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Caveat

Stolen most of my slides from Kerstin Perez, Zhili
Weng and others.
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3 complementary Dark Matter search strategies

Indirect detection
DM "] SM

High energy photon, neutrino,
anti-matter
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Direct
detection

Nuclear recoil
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Collider detection
DM « SM

Missing transverse energy




The sky as a Ia boratory AT i
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The challenge of astroparticle searches

Common challenge = minimize/constrain astrophysical background,
maximize predicted dark matter signal

ov, dark matter profile/density,
A boost factors, galactic/solar

propagation...

Background
(choice of target,

particle signature) Dark Matter annihilation

flux

energy



Typical Dark Matter search result

Annihilation cross section o
times the relative velocity Annihilation channel

4 (bb, W*W-, putpu-...)
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ruled out

thermal annihilation

(ov) (cm3s-1)
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allowed Multiple DM
particles, multiple

®» annihilation
channels
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The Dark Matter Particle Explorer (DAMPE)

Launched into a Sun-synchronous orbit at an altitude of about 500 km on 17 Dec 2015

High-energy particle detector optimized for studies of CREs and y-rays up to about 10 TeV

The DAMPE instrument

o from top to bottom, consists of a plastic scintillator
detector, a silicon—tungsten tracker-converter detector,
a bismuth germanium oxide (BGO) imaging calorimeter,
and a neutron detector

Detection by the DAMPE space telescope

o High energy gamma rays, electrons and cosmic ray
ions to aid in the search for dark matter

o Designed to look for the indirect decay signal of a
hypothetical dark matter candidate called weakly
interacting massive particles (WIMP).

Plastic Scintillator Detector

Silicon-Tungsten Tracker\‘

BGO Calorimeter
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he Fermi Gamma-ray Space Telescope (GLAST)

Fermi LAT (4x4 array of towers)

O Fermi includes two scientific instruments [hstrinTant i many ke O

1 commrters. Singhe-sided
’Y p m 228 vm pkh 900&
mw s the phot

o The Large Area Telescope (LAT)
o The Gamma-ray Burst Monitor (GBM).

0 High-energy world to exploration and helping us
answer these questions.

alorlmeter
Modoscopic Csl Calorimeter
{CAL) Asray of 1536 Csi(Th

o Study how black holes, notorious for pulling matter in,
can accelerate jets of gas outward at fantastic speeds.

crystals o 8 layers. Measwes the
photon energy. image the shower
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o Study subatomic particles at energies far greater than
those seen in ground-based particle accelerators.

o @aining valuable information about the birth and early
evolution of the Universe.




The Alpha Magnetic Spectrometer (A

0 AMS is a particle physics experiment module that is
mounted on the International Space Station (ISS)
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0 The experiment is a recognized CERN experiment (RE1)

0 The module is a detector that measures
antimatter in cosmic rays
o This information is needed to understand

the formation of the Universe and search for
evidence of dark matter.
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What is the Origin of Cosvmic, Positronsahd Electrons?

Dark Matter

/t/ Electrons
//

Interstellar Medium
Dark Matter | -

e+

from Collisio
- : ‘:- & m
2 4 &
ft:om Dark Matter

AMS experiment

from Pulsars

New Astrophysical Sources
(Pulsars, ...)



Origins of Cosmic Positrons and Electrons
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« The AMS positron spectrum (red data points) and electron spectrum (blue data points). The electron
spectrum and the positron spectrum have distinctly different magnitudes and energy dependences.

 Comparison of the AMS data with predictions of a dark matter model. More statistics at high energies
are required to verify the agreement and to understand the behavior of the positron spectrum beyond
the cutoff energy.




Origins of Cosmic Positrons and Electrons
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 Comparison of the AMS positron spectrum ( E3, ®,., red data points, left axis) and
antiproton spectrum (E63+<I>15, blue data points, right axis). They exhibit striking similarity
at high energy.

* The positron-to-antiproton flux ratio in the range [60 — 525] GeV with the result of the fit
with a constant value.




£ ASTROGANM More experiments for Dark Matter Searches

L High Altitude Water Chere

AC system .
L Y. R

£

S1 Tracker

Calorimeter

Gamma rays in the MeV-GeV regiomn=

GAPS (General AntiParticle Spectrometer)
Antarctic balloon mission searching for low-
energy (< 0.25 GeV/n) cosmic-ray antinuclei
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Gamma-rays: non-detection limits
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my [GeV] mass (TeV)
Fermi-LAT, HAWC, H.E.S.S.,, MAGIC, VERITAS HAWC and HESS observations of
observations of dwarf spheroidal galaxies our Galactic center give leading
give leading constraints from ~1-100s of GeV constraints from TeV gamma-rays

gamma-rays



The Galactic Center “GeV excess”

0+ Murgia, Ann. Rev. Nucl. (2020) } G i it
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i . « An excess of gamma-rays at the

B vty Galactic Center, with spectrum,
morphology, intensity consistent
with annihilating dark matter

e.g. Hooper, Linden (2011), Abazajian, Kaplinghat (2012),
Gordon, Macias (2013), Daylan, et al. (2014), Calore,

E?dN/DE (GeVemis™)
s
T
e
o

g < Cholis, Weniger (2014), Murgia, et al. (2015), Ackermann
< .- | . et al. (2017), Cholis et al. (2021)¢
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& — Ui At 2017 S Daonetal 2014 « Consistent with non-detection limits
z | el from dwarf galaxies, considering

® Karwinetal 2017

uncertainties due to Galactic and
dwarf halo profiles, astrophysical

background modeling
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e.g. Agrawal+ 1411.2592, Karwin+ 1612.05687,
Hayashi+ 1603.08046, Klop+ 1609.03509, Abazajian+
] 1510.06424, Benito+ 1612.02010, Linden 1905.11992,
Murgia, Ann. Rev. Nucl. (2020) Ando+ 2002.11956
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The Galactic Center “GeV excess”
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.« RM.OlLeary+(2016)] + Spectrum also consistent with millisecond pulsars (MSPs)

* Could indicates a population of pulsars with a luminosity
function and binary progenitor population quite different from
those in the Milky Way disk or globular clusters

E? AN/JE [ergs™']

« Statistical methods: population of faint sources shows

S more hot/cold pixels than a flat dark matter signal
P
4
z
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Interpretation depends on poorly-understood Galactic diffuse & pulsar population
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* New instruments opening the “MeV gap”
sensitive to primordial black hole
evaporation

e.g. COSI, GRAMS, Amego, GECCO,
e-ASTROGRAM

Preliminary

w—— e-ASTRO
w— GRAMS Balloon
= GRAMS Satellite
— AMEGO

**+ Existing Constraints

| Leyva+ (ICRC 2021)

1016 T Y 1018
Mpgy (9]

MeV and TeV gamma-rays for future

Future/ongoing TeV gamma-ray
instruments improve sensitivity to
TeV+ mass dark matter

e.g. HAWC, LHAASO, CTA, SWGO,

Tibet ASg
.’?10-23E Y T YIYYIYI T T Y‘ITYIII T T T rIrrr !IYE
- - W'wWe ;
ME - = SWGO GC Halo 10 yr -
3] -« CTA GC Halo 500 hr :
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_24 « =« LAT 60 dSphs 15 yr
107" —— HES.S.GC Halo 254 hr -
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10-25 E_ _5
JheTma;l ———————— 3
10-26 E_ __E
- Viana+ (ICRC 2021) 2
10_27 —2 L L dd lllll-l L . llllll A 2ol lllll A RSN 2
10 10 1 10 10
Mass (TeV)



Neutrinos : non-detection limits, future prospects

Gozzini+ ICRC (2021)
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* DM loses energy due to scattering,
becomes trapped in Sun’s core, then
annihilates into GeV neutrinos

* Neutrinos competitive with leading limits
on spin-dependent nuclear scattering
cross sections (compared to direct
detection)

m, [GeV]



Antiprotons: dark matter limits
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prompts improved modeling of annihilation (to bb) below 40 GeV

production cross-sections and
propagation
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Residual pip (x10°%)
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roton excess?

Possible excess in ~5-20 GeV
antiprotons, at level of few % of
total flux

Cuoco+(2016), Cui+(2016),

o
[
=)

0.10}

Cui+ (2018), A. Cuoco+ (2019), Cholis+ (2019)

----- my=80 GeV bb
ov=1.3x10" cm3s™! |

N & O
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- \

0.5
_______ pyrerirttd
Cholis+ (2019)
0.5 5 50 500
Ekin (GQV/I‘\)

» Signal consistent with ~50-100 GeV dark
matter

« Consistent properties as source of Galactic
center GeV excess

10 v
CMB Limits
~ S
2 |
£ Dwarf Limits
Q
8 /
o
:;’ ce! p Excess
3
1»
Cholis+ (2019)
0.5% s O S S S S ——
40 60 80 100
my (GeV)

...But significance possibly weakened by
uncertainties, in particular on absorption in AMS
Hesig+ (2020) 2005.04237, Reinert+Winkler (2018), Boudad+ (2020)

Interpretation depends on Galactic and Solar propagation, antiproton production
uncertainties, possible correlated systematic uncertainties from AMS



New physics in cosmic antideuterons for future

A generic new physics signature with essentially zero
conventional astrophysical background

(O]
—
5
s
(6]
()
—
(%2}
p=
O
~

= 10"
€
> E? 3
2 10 . _ » GAPS first experiment
% T B AL L adele RIS BUR B o O p. Galprop (conv dlff) opt|m|zed spemfcally
5 T | rowenery
= % 10° Ti| v P.PAMELA | antinuclei (p,D. ,He)
S e 1. | A Puomo0s signatures
= 5 p GAPS 1x LDB proj. |
% 10 ................................................................... -. ....... . ...... s'\*.' . .
3 o [— B A 10 i~ FirstAntarctic
Z L PR NENil e =] balloon flight
T : : ' 8 _— -
O 10_7 : I : . : P ; : : B g 2022’2023
-8
10 Review of Cosmic Antinuclei
o Searches for Dark Matter:
107 : : ey it : von Doetinchem, Perez+
l-d XX~ Bb, 7OGeV|:|d secondaryljd tertlaryl JCAP (2020)
10_10 i 1 1 1 SO T

107! 1 10
kinetic energy [GeV/n]




KCMS Lecture

=)
Z
=3
Z
o
o
>
O]
Z
o
L
p
0]
Z
<
T
O

X-ray searches: narrowing window for sterile neutrinos

-> Astro X-ray line searches give

Sterile neutrinos are a candidate
for keV-mass dark matter,

NuUSTAR best

motivated by neutrino mass and 10-10 _

mixing ‘ Roach+ (2020) 1908.09037
Ve '

Can decay to a 0 .

neutrino and 10

a photon with 5 F ¢

A >y

Ephoton = Mpm / 2 Decay rate = m3 sin? 20

\\\\\\\\\\\\\\\ 3

leading sensitivity & // ,
Finite parameter space for sterile = BBN Limit . ~ //
neutrinos to be all of dark matter in [ (Resonant Production) ¥ 14
the simplest models I
10-14 e d 1 1 V4.4
: . 6 7 8 910 20 30 40 50
Ongoing/future missions can cover m, [ keV ]

full parameter space
e.g. NUSTAR, eROSITA, ATHENA
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Probing axion-like particles with astrophysics

(2) Axion-photon conversions
can occur in interstellar
magnetic fields

(1) Axions can participate in the analog of many
astrophysical processes
->Axions produced in stars / alter stellar properties

\
\
\
\
N |
|
I

---------------

Space Telescopes

ALP Production ALP-Photon Conversion Detector Observed
(e.g. Primakoff process) Probability (P,,) Response Signal Rate

Image credit: Mengjiao Xiao, see also



Probing axion-like particles with astrophysics

(2) Axion-photon conversions
can occur in interstellar
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(1) Axions can participate in the analog of many
astrophysical processes

> Axions produced in stars / alter stellar properties magnetic fields
a Y
”’/tl ] TKU' ( : “VVVELJ 1 E -
f g L] Ze : Ze E
_ Compton Bremsstrahlung i Primakoff : ch(
D ---------------
>Z< Most relevant process
; for stars!
(@]
o
E b-
O . aie -
Z » Astrophysical limits from these i
% searches give low-mass axion i
z limits at least ~3x deeper than 10"k
S CAST e g R
o) SN 1987A
+ Comparable to next-generation 0] - Mz

axion experiments ALPS-Il and -

Baby-IAXO o 10- f Chandra NGC 1275

e.g. Xiao+ (2021), Dessert+ (2020), -

Payez+ (2015), Meyer+ (2020), Marsh+ i .

(2017), Reynolds+ (2019), Xiao+ (2021)
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Dark Matter at CERN LHC
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Total Weight : 14500 ¢
Overall diameter: 14.60 m
Overall length : 2180 m CA) (N — : :
Magnetic field : 4 Tesla RETURN YOK = It
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DM models at ATLAS/CMS in RUN1 (7-8 TeV)

DM

q DM

Runl (7-8 TeV) : Effective Field Theories (EFT)

O Contact Interactions between DM and SM
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0 DM is pair-produced and light new particle

0 Mediators are very heavy
Q Invalid if mediator light enough to be resolved

O 2 parameters: Dark Matter mass & interaction strength




DM models at ATLAS/CMS in RUN2 (13 TeV)

Run2 (13 TeV): Simplified Models
— Suggested by ATLAS/CMS Dark Matter Forum — More parameters

—  Fermionic DM particles interact a mediator O Mediator mass (Mpeq4) and width
O DM mass (mpy)

Q Mediator coupling to SM (g,)

(O]
o
5
s
(S}
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O
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-~ Bosonic mediator

Q Spin O: scalar (S) / pseudo-scalar (PS)
O Mediator coupling to DM (gew)

g Q Spin 1: vector (V) / axial-vector (AV)
§ A Coupling to both SM and DM particles
c
5 s-channel
S q q X _
: q ) ' VIV 9
O q "
= e 5P t-channel
V,A ’ "
Spin 1 Spin O _
q e g X )

=
- |



http://arxiv.org/abs/1507.00966

Three main strategies for DM at ATLAS/CMS

mono-X searches Mediator searches Higgs portal
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Mono-X : DM particles are produced together with Standard Model particles
0 Look for an energetic SM particle recoiling against the invisible DM system
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DM mediators are produced and decay to pair of SM particles, typically quarks
a Search for bumps in the m;; spectrum

DM production through the Higgs portal
o Higgs Boson can decay into DM particles




Mono-X strategies for DM search

Search for weakly-interacting massive particle (WIMP) as a DM pair at LHC
DM particles cannot be detected by ATLAS, CMS and LHCb detectors.

a Large missing transverse energy (EMSS)

SM particle recoiling against DM particles
O Mono-X sighature:
Q jet (g/q), heavy quarks (b/t), higgs or vector bosons (y/W/Z)
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=) LHC searches focus on events with a SM particle(s) (Mono-X) with large ENuss,
= o E7YSS + Mono-X
8 ¢
=
: Mono-X k:
& ono- B .
8 SM g
z
) 8bm E’ITZ’LLSS A

Jet pr = 1467 GeV

Mediator

SM

CMS Experiment at LHC, CERN
X Data recorded: Sat Oct 3 06:58:12 2015 CEST
=/ Run/Event: 258159 / 550030997

F#——__ | Lumi section:; 434




Mono-X strategies for DM search
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mono-jet candidate miss — _z
T

All particles
Missing Et = 1732 GeV
\ .
~ A‘mss (1732 GeV)

7

P

\

Jety ——

Etr =91 GeV |
Jet, Ev = 372 GeV

Jet; Ev = 1240 GeV

/Jets E; (1703 GeV)

CMS Experiment at LHC, CERN
Data recorded: Tue Jun 14 02:51:08 2016 CEST

background
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Run/Event: 275001 / 1431223147
Lumi section: 1026
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DM Production at ATLAS and CMS

Spin-1 and Spin-0 mediators coupling with DM and SM particles in simplified

models.

with light quarks
g/v/W/Z

with heavy quarks
t(b)

DM

with y/W/Z associate with higgs
,Y/ Wiz « higgs
/
Y/W/Z /7 .0.
- ‘.. \\H
Spin-0 T - Spin-0 Y_ DM
DM DM
VBF FCN
\
Y/W/Z \

P < oM

YW/Z ) sping ~ DM
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CMS /|

CMS Mono-jet & Mono-W/Z (hadronic) |

Largest ETMSS+X cross-section at LHC

— spin-1 mediator (vector/axial-vector) | —— spin-0 mediator (scalar/pseudo-scalar) ————

Mono-jet

Experimental signature
o Large ETYSS from a spin O or 1 mediator decaying into DM particles

0 At least one high p; jet from either QCD radiation or hadronically decaying W/Z-boson
O Mono-jet channel: E7**® > 200 GeV, leading jet pr > 100 GeV
O Mono-V channel: highly boosted “fat jets” from W/Z: ET7***° and leading jet p; > 250 GeV
0 No leptons (4, e, 7) or photons (y)
O Dominant SM backgrounds: Z(vv)+jets and W(£v)+jets
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Typical Mono-jet Strategy

Main Backgrounds (~90%)

e Z->vv is the main background and is
irreducible

e W->Ilv when one lepton out of
acceptance or not identified

Minor Backgrounds (~10%)

e Top: mainly from semi-leptonic tt

* Di-boson: WZ and ZZ production mainly
e DY+jets: when both leptons are lost

e QCD multi-jet, y+jets

/

Main backgrounds estimated by data-driven method in 5 control regions

icms?

Z—oVV
a Di-muon events (Z—uu enriched)

a Di-electron events (Z—ee enriched)

a0 Photon+jets events

W+jets
o Single muon (W—uv enriched)

a Single electron (W—ev enriched)




Monojet leading background estimation (1)

KCMS Lecture

background estimation!

q -

7 < 4 Z(vv)+jets: Irreducible background and makes up 50-80% of the total
v

Question: What other standard model processes can we use to
estimate the leading background more precisely?

If we remove the muons from a Z— uu event, it mimics a Z— vv event
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statistically limited

~no theory uncertainties L. L.




Monojet leading background estimation (2)

KCMS Lecture

y 4 < ¥ Z(vv)+jets: Irreducible background and makes up 50-80% of the total
V'

q - background estimation!
Y
* Estimated multiple orthogonal control regions.
q - * Leading to precision measurement to test the standard model

State of the art differential predictions, uncertainties and the correlation schema on the ratios
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Y Y Y
T —— o0 ' ——7000 T —— o0
statistically limited statistically rich! statistically ~ Z (vv)

~no theory uncertainties large theory uncertainties large theory uncertainties
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| Typical Mono-jet Strategy (2)

* Monojet analyses rely on multiple “signal-free”-ish
control regions to model effects

Control Region
MC Propagate scale facto

Signal Region
MC

from a control region
w/similar p_.

r(x)

MET =x
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Background estimation

Double Muon (Z,,)

e ™

Double Muon (Zee) |——>

Single Photon (y+jet) /

Zw | B

Single Muon (W)

W+jets /
‘-—

Single Ele (Wev)

Z/W contraint vs Eymiss

O Binned transfer factors (TF) from MC are used to translate yields from CRs to SR

* Theoretical and experimental uncertainties on TF added as nuisance parameters in the final fit

Likelihood model

Z—vv
Lc(}‘z_wv'”' 0) = HPOiSSOﬂ (d7|37(9) T };"T_(e))
i

X n Poisson

Si(8) = expected signal
Bi(8) = expected minor backgrounds

0 = exp. and theory nuisance parameters

piZ v = Z—vv rate in the i-bin, free to float
piZW  fi(8) = WH+jets rate

e R{YWZ = pinned transfer factors vs Ey™miss

x [T Poisson (d,-|B.~(e) +(1+ £i(8)) =" + yS,-(O))




Likelihood Fitting (prefit & postfit)

= L /—ee v+jets
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Post-fit y+jet match well data in the tail = y+jet statistically dominates the combined fit
Post-fit uncertainty in the high E;™s bins around 15%




Likelihood Fitting (prefit & postfit)

W= uv W=ev
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Post-fit predictions match well data in all control regions

Post-fit uncertainty in the high E;™* bins around 15%
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CMS Mono-jet & Mono-W/Z : Ess

ETsS distributions in the mono-jet and mono-V signal regions
0o Compared with the fitted (post-fit) background expectations for various SM processes.
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CMS Mono-jet & Mono-W/Z : Limits

Scan parameters in m,,.4 and mp,, plane.

J Fixed g, =0.25, gpy =1

Exclusion limits at 95% CL on the p = o/0y, in
the m,.gs-Mpy Plane assuming V/AV and S/PS
mediators.

Red line: contour for the observed exclusion.

) Excludes models with V/AV mediators for m,,4
<1.8 TeV

) PS mediator mass up to 400 GeV

Blue line: cosmological constraints from the
WMAP and Planck experiments
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Comparison between ATLAS and CMS

35.9 fb' (13 TeV)
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Vector models in CMS and ATLAS are excluded for mediator masses
up to 1.55 TeV to 1.8 TeV respectively for very low DM masses.
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Mono-Z(={+f) at CMS

Events with EZ*SS > 100 GeV and lepton p; > 25/20 GeV (electrons), > 20 GeV (muons)

Main background
5 : . 2 99 7' 9om A
a ZZ->vv+f{Lirreducible
X
Vector/axial-vector mediator decays to DM particles Y ~

Z
0 Excluded the V/AV mediators for m.4 < 700 GeV /Wv<

Paper: Eur. Phys. J. C(2018) 78:291
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Mono-photon at CMS

Events with EJSS > 170 GeV and at least one photon with p; >

175 GeV

-> No electron or muon to reject W(£v)+y process

Dominant SM backgrounds:
o Z(vv)+yand W(£v)+y

Vector/axial-vector mediator m,, .4 < 900 GeV excluded

Paper: JHEP02(2019)074
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http://cds.cern.ch/record/2205148

Mono-top (hadronic) at CMS

* Two DM models considered: * Augments other

KCMS Lecture

Simultaneous fit in two signal

usi ) 414 control — FCNC mediator (V) searches that
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| Dark m t(bb) at ATLAS/CMS i
l Dark matter + t¢ at z
%) A
S s
JHEP 03 (2019) 141
* |Scalar/pseudoscalar o Bem! (19TeY)
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Mono-H at CMS

2HDM+a mode

t
tY  Deeeseeeee
t
yy&/ additional Ilght
g pseudoscalar boson
35.9fb ' (13TeV)
CMS
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theory uncertainty

s m, = 250GeV
. m, =350GeV
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sind=0.35tan3=1,m, =10GeV, My = my = my

01 F solid (dashed) lines: observed (expacted) limit at 95% CL
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Higgs decays into visible at ATLAS

Higgs decays into a Z boson and a light resonance
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Invisible Higgs decays at CMS CMm3

Phys. Lett. B 793 (2019) 520
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Several ways of tagging invisible 95% GL upper limit : Obs (Exp)
: : VBF 13 TeV, 36 fb-1 : 0.33 (0.25)
Higgs production R Combination : 0.19 (0.15)
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Invisible Higgs decays at ATLAS
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 Fermion DM search provide the best limit below 20 GeV
* Only sensitive form,<m,/2 — competitive bounds for low DM mass
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t-channel mediator at ATLAS/CMS

KCMS Lecture

Fermion Portal DM model 9 u Scalar Colour-Charged mediator 3 v/V/g \
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Dark matter mediator search with di-jet events

e Resonance searches complementary to the direct search for WIMPs using
mono-X signatures

* New mediator produced at the LHC and decaying to WIMPs can also decay
back to partons

q g DM q q’

q DM q q’

e |f accessible to LHC energies, the cross-talk between the DM searches
and the resonance searches will be key to establishing the
characteristics of interaction.

* One of key strengths of the collider approach
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Mediator search with di-jet at CMS

Events / 5 GeV
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Dark Photon Search at CMS

137 fb (standard triggers) and 96.6 fb™' (scouting triggers) (13 TeV

S
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But save only trigger-level information about the muons
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96.6 fb™' (13 TeV scouting); 137 fb™ (13 TeV full reco.)

1 1 1 I I 1 l

CMS
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Electroweak constraints 95% CL
LHCb: PRL 120, 061801 (2018)
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Search for dark photons heavier than 11.5 GeV
For masses below Z peak, 90% CL upper limit on e2~ 3 x 10-6
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Limits on Dark matter and Mediator at CMS
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CMS

Limits on the universal coupling (g'q)
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Comparisons to direct detection experiments
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« Comparison of the inferred limits with the constraints from direct-detection
— Spin dependent WIMP-proton cross-section for axial-vector couplings (left)
— Spin independent WIMP-nucleon cross-section for vector couplings (right)
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Dark matter at LHCb
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KCMS Lecture

* Unique coverage (2<n<5)
» Soft trigger and forward acceptance :
— Lighter masses of DM

* Larger forward boost and excellent secondary/tertiary
vertex resolution :
— Short lifetimes (1 ps) of DM

B sixet [ siticon strip [l ECAL Cherenion * Very good track momentum resolution

. drift tube . HCAL - muon

* Two main research

1. Production in Heavy Flavor decays 2. Production in pp collision
(prompt / displaced)
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Dark photon in dileption at LHCb
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Search for A' - p*u~ Decays

0 Excellent mass resolution is
essential for background
estimation.
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Limits on Dark photon
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D*—>DPA’'(e*e’) channel can be analysed in Run 3 thanks to upgrade
to a triggerless-readout system at LHCb




Inclusive X - u*u~ search
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Inclusive prompt Prompt + b-jet Displaced
ut ut
= S
a b-jet
5 1 '
= -
§ ?E 'LHC)
> = R
i (Run 1)
2 70 e
7 LHCb Preliminary =
(ZD -
z -
S 2HDM type IV, tan f = 0.5 .
0.01 90% UL on X-H mixing angle = —
P | -
1 10
m(X)[GeV ]

* World best upper limit from LHCb results on mixing angle with Higgs sin(4,)




Concluding remarks

DM search is one of key physics programs at ATLAS, CMS and LHCb.
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LHC DM analyses focused on the WIMP search based on the simplified models.

a Mono-X strategy : large EI*S by DM and SM particle recoiling against DM
o Mono-X: Jet,y/ W/ Z, top, bb, tt, Higgs

QO Mediator searches

0 LHCb results : Production in HF and direct from pp collision

No significant excess yet over the SM background and set limit on the m,,.4 and mg,
0 Most analysis based on data set up to full Run 2 data at 13 TeV.
Q Provided an important complementary check with DD and ID experiments.
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Run3 data will be taken soon.
0 Stay tuned for the new updates on DM searches at ATLAS, CMS and LHCb.




