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UK PhD students, Lauren Anthony (University of Liverpool) and Artur Sztuc (Imperial College 
London) working inside the Super-Kamiokande detector during the 2018 refurbishment. 
Photo: Kamioka Observatory, ICRR (Institute for Cosmic Ray Research), the University of 
Tokyo 
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APP Experimental Spotlights 
 
 
Super-Kamiokande summer 2018 refurbishment 
 
2018 is a big year for the Super-Kamiokande detector. Super-Kamiokande (Super-
Kamioka Neutrino Detection Experiment, or Super-K) is a 50 kilo-ton water 
Cherenkov neutrino detector in Gifu prefecture, Japan. The 40m height and 40 m 
wide water tank equipped with over 11,000 50cm hemi-spherical photo-cathode 
photo-multiplier tubes (PMTs) is located within Mt. Ikenoyama, approximately 
1000m underground from the mountain top. The experiment is renowned for the 
discovery of neutrino oscillation. This led to Prof. Takaaki Kajita (University of Tokyo 
and ICRR) winning the 2015 Nobel prize in Physics. Collaborators opened the tank 

after continuous 12-years 
of data taking. The 
refurbishment work was 
done during summer to 
fall 2018. The work 
included replacement of 
dead photo-multiplier 
tubes, installation of new 
calibration devices, but 
the main part was to fill 
the gap of the outer tank 
to stop the water leak.  
 
The Super-K has 2 
cylindrical layers, the 
inner detector (ID) and the 
outer detector (OD). The 

tank is optically separated to ID and OD by Tyvek sheets where the OD region is 
covered with white Tyvek sheets to maximize reflections of photons to reject 
incoming background particles. Both ID and OD, the main access tool to the tank 
is with a gondola. 
 
Both ID and OD, most of the work is done on floating islands, not on boats. Workers 
access these islands by gondola. Water level is reduced every week so that 
workers can access different depth of the wall of the ID and OD. ID PMTs are 
equipped on metallic frames where cables can be accessed only from the OD 
region. Thus, replacing a PMT requires a coordination of work by ID and OD teams. 

ID workers accessing to Super-K inner detector by a 
gondola. 
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OD worker team is much 
larger than the ID team. 
There are 3 groups. First, 
workers remove all white 
Tyvek sheets covering 
both side walls. One 
team works with ID team 
to replace PMTs. Second 
team works to remove 
rust from the tank wall. 
The third team (external 
company) cover the 
urethane based material 
on welding joints of tank 
walls to prevent the water 
leak.  
 
After finishing all work, water was filled again. End of 2018, collaborators confirmed 
that the water leak was immeasurably small. This work is a preparation to dope 
gadolinium compound into the water (SK-Gd) to enhance the neutron capture 
signals from neutrino interaction signals from diffuse supernova neutrino 
background (DSNB). 

 
Photo courtesy: 
Kamioka Observatory, 
ICRR (Institute for 
Cosmic Ray Research), 
the University of Tokyo. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

ID workers on a floating island are replacing a dead 
PMT. 

OD workers on a floating island cleans the wall by removing 
the rust to prepare for the joint protection. On welding joints 
above workers, you can see the coating covering the tank 
joints. 
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UK optical calibration system installation in Super-K 
 

 There are two categories of detector 
calibration; those which calibrate the 
underlying detector properties such as 
PMT gain and the water properties, 
and physics calibrations such as those 
for particle event vertex resolution and 
energy scale. A comprehensive 
calibration program provides a 
quantitative measurement of the 
detector performance and response, 
which are required for physics 
analyses. Super-Kamiokande employs 
numerous detector calibration 
techniques that allow continuous and 
periodic calibration of the detector 
properties. 
 
One element of a water Cherenkov 
(WC) detector that must be monitored 

daily is the optical properties of the water. Monitoring of the absorption and 
scattering coefficients is important as changes in these properties can affect the 
accuracy of particle identification and event reconstruction. Over the past several 
years, several universities in the UK (University of Liverpool, University of Sheffield, 
University of Warwick and Imperial College London) have been collaborating to 
develop a new calibration system for WC detectors. The system works by injecting 
light from LEDs into the detector via optical fibres which are coupled to three 
different optical devices. This method provides three different optical beam profiles 
to be projected onto the detector wall. The amount of light that is scattered or 
absorbed inside the detector can be determined by analysing the amount of light 
collected inside the detector, and the light sent from the LEDs. 
 
In 2015, members of the UK universities joined the Super-Kamiokande 
collaboration and began working closely with calibration experts within the 
collaboration. In 2017, as part of the Super-Kamiokande refurbishment, the UK 
working group was offered the unmissable opportunity to install the first UK-
designed-and-built hardware inside the detector. With the refurbishment, rapidly 
approaching in the summer of 2018, the UK group excitedly began preparations. 
The opening of Super-Kamiokande began on May 31st and whilst the on-site group 

Optical calibration system and Lauren 
Anthony (Liverpool) 
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members began 
working on the early 
stages of the 
refurbishment, more 
members began 
travelling from the UK 
to the experimental site 
on the east coast of 
Japan, eager to enter 
the detector for the first 
time. Maintenance 
work was carried out 
on floating floors and 
inflatable boats as the 
water was drained, and 
as more of the detector 
was revealed. Each of 
the five positions 
where the optical devices would be installed were equally spaced along the height 
of the detector, with completion of all installation stages after approximately 10 
weeks.  
 
In November 2018, the first light from the installed optical devices was collected 
using a pre-existing light source, and a sigh of relief breathed by the UK team. The 
success of the installation was confirmed! In the following 6 months, the electronics 
were commissioned, and the system fully integrated with the Super-Kamiokande 
data acquisition in July 2019. 
 

Lauren Anthony 
University of Liverpool 

 
 
 
 
 
 
 
 
 
 
 
 
 

Members of the Liverpool Super-Kamiokande group on 
the top hat of the Super-K detector during the 2018 
refurbishment. From left to right, Sam Powell, Lauren 
Anthony, Neil McCauley, Adrian Pritchard.  
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TXS056+0506: The first identified high-energy 
astrophysical neutrino source 
 
2017 September 22, the IceCube Neutrino Observatory observed a 290 TeV track-
like event (IC170922). A public alert was issued, and several optical observatories 
found an increase of activities at the blazar TXS0506+056 which is located 4 billion 
light-years away from Earth in the direction where IC170922 was coming. A blazar 
is a high-energy galaxy (active galactic nucleus) where the rotation axis is aiming 
toward Earth and the high-energy jets aligned to its axis can be observed. The 
collaboration checked past data, and indeed high activity of the TXS 0506+056 is 
correlated with several astrophysical neutrinos observed by IceCube. This is the 
first time a point source of high energy astrophysical neutrinos had been identified, 
and still the third example of any known astrophysical neutrino source (after the 
Sun and the supernova SN1987A).  
 
A larger array would be helpful for a further study of blazar neutrinos. As the first 
step to the future IceCube-Gen2 detector, the collaboration started to work on the 
IceCube-Upgrade, an installation of 7 new strings with new calibration devices. UK 
institutes are active members of IceCube-Gen2 and the main authors of recent 
IceCube papers including the neutrino mass-ordering determination from 
atmospheric neutrinos in IceCube (Eur.Phys.J.C(2019)80:9), Oscillation analysis 
framework for IceCube atmospheric neutrinos (arXiv:1803.05390), the test of 
Lorentz violation with atmospheric neutrinos in IceCube (Nat.Phys.14(2018)961). 
IceCube-Gen2 include 4 UK institutes: Manchester, Oxford, King’s College London, 
and UCL. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Artist impression of the TXS0506+056 blazar (image courtesy DESY) 
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APP Workshops 
 
 
APP-HEPP-NS joint workshop: The Physics of 
Supernova Neutrinos 
 
University of Sussex, 17 September 2018 
https://sites.google.com/view/snnuworkshop/home  
 
Core collapse supernova is one of the most catastrophic events in the universe, 
and it is a fascinating topic to study. Understanding of supernova physics requires 
interdisciplinary effort beyond one working group in IoP. For this purpose, we have 
a joint workshop with High Energy Particle Physics group (HEPP) and Nuclear 
Physics group (NP) focusing on supernova neutrino physics. The workshop started 
from astrophysical theories of supernova physics by Prof. Christina Volpe (APC 
Paris, France). Then we discussed a series of observation opportunities. First, Dr. 
Chris McCabe (King's College London) discussed possible observables from 
supernova neutrinos in xenon dark matter detectors. Then Dr. Pierre Lasorak 
(University of Sussex) described expected signals of core collapse supernova 
neutrinos in DUNE detector, in particular, R&D of the data recording system of 
LArTPC for non-triggering events. Dr. Mark Stringer (University of Sussex) 
discussed supernova neutrino events in the SNO+ detector. The low background 
and low energy threshold detector would give complementary information of these 
neutrinos. Dr. Matthew Malek (University of Sheffield) talked about the signal of 
supernova neutrinos at the Hyper-Kamiokande detector, the 3rd generation of 
successful Kamiokande detector family (Nobel prize in physics, 2002 to the 

Kamiokande, 2015 to the 
Super-Kamiokande) where 
the total mass reaches to 
200 kton. Dr. Gavin Lotay’s 
talk (University of Surrey) 
covered nuclear physics 
processes studied by 
laboratories. 
 
The workshop also included 
a series of talks by students 
so that it can serve as a 
training and a place to meet 
with other students. Tarso 
Franarin (King's) described 
possible sterile neutrino and 
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dark matter signals from a galactic supernova. Jost Migenda (Sheffield) presented 
supernova neutrino flux simulations at the Hyper-Kamiokande detector. And in the 
final talk, Charles Simpson (University of Oxford) discussed gadolinium doping of 
Super-Kamiokande (SK-Gd). This is a new effort by SuperK to detect diffused 
supernova neutrino background (DSNB), neutrinos produced by past supernovas 
which might offer a possible detection of pre-supernova neutrinos. 
 
Organizers include Dr Simon Peeters (Sussex, Chair), Malcolm Fairbairn (King’s, 
theory), Teppei Katori (Queen Mary, APP, HEPP), Matthew Malek (Sheffield, APP, 
HEPP), Arnau Rios (Surrey, NP). 
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APP Group Prize 
 
 

2017 IOP APP early career prize 
Dr. Christopher Berry (University of 
Birmingham) 
"For his contributions to understanding the first 
gravitational-wave observations of binary black 
holes." 
 

IOP APP early career prize 

The next call will be early 2020 (as the 2019 IoP APP early career prize). Eligible 
nominees are early career researchers working in the area of Astroparticle 
physics (both experiment and theory) in any institution in the UK and Ireland who 
has 5 years or less postdoctoral experience (allowing for career breaks). Broadly, 
‘Astroparticle physics’ includes cosmic ray physics, neutrino and gamma ray 
astronomy, dark matter, double-beta decay and nuclear astrophysics. In cases 
where eligibility is unclear, the prize awarding committee will adjudicate. Two 
nominators are required, at least one of whom should be from an institution other 
than the researcher’s current employer.   Nominations should include copies (or 
the URL link to) of 3 papers on which the nominee has worked in the preceding 2 
years. The papers should have been published, or accepted for publication, in a 
refereed journal.  

IOP APP Thesis prize 

The next call will be early 2021 (as the 2020 IoP APP thesis prize). To be eligible 
for the prize, nominees need to have received a PhD from an institution in the UK 
or Ireland in the area of Astroparticle physics, either experiment or theory. Broadly, 
‘Astroparticle physics’ includes cosmic ray physics, neutrino and gamma-ray 
astronomy, dark matter, double-beta decay and nuclear astrophysics. In cases 
where eligibility is unclear, the prize awarding committee will adjudicate. The award 
of the PhD needs to have been made within 2 years for the candidate to be eligible 
for the award. Two nominators are required, one of whom should be either the 
student’s supervisor or external examiner. At least one should be a member of the 
IOP Astroparticle Physics Group. Nominations should include a copy of the thesis 
in electronic form.  
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APP Funding Opportunities 
 
 
IoP APP group funding for workshops and conferences 
 
IoP APP financially support various workshops and conferences. Please write up 
one page proposal about (1) event summary, (2) organizers details, (3) budget 
break down, and (4) the requested budget. If the event is organized by IoP APP 
group only, the guidance of subsidy is 

• For half-day meeting up to £500  
• For one-day meeting up to £1000  

 
In the event that more than one group wishes to organise a joint meeting the 
recommended maximum subsidy will be increased by 50%. 
 
For details, please contact IoP APP chair (Teppei Katori, teppei.katori@kcl.ac.uk). 
 
IoP Research Student Conference Fund 
 
https://www.iop.org/about/grants/travel-
bursaries/research_student/page_38808.html 
 
IoP APP provides a financial support for IoP member PhD students to attend 
conferences. Up to £300 is provided for a single trip.  

We will consider funding for international events organised by the Institute. 
Meetings organised by our groups are not covered by this funding because these 
are already subsidised by the Institute. 

applications on a quarterly basis after each of the following deadlines. Please send 
your application before, 1 March, 1 June, 1 September, 1 December. Your 
application must reach us at least three months before the conference you plan to 
attend. For example, for an event taking place in July, your application should reach 
us by 1 March.  

Please follow the link and download an application form, and email it to 
supportandgrants@iop.org. 
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APP group committee members 
 
 
Prof. Giles Hammond, Chair (University of Glasgow) 
Prof. Garret Cotter, Secretary (University of Oxford) 
Dr. Paul Scovell, Treasurer (STFC) 
 
Dr. Christian Diget (University of York) 
Dr. Justin Evans (University of Manchester) 
Dr. XinRan Liu (University of Edinburgh) 
Dr. Mattew Malek (University of Sheffield) 
Dr. Teppei Katori, (Queen Mary University of London) 
Dr. Joseph Walding (Royal Holloway University of London) 
Mr. Glen Kiely, Early career member (University of Limerick) 
Ms. Elena Massera, Early career member (University of Sheffield) 
Mr. Navin Seeburn, Early career member (Royal Holloway University of London) 
Mr. Samuel Spencer, Early career member (University of Oxford) 
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