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Candidates of Dark Matter
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The WIMP “Miracle”
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Lots of beyond-standard models predict WIMP candidates
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Possible explanation from dark matter decays
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The same operator describes collider and direct
detection searches
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PRL 108, 211804 (2012) PHYSICAL REVIEW LETTERS 25 MAY 2012

Search for Dark Matter in Events with One Jet and Missing Transverse Energy
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World'’s best spin-independent limit for light dark matter

Current Limits from CMS
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Caveat #l

* The colliders become less effective as the
mediator mass decreases
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If a direct dark matter signal is in conflict with collider

bounds, a new light state should be introduced to reconcile
24

Caveat #2

* The effective field theory could break down,
especially at the 13 TeV LHC
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If a direct dark matter signal is in conflict with collider
bounds, a new light state should be introduced to reconcile
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* The effective field theory could break down,
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Simplified Dark Matter Models

* Boson portal: Higgs
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Simplified Dark Matter Models

* Boson portal: Higgs
portal
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It exists in MSSM

The SUSY searches are still relevant for many DM
models
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It exists in MSSM
The SUSY searches are still relevant for many DM
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Eifure 3: Bino-squark coannihilation benchmark sparticle spectrum.
1305.6921, Cahill-Rowley, Cotta, Drlica-

Wagner, Funk, Hewett, Ismail, Rizzo, Wood
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Fermion Portal Dark Matter

Conserving the Lorentz symmetry, at least two
particles in the dark matter sector are required

one boson and one fermion
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Fermion Portal Dark Matter

Conserving the Lorentz symmetry, at least two
particles in the dark matter sector are required

m A one boson and one fermion

X — X

a Majorana or Dirac Fermion or a scalar dark matter

|beyond the simplified SUSYDM |
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Quark Portal Dark Matter
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Quark Portal Dark Matter

['fermion O )\uzﬁbuzyLU% + AdZdezyLdzR + h.c.
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Thermal Relic Abundance
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Thermal Relic Abundance
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Signatures at LHC
at the LHC
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QCD and Yukawa Interference
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QCD and Yukawa Interference
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Majorana fermion dark matter up-quark
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Compare to Direct Detection

10—35 =
10—36 ;

10—37 ;

10—38 ;

10—39 ;

o (cm?)

10—40 ;




Majorana fermion dark matter up-quark
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Compare to Direct Detection
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Dirac Fermion Dark Matter
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Dirac Fermion Dark Matter
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up-quark
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Fraction of Events
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jorana DM Mass (GeV)
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Chang, Edezhath, Hutchinson, Luty, 307:8120
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Lepton Portal Dark Matter




CNnang, cdeZnatn, utcninson, Luty, 1oV/7.01 4V
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Lepton Portal Dark Matter

41

Lepton Portal Dark Matter
£fermion D )\Z¢ZYL67R £scalar i )\’LX JZLB?R

Lepton anomalous magnetic moment:
ay = (9 —2)u/2

a, ™" = (11659208.9 £ 6.3) x 107"  hep-ex/0602035, Muon G-2 Collab.
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Lepton Portal Dark Matter
ﬁfermion D )\z¢ZYL€7R £scalar i >\’LX EZLe%

Lepton anomalous magnetic moment:
a, =(9—2),/2

a, " = (11659208.9 £ 6.3) x 107"  hep-ex/0602035, Muon G-2 Collab.

a;" = (11659182.8 £4.9) x 107'°  1105.3149, Hagiwara et.al.

a, " — abM = (26.1 £8.0) x 10717

may need a positive contribution from new physics
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m, (GeV)
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fermion dark matter scalar dark matter
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Collider Searches -~
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ATLAS kept both selectron and smuon and
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used MT2

Indirect Detection
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Positron fraction

-

Indirect Detection
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Indirect Detection Constraints

Ty 7o | Dirac fermion DM
00} NFW profile,
T different
3 |_— propagation
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Indirect Detection Constraints

Ty 10 | Dirac fermion DM
g 1 NFW profile,
T different
z __— propagation
} models
200 -
8 TeV
AT LAS 00' 2(50 — 400 600 ‘ 800 1000 1200

[see also model-independent constraints: 1306.3983 by Bergstrom, Bringmann,
Cholis, Hooper, Weniger; 1309.2570 by Ibarra, Lamperstorfer, Silk]
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Complex Scalar DM

The annihilation is p-wave suppressed; the indirect
detection limits are irrelevant
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Complex Scalar DM

The annihilation is p-wave suppressed; the indirect
detection limits are irrelevant
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Direct detection
X X
Y @Wv\ Y
//,/ T ’// ¢

Agrawal, Chacko, Blanchet, Kilic,
1109.3516

for Dirac fermion DM: X7 (1 —~4°)0"x Fu
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Direct detection

Agrawal, Chacko, Blanchet, Kilic,
1109.3516

for Dirac fermion DM: X7 (1 — )0 x Fu

charge-radius operator for complex scalar DM
0, X0, XTFr
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Complex scalar DM

0,X0, Xt Fr
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Complex scalar DM

0, X0, Xt Frv
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two interesting limits:
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my (GeV)
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myx (GCV)
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thermal complex dark matter is not in a good shape
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Events/ 10 GeV

a/ SM

LHC: lepton MT2

miss,rel

s nJets 0, Zveto E >40 GeV
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ATLAS Preliminary ® Data 2012
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Data/ SM

LHC: lepton MT2

miss,rel

. up nJets 0 Zveto E >40 GeV
10 LN BN LA AL BELENLENL BELL AN B o
ATLAS Prellmlnary ® Data 2012 Pt(]) > 20 GeV
108 ol ww .
_[ Ldt=20.3 6" Vs=8 Tev IR+ wt ]et veto
10° [ Z+jets
Czv
10* becace- [ Fake leptons
E [ Higgs
103 B Bkg. Uncert.
(ml,m;zf) - (251,10) GeV
102 - (mzf,mi‘:) = (350,0) GeV
10E
10
2
Vopy é/wﬁ 2
1 //é/;%% ‘//‘Z&]’/é‘/ VIS /// //////////////////////////
0.5 I ‘r Gz
00 20 40 60 80 100 120 140 160 180 200

m., [GeV]

Can we define MET just based on leptons?
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Fraction

Another comment: lepton pt
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Another comment: lepton pt
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could have a large correlation with MT2
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Can we repeat the W discovery?

Volume 122B, number 1 PHYSICS LETTERS 24 February 1983

EXPERIMENTAL OBSERVATION OF ISOLATED LARGE TRANSVERSE ENERGY ELECTRONS
WITH ASSOCIATED MISSING ENERGY AT /s = 540 GeV

UAL1 Collaboration, CERN, Geneva, Switzerland
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Conclusions

* More searches for simplified SUSY or non-

SUSY dark matter models should be performed
at the LHC

* Dedicated searches in the two jets + MET and

two leptons + MET channels have chances to




Conclusions

* More searches for simplified SUSY or non-
SUSY dark matter models should be performed

at the LHC

* Dedicated searches in the two jets + MET and
two leptons + MET channels have chances to
discover the Fermion Portal Dark Matter
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Thanks







