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[l=%. The BUTTON-30 Experiment

Boulby Underground
Laboratory

Boulby Underground Laboratory (operated by STFC):

e Muon flux reduced by 10-6 at 1.1 km
e Low Radon level: 3 Bg/m3 .

* 4000 m3 ISO 6 and 7 clean room lab space
* 3000 m3 Outside Experimentation Area

Cosmic radiation attenuated
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Hosted dark matter experiments like
Zeplin in the last decades

Rich near and far future plans

* Dark matter search
* Neutrino Physics/ Application
» Earth/Environmental Science

 Astrobiology



Detecting antineutrino at BUTTON

The Boulby Underground Technology Testbed for Observing Neutrinos (BUTTON) is a 30-tonne antineutrino detector

Traditional media: Water, Liquid Scintillator (LS)

Advanced media: Water-based Liquid Scintillator (WbLS); and Gd loading (water and WbLS)
Photosensor: 96 PMT

Advanced Photosensor: Large Area Picosecond Photo Detector (LAPPD)

Explore the potential for a future kilo-tonne detector

 Detection process: Inverse Beta Decay (IBD)
o « Hartlepool reactor: ~25 km
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 WbBLS: (1) directional event reconstruction + (2) better energy resolution and low threshold
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O'TIL,@

Water Tank:

 30-tonne cylindrical tank,

e 1nner diameter = 3.7 m

* height=3 m

« marine grade 316L stainless steel
 Liner material

« Water circulation system: Gd and WbLS
compatible

« 1nstallation is nearly complete
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BUTTON Optical Modules for

PMT

Optical gel

Front half

Washer plate with bolts

Acrylic flange
Long bolt

Back half

Penetrator system

High voltage / signal cable
PMT collar

PMT base
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A test stand at Edinburegh

Rl
o "6‘
<
£
<
&
S
H.LS—\

BUTTON

Picosecond | Light |  Optical
laser attenuator
=
3
@
& HV Supply
-
o
x
E
Ga;ee:;datdoeilay Splitter Box
HV + Signal
2]
Q
-
D
Trigger ADC
Caen digitiser +—> PC

Deb Sankar Bhattacharya, Detector Informal Meeting, 29 Oct 2026, University of Edinburgh




A test stand at Edinburegh

« An LED test driver (4 different frequencies: UV)
A LV power supply for the LED driver
o A Pulser for the LED driver

* The water pump at the bottom
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A test stand at Edinburegh

KEYSIGHT MXR054A Mixed Signal Oscilloscope 6 GHz 16 GSa/s 10 bit infiniium MXR-SerieS

Sjuswainsesi

» A Keysight (MXR054A) Oscilloscope: 16 Gs/second, bandwidth newly upgraded 6 GS, 10 bit adc
» An Ortec 416 Gate & Delay Generator
* The Photo-peak is adjusted with the delay with respect to the trigger
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A test stand at Edinburegh
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The final acquisition 1s a CAEN DT5742

DRS4 chip-based waveform digitizer

12 bit adc with 1 volt peak-to-peak range

1024 switch capacitor array => 1024 time samples

5 Gs/s => 200 ps width (each 1024 samples) => 204.8 ns time window per event
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A test stand at Edinburegh
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Results
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PMT Voltage [VI]

(c) PMT158
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Results

Laser power for PMT 39
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Results: PMT 99 (radar plots)

1.30
Gain
90°
1.25
1.20
1.15

0°

...
¥
o
Gain [107])

1.05

1.00
225°

o 0.002 107

Q 0.04 107 270°

0.95

0.90

ToA

ToA [ns]

O 0.9 ns 270°

\)N‘VEQ
o
5 ¢
~ e
(o) o

Deb Sankar Bhattacharya, Detector Informal Meeting, 29 Oct 2026, University of Edinburgh

17

270°

270°

4.0

3.5

3.0

2.0

15

1.0

4.5

4.0

35

3.0

TTS [ns]

2.5

2.0

1.5

1.0



Results: gain
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Results: PtV
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Results: ToA
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Results: TTS
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A test stand at Edinburegh Under water test of a BUTTON module in 300 liter tank

» Two scintillator paddles: one on the top and one at the bottom
« Two-fold coincidence for vertical muons
« Two more scintillators to be installed at the sides (at an angle) for slanted muons
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Results: Under water test of a BUTTON module in 300 liter tank

Setup: GEANT4 simulation
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Next:

 Testing long term stability of the BUTTON module in pure water

* Measuring light yield/muon in pure water

* Measuring light yield/muon using liquid scintillator (MU4)

 Testing Gd-loading compatibility of the BUTTON module 1in long term
* Neutron tagging with and without Gd-loading

Helpful addition:

* A water purifier?
* A magnetic stirrer for mixing LS and Gd-loading?
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Thank you for your attention!
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