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OUTLINE

● Dark sector motivations
● Dark photon and/or dark Higgs radiative production and 

decays to SM final states
● Dark photon decays to DM
● Higgs-strahlung @ the Belle experiment: topology, events 

selection, extracted limits
● Dark sector at the Belle II experiments: expected sensitivity

STUDIES OF THE DARK SECTOR AT BELLE
(AND PROSPECTS FOR BELLE II)
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Where does the “dark sector” come from?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.
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The general idea: kinetic mixing The general idea: kinetic mixing γ-A'γ-A'

Note: ε is the strength of the kinetic mixing and it is supposed to be small,
10-5-10-2. The Mass of the new boson should be in the range few*MeV-few*Gev 
(Nima Arkani-Hamed et al. Phys. Rev. D 79, 015014, 2009).

A'

Dark photon first proposed in P. Fayet, Phys. Lett. B 95, 285 (1980),
P. Fayet Nucl. Phys. B 187, 184 (1981).
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Dask sector: how does it look like?Dask sector: how does it look like?

A'

-A' mixingγ
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Dark photon: current limitsDark photon: current limits

Search for a dark photon in e+e- collisions at BABAR: ArXiv: 1406.2980 [Hep-Ex]

'

A '→ e+ e- ,μ+
μ

- , prompt
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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. 

“A' ” decays depend on M
A'
 :

-Decays to leptons require M
A'
>1.02 MeV/c2 

-Decays to hadrons require M
A'
>0.36 GeV/c2 

Currently ongoing analyses at Belle for e+e-, 
μ+μ-,π+π- final sates (including displaced vtx).

(1)

New bosons searches @ BELLE  New bosons searches @ BELLE  

A '
e+ ,μ+ ,π+ , τ+

e- ,μ- ,π- ,τ -~mm−cm

M A' [GeV /c2]ArXiv:0903.0363 [hep-ph]

π
+
π

-
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A'= dark photon, χ= 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 
 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 II.

Eγ
*
=(s−M A'

2
)/2√s

New bosons searches @ BELLE II  (I)New bosons searches @ BELLE II  (I)

See R. Essig et al. JHEP11 (2013) 167.
Igal Jaegle, University of Hawaii
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A '
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Higgs-strahlung process

Higgs-strahlungHiggs-strahlung

h'= dark Higgs,

Higgs-strahlung: h' decays depending on M
h'
 and M

A
. Measures the coupling constant of the 

dark photon to the dark Higgs, α
D
. 

M
h'
>2M

A'
 : 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

A'
<M

h'
<2M

A' 
: h' →A'A'*

 M
h'
<M

A'
: h' long lived and h'→l+l-,π+π-.

e+

e -

 See B. Batell, M. Pospelov, and A. Ritz Phys. Rev. D 79, 356 115008 (2009), arXiv:0903.0363 
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Higgs-strahlung at the Belle experiment: preliminary Higgs-strahlung at the Belle experiment: preliminary 
resultsresults
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1.0 ab-1

The Belle ExperimentThe Belle Experiment

11
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Events selectionEvents selection

12

From Igal Jaegle, University of Hawaii, Dark Interaction 2014: prompt production, M
h'
>2M

A'

'

' ' ' '

'
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BackgroundBackground
From Igal Jaegle, University of Hawaii, Dark Interaction 2014
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Background (ii)Background (ii)
From Igal Jaegle, University of Hawaii, Dark Interaction 2014
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Belle limitsBelle limits
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From Igal Jaegle, University of Hawaii, Dark Interaction 2014
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Limits on Limits on ααDDεε22  
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From Igal Jaegle, University of Hawaii, Dark Interaction 2014 Final results will take into 
account ISR...
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Dark sector at the Belle II experiment: expected Dark sector at the Belle II experiment: expected 
sensitivity/limitssensitivity/limits
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679 people, 97 institutions, 23 
different countries/regions 

BELLE II ExperimentBELLE II Experiment

electron  
(7GeV)

positron 
(4GeV)

KL and muon detector:
Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC (end-
caps)

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber
He(50%):C2H6(50%), Small cells, 
long lever arm,  fast electronics

EM Calorimeter:
CsI(Tl), waveform sampling (barrel)
Pure CsI + waveform sampling (end-
caps)

Vertex Detector
2 layers DEPFET + 4 layers 
DSSD

Beryllium beam pipe
2cm diameter

Belle II Detector

Beryllium beam pipe
2cm diameter

electron
(7 GeV)
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Dark photon, decays to SM particles: expected limits Dark photon, decays to SM particles: expected limits 
at Belle II compared to other experimentsat Belle II compared to other experiments

From Christopher Hearty, University of British Columbia/IPP
Belle II Theory Interface Platform meeting 2014
Belle II limits scaled from BABAR

e+e-→γ A '→γe+ e- ,γμ+μ- , prompt
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Dark photon, decays to DM particles: expected limits Dark photon, decays to DM particles: expected limits 
at Belle II compared to other experimentsat Belle II compared to other experiments

From Christopher Hearty, University of British Columbia/IPP
Belle II Theory Interface Platform meeting 2014
Belle II limits scaled from BABAR

e+e-
→γ A '→γ χ χ
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ConclusionsConclusions

STUDIES OF THE DARK SECTOR AT BELLE

● 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-, μ+μ-, π+π-. 

● 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 II

THANK YOU FOR YOUR ATTENTION!
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