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Dark photon + Super-symmetry

 Nature doesn't have to be just SU(3)xSU(2)xU(1)

« String theory naturally has additional gauge groups,
weakly-coupled to the SM

New, kinetically coupled U(1) Lightest SUSY particle

1 1 in hidden sector
i—"gm:gu mix — _Eflflf’pz:ﬂ"'lpy — EEEEJPEJZPEI “darkino” = MET
D
« Old dark matter WIMP now 0 Ea
decays into hidden sector ! X1

(and creates a dark photon) ‘f‘"’;{_,

YD
“dark photon”
Force carrier in
hidden sector

Arkani-Hamed, Finkbeiner, Slatyer, Weiner
Phys.Rev.D79:015014,20009.
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SUSY Lepton Jets
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« Changes the signature of ya
SUSY dark matter g W T
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- Dark photons are boosted o o | 2
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pair of collinear
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Andy Haas - SLAC - HPS meeting - 8/2/2011 3



SUSY Lepton Jets at DO

S . . 3 CE T e D2EER
MET distribution for 2 isolated I-jets - i — Sl
(not p corrected - calorimeter only) £ 1 otz ton emer
107 E
Background determined from non-isolated

data scaled to data for MET<15 GeV 0" T8 G TG 70 80. 90 100

Missing E (GeV)

A C L eidata D@ 5B S
C — Sipgnal ]

Il Background
Bl Mormalization error S
——

- Normalization uncertainty from statistics

Events /1 GeV

Systematics on background shape

- change in the MET shape when |
just one I-jet is non-isolated et b,

0 10 20 30 40 ‘iﬂ ﬁD 70 SO 90 100
MISSIIIQE (GeV)

' E e e data D253 ]
Require MET > 30 GeV L T T
- = Bl MNormalization error ]

No excess observed at high MET & ! T ce —

il ]

107! 5
102 T -
c)
co v b v by oy by by L

0 10 D 30 4-III ﬁl.'] 6D "D 80 90 100
MISSIIIQE (GeV)

Andy Haas - SLAC - HPS meeting - 8/2/2011 4




SUSY Lepton Jets at DO
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SUSY Lepton Jets at DO
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arXiv:1008.3356
Phys.Rev.Lett.105:211802,2010
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SUSY Lepton Jets at ATLAS
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SUSY Lepton Jets at ATLAS

» ATLAS search for 2 muon-jets S 10’ arias Prolminay T S0
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SUSY Lepton Jets at ATLAS
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- Dark photon - pp- would give 2 178 aras priminay 2 T
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-076/
ATLAS-CONF-2011-076, 22 May 2011.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-076/

Long-lived lepton-jets at ATLAS

« Look for vertices in inner-detector matching muons or EM clusters
« Special triggers for decays farther out in the detector

« Possible to do (2D) vertexing in muon chambers...
(These plots are for decays to jets, but the idea is similar...)

ATL-PHYS-PUB-2009-082
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Other Lepton-jet sources

* Jet + lepton-jet
- Very difficult to reduce backgrounds

« Z decays to lepton jets
- ATLAS now has more Z's than LEP Il

 Higgs decays to lepton jets
- Tevatron xs is ~1pb

- LHC (7 TeV) is ~50pb -

Could also hide the Higgs at LEP

. Adam Falkowski, Joshua T. Ruderman,
leely leSS MET than SUSY deCGyS Tomer Volansky’ Jure Zupan

arXiv:1002.2952
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CDF Search

e We use 5.1 tfb—! of CDF data, collected from Dec. 2004 to Jan. 2010

e Trigger on leptonic W or Z with standard CDF high-pr electron and muon cuts,
validate W and Z

e Develop soft lepton identification - pr down to 1 GeV for electrons, 3 GeV for

IMOIs

e Parameterize response of soft lepton ID to calculate expected additional leptons

in SM
e Normalize predictions to W /Z + exactly one lepton bin
e Count events with multiple additional leptons

e Set limit (or observe excess) based on the number of events with multiple

additional electrons and muons

Scott Wilbur
University of Chicago
On behalf of the CDF Collaboration

BOOST 2011, Princeton, May 24th
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CDF Search

107 W — Iv + 0 Additional Electrons
105 CDF Run Il Preliminary: 5.1 fb
QCD
No excess events seen 105  \V\+b
. : . \V+c
with >2 isolated leptons g4 f
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e We rule out the benchmark model at 99.7% confidence.

e We set a 95% confidence level limit on this model of 6.9% of the cross section, or

27 tb for a leptonic W or Z plus a Higgs.
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CMS. C M S Sea rC h A. Safonov, Boost-2011, May 2011
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CMS search

CMS Preliminary 2010 \s=7 TeV L _=35 pb™’
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CMS search

CMS Preliminary 2010 \s=7 TeV L, =35 pb"1
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The Quadmuon Event

» Consistent with
two true muons
and two tracks e
misidentified as & e

R;: four nearby muons
(only event)

muons o . & ,, 2
» Likely a bb-bar : %;;;

event with ¢—pp B LN

in one of the b-

jets
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CMS search

« Comparable limits to ATLAS search
« ~1 pb or m(squark)<500 GeV excluded

 No isolation or MET required !!
« Strong requirements on invariant mass
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Conclusions

* Lepton-jet searches now from all 4 hadron-collider experiments

« Each search method is a bit unique - a good thing!
- DO : 2 isolated lepton jets + MET

- CDF : W/Z + extra isolated leptons

- ATLAS : 2 isolated muon lepton jets
- CMS : 1 or 2 muon lepton jets with mass bump

« Many searches focus on SUSY production (best for hadron machines!)
« Also looked for Higgs decays or rare Z decays

« ATLAS and CMS will continue to search, in much larger datasets
« Also include electron lepton-jets and long-lived decays
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Lepton-jets at ATLAS
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Lepton-jets at ATLAS
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Lepton-jets at ATLAS
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Backup
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