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One Solution: the NMSSM
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Experimental Approach

Search for an invisibly-
decaying particle recoiling

against a single photon

/ Photon Selection: \

 EMC shower shape, acceptance, etc.

» Veto events where there is activity in
the muon system opposite the photon
(vetoete-—vyy)

» Veto photons in regions where the
muon system has gaps
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Additional Constraints

» No activity in the
tracking system (track
veto)

* Maximum energy
requirement on
remaining photons (<100
MeV total energy)




The BABAR Detector!

e =

Cherenkov Detector
144 quartz bars

K, ! , p separation

€ [9 GeV]

1.5T Magnet
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Electromagnetic Calorimeter
6580 CslI crystals

e+ID,! 9and " reco

Instrumented Flux Return

12-18 layers of RPC/LST
# ID

T 3.1 GeV]

Drift Chamber
40 layers

Tracking

Silicoﬁ Vertex Tracker

5 layers (double-sided Si sensors)

Vertexing + Tracking
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Event Selection!

Split photons into two energy groups:
— CM Energy between 3.2 and 5.5 GeV
« Dominated by e*e->yy background
— CM Energy between 2.2 and 3.7 GeV
« Dominated by Bhabha and e*e->yy tail

— Correspond to different mass ranges as

2 = 2 *
(E.:.' is photon center of mass energy)

Make cuts on missing energy
— Total extra energy must be less than

100 MeV (high energy region) or 220
MeV (low energy Region)

Signal Like Event, Actually an e*e->yy:
Very little extra activity in the calorimeter,
but muon system detects back to back

photons - catches photons in cracks of EMC Muon System Activity
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Maximum Likelithood Fit

Different Higgs mass regions are dominated by different backgrounds.
* Low-mass region: dominated by e'e— yy
 High-mass region: low-angle radiative Bhabha and the tail from e'e— yy

Perform an unbinned ML fit to the missing mass-squared: m> Y =M? yias)—2 E ;M Y(35)
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But Perhaps A° = " +" - is the Relevant Channel...!

= Di-muon BR should be
sizable if m(A%)<2m_
= PRD 73, 111701 (2006)

=l Recent axion model

=! Predict BR(Y—>ya)~10°-10-
with m(a)~360-800 MeV

=l Nomura, Thaler, arXiv:0810.5397

= Best limit comes from
CLEO:
| BR(Y(1S)—A?) x BR(A% )
= (1-20) x 10
=l arXiv: 0807.1427
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Conclusions!

=ILimits on invisible decay of
a low-mass scalar particle

=! Limit ranges between 106 — 10-°
=| NMSSM predictions go up to ~104
=l Constraint on NMSSM dark

matter
S 5 NEW RESULT! |
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=/Limits on di-muon decay of

a low-mass scalar particle
=! Limit ranges btw. (0.25 - 5) x 10¢

=| Nomura-Thaler axion (360-800 MeV)
predictions are of order 3 x 106,
NMSSM predictions go up to ~104

=| Strong constraint on N-T axion, +
additional constraint on NMSSM
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Events /( 0.01)

BY — invisible and B — invisible + vy

»1 BY — invisible (+ gamma) is sensitive to new physics, and had not
been measured or constrained prior to BaBar’'s 2004 measurement.

» ! Experimentally-motivated SUSY and extra-dimensions models can
give a significant rate for this process.

»1 We obtain the following limits (on 81.5 fb-! of Y(4S) data):

B(B’ " invisible) BB’ " invisible + #
< 23.8x 107 < 350x10°
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