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Higgs and SUSY at LHC
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Cornering Higgs and SUSY
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SUSY Higgs

Higgs potential

V(H) = %(HH‘L — 0v?)?

In MSSM

A== (g% + 62) cos(28)

S

mp = myz cos(20) < 91 GeV

This is clearly less than observed 125 GeV Higgs!

A= )\MSSM + )\SUSY breaking + )\new interaction
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SUSY after 125 GeV Higgs

SUSY New Interaction
< >
Scalar top “4-th” family NMSSM
Lambda SUSY
Large mass Fat higgs
A-term

New Gauge Interaction



SUSY after 125 GeV Higgs

§DS¥ New Interaction
< >
Scalar top “4-th” family NMSSM
Lambda SUSY
Large mass> { Fat higgs
A-term

New Gauge Interaction

< >
Simple? Natural?



Higgs Mass from Stop
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Benefit and demerit of SUSY

Benefit

* Hierarchy Problem
* GUT unification
* DM

Possible demerit

* Flavor/CP Problem
* Cosmological Gravitino Problem
* Model building



Mini-Split Mass Spectrum
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Benefit and demerit of SUSY

Benefit

* Hierarchy Problem
~/ * GUT unification
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~/ ° Flavor/CP Problem
~/ * Cosmological Gravitino Problem
/' + Model building
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Three Possibilities for DM

Wino DM
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Wino DM case
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WIino Spectrum ;W%
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LHC Signals

Meta-stable track
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Current Constraint(wino

tanf =5, u >

w10:\||\|\
|E| I
H
!
[ %)

1
T 1

0.04
0.03 |-

0.02

I\\I4.||\|

»

-
-

Observed 95% CL limit (+1 Oiheory )
....... Expected 95% CL limit (1 cexp)
=== ATLAS (8 TeV, 20.3 fb", EW prod.)
Theory (Phys. Lett. B721 252 (2013))
ALEPH (Phys. Lett. B533 223 (2002))

"vl-\ll\|\l

\Il\l_l_o

ATLAS Preliminary _|
Vs=13TeV, 36.1 fb"

0.01

100 200

300

400

500 600 700

mit [GEV]

MET + disappearing track

16



Prospects for Wino
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Three Possibilities for DM

Wino DM
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Bino-Gluino Coannihilation
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Bino-Gluino Coannihilation 1
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Gluino Coannihilation
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LHC Signals
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Prompt Decay Case
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Bino-Gluino Interaction

Bino-gluino interaction is suppressed by sfermion mass

mm) Longived gluino

Am 7O Mg
CTg:O(l)[ = ] (10 & ) cm

100 GeV 0 TeV
- Too heavy sfermion prevents coannihilation
Mo Vo
M <250 ”“OJ TeV
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Bino-Gluino Coannihilation
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Bino-Gluino Coannihilation 2
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Displaced Vertex
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Displaced Vertex
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ATLAS DV Search

[ATLAS, PRD 97 052012]

13 TeV 32.8 fb-1
* MET trigger + event filer > 250 GeV

* DV with impact parameter > 2 mm

* Mass of DV > 10 GeV :
without DV BG O(1075)
* # of tracks >4
Selection Subregion Estimated Observed
Event preselection 3003
Rk = 3, mpy > 10 GeV
Event preselection VRLM 0+ 2 9
ek =4, mpy = 10 GeV VRM 150 ﬁ(’H 177
A1 +2.8
f'?—trauks 2.2_ _Hz 1
Event preselection 6-tracks 06 753 ]
My = 5, mpy > 10 GeV =7-tracks 1 - 3
+4.1
Total 42 T 5
Full SR selection Total 0.02 *0% 0

—-0.01
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Bino-Gluino Interaction
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Prospects
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Three Possibilities for DM

Wino DM
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Bino-Wino Coannihilation
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Bino-Wino Coannihilation
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LHC Signals

Mass diff. 30 GeV
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Wino Decay (tree)
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Wino Decay
o 1! - Prompt charged Wino decay
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Wino Decay
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| LHC Signals
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LHC Prospects
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Summary

* Mini-split is simplest SUSY model with 125 GeV Higgs
* DM in mini-split likely provide meta-stable particles

* Wino DM: disappering track

* Gluino-bino DM: long-lived R-hadron

* Wino-bino DM: long-lived neutral wino

* Improvement of LLP detection
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