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Motivation and Detection of Dark Matter

Direct Method Indirect Method , Collider Method

Dark Matter (DM) has been one of the major unsolved problems in physics nowadays
- What is the identity of DM? s it a particle or not”
Much evidence from astrophysical measurements, but no evidence yet for non-gravitational interactions
between DM and SM particles

- Three detection ways:
Direct method: DM-nucleon elastic scattering, results in a recoil (with energy ~ 50 keV)
Indirect method: DM pair-annihilation, decay to various observable particles: xx — tt, blo, WW, ZZ, vy, ......
Collider method: main topic of this talk




Collider Method — DM searches at the LHC

Collider Method - Two different paths:

—ffective field theory (EFT) approach: several
nonrenormalizable operators without the UV
ohysics specified

argely model-independent

out cannot be reliable when parton energies
N the events are comparable to the eftective

g 7 . P mMass scale
+ don’t account the constraints on the UV
27° Q47“ 1 ' '
YA Q%Tgx_gch ;=D %2 FO(F) ~ physps generating the§e operators (e.q.
> contains from recent dijet/dilepton searches)
Qi << M
q X q X

- Simplified models: UV particles are kept as
Run? RN degrees of freedom, but more model-
dependent




Collider Method — DM searches at the LHC (Mono-X)

mono-Jet/photon/W/Z

mono-Higgs )

Mono-X: a final state of
MET + Jet(s), photon, W,
Z, Higgs, top/b quark

- X can be emitted
+elther directly from
ISR through SM

gauge Iinteractions

- or from a BSM vertex
coupling




Introduction — mono-Higgs

- Difference between mono-Higgs and other mono-X searches

- ISR Higgs boson is Yukawa suppressed, a mono-Higgs signal can only be through
BSM vertex

- This talk will focus on Higgs decaying to ZZ*—=4%, yy, and bb q () X

hree simplified models:

- /’-2HDM: vector mediator (Z7), two-Higgs-doublet: h; H (CP-even); Aq(CP-odd); H=;
- DM only coupling to pseudo-scalar Ag, Z'—Ag + h

- free parameters: gq , Ix , Mz ,Mag, Mx, mixing angles h-H, Ap-H

-+ /’g: avector boson Z’ with baryon number coupling with Higgs,
- free parameters: gq , Ix , 9z, Mz ,Myx , mixing angle h-hg

- Scalar model: a massive scalar S
- free parameters: gq, Yx, Ms, My, coupling S and h, mixing angle S-h

q (@) X

https://arxiv.org/abs/1507.00966
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Mono-Higgs(—ZZ*—4¢)

ATLAS-CONF-2015-059
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H—=//—4¢ has low BR, but this channel is very clean
Multi-leptons triggers (Efficiency > 99%)

Event selection: at least four well-identified, isolated leptons,
same flavor-opposite-charge lepton pair match to Z mass

Background:
//* (irreducible): from simulation with NNLO@QCD,
NLO@EWK correction
ttV/VVV: from simulation
/+]ets, ttbar: Data driven estimated shape and normalization

Signal region: My, [110,140] GeV, MET>100 GeV

No significant BSM excess is observed! Upper limit is set on the
production cross section times BR as a function of mediator
mass in both Z’g and Scalar scenarios


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-059/

Mono-Higgs(—yy)

ATLAS-CONF-2016-087
Diphoton trigger (Efficiency > 99%)
Category Sgmiss [VGeV] py’ [GeV]
- Two well-defined photons with pr > 35(25) GeV, and relative cut High Sgpis, high pr” | > 7 > 90 |
pr/my, > 0.35 (0.25) High Sgpes, low pp™ | > 7 <90
Intermediate S Emiss >4 and <7 > 25
| | | . Rest > 15
MET Is calculated w.r.t. the diphoton vertex including track-based
SOft term S 1k ATLAS Preliminary RSk E;
g 10° \s=13TeV, 13.3 fo” | B v et E;
Non-resonant background £ 0] i S =
. . , ; VIE, B Vyy =
- yy: dominant, need large METSig cut to reject ) oo
- y+jets: second dominant, similar to yy when the jet is mis- y —Mooodm e
identified as a photon 1
- Vy, Vyy: visible contribution at High METSig, where a lepton is 10" -
misidentified a a photon or not well-reconstructed (induce fake _10° NI
MET) 10 I I | I
. L . % [ Rsaassreeoe. H’H’T* .
Resonant background: SM Higgs, ZH is irreducible Y] *+ --------------------------------- = =
0 I I | [ B [ T |1I4| [ B T R R R
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Mono-Higgs(—vy) ATLAS-CONF-2016-087

s Op7 77771V 7T 07 |> L L L L I B
© = High Sgrss, high p!” reliminar ® 141 High Sep=, low p!’ ATLAS Preliminary . : :
O T A | < a3+ Double-sided Crystal Ball function is
5 70 L s 2|8 s 1 USed to model the signal shape as well
> - Signe?l 3 1.2 0 . Signal - ,
LL 2%: . .......... ______ $ (I;Qall-liggs E LLI 8: ...... _?gcall—liggs _: the SM nggs
4E : E 6N(| | |1? 7
3E £ L 3 - Data-driven non-resonant background:
2] RINIRY - o m E
[rssaandibdlhad : 1 mlmm . ' —TQ; .
HURNRI RS s i T LT R T Ly e B High METSIg category: simple
: - m. [GeV] m,, [GeV. exponential
> L L L L L ) LI L L B A L B 901' L B '_
8 2000 Rest Category ATLAS Preliminary 8 - Intermediate Sgre ATLAS Preliminary
~ u _ e -1 ~ 80;— S = eV, 13. -1 —; " '
2 ss00- Bewenar 1eg K Bewemar 3+ Intermediate and rest categories:
g) s e Background | g + ------ gackglround g 't | f 2 d d | ' |
TP L 60} e = exponential of £Na oraer polynomial.
50; + Total _
1500~ 401 = C e .
o b e | 3 + No significant BSM excess is observed!
20 :
5001 - 10F +H IRt s
O o™ s Tae a0 iso T qeo O T10 120 130 140 150 160
m,, [GeV] m,, [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-087/

Mono-Higgs(—yy)

ATLAS-CONF-2016-087

- Upper Iimit Is set on the production cross section times BR as a function of
mediator mass In both Z's and Z'-2HDM scenarios
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Mono-Higgs(—bb)

-XOT-2015-23

- M

=T Trigger (Efficiency: ~100%@200GeV)

+ Signal region: Resolved

+  Resolved: two b-tagged jets + intermediate MET
- Merged: one large-R jet with two b-tagged tracks
+ large M

- Background:
- two main backgrounds: W/Z+jets (15~65%);
ttbar(45~80%)
- control regions are defined with 1-/2-lepton events
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Mono-Higgs(—bb)

-XOT-2015-23

Resolved Region (EtMiss < 500 GeV)
small radius jets

MET = 213 GeV, Mjj = 120 GeV

Merged Region (Et™iss > 500 GeV)
large radius jet
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Mono-Higgs(—bb)

-XOT-2015-23
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Summary

The dark matter searches with a signature of Higgs plus missing transverse energy in ATLAS are
presented using 2015/2016 data

Spirit: using the recent discovered Higgs boson as a tool for new possible discovery

No significant BSM excess is observed yet, but looking forward to results using full 2015+2016
dataset.
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