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* K meson, charm meson, bottom meson
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* Flavor symmetry
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WIMP Dark Matter

Weakly Interacting Massive Particle
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WIMP Dark Matter

Weakly Interacting Massive Particle

"EREE 100 GeV - 10 TeV
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WIMP Miracle
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Minimal Dark Matter

ElectroWeakly Interacting Massive Particle
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WIino

* Majorana fermion

* Hypercharge Y=0
W+
« SU(2) triplet wo
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WIno Spectrum
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8 TeV selection
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Current Constraint(wino)
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Tracking shorter
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Tracking shorter
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Prospects for Higgsino
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X MR ZERE R (SUSY)

Standard Model (SM) SUSY Partner
Lepton Scalar Lepton
Quark Scalar Quark
Scalar Higgs Higgsino
Gauge Boson Gaugino

gluon gluino
weak boson wino

photon bino
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Gravitino LSP

MSSM®D A DNLSPIEZ TE TLy

NLSP — gravitino + SM particle

—5 ms /o 2
- ~10°sec (o0 Gev)  (Taoy)
X 0" sec 100 GeV 1 GeV

TOF*stopped X7 & AN ER A= BE

EZéin. BEDHIE — Planck scale BT E @N&E2s

[Buchmuller, Hamaguchi, Ratz, Yanagida, %1]
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Split SUSY
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G- qa% /g% m(x)=100 GeV
;‘ _I T I T T T T I T T T T | T T T T l T T T T | T T T T I_
8 1600 — ATLAS [Ldt=203f"
= B Preliminary Combined 7
Zg B -~~~ Expected limit (+10,,) i
1400 — . . « L. Ob die susy —
£ == Observed limit (£1 6400, i
E 2 b b 7-10 Jets Exp. m
1200 —“ . . L 2-6 Jets Exp. —
1000 . . ]
800 :— . . *:
600 [~ - T
400 :l_ 1 + 1 1 | | + 1 1 1 1 + 1 | 1 1 | 1 1 1 1 | | 1 1 | _;
2 3 4 5 6 7
Lifetime [log10(ps)]

ATLAS-CONF-2014-037
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Non-pointin

Vertex reconstruction efficiency
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L ATLAS Simulation Preliminary ]
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Displaced vertex%1£ ¢ f# 17

Rpy [mm]

ST

Selection Sub-Region  Category Yield
Event pre-selection ,

Mo = 3, mpy > 10 GeV Measured total 3093

VRLM (3 4+ 1)-track 12.6+03+1.1

(2 + 2)-track 3.6 £ 3.6

Pure 4-track 0.34+0.9

Event pre-selection Sub-total 16 £4

nyk = 4, mpv > 10 GeV Total (after scaling by €vriu) 9+2

VRM (3 + 1)-track 137+£3+30

Pure 4-track 16 +47

Total 150 + 60

5-tracks (4 + 1)-track 1.30 £ 0.07 £ 0.12

(2 + 3)-track 0.01 4+ 0.01

Pure 5-track 094238

Total 2.2+28

Event pre-selection 6-tracks (5 + 1)-track 0.37 +0.03 +0.04

nex > 5, mpy > 10 GeV Pure 6-track 0.2+0.6

Total 0.6 £ 0.6

> T-tracks (n + 1)-track 0.37 4+ 0.03 4= 0.04

Pure > 7-track 1+3

Total 1+£3

Total 4.2+4.1

Full SR selection Total (after scaling by esx X k) 0.02 £0.02

ATLAS-CONF-2017-026
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Meta-stable Gluino

g R-hadron — g/qq ’)Z? ;50 =100 GeV
1

Status:

July 2016
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Coannihilation DM
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[Nagata, Otono, SS, 15,17]
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Mass Spectrum

BSM models may provide several particles in addition to DM.

BSM
A sector

Examples:
: SUSY
Neutralino, Chargino, Gluino---
DM**
Extra Dimension
A DM*
Am KK photon, KK gluon---.
= DM

Am < mpy - Coannihilation
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Coannihilation 1

BEE DD
— DM* (active)
Am, ODM << ODM*
= DM (sterile)
DM SM DM* SM
<<

DM SM DM* SM
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Coannihilation 2

#FHEFHETIE
DM <-> DM*DZ#IEE L

DM O DM*

1

Thermal Plasma
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Coannihilation 3

DM SM

DM*

DM*

DM SM

MEAFE TIIDM* Z T L TE A XHRD IS 5
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Coannihilation 4

DM abundance v.s. mass difference
1000 L | I | 1 DM: 1TeV

100

—
=

observed

o
—

Dark Matter Abundance 2h?

0.01

0.001 ' ' '
0 50 100 150 200

Mass Difference Am |GeV|
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Coannihilation 5

—~ DM* (active)
Am
= DM (sterile)

~ =7

coannihilation |CIKWELRC

s INIREEE

e Large annihilation of DM*

* (“Rapid” DM*<-> DM conversion )
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{511 Bino-Gluino Coannihilation

Dark matter abundance

Dark Matter Abundance Qh?

10 ¢

01k

0.01

0.001

1 TeV bino

100 150
Mass Difference Am [GeV]

200

Observed DM

Gluino-bino mass difference
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Bino-Gluino Interaction

Bino-gluino interaction is suppressed by sfermion mass

- Long-lived gluino

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

100 GeV 0 TeV
- Too heavy sfermion prevents coannihilation
Mo Vo
Mg <250 )mo) TeV
S (1 TeV
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gg production, B(g — qq 2?)=100%

[~ ATLAS Preliminary
—{s =13 TeV, 36.1fb"

[ 0-leptons, 2-6 jets

[ MEFf or RJR (Best Expected)
— All limits at 95% CL.

2.
o

SUSY

......... 1heory)
=== Exp. limits (+10,,,)
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Prospects

3000 |
2500 1
2000 |- |
Z
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i
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1000 « Displaced vertex -
8 TV 20 1| As
Prompt S
~
50{] 1 1 1| | 1 1 ' Q 1 ~ |0 | | |
107 1072 102 101 1
c7g [m
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{51]2: Bino-Wino Coannihilation

50 | | | | |

45 - Required mass difference

| | | | | | | | |
200 400 600 800 1000 1200 1400 1600 1800 2000

M [CeV]

A few tens of GeV mass diff.
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Wino Decay (tree)

b b

(H)
X Small Yukawa
| 1
; ! h ‘ Long-lived neutral wino
| 1

P

WO

P

B

e

H

Suppressed by Higgsino mass
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Wino Decay

10

tan 3

Bino = 400 GeV

Wino =430 GeV

I
:
:/ Higgs mass OK
Decay length of neutral wino
I\ | | | | | | N | | | | | | | |
10 100 1000
o [TeV]
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LHC Signals
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~0
1

Mass diff. 30 Ge\, /Ao

ATLAS

's=8 TeV, 20.3 fb™

IIII|IIII|IIII|IIIIIII
XiX; = via WW 2l, arXiv:1403.529
~i~0
X1 %o via WZ 2143, arXiv:1443.5294

via Wh  Ibb+lyy+IIgfBl, arXiv:1501.07110

T | | [ T | | | FEHSS) frmmn |
- = = Expected limits

- QObserved limits —|
All limits at 95% CL

‘POO 150 200 250 300

350 . 4000 450
m(%. 7)) [GeV]
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Coannthilation
e REBENDME L
o« NV ISV REFBLTDICHER

- BEEDAIE
- BRMEERTF=
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DA BEE@SUSY
e Coannilation
 Stau-bino&H stop-bino THEZDS

e R-parity®igEh
* LSPDARIEER(IFAEI 7L

e R-axion from R-symmetryD g
« BB GoldstonefiFA'long-lived

* Axino (SUSY partner of axion) D gRIE
* Gravitino LSPDEFICLEIT LS
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klnked tracks
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low jets
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muon spectrometer

H. Russell
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SUSYDIEN D KEIEHiggs

106,

1210.0555

10° \
104F
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Wino Decay
1 - Prompt charged Wino decay
o [t

""TU /Z// — . .
W B > isplaced neutral Wino decay

VOOV VW

8l
I,i,?'(l é Y — a2, — J
%%ﬂéﬂgii% o fop T (f5)
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Mass Spectrum

AMgw =~ 160 MeV

~
- W

AM = O(10) GeV
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Mass diff and abundance
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Constraints
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Wino DM® () 5% 17 £

[Hisano,Matsumoto,Nagai,Seto,Senami,06]

- - 2
Thermal relic abundance, Qpyih?

0.3

0.2 i

3 TeVLL 260K
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