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Words from the Chair 
 
APP is one of the largest groups within the IoP. It covers very large 
topics, and we define the following 7 topics as main subjects within 
the APP; cosmic ray physics, gamma ray astronomy, gravitational 
wave astronomy, neutrino astronomy, neutrino-less double beta-
decay, dark matter physics, and nuclear astrophysics. Obviously, 
these are topics also covered by other groups, such as gravitational 
physics (GP), nuclear physics (NP), theoretical physics (TP), and 
high-energy particle physics (HEPP), and we often co-organize 
workshops with these groups. In 2019, we had the first workshop 
co-organized with the Neutron Scattering group (NS). The APP 
community is a growing community. 
  
This newsletter has 2 new topics. One is the funding opportunities 
we offer. The other is about the prizes we offer. These are benefits 
for all IoP members, especially the IoP APP members. Please see 
relevant sections and websites for the latest information.  
 
The situation around APP community is fast moving. To deliver 
news in the community in timely manner, we run a Facebook page 
(https://www.facebook.com/IOPAPP). Since this is a public page 
you do not need a Facebook account to see it. We started this in 
2015 as an “experimental” approach, but now we have over 900 
followers which is bigger than the subscribers of APP e-mails. We 
use both the mailing list and the Facebook page to distribute 
information of all funding opportunities, call of prizes, and 
conferences and workshops. In particular, we would like to draw 
your attention on the APP student conference and APP organized 
workshops where travel funding is available for students and early 
career scientists.  
 

Chair, Teppei Katori (King’s College London) 
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IOP APP Prize Winners 
 
IOP APP Thesis Prize 2018 - Winner 
 
Dr. XinRan Liu (University College London) for his 
thesis on "Low background techniques for the 
SuperNEMO experiment". 
 
XinRan Liu completed a masters on 
Advanced High Energy Physics at 
UCL on “Low level radioactivity 
assays with HPGe detectors” which 
lead naturally to a PhD on 
development of ultra-low radiation 
measurement techniques for the 
SuperNEMO neutrinoless double 
beta decay experiment. The PhD 
involved the establishment of a 
germanium facility at Boulby 
Underground Laboratory as well as 
a radon emanation measurement facility at the Mullard Space 
Science Laboratory. Since graduating from UCL, XinRan now works 
on the LZ Dark Matter experiment at The University of Edinburgh. 
 
XinRan has a keen interest in science outreach and has led/been 
involved in activities including speaking at schools, demonstrating at 
science fairs, global Facebook-Live events, particle physics master-
classes, and meeting MPs at Westminster and Our Dynamic Earth, 
Edinburgh. Most recently, XinRan was invited by UKRI to represent 
the UK at China’s Dark Matter Day outreach event. This involved 
several activities, culminating in a live presentation to some 5000 
school students, with simultaneous live-streaming of the talk to over 
100,000 school children across China. XinRan has since joined the 
APP committee as treasurer.  

XinRan Liu, winner of the APP thesis prize 
2018.  
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IOP Technician Award 2019 - Winner 
 
Emma Meehan (STFC) for her contributions as senior 
science support technician at Boulby Underground 
Laboratory. 
 

Emma plays an essential role in 
supporting the multidisciplinary 
science programme at Boulby 
Underground Laboratory, which 
includes the study of particle physics 
(including searches for dark matter), 
geology, biology and more. Emma has 
been a member of the team at Boulby 
since 2009. Starting as a cleaner, 
having previously worked in the 
equine industry and having taken a 
career break to raise a family, due to 

her inquisitive mind Emma would incessantly quiz the scientists on 
their work. Her enthusiasm and capability meant she was quickly 
given additional responsibilities, not just in her cleaning role but in 
the running of the science projects themselves. 
 
Because of Emma’s hard work, diligence and enthusiasm, and 
despite little formal technical training, in 2014 Emma was formally 
promoted from cleaner to science support technician. In this role 
she has since excelled and become a vital member of the 
laboratory.  
 
Emma also coordinates the outreach activities giving frequent talks 
at international conferences and public occasions, hosting visits to 
the facility from scientists, government members and the general 
public and organising educational events for schools, both on and 
off site. Emma is the latest member of the IOP APP committee 
starting in 2020.  

Emma Meehan, Winner of the IOP 
Technician Award 2019. 
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Upcoming IOP APP Prizes: 
 
IOP APP Early Career Prize 2019 
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 2020 
Next call will be early 2021 (as the 2020 IoP APP thesis prize) 

Eligible nominees will have received a PhD in the area of Astroparticle 
Physics (theoretical or experimental) from an institution in the UK or 
Ireland in the area of Astroparticle physics. 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 nominee must have been awarded the PhD within the 
last 2 years. Two nominators are required, one should be 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 Experimental 
Spotlights 
 

 
Status of the LUX-ZEPLIN experiment 
T. Fruth on behalf of the LZ Collaboration 
Department of Physics & Astronomy, UCL 
 
The nature of dark matter is one of the big mysteries of the universe 
currently being addressed by a range of different experimental 
efforts.  One of these experiments is LUX-ZEPLIN, a direct 
detection search for WIMP dark matter particles, currently 
completing construction at the Sanford Underground Laboratory in 
South Dakota, USA. 
 
The LZ detector has a 
dual-phase liquid 
xenon time projection 
chamber (TPC) at its 
heart, surrounded by 
a xenon skin veto and 
an outer detector 
containing liquid 
scintillator.  Xenon 
TPCs have been 
leading the field of 
WIMP dark matter 
searches for many 
years now due to 
desirable properties 
such as a dense target, well-controlled low backgrounds and the 
feasibility of building large detectors. A WIMP particle is expected to 
scatter elastically off a xenon nucleus, inducing a nuclear recoil. 
Such an event would lead to the emission of scintillation light and 

Figure 1: The assembled time-projection chamber in the 
surface laboratory cleanroom with radon-reduced air 
supply. Photo credit: Matthew Kapust, Sanford 
Underground Research Facility. 
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ionization electrons. Photomultiplier tubes (PMTs) on the top and 
bottom of the detector detect the scintillation photons. An electric 
field is applied to the TPC to extract the ionization electrons to the 
top of the detector and into a gas phase. The electrons are 
accelerated in the gas phase, causing the emission of 
electroluminescence light, which is seen by the PMTs. With 7 
tonnes active volume, LZ is a 20-times scale up from its 
predecessor LUX. Like LUX, it will be housed 4,850 feet 
underground in the Davis Cavern. 
 

The onsite detector 
assembly started in 
autumn 2018 in a 
class-1000 
cleanroom at the 
surface 
laboratory.  Great 
care was taken to 
minimize dust levels 
and radon exposure 
of detector 
components for all 
assembly activities.   
The central detector, 
the TPC, consists of 

a field cage made of PTFE containing field shaping rings and grids 
to which high voltage is applied. Collaborators at SLAC wove these 
grids on a custom-made loom.  An essential part of the detector 
integration was the cabling and integration of the two PMT arrays, 
containing a total of 494 PMTs. The assembled TPC was then 
inserted into the inner cryostat vessel in July 2019. Subsequently, 
checkout tests were conducted to confirm the correct installation of 
PMTs and other detector components. 
 
The next important milestone was achieved in October. The cryostat 
containing the TPC moved from the surface assembly lab down into 

Figure 2: The ICV containing the central detector is lowered 
into the shaft on its way to the Davis cavern. Photo credit: 
Nick Hubbard, Sanford Underground Research Facility 
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the Davis Cavern, where the detector will be operated. For this 
move, the cryostat had to be lowered 4,850 feet down the mining 
shaft. The ICV was held in a custom-built transporter strapped 
below the cage, which typically carries the miners and scientists. 
Once down in the mine, a team of researchers and engineers 
pushed the detector into the cavern using air skates. 
 
In the coming months, 
the outside of the 
cryostat will be 
equipped with more 
instrumentation and 
wrapped in insulation, 
before being inserted 
into the outer 
cryostat.  While the 
TPC and ICV were 
assembled at the 
surface, LZ 
collaborators have 
been working on 
getting the xenon 
circulation 
infrastructure ready 
underground. Xenon 
circulation tests with a 
test cryostat are due 
to start shortly. The 
outer veto detector tanks which will be filled with scintillator to be an 
effective neutron veto have been staged in the water tank, ready to 
be installed around the inner detector. 
 
The coming months promise to be exciting for the LUX-ZEPLIN 
collaboration with the completion of the detector integration and the 
start of detector commissioning.

Figure 3: The outer cryostat and acrylic tanks for the 
outer detector are staged in the water tank which will 
house the LUX-ZEPLIN detector. Photo credit: Matthew 
Kapust, Sanford Underground Research Facility. 



Astroparticle Physics Group Newsletter                                         December 2019 
 

AIT & WATCHMAN (Advanced Instrumentation 
Testbed & WATer CHerenkov Monitor for 
ANtineutrinos) 
L. Kneale on behalf of the WATCHMAN Collaboration 
Department of Physics & Astronomy, University of Sheffield & AWE 
 

One of the smallest 
particles in the Universe 
could be part of the 
solution to one of the 
biggest threats facing us 
today - global 
proliferation of nuclear 
weapons. 
 
The UK and US are 
working together to 

develop a scalable reactor anti-neutrino monitor prototype here in 
the UK. The technology could be deployed for non-intrusive 
monitoring, for example to complement nuclear non-proliferation 
agreements such as the Non-Proliferation Treaty. 
 
AIT&WATCHMAN consists of two projects. The Advanced 
Instrumentation Testbed (AIT) is the civil construction project, 
comprised of a new cavern and laboratory site at the STFC/Boulby 
Underground Laboratory. The WATCHMAN project will develop a 
neutrino detector, to be located at the AIT site, which will be one of 
the largest precision anti-neutrino detectors in the world and will 
also function as a supernova neutrino trigger, providing input into 
SNEWS (Supernova Neutrino Early Warning System). Future 
deployment of advanced technologies could also open the way to 
oscillation physics and CNO solar neutrino detection. 
 
Dr. Matthew Malek, of the University of Sheffield, is the academic 
Principal Investigator for the UK. Dr. Malek said, “The beauty of 
AIT&WATCHMAN is that it enables us to learn more about the 

Figure 1: reactor antineutrino map of the world - 
copyright AGM 2015 
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universe at both the largest and smallest scales, whilst 
simultaneously supporting an innovative programme of non-
proliferation. We will study one of the fundamental building blocks of 
nature, the neutrino, and we will use it to search for supernovae in 
other parts of our galaxy. At the same time, we will be promoting a 
strong impact study for global security. Not many experiments can 
do all that.” 
 
The AIT programme benefits from its proximity to the EDF 
Hartlepool Nuclear Power Station. The standoff distance of 26 km 
makes it an ideal location for prototyping this new non-proliferation 
technology. The Hartlepool station operates a 3GWth twin-core 
reactor that will provide the anti-neutrino signal for the detector. AIT 
also benefits from being located in the ICL/Boulby Mine, which 
provides 1.1 km of shielding from cosmic rays. The first iteration of 
the anti-neutrino experiment may be a gadolinium-loaded water 
Cherenkov detector. The gadolinium enables advanced neutron 
detection capabilities, making low-energy reactor anti-neutrino 
detection possible.   
 
An anti-neutrino from a reactor interacts with a hydrogen nucleus in 
the detector via inverse beta decay to produce a relativistic positron 
and a high-energy neutron. Without gadolinium, the neutrons 
thermalise in the water and capture on hydrogen, releasing a 
gamma of just 2.2 MeV. The planned concentration of gadolinium 
captures 90% of these neutrons, resulting in a cascade of gammas 
totalling ~8 MeV. The correlation of the positron and neutron pair 
also enables the suppression of backgrounds which would 
otherwise overwhelm the signal. 
 
One of the proposed detector designs has a 1 ktonne-fiducial mass 
instrumented with around 3500 low-radioactivity, high quantum 
efficiency PMTs. This detector would have an active outer veto and 
a 0.2% concentration of gadolinium sulphate in water.  
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Each fission in a reactor core releases around 6 anti-neutrinos and 
a 1GWth core emits around 1020 anti-neutrinos per second. With this 
design, an inverse beta decay rate of a few per week from the 
Hartlepool reactor is expected. 
 
Efforts are now also focused on developing an experiment which will 
be a testbed for nascent technologies such as WbLS (Water-based 
Liquid Scintillator), wavelength-shifting plates, dichroic Winston-
cone light concentrators (dichroicons) and fast photosensors such 
as LAPPDs (Large-Area Picosecond PhotoDetectors). 
 
The STFC/Boulby Underground Laboratory is a very low-
background environment, a ‘quiet place in the Universe’, and 
already hosts wide-ranging experiments including dark matter 
searches and ultra-low radioactivity screening. 
 
Excavation of the AIT site is expected to begin in 2022 and the first 
iteration of the detector is due to come online by the end of 2025. 
The UK currently has six collaborating institutions on WATCHMAN. 
The lead academic institution is the University of Sheffield, joined by 
the Universities of Edinburgh, Liverpool, and Warwick. The 
academic groups work closely with the STFC/Boulby Underground 
Laboratory and one industrial partner, the Atomic Weapons 
Establishment, as contracted by the Ministry of Defence.  
 
The AIT&WATCHMAN projects are primarily funded by the Defense 
Nuclear Non-Proliferation office of the US National Nuclear Security 
Administration (NNSA), in response to a call in 2011 to develop 
remote reactor monitoring. In the UK, funding has been provided by 
the Ministry of Defence via the Atomic Weapons Establishment 
since 2016. Significant support for the project came from UK 
Research & Innovation in 2018, via a £9.7M grant to STFC as part 
of the Fund for International Collaboration. This funding supports the 
expansion of the STFC/Boulby Underground Laboratory, as well as 
UK academic participation. 
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The SuperNEMO Neutrinoless Double Beta 
Decay Experiment 
C. Patrick on behalf of the SuperNEMO Collaboration 
Department of Physics & Astronomy, UCL 
 
Deep under the Alps, in the Modane Underground Laboratory in 
France, the SuperNEMO Demonstrator will look for beyond-the-
Standard-Model physics that could provide clues to the matter-
antimatter asymmetry in the universe. Neutrinoless double-beta 
decay (0νββ) is a proposed and never-observed variation of the 
Standard Model double-beta decay process (2νββ), observed for 
several isotopes, with half-lives of the order of 1020 years. The 
neutrinoless variant, which is predicted to occur for the same 
isotopes is possible only if neutrinos are Majorana particles – if they 
are their own antiparticles. 
 
This process is interesting not only because it violates lepton 
number symmetry, creating matter (electrons) without antimatter 
(the corresponding antineutrinos), but because of what it could tell 
us about neutrinos. We know from neutrino oscillations that – 
contrary to Standard Model predictions – neutrinos are massive, but 
not how they get their mass: via the Dirac or Majorana mechanism? 
Neutrinoless double-beta decay would be a smoking gun for 
Majorana. The 0νββ rate also depends on an effective electron-
neutrino mass: a coherent sum over the three mass states, which 
could help us understand the absolute neutrino masses – 
inaccessible to oscillation experiments – and mass hierarchy. The 
smaller this effective mass is, the longer the half-life of the decay 
will be. For the inverted hierarchy, oscillation measurements already 
place lower limits on this mass, corresponding to 0νββ half-lives 
around 1028 years. If we don’t see decays with exposures consistent 
to these half-lives, it could rule out the Majorana hypothesis for the 
inverted hierarchy. 
 
The latest limits from detectors like KamLAND-Zen and GERDA 
suggest the 0νββ half-life for various isotopes must be 1026 years or 
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longer. Experiments must therefore have extremely low background 
rates, with challenges from solar neutrinos, cosmic rays, and 
radioisotopes in the uranium and thorium decay chains, particularly 
radon gas and its daughters that emit beta radiation in the few-MeV 
0νββ energy range. All potential 0νββ isotopes also undergo 
conventional 2νββ decays. These are distinguishable because for 
0νββ the entire decay energy goes to the two electrons, while in 
2νββ, some is “lost” to neutrinos. Good energy resolution prevents 
the high-energy tail of the 2νββ spectrum masking 0νββ signal. 
 
Detector designs for 0νββ vary dramatically, taking advantage of the 
unique physical and chemical properties of the ββ isotopes: gas or 
liquid xenon time-projection chambers like EXO and NEXT, 
enriched in 136Xe, or bolometric crystals like CUORE’s TeO2, kept at 
few-millikelvin temperatures, which heat up by just 100µK/MeV 
when a double-beta decay occurs inside them. SNO+, based at 
SNOLab in Canada, has a strong UK team, including the 
Universities of Oxford, Sussex, Lancaster, Liverpool, and King’s 
College London. Their detector, consisting of a 6m-radius acrylic 
vessel, is currently being filled with liquid scintillator, which will be 
doped with a specially-developed tellurium butane-diol complex 
incorporating the ββ isotope 130Te. The high-energy physics groups 
at UCL, Lancaster and Warwick are working with nuclear physicists 
from Liverpool and Manchester towards the next-generation 
LEGEND detector. Building on the GERDA and Majorana 
Demonstrator experiments, this will use a ton of semiconducting 
germanium detectors, enriched in 76Ge, and will be sensitive enough 
to observe 0νββ over the entire inverted hierarchy range. 
 
SuperNEMO takes a different approach. Extending the design of its 
predecessor NEMO-3, which has made competitive and world-
leading measurements of 2νββ half-lives and 0νββ limits in seven 
isotopes, it separates the source from the detector. In SuperNEMO, 
the ββ isotope, selenium-82, is ground to a fine powder, mixed with 
PVA, and sandwiched between Mylar to form pads a fraction of a 
millimetre thick. These are hung in 34 strips to create a 4 x 3 metre 
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source foil, comprising a total of 6.3 kg of 82Se. On either side, 9 
layers of Geiger cells – a total of over 2,000 cells, and 13,000 
individual wires – let us track the paths of individual charged 
particles, in three dimensions. 700 optical modules, scintillator 
blocks optically coupled to photomultiplier tubes, allow us to 
separately measure the energy of each electron or photon that 
reaches the edge of the detector.  

This tracker-calorimeter design, a unique feature of the NEMO 
experiments, gives us the full topological reconstruction needed to 
reject background events from non-ββ processes, as well as giving 
us access to a wealth of extra information that can help us 
understand double-beta decay mechanisms. If 0νββ is observed, 
the natural next question will involve distinguishing between the 
several alternative theories leading to that final state. To do this, 
measurements of the individual electrons’ energies and trajectories 
– the extra data available from a NEMO-style tracking detector – will 
be essential. 
 
NEMO-3 has already demonstrated the power of this technology to 
probe nuclear physics. This year, studying 500,000 2νββ 
candidates, we discovered that the 2νββ decay from 100Mo to 100Ru 
takes place via the ground state of the intermediate 100Tc nucleus 

Figure 1: Expanded diagram of the SuperNEMO Demonstrator module, showing the 
calorimeter, tracker, and source foils, and how they measure the trajectories and 
energies of the electrons produced in a double-beta decay. 
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(single-state 
dominance, or 
SSD), rather than 
through excited 
states (higher-state 
dominance, HSD), 
as previously 
supposed. NEMO-
3’s 82Se analysis 
also hinted at SSD 
behaviour, which 

SuperNEMO should be able to confirm or refute with 5σ 
significance. 
 
The SuperNEMO Demonstrator Module has now been fully 
constructed and is undergoing commissioning, final cabling and 
checks. With data-taking imminent, we look forward to making the 
world’s-best measurements of the 2νββ half-life, and probing 
beyond the current 0νββ limits for 82Se, as well as investigating the 
possibility of exotic 0νββ mechanisms, Lorentz violation, and 
helping to place limits on poorly-understood nuclear effects. 2020 
will be an exciting year for us! 
 

From ProtoDUNEs to DUNE: build a house first, 
then a skyscraper. 
By Dr. Laura Manenti,  
New York University, Abu Dhabi 
 
“Build a house first, then a skyscraper.” I always like to make this 
metaphor when talking about the protoDUNEs, which are two liquid 
argon time projection chambers (LAr TPCs) currently operating in 
the north area at CERN. These enormous, argon-filled tanks are the 
testing grounds for the technology that will be used in the Deep 
Underground Neutrino Experiment (DUNE).  
 

Figure 2: A look inside the SuperNEMO Demonstrator before 
the final calorimeter wall was attached. The selenium-82 
source foils can be seen through the wire tracker. 
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DUNE is a long baseline neutrino experiment whose goal is to study 
neutrino oscillations, or how one species of neutrino transforms into 
another as it travels. Muon (anti)neutrinos created near Chicago, 
Illinois, USA by the LBNF beamline will travel 1,300 km before 
reaching the far detector at the Sanford Lab in Lead, South Dakota, 
USA. The far detector, located approximately 1 km underground, 
will actually consist of four modules leveraging LAr TPC 
technology.  
 
Each module will contain roughly 17,000 tons of liquid argon. As you 
may imagine, building and operating (safely and successfully) such 
big detectors is not an easy job. Scientists decided to proceed one 
step at a time and first build two prototypes, called protoDUNEs 
(apologies for not being more creative here) at CERN. In 2013 the 
European Strategy for Particle Physics recommended that the 
CERN Neutrino Platform serve “as the European hub for neutrino 

physicists working on 
research based in the 
United States and 
elsewhere in the world.” 
 
The two protoDUNEs, 
one single-phase and 
one dual-phase LAr 
TPC, are currently 
operating in a dedicated 
hall on CERN’s 
Prévessin site, where 
the CERN Neutrino 

Platform provided a dedicated charged-particle test beamline. 
 
The single-phase detector was ready by October 2018 and 
managed to take beam data before the current LHC shutdown. It is 
currently still running and acquiring data using muon tracks. The 
dual-phase detector (which is testing a less mature technology) 
started the filling operations in July this year and saw its first cosmic 
track in early September. 

Figure 1: EHN1 hall in the north area at CERN, hosting 
the two protoDUNEs. 
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The way LAr 
TPCs work is fairly 
simple: ionising 
particles (charged 
particles with 
enough energy) 
that traverse the 
detector produce a 
prompt scintillation 
signal and also 
create a trail of 
ionised electrons. 
Under a drift field 
of about 500 
V/cm, these electrons drift toward a charged readout plane, where a 
2D image of the track can then be reconstructed. By combining the 
arrival times of the drifting electrons with the initial time set by the 
recorded scintillation signal, scientists can also reconstruct the 
depth coordinate of the event, enabling a full 3D reconstruction of 
the particle’s path through the TPC.  
 
The single-phase (SP) protoDUNE detector only uses argon in its 
liquid form. The cryostat, roughly a cube of dimension 10 x 10 x 10 
m^3, is traversed by a cathode plane in the middle (kept at negative 
HV) and comprises two charge read-out planes on both sides. This 
way, the drifting electrons always move from the centre towards the 
sides. The charge read-out plane is composed of multiple wire 
planes, one of which reads an induction current (when the electrons 
are passing through the wires) and another that collects the 
electrons. 
 
Conversely, the dual-phase protoDUNE detector uses not only liquid 
argon, but argon in both the liquid and gaseous phases. The 
cathode plane here is at the bottom of the detector, compelling the 
ionised electrons to drift upwards, where they are extracted into 
gaseous argon. Here, large-electron-multipliers (LEMs) amplify the 

Figure 2: A scientist is inspecting the charge readout plane 
inside the protoDUNE dual-phase TPC.  
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charge signal which is then read by an anode (the charge is actually 
collected by the anode and read in the x-y plane), providing all the 
necessary 2D information about the event.  
 
A few key parameters for successfully operating these detectors 
include: 

• the ability to provide a high voltage for extended time periods 
without sparking (150 kV for the SP protoDUNE and 300 kV 
for the dual-phase protoDUNE), 

• outstanding liquid argon purity (i.e. clean from molecules 
such as O2, CO2, H2O…) so that the drifting electrons may 
move in the liquid without being trapped by electronegative 
impurities, 

• modularity, 
• low noise, 
• long term stability of the cryogenic system, 
• health and safety of the experimental physicists involved with 

the apparatus 
 

Currently, a protoDUNE “phase 2” is foreseen for the SP detector. 
The plan is to empty the cryostat in 2020 and perform upgrades for 
2021. These upgrades include optimising some of its features, re-
closing the cryostat, refilling it again and operating it using the active 
beamline, which should be functioning again by that time. The dual-
phase detector will also see a phase 2, but the details have to be 
finalised yet.  
 
A lot is still to be done, but, so far, we can certainly call this a 
success: the prototypes have demonstrated that the technology is 
scalable and that such a diverse and large collaboration is able to 
work together towards a common goal. This brings us one step 
closer to unveiling another puzzle piece in our investigation of the 
mysteries of neutrinos.  
 
The author thanks Dr. Ethan Siegel, theoretical astrophysicist and 
science writer, for help with the finishing touches on this article. 
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IoP APP Funding Opportunities 
 

 
IoP APP group funding for workshops & 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 increase by 50%. 
For details, please contact IoP APP chair (Teppei Katori, 
teppei.katori@kcl.ac.uk). 
 
IoP Research Student Conference Fund 
 
IoP APP provides a financial support for IoP member PhD students 
to attend conferences with up to £300 is awarded 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 as 
these are already subsidised by the Institute) 
 
Applications run on a quarterly basis. Please send your applications 
before; 1st March, 1st June, 1st September, 1st December. 
Applications must reach us three months in advance of the 
conference you plan to attend, for more information see: 
https://www.iop.org/about/grants/travel-
bursaries/research_student/page_38808.html 
 
Please follow the link, download an application form, and return to 
supportandgrants@iop.org. 
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This newsletter is also available on the web and in larger print sizes 
 
The contents of this newsletter do not necessarily represent the views or 
policies of the Institute of Physics, except where explicitly stated. 
 
The Institute of Physics, 37 Caledonian Road, N1 9BU, UK. 
 
Tel: 020 7470 4800 
Fax: 020 7470 4848 

 
 


