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Lorem ipsum: 

 dolor sit amet, consectetur adipiscing elit. Suspendisse blandit leo id elit imperdiet 
malesuada. Proin in consequat sem, sed vestibulum odio. Ut lorem erat, commodo vitae 
viverra in, tempor in nisi. Duis sit amet mollis lacus. Nulla condimentum sed velit at cursus. 
Proin pellentesque neque vitae sapien condimentum, sed commodo nibh gravida. In sagittis 
felis non tellus pellentesque, vitae vestibulum magna semper. Nullam vitae enim tortor. Sed 
tempus ligula nibh, in accumsan mi porta id. Aenean porta vitae arcu vel interdum. 
Suspendisse potenti. Integer eget pretium felis. Nulla gravida metus vitae sollicitudin euismod. 
Nulla placerat ac dolor in dignissim. Suspendisse iaculis lorem a neque gravida venenatis. 

Nam in massa non odio accumsan semper. Donec vulputate purus non blandit dictum. Sed 
sagittis sem tristique vehicula dapibus. Pellentesque cursus, velit nec imperdiet ornare, orci 
nibh efficitur nisi, sit amet varius nulla nunc quis justo. Vestibulum tempus quis sapien et 
luctus. Vivamus dignissim libero eu magna egestas ultrices. Curabitur lobortis a odio sed 
congue. Morbi a mauris lobortis, luctus nibh vel, vulputate purus. Nullam lobortis, arcu non 
bibendum bibendum, sem odio auctor arcu, et dignissim neque arcu vitae felis. Sed ac tortor 
justo. Aenean ultrices facilisis ipsum sit amet placerat. Sed ultrices, lacus vitae dictum 
consectetur, odio lectus rutrum nibh, quis lobortis urna massa eget massa. Nulla tempor 
semper elit non lobortis. In quis neque nibh. Vivamus leo purus, mollis sit amet turpis vitae, 
tempor commodo velit. 

Praesent venenatis blandit augue in dignissim. Vestibulum congue et nisl nec placerat. Donec 
ut libero ut velit auctor gravida. Nam gravida ligula metus, pulvinar convallis massa aliquet a. 
Maecenas faucibus vulputate consectetur. Etiam ac lectus ultricies, facilisis turpis ac, efficitur 
ligula. Aliquam metus mi, feugiat ut lectus at, posuere facilisis lectus. Proin maximus orci sit 
amet molestie gravida. Nunc sit amet lacinia ligula. Pellentesque eu fringilla massa. 
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Context
Joint research center of the University of Santiago de Compostela and 

Xunta de Galicia - created in 1999
Legally under the administrative structure of the university, not 

independent for
Hiring personnel 
Managing funds (contract, etc) in particular overheads 
Decide on premises 
etc. 

But governance, etc fixed by own regulations

This fixes strong boundary conditions for most of 
our actions but also provides some stability, e.g. in 

administration and professor positions

Strong boost after the Maria de Maeztu Excellence Unit in 2017
Highest distinction in Spain for research centers/units 
(Strong decrease in Particle Physics units in last years) 
New governing model and periodic evaluation - SAB 
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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 
SM Phenomenology

Pierre Auger 
LIGO 
NEXT 

Phenomenology 
DUNE [New] 

HyperK [exploratory]

GSI-FAIR 
ACTAR 

Laser Acceleration

Strategic Research Areas



LHCb Instrumentation 

Installation on time for  
LHC 3rd running period

SA1_LHCB

Movie from CERN
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SA1_LHCB - analyses

E.g. CP violation in B → 3Pions

CERNCOURIER
V O L U M E  5 9   N U M B E R  6   N O V E M B E R / D E C E M B E R  2 0 1 9

KATRIN weighs in on neutrinos 
Maldacena on the gauge–gravity dual

FPGAs that speak your language 

CERNCOURIER
November/December 2019  cerncourier.com Reporting on international high-energy physics

EXTREMELY  
LARGE TELESCOPE

CCNovDec19_Cover_v1.indd   1 29/10/2019   15:41

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
W E L C O M E

WWW.

ED ITOR: MATTHEW CHALMERS, CERN
DIG ITAL  ED IT ION CREATED BY IOP PUBL ISH ING

Challenging the Standard Model of Particle Physics 
— still not clear signal of departure… but some of the most interesting results from LHC

Analyses
Lepton flavor universality 
CP violation in B decays 
Rare decays of b and s mesons 
Proton-lead collisions 
… 

Hardware
Upgrade - VELO 
High-level trigger 
Codex-b 

Ke
y 

ac
tiv

iti
es



5

fundamentally within its scope. Full field-theoretical cal-
culations for this coupled system and for large B are, how-
ever, not feasible, and a macroscopic (hydrodynamical)
treatment is currently unknown. On the other hand, the
standard methods of nuclear physics, such as many-body
techniques, can be used to describe these low-density NS
crust regions and are completely reliable there. This mo-
tivates us to consider a hybrid version of (13) in which,
at a su�ciently low density n⇤ (or, equivalently, p⇤), a
neutron star crust EoS ⇢BCPM(p) is glued,

⇢Hyb(p) '
⇢
⇢BCPM(p), p  p⇤
⇢Gen(p), p � p⇤.

(15)

Concretely, we choose the BCPM EoS of [25], based on
the Brueckner-Hartree-Fock (BHF) approach (plus the
BCPM density functional for the crust). For the crust
and the outer core n . n0, nuclear matter is well under-
stood, and standard nuclear physics EoS like [25] should
provide a precise description of NS matter. Again, we
choose a smooth transition between the two regimes, us-
ing the interpolating function (14). Now we choose the
faster transition � = 2, exactly as was done in [33] (re-
placing pPT by p⇤).

OBSERVATIONAL CONSTRAINTS

To determine the static properties of the resulting NS,
we simply insert the hybrid EoS (15) into the relativistic
equations of hydrodynamical equilibrium, the so-called
Tolman-Oppenheimer-Volko↵ (TOV) equations [36, 37].
In this hybrid EoS, there are only two free parameters,
namely the values of p⇤ and pPT corresponding to the low
and high density parts of the hybrid EoS. Here we show
that recent astrophysical and gravitational wave observa-
tions actually tightly constrain the value ranges for both
parameters. For example, from the mass-radius curves
for di↵erent values of these parameters, we find that only
the value of pPT a↵ects the maximum NS mass in the
model. Thus, we could for example constrain the value
of pPT using the maximum mass limit for nonrotating
NS of M/M� = 2.16+0.17

�0.15 proposed in [38]. However,
given the recent GW observations of GW190425, with
a total mass of 3.4+0.3

�0.1M� and mass ranges of compo-
nents varying from 1.12 to 2.52 M� [39] and GW190814,
a compact binary merger between a 22.2�24.3M� black
hole and a secondary object which falls in the mass gap
(2.50� 2.67M�) [40], we have allowed the range of values
of pPT to yield stars of maximum mass up to ⇠ 2.7M�

In Fig. 2 we show di↵erent mass-radius curves
of the hybrid model corresponding to di↵erent val-
ues of pPT . We can see a good agreement, for any
pair (p⇤, pPT) within the ranges p⇤ 2 [0.5, 2]MeV/fm3

and pPT 2 [25, 50]MeV/fm3, with the most likely
mass-radius relation for the NS corresponding to the

FIG. 2. Mass-Radius relation for the hybrid model
(red curves) for di↵erent combinations of values of
p⇤ = {0.5, 1, 2}MeV/fm3 and pPT = {25, 40, 50}MeV/fm3.
The red shaded region corresponds to the accessible region
of the hybrid model with p⇤ and pPT within the given ranges
(see Fig. 1).

GW170817 event [18]. We haven’t included the cor-
responding data of the second BNS event, namely,
GW190425, since it was less informative on matter e↵ects
than GW170817 , although our data is still compatible
with this event as well, specially for lower values of pPT

[39]. In the same figure, we represent the masses of some
of the heavier pulsars measured by the NICER collab-
oration, PSR J1614 � 2230 (1.928± 0.017M�)[41], PSR
J0348+0432(2.01± 0.04M�) [42] and PSRJ0740+6620�
2.14+0.10

�0.09M�
�
[43], as well as the most probable M-R re-

gion from combined observations of GW and these heavy
pulsars [44]. Also, other constraints from NICER, chiral
EFT and multimessenger observations are represented,
adapted from [45] and [46].
The observed gravitational waveform can also be used

to place direct constraints on the tidal deformability
of NS. Indeed, the waveform produced by the coales-
cence of two NS at the early phase of the inspiral de-
pends on the underlying EoS mostly through the tidal
Love number [47]. However, the individual Love num-
bers for the two stars cannot be disentangled in the ob-
served gravitational waveform. Instead, what is mea-
sured is the so-called e↵ective tidal deformability ⇤̃, a
mass weighted average of the deformabilities of the indi-
vidual stars in the merger [48]. Similarly, the two com-
ponent masses are not measured directly, but the chirp
mass, Mc = m1 q3/5/(1 + q)1/5 where q = m1/m2 is the
mass ratio, can actually be tightly constrained. In the
case of the GW170817 event, the chirp mass was con-
strained to 1.188+0.004

�0.002 at the 90% confidence level, and
the mass ratio was constrained to be in the range 0.7� 1
within the same confidence level, whereas the e↵ective

Hot and dense QCD
To study the first levels of complexity at the level of 
fundamental particles 

Thermalization in yoctoseconds in LHC experiments

Neutron star EoS

SA1_HQCD
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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

 Nuclear PDFs 
 Jet quenching 
 Quarkonia in hot matter 
 3D structure and Parton saturation 
 Effective theories of nuclear matter 
 Neutron stars 
 EIC, LHeC, FCC, Fixed target at LHC Ke
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Also very active in quantum information - quantum computing

Strongly coupled quantum systems with 
holography

Anisotropic holographic fluids  
Flow of information in ABJM theory 
Multilayer systems 
Numerical holography 

Integrability in String Theory and AdS/CFT
From GR to quantum gravity

Geometric infation  

SA1_STRI
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Multimessenger Astronomy - with SA2_GRWA

Energy spectrum of UHECR

Change of slope at 13x1018 eV 
Excludes UHECR from small number of nearby sources

SA2_AUGE

Inclined showers  
 Energy spectrum 
 Composition 
 Anisotropies 
 Neutrinos in UHECR 

MMA with neutrinos in Auger 
Coherent radiopulses for HE 
showers in MHz-GHz 
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Table 4. Candidate events with template parameters consistent with BNS mergers sorted by ranking statistic ⇤̃. The chirp
mass M of the candidate’s associated template waveform is given in the detector frame. All candidates here were found by the
LIGO-Hanford and LIGO-Livingston observatories. The table lists the false alarm rate for each candidate in the context of the
full search (FARFULL) or just the selected BNS region (FARBNS).

Date Designation GPS Time ⇤̃ FAR�1

FULL
(y) FAR�1

BNS
(y) ⇢H ⇢L M

170817+12:41:04UTC 1187008882.45 180.46 > 10000 > 10000 18.6 24.3 1.20

161217+02:44:33UTC 1165977890.44 10.81 .01 .27 6.2 6.0 1.15

151214+21:03:35UTC 1134162232.89 9.26 .003 .12 6.0 5.7 1.06

151105+20:34:28UTC 1130790885.49 8.97 .002 .03 6.0 6.3 1.29

160103+02:29:54UTC 1135823411.78 8.41 .002 .04 5.3 6.5 1.16

170204+00:34:28UTC 1170203686.48 8.40 .002 .06 5.1 6.4 1.25

170819+11:06:26UTC 1187176004.83 8.37 .004 .12 6.2 6.0 1.06

170213+21:45:15UTC 1171057533.29 8.35 .002 .06 7.4 6.1 1.15

151112+05:48:49UTC 1131342546.36 8.11 .0008 .01 5.7 6.4 1.35

150930+12:45:03UTC 1127652320.31 8.10 .001 .04 6.0 5.8 1.15

Figure 3. Marginalized 90% credible region for all binary black hole candidates with pastro � 0.5 in source-frame component
masses (left) along with source-frame total mass and e↵ective spin (right). GW170121, GW170304 and GW170727 which were
previously reported in Venumadhav et al. (2019b) are broadly consistent with the existing population of observed BBH mergers.
GW151205, a new BBH candidate with pastro ⇠ 0.53, is likely the most massive merger reported to date if astrophysical.

nificance — may be the cause of reported di↵erences.
The consistency of results for less marginal candidates
indicates that di↵erences in analysis sensitivity are likely
marginal. Cross comparison with a common set of sim-
ulated signals would be required for a more precise as-
sessment.

Future analyses incorporating more sophisticated
treatment of the source distribution may yield dif-
ferent results for the probability of astrophysical ori-
gin for some sub-threshold candidates. For example
151216+09:24:16UTC, which was first identified in Nitz

et al. (2019a) and is now assigned a pastro ⇠ 0.2, could
obtain a higher probability of being astrophysical under
a model with a distribution of detected mergers peaked
close to its apparent component masses, rather than
uniform over M as taken here. In any case the astro-
physical probability we assign assumes that the candi-
date event, if astrophysical, is drawn from an existing
population. The prior applied here to the population
distribution over component masses could be extended
to the distribution over component-object spins. (Here,
we implicitly apply a prior over spins which mirrors the

2-OGC: Open GW catalog GW190521 as a 
Merger of new boson stars?

Leading role in PyCBC pipeline 
Astrophysics of compact binaries 
Bayesian methods in MMA 
(Exploratory) instrumentation for Virgo/ET

Ke
y 

ac
tiv

iti
es



SA2_GRWA

10

Table 4. Candidate events with template parameters consistent with BNS mergers sorted by ranking statistic ⇤̃. The chirp
mass M of the candidate’s associated template waveform is given in the detector frame. All candidates here were found by the
LIGO-Hanford and LIGO-Livingston observatories. The table lists the false alarm rate for each candidate in the context of the
full search (FARFULL) or just the selected BNS region (FARBNS).

Date Designation GPS Time ⇤̃ FAR�1

FULL
(y) FAR�1

BNS
(y) ⇢H ⇢L M

170817+12:41:04UTC 1187008882.45 180.46 > 10000 > 10000 18.6 24.3 1.20

161217+02:44:33UTC 1165977890.44 10.81 .01 .27 6.2 6.0 1.15

151214+21:03:35UTC 1134162232.89 9.26 .003 .12 6.0 5.7 1.06

151105+20:34:28UTC 1130790885.49 8.97 .002 .03 6.0 6.3 1.29

160103+02:29:54UTC 1135823411.78 8.41 .002 .04 5.3 6.5 1.16

170204+00:34:28UTC 1170203686.48 8.40 .002 .06 5.1 6.4 1.25

170819+11:06:26UTC 1187176004.83 8.37 .004 .12 6.2 6.0 1.06

170213+21:45:15UTC 1171057533.29 8.35 .002 .06 7.4 6.1 1.15

151112+05:48:49UTC 1131342546.36 8.11 .0008 .01 5.7 6.4 1.35

150930+12:45:03UTC 1127652320.31 8.10 .001 .04 6.0 5.8 1.15

Figure 3. Marginalized 90% credible region for all binary black hole candidates with pastro � 0.5 in source-frame component
masses (left) along with source-frame total mass and e↵ective spin (right). GW170121, GW170304 and GW170727 which were
previously reported in Venumadhav et al. (2019b) are broadly consistent with the existing population of observed BBH mergers.
GW151205, a new BBH candidate with pastro ⇠ 0.53, is likely the most massive merger reported to date if astrophysical.

nificance — may be the cause of reported di↵erences.
The consistency of results for less marginal candidates
indicates that di↵erences in analysis sensitivity are likely
marginal. Cross comparison with a common set of sim-
ulated signals would be required for a more precise as-
sessment.

Future analyses incorporating more sophisticated
treatment of the source distribution may yield dif-
ferent results for the probability of astrophysical ori-
gin for some sub-threshold candidates. For example
151216+09:24:16UTC, which was first identified in Nitz

et al. (2019a) and is now assigned a pastro ⇠ 0.2, could
obtain a higher probability of being astrophysical under
a model with a distribution of detected mergers peaked
close to its apparent component masses, rather than
uniform over M as taken here. In any case the astro-
physical probability we assign assumes that the candi-
date event, if astrophysical, is drawn from an existing
population. The prior applied here to the population
distribution over component masses could be extended
to the distribution over component-object spins. (Here,
we implicitly apply a prior over spins which mirrors the

2-OGC: Open GW catalog GW190521 as a 
Merger of new boson stars?

Leading role in PyCBC pipeline 
Astrophysics of compact binaries 
Bayesian methods in MMA 
(Exploratory) instrumentation for Virgo/ET

Ke
y 

ac
tiv

iti
es



Are neutrinos Majorana?

SA2_NEXT

IGNITE 
Contribution to DUNE near-side detector  

NEXT

IGFAE laboratoryMasurement of half-live double-beta 
Commissioning of NEXT-100 
Optical TPC prototypes 
DUNE near detector 
HyperK - exploratory
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SA3_NUCL

Installation of the Califa detector for 
R3B

FAIR  
 CALIFA calorimeter and Si-tracker 
 Definition of scientific program 
 Simulation software 

Lower energies 
 Active target TPC 
 Fission at GANIL 
 Optical TPC for fission 

Applications 
 Medical imaging 
 Natural radiation laboratory 
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Activity
 Production of radioisotopes for PET 
 Plasma mirror for ELI 
 FLASH therapy proof-of-principle experiment 
 Laser-driven neutron sources 
 Micrometric X-ray sources

SA3_LACC
Laser particle acceleration — local infrastructure



2020 2030 2040

LHC // LHCb upgrade phase 1 HL-LHC // IGFAE LHCb upgrade phase 2 // Codex-b HE-LHC? FCC?…

EIC, LHeC? Linear colliders? 

Next Next-100, Next-1T, Dune / HyperK?

Auger (prime)

LIGO

Einstein Telescope? Participate in GW instrumentation

R3B @ FAIR

SPIRAL 2, HIE-ISOLDE

LaserPet

HL: Strategy for new facilities

SA1

SA2

SA3

15

IGFAE participates in global strategy - members of coordination group, working groups, chapter editors, ECFA…



New IGFAE headquarters









= end 2024+









Technology Transfer 





TT unit created - one person hired - Pablo Cabanelas
A lot of activity, several opportunities identified 

IP protection 
Metrology 
Protontherapy 
Pre-clinical mini-PET in collaboration with Vall d’Hebron 
Applications to Proof-of-concept 
WG KTI at SOMMa 
Homeland security - Galician ports 
Industrial doctorate 



Thanks!


