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BaBar Dark Higgs Search

● New possible channel with dark Higgs and dark photons

● A' decays to lepton pairs, pion pairs, or other (less pure)

● Backgrounds determined from same-sign data
● 6 events observed, consistent with backgrounds

(3 possible pairings of h' → A'A' per event)
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BaBar Dark Higgs Search

● New possible channel with dark Higgs and dark photons

● A' decays to lepton pairs, pion pairs, or other (less pure)

● Set limits on the dark gauge couplings, vs. h', A' masses



4Andy Haas

LHC era is just starting!

● 7 TeV in 2010/11, ~5/fb  …  8 TeV in 2012, ~21/fb
● 13 TeV in 2015, ~3/fb … 2016, just restarted data taking

25 ns → 
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LHC: The intense energy frontier

Billions of Z bosons per year
Millions of H bosons per year

8 TeV

40 million p-p collisions / second !

1000 Hz of jets, pT>100 GeV

2 Hz of Z->ee or μμ

1 Higgs / minute

1 Higgs->ZZ->eeμμ / week !
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Higgs, finally!



7Andy Haas



8Andy Haas



9Andy Haas

CMS search for H → muon-jets

● Select 4-muon events
● Look for di-muon 

invariant mass bump
at low mass in isolated
muon pairs

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO12012

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO12012
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CMS search for H → muon-jets

● Look for two mu+ mu- pairs
to have the same mass

● Exclude SM H decays with 
<1% BR to muon-jets

Sensitive to 
decays ~40 cm
displaced!
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CMS search for H → dimuon-jets
● Recently updated with 8 TeV dataset!
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ATLAS Search for H → ditau-jets 
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Other LHC Rich Hidden Sector Searches

● Rich dark sector with long-lived dark-pions … Emerging Jets
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Other LHC Rich Hidden Sector Searches
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New Displaced Dark Photon Searches
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New Displaced Dark Photon Searches
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New Displaced Dark Photon Searches
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New Displaced Dark Photon Searches
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New Displaced Dark Photon Searches
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New LHC Experiment: MilliQan
● Milli-charged particles → massive, with electric charge ~10 -3 e
● Easy to add to SM: “dark U(1)” (with massless dark photon) 

kinetic mixing → dark fermion milli-charged under SM
● Currently weak direct limits for fermion mass > 100 MeV
● ~1 photo-electron observed per 1m long scintillator
● Require triple-incidence in time window
● Moving forward in CMS “drainage gallery”
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750 Pound Elephant in the Room

● Let's not forget the ~3σ diphoton excess at both ATLAS and CMS
● We'll have enough data by ~July to either confirm or refute
● What if it is real?
● Rich dark sector connections? Analyses we should plan?
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Backup
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Lepton jets

● Dark photons are boosted

Create “lepton jets”:
pairs of collinear electrons or muons

Probably prompt decays,
but maybe not...
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SUSY lepton jets

● LSP decays to dark sector?!

● Changes signature of SUSY
– Less MET

– Two dark photons (lepton jets)

Prompt:BR = 1!

Possibly large production rate
for colored SUSY particles...

Electroweak production is
small but still observable
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SUSY lepton jets at ATLAS

Simulated muon-jet
SUSY signal event
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SUSY lepton jets at ATLAS

● Search for events with:
– 2 prompt muon lepton-jets

– 2 prompt electron lepton-jets

– 1 prompt 4-muon lepton-jet

● Custom lepton-jet identification
to separate from QCD jets

● Backgrounds measured in
control regions

● Dark photon also could give 
peak at dark photon mass

● No excess observed

Jet prob bkgd method:

Muon
isolation
definition

Electron
lepton-jet
variable
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SUSY lepton jets at ATLAS

● Cross-sections excluded for 
various dark-photon masses 
and radiation parameters
<~ 0.02 – 0.1 pb 

● Constrains strong-production 
up to ~TeV and even weak-
production up to ~400 GeV
(assuming LSP → lepton-jet)

● Update to 2012 data
● Study long-lived decays to 

electron (or muon?) lepton-jets 
in the tracker (~0.1 – 10 cm)

http://arxiv.org/abs/1212.5409

Cross-section limits for various decays

http://arxiv.org/abs/1212.5409
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ATLAS Search for WH → prompt electron-jets

● Electron lepton-jets would have:
– Large EM energy fraction

– Large charged particle pT fraction

– Large number of tracks

● Separate signal from other 
backgrounds with QCD jets

W

MET

e, mu
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ATLAS Search for WH → prompt electron-jets

● No excess observed with
2 electron-jets

● BR(h → electron-jets) < ~50%

http://arxiv.org/abs/1302.4403

Backgrounds are small: 
20 fb-1 at 8 TeV → BR < ~5%!

http://arxiv.org/abs/1302.4403
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Dark-photon production

● Jet + dark-photon

pT>20 GeVσ ≈ (αEM ε)2

Large jet background

σ ≈ (αS)2 

New, kinetically coupled U(1)
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Rare Z decays

● Z decays to dark sector

Factor ~200 smaller cross-section

But two dark-things in each event

Much less background from jets
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