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Various astrophysical and cosmological observations provide strong hints for the
existence of dark matter
® galactic rotation curves e gravitational lensing e Wilkinson Microwave Anisotropy (WMAP)
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Simplified Dark Matter Model

‘Simplified model with a DM particle

v' has sizeable interactions with SM fermions through an additional spin-1 high-mass
particle mediating the SM-DM interaction

v only one DM particle exists, which is assumed to be a Dirac fermion

v’ two cases with different sets of benchmark coupling values
— a vector mediator with small couplings to leptons
— an axial-vector mediator with equal couplings to quarks and leptons

S SM S parameters:
Mediator //PV " Mpy - DM mass
" My,.q - Mediator mass
= gpy - coupling of a mediator-DM-DM vertex
SM = @, - coupling with leptons
SM DM = g, - coupling with quarks

While the DM patrticle is not
probed directly, its mass
indirectly modulates the
sensitivity of the dilepton

SM

search: Drell-Yan type BSM
process (sensitive directly to _
Myeqs 91 :9q) new mediator ——




CMS Detector and Collected Data O"M
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Dilepton Mass Spectra

The likelihood function is based on probability density functions (pdf) that describe
the signal and background contributions to the invariant mass spectra

Interference DM with
DY carriers (gamma /
Z9) is considered
insignificant (<5%)

Simulation:
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v' DMSIMP implementation of the DM simplified model in MADGRAPH 5 aMC@NLO 2.5.2 (NLO)
v Drell-Yan with POWHEGV2 from next-to-leading order (NLO) matrix elements using the NNPDF3.0, tt, tW
and WWwith POWHEGv2, WZ and ZZ with the PYTHIA8.205, t*1~and W+jets is simulated at LO with the

MADGRAPH5aMC@NLOversion 2.2.2
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M3 Results: Vector Mediator

35.9fb (13 TeV, ee) + 36.3 fb ' (13 TeV, u*w)
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Vector mediator with suppressed L 18F CMS -
couplings to leptons: = 1 6:* Vector E
94=0.1, gp=1.0, g=0.01 e Dirac DM :
1.4F gDM =1.0 =
- g.=0.1 - .
For low values mpy,<my,.4/2 the mediator 120 | g'-00f -
boson will dominantly decay into DM 1E _ e
I Xp., median e — ]
0'8; — Obs. ) ]
At high values of the DM particle 0.61 i 7
mass mpy,>my,.4/2, the mediator cannot 0.4F -
decay to the DM particles and the leptonic C ]
: ) : 0.2 -

branching fraction becomes sizeable. o o | J
0 0.5 1 1.5 2

JHEP 06 (2018) 120  Myeq [TEV]

In the vector mediator model, the limit on the mediator mass reaches up to 1.8 TeV,
depending on the mass of the DM particle




CMS,

Axial-vector mediator with equal couplings
to quark and leptons:

gpm =1.0, 94=9~=0.1

The leptonic couplings of the mediator are
sizeable and an exclusion is also possible
form mpy, < Myeq/2

The solid grey lines, marked as “Qh2=0.12”,
correspond to parameter regions that
reproduce the observed DM relic density in
the universe

Results: Axial-Vector Mediator

35.9fb (13 TeV, ee) + 36.3fb ' (13 TeV, p*w)
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In the axial-vector mediator model, the limit on the mediator mass reaches up to 3-4
TeV, depending on the mass of the DM patrticle
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CMS results vs Astrophysics Exp.

A comparison of CMS results to the DM-proton scattering c®M-proton yvg mg,,, (dilepton
results are not incorporated so far)
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CMS :
= Conclusions

0 CMS realizes a wide program of search for dark matter signals

O During the LHC RUNZ2 we have been concentrated on searches for dark matter
signal in dimuon channel.

L No signals are observed, new restrictions on the model parameters are set.

U These restrictions are included in summary plots for general restrictions on dark
matter.

Producing and studying the properties of the dark matter particles at the LHC are
an extremely exciting possibility that would open the door to a new understanding
of the interplay between astrophysics, cosmology, and particle physics.

Results for full RUN2 data are being finalized.
Preparation for LHC RUN3 is going on.
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CMS Dark Matter Summary e

CMS Dark Matter Summary for axial-vector mediator (leptophobic scenario)

CMS Prellmlnary LHCP 2020

S 2000 __I T T | II T T | T | T T T | T T | T T T | T T T T ‘V LI 1| T LI Z
Q H i 7, s Exclusion at 95% CL
(9 1800 H— ' Amal-vector medlator ¥ ]
—_ ] ! ;'D|rac DM :' e - = Observed
= 1600 [— : /g =10 H —
= - E x;. gDM: 0.25 d ] = === Expected
» 1400 — v q_ yay —
N i T, gl =0 _ . ] Boosted dijet (77 i)
© 1200 1/ ya 7 ] [arXiv-1909.04114]
S i E,r-"( e / _ Dijet wi btag (19.7 o)
6 1000 [} /, / _ [arXiv:1802.06149]
= s ;’f ' - Dijet w/ ISR j (18.3b™)
S goof— /| _ [arXiv-1911.03761]
E / 1 —
[ L A ] Dijet (35.9-137 ™)
X H BE — [arXiv-1806.00843]
E 600 — = —] [arXiv:1911.03947]
i a M, =2xm - DM + jV(qq) (35.9 )
0o 400 +— Med CLU — [arXiv-1712.02345]
I —Qch220.12 - DM + v (35.9b™)
200 — [arXiv:1810.00196]
0 E i ) _ DM + Z(Il} (35.9 ")
0 500 1000 1500 2000 2500 3000 3500 4000 4500 farXiv-1711.00431]

Mediator mass M __, [GeV]

11



CMS,

CMS Dark Matter Summary o w

CMS Dark Matter Summary for vector mediator

CMS Preliminary LHCP 2020
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