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» Dark sector motivations

 Dark photon and/or dark Higgs radiative production and
decays to SM final states

e Dark photon decays to DM

* Higgs-strahlung @ the Belle experiment: topology, events
selection, extracted limits

» Dark sector at the Belle |l experiments: expected sensitivity



Where does the “dark sector” come from?

The dark sector models come into play first in the tentative to give an

explanation to anomalies in the data observed in various experiments

underground, at BNL, and in space. See below lists.

[IDAMA Collaboration] R. Bernabei et al. Eur. Phys. J. 313 C 56 (2008). First results from
DAMA/LIBRA and the combined results with DAMA/Nal

[CDMS-II Collaboration] Z. Ahmed et al. , Feb 11, 2010, 315 Science 327:1619-1621
arXiv:0912.3592 [astro-ph.CO] 316 (2010). Results from the Final Exposure of the CDMS I
Experiment

[ XENON Collaboration] E. Aprile et al. Phys. Rev. Lett. 318 105 131302 (2010). First Dark
Matter Results from the XENON100 Experiment

[CoGeNT collaboration] C.E. Aalseth et al. Phys. Rev. 320 Lett. 106 131301 (2011).
Results from a Search for Light-Mass Dark Matter with a P-type Point Contact Germanium
Detector

[Muon g-2 Collaboration] G.W. Bennett et al. Phys. Rev. 322 D 73 072003 (2006). Final
Report of the Muon E821 Anomalous Magnetic Moment Measurement at BNL.

[PAMELA Collaboration] O. Adriani et al. Nature 458, 324 607-609 (2009). Observation of
an anomalous positron abundance in the cosmic radiation.

[Fermi LAT. Collaboration] M. Ackermann et al. Phys. 326 Rev. D 82 092004 (2010). Fermi
LAT observations of cosmic-ray electrons from 7 GeV to 1 TeV.

[AMS Collaboration] M. Aguilar et al. Phys. Rev. Lett. 328 110 141102 (2013)
First Result from the Alpha Magnetic Spectrometer on the International Space Station:

Precision Measurement of the Positron Fraction in Primary Cosmic Rays of 0.5-350 GeV
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The general idea: kinetic mixing y-A'

Dark photon first proposed in P. Fayet, Phys. Lett. B 95, 285 (1980),
P. Fayet Nucl. Phys. B 187, 184 (1981).

@ (Holdom, 1986) A boson belonging to an additional U(1)’
symmetry would mix kinetically with the photon:

@ more in general one can express kinetic mixing as —FFLF’W

© For A" to acquire mass an extended Higgs sector is required to
break the new U(1) symmetry
Note: € is the strength of the kinetic mixing and it is supposed to be small,

10>-10%. The Mass of the new boson should be in the range few*MeV-few*Gev 4
(Nima Arkani-Hamed et al. Phys. Rev. D 79, 015014, 2009).



Dask sector: how does it look like?
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Dark photon: current limits

107

10°° ')hpb r!”

1nl'4 L III.III] 1 [ lIIIIII L 1 III!J.II

107 10 1 10
m,. (GeV)
Search for a dark photon in e+e- collisions at BABAR: ArXiv: 1406.2980 [Hep-EX]
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New bosons searches @ BELLE
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A'= dark photon.

A' decays to SM final states through kinetic mixing (if allowed by kinematics). Low multiplicity
final states. 2 charged tracks and 1 photon, prompt or displaced vertex (displaced case never
tested experimentally!). Could require dedicated trigger to increase efficiencies, especially for
the displaced vertex case.
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New bosons searches @ BELLE 1l (I)

Igal Jaegle, University of Hawaii

See R. Essig et al. JHEP11 (2013) 167.
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A'= dark photon, yv= dark matter particle (neutral under SU(3)xSU(2)xU(1))
A' decays to dark matter. On-shell or off-shell with different gamma spectrum .

radiative production in e+e- collisions
only one photon in the final state with E,=(s—M>3.)/2+s
No existing limits

Requires high rate single photon trigger, not available in Belle. The BaBar Collaboration

implemented a single photon trigger ( arXiv:0808.0017 [hep-eX]), ongoing discussion for
Belle I1. 8



Higgs-strahlung
See B. Batell, M. Pospelov, and A. Ritz Phys. Rev. D 79, 356 115008 (2009), arXiv:0903.0363
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Higgs-strahlung process .
h'= dark Higgs, J9 9p I,

Higgs-strahlung: h' decays depending on M, and M. Measures the coupling constant of the
dark photon to the dark Higgs, a_.

M >2M :h'" - A'A’', Very low background.
Exclusive: 3 charged tracks pairs with same invariant mass and total energy of the
event.
Inclusive: 2 charged tracks pairs, same invariant mass, third A from 4-mom.
of e*e” system

M, <M <2M_: h' - A'A™

M. <M., : h'long lived and h' - I"I',tT".



Higgs-strahlung at the Belle experiment: preliminary
results

10



The Belle Experiment

Belle Detector
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From Igal Jaegle, University of Hawaii, Dark Interaction 2014: prompt production, M, >2M
Reconstruction of exclusive(inclusive) lepton/hadron final states from eTe~ — Ah' — AAA

Events selection

3(at least 2) lepton/hadron pairs of opposite charge
Impact parameters and y? vertex fit cuts
Require energy conservation

Calculate invariant mass for each combination of leptons/hadrons consistent with
three(two) distinct A — 7/~ /hadrons

Keep combinations with three masses “equal”

Plots below show signal Monte Carlo simulation events surviving selection with
my =5 GeV/c? and my'= 2.19 GeV/c?
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—=> 20 % detection efficiency on average for all channels 12



Background

From Igal Jaegle, University of Hawaii, Dark Interaction 2014

distributions
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Background (i)
From Igal Jaegle, University of Hawaii, Dark Interaction 2014
Comparison between predicted Belle background and Belle number of events observed
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Belle limits
From Igal Jaegle, University of Hawaii, Dark Interaction 2014

@ Belle preliminary limits for L = 980 fb—1
@ BaBar limits for L = 520 fb—! BaBar Collaboration - PRL 108 (2012) 211801
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@ Upper limit (90 % CL) determined by Bayesian inference method with the use of Markov
Chain Monte Carlo A. Caldwell et al., CPC 180 (2009) 2197-2209
@ Improvement in limit scales linearly with integrated luminosity
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Limits on o _g?

From Igal Jaegle, University of Hawaii, Dark Interaction 2014 I nal results will take into

. e . . account ISR...
Belle combined limit compared to BaBar combined limit
@ Dark photon 90 % CL sensitivity @ Dark Higgs 90 % CL sensitivity
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Assuming branching fractions, couplings versus cross section, and dark photon and dark Higgs
masses from B. Batell et al. PRD 79 (2009) 115008
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Dark sector at the Belle Il experiment: expected
sensitivity/limits
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BELLE Il Experiment

- 679 people, 97 institutions, 23
- different countries/regions
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Dark photon, decays to SM particles: expected limits
at Belle Il compared to other experiments

e'e>yA'>yee,yu'u, prompt

KLOE 2013
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Belle Il Theory Interface Platform meeting 2014
Belle Il limits scaled from BABAR
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Dark photon, decays to DM particles: expected limits
at Belle Il compared to other experiments
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Conclusions

« Studies of the dark sector represents an interesting alternative to “standard” DM
searches and are gaining daily attention from the scientific community.

* Very general analysis techniques useful to search for new particles

* Discussed ongoing analysis at Belle for radiative production of dark photon with
subsequent decay to e*e’, y*u, T

» Discussed possibility to study decays to DM.

« Shown preliminary results of Higgs-strahlung process at Belle, results including
ISR effects are about to be released.

« Shown expected limits from Belle Il

THANK YOU FOR YOUR ATTENTIONI! -
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