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Exploring the Dark Sector via Portals

No Dark Matter (DM) candidate has been
confirmed yet

Potential existence of \dark sector", neutral under
SM forces and connected to visible sector via portal

Dark photon (A0) as compelling mediator (portal)
between the dark and visible sector

Why Dark Photons?

Explain anomalies

Self-interacting candidate

Minimal theoretical framework

Experimentally accessible

Dark Sector Portal

Standard
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Dark Photon Phenomenology

IDEA: Extend SM with new U(1)D gauge symmetry
Kinetic mixing of U(1)D with U(1)Q=Y :

L � �1
4F��F

0��� m2
A0
2 A0�A

0� � "eJ�A0� � e 0J 0�A0� +O("2)

Decay Scenarios:

Scenario 1: mA0 > 2m�

Invisible Decays

A0 ! ��̄ (dark matter)

Emiss
T signatures

Beam dump searches

Scenario 2: mA0 < 2m�

Visible Decays

A0 ! ‘+‘� (leptons)

Resonance searches

Prompt/displaced
signatures

!

Minimal Model

Only A0 in Dark Sector

No dark current J 0

Only (mA0 ; ")

Focus of this talk
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Run 2 LHCb Detector

Tracking
• δp/p ~ 0.5−1%,

• δm/m ~0.5%

Vertexing

Muon System

PV

~ 𝒪(cm) 

p p

• Excellent decay-time

resolution ~45fs

• Very good impact

parameter resolution

Particle Identification
Excellent separation:

• 𝜖 𝜇 → 𝜇 ~97%
• 𝜖 𝜋 → 𝜇 ~3%

SV

Int.J.Mod.Phys. A30(2015)1530022

Hardware trigger { L0

Selects high pT and E
signatures

HLT1 (GPUs)

- 1st stage software
trigger
- Partial event recon-
struction, displaced
tracks/vertices selec-
tion

HLT2 (CPUs)

- 2nd stage software
trigger
- Full event recon-
struction

Trigger System
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Dark Photon Search Strategy in Run 2

Analysis exploits 5.5 fb�1

Prompt and displaced A0 ! �+�� decays

A0 bump hunt search over the SM
m(��) spectrum.

A0 yield from �ts to the m(�+��) and
normalized to 
(�) ! �+��:

Γ(process! A0)

Γ(process! 
�)
/ �2 �mA0

Advantage:

Ratio cancels most experimental
systematics and detection efficiencies

Prompt decay Displaced decay

m( )

N

* +

A ′ +
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Prompt A0 ! �+�� fit templates

Templates extracted in bins of m(�+��) and min[�2
IP(�)]

PRL 124 (2020) 041801

Prompt �+�� : mass spectrum of muon pairs

�Q�Q : muon pairs produced in Q-hadron decays

hh + h�Q : misidentified prompt hadrons as muon pairs

X : Resonance regions
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801


Prompt A0 ! �+�� results

Bump hunt over m�� by scanning in
steps of �m��=2

m�� 2 [0:214; 60] GeV

Exclude resonance regions, model the
tails for genuine A0

Results

Any excess at 90% C.L.

First limits: mA0 > 10 GeV

Competitive limits: mA0 < 0:5 GeV

PRL 124 (2020) 041801
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https://arxiv.org/abs/1910.06926


Displaced A0 ! �+�� results

Fit in bins of m(A0) and �(A0)

m�� 2 [214; 350] MeV

Background from photon conversions 
��
in VELO material are vetoed:

Material map constructed using
secondary hadronic interactions

JINST 13 (2018) P06008

Results

No significant excess found

First limit ever not from beam
dump in a displaced region

PRL 124 (2020) 041801
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https://iopscience.iop.org/article/10.1088/1748-0221/13/06/P06008
https://arxiv.org/abs/1910.06926


Current Limits on A0

PRL 124 (2020) 041801

Electron beam dump

e+e� collider

Meson decay

Proton beam dump

p-p collider (LHCb)

Electron on fixed target

PRL 133 (2024) 111802 JHEP 12(2023)070
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https://arxiv.org/abs/1801.04847
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.111802
https://link.springer.com/article/10.1007/JHEP12(2023)070


https://lbgroups.cern.ch/online/OperationsPlots/index.htm
https://arxiv.org/abs/2203.07048
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