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• The BABAR experiment

• Dark photon (visible decay)
• Phys. Rev. Lett. 113 (2014) 201801

• Dark photon (invisible decay)
• Phys. Rev. Lett. 119 (2017) 131804

• Muonic dark force
• Phys. Rev. D 94 (2016) 011102

• Six-quark state
• Phys. Rev. Lett. 122 (2019) 072002

Outline
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BABAR

• The BABAR experiment
• At the SLAC PEP-2 high 

intensity e+e- collider 
• Took a huge quantity of 

data, 0.5 ab-1, over 10 
years (1999-2008)

• Around the ϒ resonances 
(~ 10 GeV)

• Main physics topics
• CP violation
• Heavy flavour physics
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Cherenkov detector (DIRC) 
144 quartz bars and 11000 PMTs

solenoid 
1.5T

Electromagnetic calorimeter
6580 CsI(Tl) crystals

Drift chamber
40 layers

m chambers
RPC / LSTSi vertex tracker 

5 layers

e+ (3.1GeV)

e- (9GeV)

BABAR Detector

4

• Good vertex 
separation

• Momentum 
measurement

• Good particle 
identification

• Precision 
calorimetry



Dark sector searches

• Thanks to:
• Good particle detection/identification

• Clean e+e- environment

• Hermetic detector coverage

• Good missing energy reconstruction

• Dedicated triggers

• Huge data sample

• BABAR was able to search for manifestations of 
the dark sector in low energy e+e- collisions
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Dark photon

• Simplest dark sector 
scenario: new U(1) 
gauge symmetry

• Dark photon A’
• Portal to dark sector
• Coupling to SM with 

mixing strength ε

• Decay to DM or SM 
particles 
• depending on 

kinematic accessibility 
and details of model
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Visible dark photon search

• Search for e+ e- → γ A’ with A’ → ℓ+ ℓ- (ℓ = e, μ)
• using 516 fb-1 of data

• ISR photon and 2 leptons
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PRL 113 (2014) 201801

• Resonant background from J/ψ, ψ(2S)

• Otherwise smooth background → low reliance on simulation



Constraints on visible dark photon

• Scan di-lepton mass in the range 0.02 < mA’ < 10.2 GeV 

• Obtain 90% C.L. upper limit on mixing strength ε
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Invisible dark photon search

• If mA’ > 2 mχ

• A’ decays invisibly

• Missing energy search
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PRL 119 (2017) 131804

• Search for invisible decay of 
A’ produced in e+ e- → γ A’
• Only single γ detected

• A’ mass determined from:



Invisible dark photon search

• Dedicated single photon trigger 
• implemented during final running period

• L1 hardware: calorimeter cluster E > 0.8 GeV

• L3 software: High E*γ >2 GeV (53 fb-1)

Low E*γ >1 GeV (38 fb-1)
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PRL 119 (2017) 131804

• Offline selection
• Backgrounds: γγ and e+e-γ with 

undetected particles
• Using information on additional 

detector activity
• Combined in a Boosted Decision 

Tree



Results on invisible dark photon

• Signal yield extracted from fits to photon recoil mass
• For 166 mA’ hypotheses

• No evidence of signal

• Set limits on ε vs mA’
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Muonic dark force

• Non-minimal dark sector models allow additional 
interactions between dark boson and SM particles
• Dark boson Z’ coupling to second and third generation

• Motivated by various anomalies in the muon sector
• g-2 discrepancy

• Z’-strahlung production of Z’ in
• e+e-→μ+μ-Z’, with Z’→μ+μ-
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Muonic dark force

• Search for a di-muon mass peak in e+e-→μ+μ-μ+μ-

• QED background

• No signal observed

• 90% C.L. limits obtained 
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Six-quark state

• Possible dark matter candidate:
• S : |uuddss >
• Charge 0, baryon number 2
• Could be produced in ϒ → gluons → S Λ Λ

• If mS is less than:
• mΛ+mp+me=2.055 GeV, very long lifetime
• 2 (mp+me)=1.878 GeV, absolutely stable

• Never observed
• But allowed in Quantum Chromodynamics
• Not excluded by present experiments
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G. Farrar, arXiv:170808951



Search for an hexaquark: analysis

• Search for ϒ(2S,3S) → gluons → S Λ Λ

• Data sample:
• 90 . 106 ϒ(2S) decays

• 110 . 106 ϒ(3S) decays

• Fully reconstruct two Λ→pπ- candidates.
• With a displaced vertex

• Pointing to the interaction point

• Calculate recoil mass
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Search for an hexaquark: result

• Eextra: additional activity 
in the calorimeter

• Eextra> 0.5 GeV sideband 
shows no background 
expected in the mrec

2

signal region

• Eextra< 0.5 GeV signal 
region shows no events 
seen in the mrec

2 signal 
region
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Upper limit for a six-quark state

• No evidence seen

• 90% C.L. upper 
limits set

• B(ϒ → S Λ Λ) < 
(1.2-1.4) 10-7

• In the mS range up 
to 2.05 GeV
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Summary

• BABAR was able to perform dark sector searches in 
low energy  e+e- annihilations

• No signal seen

• Constraints on:
• Dark photon (visible and invisible decays)

• Muonic dark force

• Six-quark state
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