Dark matter searches
at Belle ll.

Sam Cunliffe
Rencontres de Blois, 05.06.2019
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Belle II
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Reason for the second iteration of the " electron ring

project: upgraded accelerator.
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A factor 40 increase in instantaneous luminosity
> x2 from upgraded ring (higher beam current)
> x20 3* from final focus magnets.
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Final focus magnets
February 2018
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Belle Il

The detector

Direction of boost
Direction of electron beam
“Forward”

e*e collision
@ Vs = 10.58 GeV
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Belle Il

The detector

Drift chamber

tracking
wires in 50:50 He:C,H;

Electromagnetic

calorimeter
CslI(Tl) crystals... new readout

Dedicated triggers
for low-multiplicity.

~

K, and muon detectors

Resistive plate chambers + (new)
scintillator w/ iron flux return
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First collisions of 2019
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Recent milestone
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Data schedule
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Tracking and clustering
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Dark matter



Dark matter

It's dark.
It exists...
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Dark matter D> Key:

Gy Observed
Belle IT Theories
It's dark.
It exists... WIMPSs
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Dark sector
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Axion-like particle 5" = 10.58 GeV, gayy = 107 GeV™’
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Photon fusion
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JHEP 1712 (2017) 094
Photon fusion
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https://doi.org/10.1007/JHEP12(2017)094

Axion-like particle

After EWSB, four terms:

Lo Iap, e

JHEP 1712 (2017) 094
Photon fusion

DESY. | Dark matter searches at Belle Il | S Cunliffe 05.06.2019

1 ‘ ‘
' 1/2 -4 1
s'“=10.58 GeV, =107 GeV
0.100| Sy
0.010
a’
Z 0.001
o
107
Photon fusion
O ALP-strahlung
107 * * *
0.1 0.5 1 5 10

m, [GeV]

Page 16


https://doi.org/10.1007/JHEP12(2017)094

ALPs @ Belle Il

i el g

ALP-strahlung is much easier
experimentally.

Do this first.
Three photons within tracking o - =
acceptance: add up to beam energy.

Zero tracks. " #

Bump on di-photon mass.
The SM background: ee — yy(Y) \“.

Does not peak in vy. _ _

Belle Il simulation
Not a 2-body system: use angles signal only

& kinematics to suppress.
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ALPs @ Belle li

Physics reach

T e —— TR
10™ 10° 107 10" 10° 10

Only (dominant) ee - yyy background included m, [GeV/Cz]
135fb -1 assumes no vy trigger veto in the barrel

NoO systematics.
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Dark photon

Massive vector particle A, mixes with the SM
photon:

Can decay directly to dark matter final state. 00 [cosBcu| < 0.966; Ecu > 100 MeV
Experimentally invisible A' — x.x, Q) -
. 150}
Can decay to two leptons A’ — I*I ?f-
Experimentalist’s trick: require ISR photon. % 100
s —m? ° 50|
E’YISR — A
24/s 0

ma (GeV/c?)
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Dark photon

Analysis
- First analysis: ee — YA’ — y( X,X,)
* One photon. (no tracks, other good

photon clusters).

* Bump search in recoil mass
spectrum.

* Backgrounds
> Cosmics
* Beam interactions

> ee — eey(y)
= ee — yy(Y)
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Belle Il simulation
signal only
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Dark photon

Backgrounds

90° plate
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Dark photon

Backgrounds

90° plate
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Dark photon

Physics reach

The Belle Il Phyiscs book

arXiv:1808.10567
BaBar’s analysis

PRL.119.131804

DESY. | Dark matter searches at Belle Il | S Cunliffe 05.06.2019

1072

10°

107

107

BaBar 2017

| simulation 20 b’

- mm wm @ o .



https://arxiv.org/abs/1808.10567
https://doi.org/10.1103/PhysRevLett.119.131804
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Summary

Next generation e*e collider. Belle Il taking data now.
Dark sector physics - good prospects even with very early data.

3y: ALP-strahlung and decaying to two photons.
Experimentally clean.
Can perform analysis with calibration collisions data (~500 pb-' 2018).

Single y: dark photon decaying to stable dark matter.
Can improve limits from BaBar with 20 fb-.

MUZ': L, - L dark vector decaying to stable dark matter.

First analysis with early data.
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