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Detections of Dark Matter

. Identifying DM is one of the most important questions in physics now

DM is likely a new as yet undetected particle
« Three detection ways:

Diréct Method
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> - Direct method (xgq—xq): DM-nucleon elastic scattering, with a keV recoil

_g_: - Indirect method (xx—qq): DM pair-annihilation, decay to various observable particles: tt,
S bb, WW, ZZ, vy, ......

A - Collider method (qq — x%): DM production at collider, model dependent

N
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Are DM new weekly interacting massive particles (WIMPs)?



Benchmark models fo LHC Run-2 DM searches
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Benchmark models fo LHC Run-2 DM searches

mono-Jet/photon/W/Z

mono-Higgs -

« Mono-jets: the most powerful in
general

« Mono-photons: First used for DM
searches

« Mono-W: Distinguish DM couplings to
u- and d- type of quarks

R.-J. Wang | LPNHE-Paris | CNRS-IN2P3

=
= « Mono-Z: clean signature
« Mono-Tops/Bs: Couplings to tops/b-
S quarks
% « Mono-Higgs: Higgs-portals
OIL: mone-t X can be emitted either directly from ISR through SM

gauge interactions or from a BSM vertex coupling
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Dark Matter — Higgs (yy) + X
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. Signature: two well-identified photons compatible with the 125 GeV Higgs boson plus MET
- ISR Higgs boson is Yukawa suppressed, a mono-Higgs signal can only be through BSM vertex

- fully data-driven non-resonant background (yy, y+jets), SM Higgs is MC estimated (usm = 1)

» Main systematic uncertainties: 10% non-resonant background modeling
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No significant BSM excess is observed!
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Dark Matter — ttbar + X

-<X EPJC 78 (2018) 18
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. Complicated final states (can be improved by using machine learning)

- multiple jets (22/1/0 b-quarks), 0/1/2 well-identified lepton, and MET

No significant excess above SM expectation is
observed in all three channels
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A deeper probe of the Higgs sector

suffer from large

backgrounds

JHEP 02 (2017) 1
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experimentally °
- very loose bound from interference gg—77 .
e . . the Higgs mass
- no way to access it indirectly (via production
rates) in a precise way 0 g
4.9 " (7 TeV) + 19.7 b (8 TeV) @ % - \

20 | . g =100 - \
Sl ;‘: 183_ o Observed v S _f Ah)ﬁ( -5 E \\CDMS/I'Z‘G
= % 1_63_ """ Median expected _f -------- T g 1041 s NG (20;5)
a :‘:i 1_43 || 68% expected f Decay Y 3 042 .;. .........

:CI>l 1_2f_ 95% expected _f g P
N %\ 1f f X Scattering X CCD 10—43 E_ ~.,~......~ " .........
S ¥ F  Observed (expected) upp - \./ I
(@ ~ 0.8_— . Q 44 |
> g B(H->inv.) < 0. Anir o 10 E
. S 08F - h = -
S EEEEEEEEEN : C 45
- T 04 - 107 e e
S ® N/\ N = SOPSTLI
-; © 0.2 a 46 |
T i | 104 e
LQ : Combined E qqH-tagged VH-tagged ggH-tagged - 1 Lol

. 1 10

» Improvement in near future: <10%@Run2

. Total width: 'y = 4 MeV, too small to be resolved

Invisible decay width: DM connection!

the mass of the DM is less than half of

CMS -

4.9 fb" (7 TeV) + 19.7 fb' (8 TeV)
+2.3fb" (13 TeV
‘IB(H — inv) < 0.20

90% CL limits

LT

IIIIII| lIIIIIII| IIIIIIII| IIIIIIII| [ L1

"_\.
' *
'\

l

A
-
1
wt®
)

| IIIIII| [ | IlIIII|

] llIIIIl| ] L1 1 1 111

107 10°
DM mass [GeV]


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-016/index.html

Recast from dijet resonant search
Phys. Rev. D 96, 052004

« Signature: > 2 jets with pr> 440 (60) GeV = No excess is observed !
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Recast from dijet resonant search
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Recast from dijet resonant search

ATLAS-CONF-2016-030
ATLAS-CONF-2016-070
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pr of jets > 25 GeV

In order to expand dijet analysis at low m;,
region

- X fully lower the jet thresholds at the
trigger level, but will exponential
increase bandwidth

- ¥stores partial event informations (5% of
full event size)

» dedicated jet calibration for trigger
level jets

- ¥ Trigger selection ISR objects to reach
low my; region

~ JJ+y: single-photon trigger (Er>140Gev)
» JJ+J: single-jet trigger (pr>380 GeV)
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Trigger selection on ISR
objects to reach low my, region
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Trigger-Level Analysis with
partial event informations
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Recast the limits from interpretation of dilepton resonant search

Gauge invariance implies the vector mediator couplings to leptons....
Signature: a pair of electron/muon (pr > 30 GeV)

- Fully reconstructed, high sign

Events

backgrounds

Dominant background: DY

Systematic uncertainties:
DY PDF variations, muon
reconstruction efficiency
(high pr), electron isolation
efficiency (inherent in
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Recast the limits from interpretation of dilepton resonant search
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Gauge invariance
implies the vector
mediator couplings
to leptons....
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Axial-vector mediator, Dirac DM
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All limits at 95% CL -
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Dijet 8 TeV ¥s =8 TeV, 20.3 fb™
Phys. Rev. D. 91 052007 (2015)
Dijet ¥Ys = 13 TeV, 37.0 b
arXiv:1703.09127 [hep-ex]

Dijet TLAYs =13 TeV, 3.4 fb”
ATLAS-CONF-2016-030

Dijet + ISR ¥s =13 TeV, 15.5 fb™
ATLAS-CONF-2016-070
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ET°+y ¥5 = 13 TeV, 36.1 fb
Eur. Phys. J. C 77 (2017) 393

ISS

ET +jet ¥s = 13 TeV, 36.1 fb”!
ATLAS-CONF-2017-060

Dilepton

Vs =13 TeV, 36.1 fb™’
CERN-EP-2017-119
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Recast the limits from interpretation of dilepton resonant search
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Vector mediator, Dirac DM
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Latest ATLAS (& CIV\S) Run 1] DI\A searche
No sign for DM at the LHC yetin the ﬁrs @ data... Z

From EFT-based theory to more complete m : didn’i help to accelerate TSR of E
DM at the LHC. R .' 7 T ‘J‘ N . | .

- * . ~ - e
';7 3 1..6 ..

. ".
S
. “’ - .
) e ¥ . -

move to more model mdependent analyses wher 5

gl

- Machine Iearnlng technlque is not fully apphed |n'
Could help alot for compllcated S|gnatures but n '”f

r _'-

Signal kinematics change much with N(>3) free p
More accurate background method from data, 3 |

Single data-to-MC-scale factor to SIlelathn eve.nt‘
Event-by- event weights on data (e.g. matrix- methocl

Pl ,

Parameterization from side-band (dijet, dlphoton)
Simultaneous fitting of Signal regions and Background regions
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Dark Matter Search at the LHC
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Thanks a lot for Your attention!



