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Dark Matter and its detection

* Dark Matter (DM):
e Empirical evidence from astronomical observations
* Interacts gravitationally, electrically and colour neutral and long lived
* Most studied class of theories is Weakly Interacting Massive Particle (WIMP)

* Detection/Searches (Complementary ways):
* Indirect Detection: detect annihilation of DM into known matter
Direct Detection: detect DM through its elastic scattering off nuclei

Particle Colliders: produce DM in high energy particle collisions
Indirect detection and Direct detection can discover DM with cosmological origin

Colliders can probe the dark interaction

SM DM
DM SM SM SM SM

DM
DM SM DM DM SM SM

1-6July 2019 Indirect Detection Direct Detection Particle Colliders



Dark Matter detection @LHC

INnvisible searches

mediator

mediator

mediator

Dark Matter does not

INnteract In detectors
Visible searches
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Arbitrary Units
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Detection, Signatures & Interpretation of Dark Matter @LHC

* Key observables: * Interpretation:
* Invisible searches: Missing Transverse Energy * 13 TeV DM searches are now
from invisible Dark Matter particles (p;™'*) interpreted in standardized

* Visible searches: Invariant mass for resonant Simplified Models

production of mediator particles

e LHC DM Forum/Working Group:

* Wide range of Signatures: . Benchmark models for
* Invisible/mono-object Interpretations

Visible/mediator  common basis to present LHC results
rt other LHC and non-LHC
SUSY Decay chains W

_ _ experiments
Long-lived particles e common basis for comparison of LHC

Hidden sector DM searches to visible mediator
searches

* Representative/new results are covered in this talk
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Invisible (mono-object) searches

priet=1.04 TeV

Mass = 79 GeV I
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Dark Matter mono-oﬁject signatures @LHC

* Experimental signature is transverse momentum imbalance

* DM recoils against some visible object “X”

* This gives rise to the following signatures:
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Mono- Jet searches: p™ + fet (1)

* Phys. Rev. D 97 (2018) 092005

§> ) * Mono-V (hadronic decays) also have similar reach as mono-jet
U - - - X
| . . .
' b * Vector and axial-vector mediators with masses up to 1.8 TeV are
. > - excluded at 95% confidence level.
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http://dx.doi.org/10.1103/PhysRevD.97.092005

Mono- Jet searches: }97"”” + fet (2)

* Phys. Rev. D 97 (2018) 092005

* DM-Nucleon scattering: Exclusion limits at 90% CL in the mp, vs.
055D plane for vector and axial-vector mediator models.
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* Mono-jet searches have higher sensitivity at the lower mg,, for both
the vector and axial-vector mediator models
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Mono-Higgs searches: p,s + Higgs (>bb) (1)
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Mono-Higgs searches: p,s + Higgs (> bb) (2)

Eur. Phys. J. C79 (2019) 280

. 3591 ' (13TeV) . _35.9fb " (13TeV)
CMS = m, =150GeV s m, =250GeV 100 | CMS B
e m, =300 GeV e my =350 GeV 2HDM+a, h — bb
m, = 400 GeV m, = 500 GeV tang =1, m =10GeV, ma = my = my-
100 ¢ —— theory uncertainty E Solid (dashed) lines: observed (expected) limit at 95% CL
Unc. band: £1 std. dev. on exp. limit
> > 10
g 10} 2
£ &
(&) )
I Il
3 3
1 1
X -1
35.9 fb” (13 TeV) I
Oyl CMS 7 Ssupreny ] T e e e et it 5% - o S —
—~ SR I Z+jets E . . . . . . ' . . . . . . .
42 I:' tt ] 200 400 600 800 1000 1200 1400 1600 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
o 10 [ ] Wi+jets . ma (GeV) sind
AT [ Single t ] . . . 1 (13 Tev
[ Diboson 1 For the nominal choice of sin® and tan8 , 35.9fb _ (13TeV)
1 I SMh = in the 2HDM+a model, the search CMS
— 2HDM+a mA 1TeV my= 150GeV 2HDM+a,h—>bE
4 — Bar. Z, m,=0.2TeV, m,=50GeV excludes masses sind = 0.35, m, = 10GeV, ma = my = My = 600 GeV 2HDM+a
10 . 500 <m,< 900 GeV (A is the heavy 0T D band 1 S doveon exp. e oc) mitat 85% L model is
102 pseudoscalar boson) assuming m,= 150 : probed
GeV. € experimentally
107 Scanning over sind with tan8 = 1, 5 for the first
(% 1 E T Iploslt_f!t l;ntl:l T | L II_ |_ i l _I _I ! _I _I_I_I_l_l%_(la_lprel fIItI_I}__p_Io_Slt_lf_llt_ erc¢uadr]ed0r.r?5_<zglonge<voi75 for mA= 600 1 time'
~ Tl e s a~ : m=s ma-100GeV  mms m, =150 GeV
£ 2] S s M = 200GeV ma = 250 GeV
CD“ 0.5 1111 | 1111 | 1111 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 tanB values between 0.5 and 2.0 are ma:SOOGeV - theory uncertalnty
200 300 409 2%%8 600 700 8g(r)mss9(0(%e</0006XC|U(.1ed for m,= 600 GeV, m,= 100 GeV 01 : . : : " - 0
T and sing=0.35 tan 8


http://dx.doi.org/10.1140/epjc/s10052-019-6730-7

Combination of Mono-Higgs searches IS PAS.EXO15.011
% * Combination of Higgs channels (tt, bb, yy, WW, Z7)

L * First time search performed in H>WW and ZZ
TN channels
4 * Most stringent limits on the parameters of Z'-
S \ 2HDM and Baryonic Z’ models
q * Sensitivity driven by bb channel
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Mediator searches



Mediator qf dark matter: Dijet searches JHEP 08 (2018) 130
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‘1'[1’&95 as a jmrta( to d'ark' matter Phys. Lett. B 793 (2019) 520

* Analyses targeted on specific production
modes

X . > . * Higgs = DM interpretations possible
A Y , * great progress recently, still room for more
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X

* limited to mpy <my /2
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The Q—[igﬁ Luminosity LHC Upgrade

LHC / HL-LHC Plan
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 The High Luminosity LHC (HL-LHC), approved project, represents the ultimate evolution of LHC machine

performance

* Operation at up to instantaneous luminosity of L = 7.5 x 103** Hz/cm? (LHC Run-Il: 2 x 1034 Hz/cm? ) to

collect up to 3000 fb* of integrated luminosity
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Profection of the Mono-Z search for dark matter to the HL-LHC
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CMS-PAS-FTR-18-007

e Simplified model: minimal
scenario with one new mediator

boson Z’ and one new DM Dirac

fermion

A signal with a mediator of mass
750 GeV could be discovered with
1 /ab, while a heavier mediator of

1 TeV would require 3 /ab.

* Assuming an integrated

luminosity of 3 ab-1, it will be

possible to probe vector-mediated
DM production up to values of the

mediator mass of approximately
1.5 TeV
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Profection qf the Mono-Z search for dark matter to the HL-LHC

7 0988, e/ CMS-PAS-FTR-18-007
e 2HDM+a model: the DM :
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S ummary

e Dark Matter searches at LHC are complementary to indirect and direct searches

* Broad search programme at the LHC
* Wide variety of signatures (Invisible/visible/SUSY/Long lived etc)
* No significant discrepancies wrt Standard Model predictions

* Future prospects:
* Presented analyses is based on 2016 data

* Full Run2 analysis are in progress
* Projections to 3ab* at HL-LHC studied
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