1 x N
/O %7'/ vepry  OAW R f d ]{jH LLIF

IIIIIIIIIIIIIIIIIIIIIIIIIIII S Der Wissenschaftsfonds.

MICHEL BERTEMES
INVISIBLES19

DARK SECTOR WITH BELLE Ii



DARK SECTOR WITH BELLE Il

BELLE Il AND SUPERKEKB

} |Ocated at IP Of e+e_ CO”ider SuperKE KB in Electromagnetic calorimeter (ECL):
Csl(TI) crystals, waveform sampling to measure time
Tsukuba, Japan

KL and muon detector (KLM):
Resistive Plate Counters (RPC) (outer barrel)

and energy (possible upgrade: pulse-shape) Scintillator + WLSF + MPPC (endcaps, inner barrel)

Non-projective gaps between crystals

Magnet: J

1.5 T superconducting

» commissioning run from Feb to Jul 2018, =
e/eCtro,, ‘
regular operations started in Mar 2019 .

» operated at 10.58 GeV ( = myyg)) [

Vertex detectors (VXD):
2 layer DEPFET pixel detectors (PXD) - pos’tf'Ons e+
4 layer double-sided silicon strip detectors (SVD)

» design luminosity 8x1035 cm-2s-"

Central drift chamber (CDC):

» rich physics program: B and D physics, {Hewo%mm(so%),sma..ce..s,
fast electronics
quarkonium and low mass dark sector

Time-Of-Propagation counter (TOP) (barrel)

Particle Identification (PID): ]

Aerogel Ring-Imaging Cerenkov Counter (ARICH)

Interaction
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— collect 50 times more data than Belle
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DARK PHOTON
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» dark photon A’ can couple to the SM photon via kinetic mixing parameter €
» consider on-shell A" decays, different experimental signatures according to ma

- it A’is the lightest DS particle, decay into SM, peak in invariant mass of decay
products

- it A’is not the lightest DS particle, decay into DM, mono-chromatic ISR photon

—» single photon trigger




DARK SECTOR WITH BELLE Il I I 4

DARK Z'

extend SM by adding a U(1)" group
new massive gauge boson Z’ coupledto L, — L, via g’

focus on invisible Z’ decay produced with pair of muons

v v Vv v

search for two muons with missing energy and bump in
mass recoiling against two muons

Belle Il phase Il (expected, frequentist)

T T T ] ! T T T o 1S

Belle Il phase Il (expected, Bayesian)

ole’e” — u*u Z'(— inv.)] [fb], 90% C.L. (Expected, frequentis )

—— — — Belle Il phase Il, BF[Z> y 7]=1 (expected, frequentist)|

g
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ole’e” — u*u Z'(— inv.)] [fb], 90% C.L. (Expected, Bayesian)

: — — — Belle ll phase I, BF[Z>  7=1 (expected, Bayesian) |-i--i f.i-i
10°H f Ldt = 276 pb’’ K . &

f Ldt = 276 pb’

ole*e — utw Z'(— inv.)] [fb]
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» axion-like particles are pseudoscalar bosons appearing in different extensions to the SM
» coupling and mass of ALPs are taken to be independent
» simplest approach at Belle Il is via two photon coupling g,,

- ALP-fusion, dominates, high QED background

ALP-strahlung, most promising search channel
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CONCLUSION

Belle II: start of data taking, different low mass DS analysis
Dark Photon: kinetic mixing with SM photon, single photon trigger, ECL hermeticity

Dark Z': coupling to muons and tauons, bump in recoil mass, (g-2) anomaly

v v v v

ALPs: two photon coupling, different signatures according to mass and coupling

THANK YOU FOR YOUR ATTENTION!
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DARK PHOTON

Belle Il » Belle Il ECL has no projective cracks in ®

» excellentto measure charge asymmetries

» not optimal for uniform photon efficiency
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DARK PHOTON

» different background contributions

| Belle Il
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ALPS

» select events with three ECL clusters with E>0.25 GeV and search for
bump in 2 photon mass spectrum

» main backgrounds are ee — yyy, ee —» yy and y — ee

» requires single photon trigger for long-lived ALPs
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