [GeV] DPT,jo [GGV] PTr [GeV]
14 TeV 650 300 30 30
27 TeV | 1800-2700 400 60-160 30
100 TeV | 4800-7000 1200 250-450 40
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Monojet

I 14 TeV, 3ab~!
50 [ 27 TeV, 15 ab™ !
_________ 100 TeV, 30ab™ 1 -

I 14 TeV, 3ab~!
50 27 TeV, 15 ab™ !
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S
A
=== 2% syst.
1000 1500 2000 2500 Oo 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




Long-lived chargino decays Inside the tracker
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Disappearing lrack

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

Selection cuts: Systematics:

o MET, pr ., PT jss PT,track A =20%, v =10%
« A¢;jmeET > 1.5

. 0.1 < |pirack| < 1.9

« Track isolation AR = 0.4
« Track length 12 < d < 30 cm

Vs Fr [GeV] | prj [GeV] | pryj, [GeV] | prsrack [GeV]
14 TeV 150 150 70 250

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




Backeround

cm A

* Various backgrounds
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Backeround
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Disappearing lrack

I 14 TeV, 3ab7?
[ 27 TeV, 15 ab™?

[ 100 TeV, 30ab™! -

B 14 TeV, 3 ab™?
27 TeV, 15 ab™?
[ 100 TeV, 30 ab™t -

—-—=- 500% bkg.

S
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i o 200\(/)Vin03|c\)/(|)gss ni())’zo?GeVS]OOO o o i SI?I(i)ggSino Maslso;)‘)?))? [GeV]
95% CL limit [GeV] | 14 TeV 27 TeV 100 TeV
Wino 500 — 900 | 1500 — 2100 | 4500 — 6500
Higgsino 200 — 300 | 450 — 600 | 1100 — 1550




Disappearing lrack

* Shorter track length helps a lot |
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- Other proposal: R. Mahbubani et al, JHEP 1706, 119 (2017)
H. Fukuda et al, PLB 781, 306 (2018)



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




