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(Intense) energy frontier
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Lepton jets

 Dark photons are boosted

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

« Changes signature of

SUSY dark matter BR = 11
- Less MET Prompt: -
- Two dark photons Tisponi ~ (o f2eMisp )
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SUSY lepton jets at ATLAS
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SUSY lepton jets at ATLAS

e Search for events with:

- 2 prompt muon lepton-jets "
- 2 prompt electron lepton-jets Muon S
_ isolation =
- 1 prompt 4-muon lepton-jet definition <
 Custom lepton-jet identification 1 (8= 0.05)
to separate from QCD jets
« Backgrounds measured in e
control regions S 200 arias L
2 eE _[Ldt=4.8fb"' E
,_% 145_ (s=7 TeV E
« No excess observed Electron '2p 7M. -
lepton-jet '°F  Emurijetme E
variable 8F —signaimc E
Electron LJ | 1 Muon LT | 2 Muon L] 6 —*— Data
Data 15 7 3 4F
All background 15.2+2.7 30+£1.0 05+03 22 ]
Jet prob bkgd method: 14. 55+D23 2.2 +0.9 events 82705 06 07 08 09 1

Cluster Energy Concentration
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SUSY lepton jets at ATLAS

° Dark phOtOn aISO WOUId give Signal Parameters Electron L] 1 Muon L] 2 Muon L]
ag My, [MeV] | Obs (Exp)pb | Obs (Exp)pb | Obs (Exp)pb
peak at dark photon mass L : :
0.0 300 0.11(0.11) | 0.060(0.035) | 0.017 (0.011)
_ 0.0 500 0.20(021) | 0.15(0.090) | 0.019 (0.012)
« Cross-sections excluded for 000 150 | 0.0%0.10) - -

) 0.10 300 0.37(0.37) | 0.064 (0.036) | 0.018 (0.011)
vVarious dark-photon MaSSeS 0.10 500 0.39(0.39) | 0.053(0.035) | 0.018(0.011)
and radiation parameters 030 150 | 0m@I] : -

030 300 0.40(0.40) | 0.099 (0.055) | 0.020(0.012)
<~ 0.02-0.1pb 030 500 12(12) | 0.066(0.043) | 0.022(0.015)

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

 Working on update to 2012
data and also a study of long-
lived decays to electron lepton-
jets in the tracker

http://arxiv.org/abs/1212.5409
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Higgs decays

 The Higgs exists!

 Higgs decays to lepton jets

 Since it has a small width, it could
have a large BR to non-SM states i

Branching ratio could be O(10%) !
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ATLAS Search for W+H - prompt electron-jets
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« Electron lepton-jets would have:

o 12000
- Large EM energy fraction G oo+ Dmazon N,
. ) - 2000 V_V(—)ev)+jets ’
- Large charged particle pT fraction O o evysiote

) ww, wz, 7z
[ Multi-jet
W Gsyst EDo—stat

- Large number of tracks

soool - [ Z(—e'e)+jets
- J-Ldt=2_04 fo™

« Separate signal from other
backgrounds with QCD jets

Data/MC
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ATLAS Search for W+H - prompt electron-jets
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http://arxiv.org/abs/1302.4403
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’ Run Number: 119874
' Event Number: 4758

EtCut > 0.4 GeV
PtCut > 1.0 GeV

& . Muon: blue

~ @ells: Tiles, EMC
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ATLAS search for displaced muon-jets
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CMS search for H - muon-jets

« Select 4-muon events
Data recorded: Fri Jun 24 19:30:08 2011 CDT

* Look for di-muon bR e
Invariant mass bump
at low mass in isolated
muon pairs
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEX012012
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CMS search for H - muon-jets

CMS 2011 Vs=7TeV L,,=53fb"
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Conclusions

 LHC could produce boosted dark photons = lepton jets
- Decays of SUSY LSP or Higgs are nice candidates

« Several searches complete for lepton jets
- SUSY prompt electron or muon

- Higgs prompt electron

- Higgs (very) displaced muon

- Higgs prompt (or a little displaced) muon

- Working on (SUSY / Higgs) displaced electron search

« ATLAS and CMS will continue to search, in much larger datasets
and at 13 TeV, starting in 2015
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Constraints from the energy frontier
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Dark-photon production

 Jet + dark-photon
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Rare Z decays

- Z decays to dark sector 10°%
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Much less background from jets
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