
Electronics, Triggering and 
Gd monitoring check

Dr. Benjamin Richards (b.richards@qmul.ac.uk)



Electronics Proposals

There are 3 proposals for the Hyper-K 
front end digitisation electronics:



Electronics Proposals

There are 3 proposals for the Hyper-K 
front end digitisation electronics:

1. Analogue QTC ASIC with FPGA 
based TDC



2.  Flash ADC Waveform digitisation



3.  DRS switched capacitor array
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3.  DRS switched capacitor array



Trigger Algorithm Development

•1. n hits trigger

•2. Test-vertices algorithm

•3. Cone finder

•4. Radioactivity tagging by charge

•5. Convolutional neural network

•6. Supernova Trigger



n Hits



Test-vertices Trigger



Cone Finder



Wall Vert Trigger

• Radioactivity dominates 
around 3 MeV

5 M 
from 
wall



Charge Trigger

• A β- decay in the PMT glass 
makes a faint cone and one hit 
with a large multi PE pulse 
(WCSim)



CNN Trigger











• GAD is a device being developed in the UK for automated continuous 
monitoring of Gd concentration.

• Its currently in development for EGADS, Super-Kamiokande Gd upgrade and 
for the IWCD and has interests from other Gd detectors

• Current Gd measurement techniques require manual water sampling one 
monthly basis that is taken off site and passed through a mass spectrometer 
(slow, infrequent & labour intensive)

• Mass spec has 3.5% on a concentration determination 
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Gadolinium Absorbance Detector (GAD)
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Measuring Gd Concentration Gd2(SO4)3%

• It is therefore important to 
track the concentration of 
Gd over time to know 
capture efficiency to a high 
accuracy (~1%) 

• Would also be useful to 
measure the spatial 
distribution of Gd
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Measurement Technique

Early prototype



• Able to achieve <3% error on 
concentration at 0.2% Gd2S3O12
loading

• Stable automated operation 
with regular measurements 
using ToolDAQ DAQ framework 22

Results
 First prototype was built to 

monitor 0.2% Gd2S3O12

concertation using a 
differential background 
independent method



So we can measure neutron capture efficiency to ~1%

• A fully automated standalone prototype has been produced for 0.2% Gd2S3O12 
concentration (full loading), with built in electronics, pumps and DAQ 
software.

• Testing has begun on V2.0 at order of magnitude less concentration (0.02% 
Gd2S3O12 initial loading)
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Neutron capture efficiency
Gd2S3O12 Concentration

Gd2S3O12 Conc. error

Gd2S3O12 Conc. error

Efficiency error
Efficiency error
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GAD V2.0 Prototype
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Results
• ~1% error at 0.02% 

Gd2S3O12 concentration

• ~1% error at 0.2% Gd2S3O12

concentration

• V1.0 had 3% error at 0.2% 
Gd2S3O12 concentration

• For full version we expect 
improvements to these 
numbers


