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What do w� know about Dark Matte�r?

● Non-baryonic
● Has mass  
● El�ctrically n�utral 
● Gravitational 

int�ractions
● Stabl� 

What is DM mad� of?
(particl� origin)

No viabl� 
candidat� in SM

➢ BSM  th�ori�s

Comp�lling sc�nario:  

WIMPs
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Collid�r S�arch�s for WIMP Dark Matte�r
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 ET
miss+X s�arch�s 

DM produc�d tog�th�r with a visibl� obj�ct 
�.g. γ, j�t, Z-boson, W-boson, Higgs-boson

M�diator: v�ctor/axial v�ctor, 
scalar/ps�udoscalar

DM pair go�s through th� 
d�t�ctor without l�aving signal

➢ “invisibl�”

DM

DM

SM

SM
m�diator

Escap� 
D�t�ction 

X
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 ET
miss+X s�arch�s 

DM produc�d tog�th�r with a visibl� obj�ct 
�.g. γ, j�t, Z-boson, W-boson, Higgs-boson

M�diator: v�ctor/axial v�ctor, 
scalar/ps�udoscalar

DM pair go�s through th� 
d�t�ctor without l�aving signal

➢ “invisibl�”

DM

DM

Missing transv�rs� mom�ntum inf�rr�d from 
mom�ntum cons�rvation 

SM

SM
m�diator

Escap� 
D�t�ction 

X

pT
miss |pT

miss| = ET
miss
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ET
miss+j�t(s)

S�nsitiv� to a larg� numb�r of mod�ls
SUSY, WIMP, ALPs, �tc …. 

Final stat� signatur�
● up to four j�ts (on� or mor� j�ts) 

with pT > 150 (100) G�V in ATLAS (CMS )
● larg� ET

miss  
ET

miss >200 (250)  G�V ATLAS (CMS)
● no �, μ ,γ 

Main Backgrounds : 
Z(νν)+j�ts,  W(ℓν)+j�ts, ttebar, singl�-top

N(l�ptons)

SR W+j�ts Z+j�ts

1 20

CMS-only CR: 
γ+j�ts
Z(νν)

Constrain with CR : 

mis-id�ntifie�d/out of acc�ptanc�

CMS : JHEP 11 (2021) 153
ATLAS: Phys. R�v. D 103, 1120006 (2021)

N(b-j�ts)

0

1
ATLAS

only
ttebar

singl�-top

https://doi.org/10.1007/JHEP11(2021)153
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112006
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ET
miss+j�t(s) R�sults 

● Discriminant: pT
miss

● ET
miss +j�t and ET

miss+V r�sults combin�d 

● Exclusion limits:
– Larg� �xtra dim�nsions (ADD),  H→ invis, L�ptoquarks 
– WIMP

CMS : JHEP 11 (2021) 153

Exclud�d : mm�d<1.95 T�V
Exclud�d : mm�d<450 G�V 
mDM = 1 G�V

https://doi.org/10.1007/JHEP11(2021)153
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ET
miss+j�t(s) R�sults 

● Discriminant pT
r�coil: a proxy for th� transv�rs� 

mom�ntum of th� syst�m which r�coils against th� 
hadronic activity in th� �v�nt

● No signifiecant d�viations from SM pr�dictions. 

● Exclusion limits: 
– Mod�l-ind�p�nd�nt
– squark pair production, �xtra dim�nsions, scalar 

dark �n�rgy, ALPS, and H→ inv.
– WIMPs 

ATLAS: Phys. R�v. D103, 1120006 (2021)

Exclud�d : mm�d<2.1T�V

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112006
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Visibly d�caying m�diator s�arch�s

Visibl�

SM

SM

SM

SM
m�diator

M�diator: v�ctor/axial v�ctor, 
scalar/ps�udoscalar

Looking for a r�sonanc�, 
‘bump’, ov�r smoothly falling 
background

Final Stat�s: 

● l�ptons (�, μ)
Dil�pton CMS: JHEP 07 (2021) 208 
Dil�pton ATLAS:Phys. L�tte. B 796 (2019) 68

● quarks
Dij�t CMS: JHEP 05 (2020) 033
Dij�t ATLAS: JHEP 03 (2020) 145 
ttebar r�sonanc� - ATLAS: JHEP 10 (2020) 61  

https://doi.org/10.1007/JHEP07%282021%29208
https://doi.org/10.1016/j.physletb.2019.07.016
https://link.springer.com/article/10.1007/JHEP05(2020)033
https://link.springer.com/article/10.1007/JHEP03(2020)145
https://doi.org/10.1007/JHEP07%282021%29208
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Dij�t s�arch�s

● Signal �xampl�:

● S�nsitivity at low mass limit�d by trigg�r 
thr�shold

● No �xc�ss obs�rv�d with r�sp�ct to th� 
SM background �xp�ctations. 

CMS: JHEP 05 (2020) 033

ATLAS: JHEP 03 (2020) 145

https://link.springer.com/article/10.1007/JHEP05(2020)033
https://link.springer.com/article/10.1007/JHEP03(2020)145
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 DM Summary Plots

s-chann�l spin-1 m�diator summary plots gq=0.25, gl = 0, gχ= 1: 

ET
miss+X and r�sonanc� s�arch�s

ATL-PHYS-PUB-2022-036DM summary plots

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots
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Invisibl� Higgs D�cays 

ATLAS JHEP 08 (2022) 104

Dominant Background: 
● Z(νν)+j�ts  
● W(ℓν)+j�ts
● Multij�t 

Constrain with CR
● On�-l�pton: W+j�ts (ATLAS-only Z+j�ts)
● Two-l�pton: Z+j�ts
● CMS-only, photon CR: Z+j�ts

Signal Charact�ristics
● a pair of j�t from light-flaavor quarks,
● larg� s�paration in η (∆ηjj),
● larg� mjj,
● no l�ptons or b-j�ts

CMS  Phys. R�v. D 105 (2022) 0920007

Possibl� coupling of th� Higgs to DM 
● Int�pr�tation: Higgs Portal Mod�ls
● SM: BR(H→ inv) = 0.12% 

(H→ ZZ*→ 4ν)

VBF production: most s�nsitiv�
● larg� production  cross-s�ction,
● distinctiv� topology

https://link.springer.com/article/10.1007/JHEP08(2022)104
https://doi.org/10.1103/PhysRevD.105.092007
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Invisibl� Higgs D�cays 
CMS   Phys. R�v. D 105 (2022) 0920007

ATLAS JHEP 08 (2022) 104

Obs�rv�d and �xp�ct�d Limit on BRinv (mH=125G�V)

Obs�rv�d Limit from th� combination

 Limit to obs�rv� invisibl� d�cays of h�avy scalar 
particl�s

https://doi.org/10.1103/PhysRevD.105.092007
https://link.springer.com/article/10.1007/JHEP08(2022)104
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Dark Higgs  ‘ATLAS: ATLAS-CONF-2022-029 

ATLAS  s → WW→ s�mil�ptonic (qqlν) 
ATLAS-CONF-2022-029 
● signal charact�ristics :  

1 l�pton , high ET
miss

● Dominant Bagrounds : 
W+j�ts, ttebar →  CR 

● Cat�gori�s to cov�r wid� VV-pair mom�ntum rang�
–  ʻm�rg�dʼ - collimat�d,  1 larg�-R j�t⩾
– ʻr�solv�dʼ -  2 small-R j�ts⩾

● Fit discriminant :  ms,min → approximat� 
r�construct�d s mass to tak� into account n�utrino 

https://cds.cern.ch/record/2809721/files/ATLAS-CONF-2022-029.pdf
https://cds.cern.ch/record/2809721/files/ATLAS-CONF-2022-029.pdf
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Dark Higgs  ‘ATLAS: ATLAS-CONF-2022-029 

https://cds.cern.ch/record/2809721/files/ATLAS-CONF-2022-029.pdf
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Dark Higgs
CMS   s→WW(lνlν)
● Signal charact�ristics : 

opposit� flaavor, opposit� 
charg� l�ptons, high 
ET

miss

● Dominant Backgrounds:  
ttebar and WW (CR),  
non-prompt 
l�ptons(data-driv�n)

●  3-dim�nsional fiet 
p�rform�d using ΔR, mll 
and mT

CMS: CMS-PAS-EXO-20-013 

https://cds.cern.ch/record/2776774
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Hidd�n dark s�ctor 
● DM →  part of a larg�r hidd�n/dark 

s�ctor 
● Dark s�ctor particl�s :

–  do not coupl� dir�ctly to SM

● Inst�ad int�ract with m�diator→  “portal" 
int�ractions :
– v�ctor portal – dark photons 
– Scalar portals  - dark Higgs
– N�utrino portal 
– Axion portal

portals 

●  U(1) �xt�nsion of th� SM 
●  Hidd�n gaug� boson A′   → kin�tic mixing (ε) with th� SM photon
● th� magnitud� of ε affe�cts production rat� and lif�tim�
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Dark photons @ LHCb 
● Dark photons can b� v�ry light, produc�d as γ*
● Larg� fraction in forward r�gion, v�ry soft pT

● LHCb Singl�-arm forward sp�ctrom�t�r sp�cially 
suit�d fors�arch�s for low-mass μμ r�sonanc�s : 
– acc�ptanc� at 2<η<5 
– advanc�d v�rt�x r�construction
– �xc�ll�nt mom�ntum r�solution and particl� id�ntifiecation. 
– trigg�r capabl� of s�l�cting v�ry soft obj�cts compar�d to 

oth�r LHC �xp�rim�nts

In this talk : S�arch for dark photons d�caying into a pair of 
muons at th�  LHCb Phys. R�v. L�tte. 124 (2020) 0410801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801
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Dark Photons S�arch at LHCb

● Looking for a ‘bump’ ov�r m(μ+μ-)
● Backgrounds prompt:

– Prompt γ*→ μ+μ-

– misid�ntifie�d hadrons
– muons from h�avy flaavor d�cays

●  Backgrounds long-liv�d
– photon conv�rsion
– h�avy flaavour d�cays
– doubly misid�ntifie�d K0→π+π- 

 Phys. R�v. L�tte. 124 (2020) 0410801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801
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Dark Photons S�arch at LHCb

● 5.5 fb−1 of Run 2 LHCb data (13 
T�V)

● Param�t�r r�gions t�st�d:
– Prompt s�arch: mA′ 2mμ up to 70 

G�V/c2

– Displac�d s�arch: mA′  214 – 350 
M�V/c2

●  Will b� abl� to cov�r mA′< 2mμ 
in upcoming Run 3.
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Conclusions and outlook 

● Growing DM s�arch program at th� LHC, with many 
int�r�sting signatur�s cov�r�d by ATLAS and CMS and 
LHCb

● LHCb → gr�at s�nsitivity to v�ry popular BSM mod�ls, 
such as that of dark photons

● Run-3 �ra : 13.6 T�V collision data with hardwar� & 
softwar� upgrad�s 



Bonus Mat�rial
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Invisibl� Higgs D�cays 

CMS   Phys. R�v. D 105 (2022) 0920007

● Two trigg�r strat�gi�s : 
– PT

miss  trigg�r (MTR) for 
pT

miss >250 G�V 
– PT

miss+j�t prop�rty 
(VTR)
for 160 < pT

miss < 250 
G�V 
gain s�nsitivity by 
including low pT

miss 
�v�nts

https://doi.org/10.1103/PhysRevD.105.092007
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ET
miss+X signatur�s

ATLAS CMS

ET
miss+j�ts Phys. R�v. D 103, 1120006 (2021) JHEP 11 (2021) 153

ET
miss+Z(ll)  Phys. L�tte. B 829 (2022) 1370066 Eur. Phys. J. C 81 (2021) 13

ET
miss+γ JHEP 02 (2021) 226

ET
miss+H H→ bb: JHEP 11 (2021) 209

H→ γγ: 
H→ bb, γγ, τ+τ−, W+W−, and 
ZZ:  JHEP 03 (2020) 025

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112006
https://link.springer.com/article/10.1007/JHEP11(2021)153
https://doi.org/10.1016/j.physletb.2022.137066
https://doi.org/10.1140/epjc/s10052-020-08739-5
https://doi.org/10.1007/JHEP02%282021%29226
https://doi.org/10.1007/JHEP11%282021%29209
https://link.springer.com/article/10.1007/JHEP03(2020)025
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Unconv�ntional signatur�s- s�mi-visibl� j�ts

● Strongly int�racting dark 
s�ctor →  dark 
show�rs/dark QCD

● Dark quarks form bound 
dark hadron stat�s

●  Unstabl� dark hadrons can 
d�cay to SM quarks, oth�rs 
trav�rs� th� d�t�ctor D
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Fraction of stabl� dark 
hadrons in th� j�t

● QCD-lik� j�ts

● Em�rging j�ts

● S�mi-visibl� j�ts

● No j�ts→ ET
miss
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S�mi-visibl� j�ts ATLAS: ATLAS-CONF-2022-038

● M�diator (Φ) acts as a portal
● Signatur�:

– at l�ast two j�ts within  | | < 2.8𝜂

l�ading pT >150 G�V, sub-l�ading pT >30 G�V
–  Larg� ET

miss (>250 G�V)

● Two s�nsitiv� variabl�s: 
– pT balanc� b�tw��n clos�st (j1) and furth�st 

j�t (j2): 

– | φmax - φmin

● Main Backgrounds: Z+j�ts, W+j�ts, top-
proc�ss�s, Multij�ts → CR

https://cds.cern.ch/record/2815284/


Dark Photons s�arch at CMS and ATLAS

ATLAS 
● CONF-2021-004
● Eur.Phys.J. C 80(2020) 450
● PHYS-PUB-2020-007

CMS
● PAS EXO-20-014 NEW
● JHEP 03 (2021) 011
● Phys. R�v. L�tte. 124 (2020) 1310802

http://cdsweb.cern.ch/record/2758212
https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-7997-4.pdf
http://cdsweb.cern.ch/record/2714064/files/ATL-PHYS-PUB-2020-007.pdf
http://cdsweb.cern.ch/record/2767659/files/EXO-20-014-pas.pdf
https://link.springer.com/article/10.1007/JHEP03(2021)011
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131802
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The� (p-p) �xp�rim�nts of th� LHC
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