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PPCC projects covered 
in this talk

Title PI (Institution) Experiment Amount 
(kEUR)

Autonomous 
Community

Instrumentación para experimentos con 
neutrinos de aceleradores A. Bueno (UGR) DUNE 363 Andalucía

Instrumentación para laboratorio de criogenia 
dedicado a estudios de las propiedades de 

los neutrinos
P. Sanchez 

(UGR) DUNE 363 Andalucía

Desarrollo de nuevos sensores para futuros 
detectores criogénicos de neutrinos D. Garcia (UGR) DUNE 363 Andalucía

The T2K ND280 upgrade T. Lux (IFAE) T2K, Hyper-K 130 Catalunya

Electrónica de front-end para fotosensores 
en el detector NEXT-HD

J. Ballester, R. 
Esteve (UPV) NEXT 205 Com. 

Valenciana

Creation of a multipurpose laboratory at IFIC 
for the development of cryogenically-cooled 

gas and liquid noble element detectors
A. Cervera, N. 
Lopez (IFIC) DUNE, NEXT 299 Com. 

Valenciana

Development of state-of-the-art light 
detection systems for the DUNE and NEXT 

experiments
N. Yahlali, J. 

Martin-Albo (IFIC) DUNE, NEXT 299 Com. 
Valenciana
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Common theme: argon/xenon Time Projection Chambers (TPCs)

• Charged particles deposit energy in Ar/Xe 
via ionisation and scintillation 

• Ionisation electrons collected by 
establishing drift field 

• TPC: full 3D imaging from 2D image on 
readout planes .vs. electron drift time 

• Primary scint. light detection: timing 
• Trigger and calorimetry both with ionisation 

and scintillation 
• Advantages: imaging, calorimetry, particle 

identification, large active mass 
• Disadvantages: high Ar/Xe purity, very 

high voltages, cryogenics for LAr
3

*(not 
always)



Noble elements

• All noble elements: strong ionisation and scintillation yields. 
• Ar: cheapest → best for kton-scale detectors. 
• Xe: dense, high-Z and with 9% isotopic abundance of a ββ emitter (136Xe). 
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Element He Ne Ar Kr Xe
Boiling point at 1 atm [K] 4 27 87 120 165

Density in liquid [g/cm3] 0.12 1.2 1.4 2.4 3.0

Ionisation yield [104 e/MeV] 3.9 4.6 4.2 4.9 6.4

Scintillation yield [104 γ/MeV] 1.5 0.7 4.0 2.5 4.6

Scintillation wavelength [nm] 80 78 128 150 175

ββ isotope - - - - 136Xe

Cost [USD/kg]* 
* https://en.wikipedia.org/wiki/Prices_of_chemical_elements

24 240 0.93 290 1800



Neutrino oscillations with DUNE and Hyper-K 
Different strategies, different detectors

DUNE 
• Very long baseline → large matter effect  
• Broadband neutrino beam  
• Reconstruct neutrino energy over broad 

range → LArTPC-based far detector 
• Highly-capable near detector (incl. Ar TPC) 

to constrain systematic uncertainties

5

DUNE physics for P58

DUNE and Hyper-K: different 
strategies, different detectors

● DUNE:

● Very long baseline → large matter effect → 
unambiguous mass ordering and CPV

● Broadband neutrino beam → high statistics over full 
oscillation period

● Reconstruct Eν over broad range → imaging + 

calorimetry → LArTPC technology

● Highly-capable near detector to constrain systematic 
uncertainties

● Hyper-K:

● Shorter baseline → small matter effect

● Off-axis location & narrowband beam → very, very 
high statistics at oscillation maximum, less feed-down

● Lower energy and mostly CCQE → very large water 
Cherenkov detector

● Highly-capable near detector to constrain systematic 
uncertainties

DUNE physics for P58

DUNE and Hyper-K: different 
strategies, different detectors

● DUNE:

● Very long baseline → large matter effect → 
unambiguous mass ordering and CPV

● Broadband neutrino beam → high statistics over full 
oscillation period

● Reconstruct Eν over broad range → imaging + 

calorimetry → LArTPC technology

● Highly-capable near detector to constrain systematic 
uncertainties

● Hyper-K:

● Shorter baseline → small matter effect

● Off-axis location & narrowband beam → very, very 
high statistics at oscillation maximum, less feed-down

● Lower energy and mostly CCQE → very large water 
Cherenkov detector

● Highly-capable near detector to constrain systematic 
uncertainties

Hyper-K 
• Shorter baseline → small matter effect 
• Narrowband neutrino beam 
• Lower neutrino energies → very large 

water Cherenkov far detector 
• Highly-capable near detector (incl. Ar TPC) 

to constrain systematic uncertainties



Upgraded ND280 near detector for T2K-II and Hyper-K 
IFAE project → more on T2K ND280 upgrade in T. Lux’s talk this afternoon

• ND280 upgrade project (started 2016): design, assembly and installation 
of three new subdetectors 

• Will be used for T2K-II phase and afterwards for Hyper-K 
• Spanish contributions:  

• Mainly 2 new (high-angle) TPCs: GAr-TPCs at atmospheric pressure 

• Co-project leader: T. Lux (IFAE)
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Upgraded ND280 near detector for T2K-II and Hyper-K 
IFAE project → more on T2K ND280 upgrade in T. Lux’s talk this afternoon

• Installation completed in May 2024, and first neutrino events recorded!
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Neutron detection capability Lower detection threshold 4π acceptance



Chapter 1: Executive Summary 1–5

scintillation light, which crosses the detector on a timescale of nanoseconds, is shifted into the
visible and collected by photon detector (PD) devices. The PDs can provide a t0 determination for
events, telling us when the ionization electrons begin to drift. Relative to this t0, the time at which
the ionization electrons reach the anode allows reconstruction of the event topology along the drift
direction, which is crucial to fiducialize nucleon-decay events and to apply drift corrections to the
ionization charge.

The pattern of current observed on the grid of anode wires provides the information for recon-
struction in the two coordinates perpendicular to the drift direction. A closer spacing of the wires,
therefore, results in better spatial resolution, but, in addition to increasing the cost of the readout
electronics due to the additional wire channels, a closer spacing worsens the signal-to-noise (S/N)
of the ionization measurement because the same amount of ionization charge is now divided over
more channels. S/N is an important consideration because the measurement of the ionization
collected is a direct measurement of the dE/dx of the charged particles, which is what allows us
to perform both calorimetry and particle identification.

1.3 The DUNE Single-Phase Far Detector Module

Figure 1.2: A 10 kt DUNE far detector (FD) SP module, showing the alternating 58.2 m long (into the
page), 12.0 m high anode (A) and cathode (C) planes, as well as the field cage (FC) that surrounds the
drift regions between the anode and cathode planes. On the right-hand cathode plane, the foremost
portion of the FC is shown in its undeployed (folded) state.

The DUNE SP LArTPC consists of four modules of 10 kt fiducial mass (17.5 kt total mass), con-
tributing to the full 40 kt FD fiducial mass. Figure 1.2 shows a 10 kt module, and the key param-
eters of a SP module are listed in Table 1.1. Inside a cryostat of outer dimensions 65.8 m ◊17.8 m

The DUNE Far Detector Single-Phase Technology The DUNE Technical Design Report

Photon Detector Systems for DUNE Far Detectors
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• FD1: PDS in anode planes 
• FD2: PDS on cathode and cryostat 

membrane walls 
• Validation in ProtoDUNE detectors at 

CERN Neutrino Platform since 2018

FD1 FD2 ProtoDUNE-VD

DUNE photon collector



Neutrino physics with cryogenic detectors 
Three UGR projects connected with DUNE

Project 1: 
Instrumentation for 
accelerator-based 

neutrino experiments 
• DUNE Phase-I and 

Phase-II Far 
Detector 
construction (eg, 
flanges, evaporator)
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Project 2: 
Instrumentation for 

cryogenics laboratory 
dedicated to the 
study of neutrino 

properties 
• Setup to study 

xenon-doped LAr 
and LAr operating 
conditions

Project 3: 
Development of new 

sensors for future 
cryogenic neutrino 

detectors 
• New sensors based 

on amorphous 
selenium 
technology



Neutrino physics with cryogenic detectors 
Three UGR projects connected with DUNE
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• Status: 
• Concession Agreement with the Junta de Andalucía at the end of 

December 2023 
• The three projects are in an initial phase 
• Adjusting objectives to the new execution time of the grants



R&D on light detection systems for DUNE 
IFIC project ASFAE/2022/029

• Objectives: 

1. Design optimization of DUNE’s X-ARAPUCA photon collectors
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• Optical characterisation of 
components in vacuum 
ultraviolet to predict Photon 
Collection Efficiency (PCE)

Motivation

2

Optical measurements in the vacuum ultraviolet, particularly at 128 & 175 nm, are critical for a better understanding 
and optimization of the photon detection system. 

At IFIC our aims are: 
● Total light yield in Far Detectors. Specular and diffuse reflectance of all FD materials with multipurpose 

setup: aluminium, copper, stainless steel, G10…

● Photon collector design and optimization.
○ Characterization of individual components (SiPM, WLS, DF, pTP…).
○ Feedback into simulations to predict Photon Collection Efficiency (PCE).
○ PCE measurements with monochromator (complementary to measurements with alpha source in LAr).

• PCE measurements with 
monochromator and a cryostat 
with MgF2 windows.



R&D on light detection systems for DUNE 
IFIC project ASFAE/2022/029

• Objectives: 

1. Design optimization of DUNE’s X-ARAPUCA photon collectors 

2. Reflectance measurements (specular and diffuse) of detector 
materials to understand total light yields in DUNE far detector 

3. Massive SiPM characterization in cryogenic conditions (MASSIBO)
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First sample measurements in VUV
PMT at 0º 

PMT at 90º

UVFS Al mirror

Iris Al sample

Motorized rail

Beam spot

As first measurement, we started 
with specular reflectance with an 
angle of incidence (AOI) of 45º.

Light path: 

Reflectance measurements SiPM characterisation



Precision LAr temperature monitoring systems for DUNE 
IFIC project ASFAE/2022/028

• IFIC leads cryogenics instrumentation for DUNE far detectors and is in 
charge of their Temperature Monitoring System (TMS)
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• RTD: Resistance 
Temperature Detector. 

• >100 RTDs installed in 
CERN prototypes, 
achieving 2 mK 
resolution. 

• >1000 RTDs to be 
installed in DUNE far 
detectors.

8m

Vertical array of 48 
sensors in ProtoDUNE

RTD-based TMS FBG-based TMS
• FBG: Fiber-Bragg Grating. 

• RTDs cannot operate in high E → FBGs. 

• R&D to increase fiber sensitivity and 
improve calibration.



High-pressure xenon gas TPCs for 0νββ in 136Xe 
NEXT experiment

14

Precise energy resolution of <1% FWHM

Scalability to large masses of 
isotopically-enriched 136Xe

Topological event identification 
distinguishes 2e (signal-like) from 1e 

(background-like) events

Possibility to detect 136Ba++ daughter ion 
in coincidence with decay electrons

NEXT-White 
data

366 A. Bofofnikov, B. Ramsey / Nucl. Insfr. and Meth. in Phys. Rex A 396 (1997) 360-370 
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Fig. 5. Density dependencies of the intrinsic energy resolution (%FWHM) measured for 662 keV gamma-rays. 

above 2-6 kV/cm depending on the density, it remains 
practically unchanged. At low densities, < 0.55 g/cm3, 
the resolution almost saturates to the same limit, deter- 
mined by the statistics of ion production, while at high 
densities, > 0.55 g/cm3, it continues to slowly decrease 
even at the maximum applied fields, but still remains far 
above the statistical limit. This is seen more clearly in 
Fig, 5 which gives energy resolution versus density meas- 
ured for 662 keV gamma-rays at a field of 7 kV/cm. 
Below 0.55 g/cm3 the resolution stays at a level of 0.6% 
FWHM (statistical limit), then, above this threshold, it 
starts to degrade rapidly, and reaches a value of about 
5% at 1.7 g/cm”. Such degradation of the energy resolu- 
tion above 0.55 g/cm3 was observed previously in 
Ref. [3-53 and explained with the d-electron model, 
originally proposed to explain the poor energy resolution 
measured by others in liquid Xe [13]. According to this 
model, the degradation of the energy resolution is caused 
by the fluctuations of electron-ion recombination in 6- 
electron tracks. For intense recombination, which would 
give large fluctuations, a particular density of ionization 
must be reached. These conditions would appear first in 
the tracks produced by low-energy S-electrons. The 
fluctuations in the number of such tracks, which are 
governed by the statistics of the a-electron production, 
determine the intrinsic resolution. As the density in- 
crease, the ranges of the &electrons become smaller, and 
the conditions for strong recombination occur in tracks 
produced by S-electrons with ever higher energies. In 
other words, the average number of tracks with high 
recombination rate should increase with density even if 
the recombination rate itself saturates at high densities. 

This can be illustrated by comparing the density depend- 
ence of the intrinsic energy resolution and changes in the 
slope of l/Q versus log(E), i.e. coefficient B in function (l), 
which characterizes the recombination processes (see 
Figs. 5 and 6). Below 1.4g/cm3, the energy resolution 
almost follows the dependence of B. At higher densities 
B saturates, or even starts to decrease, while the intrin- 
sic energy resolution continues to degrade. The latter 
fact shows that at high densities the resolution is deter- 
mined by fluctuations in the number of tracks with high 
density ionization, rather than fluctuations in recombi- 
nation. 

Another interesting question is the origin of the step- 
like behavior of the resolution around 0.55 g/cm3 (see 
Fig. 5). The location of the step precisely coincides with 
the threshold of appearance of the first exciton band, 
which is formed inside a cluster of at least 10 atoms due 
to density fluctuations in dense Xe [S]. Delta-electrons 
interact with whole clusters to produce an exciton or free 
electron. This could be an additional channel of energy 
loss that would result in a sharp decrease in size of the 
a-electron tracks and, consequently, in a sharp rise of the 
number of tracks with high density of ionization above 
0.55 g/cm3. 

A similar behavior of the intrinsic resolution was ob- 
tained for all other energies used in these measurements 
(0.3-1.4 MeV). Below 0.55 g/cm’, the intrinsic energy res- 
olution saturates to its statistical limit, determined by 
(FW/E,)“‘, if a sufficiently high electric field is applied, 
and starts to degrade above 0.55 g/cm” even at high 
fields. Fig. 7 shows the dependence of the intrinsic resolu- 
tion (%FWHM) on the energy of gamma-rays plotted as 

LXe

(ionization only)

Bolotnikov and Ramsey

G
Xe



NEXT experimental program
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Prototypes 

2008-2015 
• Demonstration of 

detector concept

NEXT-White 

2016-2021 
• Performance at Qββ 
• Background meas. 
• 2νββ measurement

NEXT-100 

2022-2028 
• Background meas. 
• 0νββ search

NEXT-HD / 
NEXT-BOLD 

Late 2020s 
• 0νββ at inverted ν 

mass ordering 
• Ba++ tagging

1 kg

4 kg 70 kg

1 ton



NEXT-100 status 
Detector installed and under commissioning at the LSC!
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Towards NEXT-HD: photon detector system R&D 
IFIC projects ASFAE/2022/028 and ASFAE/2022/029

• Photon detection system will replace 
PMTs (a leading background source) 
with a new system. 

• Baseline concept: symmetric TPC 
with dense SiPM arrays at the 
anodes (tracking and calorimetry) 
and a barrel photon detector made 
of scintillating optical fibers 
(calorimetry). 

• IFIC: detailed characterization of the 
photon detection efficiency of the 
new barrel photon detectors.
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Photon Trapping Efficiency

• Photon Detection Efficiency (PDE) 
as a function of wavelength λ: 

 

• : PMT signal for fibers/
normalisation 

• D: Dark current 

• : Quantum efficiency of the PMT 
for incoming light 

• : geometrical acceptance of 
the fibers
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Towards NEXT-HD: front-end electronics for photo-sensors 
UPV project ASFAE/2022/012
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• Objective 1: DAQ concentration inside the vessel for a dense tracking 
plane. 
• Development of solutions, at the power and thermal management 

levels. 
• Development of solutions for the concentration of data from several 

ASICs in a small number of fiber optic links.  

• Objective 2: Develop front-end electronics for an energy measurement 
based on a fiber barrel detector (FBD).  

• Objective 3: The above objectives must be compatible with the low level 
of radioactivity necessary in low background experiments such as NEXT.



Towards NEXT-HD: front-end electronics for photo-sensors 
UPV project ASFAE/2022/012
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Resultados
DEMO-HD

Tarjetas concentradoras
de datos

DAQ + 10 GbE Fibra óptica

Tarjetas FE
ADC + FPGA

Digitizer mezzanine for Fiber Barrel
(24ch, <65 MSa/s, 12 bit)
Flat coax cable conn. to vessel

Concentrator mezzanine for TP
N x GbE input transceivers to TP

SiPM ASIC
test platform

I/O
Up to 10 GbE to DAQ GbE Slow Controls
Trigger I/O

SOM
Zynq Ultrascale+ 
Dual ARM, Linux
DDR4

Plataforma Modular para FE y DAQ FLEX module
Basado en procesador System-on-Module más mezzanines

con conexión por cable o FMC

FE ASICs
32 ch

• Concept of modular electronics for objectives 1 and 2:



Summary

• LIA6 on Neutrino Physics includes advanced instrumentation for: 
• Neutrino telescopes (KM3NeT, F. Salesa’s talk) 
• Accelerator-based neutrino oscillation experiments (T2K-II, Hyper-K 

and DUNE, this talk) 
• Neutrinoless double beta decay experiments (NEXT, this talk) 

• Three autonomous communities involved: Andalucía, Catalunya and 
Comunidad Valenciana 

• Important fraction of the PPCC funds targeted to improve our in-house 
laboratories, to deliver on current experimental commitments and to 
prepare for the future
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Backups
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T2K and the ND280 role
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@SK:  
measure oscillated beam

@ND280:  
characterise beam and ν int.

@J-PARC:  
create ν off-axis beam



DUNE will be built in two phases
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                Phase I
• FD: 2 x 17 kt LArTPC modules
• ND: ND-LAr+TMS (with PRISM) + 

SAND 
• Beam: 1.2 MW beam line  (PIP-II)

                Phase II
• FD: 2 additional modules     (total: 4 x 17 kt 

LAr-equivalent)
• MCND: ND-LAr+ND-GAr (with PRISM) + 

SAND
• Beam: > 2 MW beam line    (ACE Upgrades)

Near Detector (ND) Far Detector (FD) Beam



Optics laboratory at IFIC 
Projects ASFAE/2022/028 and ASFAE/2022/029

• Optics laboratory at IFIC is being expanded with ASFAE funding.
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