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Why SD Dark Matter?

1. [lt’s 4 WIMPJ

Weakly Interacting Massive Particles (WIMPs):

» Can be thermal relics
» Interact with dynamics that exist (electroweak)
» Have masses that we can probe (around and below TeV range)

SD Dark Matter is an archetypical WIMP:

» It interacts with electroweak bosons
» Its mass is (partially) determined by EW symmetry breaking
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Why SD Dark Matter?

1. [It’s 4 Werj

Weakly Interacting Massive Particles (WIMPs)

» Can be thermal relics
» Interact with dynamics that exist (electroweak)
» Have masses that we can probe (around and below TeV range).

SD Dark Matter is an archetypical WIMP:

» It interacts with electroweak bosons
» Its mass is (partially) determined by EW symmetry breaking

5 [lt’s a viable minimal WIMP]

for other realisations see eg
Dedes, Karamitros, 1403.7744

No spin independent interactions with nucleons via Z-boson exchange

Stability ensured by the typical dark matter parity”™

*Minimal EW Dark Matter with stability ensured a la proton: “Minimal Dark Matter”
Cirelli, Fornengo, Strumia, 0512090
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Why SD Dark Matter?

— T
It is a simplified model of dark matter that
&captures many currently interesting possibilitiesJJ

Experiment driven:

» Dark matter - nucleon interactions via Higgs boson: Current generation of
direct search experiments are starting to probe Higgs mediated interactions

Model-building driven:

» It captures dynamics of SUSY-type models such as the bino - higgsino system
In split-type SUSY and the singlino - higgsino system in singlet extensions

Arkani-Hamed, Dimopoulos, S. Kachru, 0501082
Mahbubani, Senatore, 0510064

» |t captures dynamics of EW composite dark matter models
Antipin, Redi, Strumia, Vigiani 1503.08749
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Why SD Dark Matter?

4. Et improves gauge coupling unification of the SM]

Mahbubani, Senatore, 0510064

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

SD DM |

SM

lllllllllllllllllllllllllllllll

2 4 6 R 10 12 14 16
Log(Q/GeV)

Pantelis Tziveloglou, VUB



Why SD Dark Matter?

5. Et can be testedJ
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Why SD Dark Matter?

5. Et can be testedj

Direct Searches Indirect Searches Colliders
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Outline

» Singlet - Doublet Model details

» Dark Matter Searches

1. Direct Searches

2. Indirect Searches
3. Combined Results
4

. Degenerate Spectra

» Constraints from Colliders
1. Invisible Higgs and Z-boson decays
2. Electroweak Precision Observables

3. Leptons + MET
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SD Model details

Lagrangian we will also use

m o
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Mass matrix
( ms 2 Dark matter candic
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Couplings of x ‘ Doublet components

g2 2 2
dew (1Zp2]” = [Zpa[") Singlet component
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Cxx+tw- NG
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Parameter space of SD model
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We look into DIRECT + INDIRECT + COLLIDER constraints
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Dark Matter Searches
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Direct dark matter searches

[Spin Independeng
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Direct dark matter searches

ESpin Independeng

» Often the most stringent

\/ bounds
X . X

» Xsec increases with
Yukawa

» Dark Matter is a
Majorana particle

AN  (mixed state) N/\N

» Exhibit “blind spots” around
sin(20)mp + m1 =0
Cheung, Sanford, 1311.5896

Pantelis Tziveloglou, VUB



Direct dark matter searches

[Spin Independenﬂ

» Often the most stringent

\/ bounds
X . X

» Xsec increases with
Yukawa

» Dark Matter is a
Majorana particle

(mixed state) N/\N

» Exhibit “blind spots” around
sin(20)mp + m1 =0
Cheung, Sanford, 1311.5896

[Spin Dependentj

» They don’t have the same blind spots

» Complementary to Spin Independent

» Xsec increases with mixing (thus Yukawa)
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Indirect dark matter searches

[XX%WW/ZZ] [ Yx — Zh j [ Yy — Tt j

X yA f

L))

X

» No mixing required for WW  » Strong only at large Yukawa » (Once kinematically

» The only constraint in the » Mixing is required allowed) tt dominates
absence of Yukawa over other fermionic
final states

» Mixing is required
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Bounds from dark matter searches
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[ Small Yukawasj

» Only xx - WW
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Bounds from dark matter searches
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Bounds from dark matter searches
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Bounds from dark matter searches
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Bounds on degenerate spectra

10724, C
: 18 For small mass splitting:
107 ° » Colliders lose sensitivity
14

z .26 12

10
S, .
g.g 107 EX

10-28

10-29
100 150 200 250 300 350 400 450 500

m, [GeV]

Pantelis Tziveloglou, VUB



Bounds on degenerate spectra
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Bounds on degenerate spectra
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Bounds on degenerate spectra
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Collider Searches
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Colliders constrain the low mass region

y=0.2, tanf =2 y=1, tanfl = =20
3w: vvvvvvvvvvvvvvvvvvvvvvvvvv n 3m: .................................... n
250¢ 250}
— 200} 200f
> . [
2 :
QO 150 150F LUX 13
A . | !
S 100f 0, 4* =0.12 { 100f

my=my/2 |

h reson.

50

h invis.
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» EW precision observables GFitter group, 1407.3792

[> Invisible Higgs decays J Br(h — inv) < 26% Berchtle et al, 1403.1582

» Invisible Z-boson decays ATV < 3 MeV LEP, 0509008
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LHC production channels
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LHC final state topology
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LHC final state topology

\*/
XX X~ X2,3 X3X2

l /\ N\
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LHC final state topology

~p”
/l\

X X~ X X2,3

l / N\

WTW = xax1| [WEWTWExa| | zw= X1X1

(reconstr. Z)
_J

) W N
MET+ ( 2 leptons [ 3 leptons ( 3 leptons

J J

X3X2

N\

WiWqEZXle 4 2ZX1X1

4 |leptons ) 4 |leptons 1
(reconstr. Z) | |[(reconstr. 27)

J J

I:Iike MSSM chargino ] ATLAS, 1402.7023
Moy, Mg, My + S 270 GeV see also
< Enberg et al, 0706.0918
My, S GeV Schwaller et al, 1312.7350
Br(xs.3 — Zx1) = 60% Freitas et al, 1506.04149
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Colliders constrain the low mass region
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Colliders constrain the low mass region
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» Probe the Higgs resonance region I
» Free from abundance arguments




Summary

» Singlet Doublet Dark Matter

- A minimal WIMP dark matter that is stable by typical parity symmetry
- Simplified Model of dark matter - nucleon interaction via Higgs

- Simplified model of SUSY scenaria

- Can be tested in almost all the experimental fronts

- Improves (but does not fix) gauge coupling unification
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Summary

» Singlet Doublet Dark Matter

- A minimal WIMP dark matter that is stable by typical parity symmetry
- Simplified Model of dark matter - nucleon interaction via Higgs

- Simplified model of SUSY scenaria

- Can be tested in almost all the experimental fronts

- Improves (but does not fix) gauge coupling unification

» Dark Matter Searches

- Roughly: mx/_-— but can go up to multi-TeV

- Indirect searches: The right place to look for degenerate spectra
- CTA does not improve this picture by much
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Summary

» Singlet Doublet Dark Matter

- A minimal WIMP dark matter that is stable by typical parity symmetry
- Simplified Model of dark matter - nucleon interaction via Higgs

- Simplified model of SUSY scenaria

- Can be tested in almost all the experimental fronts

- Improves (but does not fix) gauge coupling unification

» Dark Matter Searches

~
2 220 GeV & 112 % 003
- Roughly: My < e — but can go up to multi-TeV
—

- Indirect searches: The right place to look for degenerate spectra
- CTA does not improve this picture by much

» Constraints form Colliders

- Free from abundance considerations
- Strong bounds from Higgs invisible decay
- Multileptons + MET : Probe (among others) the Higgs resonance region




Future Directions

» Bounds from charged particles (positrons, antiprotons etc)
» Include loop contributions to dark matter - nucleon interactions

» Recast LHC searches
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Extra sliges
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X123 mass contours (y = 0.2, tanfl = -20) X123 mass contours (y = 1, tanfl = =20)

3003_|_ 300 ™
250F 250
Z Y~ 200 |
! B
'—|2M' 200 '—|2m -
> - >
L L
O 1 QO 150
) )
g = 100
50
50
S00 600 200
(1] A ——
100 200 300 400 500 600 100 200

Pantelis Tziveloglou, VUB



3008 BR(y>=Y:Z) contours (y = 0.2, tanfl = -20) 3006 BR(y;=Y:Z) contours (y = |, tanfl = =20)
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CTA prospect:
Weniger, Silverwood, Scott, Bertone, 1408.4131
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