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• Precise vertex reconstruction with VELO
• Powerful charged hadrons ID by RICH detectors

RICH detectors:
!/#/$ ID

Muon system

VErtex LOcator:
Primary and secondary 
vertex reconstruction

Calorimeters:
e/%/$& ID

Tracking system

• Single-arm spectrometer designed for beauty and charm physics in forward region

Resolution:
Impact parameter : '() = +& ,-
Lifetime                 : '. = /0 12

3 − 5 separation:
6#→#~90%
6$→#~0%

6,→,~9;%
6$→,~< − =%

IJMPA 30, 1530022
JINST 3, S08005LHCb detector



3

• Coverage complementary to ATLAS and CMS in !" and #
• Limited instantaneous luminosity
• Flexible software trigger allowing soft selections

LHCb detector IJMPA 30, 1530022
JINST 3, S08005

2 < η < 5

LHCb
CMS
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• So far only within VELO

o Displacement up to 20 cm
*decays of B-mesons with ! = 1.5 &' correspond to displacement of ((**)

o Thin VELO envelope (RF foil) - background dominated by 
- heavy flavour decays at < 5 mm
- material interactions at > 5 mm

o Precise material veto thanks to beam-gas imaging

• Can be extended to downstream region
o Displacement up to 200 cm
o Much worse momentum resolution

JINST 13 (2018) 06, P06008

Exotica searches at LHCb

https://iopscience.iop.org/article/10.1088/1748-0221/13/06/P06008
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Dark photons in di-muon spectrum
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• Light dark photon can appear in a mixing with off-shell photon
o large fraction in forward region, low !"

• Normalized to off-shell photons
o No need for efficiencies (for prompt search)

• Bump hunt analysis
• Regions of SM resonances removed
• Search for both prompt and displaced signatures using Run 2 data

PRL 124 (2020) 041801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801
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Dark photons in di-muon spectrum
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• World’s best upper limits for inv. mass range of ~200-700 MeV (prompt)
• First displaced search not from beam-dump experiments

o explored invariant mass range: 214-350 MeV
• Can be extended with di-electron search at very low masses in !∗ → !$$

PRD92 (2015) 115017

Note: recent CMS 
search above 10 GeV
PRL 124, 131802 (2020) 

PRL 124 (2020) 041801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801
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Light boson from b → s decays
• Light boson can contribute to ! → #$$ penguin decays

• LHCb has world’s largest sample of ! → #$$ decays
• Study of di-muon spectrum
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PRL 115 (2015)161802
PRD 95 (2017) 071101

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.071101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.071101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.071101


8

• Search for a narrow di-muon peak
• Displacement of muon pair is considered
• Upper limits on mixing with SM Higgs

Light boson from b → s decays
PRL 115 (2015)161802
PRD 95 (2017) 071101

• World’s best upper limits below !"#

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.071101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.071101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.071101


Search for dark hadrons
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stable hadron: proton

quark

quark

quark

Ordinary matter

other 100+ hadrons decay

BUILDING BLOCKS OF MATTER

Building blocks of matter
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stable hadron: proton
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Ordinary matter

other 100+ hadrons decay
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Dark matter

stable dark hadron

other dark hadrons may decay 
to ordinary hadrons
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LHCb vertex detector (VELO)

Decays of hadrons
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• LHCb is built to study hadrons

• dark hadrons can be found similarly
- as displaced decay vertices

• unique sensitivity by LHCb

• just like a search for long-lived hadron !

LHCb sensitivity
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LLP decays to light hadrons
• Access to low masses O(GeV)
• Use charged hadron ID from RICH
• Complicated mixture of heavy flavor background
• Several searches suggested:

o Model-independent search for ! → ##, # → %&%'
LHCb projections:  JHEP 01 (2020) 115

o ALPs
o Dark hadrons via decays to D-mesons / displaced vertices  

LHCb projections:  PRD 97 (2018) 9, 095033

credit: Y. Tsai
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Searches of LLPs decaying to jets
EPJC 77 (2017) 812Signature: single displaced vertex with two (b-) jets

Model: Hidden Valley dark pions through Higgs portal
Data set: Run 1

• Analysis in bins of !"# - radial distance to the beam axis
• Invariant mass range explored: 25-50 GeV
• No excess found, upper limit for lifetimes range 2-500 ps
• Complementary limits to ATLAS and CMS

• Can be pushed to lower masses in Run 3 using jet substructure 
LHCB-CONF-2018-006 

95% CL exclusion for $ % → '('( = 2%

EPJC 77 (2017) 812 LHCB-CONF-2018-006 

https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5178-x
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5178-x
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STEALTH white paper arXiv.2105.12668

https://arxiv.org/abs/2105.12668
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Towards Run 3

• x5 luminosity compared to Run 2
• fully-software trigger, 30 MHz event reconstruction
• GPU-based first trigger stage (HLT1) Comput.Softw.Big Sci. 4 (2020) 1, 7
→ convenient to trigger exotic signatures

https://link.springer.com/article/10.1007/s41781-020-00039-7
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Summary
LHCb provides unique capabilities for

• detecting low-mass particles and soft signatures
• studies in b- and/or c- decays

• complementing searches at ATLAS and CMS

Available searches for 

- di-muon resonances
- HNLs

- semi-leptonic and hadronic LLP decays

Inspiring prospects for Run 3 with

• x5 larger luminosity
• fully-software trigger, convenient for exotica searches
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