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New Resonance @ ~750 GeV‘?
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Many Ideas for 750 GeV

< Up to Today more than 330 papers

INSPIRE
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The ATLAS collaboration. Dec 15, 2015.
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Connection to DM

< Up to Today less than 30 papers
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Dark Matter (DM)

+ DM: ~25% of our Universe 5% visofile

o 1 . . 25 KM er
» Compelling paradigm: 7»

massive, non-luminous & stable particles
_.‘ 70% Dark Energy ’

< Evidence

v Galaxy rotation curve

v Bullet cluster

v Gravitational lensing

v Structure formation

v CMB ey Y.
v Coma Cluster |EEEEE | ‘ y~constp
v Sky surveys 5y A [

v el L '
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DM Search Strategies
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Mediator between Dark & SM

DM sector: maybe complicated
e.g. “Assisted Freeze-out” G. Belanger & JCP (2011)

% Require at least one mediator between DM & SM sectors
<« —9

S, A, X, GW\ /
—

Thermal
Plasma

—




Collider Search: LHC
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Dark Matter Portal




250 GeV Resonance = Mediator ?

% We take the resonance as a mediator between SM & Dark sectors.
» Spin=1 (vector): X (Landau-Yang theorem or Furry’s theorem)
» Spin=0* (scalar): No indirect detection (v? suppression)
» Spin=2 (tensor): No indirect detection (v? suppression)
(No v? suppression for vector DM)
» Spin=0- (pseudo-scalar): Our choice!
» Other possibilities: Non-resonance interpretations

(e.g. WS Cho et. al. arXiv:1512.06824, also DJ Kim’s talk)




Model Set-up & Production

% Effective Lagrangian for a Dirac fermion DM

A ~ ~ = -
L= X (ale;FY“” + ao W, WH” 4—[0,36‘”,,(?“”]) —INAXY X

% Pseudo-scalar A can be produced via gluon fusion:

o(pp — A) o (as/A\)’

JCP & S. C. Park, arXiv: 1512.08117



Decay

% Pseudo-scalar A decays into a pair of SM gauge bosons: yy, Zy, ZZ , WW, gg.

3

m
Far) = 1339,
3 2.3
_Ma o ( _ﬂ)
Pa(Z7) = STAZ 4 ! m3
m> Am? %
[4(Z27) = A2 (1 Z)
4A2 T4 m4
m> Am? %
FaWiv) SWKQ a%VW(l_ m2W)
A
2m>
Lalgg) = — Aﬁ aj,
Ca(vy) = Af<mA(1 4m§<)%9( Ma
AN = =57 m3 2.

Uy = Q4 cos® Oy + as sin® Oy
azy = (ag — ay)sin(20w)
_ s 2 9 2 9
(zz = a1 SIN° Oy + a2 COS™ Oy
aww — 2&2

Cng = ajg

% For generic spin & CP states which couple to dibosons:

See e.g. DJ Kim, KC Kong, HM Lee & SC Park, arXiv: 1507.06312

JCP & S. C. Park, arXiv: 1512.08117



Pair Annihilation of DM

«» Annihilation cross-sections of DM

Na?, 16m?
<O-'Ure1>ﬁ,f~,-‘ == J’QI D) 2 QX 2 9 + O('Ul?el)
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X v b X
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JCP & S. C. Park, arXiv: 1512.08117




Results
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-Cosmic-ray
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JCP & S. C. Park, arXiv: 1512.08117




Branching Fractions: Predictions

Yy L ZZ WW i gg

» Scenario-o (a, >> a
( 2 1) o 9 | 1 | 9 | ] as 2
Not Preferred ~ " tan? 9W " tan? 9W ' SiIl4 9W ' sin4 9W )
Stringent limit on yZ et ao . 150 (ag ’
N1.7.11.38.7 Cl—1
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2
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JCP & S. C. Park, arXiv: 1512.08117



Branching Fractions: Predictions
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JCP & S. C. Park, arXiv: 1512.08117



Scenario-l: a, << a,
0.5 M‘" I‘"‘:S T"‘I"?’If‘llf“-lla a;=0.5, r=0.1

— T T T T T T T T

Predictions!

E.J. Chun & JCP, ]
arXiv: 1506.07522 |
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Scenario-1l: a, = a,
Ny Mﬂlz}?n*‘v,‘ a|1=0-08, a3I=u.I5,IrI=1I

Predictions!
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E.J. Chun & JCP, ]
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Conclusions

» New resonance at ~750 GeV via diphoton channel?

> If yes, it can be a good mediator connecting Dark & SM sectors.
> Pseudo-scalar mediator scenario with LHC constraints

» DM indirect signatures: Fermi-LAT, HESS, CTA, ...

= We will be able to see the signatures through the new portal interaction

in the near future. (by the CTA y-ray observation)
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= We will be able to see the signatures through the new portal interaction
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Direct Detection

% DM-N scattering X-section on contact operators
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Mono-jet constraint
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