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BUTTON Collaboration 
~50 members across 15 institutions 
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BUTTON at Liverpool
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BUTTON Goodbyes
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James 
• Left for a job in 

industry  

Adam 
• ‘Unofficially’ 

leaving in July for 
Queen Marys 
working on XLZD



BUTTON 
Boulby Underground TesTbed (for) Observing Neutrinos
• Develop technologies for low background detectors (MeV)


• 30 tonne (r=1.8 m, h=2.7 m) water-Gd/WbLS-Gd tank 


• Gadolinium improves detection of neutrons 


• 96 10”  Encapsulated Hamamatsu R7081 PMTs


• Encapsulation protects PMTs from different fill materials 


• Potential for novel photosensor deployment 


• First underground deployment of WbLS


• Testing the scaling up of the technology 

5



Water-based Liquid Scintillator 
A Cherenkov scintillator hybrid 

• Why not mix water and scintillator? 


• 1% scintillator gives ~100 optical photons/MeV


• Keeps the particle identification and position for 
high energy events 


• Lower detection threshold


• Proposed studies from reactor monitoring, 
neutrinoless double beta decay, solar neutrinos, 
diffuse supernova backgrounds …


• Potential for use in dark matter vetos 
(DarkSPHERE, XLZD)
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BUTTON Simulation 
 - RATPAC2
• Sequential Monte Carlo (MC) generator developed by many 

experiments and collaborators 


• Every aspect of the detector can be modelled from optical 
properties to waveform digitisation


• User can define parameters in JSON file format


• Easy parameterisation of events at the macro level 
(including arrays and text files) —>Easy studies of 
systematics 

7

2003ish

[1]

(1)  Marc Bergevin,  MC Status, BUTTON Collaboration Meeting, LLNL, 
01/15/2025



Light Diffusers Cone
• Light diffuser is a PTFE dome with a 40º 

opening angle designed for Hyper-K


• Act as a standard candle to calibrate 
PMTs and monitor water parameters 


• Developed the laser system in 
Chemistry Lab ~ 200 photons per pulse


• Developed in parallel with Hyper-K 
system
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HK Diffuser

405nm  
Laser

Attenuator 

Beam Spliter 

Power 
meter

Optical 
switch

• Simulation of 
light diffusers 
to compare 
to date

Light tight box



BUTTON Construction Finished 
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Water System

• Designed and Built at 
Liverpool


• Type 1 grade laboratory 
water


• Gd Compatible and WbLS 
Upgradable 


• Running rate of 21 litre/
min  = one full tank 
circulation a day
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BUTTON DAQ
• CAEN V1730 series digitizers are used providing 16 channels per module with signal 

rate —> 500 MS/s


• TOOLDAQ is used to process signals and also acts as slow control 


• Trigger designed to use a dynamic 100 ns time window 


• Trigger rate of 50 Hz resulting in 1 terabytes of data a day 


• Is a supernova ready system  

11



1kilo-tonne tank
After BUTTON 
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• Expansion of Boulby gives us a unique 
opportunity to for growth


• Can fit around a 11 by 11 m tank 


• Liverpool deeply involved with the design 
phase of this experiment 


• Salt Cavern has been excavated 
including tank atrium 


• Physics goals:


• Reactor neutrino studies


• Supernova neutrinos


• Diffuse Supernove neutrinos


• Full at scale deployment of WbLS




Conclusions

Thanks for listening  13

BUTTON Future  
• BUTTON finally fully built and being commissioned


• First two BUTTON papers published 


• UKRI/STFC Fund for international Collaboration 
has now ended


• Working on no-cost extension


• Waiting for STFC Bucket 2


• We are still working to maintain the water system 
and DAQ


• Meet monthly with US collaborators 


• Collaboration is preparing for the prospect of 
funding becoming available 



Back up
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Key terms 
• WGd  —> Water + Gadolinium 


• WbLS —> WGd (this presentation) + LAB + PPO 


• LS —> LAB + PPO + Gd (in this presentation/Simulation but more possible 
options)
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Neutrino Detectors
Low background and low energy detection   
• Two classes for low energy (0.1-10 MeV) neutrino detectors 
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Cherenkov detectors (water (WGd))


Advantages


• Great position and direction reconstruction 


• Can reconstruct energy of event


• Long attenuation length 


Disadvantages


• Limited by Cherenkov threshold 0.8 MeV electron events 
(total = 4 MeV [1] (SK solar limit with background))


• Poor energy resolution at low energy due to low light 
yield

Liquid Scintillator (LS)


Advantages


• No energy threshold 


• Sensitive to lower energy events (more light per MeV (higher 
light yield) 


• Improved energy resolution (better discrimination from 
background) 


Disadvantages


• Expensive to buy in large quantities


• More challenging to handle and dispose 


• Short attenuation length 

[1] https://arxiv.org/abs/1606.07538



Boulby Underground Laboratory

17

• UK’s deep underground 
science facility


• Operated by STFC in 
partnership with ICL-
UK (mine operators)


• 1.1m depth (2805 mwe)


• Rock-salt —> low-
background 
environment 


• Reduced cosmic ray 
flux vs surface (106)
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RATPAC-TWO

Physics and 
optics 

generator

DICEBOX 
[2]

Geant4 
[1]

GLG4sim 
[3] 

CRY 
[4]

CLHEP 
[5]

ROOT 
[6]

Geant4 
Objects and 

surfaces Simulates 𝛾 
decay of excited 

nuclei 

Used for 
neutron capture 

on 157Gd                                                                                                                                                                                                                                    

Enhanced 
PMT response                                                                                                                                                                                                                                     

Optimised 
for Liquid 
Scintillator 

Cosmic-ray 
Shower Library                                                                                                                                                                                                                                    

 Understand µ 
backgrounds                                                                                                                                                                                                                                 

HEP utility 
packages                                                                                                                                                                                                                                     

Vectors, 
number 

generators, 
etc                                                                                                                                                                                                                                    

Data Storage 
framework                                                                                                                                                                                                                                    

Makes pretty 
graphs                                                                                                                                                                                                                                  

(1) John Allison et al. “Recent developments in Geant4”. In: Nuclear instruments and methods in physics 
research section A: Accelerators, Spectrometers, Detectors and Associated Equipment (2016)


(2) M. Krticka. “DICEBOX Version 1.0”. In: Manual (2007-2024)

(3) G Horton-Smith. An introduction to GLG4sim features. May 2006

(4) C. Hagmann, D. Lange and D. Wright, "Cosmic-ray shower generator (CRY) for Monte Carlo transport 

codes," 2007 IEEE Nuclear Science Symposium Conference Record

(5) Leif Lönnblad. “CLHEP—a project for designing a C++ class library for high energy physics”. In: Computer 

Physics Communications 84.1 (1994)

(6) R. Brun and F. Rademakers. “ROOT: An object oriented data analysis framework”. In: Nucl. Instrum. Meth. A 

389 (1997)

RATPAC2 
Packages



BUTTON Simulation 
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Public repository 
kept up to date with 
latest development

‘Private’ repository 
specific to experiment 
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Switch 116 Chapter 5. BUTTON Calibration

(a) Hyper-Kamiokande
Di!user
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(b) Di!user Diagram

Figure 5.8: An image of the Hyper-Kamiokande Di!user (Figure
5.8a) provided by HK calibration group and a diagram showing how
ω (opening angle) and ε relates to the di!user light cone (Figure

5.8b).

5.2.2 Hyper-Kamiokande Di!users

In addition to the light ball, BUTTON will make use of two di!users that have
been developed for Hyper-Kamiokande. An image of the Hyper-Kamiokande light
di!user can be seen in Figure 5.8a white disc is the di!user surrounded by a stainless
steel enclosure. This is connected to an optical fibre which is connected to a laser
outside of the tank. The opening angle ω is 40→ and is defined as the angle between
the centre of the light cone and the edge of the light cone as shown in Figure 5.8b.
The other important angle is ε which is the angle around the central axis. For a full
cone, this is a full 360→. The distribution of this angle can be seen in Figure 5.9. It
is clear that ε is isotropically populated through a total of 360→. This was achieved
by using a random number generator that was scaled between 0 to 360→ which is
then subtracted by 180→ to get a distribution between ±180→. The ω distribution
isn’t as easy to randomly generate. The uniform distribution is cos(ω) so this is
randomly generated between 0 to 1. The value of ω is only accepted if the value
of ω is between 0 to 80→. By subtracting by 40→ a ω value between ±40→ can be
randomly found. In polar coordinates, there are no negative ω values, inside of the
simulation a negative ω goes in the opposite direction to a positive value from the
centre. It should also be noted that a real di!user does not have a clear cut at the
edge of the ω distribution, this is not currently simulated. These two angles are
used to determine the direction of each photon being simulated4.

In RAT-PAC a light di!user generator was being developed for WATCHMAN.
Due to a lack of documentation, verification was need to insure the correct direction
of the optical photons. To do this the generator was positioned at the point D1
located at (1500, 0, 0)mm (other positions were also tried with similar results).
In Figure 5.10b the output for a di!user at D1 is shown for the PMT ID and the
vertical position. The labelling convention on the PMTs is that 0 to 16 IDs are
the top PMTs with 16 to 32 labelling the bottom PMTs. The barrel PMTs are
assigned in alternating pairs, the PMT bottom row in one quadrant is assigned.
The top two PMTs in the quadrant that is the mirror opposite are the next to be

4This is the new method for randomly sampling the angle, the original method used a flat
distribution of ω.
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