
INSTITUTO DE 
FÍSICA 
CORPUSCULAR2023



10
FRVBMJUZ!

BOE!EJWFSTJUZ!

DPNNJTTJPO

USBJOJOH7

YOUNG 

RESEARCHERS 

OFFICE

11OUTREACH9

FUNDING24

UBCMF!PG!DPOUFOUT

6 TECHNOLOGY 

TRANSFER

HIGHLIGHTS2
STRUCTURE AND 

ORGANIZATION3 TDJFOUJGJD!

QSPEVDUJPO!5

REPORT 

RESEARCH

LINES

5
ARTIFICIAL 

INTELLIGENCE8

1 WELCOME

BOOFYFT

TVTUBJOBCJMJUZ

DPNNJTTJPO12



WELCOME

1



LETTER FROM THE 

DIRECTOR

Español

1

tufb˩pibtjepvob˩pefjoufotb
bdujwjebedjfou˦gjdbfofmJGJD/Ftjnqptjcmf
sftvnjsfoeptq˚hjobtupeptmptsftvmubept
efovftusbjowftujhbdj˫o-qpsmprvfptjowjupb
dpopdfsmptdpon˚tefubmmfmfzfoepftub
nfnpsjb/Tpmpbefmbouprvfbcbsdbovo
bnqmjpftqfdusp;eftefmbpctfswbdj˫oefmpt
tvdftptdpodvbusprvbsltupq-mbqbsu˦dvmb
n˚tqftbebefmbtdpopdjebt-fofm
fyqfsjnfoupBUMBT-ibtubmbpcufodj˫oefvob
bzvebQsvfcbefDpodfqupefmDpotfkp
Fvspqfpef Jowftujhbdj˫o)FSD*qbsb
eftbsspmmbsejtqptjujwptrvfnpojupsjdfomb
djsvh˦bzfmusbubnjfoupdpousbfmd˚odfs-qps
djubseptfkfnqmpt/

Fnqf{bnpt3134dpombtKpsobebt
ufdopm˫hjdbtefmJGJD-rvftfsfbmj{bodbeb
eptb˩pt-zbmpmbshpefmpttjhvjfouftnftft
dpoujovbnptmbtfsjfefKpsobebtdjfou˦gjdbt
jojdjbebfo3132dpombtdpssftqpoejfouftb
mbtm˦ofbtM5ǆCbszphfoftjt-ebslnbuufsboe
dptnjdnfttfohfstǇ-M7ǆUiftzouiftjtpg
ovdmfjǇzM9 ǆBewbodfeJotusvnfoubujpo'

DpnqvujohgpsTpdjfubmDibmmfohftǇ/

Eptqspgftpsbtefjowftujhbdj˫oefmJGJDibo
btvnjepfo 3134 jnqpsubouft
sftqpotbcjmjebeft; CfsubSvcjpibtjep
fmfhjebdpnpqsftjefoubefmDpotfkpOVTUBS-
efmrvfzbfsbdpqsftjefoubeftef3131/
OVTUBSftvobjotujuvdj˫orvfsfqsftfoubbmb
dpnvojebejoufsobdjpobmef Ftusvduvsb-
Btuspg˦tjdbzSfbddjpoftOvdmfbsft/ZNbs˦b
KptDsptubftmbovfwbejsfdupsbefmDQBO
)DfouspefQbsu˦dvmbt-Btuspqbsu˦dvmbtz
Ovdmfbs*-rvftvshj˫dpnpvoqspzfdup
Dpotpmjefs.Johfojp3121dpofmpckfujwpef
ftujnvmbsmbdppqfsbdj˫ofousfmpthsvqpt
ftqb˩pmftfyqfsuptfog˦tjdbefqbsu˦dvmbt-
btuspqbsu˦dvmbtzovdmfbs/

Mbjowftujhbdj˫oefbmubdbmjebesfbmj{bebfofm
JGJDibsfdjcjepjnqpsubouftsfdpopdjnjfoupt
fo3134;fmdbufes˚ujdpefmbVojwfstjubuef
WbmˡodjbFvmphjpPtfuibtjephbmbsepobep
dpombnfebmmbefmbSfbmTpdjfebeFtqb˩pmb
efG˦tjdbqpstvǆfydfqdjpobmdbssfsb
djfou˦gjdbfofmdbnqpefmbg˦tjdbuf˫sjdb-mp
rvfmfibdpowfsujepfovobsfgfsfodjbfo
g˦tjdbovdmfbsǇ<EjfhpSfbmibsfdjcjepfm
qsfnjpOjlpmbUftmbefmDpmfhjpPgjdjbmef
JohfojfsptUˢdojdptJoevtusjbmftefWbmfodjb
fombdbufhps˦bǂUsbzfdupsjbQspgftjpobm
Qsftujhjptbǃ<fmqspzfdupIZCSJNT)Izcsje
JnbhjohTztufnt*-qspnpwjepqpsfm
jowftujhbepsefmJGJDMvjtDbcbmmfsp-rvf
eftbsspmmbejtqptjujwptnˢejdptqbsbfm
ejbho˫tujdpqsfdjtpefmd˚odfs-ibsftvmubep
hbmbsepobepfombdbufhps˦bQspzfdupef
NbzpsJnqbdupqpsmbbtpdjbdj˫oTfojpst

Españoles para la Cooperación Técnica
(SECOT) y doce investigadores del IFIChan
resultado beneficiarios en la primera
convocatoria de Ayudas para la Consolidación
Investigadora lanzada por la Agencia Estatal
de Investigación del Ministerio de Ciencia e
Innovación.

También las tesis desarrolladas en el IFIC han
recibido numerosos premios: Pablo Villanueva
y Adrià Delhom i Latorre sendos premios del
CSIC a las mejores Tesis Doctorales, Miguel
García Folgado y Fernando Romero López los
premios extraordinarios de Doctorado 2022-
23 de la Universitat de València y la tesis de
Mario Reig ha sido elegida entre las dieciséis
mejores tesis por la Real Academia de
Doctores de España.

Dentro del Proyecto Meitner, la iniciativa de
divulgación sobre ciencia y género del
Instituto de Física Corpuscular que cuenta con
la colaboración de la Fundación Española para
la Ciencia y la Tecnología - Ministerio de
Ciencia e Innovación, se han llevado a cabo en
2023 varias actividades: las Jornadas de
Ciencia y Género, coordinadas con CEFIRE,
enfocadas para profesores de enseñanza
secundaria; la representación de la obra
teatral que lleva a escena la vida de Lise
Meitner, pionera de la física nuclear olvidada
por el comité del Premio Nobel; la III Edición
del concurso multidisciplinar Express-Arte
ConCiencia, dirigido al alumnado de
secundaria y ciclos formativos, y la exposición
ǆQjpofsbtǇ-que ha reunido las obras
ganadoras y seleccionadas de las tres

E



Nuria Rius
Directora del IFIC

ediciones celebradas de dicho concurso, y
cuenta además con una colección de obras
propias de la artista italiana Mónica Mura.

Este año también se ha celebrado en el IFIC la
presentación del Plan Complementario de
Astrofísica y Física de Altas Energías en la
Comunitat Valenciana, coordinado por el
investigador del IFIC Carlos Lacasta, con la
participación de la consellera de Innovación,
Universidades, Ciencia y Sociedad Digital,
Josefina Bueno, entre otras autoridades.
Además recibimos la visita de la presidenta
del CSIC,Eloísa del Pino, y de la rectora de la
Universitat de València, María Vicenta Mestre,
así como de la secretaria autonómica de
Universidades, Mª Esther Gómez y del director
general de Ciencia e Investigación, Rafael
Sebastián.

En 2023 hubo una renovación de la dirección
del IFIC, por lo que agradecezco a todo el
equipo directivo, la vicedirectora saliente,
Berta Rubio, el vicedirector entrante, Sergio
Pastor, y los dos vicedirectores que continúan,
Michel Sorel y José Enrique GarcíaNavarro, su
tiempo, implicación y apoyo.

Para terminar, quiero reconocer el trabajo y
dedicación de los miembros del IFIC, tanto el
personal docente e investigador como el
personal técnico, de administración y
comunicación . Gracias a ellos han sido
posibles las numerosas actividades descritas
en esta memoria, y todos son necesarios para
que podamos mantener nuestro liderazgo
internacional.
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ohvbozibtjhvuvoboze(joufotb
bdujwjubudjfou˦gjdbfom(JGJD/ˇtjnqpttjcmf
sftvnjsfoevftq˙hjoftuputfmtsftvmubutef
mboptusbjowftujhbdj˫-qfsmbrvbmdptbvt
dpowjefbdpoˢjyfs.mptbncnˢtefubmmmmfhjou
brvftubnfn˪sjb/Opnˢtbwbodfrvfbcbtufo
vobnqmjftqfdusf;eftefm(pctfswbdj˫efmt
tvddfttptbncrvbusfrvbsltupq-mbqbsu˦dvmb
nˢtqftbebefmftdpofhveft-fom(fyqfsjnfou
BUMFT-gjotbm(pcufodj˫e(vobbkvebQspwbef
DpodfqufefmDpotfmmFvspqfve(Jowftujhbdj˫
)FSD*qfsbeftfowpmvqbsejtqptjujvtrvf
npojupsfombdjsvshjbjfmusbdubnfoudpousbfm
d˙odfs-qfsdjubseptfyfnqmft/

Wbndpnfoˠbs3134bncmftKpsobeft
ufdopm˪hjrvftefm(JGJD-rvfftsfbmju{fodbeb
eptbozt-jbmmmbshefmttfh˲foutnftptwbn
dpoujovbsmbtˡsjfefKpsobeftdjfou˦gjrvft
jojdjbebfo3132bncmftdpssftqpofoutbmft
m˦ojftM5 ǆCbszphfoftjt-ebslnbuufsboe
dptnjdnfttfohfstǇ-M7ǆUiftzouiftjtpg
ovdmfjǇjM9 ǆBewbodfeJotusvnfoubujpo'
DpnqvujohgpsTpdjfubmDibmmfohftǇ/

Evftqspgfttpsfte(jowftujhbdj˫efm(JGJDibo
bttvnjufo3134jnqpsuboutsftqpotbcjmjubut;

Berta Rubio ha sigut elegida com a presidenta
del Consell NUSTAR, del qual ja era
copresidenta des de 2020. NUSTAR és una
institució que representa a la comunitat
internacional d'Estructura, Astrofísica i
Reaccions Nuclears. María José Costa és la
nova directora del CPAN(Centre de Partícules,
Astropartículas i Nuclear), que va sorgir com
un projecte Consolider-Enginy 2010 amb
l'objectiu d'estimular la cooperació entre els
grups espanyols experts en física de
partícules, astropartícules i nuclear.

La investigació d'alta qualitat realitzada en
l'IFIC ha rebut importants reconeixements en
2023: el catedràtic de la Universitat de
València Eulogio Oset ha sigut guardonat amb
la medalla de la Reial Societat Espanyola de
Física per la seua ǆexcepcional carrera
científica en el camp de la física teòrica, la
qual cosa li ha convertit en una referència en
física ovdmfbsǇ; Diego Real ha rebut el premi
Nikola Tesla del Col·legi Oficial d'Enginyers
Tècnics Industrials de València en la categoria
ǂTrajectòria Professional Prestigiosaǃ; el
projecte HYBRIMS(Hybrid Imaging Systems),
promogut per l'investigador de l'IFIC Luis
Caballero, que desenvolupa dispositius
mèdics per al diagnòstic precís del càncer, ha
resultat guardonat en la categoria Projecte de
Major Impacte per l'associació Sèniors
Espanyols per a la Cooperació Tècnica
(SECOT) i dotze investigadors de l'IFIC han
resultat beneficiaris en la primera
convocatòria d'Ajudes per a la Consolidació
Investigadora llançada per l'Agència Estatal
d'Investigació del Ministeri de Ciència i

Innovació.

També les tesis desenvolupades en l'IFIC han
rebut nombrosos premis: Pablo Villanueva i
Adrià Delhom i Latorre els premis del CSIC a
les millors Tesis Doctorals, Miguel García
Folgado i Fernando Romero López els premis
extraordinaris de Doctorat 2022-23 de la
Universitat de València i la tesi de Mario Reig
ha sigut triada entre les setze millors tesis per
la Reial Acadèmia de Doctors d'Espanya.

Dins del Projecte Meitner, la iniciativa de
divulgació sobre ciència i gènere de l'Institut
de Física Corpuscular que compta amb la
col·laboració de la Fundació Espanyola per a
la Ciència i la Tecnologia - Ministeri de Ciència
i Innovació, s'han dut a terme en 2023
diverses activitats : les Jornades de Ciència i
Gènere, coordinades amb CEFIRE,enfocades
per a professors d'ensenyament secundari; la
representació de l'obra teatral que porta a
escena la vida de Lise Meitner, pionera de la
física nuclear oblidada pel comité del Premi
Nobel; la III Edició del concurs multidisciplinari
Express-Art ConCiència, dirigit a l'alumnat de
secundària i cicles formatius , i l'exposició
ǆPioneresǇ-que ha reunit les obres
guanyadores i seleccionades de les tres
edicions celebrades d'aquest concurs, i
compta a més amb una col·lecció d'obres
pròpies de l'artista italiana Mónica Mura.

Enguany també s'ha celebrat en l'IFIC la
presentació del Pla Complementari
d'Astrofísica i Física d'Altes Energies en la
Comunitat Valenciana, coordinat per
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l'investigador de l'IFIC Carlos Lacasta, amb la
participació de la consellera d'Innovació,
Universitats, Ciència i Societat Digital,
Josefina Bueno, entre altres autoritats . A més
rebem la visita de la presidenta del CSIC,
Eloísa del Pino, i de la rectora de la Universitat
de València, María Vicenta Mestre, així com de
la secretària autonòmica d'Universitats, Mª
Esther Gómez i del director general de Ciència
i Investigació, Rafael Sebastián.

En 2023 va haver-hi una renovació de la
direcció de l'IFIC, per la qual cosa agraïsc a tot
l'equip directiu, la vicedirectora sortint , Berta
Rubio, el vicedirector entrant, Sergio Pastor, i
els dos vicedirectors que continuen, Michel
Sorel i José Enrique García Navarro, el seu
temps, implicació i suport.

Per a acabar, vull reconéixer el treball i
dedicació dels membres de l'IFIC, tant el
personal docent i investigador com el
personal tècnic, d'administració i
comunicació . Gràcies a ells han sigut
possibles les nombroses activitats descrites
en aquesta memòria, i tots són necessaris
perquè puguem mantindre el nostre lideratge
internacional.
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his year has been a year of intense
scientific activity at IFIC. It is impossible to
summarize all the results of our research in
two pages, so I invite you to learn more about
them by reading this report. I can only say that
they cover a wide spectrum: from the
observation of events with four top quarks, the
heaviest known particle, in the ATLAS
experiment, to obtaining a Proof of Concept
grant from the European Research Council
(ERC) to develop devices to monitor surgery
and cancer treatment, to cite two examples.

We begin 2023 with JGJDǃtTechnology Days,
which are held every two years, and over the
following months we continue the series of
Scientific Workshops started in 2021 with
those corresponding to lines L4
ǆCbszphfoftjt-dark matter and cosmic
nfttfohfstǇ-L6ǆUifsynthesis of ovdmfjǇand
L8 ǆBewbodfeInstrumentation & Computing
for SocietalDibmmfohftǇ.

Two IFIC research professors have taken on
important responsibilities in 2023: Berta Rubio

has been elected as president of the NUSTAR
Council, of which she was already co-
president since 2020. NUSTARis an institution
that represents the international community of
Nuclear Structure, Astrophysics and
Reactions. And María José Costa is the new
director of CPAN (Center for Particle,
Astroparticle and Nuclear Physics), which
emerged as a Consolider-Ingenio 2010 project
with the aim of stimulating cooperation
between Spanish groups with expertise in
these domains.

The high-quality research carried out at IFIC
has received important recognition in 2023:
the professor at the University of Valencia
Eulogio Oset has been awarded the medal of
the Royal Spanish Society of Physics for his
ǆfydfqujpobmscientific career in the field of
theoretical physics, which has made him a
reference in nuclear qiztjdtǇ; Diego Real has
received the Nikola Tesla award from the
Official College of Industrial Technical
Engineers of Valencia in the ǂQsftujhjpvt
Professional Dbsffsǃcategory; the HYBRIMS
(Hybrid Imaging Systems) project, promoted
by IFIC researcher Luis Caballero, which
develops medical devices for the precise
diagnosis of cancer, has been awarded in the
category of Greatest Impact Project by the
association Spanish Seniors for Technical
Cooperation (SECOT) and twelve IFIC
researchers have been beneficiaries in the
first call for Grants for ResearchConsolidation
launched by the State Research Agency of the
Ministry of Science and Innovation.

Theses developed at IFIChave also received

numerous awards: Pablo Villanueva and Adrià
Delhom i Latorre have received the CSIC
awards for the best Doctoral Theses, Miguel
García Folgado and Fernando Romero López
have received the extraordinary Doctorate
awards 2022-23 from the University of
Valencia, and Mario Reig's thesis has been
chosen among the sixteen best theses by the
RoyalAcademy of Doctors of Spain.

Within the Meitner Project, JGJDǃtscience and
gender outreach initiative in collaboration with
the Spanish Foundation for Science and
Technology - Ministry of Science and
Innovation, several activities have been carried
out in 2023: the Science and Gender Days,
coordinated with CEFIRE,aimed at secondary
school teachers; the performance of the play
that brings to the stage the life of Lise Meitner,
a pioneer of nuclear physics forgotten by the
Nobel Prize committee ; the 3rd Edition of the
Express-Arte ConCiencia multidisciplinary
competition, aimed at secondary school and
professional training students, and the
"Pioneers" exhibition, which has brought
together the winning and selected works from
the three editions of said competition held so
far, and includes also a collection of works by
the Italian artist Mónica Mura.

This year, the IFIC also hosted the
presentation of the Complementary Plan for
Astrophysics and High Energy Physics in the
Valencian Community, coordinated by IFIC
researcher Carlos Lacasta, with the
participation of the regional minister for
Innovation, Universities, Science and Digital
Society, Josefina Bueno, among other
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bvuipsjujft/Xfbmtpsfdfjwfebwjtjugspnuif
qsftjefoupgDTJD-Fmp˦tbefmQjop-boeuif
sfdupspguifVojwfstjuzpgWbmfodjb-Nbs˦b
WjdfoubNftusf-btxfmmbtuifsfhjpobm
tfdsfubszgpsVojwfstjujft-NªFtuifsH˫nf{-
boeuifejsfdupshfofsbmgpsTdjfodfboe
Sftfbsdi-SbgbfmTfcbtuj˚o/

Jo3134-uifJGJDnbobhfnfouxbtsfofxfe-
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HIGHLIGHTS

OF THE YEAR

2



HIGHLIGHTS OF THE YEAR2

IFIC received a visit from the president of CSIC,Eloísa del Pino,
on the occasion of the trip that the president has made to
Valencia to see, first -hand, the Valencian research centers
housed by CSIC. During the visit to IFIC facilities , María Vicenta
Mestre, rector of the University of Valencia, was also present.
More information here.

THE PRESIDENTOFCSIC VISITS IFIC AND THE RESTOFTHE CENTERS THAT THE
INSTITUTIONHAS IN VALENCIA

JGJD-jodpmmbcpsbujpoxjuiuifqvcmjddpnqbozsftqpotjcmf
gpssbejpbdujwfxbtufnbobhfnfou-Fosftb-ibtefwfmpqfe
btztufnupwjtvbmj{fuifbdujwjuzpgsbejpbdujwfxbtufjo
dpoubjofstvtjohbhbnnbsbzupnphsbqizufdiojrvfuibu
jtqpsubcmfboejoefqfoefoupghfpnfusz/ Npsf
jogpsnbujpoifsf/

JGJD!BOE!FOSFTB!QSFTFOUBOJOOPWBUJWF!UFDIOPMPHZUPWJTVBMJ[FUIF
BDUJWJUZPGSBEJPBDUJWF!XBTUFJO!DPOUBJOFST

https://webific.ific.uv.es/web/content/la-presidenta-del-csic-visita-el-ific-y-el-resto-de-centros-que-la-instituci%C3%B3n-tiene-en
https://webific.ific.uv.es/web/content/el-ific-y-enresa-presentan-una-innovadora-tecnolog%C3%ADa-para-visualizar-la-actividad-de


HIGHLIGHTS OF THE YEAR2

The Official College of Industrial Technical Engineers of Valencia
(COGITIValencia) has presented the VII Nikola Tesla Awards. Diego
Real, engineer at IFIC, has been the recipient of the award in the
'Prestigious Professional Career' category. More information here.

DIEGO REAL RECEIVESTHENIKOLA TESLA AWARD

The Royal Spanish Society of Physics (RSEF) and the BBVA
Foundation have awarded the medal for merit in research and
teaching of Physics 2023 to Eulogio Oset Báguena, member of
IFIC and emeritus professor at the University of Valencia. Oset
Báguena has been awarded for his ǆexceptional scientific career
in the field of theoretical physics, which has made him a
reference in nuclear physics.ǇMore information here.

EULOGIO OSETRECEIVESTHE MEDALOFTHE ROYAL SPANISHSOCIETYOFPHYSICS

https://webific.ific.uv.es/web/content/diego-real-recibe-el-premio-nikola-tesla-la-trayectoria-profesional-prestigiosa
https://webific.ific.uv.es/web/content/eulogio-oset-b%C3%A1guena-recibe-la-medalla-de-la-real-sociedad-espa%C3%B1ola-de-f%C3%ADsica
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IFIC researcher Berta Rubio Barroso has been elected as president
of the NUSTARCouncil. NUSTARis an institution that represents
the international community of Structure, Astrophysics and Nuclear
Reactions. It is a scientific collaboration with 700 members and
170 institutions that forms one of the pillars of FAIR, the future
nuclear physics research facility being built in Darmstadt, Germany.
More information here.

BERTA RUBIO, PRESIDENTOFNUSTAR, ONEOFTHEPILLARSOFFAIR, THE FUTURE 
FACILITYFORRESEARCHIN NUCLEAR PHYSICS

María José Costa, CSICresearcher at IFIC,assumes the direction
of CPAN and Carlos Salgado, director of IGFAEand professor at
USC,holds the position of deputy director. The CPAN is a project
that emerged in 2007, within the framework of the Consolider-
Ingenio 2010 program, with the aim of actively promoting
cooperation between Spanish research groups experts in particle,
astroparticle and nuclear physics. More information here.

MARIA JOSÉ COSTA, HEAD OFTHE NEW CPAN DIRECTORATE

https://webific.ific.uv.es/web/content/berta-rubio-presidenta-de-nustar-uno-de-los-pilares-de-fair-la-futura-instalaci%C3%B3n-para-la
https://webific.ific.uv.es/web/content/m%C2%AA-jos%C3%A9-costa-al-frente-de-la-nueva-direcci%C3%B3n-del-cpan
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JGJDdppsejobuftuijtS'E'Jqsphsbnuibunpcjmj{ftdmptfup
9njmmjpofvsptjouifWbmfodjboDpnnvojuz-gjobodjoh41
sftfbsdiqspkfdut/Uiffyqmpsbujpopguifmbshftuboe
tnbmmftupguifvojwfstfjtuifpckfdujwf-btxfmmbtuif
bqqmjdbujpopguifufdiopmphjftefwfmpqfejouifgjhiu
bhbjotudbodfs-bnpohpuifsgjfmet/Npsfjogpsnbujpoifsf/

JGJD!QSFTFOUTUIFDPNQMFNFOUBSZS'E'JQMBO!PGUIFBTUSPQIZTJDTBOE!IJHI!
FOFSHZ!QIZTJDTQSPHSBNJO!UIFWBMFODJBODPNNVOJUZ

The ATLAS experiment observes the simultaneous
production of four top quarks in collisions at the world's
largest particle accelerator at CERN. The IFIC plays a
prominent role in the discovery, considered key to
searching for new particles beyond the Standard Model.
More information here.

LHC EXPERIMENTSOBSERVE A RARE PROCESSWITH FOURTOP QUARKS, THE MOST
MASSIVEPARTICLEKNOWN

https://webific.ific.uv.es/web/content/el-ific-presenta-el-plan-complementario-de-idi-del-programa-astrof%C3%ADsica-y-f%C3%ADsica-de-altas
https://webific.ific.uv.es/web/content/los-experimentos-del-lhc-observan-un-raro-proceso-con-cuatro-quarks-top-las-part%C3%ADculas-m%C3%A1s


HIGHLIGHTS OF THE YEAR2

Juan José Hernández-Reyhas been confirmed as member of the
LHCC committee , which reviews the status and progress of the
Large Hadron Collider (LHC) experiments at CERN,until 2025. He
has also been confirmed as member of the Scientific Council of
the National Center for Scientific Research (CNRS), the main
research organization in France,until 2028.

JUAN JOSÉ HERNÁNDEZ-REY, CONFIRMED AS MEMBEROFTHE CERN LHCC AND OF
THE CNRSSCIENTIFICCOUNCIL
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International Scientific 
Advisory Committee

PhD members
Martín González

> Gustavo C Branco (CFTP/IST, Univ. Lisbon, Portugal)

> William Gelletly (Univ. Surrey, UK)

> Francis Halzen (Univ. Wisconsin, USA)

> Manuella Vincter (Univ. Carleton, Canada, and CERN)

> Antonio Masiero (INFN and Univ. Padua, Italy)

> Tatsuya Nakada (EPFL Lausanne, Switzerland)

> Bing-Song Zou (ITP, Chinese Academy of Sciences, China)

Non-PhD members
Teresa Cámara
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47!QiztjdtMfuufstC!)JG!5/4*!

43!Qiztjdbm!Sfwjfx!Mfuufst!)JG!9/2*

TOP 5 JOURNALS 
(BY IMPACT FACTOR, JCR-WoS) WITH IFIC AUTHORS

Living Reviews in Relativity (IF 26.3) 1
Phys. rep.-review section of Phys. Letters (IF 23.9)1

Science Bulletin (IF 18.8) 1
Nature Physics (IF 17.6) 1 

Nature Communications (IF 14.7) 1

ARTICLES IN INDEXED JOURNALS512*
(ONLY DOCUMENT TYPE ARTICLE OR REVIEW). SEE ANNEX FOR FULL LIST OF PUBLICATIONS

89.3% IN FIRST QUARTILE JOURNALS 
(JCR-WoSOR CITESCORE-SCOPUS, 2023)

An agreement on how to acknowledge authorship of Russian and Belarusian scientists on publications from the four largest LHC experiments (including ATLAS and LHCb) has been reached in February 
2023. As a result, many 2022 articles have appeared as formal publications only in 2023, resulting in a higher than usual numberof yearly publications for 2023.

Full list of publications
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CONFERENCES AND WORKSHOPS4.1

IFIC researchers present their
results in the main international
conferences and workshops. A
total of 410 contributions were
presented in 2023: 375 talks (22
invited, 70 plenaries) and 35
posters.

NATIONAL AND 
INTERNATIONAL CONFERENCES

CONTRIBUTIONS TO CONFERENCES 
AND WORKSHOPS

410

JGJDnfncfstibwfpshboj{fe33
dpogfsfodftboexpsltipqt
evsjoh3134/Uifgvmmmjtujohdbo
cfgpvoejoBoofy4/

DPOGFSFODFT!BOE!
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Full list of events



The outreach department shares
Zoom recordings of the colloquia
on the institute's Indico server. In
2023, IFIC celebrated 10 Severo
Ochoa Colloquia. The listing can
be found in Annex 4.
Organisers: Alejandro Algora,
Sergio Palomares Ruiz and
Marcel Vos.

The colloquium series "Severo
Ochoa" invites world leading
experts in their area of science.
Lectures are primarily devoted to
particle, astroparticle and nuclear
physics, but also explore other
areas. Colloquia are open to
scientists, personnel and
students of other research
institutes and science faculties .

'SEVERO OCHOA' COLLOQUIA 
ORGANIZED

COLLOQUIA5

21

4.2

Full list of events



Organisers: Josu Cantero,
Leandro Cieri, Andrea Donini,
Carlos Escobar, Daniel G.
Figueroa, Adrián Irles, Nicolás
Loayza, Jacobo López, Neus
López, Pablo Martinez, Omar
Medina, Laura Molina, Raquel
Molina, David Muñoz, Miguel
Nebot, Sergio Palomares, Alberto
Prades, David Valles, Avelino
Vicente.

Seminars are more specific
research talks given by an invited
speaker, usually connected to
one of the IFIC research groups.
Some of them are more informal
talks followed by a discussion
session, such as those within the
Student Seminars series. In 2023
we hosted a total of 119
seminars, including 28 student
seminars. The complete list can
be found in Annex 5.

SEMINARS ORGANIZED

SEMINARS5/4

22:
Full list of events
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During 2023, the Large Hadron Collider (LHC)
at CERNcontinued operations during the Run
3 of the LHC. Collisions continued at the world
record energy in the center of mass of 13.6
TeV until a quench of an LHC inner triplet
magnet in July caused a small leak, but with
major consequences, because it terminated p-
p collisions abruptly ahead of time. The LHC
restarted operation in autumn, colliding lead
ions until the 30th of October. In total, an
integrated luminosity of 31.9 fb-1 of p-p
collisions and 1.9 nb-1 of lead-ion collisions
have been delivered by LHC to each major
experiment.

ATLAS Operations
During 2023, IFIC members contributed to the
ATLAS detector operations, the trigger system
and the reconstruction of the physics objects.
ATLAS pushed the limits of the detectors to
make the most of the high intensity beams
delivered by LHC.

The ATLAS Level 1 trigger rate reached 100
kHz just two months after the start of the
data-taking, with a 5% deadtime. ATLAS
improved the readout to reduce the L1 trigger
rate to manage operations with a number of
interactions per bunch crossing of 60
collisions . The Level 1 trigger rate was
reduced thanks to the new digital trigger read-
out of the Lar calorimeter . Similarly, the Level
1 trigger readout of the muon system

was reduced thanks to the use of the New
Small Wheel and the Tile Calorimeter
detectors . IFIC has been involved in the
operation of the ATLAS trigger system
throughout the data taking in 2023, as well as
the trigger software validation, trigger menu
configuration and tau lepton trigger
identification performance studies.

IFIC participates in the operations of the Inner
Detector tracker of the ATLAS detector. The
semiconductor tracker (SCT) operated
smoothly with high hit efficiency . The Pixel b-
layer, the innermost layer of the tracker,
showed stable operations up to 65
interactions per bunch crossing. The Inner
Detector alignment was further automatized
and its graphics improved for better
diagnostics .

The IFIC team was in charge of the operations
and calibrations of the ATLAS Tile Calorimeter
during 2023. The Tile Calorimeter worked
smoothly during 2023. The demonstrator, a
prototype which operates with Phase-II
electronics, continued to work correctly during
the 2023 data-taking, proving the reliability of
the future Phase-II electronics .

Our group plays a leading role in the electron,
muon, photon, jet and tau-lepton performance
studies in ATLAS.

Precision measurements Higgs/Top
The ATLAS group at IFIC continues to be
heavily involved in the exploitation of the data

collected by the experiment. Our researchers
contributed to the first Higgs cross-section
measurement of the Higgs boson at an energy
in the center of mass of 13.6 TeV with Run 3
data of the LHC in the H Ÿ ZZ*Ÿ4Љchannel
(Eur. Phys. J. C 84 (2024) 78). This
measurement has been carried out in the final
state with four light leptons (electrons or
muons) and it has been combined with a
similar measurement in the H Ÿûûchannel to
improve the precision of the Higgs boson
cross-section measurement.

One of the areas where IFIC has a major
impact is top quark physics. Among several
important results, the measurement of the
charge asymmetry in top quark pair
production (JHEP08 (2023) 077), with an
important contribution from IFIC,has obtained
evidence for this effect to be consistent with
the Standard Model (SM) and provided. We
also participated in the inclusive and
differential production cross-section
measurements of a top-quark-top-antiquark
pair in association with a Z boson
(arXiv:2312.04450). Additionally, IFIC led a
pioneering measurement of the asymmetry in
ttW production (JHEP07 (2023) 033) jointly
with other on-going activities in the context of
the measurements of the top quark mass and
new quantum information studies. During
2023, IFIC continued to coordinate the top
physics working group, giving important
visibility to the group.
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Searches Higgs/Top
IFIC researchers are involved in the study of
the Higgs and Top sectors and greatly
contributed to the search for new phenomena
beyond the Standard Model (BSM).

Many BSM theories predict new massive
vector bosons, typically called Z' and W'
bosons, that can couple with the SM quarks
and leptons. For some of them, couplings
between Z' and W' bosons and the third family
of SM quarks are preferred. IFIC researchers
have collaborated in the ATLAS search of the
production of W' boson decaying into a top
and a bottom quark (JHEP 12 (2023) 073). In
addition, IFIC researchers have also
collaborated in the search for Z' boson
production looking at final states where three
or four top quarks are produced (Eur. Phys. J.
C 84 (2024) 157). For these processes, only
couplings between the Z' and top quarks are
considered which is suitable to test BSM
models including the so-called "top-philic"
heavy resonances.

Lepton number is conserved in the SM theory,
but lepton flavour violation (LFV) is known to
exist in nature, as this phenomenon has been
observed in neutrino oscillations . This
observation motivates searches for additional
manifestations of LFV that may originate from
beyond-the-Standard Model physics. IFIC
members of the ATLAS collaboration
participated to the searches for Higgs boson
decays IƹŸfĈand IƹŸϵĈ(JHEP 07 (2023)
166), based on the full Run 2 data set,

collected at a centre-of-mass energy of
13 TeV. The observed (expected) upper limits
on the branching fractions C)IƹŸfĈ) and
C)IƹŸϵĈ) at 95% confidence level are 0.20%
and 0.18%, respectively, which are the most
stringent limits obtained by the ATLAS
experiment on these quantities . The result of
the simultaneous measurement of the IƹŸfĈ
and IƹŸϵĈbranching fractions is compatible
with the SM prediction within 2.2 standard
deviations.

Best-fit value (red star) of the branching ratios B(HŸfĈ) and
B(HŸ ϵĈ), given in %, and likelihood contours at 68% and
95% CL obtained from the simultaneous fit of H ŸfĈand H
ŸϵĈsignals based on the MC-template method, compared
with the SM expectation (black cross).

Values of the ćmeasurements from this and previous
ATLAS publications as a function of the centre-of-mass
energy. The Standard-Model predicted values and their
uncertainties are shown by the grey band.
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After the discovery of the Higgs boson in 2012
at the CERN LHC, the study of its properties
still leaves room for an extended Higgs sector
with more than one Higgs boson. 2-Higgs
doublet models (2HDMs) are well-motivated
extensions of the SM with five physical Higgs
bosons: two CP-even states h and H, one CP-
odd state A, and two charged states H±. In this
letter, we present the calculation of the full
next-to-leading order (NLO) QCD corrections
to hH and AA production at the LHC in the
2HDM at small values of the ratio of the
vacuum expectation values,uboú-including the
exact top-mass dependence everywhere in the
calculation . Using techniques applied in the
NLO QCD SM Higgs pair production
calculation, we present results for the total
cross section as well as for the Higgs-pair-
mass distribution at the LHC. We also provide
the top-quark scale and scheme uncertainties
which are found to be sizeable.

The 95% CL regions in the (ctG , ctu ) plane obtained for the
parton-level top quark pair production process described in
Sect. 4.2 of the paper. We present results based on EFT
calculations at the linear level (left) and also including
quadratic contributions (right panels).

TeV LHC with different scale and scheme for the top-quark
mass, in the 2HDM type I. Left: CP-even hH production .
Right: CP-odd AA production . The lower panels display the
ratio to the default OSprediction .
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Selected Conference Talks

Susana Cabrera. Highlights on top quark physics
with the ATLASexperiment at the LHC, SUSY2023.
Southampton (UK).

Luca Fiorini. Higgs boson couplings at ATLAS,
LHCP2023. Belgrade (Serbia).

Marcel Vos. Rare electroweak production
measurements, 31st International Symposium on
Lepton Photon Interactions at High Energies.
Melbourne (Australia).

Arantxa Ruiz. Probing the nature of electroweak
symmetry breaking with Higgs boson pairs in
ATLAS, Lake Louise Winter Institute 2023. Lake
Louise (Canada).

Ximo Poveda. Property measurements of the Higgs
boson production in association with top quark at
the ATLASdetector, Higgs 2023. Beijing (China).

María Moreno. SMEFT fits for the top quark
couplings at the LHCand future colliders, EPS2023.
Hamburg (Germany).
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https://doi.org/10.1007/JHEP10%282023%29001
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The aim is to reconstruct the origin of neutrino mass from neutrino
properties. The strategic objectives include: A) analyzing upcoming data
from current neutrino experiments with IFIC participation (NEXT-100,
KM3NeT-ORCA); B) constructing a new detector to measure beta decay
spectra shapes to improve the determination of the primary fluxes of reactor
neutrinos; C) playing a leading role in the three science pillars of the next-
generation neutrino experiment DUNE: long-baseline oscillation physics,
detection of astrophysical neutrinos, and new physics searches; D)
continuing state-of-the-art global analyses of neutrino and cosmological
measurements to pin down neutrino properties and E) continuing to reduce
the uncertainties in neutrino-nucleus cross-sections, that are the dominant
systematic error in present and future neutrino oscillation experiments.



Majorana particles, making neutrinos very
special particles, "double agents" of the matter
and antimatter realm. IFIC is the proponent
and a major leader of the Neutrino Experiment
with a Xenon TPC(NEXT),that has developed
a new technology to search for úú0϶using a
high pressure 136Xe time projection chamber
(TPC), and is the flagship experiment of the
national Canfranc Underground Laboratory
(LSC).

The first radiopure implementation of the
NEXT technology holding 5 kg of Xe, the
NEXT-White detector, successfully completed
its physics program in 2021, while the NEXT-
100 detector (up to 100 kg of Xe) was
installed at the LSCduring 2023.

The NEXT Collaboration published in 2023 its
results on the search for úú0϶in 136Xe with
NEXT-White [1], leveraging on the same data
samples and analysis techniques employed
for the measurement of the two-neutrino
double beta decay in 136Xe (PhD thesis by
Alberto Usón). This analysis, led by IFIC
researchers, considers the combination of
271.6 days of 136Xe-enriched data and 208.9
days of 136Xe-depleted data, where the latter
is used for constraining the backgrounds.

No úú0϶ signal was found, and the
corresponding limits on this decay mode were
reported. The published techniques stand as a
proof-of-concept for the searches to be
implemented in larger gaseous xenon
detectors, such as NEXT-100.
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The confirmation that neutrinos are massive
has led to spectacular experimental progress
in particle physics. This discovery was
awarded the Nobel Prize in Physics in 2015
and constitutes a clear deviation from the
Standard Model. The research lines at IFIC, a
leading institute in both experimental and
theoretical neutrino physics, explore the
properties of these elusive particles, such as
their mass and mixing pattern or the neutrino
nature.

IFIC is involved in two long-baseline
accelerator neutrino experiments: Tokai to
Kamioka (T2K) in Japan and the future Deep
Underground Neutrino Experiment (DUNE) in
the United States. T2K is a world-leading
experiment studying the neutrino mixing
pattern and their CP properties, while DUNEis
the next generation project. IFIC contributed
strongly to the T2K measurements of the
neutrino flux and cross sections, as well as of
the oscillation parameters. IFIC researchers
have also led a joint analysis of neutrino
oscillations using data from T2K and reactor
neutrino experiments, particularly the Daya
Bay reactor experiment (PhD thesis by Maria
Antonova).

Our institute is also involved in the design and
construction of the DUNE far detectors and
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uifqiztjdthspvqtboebsfefwfmpqjoh
jnqpsuboubobmztft-tvdibtuifjefoujgjdbujpo
pgtfdpoebszlbpotjouifDFSOqspupuzqft
boejutjnqbdupogvuvsfqspupoefdbz
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Neutrinos produced in cosmic -ray showers in
the atmosphere have been essential to
measure neutrino properties. Data from
neutrino telescopes on the highest energy tail
of these atmospheric fluxes can be used to
this end. One of the main research lines of the
ANTARES/KM3NeT (VEGA) group at IFIC is
the study of neutrino properties, including the
search for non-standard neutrino interactions
(PhD thesis by Jerzy Manczak) or neutrino
decays, the measurement of the oscillation
parameters and the study of quantum
decoherence. Other tasks carried out are the
contributions to MC simulations for neutrino

and atmospheric muon background and the
development of the machine learning
algorithm that is used to identify particles in
KM3NeT/ORCA. In 2023, competitive results
in several of these topics have been presented
thanks to the data gathered by part of the
about 40 lines installed by then. For instance,
in the analysis presented at the ICRC 2023
conference, results on the parameter ‌3 =
ά3/†3, used to describe the invisible neutrino
decay, showed a preference for ‌3 = 1.08 ·
10ǭ4 eV2 with respect to the stable scenario
(‌3=0). Sensitivities for the full ORCAdetector
have also been recently published [2] and are
expected to improve by two orders of
magnitude after 10 years of data taking with
the complete detector .

IFIC neutrino theorists are world leaders in
exploring the new physics associated with the
origin of neutrino mass or in the determination
of neutrino properties from all current and
upcoming oscillation experiments, as well as

complementary observations such as úú0϶
decay results or cosmological data. For
instance, as shown in [3], neutrinos offer the
opportunity not only to test extended models
of particle physics, but also to test the
paradigm of local relativistic quantum field
theory, which predicts CPT invariance. The
authors place new bounds on CPT violation in
the solar neutrino sector analyzing the results
from solar experiments and KamLAND,
including also a discussion of sensitivity of the
next-generation experiments DUNEand Hyper-
Kamiokande (HK), which will provide accurate
measurements of the solar neutrino
oscillation parameters.

Muon neutrino survival probabilities as a function of energy at
a cosine of the zenith angle, cos Āz = ǭ0.85. Three values of
the putative neutrino decay constant ù3 = m30Ĉ3 are
considered, whereù3 = 0 is the case for stable neutrinos [2].

Dpousjcvujpopgofvusjoptupuifdptnpmphjdbmsbejbujpo-
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Neutrinos are the second most abundant of all
known particles in the cosmos and they can
influence its evolution, leaving measurable
features in the cosmic microwave background
and the distribution of galaxies. In 2023, the
authors of [4] analyzed the impact of non-
unitarity in the three-neutrino mixing matrix on
the process of neutrino decoupling in the early
Universe. Non-unitarity effects have an impact
on the value of the effective number of
neutrinos, Neff, a parameter that will be
measured very accurately from forthcoming
cosmological observations (PhD thesis by
Pablo Martínez-Miravé).

IFIC theorists have also considered the
implications for particle physics and
astrophysics of coherent elastic neutrino-
nucleus scattering (CEvNS), a process
measured by the COHERENT collaboration
using two different targets, first CsI and then
liquid argon. In [5], they perform a detailed
statistical analysis of the full CsI data and
combine it with the previous argon result. Our
team discusses a vast array of implications,
from tests of the Standard Model to new
physics probes. In many cases, the inclusion
of the recent CsI data leads to a dramatic
improvement of bounds.

Neutrinos can be also used as probes to
determine the internal structure of Earth, a
method called neutrino tomography which is
completely different from traditional ones
that mainly rely on the study of seismic
waves, along with constraints from
gravitational measurements. In 2023, IFIC
theorists have revisited the possibility to
perform Earth (oscillation) tomography with
galactic supernova neutrinos at future
detectors (DUNE,HK, and JUNO), operating
at planned facilities [6].

Selected Publications

[1] NEXT Collaboration, Demonstration of
neutrinoless double beta decay searches in
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Physics 09 (2023) 190 DOI [arXiv]
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neutrino decay with KM3NeT/ORCA, Journal of
High Energy Physics 04 (2023) 090 DOI [arXiv]

[3] G. Barenboim, P. Martínez-Miravé, C.A.
Ternes, M. Tórtola, Neutrino CPT violation in the
solar sector, Physical Review D 108 (2023)
035039 DOI [arXiv]

[4] S. Gariazzo, P. Martínez-Miravé, O. Mena, S.
Pastor, M. Tórtola, Non-unitary three-neutrino
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Selected Conference Talks

A.A. García Soto, New results for eV-scale
sterile neutrino searches with IceCube, TeV
Particle Astrophysics (TeVPA 2023). Naples
(Italy)

R. Gozzini, Latest Results with the KM3NeT
Neutrino Telescope, 18th International
Conference on Topics in Astroparticle and
Underground Physics (TAUP 2023). Vienna
(Austria)

O. Mena, Cosmological limits on neutrino
masses and species, XX International
Workshop on Neutrino Telescopes. Venice
(Italy)

L. Molina Bueno, New physics searches using
ProtoDUNE and the CERN SPS accelerator,
Searching for long-lived particles at the LHC
and beyond: 13th workshop of the LLP
Community. CERN

P. Novella, NEXT: first neutrinoless double
beta decay searches in gaseous Xe and
roadmap towards a ton-scale detector, 18th
International Conference on Topics in
Astroparticle and Underground Physics (TAUP
2023). Vienna (Austria)

J.W.F. Valle, The legacy of neutrino
oscillations, 30th International Conference on
Supersymmetry and Unification of
Fundamental Interactions (SUSY 2023).
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The LHCb and ATLAS teams pursue the exploration of the flavour sector,
leading several analyses of LHC Run 3 data at CERN. The IFIC theory team
applies non-perturbative approaches to QCD (effective field theories and
lattice methods) and exploits the complementarity of flavour and collider
physics to constrain beyond the Standard Model scenarios. The LHCb
experimental groups in collaboration with the theory team have pioneered a
feasibility study to measure electric dipole moments of strange and charmed
baryons. The interpretation of the newly discovered exotic resonances as
tetra or pentaquark states is an area of very active research. The IFIC team
leads a novel approach to use heavy hadron decays as laboratories to do
spectroscopic studies of new exotic resonances and search for signatures of
possible explanations of the anomalies in the flavour sector, such as
Leptoquarks and lepton-flavour-violating decays of heavy particles.
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Experiment
Experimental efforts on flavour and quark
matter are pursued through two dedicated
experiments, LHCb at CERN and Belle II at
KEK, and ATLAS, which is also contributing .
During 2023 the groups have been involved in
the detector and data acquisition upgrades
and operations, but also in the data analysis
software and exploitation .

Both the LHC machine and the LHCb
experiment had technical problems during
2023. Therefore, the LHCb team has continued
its activities of physics analysis focusing on
the collected Run 1 + 2 data. These include an
updated measurement of the photon
polarization from mixing-induced CP
asymmetry of the FCNC radiative b-meson
decay BsŸĊû, and measurements of
polarization and decay properties of charm
baryons produced through weak decays of b-
baryons and directly in proton-proton and
proton-gas (fixed target) collisions and
decaying to multihadron final states with
either a proton or a hyperon. All these studies
offer a tool for new physics and
nonperturbative QCD studies. One such
process, òc

+Ÿò2Ą+Ąǭ, of which LHCb has an
unprecedented high-statistics sample, is also
being used as laboratory to improve the
understanding of excited hyperons and to
search for Pentaquark states.

IFIC researchers are also involved in the LHCb
RTA and Trigger system (see L7), playing a
leading role on displaced signatures of
particles decaying between 30 cm and 7.5 m.
The new trigger lines open the possibility for
additional physics opportunities, thanks to the
significant increase of geometrical
acceptance for strangeness decays and feebly
interacting particles with long lifetimes .
Ongoing physics analyses include òhyperon
magnetic and electric dipole moment
measurements, and searches for dark Higgs
scalars, Heavy Neutral Leptons and
Hexaquarks.

The resemblance among generations within
various branches poses a significant
conundrum within the Standard Model (SM). A
possible solution is the postulation of
leptoquarks (LQs), hypothetical particles
capable of transformations between leptons
and quarks. Such a proposition would yield a
unified depiction of the fundamental matter
particles. LQs would be spin 0 (scalar) or spin
1 (vector) particles, and would interact via the
strong force due to their colour charge.
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The ATLAS Collaboration has studied the full
LHC Run 2 dataset (139 /fb) in pursuit of LQs,
concentrating on leptoquark interactions
involving either a bottom quark or a tau lepton.
IFIC researchers derived constraints on LQ
mass and coupling parameters by combining
signals from both singly and pair-produced
leptoquarks. For coupling strengths within the
lower range (up to 1), a lower limit on the
vector LQ mass at 1.58 TeV was established,
assuming Yang-Mills couplings. As coupling

strengths increase (up to 2.5), the significance
of single production becomes prominent,
extending the lower limit on LQ mass to
approximately 2 TeV.

During the long shutdown of the Belle II
experiment at KEK, the data collected so far
(400 /fb) has been used to report the first
evidence for the rare decay B+ŸK+ ὺὺ
[arXiv:2311.14647 [hep-ex]], which shows
some tension with the SM. The new physics
models needed to explain this result also
predict an enhancement of B+ŸK+††, a decay
IFICresearchers are now searching for in Belle
and Belle II. The team is also leading efforts to
improve the hadronic B-tagging algorithm, an
essential component in these (and many
other) missing energy searches.

Theory and phenomenology
IFICtheorists have made leading contributions
to different aspects of flavour and hadronic
physics. We have studied final-state
interactions in the CP asymmetries of charm-
meson two-body decays. Using all available
information on meson rescattering and two-
channel dispersion relations, the SM
prediction for the CP asymmetry in the decay
DŸĄĄ has been determined, taking into
account the effects from final-state
interactions . The result turns out to be much
below the LHCb measurement.

We have also studied the role of superallowed
transitions in determining the strength of the
weak interaction among the lightest quarks

and in searching for new physics beyond the
standard electroweak model. Combining the
results from all superallowed transitions
provides a test of unitarity of the first row of
the Cabibbo-Kobayashi-Maskawa matrix,
which displays a 2ćtension with the SM. A
novel orbifold theory has been suggested.

Flavor physics has been also described by a
family symmetry that results naturally from
compactification and a weakly interacting
massive particle dark matter emerges from a
Kaluza-Klein excitation . In addition to the
"golden" quark-lepton mass relation, the model
provides a good global description of all flavor
observables.

We have also developed a model that
accommodates several flavor anomalies,
induces neutrino masses and provides a dark
matter candidate. This is achieved by
introducing a dark sector contributing to the
observables of interest at the 1-loop level. This
setup provides a very economical explanation
to all these open questions and is compatible
with the current experimental constraints .

The Adler function in the Euclidean regime at
around 2 GeV has been also determined with
three different approaches: dispersion
relations based on the hadronic production
data in e+eǭannihilation, lattice simulations
and QCD. The QCD predictions turn out to be
in good agreement with the lattice data, while
the dispersive results lie systematically below
them. The sensitivity of this comparison to ù`t
and the precision with which the

The two-dimensional 95% CL exclusion limits in the Ă-mLQ
plane for singly plus non-resonant produced vector LQ (green
lines) and for the sum, referred as Total, of single plus non-
resonant plus pair vector LQ production (blue lines), with
showing the case with ϳ>0. Regions to the left of the lines are
excluded. The dotted area shows the preferred region where
the chosen LQ model can explain observed B anomalies.
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renormalisation group equation can be tested
is also evaluated.

We have worked on the nonperturbative
properties of the fundamental form factors of
the three-gluon vertex, using both lattice
simulations and continuum methods. We have
shown that the characteristic ǆqmbobs
efhfofsbdzǇproperty leads to considerable
simplification in all practical applications
involving this vertex. Important progress
related to the emergence of a mass gap in the
gauge sector of QCD through the study of
Schwinger-Dyson equations and gauge-fixed
lattice simulations has been reported. We
have explored how the action of the Schwinger
mechanism induces a measurable
displacement to the Ward identities satisfied
by the three-gluon and quark-gluon vertices,
which was confirmed on the lattice .

We have also continued our work in the
application of AdS/QCD models of hadron
structure to the study of hadronic properties
and addressed the confinement effects in
deep inelastic lepton scattering on nuclei, the
so-called EMCeffect .

The activity related to exotic states
dynamically generated from the interaction of
pairs of charmed heavy-light mesons has been
intense, triggered by the discovery of new
states by the BESand LHCb collaborations . Of
special relevance was the discovery of a
charged tetraquark state (Tcc

+) by LHCb. We
have contributed to the discussion on the
interpretation of this exotic state and of the
mass distribution reported, and predicted its
spin and flavor (light and heavy) symmetry
partners. We have also discussed the role
played by the pion-exchange left -hand cut
contributions on the pole extraction from

The activation of the Schwinger mechanism hinges on the
formation of composite massless poles, which modify the
analytic structure of the fundamental vertices of the theory
and induce smoking gun displacements in the corresponding
Ward identities . This displacement, denoted by C(r2), is
obtained using central fits for the lattice data (black solid
curve). The green band expresses the uncertainty in this
result. The dashed gray line represents the null result, i.e., no
Schwinger mechanism.

lattice data.

We have worked on femtoscopy correlation
functions (CFs) measured in experiments, like
ALICE (CERN), where high-multiplicity events
are produced in pp, pA, and AA collisions . If
the hadron production yields are well
described by statistical models, the CFs
become sensitive to two-hadron interactions
and scattering parameters. CFs are calculated
in terms of the spatial overlap between a
source function and the square of the
absolute value of the wave function of the
considered hadron-pair, determined from the
half off -shell T-scattering matrix . Thus, CFs
provide valuable and complementary access
to hadron-hadron dynamics, shedding light on
the intriguing nature of some of the numerous
light and heavy resonances that have recently
been discovered.

We have also calculated the nucleon isovector
form factors up to next-to-next-to-leading

Fit results to lattice data [M. Padmanath and S. Prelovsek,
Phys. Rev. Lett. 129 (2022) 032002] considering the pion-
exchange left -hand cut contributions within an effective field
theory scheme.
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order by combining relativistic chiral
perturbation theory (ChPT) of pion, nucleon,
and ð)1232) with dispersion theory. The
availability of pion-pion scattering amplitudes
obtained with the inverse-amplitude method
that describe the corresponding phase shifts
in LQCDallow us to extend chiral perturbation
theory and study the quark mass dependence
of nucleon electromagnetic form factors with
the dispersive approach. We specifically
address the light-quark mass dependence of
the form factors, achieving a good description
of recent lattice QCD results. For the Dirac
form factor, the combination of ChPT and
dispersion theory outperforms the pure
dispersive and pure ChPT descriptions . For
the Pauli form factor, the combined
calculation leads to results comparable to the
purely dispersive ones. The anomalous
magnetic moment and the Dirac and Pauli
radii are extracted.

Lattice Gauge theories provide key input to
challenge the SM. On one hand, the SM at low
energies is described by an effective theory
(QCD+QED) that is strongly coupled. The
description of the QCD states prevents the
perturbative treatment that allows precise
predictions in QEDand the electroweak theory.
LQCDis a numerical approach to solve QCDin

the strongly coupled regime. It is a key piece in
the goal of challenging the SM to a new level
of precision: it provides input to many flavor
physics processes and also produces the
most accurate and precise determinations of
the strong coupling constant and quark
masses.

Researchers from IFIC have been involved in
many such projects of phenomenological
interest, but also in more technical aspects.
LQCDis based on Monte Carlo sampling, and
good algorithms are key to exploit current
state of the art HPC facilities and produce
solid results. We have been investigating new
algorithms for sampling LQCDactions, based
on ideas from the Machine Learning (ML)
community . This approach, that we call Flow
HMC (FHMC), has shown to decrease the
required computer time by a factor two,
although the scaling is not improved
compared with the usual HMC algorithm .

Scaling of the usual HMC algorithm, and our proposal
(FHMC), that uses normalizing flows to improve the sampling
efficiency . The figure shows the integrated autocorrelation
time of the susceptibility at positive flow time. Our proposal
shows smaller autocorrelations, which translate in a better
statistical precision. On the other hand, both the traditional
and our approach show a very similar scaling.
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R. Aaij et al. [LHCb collaboration], Amplitude analysis
of the òc+ŸpKǭĄ, decay and òc+ baryon
polarization measurement in semileptonic beauty
hadron decays, Phys.Rev.D 108 (2023) 1, 012023.

R. Aaij et al. [LHCb collaboration], òc+ polarimetry
using the dominant hadronic mode, JHEP 07 (2023)
228.

G. Aad et al. [ATLAS collaboration], Search for
leptoquarks decaying into the bĈfinal state in pp
collisions at Ǯt>13 TeV with the ATLAS detector,
JHEP 10 (2023) 001.

M. Davier, D. Díaz-Calderón, B. Malaescu, A. Pich, A.
Rodríguez-Sánchez and Z.-Z Zhang, The Euclidean
Adler function and its interplay with ðù_QED^had
andùs̀, JHEP 04 (2023) 067

M. N. Ferreira and J. Papavassiliou, Gauge Sector
Dynamicsin QCD, Particles 6 (2023) 312.

M.L. Du, A. Filin, V. Baru, X.K. Dong, E. Epelbaum,
F.K. Guo, C. Hanhart, A. Nefediev, J. Nieves and Q.
Wang, Role of Left-Hand Cut Contributions on Pole
Extractions from Lattice Data: CaseStudy for T_cĉ + ,
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LINE 4. 
Astroparticles , 
dark matter and 

cosmology

SCIENTIFIC RESEARCH LINES

The origin of the matter -antimatter asymmetry in the universe remains an
open question. New sources of CP violation are searched for at the LHC by
the ATLAS team. On the other hand, the baryon imbalance may be induced
by a lepton asymmetry. Such leptogenesis scenarios are tested by IFIC
researchers using collider and neutrino data. IFIC is heavily involved in the
multi -faceted search for dark matter (DM). IFIC is involved in indirect DM
searches within KM3NeT-ARCA, and in LHC searches within ATLAS. IFIC
researchers participate in searches for dark mediator decays at NA64 and
for neutral and milli -charged long-lived particles at MAPP-MoEDAL, at CERN.
The IFIC theory team develops global fits to test DM models exploiting the
complementarity of DM, colliders and cosmological measurements. IFIC is
involved in the search for axions with RADESand CADEX. Multi -messenger
astronomy offers new opportunities to explore transient sources in the
Universe, such as the collisions of neutron stars or black holes. IFIC plays a
leading role in these searches within KM3NeT-ARCA.



KM3NeT, in charge of selecting and analyzing
interesting alerts provided by other
experiments and also, in the near future, will
be capable of sending interesting neutrino
candidates to other observatories for follow
up.

The VEGA group at IFIC is also involved in
searching signatures of physics beyond the
Standard Model expectations in neutrino data
(see, e.g., [P1]). All these results concerned
analyses of real data using the most up-to-
date data sets, and were shown at the
ICRC2023 conference. Indirect searches for a
dark matter signal from the Galactic Centre
using neutrinos were presented. Moreover, a
novel analysis has studied the first data
recorded with KM3NeT/ORCA looking for
effects of quantum decoherence in neutrino
oscillations .

ATLAS and MATHUSLA
The IFIC ATLAS team has led searches for CP
violation in top and Higgs interactions and
constraints on the Higgs self-coupling that
encodes properties of the electroweak phase
transition, inputs which could be important in
the context of understanding the matter -
antimatter asymmetry in the Universe. IFIC
researchers have been actively completing the
final result with Run 2 on the search for the
self coupling of the Higgs boson in the final
state with two b-jets and two photons as well
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Uifsftfbsdiupqjdtpguijtmjofjodmvefdptnjd
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buuifJoufsobujpobmDptnjdSbzDpogfsfodf
)JDSD*/Fwfojgoptjhojgjdbouefufdujpoxbt
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Regarding KM3NeT, the detector construction
is accelerating. In particular, the high-energy
configuration (TeV-PeV energies), ARCA, is
already taking data with 28 detection units and
more than 40, out of the 230 in total, are
expected to be operational during the spring
of 2024.

We have several members of the VEGAgroup
at IFIC leading multi -messengers searches in
KM3NeT. Among the recent astrophysical
events, one of the most interesting ones is the
brightest Gamma-Ray Burst (GRB221009A)
which happened in 2022. The analysis of the
possible emission of neutrinos detected by
KM3NeT in spatial and temporal coincidence
was also led by VEGA group members. The
group also is deeply involved in the
development of the ǆPomjofGsbnfxpslǇof

Sky map, in equatorial coordinates, with pre-trial p-values
from the cosmic neutrino source search with the ANTARES
full dataset. The red circle indicates the most significant spot
in the sky.



as its interpretation in terms of beyond
Standard Model effective field theory
operators. They are also deeply involved in the
search for dark matter produced in
association with a top quark in final states
containing a single top quark and an energetic
W-boson or searches for events with one top
quark and missing transverse momentum .
The IFIC - ATLAS group is also leading
dedicated searches for long-lived particles like
the search for a displaced jet in the ATLAS
calorimeter in association with SM W/Z
bosons, aiming at scenarios with long-lived
Axion-like Particles for the first time in ATLAS.
These analyses searching for BSM models are
ongoing and expected to be published in
Spring/Summer 2024.

Furthermore, in 2023, two ATLAS Run-2
analyses looking for supersymmetric (SUSY)
particles in events with two electrons or
muons were published. The opposite-sign
leptons search not only targets leptonically
decaying Z bosons, manifested as a Z mass
peak in the dilepton invariant mass spectrum,
but also kinematic ǆfehftǇresulting from
SUSY particle cascade decays, going beyond
the conventional path of SUSYsearches.

The (orthogonal) search for same-sign leptons

5
L4. ASTROPARTICLES, 
DARK MATTER AND 
COSMOLOGY

yielded sensitivity in a, so-far unexplored,
natural model of R-parity violating
supersymmetry with bilinear terms (bRPV)
characterized by light, mass-degenerated
higgsinos. SUSYbRPV terms induce neutrino
masses and mixing, thus offering a unique
connection between collider searches for New
Physics and neutrino-oscillation experiments.

MAPP-MoEDAL
IFIC has a leading position in MoEDAL, an
experiment designed to search for
manifestations of new physics through highly
ionizing particles produced at the LHC.
MoEDAL is the sole contender in searches for
highly charged magnetic monopoles, has
carried out the sole dyon search in accelerator
experiments and the first search for
monopoles produced via Schwinger
mechanism. It has constrained high-electric
charge objects (HECOs) with extremely high
charges. The IFIC team is coordinating the
physics analyses and other aspects of the
experiment and is strongly involved in the
development and testing of key theoretical
scenarios. A recent example comes from the
application of resummation schemes in HECO
production, thus improving mass limits set by
ATLASand MoEDAL.

In addition, the MoEDAL Apparatus for
Penetrating Particles (MAPP) will extend the
MoEDAL physics program to feebly
interacting, long-lived messengers of dark
matter scenarios and neutrino portal models.

OB75
OB75jtbgjyfeubshfufyqfsjnfouuftujohOfx
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buDFSOTQT/Jo3133-uiffyqfsjnfou
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uifgjstuujnf-uiffyqfsjnfoutubsufeupqspcf
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tubujtujdtup2/6y2123FPUxjuibojnqspwfe
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fyqfsjnfouqfsgpsnbodfboeuifcbdlhspvoe
sfkfdujpo/Uifgjstuqiztjdtbobmztjtgpsuif
gjstuEbsltfdupstfbsdiftxjuiqptjuspoboe
nvpocfbnxfsfbmtpdpnqmfufe/JGJDjtpof
pguifmfbefstpguifnvpobobmztjt/Uijtzfbs-
uiffyqfsjnfoubmtpjodsfbtfeuifnvpo
tubujtujdtup2/6y2122NPUxjuibtjhojgjdboumz
jnqspwfetfuvq/JGJDjtdvssfoumzqfsgpsnjoh
uifbobmztjtpguijtebub/Gjobmmz-M/Npmjobxbt
sftqpotjcmfgpsxsjujohuif3134boovbmOB75
TQTDsfqpsutvnnbsj{johuiftubuvtpguif
fyqfsjnfou\Q3̂ boeqsftfoufeuifmbuftu
sftvmutpguiffyqfsjnfoujouifMjhiuEbsl
Xpsme3134xpsltipq/
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with different masses. These microwave
resonators can also be used for the detection
of high frequency gravitational waves based
on the inverse Gertsenhstein effect . Numerical
techniques based on full -wave modal analysis
and commercial software have been
implemented for very efficient and accurate
simulations, exploring the search of both dark
matter axions as well as gravitational waves.

THEORY
As a joint theoretical and experimental
research center, the theoretical research at
IFIC is directly connected to the active
experimental projects . In this regard, we can
highlight our studies of different dark matter
candidates, exploration of leptogenesis
scenarios for the generation of the matter -
antimatter asymmetry of the Universe, and
production of LLPs at colliders and
astrophysical sources.

As an example, we mention several works
along these lines. In [P4], neutrino masses
arising from the exchange of dark matter
states were analyzed in the context of the
singlet-triplet scotogenic model. The case of a
singlet-like fermionic dark matter candidate
was explored, studying all the relevant
constraints and the prospects for direct dark
matter detection in upcoming experiments.
Other works, completed in 2023, with
fermionic dark matter candidates from a dark
sector are Phys. Rev. D 108 (2023) 5, 055001,
or from strongly interacting dark sectors,

RAD.ES, babyIAXO and CADEx
The AITANA group also works on the
electromagnetic analysis and design of
haloscopes for the search of dark matter
axions. Following the inverse Primakoff effect,
haloscopes are microwave resonators
immersed in a high magnetostatic field region.
Different microwave frequency regions are
being explored, associated with three different
international collaborations : RAD.ES (X-band,
around 35 ϵfW), babyIAXO (L and C bands,
around 1 ϵfW) and CADEx (W-band, around
400 ϵfW) which might allow detecting axions
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Measurement of CP violation in neutrino oscillations, HNL
masses and mixings with electron, muon and tau flavors can
suffice to pin down matter-antimatter asymmetry from
laboratory measurements.

The NA64e exclusion limit for Light Dark Matter searches with
D=0.1 and nBǃ>3m using the 2016-2022 statistics

corresponding to 9.37x1011EOT. The constraints from other
experiments are also shown.
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Selected Publications

[P1] A. García-Soto, D. Garg, M. H. Reno and C. A.
Argüelles, ǆQspcjohquantum gravity with elastic
interactions of ultrahigh-energy ofvusjoptǇ-Phys.
Rev. D 107,033009 (2023).

[P2] Y. M. Andreev et al. [NA64],ǆTfbsdifor Light
Dark Matter with NA64 at DFSOǇ-Phys. Rev. Lett.
131 (2023) no.16,161801.Fejupsǃtsuggestion.

[P3] J. M. García-Barceló et al., ǆPothe
development of new tuning and inter-coupling
technology using ferroelectric materials in the
detection of dark matter byjpotǇ-IEEEAccess 11,
30360-30372,2023.

[P4] A. Karan, S. Sadhukhan, J.W.F. Valle,
ǆQifopnfopmphjdbmprofile of scotogenic fermionic
darknbuufsǇ-JHEP 12 (2023) 185.

[P5] S. Sandner, P. Hernandez, J. Lopez-Pavon, N.
Rius, ǆQsfejdujohthe baryon asymmetry with
degenerate right-handed ofvusjopǇ-JHEP 11
(2023), 153.

[P6] O. Fischer, B. Pattnaik, J. Zurita, ǆUftujoh
heavy neutral leptons in cosmic ray beam dump
fyqfsjnfoutǇ-JHEP 07 (2023) 193.

Selected Conference Talks

[C1] A. Sánchez Losa, ǆOfvusjopAstronomy
news from the Mediterranean TfbǇ, L
International meeting on Fundamental
Physics, Santander (Spain), October 2-6, 2023,
Invited talk.

[C2] V. A. Mitsou for the MoEDAL
Collaboration, ǆMoEDAL-MAPP - Detectors
specialised for LLP searches-ǇLHCP 2023 ƿ
Large Hadron Collider Physics Conference,
Belgrade (Serbia),May 22-26, 2023.

[C3] L. Molina Bueno. ǆLatest results from the
NA64 experimentǇ, Light Dark World 2023,
Karlsruhe (Germany), September 19-21, 2023.
Invited plenary talk.

[C4] S. Palomares-Ruiz, ǆQsjnpsejbmblack
holes and the 21cm mjofǇ, 57th Rencontres de
Moriond EW 2023, March 18 - 25, 2023, La
Thuile (Italia). Invited plenary talk.

[C5] Valentina De Romeri, ǆSignatures of
primordial black hole dark matter at DUNEand
UIFJBǇ, New Horizons in Primordial Black
Hole physics (NEHOP)Naples (Italy), June 19-
21, 2023.

[C6] O. Mena, ǆInteracting dark energy
scenarios and cosmological tensionǇ, COSMO
2023, IFT Madrid (Spain), September 11-15,
2023.

experiments. Another research line, on Beyond
Standard Model physics, is dark sector
models with LLPs. In [P6] we studied how
LLPs produced from heavy mesons decays
originating in cosmic rays can help to probe
the parameter space of a sterile neutrino in
the (sub)-GeV range, while proposing a
satellite experiment that would probe
unexplored heavy neutral lepton (HNL)
parameter space for the cases of dominant
couplings to electrons, and also to muons.
Additionally, we have completed works
exploring the interplay between astroparticles
and cosmology, such as the elusive puzzle of
dark energy [C6].

Constraints on HNL couplings to muons with the particle
detector satellite SPYGLASS,for different energy thresholds
(blue curves). The gray (brown) area is the current (future)
sensitivity .

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.033009
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.161801
https://ieeexplore.ieee.org/document/10078243
https://link.springer.com/article/10.1007/JHEP12(2023)185
https://link.springer.com/article/10.1007/JHEP11(2023)153
https://link.springer.com/article/10.1007/JHEP07(2023)193
https://indico.cern.ch/event/1283224/timetable/?view=standard_numbered_inline_minutes
https://indico.scc.kit.edu/event/3490/timetable/?view=standard
https://indico.in2p3.fr/event/29681/timetable/?view=standard_numbered
https://conference.ippp.dur.ac.uk/event/1130/contributions/6086/attachments/4943/6253/De_Romeri.pdf
https://workshops.ift.uam-csic.es/COSMO23/program
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IFIC team explores fundamental physics with gravitational waves (GWs) and
new cosmological measurements. IFIC researchers are members of the
ESFRIproject SKA, the largest radio telescope that aims to map the 21cm
line, and play a leading role in defining its fundamental physics case. The
discovery of primordial GWs created by quantum effects at the very earliest
instants of the universe or of a stochastic GW background that might have
originated from post-inflationary preheating, first order phase transitions, or
cosmic string networks, would be a spectacular discovery of physics beyond
the Standard Model of particle physics. IFIC plays a leading role in the
modelling and search for a primordial stochastic GW background in future
GW detectors such as LISA and Einstein Telescope. IFIC groups study the
detailed gravitational -wave ringdown of colliding black holes, expected to be
tested in future GW detectors, as probes of physics beyond general relativity
and of quantum effects in gravity.
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The research topics of this line include the
theory and detection of gravitational waves
(GWs) and their interaction with matter,
quantum aspects in gravity, black holes and
theories beyond General Relativity. Members
of L5 are involved in international
collaborations, like the Laser Interferometer
Space Antenna (LISA) and the Einstein
Telescope (ET), which represent the will-be
first space-base and next generation of
ground-based GW detectors, respectively, that
will start taking data by mid 2030ǃt. Members
of L5 also aim to study the interface between
gravity and quantum field theory in
cosmological and black hole scenarios, analog
models of gravity, and supersymmetry among
others.

Gravitational wave backgrounds (GWBs)
A major L5 research line is the study of GWBs
as a probe of high-energy physics and early
universe cosmology . In [L5.1] we explored how
light primordial black holes, which evaporate
before the onset of Big Bang nucleosynthesis,
can dominate the universe's energy density.
We studied how such an early era can be
probed using gravitational waves (GW)
emitted by local and global cosmic strings. In

[L5.2] we reviewed the cosmology related
objectives of the Laser Interferometer Space
Antenna (LISA), which recently passed the
ǆbepqujpoǇphase. IFIC personnel are involved
primarily in studying stochastic gravitational
backgrounds and their implications for early-
universe cosmology and particle physics,
including Inflation, first order phase
transitions, cosmic strings, and tests of non-
standard pre-Big-Bang nucleosynthesis
cosmology .

Quantum field theory in curved spacetime
The study of quantum fields in a gravitational
field, including the associated experimental
branch known as analogue-gravity, is a major
and long-standing research topic of L5 that
dates back to the early 2000. In [L5.3] three
members of our group have continued this
research line by computing quantum
corrections to classical black holes in General
Relativity and its imprints in the ringdown of
gravitational -wave detections .

Modified theories of gravity. 
The study of quantum fields in a gravitational
field, including the associated experimental
branch known as analogue-gravity, is a major
and long-standing research topic of L5 that
dates back to the early 2000. In [L5.3] three
members of our group have continued this
research line by computing quantum
corrections to classical black holes in General
Relativity and its imprints in the ringdown of
gravitational -wave detections .

SfbdiftpguifHXpctfswbupsjftgpsefufdujohmjhiuQCIpg
nbtt%N`|]snQCI~%bttvnjohuifmpdbmdptnjdtusjohtpg
ufotjpo%H]nv%-j/f/-uiptfgpsnfebuqibtfusbotjujpopg
fofshztdbmf%21_|25~]ujnft]trsu|H]nv021_|.21~~%HfW/
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Selected Conference Talks

J. Navarro-Salas, "Black holes, quantum fields, and
fundamental physics", Invited Talk, at 4th
European Physical Society Conference on
Gravitation: Black Holes Valencia, 14-November-
2023.

Daniel G. Figueroa, "Numerical Applications in
Cosmology", Invited talk at Ending Inflation and the
Hot Big Bang,5-9 June 2023, Simons Center,Stony
Brook, US

Daniel G. Figueroa, "Cosmological Gravitational
Waves",Plenary Talk at COSMO2023, 11-15 Sept.
2023,at IFT,Madrid Spain

F. Bombacigno, ǆFyqmpsjohChern-Simons gravity
from a metric -affine perspective: black
holes, cosmology and gravitational xbwftǇ
Keynote talk at EREP2023,Bilbao, July 18th 2023

G. J. Olmo, ǆHsbwjubujpobmcollapse and exotic
compact objects beyond HSǇ-Invited talk at III
Encontro de Primavera da SBF,26-29 Sept. 2023,
Niterói (Brasil)

G. J. Olmo, ǆCbczuniverses and wormhole
njnjdlfstǇ-invited talk at 7th UICPAM-2023, 4-5
Dec. 2023, (online)

Selected Publications

[L5.1] ǆQsjnpsejbmblack hole archaeology with
gravitational waves from cosmic tusjohtǇA.
Ghoshal (Warsaw U.), Y. Gouttenoire (Tel Aviv U.),
L. Heurtier (Durham U., IPPP), P. Simakachorn
(Valencia U.-IFIC). JHEP 08 (2023) 196. DOI[arXiv].

[L5.2] ǆDptnpmphzwith the Laser Interferometer
Space BoufoobǇLISA Cosmology Working Group
with D. G. Figueroa (IFIC) and P. Simakachorn
(DESY- Hamburg U.). Living Rev.Rel. 26 (2023) 1,
5. DOI[arXiv]

[L5.3] ǆRvbouvncorrections to the Schwarzschild
metric from vacuumqpmbsj{bujpoǇ. P. Beltrán-Palau
(Valencia U. - IFIC),A. del Río (Valencia U. - IFIC),J.
Navarro-Salas (Valencia U. - IFIC). Phys. Rev. D.
107 (2023) 085023 DOI[arXiv]

[L5.4] ǆMboebvdamping for gravitational waves in
parity-violating uifpsjftǇ. F. Bombacigno (Valencia
U. - IFIC), S. Boudet, F. Moretti, G. J. Olmo
(Valencia U. - IFIC). JCAP 02 (2023) 009. DOI
[arXiv]
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https://link.springer.com/article/10.1007/JHEP08(2023)196
https://arxiv.org/abs/2304.04793
https://link.springer.com/article/10.1007/s41114-023-00045-2
https://arxiv.org/abs/2204.05434
https://doi.org/10.1103/PhysRevD.107.085023
https://arxiv.org/pdf/2212.08089.pdf
https://iopscience.iop.org/article/10.1088/1475-7516/2023/02/009
https://arxiv.org/abs/2210.07673
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LINE 6. 
The synthesis of 

nuclei

The recent observation of gravitational waves from a merger and the
associated electromagnetic emission has led for the first time to the "in vivo"
observation of the synthesis of heavy elements. Nuclear physics input from
very neutron-rich exotic nuclei is required to pin down the complex processes
taking place in those events. The experimental nuclear physics group at IFIC
leads measurements of the decay properties of key nuclei at RIKEN(Japan),
GSI (Germany), JYFL (Finland), and n_TOFand ISOLDE(CERN). On the other
hand, it is known that about 50% of the heavy elements in the Universe
originate instead in neutron-induced reactions in red-giant stars on a much
longer timescale . The HYMNS project has built an innovative instrument, i-
TED,to carry out measurements of key stellar nucleosynthesis reactions in
the s-process at n_TOF at CERN. IFIC is also co-leading the AGATA array
project, which aims to be the most precise position -sensitive high-resolution
gamma detector array for nuclear structure studies.
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EXPERIMENTAL NUCLEAR PHYSICS

The experimental Nuclear Physics activity at
IFIC is carried out by two groups, the AGATA
group focussed in in-beam gamma
spectroscopy, and the Gamma and Neutron
Spectroscopy group. The research of both
groups covers aspects of nuclear structure,
astrophysics, applications and the
development of instrumentation .

In 2023, one important result of the Gamma
and Neutron Spectroscopy Group is related to
the study of beta decays close to the proton
dripline. In the invited article [1] we report on
recent experimental results on beta decays of
Z = N + 2 parent nuclei into self-conjugate (N =
Z) nuclei with mass number 58 <= A <=70.
Starting from a JĄ= 0+ parent state, these
cases undergo super-allowed beta decays
preferably to the isobaric analogue state
through so-called Fermi transitions and to JĄ=
1+ states by way of GamowƿTeller (GT)
transitions . The operator of the latter decay is
a generator of XjhofsǃtSU(4) algebra and as a
consequence GT transitions obey selection
rules associated with this symmetry. Since
SU(4) is progressively broken with increasing

mass number (A), mainly as a consequence of
the spinƿorbit interaction, this symmetry is not
considered relevant for heavier nuclei. In [1]
we argue, however, that the pseudo-spin
concept can be very useful in this context . In
nuclei with 58 <= A <=70 the pseudo-spinƿ
orbit splitting can be small, so nuclear states
can exhibit an approximate pseudo-SU(4)
symmetry. To test this conjecture, the GT
decay strength was calculated with a
schematic Hamiltonian with pseudo-SU(4)
symmetry and compared with the
experimental results obtained by our group.
The experimentally observed GT strength
indicates a restoration of pseudo-SU(4)
symmetry for the A = 70 system.

The study of beta decays is of relevance in
other fields . In this context an important
contribution in 2023 is the realization of
measurements of the shapes of the beta
spectrum for decays that are selected for their
impact on the calculations of the antineutrino
spectrum in reactors using radioactive beams
of high isotopic purity. Surprisingly, the shapes
of forbidden beta decays are not at all well
known. For these studies a new detector
system has been developed in collaboration
with Subatech (France) and Univ. of Surrey
(UK). The measurements were performed at
the IGISOLIV facility of the Univ. of Jyväskylä
(Finland). The relevance of the measurements
was recognized with a photo of the setup
selected as the cover-page of the Univ. of
Jyväskylä Annual Report. This line of research

Experimental setup at CMAM with the miniBELEN-10A
detector on the foreground and the 5MV tandem accelerator
behind it.



There are also contributions to theory in this
line. Contribution [5] describes proposed
particle physics activities for the European
Spallation Source (ESS),as well as their place
in the current theoretical landscape. This
facility, presently under construction in Lund,
Sweden, will be the xpsmeǃtbrightest neutron
source. The neutrons and neutrinos produced
at the ESS will enable high precision
(sensitivity) measurements (searches), which
are analysed in detail in this work. Contribution
[6] reviews the role of superallowed transitions
in determining the strength of the weak
interaction among the lightest quarks and in
searching for new physics beyond the
standard electroweak model. The two sets of
superallowed decays in nuclei considered here
are pure Fermi and mirror transitions .
Combining the results from these
measurements, which are fully consistent,
provides a test of unitarity of the first row of
the Cabibbo-Kobayashi-Maskawa matrix,
which displays a 2ćtension with the standard
model.
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The main activities of the AGATA group in
2023 have been the contribution to the
construction of the array, reported in the
instrumental section, and the realization of
experimental nuclear structure studies with
AGATA as well as other large arrays for high
resolution spectroscopy. During the first
semester the experimental activity with
AGATA was focused mainly on studies using
multi -nucleon transfer reactions with the
AGATA-PRISMA setup. The coupling of the
highly efficient tracking sub-array of AGATA
installed at INFN-LNL and the high acceptance
magnetic spectrometer PRISMA is a unique
world-class set-up for such studies, in
particular for the determination of transition
probabilities . PRISMA,in addition to determine
A and Z of the binary reaction products, is able
to determine the ejectile trajectories, providing
fundamental information for the Doppler
correction advanced capabilities of AGATA
(see Ref. [3]).

Relevant results published in 2023 come from
the previous campaign with the ISOL
radioactive ion beams from SPIRAL/GANIL,
Caen France, including in the set up the first
implementation of GRIT (with contribution
from IFIC), AGATA and the magnetic
spectrometer VAMOS++. Our results in exotic
light nuclei are contributing to benchmarking
ab-Initio nuclear structure models, in particular
the contribution of effective three body forces
(see Ref. [4]).
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[1] P. Van Isacker, A. Algora, A. Vitéz-Sveiczer,
G. Kiss, S. E. A. Orrigo, B. Rubio and P.
Aguilera, Symmetry 15, 2001 (2023). DOI

[2] C. Domingo-Pardo et al., Advances and new
ideas for neutron-capture astrophysics
experiments at CERN n_TOF, The European
Physical Journal A, Volume 59, Issue 1, article
id. 8 (2023). DOI

[3] R. M. Pérez-Vidal et al. ǆOvdmfbsstructure
advancements with multi -nucleon transfer
sfbdujpotǇ-European Physical Journal A 59,
114 (2023). DOI

[4] I. Zanon et al. ǆIjhi-Precision
Spectroscopy of 20O Benchmarking Ab Initio
Calculations in Light OvdmfjǇ-Physical Review
Letters 131, 262501 (2023). DOI

[5] H. Abele et al., ǆQbsujdmfPhysics at the
European Spallation TpvsdfǇ-Phys. Rept.
1023, 1-84 (2023). DOI

[6] A. Falkowski, M. Gonzalez-Alonso, O.
Naviliat-Cuncic, N. Severijns, ǆSuperallowed
decays within and beyond the Standard
NpefmǇ-Eur. Phys. A 59, 113 (2023). DOI

Selected Conference Talks

J. Lerendegui-Marco et al., Recent highlights
and prospects on (n,û*measurements at the
CERN n_TOF facility . Invited Talk. 17th
International Symposium on Capture Gamma-
Ray Spectroscopy and Related Topics. Institut
Laue Langevin, 17-21 July 2023, Grenoble,
France.

A. Algora et al., Shape effects and the search
for pn pairing in the A=70 region. Invited talk.
International Conference on Proton-Emitting
Nuclei, June 25 - 30, 2023, Warsaw, Poland.

A.Gadea, R.M. Perez Vidal, Lifetimes
measurements with MNT reactions at the
AGATA-VAMOS++ setup: Exploring the
seniority conservation in the N=50 semimagic
nuclei above Z=40. Invited talk. Colloque
GANIL 2023, 25ƿ29 Septtember 2023,
Soustons, France.

M. Gonzalez-Alonso, Beta decays within and
beyond the Standard Model. Invited seminar.
ISOLDEseminar, CERN,Geneva (Switzerland)
(October 10th, 2023)

https://doi.org/10.3390/sym15112001
https://doi.org/10.1140/epja/s10050-022-00876-7
https://doi.org/10.1140/epja/s10050-023-01027-2
https://doi.org/10.1103/PhysRevLett.131.262501
https://doi.org/10.1016/j.physrep.2023.06.001
https://doi.org/10.1140/epja/s10050-023-01030-7
https://workshops.ill.fr/event/188/
https://procon2023.fuw.edu.pl/
https://indico.in2p3.fr/event/28102/
https://indico.cern.ch/event/1294435/


ADVANCED 

INSTRUMENTATION 

AND COMPUTING



TDJFOUJGJD!SFTFBSDI!MJOFT

MJOF!8/!
Bewbodfe!

jotusvnfoubujpo!
boe!dpnqvujoh!jo!
gvoebnfoubm!
qiztjdt!

JGJDǃtgoals include the construction and commissioning of cutting -edge
instruments where we have taken a major in-house responsibility . Several
construction projects are particularly strategic for the institute in the coming
years: the upgrades of the LHC experiments (ATLAS and LHCb), the
construction of NEXT-100, the development of new instruments for nuclear
physics (i-TED and AGATA), for super B-factories (Belle II) and for Higgs
factories (ILC, CLIC). The KM3NeT neutrino telescope has deployed already
18 lines, and a huge increase in the deployment is expected during the
coming years. The neutrino team is also involved in the construction of the
DUNEdetectors at SURF,and of their large-scale demonstrators at CERN. In
computing, the Spanish ATLAS Tier-2 focuses on the needs for LHC Run3
and the preparations for the HL-LHC within the WLCG (Worldwide LHC
Computing GRID)program, including the usage of HPC resources, the ATLAS
Event Index, Core Computing tasks and Physics Analysis applying ML.



LHCb and TWOCRYST PoP
The pioneering Real Time Analysis (RTA) and
Trigger system of the new LHCb detector
opens the possibility to trigger on tracks as far
as 7 m away from the interaction point. IFIC is
playing a major role in the design and
implementation of new algorithms . Looking
beyond, for Run4, steady R&Dfor deploying an
FPGA-based HLT1 system for SciFi (RETINA)
has continued. IFIC also participates in the
new LHCb electromagnetic calorimeter . Main
JGJDǃtresponsibilities include the design of the
energy ASIC using TSMC 65 nm CMOS
technology, and the amplifier and shaper
circuit included on the photomultiplier base to
compensate cable attenuation, improve
signal-to-noise ratio and reduce spill-over.
First steps towards the design of PACIFIC++,
the evolution of the SciFi readout ASICfor the
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ATLAS, LHC
IFICis involved in the operation and calibration
of the ATLAS detector, with commitments in
the alignment of the inner detector, the trigger
system, and in the reconstruction and
calibration of electrons, muons and jets in the
experiment. An innovative approach has been
introduced in the alignment to correct for
potential charge-dependent momentum
biases, using the ZŸϵ,ϵǭ resonance.
Changes in the track identification software
have been made to maintain the tracking
performance under the increased luminosity
and harsher pile-up environment of the LHC in
Run 3. IFIC is involved in the electron
reconstruction within ATLAS, exploiting deep
neural networks to enhance the discrimination
between prompt electrons and fake/non -
prompt electrons. The IFIC ATLAS group was
involved in the in-situ calibration of the jet
energy scale using events where a jet recoils
against a photon. In the ATLASflavour tagging
group, IFIC has contributed to the
development of a new algorithm to identify
boosted Higgs decays to bottom and charm

quarks that relies on transformer neural
networks. This algorithm is key to
measurements of the bottom and charm
Yukawa couplings. IFIC has participated in the
operation of the ATLAS trigger system
throughout 2023. The group has been involved
in the trigger software validation, trigger menu
configuration and tau lepton trigger
identification performance studies. During
2023, most of the upgraded phase-I Level-1
trigger system has been successfully
commissioned .

IFIC is one of the main actors in the upgrade
of the ATLAS detector for the LHC high
luminosity phase in two of the subsystems:
the central hadronic calorimeter (TileCal) and
the microstrip silicon detector system in the
Inner Tracker (ITk). The teams at IFIC have
relevant responsibilities on the readout
electronics of the calorimeter and in the
construction and assembly of the charge
particle tracker. The TileCal preprocessor
(TilePPR) design, responsibility of IFIC, has
been finalized. The group at IFIC is testing the
final prototypes: beam test campaigns,
thermal and stress testing. The ITk project at
IFIC is already in production mode on all
fronts . The focus is the service module that
brings power, cooling and optical fibers for
controls signals and data extraction to the
detector modules, as well as module
assembly, local support structures (petals),
and petal loading.

BUMBTJUlvqhsbef;dpoofdupsj{fedbcmftjouiftfswjdf
npevmf)mfgu*-tfswjdfnpevmfbttfncmfejoupuifnpdl.vqpg
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)sjhiu*/
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dpotjtutjobofxuzqfpgdpnqbdu-ijhimz
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Mighty SciFi upgraded detector (Run 5) have
been taken.

IFIC is also involved in the construction of the
TWOCRYST proof-of-principle (PoP) of the
double crystal-based g-2/EDM experiment at
LHC. The PoP is scheduled for the 2025 run
and will be installed at LHC IR3.

Belle II upgrade
IFIC is the only Spanish institute participating
in the Belle II experiment. During 2023, the
collaboration has gone through a major
detector update, completing the pixel vertex
detector and other detector subsystems. IFIC
is holding the role of chair of the technical
board. As inner detector upgrade
coordinators, IFIC is also leading the
developments of depleted monolithic active

CMOS pixel sensors, in cooperation with
several international partners (Belle II VTX
Collaboration). The Conceptual Design Report
has been completed during 2023.

Future colliders
Detector R&D is focused on silicon sensors
that are to be employed in the vertexing and
tracking systems of a future electron-positron
ǆIjhhtgbdupszǇcollider, and are also a key part
of ultra-granular electromagnetic calorimeters .
IFIC is part of AIDAinnova (integration,
mechanics and cooling of silicon detector
systems), of the CALICE collaboration (ultra-
granular calorimeters) and of the ILD detector
concept for the Higgs factory . More recently,
IFIC joined the LUXE collaboration that will
study QEDin the strong-field limit by colliding
the beam of the European XFEL and a high-
power laser. Detector construction, with
strong synergies with the Higgs factory R&D
program is ongoing and first operation of the
experiment is envisaged for the second half of
the 2020s. IFIC furthermore makes an
important contribution to the MAPP detector
of the MoEDALexperiment.

The accelerator group develops compact
accelerating structures and characterizes their
performance in JGJDǃtradio-frequency
laboratory. Developments range from
dielectric structures to Carbon nano-tubes.
The group is also strongly involved in the
simulation and modelling of breakdowns and
beam dynamics, and in the development of
instrumentation for beam lines. The expertise
in electromagnetic effects and

LHCb upgrade. Left: PicoCal PMT base. Right: PicoCal
conditioning circuit board.



n_TOF+ RIBs
In 2023, the CERNn_TOFteam at IFIC studied
the potential use of active detectors for
neutron-activation measurements at the new
n_TOFNEARstation, as well as the exploration
of novel scintillation materials, such as
deuterated stilbene for TOF capture
experiments. The latter novel scintillation
material is expected to open the possibility for
next generation solid-state segmented total -
energy detectors with enhanced detection
sensitivity and selectivity . This endeavor
marked the inaugural exploration at CERNof
implementing a cyclic activation methodology
(CYCLING). To achieve this goal, the team
conducted comprehensive Monte Carlo
simulations using FLUKA and Geant4,
alongside in-situ measurements employing
inorganic scintillators . These advancements
are poised to create new avenues for directly
measuring short-lived isotopes pivotal to the
intermediate process of stellar
nucleosynthesis.
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Left: full AGATA electronic channel. Right: one of the first
squared 500 ϵnthick, 1mm pitch, NTD E DSSSD detector
produced as IFIC contribution to GRIT by MICRON
semiconductor .

Left: the NEXT-100 TPC installed at the LSC, before closing
the pressure vessel. Right: the ProtoDUNE-VD 4x6x6 m3 Time
Projection Chamber at CERN, with visible PDS modules
(60x60 cm2 at the top).



f) In 2023, IFIC ATLAS team triggered a
transversal effort to install an Analysis Facility
to help physicists minimize time-to-insight,
and enable iterative exploration of the data.
g) The group has taken the responsibility to
coordinate the ATLAS Distributed Analysis
team.

Regarding instrumentation for Radioactive Ion-
Beam experiments, the first -time integration of
the DTAS Total Absorption Gamma-ray
Spectrometer within the DESPEC/NUSTAR
collaboration setup (FRSin-flight ion separator
and AIDA implantation -decay array) was
successfully accomplished for the Phase-0
experiment S505 at GSI/FAIR(Germany).

Computing
The research topics of the IFIC ATLAS-GRID
Team include mainly the Spanish ATLAS Tier-
2 goals. The exploitation of LHC data in Run 3
will push to the limit the computing resources
available. This includes several generic
activities devoted to the application of
Distributed Computing and to improve the
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Left: state-of-the-art segmented TED array at CERN n_TOF
EAR. Right: MC geometry for the next generation of TED-
arrays based on deuterated stilbene.

More than 5k slots of running jobs during 2023, shown here by
resource type, were the responsibility of IFIC. More than 10
million jobs (analysis+production ) were completed.
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G. Aad et al. [ATLAS Collaboration], ``Search for
light long-lived neutral particles that decay to
collimated pairs of leptons or light hadrons in pp
collisions at $ \sqrt{s} $ = 13 TeV with the ATLAS
detector,'' JHEP 06 (2023), 153.
doi:10.1007/JHEP06(2023)153

Selected Conference Talks

A. Irles, "Detector challenges of the strong-field
QED experiment LUXE", 57th Recontres de
Moriond EW+U,March 18-25, La Thuile (France).

A.I. Morales. ǆEfufdupstfor HISPEC-EFTQFDǇ-
NuPECCLRP2024-TWG-Detectors and Exp. Tech.
Kick-off Meeting, April 17-18,Frascati (Italy)

H. Amar, ǆUifPhoton Detection System of the
DUNE fyqfsjnfou-ǇL International Meeting on
Fundamental Physics and XV CPAN days, October
2-6, Santander (Spain).

J. Lerendegui-Marco, ǆSfdfouhighlights and
prospects on (n,û*measurements at the CERN
n_TOFgbdjmjuzǇ-17th International Symposium on
Capture Gamma-Ray Spectroscopy and Related
Topics, July 17-21,Grenoble (France).

S. González de la Hoz,ǆDpnqvujohActivities at the
Spanish Tier-1 and Tier-2s for the ATLAS
experiment in the LHC Run3 period and towards
High Luminosity (HL-MID*Ǉ-25th International
Conference on Computing in High Energy and
Nuclear Physics (CHEP23), May 8-12, Norfolk
(USA).

TfmfdufeQvcmjdbujpot

H/Bbefubm/\BUMBTDpmmbcpsbujpo^-aaOfx
ufdiojrvftgpskfudbmjcsbujpoxjuiuifBUMBT
efufdups-((
Fvs/ Qizt/ K/ D 94 )3134* op/9- 872/
epj;21/22510fqkd0t21163.134.22948.:

Z/Voopfubm/-aaTqfdjgjdbujpotboeqsf.qspevdujpo
pgo,.jo.qmbshf.gpsnbutusjqtfotpstgbcsjdbufejo
7.joditjmjdpoxbgfst-BUMBT29-gpsuifJoofs
UsbdlfspguifBUMBTEfufdupsgpsIjhi.Mvnjoptjuz
MbshfIbespoDpmmjefs-((KJOTU29)3134*op/14-
U14119/epj;21/219902859.13320290140U14119

K/Dpmmbep-T/Dbqsb-B/Qvmmjb-O/Lbslpvs-D/
Ipvbsofs-W/Hpo{bmf{-H/Xjuuxfs-B/Cpvksbe-N/
Lphjnu{jtboeK/Mbxtpofubm/-aaBHBUBqibtf3
bewbodfnfoutjogspou.foefmfduspojdt-((Fvs/Qizt/
K/B6:)3134*op/7-244/epj;21/22510fqkb0t21161.
134.12156.1

D/Epnjohp.Qbsepfubm/\o`UPG^-aaBewbodftboe
ofxjefbtgpsofvuspo.dbquvsfbtuspqiztjdt
fyqfsjnfoutbuDFSOo]̀ UPG-((Fvs/Qizt/K/B6:
)3134* op/2-9/ epj;21/22510fqkb0t21161.133.
11987.8
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SCIENTIFIC RESEARCH LINES

In recent years, the multidisciplinarity and the societal impact of IFIC
research projects has increased significantly . IFIC is developing various
applications in medical therapy, imaging, dosimetry and diagnosis. Several
gamma and neutron detectors are being developed with imaging capabilities .
Neutron detectors to monitor neutron doses in therapy are being
implemented. There is also a research line in diagnosis with a xenon-based
PET-technology development, as well as a gamma-ray with ultrasound
imaging device to guide breast biopsies in real time. Artificial Intelligence
(AI) solutions are applied to medical diagnosis, including COVID-19,
catastrophic event prevention, environmental studies, and space weather.
Neutron detectors are developed for space weather and single event failures
investigation . Detectors are developed for safety protocols in nuclear
industry. IFIC researchers are developing a compact accelerator using
carbon ions for hadron therapy. In quantum technologies, IFIC researchers
harbour key expertise in quantum algorithms and quantum metrology.
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The IRIS group, devoted to medical physics,
develops imaging systems for several
applications including positron emission
tomography (PET), hadron therapy treatment
monitoring and radionuclide imaging in
nuclear medicine. In the last case, an imaging
system developed by the group is being
assessed for verification and dosimetry of
treatments with radiopharmaceuticals, in
collaboration with the hospitals La Fe
(Valencia) and Léon Bérard (Lyon). In 2023 it
has been possible to image an alpha-emitting
radionuclide (Ac-225) which was not possible
for gamma cameras. In addition, a larger
imaging system has been developed to
enhance the efficiency . The activities, initally
funded by the Proof-of-Concept project
VALMONT, have been extended through the
ASFAEproject ICOR.

Sfhbsejohibespouifsbqznpojupsjoh-uif
tztufnNBDBDPqibtcffouftufejouif
Rvjspotbmveqspupouifsbqzdfousf-xjuib
npefsotzodispdzdmpuspo-xijdijnqptft
ijhifsufdiopmphjdbmdibmmfohftuibopmefs
bddfmfsbupst/Uiftztufnibtcffobcmfup
jnbhfuifejtusjcvujpopgqspnquhbnnbt
fnjuufeczbSX4qiboupnvqpojssbejbujpo
xjuibijhidvssfouqspupocfbnefmjwfsfecz
uijtbddfmfsbups/Jobeejujpo-bdpbyjbmqspnqu
hbnnb.sbzefufdupsjtbmtpcfjohefwfmpqfe
gpsuiftbnfbqqmjdbujpo/Uifnbjobdujwjujft
jowpmwfNpoufDbsmptjnvmbujpotpguif
fmfduspobnqmjgjdbujpodbtdbefbtxfmmbt
tqbdfdibshffggfdutxjuijoqipupnvmujqmjfs
uvcft-boefyqfsjnfoubmwbmjebujpoxjui
sbejpbdujwftpvsdft-gpspqujnj{johjut
bqqmjdbujpojoijhidpvousbuftdfobsjptbt
uibupgqspnquhbnnb.sbzjnbhjohjoqspupo
uifsbqz/GbtuNpoufDbsmptjnvmbujpotjob
HQVgpsqspupouifsbqzbqqmjdbujpotvtjoh
pqfo.tpvsdfNPRVJ-tipxhsfbutqffe
jnqspwfnfoupwfsUPQBT/Bmtp-bcfbnuftubu
uifFMCFcsfnttusbimvohbddfmfsbupsbuI[ES-
Esftefo-gpsuftujohuifefwfmpqfedpbyjbm
DfCs4efufdupsboeuifefbe.ujnfgsffebub
bdrvjtjujpotztufnibtsfbdifefwfoudpvou
sbuftpwfs3Ndqt/

Btbgpmmpx.vqjojujbujwftufnnjohgspnuif
FSDDpotpmjebupsHsbouIZNOT-uifHbnnb
boeOfvuspoTqfdusptdpqzhspvqxbt
bxbsefeuxpbeejujpobmFSDQsppg.pg.Dpodfqu
hsbout;BewbodfejnbhjohtztufngpsNfejdbm
Bqqmjdbujpot)BNB*boeHbnnb.Ofvuspo
Wjtjpo)HOWJTJPO*/BNB-bjntupjowftujhbuf
uifvtfpguifizcsjeDpnqupo.QFUufdiojrvf

BojnbhjohtztufnefwfmpqfeczuifJSJThspvq)mfgu*ibt
cffobcmfupjnbhfBd.336)sjhiu*-bobmqibfnjuufs-buuif
iptqjubmMˢpoCˢsbsejoMzpo-xijdixbtopuqpttjcmfxjui
hbnnbdbnfsbt/

Imaging systems developed by the IRIS group have been
tested at the protontherapy centre Quirónsalud (left) and the
distribution of emitted photons, correlated with the Bragg
peak,has been reconstructed (right) .

Tests of the coaxial prompt gamma monitoring detector at
HZDR(Dresden)

for dose monitoring in neutron-capture
therapy and intraoperative radio-guided
surgery. First successful proof -of-concept
experiments were accomplished by the IFIC
team at the ILL research reactor in Grenoble in
2023. The GNVISIONproject will concentrate
on leveraging multimessenger (neutron-
gamma) data to optimize proton-therapy
treatments . A full conceptual study and
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ufdiojdbmmbcpsbupszefwfmpqnfoutgps
HOWJTJPOxfsfbdijfwfejo3134czpvsufbn/

UifqbufoufeufdiopmphzpguifNBHBT
qspkfduuibubmmpxtuifhvjebodfpgdbodfs
cjpqtzczdpncjojohnpmfdvmbsjnbhjohxjui
vmusbtpvoeboeuibubmmpxtjnqspwfnfoujouif
ejbhoptjtboeusfbunfoupgdbodfsibtmfeup
uifdsfbujpopgIZCSJEJNBHJOHTZTUFNT
T/M/-bDpnqbozCbtfepoLopxmfehf)tqjo.
pgg*pguifDTJDboeuifVojwfstjuzpgWbmfodjb/

Cftjeftnfejdbmqiztjdt-jo3134uifhspvq
ibehsfbubewbodftjouxppuifsbqqmjdbujpo
qspkfdut/UifSFNPqspkfdu-gvoefecz
HfofsbmjubuWbmfodjbobvoefshsbouHWB.
UIJOLJOB[VM031320147-bjntbuuiftuvezpg
nbsjoffdptztufntvtjohsbejpusbdfst)Db.56*
boebewbodfeovdmfbsjotusvnfoubujpo/Jo
3134-uxpqspupuzqfefufdupstibwfcffo
eftjhofeboeuifnftptdptnnftpdptn
tfuvqibtcffonpvoufe/UifIFOTB,,
qspkfdu-gvoefecz HWBvoefshsbou
JEJGFEFS031320113-jtb opwfmefufdujpo
tztufnuibuqspwjefttqfdusbmtfotjujwjuz
bdspttbxjefofvuspofofshzsbohf-gspnnfW
upHfW/Juxjmmcfefqmpzfejobufnqpsbsz
gbdjmjuzbu3111nbcpwftfbmfwfmgpstuvezjoh
tqbdfxfbuifsboefowjsponfoubmeptjnfusz/
Evsjoh3134-uifgjobmbttfncmzboe
dpnnjttjpojohpgfmfduspojdtboebvyjmjbsz

tztufntibtcffodbssjfepvu/

UifQSPNFTBqspkfdu)DJQSPN03132075*-
ibtbdijfwfesfmfwbousftvmutjo3134jodmvejoh
uiffwbmvbujpoboesjtlsfevdujpojo
csbdizuifsbqzxjuinvmujqmftjnvmbujpotboe
dpmmbcpsbujpoxjuiIptqjubmMbGf)xjui
qvcmjdbujpopgsftvmutboelfzsfwjfx*-uif
efwfmpqnfoupgbtztufngpsqptubmeptjnfusjd
bvejut)xjuiqvcmjdbujpopgjojujbmsftvmut*boe
uifefufsnjobujpopgupyjdjuzjouiftljopg
qbujfoutxjuicsfbtudbodfsusfbufexjui
sbejpuifsbqzuispvhibobmztjtpg
uifsnphsbqizboembtfsEpqqmfsjnbhftjo
438qbujfout/

Evsjoh3134-uifbddfmfsbupshspvqibt
dpoujovfe-jodpmmbcpsbujpoxjuiDJFNBU-xjui
uifqiztjdbmeftjhopgbdbscpojpojokfdups-
tvjubcmfgpsjpot0qspupot/Uifgjstutusvduvsfpg
uifbddfmfsbups)b SGR*ibtcffo
nbovgbduvsfeboebttfncmfeboejthpjohup
cfuftufebuDFSOjo3135/Joqbsbmmfm-JGJDǃt
bddfmfsbupsthspvqibtcffoxpsljohpouif
dpouspmboebdrvjtjujpotztufn-cbtfepo
´UDBufdiopmphzboeuifeftjhoboe
jnqmfnfoubujpopgMpxMfwfmSGdpnqpofout
gpsuifjpobddfmfsbups/Uijttztufnxjmmcf
joufhsbufexjuiuifDJFNBUttusvduvsfboe

also tested at CERN. In a long term, this
equipment will serve as the foundation for an
installation that will operate at IFIC for its
scientific exploitation in preclinical
biomedicine and radiobiology.

The group is also involved in the development,
together with the company AVS (Added Value
Solutions), of a high repetition rate, ultra-short
pulse chopper for one of the experimental
extraction lines of IFMIF-DONES.

On the R&Dactivities in 2023, the operation of
the high-gradient test benches has been
resumed to continue the studies on the KT
structure. In collaboration with CERN, to
achieve higher power efficiency, a novel
accelerator structure based on ultra-low-loss
dielectrics (DAA ƿ Dielectric Assist
Accelerating) has been designed and it is
ready to be built . In this process, a new non-
resonant ultra-fast multipactor regime in DAA
structures was discovered, modelled, and
published. The R&D on novel accelerating
technologies continues, progressing on the
development of the theoretical model for
beam-driven wakefield acceleration in carbon
nanotubes (CNT).

In the study of accelerator applications, two
irradiation test campaigns have been
conducted at CNA (Seville) to investigate the
radiosensitization effect of gold nanoparticles
in proton therapy treatment, proving a
significant reduction in the survival fraction of
the irradiated cells.

Prototype detectors and mesocosm setup of the REMO
project
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UifQFUBMPhspvqjtefwfmpqjohbqspupuzqf
pgbQptjuspoFnjttjpoUpnphsbqiztdboofs
cbtfepomjrvjeyfopo-sfbepvucztjmjdpo
qipupnvmujqmjfst-xjuiuifbjnpgbttfttjohuif
fofshzboeujnfsftpmvujpobuubjobcmfxjuiuijt
ufdiopmphz/Jo3134-uifhspvqsfgjofeuif
nfbtvsfnfoupguiffofshzsftpmvujpopg622.
lfWhbnnbtjomjrvjeyfopo-vtjohtdjoujmmbujpo
mjhiupomzboetubsufetuvezjohuifujnf
sftpmvujpo)Ujnf.pg.Gmjhiu*pguiftztufn-uxp
lfzqbsbnfufstgpsbgvuvsfQFUtdboofs
cbtfepomjrvjeyfopo/

UifTqbdfXfbuifsqspkfduefwfmpqtbsfbm.
ujnffbsmzxbsojohtztufnupfwbmvbufuif
jnqbdupgib{bsepvthfpnbhofujdbmmzjoevdfe
dvssfoutqspevdfeczwjpmfoutpmbstupsntpo
Tqbojtidsjujdbmjogsbtusvduvsft/Bqsfejdujwf
npefmcbtfepoboMTUNofuxpsljt
efwfmpqfeupgpsfdbtuuifcfibwjpvsboe
tfwfsjuzpghfpnbhofujdtupsntuispvhi
wbsjpvtipvs)t*bifbevtjohjoufsqmbofubsz
nbhofujdgjfmeebub/ Gvsuifsnpsf-uif
vodfsubjouzpguijtqsfejdujpojtbmtp
ftujnbufe-qspwjejohfttfoujbmjogpsnbujpoup
tfusfmjbcmfbmbsnuisftipmet-nblfjogpsnfe
efdjtjpotboeublfbqqspqsjbufsjtltusbufhjft/

Mfgu;CfbnFyusbdujpoEfwjdf;4EEftjhoPwfswjfxdbssjfepvu
czBWT/Sjhiu;EBBtusvduvsfqspupuzqf/

Survival fraction of cells, loaded with gold NPs (blue) and not
loaded (yellow), irradiated with protons.

Selected Publications

Influence of the background in Compton
camera images for proton therapy treatment
monitoring . M. Borja-Lloret, L. Barrientos, J.
Bernabéu, C. Lacasta, E. Muñoz, A. Ros, J.
Roser, R. Viegas and G. Llosá. Phys. Med. Biol.
68 (2023) 144001.

Hybrid PET/Compton-camera imaging: an
imager for the next generation. Gabriela Llosá,
Magdalena Rafecas.

Characterization of a Compton camera based
on the TOFPET2 ASIC. R.Viegas, J.Roser,
L.Barrientos, M.Borja-Lloret, J.V.Casaña, J.
García López, M.C. Jiménez-Ramos, F.Hueso-
González, A.Ros, G.Llosá. Radiation Physics
and Chemistry 202 (2023) 110507.

L. Beaulieu, F. Ballester, et al., ǆBBQN
WGDCABReport 372: A joint AAPM, ESTRO,
ABG, and ABS report on commissioning of
model- based dose calculation algorithms in
csbdizuifsbqzǇ-Med. Phys. 50, e946 (2023).

P. Martín-Luna et al. On the Magnetic Field of
a Finite Solenoid, IEEE Transactions on
Magnetics ( Volume: 59, Issue: 4, April 2023).
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P. Martinez-Reviriego et al. Dielectric Assist
Accelerating structures for compact linear
accelerators of low energy particles in
hadrontherapy treatments, JACoW IPAC2023
(2023) WEPA122.

N. Fuster-Martinez et al. Preliminary studies of
the radiosensitization effect of gold NPs for
hadrontherapy. IV Jornadas RSEF/IFIMEDde
Física Médica.

P. Ferrario on behalf of the PETALO
Collaboration, Status and perspectives of the
PETALO project, XeSAT 2023, June 2023,
Nantes, France.

E/Dpoef-G/M/Dbtujmmp-D/Ftdpcbs-D/Hbsd˦b-K/
F/Hbsd˦b-W/Tbo{fubm/)3134*/Gpsfdbtujoh
hfpnbhofujdtupsnejtuvscbodftboeuifjs
vodfsubjoujftvtjoheffqmfbsojoh/Tqbdf
Xfbuifs-32-f3134TX114585/

TfmfdufeDpogfsfodfUbmlt

H/Mmpt˚/Joejwjevbmj{feusfbunfouwfsjgjdbujpo
cbtfepoqipupofnjttjpo/JowjufeUbmlbu5ui
JoufobujpobmDpogfsfodfpoEptjnfuszboejut
Bqqmjdbujpot/Wbmfodjb-27.31Pdu/3134

H/Mmpt˚/Bewbodftjonfejdbmqiztjdtgspn
OvdmfbsboeIFQ/JowjufeUbmlbuMJNGQ34boe
YWDQBOEbzt/Tbouboefs-3.7Pdu/

S/Wjfhbt-K/Sptfs-M/Cbssjfoupt-N/Cpskb.
Mmpsfu-K/W/Dbtb˩b-G/Ivftp.Hpo{˚mf{-K/
Qˢsf{.Dvscfmp-B/Spt-boeH/Mmpt˚/Dpnqupo
dbnfsbqfsgpsnbodfbtusfbunfounpojupsjoh
tztufnbubQspupouifsbqzdfoufs/Ubmlbu
QUDPH72/Nbesje-21.27Kvof3134/
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