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Detecting dark matter
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Detecting dark matter
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Photon and dark photon can
interact via kinetic mixing,
where they are connected by
a messenger fermion

Messenger

fermion What does this look like

physically?




Detecting dark matter

When the photon and dark photon are
connected, we can see a small electric charge
coming from the dark sector. This is a milli-
charged particle (mCP)!
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The milliQan detector
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The milliQan detector

Bar detector
+ Low charge
+ Low mass

m Slab detector

+ Higher charge
‘ arXiv:2104.0711 X,.-"';rXiv:21o4.07151 V ngher mass



Increasing slab charge sensitivity

Double the number of photomultiplier tubes (PMTs) on each slab
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Increasing slab charge sensitivity

Design a summing amplifier to add PMT outputs

Slab (side view)

(simplified model)
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Increasing slab charge sensitivity

Design a summing amplifier to add PMT outputs

Slab (side view)
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Increasing slab charge sensitivity

Design a summing amplifier to add PMT outputs

<— Combined PMT output

Slab (side view)
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Designing the summing amplifier

Step 1: Draw the circuit
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Designing the summing amplifier

Step 1: Draw the circuit
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Designing the summing amplifier

Step 1: Draw the circuit
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Designing the summing amplifier

Step 2: Simulation

Does the circuit do what it's
supposed to do?
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Designing the summing amplifier

____________________________________

Step 2: Simulation

v Amplifies signal
+ Inverts signal
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Designing the summing amplifier

Step 1: Draw the circuit
Step 2: Simulation
Step 3: Printed circuit board (PCB)
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Designing the summing amplifier

Step 1: Draw the circuit

Step 2: Simulation

Step 3: Printed circuit board (PCB)

Next step: physical testing!
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Testing the board: setup

sintillator bars
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Readout board for
scintillator bars
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1.

Testing the board

Cosmic ray hits bars
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Testing the board

1. Cosmic ray hits bars

2. Signals sent to readout board
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Testing the board

Cosmic ray hits bars

Signals sent to readout board

Summing amp receives the 2
signals as inputs




Breadboard wires pick up too much noise

Input cosmic ray
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b Output signal




Modified testlng setup

Readout board for
' ator bars
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Modified testlng setup
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Next Steps

e Test summing amplifier with PMTs
e (Calibration

e Look into uses of summing amplifier on other parts of detector
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What does this mean for milliQan??

e 4 PMTs per slab instead of 2
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What does this mean for milliQan??

milliQan

arXiv:2104.07151

e 4 PMTs per slab instead of 2

e Slab detector should see
significant increase in charge
sensitivity
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What does this mean for milliQan??

4 PMTs per slab instead of 2

Slab detector should see
significant increase in charge
sensitivity

1071

charge [Q/e]

1073 4

milliQan

arXiv:2104.07151

milliQan
demonstrator

—
—
r

- = Slab detector (3000/fb)

= Run 3 bar detector (200/fb)
SLAC MilliQle o = == = = HL-LHC bar detector (3000/fb)
-== 2016 milliQan LOI (3000/fb)

101 10° 10! 102
mass [GeV]

34



What does this mean for milliQan??

4 PMTs per slab instead of 2

Slab detector should see
significant increase in charge
sensitivity
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mCP phase space
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Photomultiplier Tubes 101
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PMT output

Number of pulses
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PMT output
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