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IGFAE aims to answer some of the most  
fundamental questions in Nature

What is the Universe made of? 

How it works 
What are the fundamental building blocks 

How they interact
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Why the Universe is made of matter and not antimatter? 
What is the nature of neutrinos? 
What is the theory beyond the Standard Model?

How complexity is built from the fundamental building blocks of Nature? 
What is the origin of the visible mass of the universe? 
What is the structure of neutron stars?

How were the first instants after the Big Bang?  
Where is the limit of Einstein General Relativity? 
How the most powerful particle accelerators in the universe work?

… are some of the specific questions 
in which we actively work 

https://youtu.be/v4NY5FkmAKw
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The Higgs boson



Physics  data science⟷



LHC Data
Science

Tilman Plehn

LHC physics

ML introduction

Jet classification

Anomalies

Generation

ML examples

Modern LHC physics

Classic motivation
· dark matter?
· baryogenesis?
· origin of Higgs field?

Defining LHC physics

· fundamental motivation
· huge data set
· complete uncertainty control
· first-principle simulations

Successful past

· measurements of event counts
· analyses inspired by simulation
· model-driven Higgs discovery

First-principle simulations

· start with Lagrangian/Hamiltonian
· calculate using quantum field theory
· simulate collisions
· simulate detectors

! LHC collisions in virtual worlds

LHC crossing rate >30MHz  
and 20 collisions per crossing  

600 million collisions per second (1PB/s)! 
[proton-proton collisions at 99.999999% of the speed of light]

Monte Carlo
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[Simulation of the events are 
produced with Pythia 8 

times estimated by clustering algorith 
- see details in the web page]
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QCD JETS
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 DELPHI Interactive Analysis
Run: 26154
Evt: 3018

Beam: 45.6 GeV

Proc: 1-Oct-1991 

DAS : 25-Aug-1991
21:47:02

Scan: 19-Feb-1992
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 DELPHI Interactive Analysis
Run: 26154
Evt: 567

Beam: 45.6 GeV

Proc: 30-Sep-1991
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A 2-jet event at LEP A 3-jet event at LEP

“Simple events” at LEP [1989-2000]

Jet clustering (identification) algorithms



Jets in hadronic colliders
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Jet clustering (identification) algorithms



2 high pT jets 
(1.3 and 1.2 TeV) 

with invariant mass 6.9 TeV
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Jets in hadronic colliders

Jet clustering (identification) algorithms
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A multijet event at the LHC@13TeV

Jet clustering (identification) algorithms
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INTERNATIONAL INFRASTRUCTURES WITH IGFAE PARTICIPATION



 IGFAE created in 1999 
Joint research center Xunta-Universidade de Santiago de Compostela 

 Reference in Galicia for relation with big  
International infrastructures (CERN and more) 

 New phase after excellence accreditation  
María de Maeztu 
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Director - Institute 
for Nuclear Theory 
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Paolo Giubelino
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Scientific Director 
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Sergio Bertolucci

Universitá Bologna 
CERN Scientific 

Director 
2009-2015

Francis Halzen

Scientific Advisory Board 

Barbara Erazmus

SUBATECH Nantes 
President EPS-HEP 

Board

Highest scientific level and research management experience



SA1: The Standard Model to the 
limits

SA2: Particles from the Cosmos and 
fundamental Physics

SA3: Nuclear Physics from the lab 
to improve people’s heath

LHCb 
QCD 

String Theory 
Phenomenology   

Pierre Auger 
LIGO 
NEXT 
DUNE 

HyperKamionande 

GSI-FAIR 
ACTAR 

Laserpet

Strategic Research Areas
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KATRIN weighs in on neutrinos 
Maldacena on the gauge–gravity dual

FPGAs that speak your language 
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November/December 2019  cerncourier.com Reporting on international high-energy physics
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LARGE TELESCOPE
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Welcome to the digital edition of the November/December 2019 issue of  
CERN Courier.

The Extremely Large Telescope, adorning the cover of this issue, is due to 
record first light in 2025 and will outperform existing telescopes by orders 
of magnitude. It is one of several large instruments to look forward to in the 
decade ahead, which will also see the start of high-luminosity LHC operations. 
As the 2020s gets under way, the Courier will be reviewing the LHC’s 10-year 
physics programme so far, as well as charting progress in other domains.  
In the meantime, enjoy news of KATRIN’s first limit on the neutrino mass (p7), 
a summary of the recently published European strategy briefing book (p8),  
the genesis of a hadron-therapy centre in Southeast Europe (p9), and dispatches 
from the most interesting recent conferences (pp19—23). CLIC’s status and 
future (p41), the abstract world of gauge–gravity duality (p44), France’s 
particle-physics origins (p37) and CERN’s open days (p32) are other highlights 
from this last issue of the decade. Enjoy!

To sign up to the new-issue alert, please visit: 
http://comms.iop.org/k/iop/cerncourier 

To subscribe to the magazine, please visit:  
https://cerncourier.com/p/about-cern-courier

CERN Courier – digital edition
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Challenging the Standard Model of Particle Physics 
— still not clear signal of departure… but some of the most interesting results from LHC
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LHCb’s unique ability to select low 
transverse-momentum muons in real 
time makes the search feasible. Accord-
ing to SM predictions, just two signal 
events are expected in the Run-2 data, 
potentially making this the rarest decay 
ever recorded.

The analysis uses two machine- 
learning tools: one to discriminate 
muons from pions, and another to dis-
criminate signal candidates from the 
so-called combinatorial background 
that arises from coincidental decays. 
Additionally, a detailed and data-
driven map of the detector material 
around the interaction point helps to 
reduce the fi ed-target  bac ground 
caused by particles interacting with 
the detector material. A background of 
KS

0�A� + – decays dominates the selec-
tion, and in the absence of a compelling 
signal, an upper limit to the branch-
ing fraction of 2.1 = 10–10 has been set at  

CMS

CMS goes scouting for dark photons
One of the best strategies for searching 
for new physics in the TeV regime is to 
look for the decays of new particles. 
The CMS collaboration has searched in 
the dilepton channel for particles with 
masses above a few hundred GeV since 
the start of LHC data taking. Thanks to 
newly developed triggers, the searches 
are now being extended to the more  
difficult lower range of masses. A  
promising possible addition to the 
Standard Model (SM) that could exist 
in this mass range is the dark photon 
(ZD). Its coupling with SM particles and 
production rate depend on the value of 
a inetic mi ing coefficient ¡, and the 
resulting strength of the interaction of 
the ZD with ordinary matter may be sev-
eral orders of magnitude weaker than 
the electroweak interaction. 

The CMS collaboration has recently 
presented results of a search for a narrow 
resonance decaying to a pair of muons 
in the mass range from 11.5 to 200 GeV. 
This search looks for a strikingly sharp 
peak on top of a smooth dimuon mass 
spectrum that arises mainly from the 
Drell–Yan process. At masses below 
approximately 40 GeV, conventional 
triggers are the main limitation for 
this analysis as the thresholds on 
the muon transverse momenta (pT),  
which are applied online to reduce the 
rate of events saved for o ine analy-
sis, introduce a significant inematic 
acceptance loss, as evident from the  

red curve in figure .
A dedicated set of high-rate dimuon 

scouting  triggers, with some addi-
tional kinematic constraints on the 
dimuon system and significantly  
lower muon pT thresholds, was deployed 
during Run 2 to overcome this lim-
itation. Only a minimal amount of  
high-level informat ion from the 
online reconstruction is stored for the  
selected events. The reduced event 
si e allows significantly higher trigger  
rates, up to two orders of magnitude 
higher than the standard muon trig-
gers. The green curve in figure  shows 
the dimuon invariant mass distribution 
obtained from data collected with the 
scouting triggers. The increase in kin-
ematic acceptance for low masses can 
be well appreciated.

The full data sets collected with the 
muon scouting and standard dimuon 
triggers during Run 2 are used to probe 
masses below 45 GeV, and between 45 
and 200 GeV, respectively, excluding the 
mass range from 75 to 110 GeV where 
Z-boson production dominates. No sig-
nificant resonant pea s are observed, 
and limits are set on ¡2 at 0  confi-
dence as a function of the ZD mass figure 
2). These are among the world’s most 
stringent constraints on dark photons 
in this mass range.

Further reading
CMS Collab. 2019 CMS-PAS-EXO-19-018.

Fig. 1. Dimuon invariant-mass distributions obtained from data 
collected by the standard dimuon triggers (red) and the dimuon 
scouting triggers (green).
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0  confidence. This is appro imately 
four times more stringent than the  
previous world-best l imit, set by 
LHCb with Run-1 data. This result has  
implications for physics models with 
leptoquarks and some fine-tuned 
regions of the Minimal Supersym-
metric SM.

The upgraded LHCb detector, sched-
uled to begin operating in 2021 after 
the present long shutdown of the LHC, 
will offer excellent opportunities to 
improve the precision of this search 
and eventually find a signal. In addition 
to the increased luminosity, the LHCb 
upgrade will have a full software trigger,  
which is expected to significantly 
improve the signal ef f ic iency for 
KS

0�A�+++– and other decays with very 
soft final-state particles.

Further reading
LHCb Collab. 2019 LHCb-CONF-2019-002.

Fig. 1. The invariant mass of KS
0 A�+++– a i ates  a  the t  

to one of the most sensitive search regions. The KL
0 A�+++– 

background (orange) is suppressed with respect to KS
0 due to the 

o er ista e o  i ht  he o serve  m er o  si a  e a s  
is consistent with zero.
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Fig. 2. Upper limits on ¡2 as a function of the ZD mass. Results 
obtained with data collected by the dimuon scouting triggers are  
to the left of the dashed line. Constraints from measurement of  
the electroweak observables are shown in light blue.
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Hypertriton lifetime puzzle nears resolution
ALICE

Hypernuclei are bound states of nucleons 
and hyperons. Studying their properties 
is one of the best ways to investigate 
hyperon–nucleon interactions and 
o ers insights into the high-density 
inner cores of neutron stars, which 
favour the creation of the exotic nuclear 
states. Constraining such astrophysi-
cal models requires detailed knowledge 
of hyperon nucleon and three-body 
hyperon–nucleon–nucleon interactions. 
The strengths of these interactions can 
be determined in collider experiments 
by precisely measuring the lifetimes  
of hypernuclei.

ypernuclei are produced in signifi-
cant uantities in heavy-ion collisions at 
LHC energies. The lightest, the hyper-
triton, is a bound state of a proton, a 
neutron and a R. With a R-separation 
energy of only ~130 keV, the average 
distance between the R and the deu-
teron core is 10.6 fm. This relatively 
large separation implies only a small 
perturbation to the R wavefunction 
inside the hypernucleus, and therefore 
a hypertriton lifetime close to that of a 
free R, 263.2 ± 2.0 ps. Most calculations 
predict the hypertriton lifetime to be in 
the range 213 to 256 ps.

The first measurements of the hyper-
triton lifetime were performed in the 
1960s and 1970s with imaging tech-
niques such as photographic emulsions 
and bubble chambers, and were based 
on very small event samples, leading to 
large statistical uncertainties. In the last 
decade, however, measurements have 
been performed using the larger data 
samples of heavy-ion collisions. Though 
compatible with theory, the measured 
lifetimes were systematically below  
theoret ical predict ions: thus the 
so-called lifetime pu le .

The ALICE collaboration has recently 
reported a new measurement of the 
hypertriton lifetime using Pb–Pb col-

lisions at sNN = 5.02 TeV, which were 
collected in 2015. The lifetime of the 
anti- hypertriton is determined by 

reconstructing the two-body decay 
channel with a charged pion, namely 
3
RH A3 e  – (3

R–H– A3�H—e  + . The branch-
ing ratio of this decay channel, taken 
from the theoretical calculations, is  
25%. The measured l i fe t ime i s  
242+34

–38 stat    syst  ps. This result 
shows an improved statistical resolution 
and reduced systematic uncertainty 
compared to previous measurements 
and is currently the most precise  
measurement. It is also in agreement 
with both theoretical predictions and 
the free-R lifetime, even within the 
statistical uncertainty. Combining this 
ALICE result with previous measure-
ments gives a weighted average of  
206+15

–13 ps figure .
This result represents an important 

step forward in solving the longstand-
ing hypertriton lifetime pu le, since 

Fig. 1. (Anti-)hypertriton lifetime measurements, including the latest from ALICE, using 
 o isio s at sNN   e  re  he rst si  meas reme ts ere ma e si  

photographic emulsions and bubble chambers in the 1960s and 1970s. The remaining 
four are heavy-ion-collider measurements in the last decade. The orange band is the 
average of the lifetime values and the dashed lines represent theoretical predictions.
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LHCb

Rarest strange decay shrinks from sight
For every trillion KS

0, only five are 
expected to decay to two muons. Like the 
better known Bs�A�++ +– decay, which was 
first observed jointly by b and S 
in 2013, the decay rate is very sensitive 
to possible contributions from yet-to-be 
discovered particles that are too heavy 

Studying the 
properties of 
hypernuclei 
offers ns ts 
into the 
high-density 
inner cores of 
neutron stars

it is the first measurement with a large 
data sample that is close to theoretical  
expectations. Larger and more precise 
data sets are expected to be collected 
during LHC Runs 3 and 4, following the 
ongoing major upgrade of A I E. This 
will allow a significant improvement  
in the quality of the present lifetime 
measurement, and the determination 
of the R binding energy with high pre-
cision. The combination of these two 
measurements has the potential to 
constrain the branching ratio for this 
decay, which cannot be determined 
directly without access to the neutral 
and non-mesonic decay channels. This 
will be a crucial step towards under-
standing if the now partially confirmed 
theoretical description of the hypertri-
ton is finally resolved.

Further reading
ALICE Collab. 2019 arXiv:1907.06906 
(Phys. Lett. B 797 05 .

s

to be observed directly at the LHC, such 
as leptoquarks or supersymmetric part-
ners. These particles could significantly 
enhance the decay rate, up to existing 
experimental limits, but could also sup-
press it via quantum interference with 
the Standard odel S  amplitude.

Despite the unprecedented KS
0 pro-

duction rate at the LHC, searching 
for KS

0�A�+++– is challenging due to the 
low transverse momentum of the two 
muons, typically of a few hundred 
MeV/c. Though primarily designed for 
the study of heavy-flavour particles, 

CCNovDec19_Energyfrontiers_v3.indd   16 29/10/2019   13:17

WWW.

For every trillion  only five 
decay to two muons 

[rarest decay event recorded] 

This analysis uses two machine-learning 
tools: one to discriminate muons from 
pions and another to discriminate signal 
from combinatorial background

K0
s
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Fig. 8 The EPPS21 nuclear modifications of average nucleons in carbon (two leftmost columns) in lead (two rightmost
columns) at the initial scale Q2 = 1.69GeV2 and at Q2 = 10GeV2. The central results are shown by thick black curves, and
the nuclear error sets by green dotted curves. The blue bands correspond to the nuclear uncertainties and the purple ones to
the full uncertainty (nuclear and baseline errors added in quadrature).

New set of nuclear PDFs

Unveil the structure of the proton

[Animation: Visualizing the proton - Arts at MIT]
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Fig. 8 The EPPS21 nuclear modifications of average nucleons in carbon (two leftmost columns) in lead (two rightmost
columns) at the initial scale Q2 = 1.69GeV2 and at Q2 = 10GeV2. The central results are shown by thick black curves, and
the nuclear error sets by green dotted curves. The blue bands correspond to the nuclear uncertainties and the purple ones to
the full uncertainty (nuclear and baseline errors added in quadrature).

New set of nuclear PDFs

Unveil the structure of the proton

[Animation: Visualizing the proton - Arts at MIT]
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Neutrinos de Majorana? 

SA2_NEXT

Figure 1: Energy depositions from trajectories in a Monte Carlo simulation of a 0⌫��

event, showing its distinct two-electron topological signature (left) compared with that of a

single-electron event (right) of the same energy (figure from [15]).

In order to demonstrate this approach experimentally, a reliable source of events with a

similar topological signature is necessary. Electron-positron pair production by high energy

gammas, followed by the subsequent escape from the active volume of the two 511-keV

gamma rays produced in positron annihilation (“double-escape”), leaves a two-blob track

formed by the electron and positron emitted from a common vertex, similar to the track

that would be left by a 0⌫�� event. In this study, we use gamma rays of energy 2614.5 keV

from 208Tl (provided by a 228Th calibration source, see Fig. 2) and observe the events in

the double-escape peak at 1592 keV. This peak lies on top of a continuous background of

single-electron tracks from Compton scattering of the calibration gamma rays and other

background radiation. Experimentally, then, we have a sample containing 0⌫��-like events

and background-like events. By evaluating these events with a Monte-Carlo-trained neural

network and studying the resulting distribution of accepted events, we can demonstrate,

using real data acquired with the NEXT-White TPC, the potential performance of such

a network when employed in a 0⌫�� search. These results can be compared to a similar,

non-CNN-based analysis published in [3].

3 Data acquisition and analysis

3.1 The NEXT-White TPC

The NEXT-White TPC measures both the primary scintillation and ionization produced

by a charged particle traversing its active volume of high-pressure xenon gas. The main

detector components are housed in a cylindrical stainless steel pressure vessel lined with

copper shielding and include two planes of photosensors, one at each end, and several

semi-transparent wire meshes to which voltages are applied, defining key regions of the

detector (see Fig. 2). The two planes of photosensors are organized into an energy plane,

– 3 –

the desired 1ns-resolution (next section). For this, the cold box is being designed and its various 
elements purchased. 

 
Fig. 6 Left: photosensor arrangement in modules and channel count. Right: proposed implementation (technical details not 
given in this written report). 
 

Next project steps 
The conceptual design report (CDR) of DUNE was released in 2021. A tentative date around 
2023 is currently being considered aiming at a technical design report (TDR). The experiment 
‘first-day spectrometer’, however, will be based either on a sandwich of magnetized iron and 
plastic tiles or an array of plastic planes inside the ND-GAr magnet (Fig. 1, bottom-left). Its 
main aim is to complement the forward reconstruction of high-energy muons that are not 
contained in the LAr TPC and do sign-identification. The dates for the full-deployment of ND-
GAr (TPC, calorimeter, muon system) are currently under discussion, as they depend crucially 
on this first installation step, and the prompt availability of the complete funding for the ND-
GAr magnet. 
Given this context and the status of the present project, a logical continuation towards a TDR 
in 2023 is to focus on validating the viability of an optical readout for ND-GAr through a 
technological demonstrator of the photodetector module, that would instrument the OTPC 
currently existing at IGFAE (see Fig. 7). This involves the demonstration of the 
cooling/thermal insulation strategy, SiPM ganging, module integration and time resolution, as 
well as scintillation levels and S1/S2 reconstruction capabilities in realistic conditions of the 
operating gas. 
In parallel to this, we have designed a smaller-scale program, whose goal is to establish the 
maximum gain achievable with scintillating gases using different amplification structures 
(MWPC, GEM, thick-GEM, FAT-GEM, glass Micromegas). At the moment, the readout is 
intended to be based on wires (MWPC), but the final architecture choice depends on the gain 
that can be achieved with one structure or the other. These different structures have been 
already either manufactured at IGFAE (MWPCs) or produced at CERN-RD51 workshop.  

 
 
 

IGNITE 
Contribution to DUNE near-side detector  

NEXT 
Software development, e.g. convolutional 
neural networks for background rejection  
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Long planning times…

The Future Circular Collider (FCC) is a proposal under 
study to build an accelerator in a new 100km long 
circumference tunnel. 
This is a good example to understand the extremely long 
timescales in Particle Physics projects

[Joachim Mnich 112th Plenary ECFA meeting]
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1.4. Overview. Human resources and training (see section 12.1 of the application) 
 
• Mandatory: Insert one GRAPH per main scientific areas or research lines or programmes to demonstrate clearly the 

staff and trainees’ evolution in each scientific area or research line or programme (FTE) (Remove the example below).  
 

 
Figure 2 - Distribution of IGFAE scientific personnel per Strategic Area, year, and category. Data for year 2017 (not included 
in the tables) is also included to show the impact of the first Maria de Maeztu accreditation whose actions started in 2018. 

Mandatory: Insert as “figure 2” a PIE CHART to show the distribution of total human resources at the unit, including 
administrative and core facility people in 2022 (FTE). 
 

  
Figure 3 – (Left) Distribution of total human resources of the unit in december 2022 by category. (Right) Number and 
fraction (in %) of the PhD students by origin – years 2016-17 included to show the impact of the first MdM accreditation. 
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Technology Transfer 



TechLab - Pablo Cabanelas / head of the unit
A lot of activity 

 Industrial PhD  
 Protontherapy 
 Natural radioactivity 
 Proof-of-concept projects 
 WG KTI in SOMMa 
 Homeland security - Portos de Galician 
 Quantum technologies

DATA SCIENCE 
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