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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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Foundation…

[Extracto del Convenio de Creación]

 Legally under the administrative structure of the university - own governance but constraints 
 Joins the USC network of singular centers in 2018 and the Galician network CIGUS in 2019
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1999 - Joint research center - Xunta/Universidade de Santiago de Compostela 
International vision and flexible structure



Context: Galician network

IGFAE was not included in the networks of centers in Galicia or University until 
the MdM award. Galician network provides long-term stability
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 María de Maeztu 2017-2021 accreditation 
 MdM High-Impact Activities en 2022

 María de Maeztu accreditation (2021 call) 
- evaluation on-going 

Huge impact at IGFAE 
Fast growth and consolidation 

—joins red CIGUS
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Internal procedures

New (2018) IGFAE Regulations fixe a simple an versatile governing structure

Governing Board 
Highest body of govern, representation 

and administration

Director 
Executive direction  

(possible) associate director(s)

Scientific Advisory Board 
(SAB) 

Advisory and evaluation

IGFAE direction proposes any other internal structure to the Governing Board 
The model is based in Strategic Planning and Periodic Evaluation
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More than 30 people hired with 
IGFAE common funds in 2022

2019 2019 2021

2019
2019

2019

2021

2021
2020-2021

2019



Univers. Wisconsin 
Spokesperson 

IceCube

Gabriela González Giulia ZanderighiLarry McLerran

Louisiana State 
University 

Spokesperson 
LIGO 2011-2017

CERN & Max 
Planck München

Director - Institute 
for Nuclear Theory 

Seattle

Paolo Giubelino

INFN Torino 
Scientific Director 

GSI/FAIR

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



Structural docs
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 Code of conduct - Approved
 General coexistence rules that all IGFAE members should follow. They concern use of spaces and relations 
between IGFAE members and outside 

 Communication plan - Approved
 Plan developed by the communication unit to improve internal and external communication 

 Equity and diversity plan - Approved
 Plan developed by the Gender WP to ensure equity and improve diversity at IGFAE  

 Mentoring plan - Approved 
 One of the goals of MdM to improve training of PhD students and postdocs. 

 Welcome manual - IGFAE Intranet
 Manual for newcomers with useful information about internal (IGFAE and University) and external 
procedures and rules as well as tips for local life in Santiago de Compostela 

Structural documents provide managerial “infrastructure”
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Personnel
Total number of people 
working at IGFAE: 151
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International scientific staff Gender (im)balance

Diversity



Relevance of RyC

At present, only two ways for tenure
University professor associated to IGFAE 

Only from RyC in the last 20 years 
Oportunius - external program (GAIN-Xunta) only for ERC grantees 

(Distinguished Researchers subject to external funds from IGFAE)

60% of all permanent 
positions at IGFAE from 
RyC or similar programs 



Attraction and training

14

The cornerstone of 2017-2021 Strategy was attraction and training of international talent 
 Global Talent - focus on junior staff 
 Postdoctoral program
 Predoctoral program

With an accompanying program to support new lines —IGNITE program



2017 
SA2_NEXT

2018 
SA1_LHCB

2020 
SA1_LHCB

2021 
SA3_NUCL

2021 
SA2_AUGE

2018 
SA1_STRI

2020 
SA2_GRWA

2020 
SA3_LACC

2018 
SA2_GRWA

2020 
SA1

2021 
SA1_LHCB

2021 
SA1_HQCD

USC USC USC Xunta

Junior staff since 2017



Projection in 
2016

Staff permanente IGFAE (university professors)

Projection of personnel

“Teórica”
[HQCD, STRI, AUGE, GRWA]

“Atómica” 
[LHCB, NEXT, NUCL, LACC]

16
[Each kink up is a RyC that gets tenured and each kink down a retirement]



Projection in 
2016

Staff permanente IGFAE (university professors)

Projection of personnel

“Teórica”
[HQCD, STRI, AUGE, GRWA]

“Atómica” 
[LHCB, NEXT, NUCL, LACC]

16
[Each kink up is a RyC that gets tenured and each kink down a retirement]



Marie Curie Actions
Po

st
do

c INPhINIT - La Caixa

Support to Marie Curie Actions
Strong increase of applications 
Two MSCA IF Fellows in the last two calls (same as the whole previous IGFAE history) 
Training and correction of applications (5-6 per year in 2020 y 2021)
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c INPhINIT - La Caixa

Support to Marie Curie Actions
Strong increase of applications 
Two MSCA IF Fellows in the last two calls (same as the whole previous IGFAE history) 
Training and correction of applications (5-6 per year in 2020 y 2021)

YOU ARE SUPPOSED TO ACTIVELY LOOK FOR CANDIDATES 
(IGFAE POSTDOCS WELCOME TO APPLY IF ELIGIBLE) 

NEXT TRAINING SESSION THIS FRIDAY 8TH
PLEASE, CONTACT RICARDO!



ERC Grants in panel PE2
IGFAE second in Spain in PE2

18

Growing number of applications
 3 applications StG in 2021 
 4 applications in 2022 (StG & CoG) 

           1 StG in Step 2

[ERC projects are strategic for IGFAE visibility and 
positioning]



ERC Grants in panel PE2
IGFAE second in Spain in PE2

18

Growing number of applications
 3 applications StG in 2021 
 4 applications in 2022 (StG & CoG) 

           1 StG in Step 2

[ERC projects are strategic for IGFAE visibility and 
positioning]

Support for ERC applications  
[All juniors are supposed to apply] 

Please, contact me if interested



IGNITE program
Top priority to new ideas with potential to attract external funds in the future

Diego González [RyC] Gas TPCs with fast timing capability (T0) for the DUNE Near Detector
Xabier Cid [RyC] Codex-b, an experiment to unveil BSM physics searching for Long Lived Particles

Pablo Cabanelas [postdoc] PHARMI: Phoswich scintillator assembly for medical imaging

19

Antonio Fdez Prieto, Edgar Lemos [Engineers] Coaxial Prompt Gamma-ray Monitoring for 
proton therapy

Proof-of-concept project to transfer detector technology to the medical sector

Juan Calderon [Junior La Caixa] Gravitational Wave Patterns for Compact Star
Explore synergies between the HQCD (neutron stars) and GRWA programs

2019 call

2021 call



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 

Teoría de Cuerdas 
Fenomenología   

Pierre Auger 
LIGO 
NEXT 

Fenomenología 
DUNE [New]

GSI-FAIR 
ACTAR 

Laserpet

Strategic Research Areas



LHCb Instrumentation 

Installation on time for  
LHC 3rd running period

SA1_LHCB
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Figure 2: Nuclear modification factor as a function of pT in di↵erent ⌘ intervals for the (top)
forward and (bottom) backward regions, compared with the predictions from Refs. [13,20,49,52].
Vertical error bars correspond to statistical uncertainties, open boxes to uncorrelated systematic
uncertainty and the filled box at RpPb = 1 to the correlated uncertainty from the luminosity.

in the most backward ⌘ interval, although it does not reproduce the data for the other
intervals in the backward configuration.

Understanding the evolution of RpPb with x and the momentum transfer Q2, is a
critical point for the study of CNM e↵ects. However, x and Q2 are partonic quantities and
cannot be directly measured. Instead, experimental proxies for x and Q2 [53], defined as

Q2
exp ⌘ m2 + p2T and xexp ⌘ Qexpp

sNN

e�⌘, (3)

are considered. Here, m is the mass of the produced particle and is taken as
m = 256MeV/c2, the average charged particle mass in pPb collisions determined with
EPOS-LHC. The variable xexp is approximately x for a two body scattering, and Qexp is
the transverse mass of the produced particle.

Figure 3 shows the RpPb evolution with xexp for four Q2
exp intervals from this study

and the results from the ALICE [21] and CMS [22] collaborations. Since the pT binning is
di↵erent among the three experiments, the Q2

exp ranges are selected to contain at least
one pT interval from each experiment. A consistent trend between this measurement
in the forward region, the measurements in the central region from ALICE and CMS
and the result in the backward region is observed for the four Q2

exp intervals. The
evolution of RpPb with xexp is Q2

exp-dependent. For low Q2
exp (0.75 < Q2

exp < 0.85GeV2/c2)
a suppression is observed in every interval. For intermediate Q2

exp (3 < Q2
exp < 4GeV2/c2

6

First pPb at IGFAE LHCb

SA1_LHCB - análisis
E.g. Violación CP en 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
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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

Salgado Research proposal [Part B2] YoctoLHC
The gaussian approximation, correct in the asymptotically large number of scatterings, neglects the 
perturbative, power-law, tails of the individual elastic cross section. Including them has been technically 
difficult as no analytic solution of the path integrals exists. The main advantage of the opacity expansion is 
that these perturbative tails are easily included, but only reduced number of terms, often only one, is included 
in the series. Interestingly, the gaussian approximation is valid in strongly couple systems with no 
quasiparticles, computed using the AdS/CFT correspondence [‑ ], while the presence of perturbative tails 24
would indicate quasiparticles in the QGP. Proposals to identify (large angle) Molière scattering to look for 
the scale in which a quasiparticle description of the QGP is valid have been put forward [‑ ], although no 25
experimental data have been able to find this behaviour yet.  
The technology outlined above allows one, in principle, to compute any number of medium-induced radiated 
gluons. In practice, n-gluon radiation needs 2n-point functions and the medium averages rapidly become too 
cumbersome. For this reason, multiple medium-induced gluons are resummed in the small formation time 
limit, ! , valid for a large enough medium length L, as an iteration of the single-inclusive kernel [‑ ]. 26
The final result of this formalism can be recast into an energy loss probability distribution, ! , that 
depends on the medium properties, in particular the transport coefficient !  and the length L. In 
phenomenological applications a way to extract the information from the medium is to consider ! , 
where, for the case of a thermalised system, LO perturbative calculations lead to an estimate ! . 
The local energy density !  is then taken from hydrodynamical simulations of heavy-ion collisions so that 
there is only one parameter, ! , to be fitted to the experimental data at large transverse momentum. We have 
performed such an analysis of experimental data from RHIC and LHC at different centralities [‑ ] with an 27
unexpected result: by fitting the K-factor for each energy and centrality we obtain different results for 
different energies but these results are nearly independence of centrality. This result is very puzzling, as 
naively there is an overlap of medium thermal properties (temperature or energy density) in central RHIC 
AuAu collisions and semi-peripheral LHC PbPb collisions — see Fig. 1. Taken at face value, this result 
would indicate that the jet quenching parameter does not simply depend on the local properties of the 
medium. Similar results has been obtained in basically all studies of data that assume a local and 
monotonous dependence of  the medium parameter with the medium properties [‑ ]. Another long-standing 28
puzzle of jet quenching data is the small value of !  when comparing jet quenching calculations to data. 
Different solutions have been proposed but all of them require either a delay time for the interaction of the jet 
and the medium to start [‑ ] (see Fig.2) or a very strong increase of !  for temperatures close to the 29
deconfinement temperature !  [‑ ].  30

�

There is, at present, no consensus on the interpretation of these findings, but they seem to be very generic of 
any implementation of energy loss. Both interpretations, a delay effect in the energy loss of the jet in the 
medium or a non trivial temperature dependence demonstrate the power of jet quenching measurements to 
study the time-evolution of the medium. In technical terms, both imply that the simple procedure described 
above to perform the medium averages needs a profound reformulation. 
In a recent paper [‑ ] in collaboration with Liliana Apolinário, Guilherme Milhano and Gavin Salam, we 31
presented a proof-of-concept to show how jet quenching measurements can be used as a chronometer of the 
medium evolution. For that we studied the hadronically-decaying W bosons, in particular in events with a 
top-antitop quark pair. The corresponding chain of decays ( ! ) provide the unique feature of a 
time delay between the moment of the collision and that when the W-boson decay products start interacting 

tform ≪ L
P(ΔE )

̂q
̂q = K ̂qideal

̂qideal ≃ 2 ϵ3/4

ϵ
K

v2(pt)

̂q
Tc

t → W → qq̄

Page !  of !4 19

Fig.2 (Left) Energy density distribution in a typical event in hydrodynamical approaches for two different times, ~0.2 
fm and ~1 fm. (Right) effect on v2 for single inclusive hadrons of a delay in the time in which the jet starts to interact 
with the medium. 

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

Thermalization in yoctoseconds in LHC experiments

Neutron start EoS

SA1_QCD
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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

Salgado Research proposal [Part B2] YoctoLHC
The gaussian approximation, correct in the asymptotically large number of scatterings, neglects the 
perturbative, power-law, tails of the individual elastic cross section. Including them has been technically 
difficult as no analytic solution of the path integrals exists. The main advantage of the opacity expansion is 
that these perturbative tails are easily included, but only reduced number of terms, often only one, is included 
in the series. Interestingly, the gaussian approximation is valid in strongly couple systems with no 
quasiparticles, computed using the AdS/CFT correspondence [‑ ], while the presence of perturbative tails 24
would indicate quasiparticles in the QGP. Proposals to identify (large angle) Molière scattering to look for 
the scale in which a quasiparticle description of the QGP is valid have been put forward [‑ ], although no 25
experimental data have been able to find this behaviour yet.  
The technology outlined above allows one, in principle, to compute any number of medium-induced radiated 
gluons. In practice, n-gluon radiation needs 2n-point functions and the medium averages rapidly become too 
cumbersome. For this reason, multiple medium-induced gluons are resummed in the small formation time 
limit, ! , valid for a large enough medium length L, as an iteration of the single-inclusive kernel [‑ ]. 26
The final result of this formalism can be recast into an energy loss probability distribution, ! , that 
depends on the medium properties, in particular the transport coefficient !  and the length L. In 
phenomenological applications a way to extract the information from the medium is to consider ! , 
where, for the case of a thermalised system, LO perturbative calculations lead to an estimate ! . 
The local energy density !  is then taken from hydrodynamical simulations of heavy-ion collisions so that 
there is only one parameter, ! , to be fitted to the experimental data at large transverse momentum. We have 
performed such an analysis of experimental data from RHIC and LHC at different centralities [‑ ] with an 27
unexpected result: by fitting the K-factor for each energy and centrality we obtain different results for 
different energies but these results are nearly independence of centrality. This result is very puzzling, as 
naively there is an overlap of medium thermal properties (temperature or energy density) in central RHIC 
AuAu collisions and semi-peripheral LHC PbPb collisions — see Fig. 1. Taken at face value, this result 
would indicate that the jet quenching parameter does not simply depend on the local properties of the 
medium. Similar results has been obtained in basically all studies of data that assume a local and 
monotonous dependence of  the medium parameter with the medium properties [‑ ]. Another long-standing 28
puzzle of jet quenching data is the small value of !  when comparing jet quenching calculations to data. 
Different solutions have been proposed but all of them require either a delay time for the interaction of the jet 
and the medium to start [‑ ] (see Fig.2) or a very strong increase of !  for temperatures close to the 29
deconfinement temperature !  [‑ ].  30

�

There is, at present, no consensus on the interpretation of these findings, but they seem to be very generic of 
any implementation of energy loss. Both interpretations, a delay effect in the energy loss of the jet in the 
medium or a non trivial temperature dependence demonstrate the power of jet quenching measurements to 
study the time-evolution of the medium. In technical terms, both imply that the simple procedure described 
above to perform the medium averages needs a profound reformulation. 
In a recent paper [‑ ] in collaboration with Liliana Apolinário, Guilherme Milhano and Gavin Salam, we 31
presented a proof-of-concept to show how jet quenching measurements can be used as a chronometer of the 
medium evolution. For that we studied the hadronically-decaying W bosons, in particular in events with a 
top-antitop quark pair. The corresponding chain of decays ( ! ) provide the unique feature of a 
time delay between the moment of the collision and that when the W-boson decay products start interacting 
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Fig.2 (Left) Energy density distribution in a typical event in hydrodynamical approaches for two different times, ~0.2 
fm and ~1 fm. (Right) effect on v2 for single inclusive hadrons of a delay in the time in which the jet starts to interact 
with the medium. 
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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?
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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.  
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87% in Q1 // 68% in D1 // 90% in arXiv 
9,5% top 1% citations // 95% in international collaboration
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IGFAE participates in global strategy - members of coordination group, working groups, chapter editors, ECFA…
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IGFAE participates in global strategy - members of coordination group, working groups, chapter editors, ECFA…

Establish QIST@IGFAE
Quantum computing 
Quantum sensors 

 IGFAE coordinates TalentQ in Quantum Spain 
 Promotes new master Science and technologies of 

quantum information 
 Participate in NextGen 
 Several students and postdocs already working on 

quantum computing applications at IGFAE
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Thursday in May and June, IGFAE research staff gave a talk (8 in total) on different 

physics topics that could be followed online and are now available on the Youtube 

channel.  The cycle is scheduled to continue in 2021 and Galician researchers from 

other research centres are expected to join in.  

 

     

 

3rd Science Week 

From 10 to 13 November IGFAE organized its  

3rd Science Week with a program of activities for all audiences and a renewed, 

completely online format, which was streamed on the IGFAE YouTube channel. 

Program: 

• November 10: Public lecture “What does 

the Universe sound like?” by Gabriela 

González, former LIGO spokesperson, 

presented by physicist, popularizer and 

youtuber Javier Santaolalla. 

• November 11 | Award giving ceremony of 

the Scientific Communication Contest 

(IGFAE C3). In this edition, the contest had 3 

categories: outreach articles, scientific 

monologues, and outreach videos. Round 

table “Physics: a science without gender?” 

(See Gender Working Group section) 

• November 12: ‘Transfronteirizas, conversas 

de arte e Ciencia’ with Alejandro Dolina and 

José Edelstein (See ArtLAB section) 



Colaboración con Quantum Fracture

3 vídeos en Youtube con más de 2 millones de visitas acumuladas

https://www.youtube.com/watch?v=JdahywF2_D4


Colaboración con Quantum Fracture

3 vídeos en Youtube con más de 2 millones de visitas acumuladas

https://www.youtube.com/watch?v=JdahywF2_D4


Gender & Diversity WG
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on family reconciliation or possible measures to support female leadership in 

science took place.  

Particle Physics Masterclass "Women's and Girls' Science Day  

On 11 February, International Day of 

Women and Girls in Science, the IGFAE 

organised the second edition of the 

Particle Physics Masterclass aimed 

exclusively at female students. 40 girls 

from all over Galicia experienced the day-

to-day life of a female researcher in 

particle physics and, on the other hand, 

participated in talks and debates aimed at 

raising awareness of the role of women scientists and encouraging STEM vocations. 

This initiative is the result of IGFAE's collaboration with the International Particle 

Physics Outreach Group and CERN and arose from the need to promote the 

participation of girls and women in science and to assume the commitment to put 

an end to the gender imbalance in this discipline.   

 

Round table: Physics: a science without gender? 

On 11 November, within the 

framework of the 3rd Science 

Week, it took place the virtual 

round table Physics: a science 

without gender?, where three 

experts on gender equality 

discuss some data and initiatives 

that are being carried out to 

achieve gender balance in Physics: Ana Jesús López Díaz (president of AMIT-Gal, 

vice president of the Group of Women in Physics of RSEF), Yolanda Lozano 

(Gender in High Energy Theory – CERN) and Beatriz G. Plana (IGFAE).   

Conversaciones 
Mesas redondas

Grupo de trabajo muy activo y comprometido



Transferencia de tecnología 





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 

ARE YOU INTERESTED? Contact Pablo!





New IGFAE headquarters
Construction works to start in September







Moitas grazas!





 Proyecto estratégico de investigación 2019-2022 
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A.5. Coherencia y adecuación entre el proyecto estratégico y la trayectoria anterior 

El IGFAE ha implementado una agenda científica diversificada que abarca prácticamente todos 
los grandes retos a los que se enfrenta la Física de Partículas, Astrofísica y Nuclear en la 
actualidad. En todos sus ámbitos, la agenda del IGFAE se enmarca en las correspondientes 
estrategias europeas: la Estrategia Europea para la Física de Partículas (de 2013 y en proceso de 
actualización para 2020), la Estrategia Europea para Astrofísica de Partículas 2017-2026, y el 
Plan a Largo Plazo 2017 del NuPECC.  

Los programas del IGFAE, aunque diversificados, guardan una coherencia e interrelaciones entre 
ellos, de tal manera que el resultado de la investigación es enriquecedor para el conjunto, 
creando un ambiente estimulante desde o punto de vista intelectual. En el siguiente mapa 
conceptual se representan los distintos programas del IGFAE con la interrelaciones en términos 
de objetos de estudio específicos, técnicas o posibilidades de transferencia comunes. 

 

Como se repitió varias veces en la memoria, la singularidad principal de la Física de Partículas, 
desde el punto de vista metodológico, es la participación en grandes colaboraciones 
experimentales, donde son frecuentes miles de colaboradores de cientos de instituciones en 
todo el mundo. Este es un entorno tremendamente competitivo donde para llegar y mantener 
una gran visibilidad es necesaria una acción de planificación a muy largo plazo. Por ejemplo, 
Europa está decidiendo en este momento la estrategia de Física de Altas Energías para los 
próximos 20 o 30 años. El LHC estará funcionando aún otros 20 años aproximadamente y la 
pregunta es qué hacer después – la planificación de una infraestructura de esta complejidad y 
coste tiene que empezar con varias décadas de anticipación. En el gráfico siguiente, presentado 
por Ursula Bassler, presidenta del CERN Council en la última reunión de discusión de la estrategia 
en Granada, se pueden ver claramente los marcos temporales de los diferentes proyectos 
presentes (LHC) y en discusión para el futuro.  
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MdM strongly influenced 
the integration of the 

different programs in a 
common vision and goals



Contexto: centros gallegos

El IGFAE se incluye entre los centros CIGUS por primera vez en 2019 tras 
haber sido acreditado unidad de excelencia María de Maeztu en 2017
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Future
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 New structure of the MU
 Redefine Executive Associate Director 
 Head of MU 
 Define tasks 

 Implement plans - all approved during last months
 Communication  
 Gender and Diversity 
 Mentoring 

 New structure - see talent  

 Communicate new plans, etc

Bruna Vives 
CRG

David Badía 
IBEC

Miguel Arocena 
BCBL

Evaluation of MU in fall 2021 
Committee formed by SOMMa G.M.



Futuro
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 New scientific career at IGFAE
Aprovechando nuevas leyes (Reforma Laboral, Ley de la Ciencia…) y normativas de la USC 
(Investigadores Distinguidos) 

 Nuevo programa Global Talent
 No limitado a junior staff, pero en todas las categorías 

 1 senior, 1 junior, 4 postdocs de 2 años y 10 predocs - buscando captación internacional 
 Programas internacionales de doctorado y postdoc reforzados

 Mantener cohorte de unos 20 postdocs y 50 estudiantes de doctorado 
 Pre-PhD inspiring and nurturing talent

 Programas pre-PhD también abiertos a perfiles no-STEM 
 Mentoring

 Implementar el plan de mentoring 
 Diseño de nuevos programas de training  

 Diversidad y género
 Implementar el plan de género con especial énfasis en la evaluación de su impacto 

 Nuevo Modelo de evaluación de la investigación
 Implementar las pautas de Coalition on Reforming Research Assessment de la CE  



Distribución por edades

Jubilación del 50% del área de Física Teórica en 10 años 
Situación en experimental más estable gracias a incorporaciones de RyC

Media de edad  
58 años

Media de edad  
52 años


