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Motivation

Belle 11

¢ Evidence for dark matter (DM) is overwhelming
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¢ No signal despite great experimental efforts X2
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¢ New models with dark sectors v/A
¢ Evade direct detection ot X1 0t

¢ Discovery potential at colliders

Example vertex of inelastic dark matter
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Inelastic Dark Matter (IDM)

Belle 11

¢ DM could be produced at LHC and Belle I
¢ For large DM masses (~100GeV) LHC favoured (4)
¢ Otherwise, clean environment of lepton colliders favoured

¢ Belle Il is well suited
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Inelastic Dark Matter (IDM)

¢ DM could be produced at LHC and Belle I
¢ For large DM masses (~100GeV) LHC favoured (3)
¢ Otherwise, clean environment of lepton colliders favoured

. : -2
¢ Belle Il is well suited 10

---- thermal target (Q2pmh? = 0.12)
~— 1 cm y decay length

60 cm Y, decay length
e Belle 11 mono-v proj. rescaled
mem Sensitivity of displaced search
L BaBar mono-v limit rescaled

Projected sensitivity of Belle |l to iDM (4)
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Belle Il & SuperKEKB

Belle 11
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Central Drift Chamber (CDC)

Belle 11

¢+ Wires fire when charged particle passes
i ¢ CDC triggers are track finders
¢ Using the Hough transform

¢ Main track trigger of Belle Il: Single Track Trigger
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IDM example event (simulated)
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Central Drift Chamber (CDC) Belle I

¢+ Wires fire when charged particle passes
i ¢ CDC triggers are track finders
¢ Using the Hough transform

¢ Main track trigger of Belle Il: Single Track Trigger
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DM example event (simulated) Efficiency of the single track trigger (5)
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Hough Transform

Belle 11

_1, ¢)

¢ Track finding — Peak finding L cosp 4y sing

* Geometrical space (x,y) = Parameter space (r

¢ Conformal mapping: 2D circles — Straight lines

¢ Requires setting of reference vertex, normally (0,0)
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Basic idea of the Hough transform (6)
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MacroCells P

CDC ¢ ~400 reference vertices (MacroCells)

100 ¢ Hough transforms in parallel, assuming MacroCell as vertex

¢ Select promising vertex candidate
50
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Belle 11

MacroCells

CDC Parameter space
4 .
7] & ~400 reference vertices (MacroCells)
14 -
122 ¢ Hough transforms in parallel, assuming MacroCell as vertex
1, t* Select promising vertex candidate
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Neural Cluster Analysis

Belle 11

Belle |l .1 Signal
1.1 105 Examples == Background ¢ Network runs on cluster parameters

— Neuralthreshold (size, 0, peak height, etc...)
¢ (Classifies clusters [tracks, fakes]

¢ Requires two tracks

log(occurence)/0.01

¢ Training data: iDM + background

0.0 0.2 0.4 0.6 0.8 1.0
Network output
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Results
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¢ Signal efficiency: ~80%
¢ Fake rate should not exceed 1kHz

¢ \ertex resolution: ~5cm
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Results & Implementation

Belle I
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¢ Signal efficiency: ~80% ¢ Implementation of FPGAs
¢ Fake rate should not exceed 1kHz ¢ |n collaboration with KIT-ITIV
¢ \ertex resolution: ~5cm ¢ DVT planned to be ready for next running period
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