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BUTTON Collaboration

~50 members across 15 institutions

Jan 2025 Boulby collaboration meeting
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BUTTON at Liverpool
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BUTTON Goodbyes

Al ?\\ =
James Adam
o |Left forajob in o ‘Unofficially’
iIndustry leaving in July for

Queen Marys
working on XLZD
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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
e 96 10” Encapsulated Hamamatsu R7081 PMTs
 Encapsulation protects PMTs from different fill materials
e Potential for novel photosensor deployment
* First underground deployment of WbLS

* Jesting the scaling up of the technology



B.Land (Berkeley) o

Water-based Liquid Scintillator

A Cherenkov scintillator hybrid

 Why not mix water and scintillator? Micelle

* 1% scintillator gives ~100 optical photons/MeV

o Keeps the particle identification and position for
high energy events

e | ower detection threshold

Surfactant —{

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

e Potential for use in dark matter vetos
(DarkSPHERE, XLZD)
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BUTTON Simulation
- RATPAC?2

* 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

1 Reactor Analysis Reactor Analysis Tools Plus

[ ] Tools (RAT) is born Additional Code (RATPAC) is born
Adopted by the SNO+ West-coast groups (UC Dawvis, LLNL, LENL)
collaboration as ther main interested in non-proliferation research chose
simulation framework RAT for community tool development

RATPAC core software
WATCHBOY, WATCHMAN and AIT-NEO version
THEIA/Chess [LENL) version

2003ish Braldwood/SNO+ RAT

7 2008 2014 2016 2018 2020

Reflection

100 Optical
Photons

— =
Iransmission BUTTON geometry in RATPAC-2

RATPAC2is
born

LENL and LLNL soft
launch RATPAC2

| RATP.
(1) Marc Bergevin, MC Status, BUTTON Collaboration Meeting, LLNL,

' 01/15/2025
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405nm

Light Diffusers Cone Laser

* Light diffuser is a PTFE dome with a 40° P
opening angle designed for Hyper-K y | &%

e Act as a standard candle to calibrate

PMTs and monitor water parameters
Power s e

* Developed the laser system in meter — =
Chemistry Lab ~ 200 photons per pulse g
* Developed in parallel with Hyper-K Optical ¢
system switch ¥ e e
» Simulation of “ [+ 1 Iolad 3 N
light diffusers DR | T AL
to compare ®
to date e 4 ‘==
" E’ . N . — e Diffusers
Laser Attenuator  Splitter y-

Light tight box
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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

Booster
Pump

. — DO ww W ciionoss sossum

deionizing resin
Mixing tank
f Permeate

[—
gevers.e Chiller Heat
Smosts Exchanger
—
Anion
t deionizing resin
| Sortion ol FLASE
Anion deionizing resin
f Bypass during
TOC normal OT
Filtration 10 & S5pm « _ Gd addition
Mixing tank

Pump with
redundant backup ' BUTTON Tank

Mine supply — Filtration 10 & Spm
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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

* [rigger designed to use a dynamic 100 ns time window

* Jrigger rate of 50 Hz resulting in 1 terabytes of data a day

* |s a supernova ready system

T —

Splitter

11

ADC data
~
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1kilo-tonne tank
After BUTTON

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:

e Reactor neutrino studies

* Supernova neutrinos

* Diffuse Supernove neutrinos

* Full at scale deployment of WbLS
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Conclusions
BUTTON Future

« BUTTON finally fully built and being commissioned
* First two BUTTON papers published

e 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
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Key terms

« WGd —> Water + Gadolinium
e WbLS —> WGd (this presentation) + LAB + PPO

e |LS —> LAB + PPO + Gd (in this presentation/Simulation but more possible
options)
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[1] https://arxiv.org/abs/1606.07538

Neutrino Detectors
Low background and low energy detection
* Two classes for low energy (0.1-10 MeV) neutrino detectors

Cherenkov detectors (water (WGd))

Advantages

- Great position and direction reconstruction No energy threshold

Sensitive to lower energy events (more light per MeV (higher

 Can reconstruct energy of event light yield)

* Long attenuation length Improved energy resolution (better discrimination from
| background)

Disadvantages

* Limited by Cherenkov threshold 0.8 MeV electron events | | -
(total = 4 MeV [1] (SK solar limit with background)) Expensive to buy in large quantities

- Poor energy resolution at low energy due to low light More challenging to handle and dispose

yield Short attenuation length
P%d UNIVERSITY OF
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Science and
Technology
Facilities Council

Boulby Underground
Laboratory

Boulby Underground Laboratory

stry & clean preg * UK’s deep underground

staging space

o — science facility
- - ‘l“‘_,ﬂt‘%’,'
el ° Operated by STFC in

' partnership with ICL-

UK (mine operators)

Surface support and
staging building

e 1.1m depth (2805 mwe)

e Rock-salt —> low-

background
Boulby Underground Lab Facilities 2021: environm ent
>4000m3 class 1k & 10k clean room lab space 5
100Mb Internet AC, Air filtration, 5T & 10T N g
' lifting, LN generation, fume hood & clean prep \ ° Red Uced cosmic ray
BUGS+ Material screening 3000m3 Outside Expt. Area. Power & internet ' “ flux vs surface (1 06)
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Geant4

Physics and

RATPAC2 _
optics
Packages Data Storage generator surfaces Simulates

framework Geant4 decay of excited

nuclel
[1]
ROOT

Makes pretty [6] D|CEBOX
graphs [2] Used for

neutron capture
on 157(Gd

RATPAC-TWO

HEP utility
packages

CLHEP GLG4sim
[5] [3] Optimised

Vectors, for Liquid

Scintillator
number

generators,

otc Enhanced

(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)

(8) 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

PMT response

Cosmic-ray Understand p
Shower Library backgrounds
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(5) Leif Lonnblad. “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)
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BUTTON Simulation

Material, optical,
surface and PMT files related
to BUTTON

Experiment

RAT PAC-TWO B UTTO N SimUIation specific repository

|

Public repository

Contains experiment
geometry

. ‘Private’ repositor

kept up to date with . P _ d
specific to experiment
latest development
L &E4d UNIVERSITY OF

&7 LIVERPOOL

19



Monitor PMT

®
Switch

Attenuator Splitter
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