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la¶o2021hasidouna¶oh²brido,
noshemosacostumbradoaesteformatoya
losaforoslimitados.Afortunadamenteseest§
recuperandopocoa pocolanormalidad,
aunquenotanr§pidamentecomonoshabr²a
gustado,ysiempreconmuchaincertidumbre
sobresipodremoshacerlasactividades
presencialesono.Denuevoestea¶oquiero
agradeceratodoelpersonaldelIFICla
actitudyresponsabilidadanteestasituaci·n
an·malacausadaporlapandemiade
COVID19, y vuestracolaboraci·npara
mantenerelviruscontrolado,sinmenoscabo
delaactividaddelinstituto.

EstaMemoriaeslaprimeraestructuradade
acuerdoconlasnuevasl²neasde
investigaci·ndelIFIC,definidasafinalesde
2019:
1.Origendelamasa:entenderlasleyes
fundamentalesdelaF²sica
2.Origendelamateria:entenderelUniverso
3.Instrumentaci·navanzadaycomputaci·n:
delaF²sicafundamentalalasociedad

Cadaunadeellastienevariassubl²neas,que
descubrir®issisegu²sleyendo.Tambi®n
hemosoptadoporsepararlastradicionales
jornadascient²ficasdelIFICendistintas
tem§ticasyen2021tuvolugarlaprimera,
dedicadaalal²neaL1:ñTheHiggsForceò,en
laquelosinvestigadoreste·ricosy
experimentalesquetrabajanenestetema
expusieronlosresultadosm§sdestacados.
Debidoalapandemia,lajornadafueonline,
peroesperamosquelaspr·ximassean
presenciales.

Estea¶odecidimosreestructurarlaOficinade
J·venesInvestigadores,G®neroyDiversidad,
ysusfuncionespasaronarepartirseentrela
Comisi·ndeIgualdadyDiversidad(CID)yla
OficinadeJ·venesInvestigadores(OJI).El
objetivodelaCIDconsisteentratarde
eliminarladiscriminaci·noacosoquepueda
tenerlugarenelInstituto,asegurandola
igualdaddeoportunidadesdetodossus
miembrosy favoreciendolasbuenas
relacionesentreloscomponentesdetodas
sussecciones.LaOJIseocupadeacogere
informaralosdoctorandosypostdocsdel
IFIC,ensendasreunionesdebienvenida
anuales,as²comodeorganizarjornadas
sobreoportunidadesprofesionalesm§sall§de
lainvestigaci·np¼blica.

En2021lamayorpartedelasconferencias
hansidovirtualesosehanpospuesto.En
particular,la17Ûconferenciainternacional
TopicsinAstroparticleandUnderground

Physics(TAUP2021),queseorganizabaen
Valenciaporprimeravez,tuvolugaronline,
conlaparticipaci·ndeunosmilf²sicosdetodo
elmundo.

LosinvestigadoresdelIFICsiguenasumiendo
importantesresponsabilidadesinternacionales
ynacionales:ArantxaRuizescoordinadora
delTrigger(selecci·ndedatosentiemporeal)
delexperimentoATLASenelCERN;Juanjo
Hern§ndezesmiembrodelLargeHadron
ColliderExperimentsCommittee(LHCC),un
comit®internacionalquemonitorizael
progresodelosexperimentosdelLHCenel
CERN;Germ§nRodrigohasidonombrado
ExpertoNacionalporlaComisi·nEuropeaen
laAgenciaEjecutivadelConsejoEuropeode
Investigaci·n(ERCEA)deBruselas,enel
§readeCienciasF²sicasyMatem§ticas;Pilar
Hern§ndezescoordinadoradelplannacional
deF²sicadePart²culasyNucleardela
AgenciaEspa¶oladeInvestigaci·n.

Tambi®nquieroresaltarlacalidaddelastesis
doctoralesrealizadasenelIFIC:Andrea
Caputoy AlejandroSegarrarecibieronel
premioextraordinariodeDoctorado2020dela
UniversitatdeV¨lencia,y DiegoRealel
premiode laSociedadEspa¶olade
Astronom²aTesis2021enInstrumentaci·n,
Computaci·nyDesarrolloTecnol·gico.

Apesardelasdificultades,elIFIChaseguido
involucradoensucompromisodedivulgaci·n
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delacienciayvisibilizaci·ndelascient²ficas,
ysindudatengoquedestacarenesteaspecto
elambiciosoProyectoMeitner,porsus
m¼ltiplesvertientesyalcance:secolabor·con
elInstitutValenci¨deCulturaylacompa¶²a
deteatroCRITparaestrenarporprimeravez
enEspa¶alaobrañRecordandoa Lise
Meitnerò,deldramaturgoycatedr§ticode
HistoriadelaCienciaRobertMarcFriedman,
conlaparticipaci·ndevariasinvestigadoras
delIFIC;seorganizaronlasjornadasde
CienciayG®neroñPionerasenF²sicaNuclear
y de Part²culasò, paraprofesoresde
Ense¶anzaSecundaria;y tuvolugarla
primeraedici·ndelconcursoExpress-Arte
ConCiencia,unconcursomultidisciplinarenel
quesemezclanlasciencias,lasartesylas
humanidades.

Por¼ltimo,peronomenosimportante,quiero
reconocereltrabajoydedicaci·ndelos
miembrosdelIFIC,tantoelpersonaldocente
einvestigadorcomoelpersonalt®cnico,de
administraci·nycomunicaci·n.Entretodos
hanhechoposibleslasnumerosasactividades
descritasenestamemoriaysonnecesarios
paraquepodamosmantenernuestroliderazgo
internacionalycontinuarmejorando.

NuriaRius
Directora del IFIC



'any2021hasigutunanyh²brid,ens
hemacostumata aquestformatials
aforamentslimitats.Afortunadaments'est¨
recuperantapocapoclanormalitat,encara
quenotanr¨pidamentcomenshauria
agradat,isempreambmoltaincertesasobre
sipodremferlesactivitatspresencialsono.
Denouenguanyvullagrairatotelpersonal
delIFICl'actitudiresponsabilitatdavant
aquestasituaci·an¸malacausadaperla
pand¯miade COVID19, i lavostra
colĿlaboraci·pera mantindreelvirus
controlat,sensemenyscaptedel'activitatde
l'institut.

AquestaMem¸ria®slaprimeraestructurada
d'acordamblesnovesl²niesd'investigaci·del
IFIC,definidesalafide2019:
1.Origendelamassa:entendreleslleis
fonamentalsdelaF²sica
2.Origendelamat¯ria:entendrel'Univers
3.Instrumentaci·avan­adaicomputaci·:de
laF²sicafonamentalalasocietat.

Cadascunad'ellest®diversessubl²neas,que
descobrireusicontinueullegint.Tamb®hem
optatpersepararlestradicionalsjornades

cient²fiquesdelIFICendiferentstem¨tiquesi
en2021vatindrelloclaprimera,dedicadaala
l²niaL1:ñTheHiggsForceò,enlaqualels
investigadorste¸ricsiexperimentalsque
treballenenaquesttemavanexposarels
resultatsm®sdestacats.A causadela
pand¯mia,lajornadavaseronline,per¸
esperemquelespr¸ximessiguenpresencials.

Enguanydecidimreestructurarl'Oficinade
JovesInvestigadors, G¯nereiDiversitat
(JIGD),ilesseuesfuncionss'hanrepartit
entrelaComissi·d'IgualtatiDiversitat(CID)i
l'Oficinade JovesInvestigadors(OJI).
L'objectiudelaCIDconsisteixa tractar
d'eliminarladiscriminaci·oassetjamentque
pugatindrellocenl'Institut,assegurantla
igualtatd'oportunitatsdetotselsseus
membresiafavorintlesbonesrelacionsentre
elscomponentsdetoteslesseuesseccions.
LaOJIs'ocupad'acolliriinformarels
doctorandsipostdocsdelIFIC,ensengles
reunionsdebenvingudaanuals,aix²com
d'organitzarjornadessobreoportunitats
professionalsm®senll¨delainvestigaci·
p¼blica.

En2021lamajorpartdelesconfer¯ncieshan
sigutvirtualsos'hanposposat.Enparticular,
la17a confer¯nciainternacionalTopicsin
AstroparticleandUndergroundPhysics(TAUP
2021),ques'organitzavaa Val¯nciaper
primeravegada,vatindrelloconline,ambla
participaci·d'unsmilf²sicsdetotelm·n.

ElsinvestigadorsdelIFICcontinuenassumint
importantsresponsabilitatsinternacionalsi

nacionals: Arantxa Ruiz és coordinadora del
Trigger (selecció de dades en temps real) de
l'experiment ATLAS en el CERN; Juanjo
Hernández és membre del Large Hadron
Collider Experiments Committee (LHCC), un
comité internacional que monitora el progrés
dels experiments del LHC en el CERN;
Germán Rodrigo ha sigut nomenat Expert
Nacional per la Comissió Europea en
l'Agència Executiva del Consell Europeu
d'Investigació (ERCEA) de Brussel·les, en
l'àrea de Ciències Físiques i Matemàtiques;
Pilar Hernández és coordinadora del pla
nacional de Física de Partícules i Nuclear de
l'Agència Espanyola d'Investigació.

També vull ressaltar la qualitat de les tesis
doctorals realitzades en el IFIC: Andrea
Caputo i Alejandro Segarra van rebre el premi
extraordinari de Doctorat 2020 de la
Universitat de Vàlencia, i Diego Real el premi
de la Societat Espanyola d'Astronomia Tesi
2021 en Instrumentació, Computació i
Desenvolupament Tecnològic.

Malgrat les dificultats, el IFIC ha seguit
involucrat en el seu compromís de divulgació
de la ciència i visibilització de les científiques, i
sens dubte he de destacar en aquest aspecte
l'ambiciós Projecte Meitner, pels seus
múltiples vessants i abast: es va col·laborar
amb el Institut Valencià de Cultura i la
companyia de teatre CRIT per a estrenar per
primera vegada a Espanya l'obra ñRecordant a
Lise Meitnerò,del dramaturg i catedràtic
d'Història de la Ciència Robert Marc Friedman,
amb la participació de diverses investigadores
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del IFIC; es van organitzar les jornades de
Ciència i Gènere ñPioneres en Física Nuclear i
de Partículesò, per a professors
d'Ensenyament Secundari; i va tindre lloc la
primera edició del concurs Express-Arte
ConCiencia, un concurs multidisciplinari en el
qual es mesclen les ciències, les arts i les
humanitats.

Finalment, però no menys important, vull
reconéixer el treball i dedicació dels membres
del IFIC, tant el personal docent i investigador
com el personal tècnic, d'administració i
comunicació. Entre tots han fet possibles les
nombroses activitats descrites en aquesta
memòria i són necessaris perquè puguem
mantindre el nostre lideratge internacional i
continuar millorant.

NuriaRius
Directora del IFIC



heyear2021hasbeenahybridone.
Wegotaccustomedtothisformatandto
venueswithlimitedcapacity.Fortunately,we
aregettingbacktonormalliveslittlebylittle,
althoughnotasfastaswewouldhaveliked,
andalwayswithalotofuncertaintyabout
whetherornotwewillbeabletodoface-to-
faceactivities.Onceagain,thisyearIwantto
thankalltheIFICstafffortheirattitudeand
responsibilitywithregardtothisabnormal
situationcausedbytheCOVID19pandemic,
andforyourcollaborationinkeepingthevirus
undercontrol,withoutunderminingthe
institute'sactivity.

ThisReportisthefirstonestructured
accordingtoIFICôsnewlinesofresearch,
definedattheendof2019:

1. Originofmass: understandingthe
fundamentallawsofPhysics
2. Originofmatter: understandingthe
Universe
3.Advancedinstrumentationandcomputing:
fromfundamentalPhysicstosociety.

Eachlinehasseveralsublines,whichyouwill
discoverifyoucontinuereading.

We have also chosen to split the traditional
IFIC scientific meeting into different thematic
workshops. In 2021 the first one took place,
dedicated to line L1: ñTheHiggs Forceò,in
which theoretical and experimental
researchers working on this topic presented
the most important results. Due to the
pandemic, the workshop was held online, but
we hope that the next ones will be face-to-
face.

This year we decided to restructure the Office
of Young Researchers, Gender and Diversity.
Its functions were divided between the
Equality and Diversity Commission (CID) and
the Office of Young Researchers (OJI). The
objective of the CID consists of trying to
eliminate the discrimination or harassment that
may take place in the Institute, ensuring equal
opportunities for all its members and favoring
good relationships between them. The OJI is
in charge of welcoming and informing IFIC
doctoral students and postdocs, in separate
annual welcome meetings, as well as
organizing workshops on professional
opportunities beyond public research.

In 2021, most of the conferences were held
virtually or have been postponed. In particular,
the 17th international conference Topics in
Astroparticle and Underground Physics (TAUP
2021), which was organized in Valencia for the
first time, took place online, with the
participation of around a thousand physicists
from all over the world.

IFIC researchers continue to take important

responsibilitiesattheinternationalandnational
levels:ArantxaRuiziscoordinatorofthe
Trigger(selectionofdatainrealtime)ofthe
ATLASexperimentatCERN; Juanjo
Hern§ndezismemberoftheLargeHadron
ColliderExperimentsCommittee(LHCC),an
internationalcommitteethatmonitorsthe
progressoftheLHCexperimentsatCERN;
Germ§nRodrigohasbeenappointedNational
ExpertbytheEuropeanCommissionatthe
ExecutiveAgencyoftheEuropeanResearch
Council(ERCEA)inBrussels,intheareaof
PhysicalandMathematicalSciences;Pilar
Hern§ndeziscoordinatorofthenationalplan
forNuclearandParticlePhysicsofthe
SpanishResearchAgency.

Ialsowanttohighlightthequalityofthe
doctoralthesescarriedoutatIFIC.Andrea
CaputoandAlejandroSegarrareceivedthe
extraordinarydoctoralaward2020fromthe
UniversityofValencia,andDiegoReal
receivedthe2021Thesisprizein
Instrumentation,ComputingandTechnological
DevelopmentfromtheSpanishSocietyof
Astronomy.

Despitethedifficulties,IFIChascontinuedto
beinvolvedinitscommitmenttodisseminate
scienceandmakefemalescientistsvisible.I
mustcertainlyhighlighttheambitiousMeitner
Projectinthisregard,duetoitsmultiplefacets
andreach.WecollaboratedwiththeInstitut
Valenci¨deCulturaandthetheatercompany
CRITtopremiereforthefirsttimeinSpainthe
play"RememberingLiseMeitner",bythe
playwrightandProfessorofHistoryofScience
RobertMarcFriedman,withtheparticipation
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IFIC,werealsoheldvirtually.

ofseveralIFICresearchers.TheñPioneersin
NuclearandParticlePhysicsòScienceand
Genderworkshopwasorganizedfor
SecondarySchoolteachers.Finally,thefirst
editionoftheExpress-ArteConCienciacontest
tookplace,amultidisciplinarycontestinwhich
thesciences,artsandhumanitiesareblended
together.

Lastbutnotleast,Iwanttoacknowledgethe
workanddedicationofIFICmembers,both
theteachingandresearchstaffaswellasthe
technical,administrativeandcommunication
staff.Togethertheyhavemadepossiblethe
manyactivitiesdescribedinthisreportand
theyareallnecessarytomaintainour
internationalleadershipandcontinueto
improve.

NuriaRius
Directora del IFIC



HIGHLIGHTS

OF THE YEAR

2



HIGHLIGHTS OF THE YEAR2

IFICresearcherFranciscoSalesaGreus,togetherwithothermembers

oftheHAWCcollaboration,hasdetectedveryhigh-energyphotonsfrom

agalacticsourcethatcouldbeacandidateforproducingcosmicrays.

ThisfindinghasbeenpublishedinTheAstrophysicalJournalLetters.

Moreinformationhere.

HAWC DETECTSA GALACTICSOURCEOFGAMMA RAYSTHATISA CANDIDATE FOR

PRODUCINGVERYHIGH-ENERGYCOSMICRAYS

AsatributetoLiseMeitner,IFIChasadaptedaplayaboutherlifeto

bringittotheSpanishpublicwithanextensiveprogramofactivitiesthat

highlighttheroleofwomeninnuclearphysicsandscientificresearch.

Theplay'RememberingLiseMeitner'premieredinSpainattheRialto

theaterinValencia,fromMarch11to14.Moreinformationhereand

here.

'REMEMBERING LISE MEITNER', THEATER TO MAKE VISIBLE THE ROLE OF WOMEN IN 

SCIENCE

https://webific.ific.uv.es/web/content/detectan-una-fuente-galáctica-de-rayos-gamma-candidata-producir-rayos-cósmicos-de-muy-alta
https://webific.ific.uv.es/web/content/el-csic-lleva-al-teatro-la-vida-de-lise-meitner-pionera-de-la-f%C3%ADsica-nuclear-olvidada-por-el
https://webific.ific.uv.es/web/content/‘recordando-lise-meitner’-teatro-para-visibilizar-el-papel-de-las-mujeres-en-ciencia


HIGHLIGHTS OF THE YEAR2

TheLHCbexperimentatCERNannouncednewresultswhich,if

confirmed,wouldsuggesthintsofaviolationoftheStandardModelof

particlephysics.Theresultsfocusonthepotentialviolationoflepton

flavouruniversality.Themeasurementcomparestwotypesofdecaysof

beautyquarks,involvingelectronsandmuons,respectively.More

informationhere.

CERN'S LHCB EXPERIMENT YIELDS INTRIGUING NEW RESULTS ON THE STANDARD 

MODEL OF PARTICLE PHYSICS

InApril2021,significantprogresshasbeenmadeintheconstructionof

theKM3NeTundeerwaterinfrastructure.Fivenewdetectionunits(fora

totalofsix)oftheARCAneutrinotelescopehavebeeninstalled.The

unitsarenowoperationalandcollectingdata.IFIChasactively

contributedtothedesign,constructionandcalibrationoftheselines.

Moreinformationhere.

THEKM3NET/ARCA NEUTRINO TELESCOPEHAS SIXDETECTIONUNITSIN OPERATION

AS OF APRIL 2021

https://webific.ific.uv.es/web/content/el-experimento-lhcb-del-cern-arroja-nuevos-intrigantes-resultados-sobre-el-modelo-estándar
https://webific.ific.uv.es/web/en/content/km3netarca-neutrino-telescope-which-ific-participates-already-has-six-detection-units


HIGHLIGHTS OF THE YEAR2

IFICandtheInstituteforMolecularImagingTechnologies(i3M)

participateinIMAS(HighSensitivityMolecularImaging),anR&D

projectpromotedbytheGeneralitatValenciana.Theobjectiveisto

developanewpositronemissiontomography(PET)devicethat

improvestheperformanceofcurrentequipment,thankstoincreased

sensitivityandspatialresolution.Moreinformationhere.

IFIC PARTICIPATESTOGETHERWITHTHEI3M IN A PROJECTTODEVELOPA NOVEL PET 

SCANNER

IFIChasorganizedthe17theditionofthisinternationalconference,

TAUP2021.TheeventwasheldinValenciaforthefirsttime,albeit

'virtually'duetotheCOVID-19pandemic.Athousandphysicistsfrom

allovertheworldhaveparticipatedintheconference,wherethelatest

resultsongravitationalwaves,thedetectionofdarkmatterorneutrinos

havebeenpresented.Moreinformationhere.

17TH INTERNATIONAL CONFERENCE ON TOPICS IN ASTROPARTICLE AND 

UNDERGROUND PHYSICS (TAUP 2021)

https://webific.ific.uv.es/web/content/el-ific-participa-junto-con-el-i3m-en-un-proyecto-para-desarrollar-un-novedoso-escáner-pet
https://webific.ific.uv.es/web/content/cómo-brillan-las-estrellas-más-grandes-la-materia-oscura-y-otros-enigmas-del-cosmos-al


HIGHLIGHTS OF THE YEAR2

SincethediscoveryoftheHiggsbosonin2012,manyofits

fundamentalpropertieshavebeenmeasured.AnewATLASresult

presentedattheEPS-HEPconference,involvingkeycontributions

fromIFICresearchersXimoPovedaandLucaFiorini,hasmeasured

thedecayoftheHiggsbosonintotauleptonsusingRun2dataofthe

LHC.Moreinformationhere.

ATLAS MEASURES KEY HIGGS BOSON INTERACTION WITH HIGH PRECISION

ArantxaRuizMart²nez,Ram·nyCajalresearcheratIFIC,hasbeen

appointedasTriggerCoordinatoroftheCERNATLASexperiment.Her

teamwillberesponsibleforimplementingimprovementsinthereal-time

dataselectionsystem.Thegoalistoexplorenewphysicsprocesses

whentheLHCresumesoperationsin2022.Moreinformationhere.

ARANTXA RUIZ MARTĉNEZ COORDINATESTHESELECTIONOFDATA IN REAL TIME IN 

THEATLAS EXPERIMENTAT CERN LHC

https://webific.ific.uv.es/web/content/el-ific-participa-en-el-experimento-de-atlas-para-medir-con-gran-precisión-una-interacción
https://webific.ific.uv.es/web/en/content/ific-researcher-will-coordinate-selection-real-time-data-lhc-experiment-cern


HIGHLIGHTS OF THE YEAR2

ResearchersfromIFICpatentadevicecapableofsimultaneously

detectingandimaginggammaradiationandneutrons,overawide

energyspectrum.Bothradiationsareessentialtodetectradioactive

materialsinnuclearsafetyprogramsandtominimisethesideeffects

ofhadrontherapy,anovelcancertherapy.Moreinformationhere.

IFIC DEVELOPSA COMPACT AND PORTABLE DETECTOR WITHMEDICAL AND NUCLEAR 

SAFETY APPLICATIONS

JuanJos®Hern§ndez-ReyhasbeenappointedmemberoftheLHCC

committee,whichreviewsthestatusandprogressoftheLargeHadron

Collider(LHC)experimentsatCERN.Thecommitteeismadeupof

abouttwentyscientistsfromEurope,theUnitedStates,Canada,and

Japan.Moreinformationhere.

JUAN JOSÉ HERNÁNDEZ-REY, NEW MEMBER OF THE LARGE HADRON COLLIDER

EXPERIMENTS COMMITTEE (LHCC)

https://webific.ific.uv.es/web/en/content/ific-develops-compact-and-portable-detector-medical-and-nuclear-safety-applications
https://webific.ific.uv.es/web/en/content/ific-researcher-juan-josé-hernández-rey-new-member-large-hadron-collider-experiments
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STRUCTURE3

Director

Nuria Rius

DeputyDirector

Berta Rubio

DeputyDirector

Jos® E. Garc²a

DeputyDirector

Michel Sorel

Manager

Ana Fandos



STRUCTURE3

Heads of the research 

departments

Personnel representatives

Experimental Physics

Luca Fiorini

Theoretical Physics

Luis Ćlvarez

International Scientific 

Advisory Committee

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

> William Gelletly (Univ, Surrey, UK)

> Francis Halzen (Univ. Wisconsin, USA)

> Cecilia Jarlskog (Univ. Lund, Sweden)

> Peter Jenni (Univ. Freiburg, Germany, and CERN, Switzerland)

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

> Tatsuya Nakada (EPFL Lausanne, Switzerland)

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

Non-PhD members

Teresa C§mara 

PhD members

Susana Cabrera
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35% PhD Students

24% WOMEN

76% MEN

PERSONNEL
DECEMBER 2021

3

305
TOTAL STAFF 

Personnellist

7% Tenure track researchers

7% 
Administrative 

staff

12% 
Technical staff

4% Professors emeriti and 

visiting researchers

23% Permanent staff 

researchers

12% Post-docs 

researchers
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TOP 5 JOURNALS 
(BY NUMBER OF PAPERS) WITH IFIC AUTHORS 

97 Journal of High Energy Physics (IF 6.4) 

61 Physical Review D (IF 5.4) 

58 European Physical Journal C (IF 5.0) 

25 Physics Letters B (IF 5.0) 

24 Physical Review C (IF 3.2)

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

Nature (IF 69.5) 2

Living Reviews in Relativity (IF 42.9) 1

Nature Physics (IF 19.7) 2

Reports on Progress in Physics (IF 17.8)1 

PhysicalReviewLetters(IF 9.2) 22

SCIENTIFIC OUTCOME 4

ARTICLES IN INDEXED JOURNALS 411
(ONLY DOCUMENT TYPE ARTICLE OR REVIEW). SEE ANNEX FOR FULL LIST OF 

PUBLICATIONS

90% IN FIRST QUARTILE JOURNALS 
(JCR-WoSOR CITESCORE-SCOPUS, 2021)



CONFERENCES, WORKSHOPS, SEMINARS AND 

COLLOQUIA

4

Full list of events

CONTRIBUTIONS 

TO 

CONFERENCES 

AND 

WORKSHOPS

'SEVERO 

OCHOA' 

COLLOQUIA 

ORGANIZED

SEMINARS 

ORGANIZED

CONFERENCES 

AND WORKSHOPS 

ORGANIZED

351 7 9512



CONFERENCES AND WORKSHOPS4.1

IFICresearcherspresenttheir

resultsinthemaininternational

conferencesandworkshops.A

totalof351contributionswere

presentedin2021:321talks(22

invited,120plenaries)and30

posters.

NATIONAL AND 

INTERNATIONAL 

CONFERENCES

CONTRIBUTIONS TO 

CONFERENCES AND WORKSHOPS

351

IFICmembershaveorganized12

conferencesandworkshops

during2021.Thefulllistingcan

befoundinannex3.

CONFERENCES AND 

WORKSHOPS ORGANIZED

12
Fulllistofevents



institute'sYouTubechannel.

In2021, IFICcelebrated7

SeveroOchoaColloquia.

Colloquiainhybridformat(in-

personplusonline)were

resumedinSeptember2021,

aftera periodofonline-only

colloquiabecauseof the

pandemic.Thelistingcanbe

foundinAppendixC.Organisers:

AlejandroAlgora,VasilikiMitsou,

SergioPalomaresRuizand

MarcelVos.

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.

The outreach department shares

recordings of the lectures on the

'SEVERO OCHOA' 

COLLOQUIA ORGANIZED

COLLOQUIA4
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4.2

Fulllistofevents

https://www.youtube.com/channel/UC0j8q7BvsKbDNiK6uoK_A5A


Organisers: LeandroCieri,

AndreaDonini, DanielG.

Figueroa,Mart²nGonz§lez

Alonso,FernandoHueso,Adri§n

Irles,JacoboL·pezPav·n,Laura

Molina,RaquelMolina,Miguel

Nebot,SergioPalomaresRuiz,

EmiliePassemar, AnaRos,

AvelinoVicente.

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 2021

we hosted a total of 95 seminars,

including 15 student seminars.

The complete list can be found in

Appendix D.

SEMINARS ORGANIZED

SEMINARS4.3

95
Fulllistofevents
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THE ORIGIN OF MASS



SCIENTIFIC RESEARCH LINES

LINE 1. THE HIGGS 
FORCE 

Reach a deeper understanding of the Higgs force from LHC Run 3 at CERN

with the ATLAS experiment and future colliders. The focus is on the

interactions of the Higgs boson and the top quark, novel methodologies and

formal developments for beyond state-of-the-art theoretical predictions and

phenomenological analysis at higher orders in perturbative quantum field

theory, as well as in the theoretical interpretation of the experimental data in

terms of effective field theories (SMEFT, HEFT), which contain a large

number of parameters and call for innovative methods in parameter fitting,

e.g. using Machine Learning techniques. At the same time, continue the

direct search for new particles at the energy frontier.
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During2021,TheLargeHadronCollider(LHC)
atCERNcontinuedinshutdownforthePhase-
Iluminosityupgradeandmaintenanceand
consolidationoftheexperiments.Ouractivity
areasintheATLASexperimentoftheLHC
dealtwiththepreparationforthestartofthe
LHC detectoroperation,softwareand
computingandalsotothedetectorupgrade.
Atthesametimeweengagedinintense
activitiesrelatedtothephysicsexploitationof
theATLASexperimentviathedataanalysis.

ATLAS Operations
Thetriggerisa keypartoftheATLAS
experiment,selectingtheeventsthatarekept
forpermanentstorageandsubsequent
physicsanalysis.During2021,thelistand
definitionofthealgorithmstoselectthedata
duringRun3hasbeendefined.IFICmembers
arethedeputycoordinatoroftheATLAS
triggerandamongtheorganizersofthe
"ATLASPhysicsfromRun2toRun3and
beyond".

Themaintenanceandconsolidationtasksin
thefront-endelectronicsofTileCalhavebeen
carriedout.TheRead-OutDriversplayakey
roleintheATLASdata-takingandmodules
havebeenrepairedtoensuresufficientspares
fortheRun3oftheLHC.

Ourgroupplaysaleadingroleintheelectron,

photon and tau lepton performance studies in
ATLAS. In 2021, IFIC members are
coordinating the ATLAS E/gamma group and
the tau reconstruction and software subgroup.
Among other areas, we contribute to the
preparation of the tau reconstruction code for
Run 3 and to the development of techniques
for the reconstruction and identification of
leptons (muons, electrons and tau-leptons)
within the ATLAS experiment software.

Precision measurements Higgs/Top
IFIC has greatly contributed to the analysis of
the LHC proton-proton collisions data. The
precise measurement of the couplings of the
Higgs boson to fermions (Yukawa coupling) is
one of the priorities of the LHC physics
program and also for us. We have been
particularly active in the measurement of the
Higgs boson coupling to tau leptons and top-
quarks with the complete dataset accumulated
during Run 2 of the LHC. Our studies focused
on the measurement of the cross-section of
the Higgs boson according to the simplified
template cross-section (STXS) scheme. Our
contribution focused on the fiducial cross-
section measurement of the vector-boson
fusion and top-quark associated production.
Preliminary results from our studies have been
shown to conferences in 2021 [ATLAS-CONF-
2021-044], achieving a precision of 20% for
the Vector Boson Fusion production
measurement, demonstrating the strength of
this analysis.

IFICisalsoinvolvedinthemeasurementof
theself-couplingcouplingoftheHiggsboson.
Thisisoneofthemostimportantpropertiesof
theHiggsboson,relatedtothestabilityofthe
electro-waekvacuum.Thisparameterisvery
hardtomeasure,becausetheprocesses
whereitcontributeshaveverysmall
probabilities.Oneoftheseprocessesisthe
productionofHiggsbosonpairs. IFIC
membershavebeenamongthemain
analyzersofthemeasurementoftheHiggs
bosonpairproductionintothefinalstateswith
twobottomquarksandtwophotons,usingthe
completeRun2 datasetoftheLHC.
Preliminaryresults[ATLAS-CONF-2021-016],
presentedatthemainconferencesof2021,
havebeencombinedwithsimilarATLAS
searchesinotherfinalstatesandupperlimits
of3.1timestheStandardModelhavebeenset
[ATLAS-CONF-2021-052].The95%C.L.limits
fortheHiggsbosonselfcouplingexclude
valuesoutsidetherangeī1.0ÒəɚÒ6.6,being
themoststringentintheworldatthetime.

ThemeasuredvaluesforůHĬB(HŸ ŰŰ)relativetotheSM

expectationsintheCross-sectionsperproductionmodesand

theTotalCross-sectionmeasurements.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-044/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/
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Wealsocontributedtothestudiesofthe
couplingofthetopquarkandZbosonswith
thesocalledttZproduction.Measurementsof
boththeinclusiveanddifferentialproduction
crosssectionsofatop-quarkïantiquarkpairin
associationwithaZbosonwerepublished
[Eur.Phys.J.C 81,737(2021)].The
measurementswereperformedbytargeting
finalstateswiththreeorfourisolatedleptons
(electronsormuons)andbasedontheLHC
Run2ãs=13TeVprotonïprotoncollisiondata
collectedbyATLAS.Theinclusivecross
sectionwasmeasuredtobeůὸὸľὤ=0.99Ñ0.05
(stat.)Ñ0.08(syst.)pb,inagreementwiththe
mostprecisetheoreticalpredictions.The
differentialmeasurementsarepresentedasa
functionofanumberofkinematicvariables
whichprobethekinematicsoftheὸὸľὤsystem

andperformedatparticleandpartonlevel,
shownbga goodagreementwiththe
predictions.

Ourgroupalsoproducedthemeasurementof
thetopquarkpolarizationinsingletop
productionattheLHC. Thisanalysis
presentedasimultaneousmeasurementofthe
threecomponentsofthetop-quarkandtop-
antiquarkpolarisationvectorsinthet-channel
single-top-quarkproduction.Theanalysisused
theleptonicdecayofthetopquarks(eitherto
electronsofmuons)andrequestedlarge
missingtransversemomentumandexactly
twojets(withonebeingb-tagged).Thetop-
quarkandtop-antiquarkpolarisationvectors
weremeasuredfromthedistributionsofthe
directioncosinesofthecharged-lepton
momentuminthetop-quarkrestframe.Then,
normaliseddifferentialcross-sections
correctedtoafiducialregionatthestable-
particlelevelwerepresentedasafunctionof
thecharged-leptonanglesfortop-quarkand
top-antiquarkeventsinclusivelyand
separately.Thesemeasurementswerein

agreementwithStandardModelpredictions
butalsoallowedtoperformconstraintstothe
complexWilsoncoefficientofthedimension-
sixtWoperatorintheframeworkofan
effectivefieldtheory(EFT)[J.HighEnerg.
Phys.2022,40(2022)].

Wedidalsopublishedthedeterminationofthe
b quarkrunningmass[PRL128(2022)
122001].Themeasurementisperformedin
theMSľschemeattherenormalizationscale

oftheHiggsbosonmassfrommeasurements
ofHiggsbosondecayratesattheLHC.The
obtainedvalueismb(mH)=2.60+0.36ī0.31
GeV,whichcomeswithanegligibletheory
uncertaintyandexcellentprospectstoimprove
attheHL-LHCandafutureHiggsfactory.

Searches Higgs/Top

ThediscoveryofaHiggsbosonopensthe
possibilitythatnewphysics(beyondtheSM)
appearsintheHiggssector.Ourresearchers
areinvolvedinthestudyoftheHiggssector
andgreatlycontributedtotheanalysisofthe
Run2dataoftheLHC.

gg Ÿ HH: Combined Uncertainties

Wehaveanalyzedthecombinationofthe
usualrenormalizationandfactorizationscale
uncertaintiesofHiggs-pairproductionvia
gluonfusionwiththeuncertaintiesoriginating
fromtheschemeandscalechoiceofthe
virtualtopmassintheYukawacouplingand
thepropagators.Duetotheobservationthat
thelatterrelativeuncertaintiesarenearly
independentoftherenormalizationand
factorizationscalechoices,theproper
combinationoftherelativeuncertaintiesis
providedbya linearaddition,resultingin
uncertaintiesrangingfrom-23% to6%.Our
proceduredoesnotestimatethefull
uncertaintiesatNNLObutthoseat
approximateNNLOwithouttheknowledgeof
thecompleteNNLOtop-masseffects.

Observed and expected limits at 95% CL on the cross section

of non-resonant Higgs boson pair production as a function of

the Higgs boson self-coupling modifier əɚ=

ɚ_HHH/ɚ^SM_HHH.
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Inasecondstepwederivedthedependence
oftheuncertaintiesrelatedtothetop-mass
schemeandscalechoiceonavariationofthe
trilinearHiggsself-couplingɚ.Therelative
uncertaintiesareagainobservedtodevelop
onlyasmalldependenceonɚ.Wecombined
alltheuncertaintiesforãs=13TeVwiththe
onesofthepresentrecommendationofthe
LHC HiggsWorkingGroup,obtaining
moderateuncertaintiesrangingfrom-9% to
5%.Thisallowsustoobtainstate-of-the-art
predictionsforHiggspairproductioncross
sectionsattheLHC includingboth
renormalization/factorizationscaleandtop-
quarkscaleandschemeuncertainties.

Physics scale to the scale of low energy

observables.

Heavy neutral leptons in effective field 

theory and the high-luminosity LHC

Heavy neutral leptons (HNLs) are one of the

prime candidates for long-lived particles. We

have calculated the sensitivity for the search of

HNLS in SMEFT extended by right-handed

neutrinos for the high-luminosity run of the

LHC. Forecasts are made for both, the main

and possible future far detectors.

Anomaly-free leptophilic axionlike particle 

and its flavor violating tests

Weshowthatforageneralflavorsymmetry

wherelargemixingsinthecharged-lepton

sectorarepossible,akeVALPexplainingthe

Xenon1Tresultisstillviableforleptonflavor

violationandstellarcoolingastrophysical

limits.Ontheotherhand,iftheXenon1Tresult

isconfirmed,futurecharged-leptonflavor

violationmeasurementscan be

complementarytoprobesuchapossibility.

DsixTools2.0: The Effective Field Theory 

Toolkit

Theuseofcomputingtoolstoautomate

analyticalandnumericalcalculationsin

EffectiveFieldTheorieshasbecomecommon

practicenowadays. DsixTools2.0 isa

Mathematicapackageforthematchingand

renormalization-groupevolutionfromtheNew

RatioofthefullNLOQCDdifferentialcrosssectiontotheLO

one(left)andtotheNLOHTL(right)forvariousdefinitionsof

thevirtualtopmassasafunctionoftheinvariantHiggs-pair

mass.

CosmologicalandleptonflavorviolationboundsonAxion-like

Particlescomparedwiththepredictionofageneralflavor

modelexplainingtheXenon1Tanomaly.

Sensitivity estimate for the high-luminosity LHC for pair-N

operators in the plane mixing squared versus heavy neutral

lepton mass.



Inasecondstepwederivedthedependence
oftheuncertaintiesrelatedtothetop-mass
schemeandscalechoiceonavariationofthe
trilinearHiggsself-couplingɚ.Therelative
uncertaintiesareagainobservedtodevelop
onlyasmalldependenceonɚ.Wecombined
alltheuncertaintiesforãs=13TeVwiththe
onesofthepresentrecommendationofthe
LHC HiggsWorkingGroup,obtaining
moderateuncertaintiesrangingfrom-9% to
5%.Thisallowsustoobtainstate-of-the-art
predictionsforHiggspairproductioncross
sectionsattheLHC includingboth
renormalization/factorizationscaleandtop-
quarkscaleandschemeuncertainties.

Selected publications

>L.FioriniWhatwelearnedaboutthe

Higgsboson"PoSLHCP2020(2021) 159ñ.

DOI:https://doi.org/10.22323/1.382.0159

>J.Baglio,F.Campanario,S.Glaus,M.

M¿hlleitner,J.RoncaandM.Spira.ggŸHH:

CombinedUncertaintiesPhys.Rev.D 103

(2021)5,056002 arXiv:2008.11626.

DOI:10.1103/PhysRevD.103.056002
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>J. Poveda Higgs Spin, Parity and CP at the
LHC 40th International Symposium on
Physics in Collision 14/07/2021

Aachen (Germany)

> L. Fiorini Lepton Flavor Violation Searches
at ATLAS and CMS 16th International
Workshop of Tau Lepton Physics (TAU2021)

27/09/2021 Online

> I. Sayago Searches for Higgs boson pair
production with the full LHC Run 2 dataset in
ATLAS Higgs 2021 18/10/2021

Online

> A. Bailey Searches for additional Higgs
bosons in ATLAS SUSY 2021

23/08/2021 Online

> M. Hirsch Neutrinos and long-lived
particles Subatomic Physics at the High
Energy Frontier (SAPHIR) 01/10/2021

Online

> M. J. Costa Measurement of
top-quark cross sections and properties with
the ATLAS detector at the LHC Blois
2021 17 oct 2021 Blois (France)
http://blois.in2p3.fr/2021/

>C.Han,M.L.L·pez-Ib§¶ez,A.Melis,O.

Vives,J.M.Yang Anomaly-free

leptophilicaxionlikeparticleanditsflavor

violatingtests Phys.Rev.D 103

(2021)3,035028 arXiv:2007.08834

DOI:10.1103/PhysRevD.103.035028

>JavierFuentes-Martin,PedroRuiz-Femenia,

AvelinoVicente,JavierVirtoDsixTools2.0:

The EffectiveFieldTheoryToolkit

Eur.Phys.J.C 81 (2021) 2, 167

arXiv:2010.1634DOI:10.1140/epjc/s10052-

020-08778-y

>G.Cottin,J.C.Helo,M.Hirsch,A.Titovand

Z.S.WangHeavyneutralleptonsineffective

fieldtheoryandthehigh-luminosityLHC

JHEP09(2021)039 arXiv:2105.13851

DOI:10.1007/JHEP09(2021)039

>JavierAparisi,JuanFuster,Adri§nIrles,

Germ§nRodrigo,MarcelVosetal. mbat

mH:TheRunningBottomQuarkMassandthe

HiggsBosonPRL128(2022)122001.DOI:

https://doi.org/10.1103/PhysRevLett.128.1220

01

http://blois.in2p3.fr/2021/
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NEUTRINOS 

AND LEPTON 

FLAVOUR 

SCIENTIFIC RESEARCH LINES

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.
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Theconfirmationthatneutrinosaremassive
hasledtospectacularexperimentalprogress
inparticlephysics. Thisdiscoverywas
awardedtheNobelPrizeinPhysicsin2015
andconstitutesacleardeviationfromthe
StandardModel.TheresearchlinesofIFIC,a
leadinginstituteinbothexperimentaland
neutrinophysics,explorethepropertiesof
theseelusiveparticles,suchastheirmassand
mixingpatternortheneutrinonature.
IFICisinvolvedintwolong-baseline
acceleratorneutrinoexperiments:Tokaito
Kamioka(T2K)inJapanandthefutureDeep
UndergroundNeutrinoExperiment(DUNE)in
theUnitedStates.T2K isaworld-leading
experimentstudyingtheneutrinomixing
patternandtheirCPproperties,whileDUNEis
thenextgenerationproject.IFICcontributed
stronglytotheT2K measurementsofthe
neutrinofluxandcrosssections,aswellasthe
oscillationparameters,asshownbythe
extensiveanalysis[1].IFICisinvolvedinthe
designandconstructionoftheDUNE
prototypesattheCERNNeutrinoPlatformand
isleadingsomeofthephysicsgroups,
includingthesearchesfornucleondecayand
beyondtheStandardModelphysics[2].

The discovery of an extremely rare radioactive
process, neutrinoless double beta decay
(bb0n), would prove that neutrinos are

Majoranaparticles,makingneutrinosvery
specialparticles,"doubleagents"ofthematter
andantimatterrealm.IFICistheproponent
andamajorleaderoftheNeutrinoExperiment
withaXenonTPC(NEXT),thathasdeveloped
anewtechnologytosearchforbb0nusinga
highpressureмос·Ŝtimeprojectionchamber
(TPC),andistheflagshipexperimentofthe
nationalCanfrancUndergroundLaboratory.In
2021, the5 kgNEXT-Whitedetector
successfullycompleteditsphysics
programme,whiletheconstructionofNEXT-
100(100kg)isongoing.Ascaled-upversion
ofthistechnologywithabout1 tonneof
enrichedxenoncouldreach,inlessthan5
yearsofoperation,asensitivitytothehalf-life
of0лnbbdecaythatwouldimprovethecurrent
limitsbyatleastoneorderofmagnitude[3].

Neutrinosproducedincosmic-rayshowersin
theatmospherehavebeenessentialto

Conceptualdesignofatonne-scaleNEXTexperimentfor

neutrinolessdouble-betadecaysearches,installedinsidea

watertank(left),anddetailoftheinternalstructuresofthe

detector(right)

Confidenceintervalsobtainedforthephaseparameterd/t
datafromT2Kandreactordata.Anyvaluedifferentfrom0or

pwouldmeanthatthecharge-parity(CP)symmetryisviolated

intheleptonsector.

Future DUNE data could probe non-standard neutrino

processes such as the example depicted in this diagram,

where the interaction of a muon neutrino with a heavy nucleus

is mediated by a new Zôgauge boson
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measureneutrinoproperties. Datafrom
neutrinotelescopessuchasIceCubeor
ANTARES/KM3NeTonthehighestenergytail
oftheseatmosphericfluxescanbeusedto
study neutrinophysics. The
ANTARES/KM3NeTgroupatIFIChascarried
outsearchesfornon-standardneutrino
interactions(NSI)andneutrinodecays,aswell
asthemeasurementofneutrinooscillation
parameters.In2021,theresultsonNSIwith
ANTARESprovidedcompetitiveresultsinthe
parameterspaceconnectedtomuonandtau
neutrinooscillations.
IFICneutrinotheoristsareworldleadersin
exploringthenewphysicsassociatedwiththe
originofneutrinomassorinthedetermination
ofneutrinopropertiesfromallcurrentand
upcomingoscillationexperiments,aswellas
complementaryobservationssuchas
neutrinolessdoublebetadecayresultsor
cosmologicaldata.In2021,theValencia
groupupdatedtheglobalfitofneutrino
oscillationdatainthesimplestthree-neutrino
framework[4],providinginformationonthe
neutrinomasshierarchy,CPviolationandthe
atmosphericoctant.Inparticular,theyshowed
thattheanalysisstillprefersnormalneutrino
massordering,althoughsuchapreferenceis
milderthantheonefoundinpreviousglobal
analyses.

Neutrinos are the second most abundant of all
known particles in the cosmos and,
surprisingly, their tiny masses can influence
the evolution of our Universe. Neutrino
masses imprint measurable features in the
cosmic microwave background and the
distribution of galaxies. In order to find
constraints on neutrino properties from
cosmology, it is very important to know their
relic density. An analysis published in 2021 by
IFIC authors and collaborators [5] presented a
new calculation of the standard-model
benchmark value of the contribution of
neutrinos to the relativistic energy density of
the Universe, Neff = 3.044 when
parameterized with the so-called effective
number of neutrinos.

IFICresearchlinesonnuclearphysicsare
alsorelevantforthestudyofneutrinos.The
IFICnuclearexperimentalteamhasproposed
anovelapproachtoestimatereactorneutrino
fluxes,whichisessentialtomeasuresomeof
theneutrinooscillationparameters,andIFIC
nucleartheoristsareexpertsinpredicting
neutrino-nucleuscrosssectionsintheGeV
neutrinoenergyrange,anessentialinputto
presentandfutureacceleratorneutrino
experiments.Forinstance,inthework[6],the
authorspresentafullkinematicanalysisof
neutrino-nucleuschargedcurrentquasielastic
interactionsandcomparethepredictionsto
themostrecentT2KandMINERvAresults.

ChangeinthevalueoftheeffectivenumberofneutrinosNeff

undervariationsoftheneutrinomixinganglesfornormalmass

ordering.
Statisticalsignificanceofthepreferenceofonewayof

orderingneutrinomasses(normal)overtheother(inverted),

usingoscillationdataaloneandincombinationwithotherdata

setssensitivetotheabsolutescaleofneutrinomasses.



Selected conference talks 

>J.D. Zornoza, Status, first data and prospects
of KM3NeT-ORCA, IRN Neutrino meeting
(online), June 2021

>N.R. Khan Chowdhury, Search for non-
standard neutrino interactions with ANTARES
and KM3NeT/ORCA, Very Large Volume
Neutrino Telescope Workshop - VLVnT 2021
(online), May 2021

>P. Novella, Measurement of the 136Xe two-
neutrino double beta decay half-life with
NEXT-White, European Physical Society
Conference on High Energy Physics - EPS-
HEP 2021 (online), July 2021

>L. Álvarez-Ruso, Neutrino interactions with
matter, ISAPP 2021: Neutrino Physics,
Astrophysics and Cosmology (online), July
2021

>P. Hernández, Theoretical progress in the
field of neutrino physics, 22nd Particles and
Nuclei International Conference - PANIC 2021
(online), September 2021

>V. De Romeri, Neutrino quantum
decoherence at reactor experiments, 22nd
International Workshop on Neutrinos from
Accelerators - NuFact 2021, Cagliari (Italy),
September 2021

EuropeanPhysicalJournalC81(2021)322,

DOI: 10.1140/epjc/s10052-021-09007-w

[arXiv:2008.12769]

>NEXTCollaboration,Sensitivityofatonne-

scaleNEXTdetectorforneutrinolessdouble

betadecaysearches,JournalofHighEnergy

Physics08 (2021) 164, DOI:

10.1007/JHEP08(2021)164[arXiv:2005.06467]

>P.F.deSalas,D.V.Forero,S.Gariazzo,P.

Mart²nez-Mirav®,O.Mena,C.A.Ternes,M.

T·rtolaandJ.W.F. Valle,2020global

reassessmentoftheneutrinooscillation

picture,JournalofHighEnergyPhysics02

(2021)071,DOI:10.1007/JHEP02(2021)071

[arXiv:2006.11237]

>J.J.Bennett,G.Buldgen,P.F.deSalas,M.

Drewes,S.Gariazzo,S.PastorandY.Y.Y.

Wong,Towardsaprecisioncalculationofthe

effectivenumberofneutrinosNeffinthe

StandardModel.PartII,JournalofCosmology

andAstroparticlePhysics04(2021)073,DOI:

10.1088/1475-7516/2021/04/073

[arXiv:2012.02726]

>B.Bourguille,J.Nieves,andF.S§nchez,

Inclusiveandexclusiveneutrino-nucleuscross

sectionsandthereconstructionofthe

interactionkinematics,JournalofHighEnergy

Physics04 (2021) 004, DOI:

10.1007/JHEP04(2021)004[arXiv:2012.12653]
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Pictorialrepresentationoftheexcitationenergyschemeina

nucleus.Whenanucleonisremovedfromadeepshell,the

holeenergyremainsuntilthenucleusisde-excited.

Selected publications

>T2KCollaboration,Improvedconstraintson

neutrinomixingfromtheT2Kexperimentwith

3.13x1021protonsontarget,PhysicalReview

D 103 (2021) 112008, DOI:

10.1103/PhysRevD.103.112008

[arXiv:2101.03779]

>DUNECollaboration,Prospectsforbeyond

theStandardModelphysicssearchesatthe

DeepUndergroundNeutrinoExperiment,



LINE 3. 

FLAVOUR 

AND QUARK 

MATTER 

SCIENTIFIC RESEARCH LINES

TheLHCbandATLASteamspursuetheexplorationoftheflavoursector,

leadingseveralanalysesofLHCRun3dataatCERN.TheIFICtheoryteam

appliesnon-perturbativeapproachestoQCD(effectivefieldtheoriesand

latticemethods)andexploitsthecomplementarityofflavourandcollider

physicstoconstrainbeyondtheStandardModelscenarios.TheLHCb

experimentalgroupsincollaborationwiththetheoryteamhavepioneereda

feasibilitystudytomeasureelectricdipolemomentsofstrangeandcharmed

baryons.Theinterpretationofthenewlydiscoveredexoticresonancesas

tetraorpentaquarkstatesisanareaofveryactiveresearch.TheIFICteam

leadsanovelapproachtouseheavyhadrondecaysaslaboratoriestodo

spectroscopicstudiesofnewexoticresonancesandsearchforsignaturesof

possibleexplanationsoftheanomaliesintheflavoursector,suchas

Leptoquarksandlepton-flavour-violatingdecaysofheavyparticles.



THE ORIGIN OF 

MATTER



LINE 4. 

BARYONS, DARK 

MATTER AND 

COSMIC 

MESSENGERS 

SCIENTIFIC RESEARCH LINES

Theoriginofthematter-antimatterasymmetryintheuniverseremainsan

openquestion.NewsourcesofCPviolationaresearchedforatLHCbythe

ATLASteam,withafocusinthetop-higgssector.Ontheotherhand,the

baryonimbalancemaybeinducedbyaleptonasymmetry(leptogenesis).

Inputsfromcollidersearches,fromneutrinooscillationexperiments,aswell

asfromneutrinolessdouble-betadecaysearchesareusedtotestthese

scenarios.Inthecomingyears,importantnewresultsareexpectedinthe

searchfordarkmatter(DM).IFICexperimentalastroparticlegroupplaysa

leadingroleinindirectDMsearcheswithintheKM3NeT-ARCAproject.On

theotherhand,theATLASteamleadsthesearchforDMthatcouples

preferentiallytothetopquark.TheIFICtheoryteamdevelopsglobalfitsto

testDM modelsexploitingthecomplementarityofDM,collidersand

cosmologicalmeasurements.Weareinvolvedinthesearchforaxionswith

BayIAXOandRADES.Therecentlyinauguratedmulti-messengerastronomy

offersnewopportunitiestoexploretransientsourcesintheUniverse,suchas

thecollisionsofneutronstarsorblackholes.IFICplaysaleadingrolein

thesesearcheswithintheARCAproject.
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COSMIC MESSENGERS

The research topics of this line include the
generation of the baryonic asymmetry, cosmic
messengers, specially cosmic neutrinos, and
dark matter (DM). IFIC participates in various
international collaborations, as
ANTARES/KM3NeT, ATLAS, MoEDAL and
NA64 and has an active theory group.

ANTARES/KM3NeT

The work of the ANTARES/KM3NeT group has
continued the three lines in which its members
are involved: multi-messenger astronomy,
search for DM and study of neutrino
properties.
Multi-messenger astronomy has become in
recent years a very active field after the first
signals of cosmic neutrinos and gravitational
waves have been detected. The group at IFIC
is deeply involved in several of these
analyses, both for ANTARES and KM3NeT.
During 2021, several papers in which this
group had a leading role have been published.
For instance, a search for correlations of
neutrinos with the first gamma-ray bursts
observed by Imaging Atmospheric Cherenkov
Telescopes (GRB 190114C, detected by
MAGIC, GRB 180720B and GRB 190829A,
detected by H.E.S.S.) has been performed
both for the prompt and afterglow phases,
finding no

coincidences[P1].Anotherexampleisthe
searchforcorrelationswitheventsofthe
Baikal-GVDdetectorinadditiontothethree
cascadesintheBaikal-GVDsamplewithinan
angulardistanceoflessthan5Áforthreeofthe
ANTARESalertsinatimespanof48hours.
Thiswasoneoftheanalysespresentedby
thisgroupatICRC2021[C1].Concerning
KM3NeT,itspotentialfordetectingthe
neutrinosfromcore-collapsesupernova
explosionshasbeenshownfortheMilky-Way.
Severaloftheseanalyseshavebeen
describedina reviewonmulti-messenger
astronomywithneutrinotelescopespublished
inthejournalUniverseandauthoredbyF.
SalesaandA.S§nchez.

TheIFICgrouphasaleadingroleinseveral
analysesrelatedtoDM.Thelocationof
ANTARES(andKM3NeT)intheNorthern
hemisphereisadvantageouswhenlookingat
oneofthemostpromisingsourcesforDM:the
GalacticCenter.ThishasallowedANTARES
tosetbetterupperlimitsatlargeDMmasses
thanIceCube.During2021,theanalysisof
secludedDMintheGalacticCenterhasalso
beencompleted.Updatedresultsonthis
searchandothershavebeenpresentedin
severalconferences,like[C2].Also,thefirst
estimationofthesensitivityofORCA6(the
configurationofORCAwiththefirst6lines,
alreadyinstalledandtakingdata)hasbeen
made.Severaloftheseresultshavebeen
includedinarecentreviewonthetopicofDM
searcheswithneutrinotelescopes[P2].

SensitivitytotheaveragedDMannihilationcrosssectionfor

ARCA6,comparedtothemostrecentlimitssetbyANTARES.KM3NeT preliminary sensitivity per flavor on the high-energy

neutrino emission around the GW170817 event. Fluence

upper limits by ANTARES and other experiments are also

shown.
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ThedeploymentoflinesoftheKM3NeT
detectorhastakenmomentumduring2021,
with6linesofORCAand9linesofARCA
takingdataduringthatperiod.TheIFICgroup
hasalsorelevantresponsibilitiesinthe
constructionofKM3NeT.During2021,the
groupcompletedthedesignsforthe
electronicsupgradeoftheKM3NeTacquisition
system.TheDU-Baseintegrationsitewasalso
launched,successfullyintegratingthefirst
completeDU-Basecontainer.

ATLAS
Inthecontextofunderstandingtheobserved
matter-antimatterasymmetryintheUniverse,
theLHCdataprovidesanimportantinputto
searchfornewphysicsmodifyingthe
propertiesoftheelectroweakphasetransition
oraddingnewsourcesofCPviolation.The
IFICATLASteamhasledsearchesforCP
violationintopandHiggsinteractionsand
measurementstoconstraintheHiggsself-
couplingwhichencodesthepropertiesofthe
phasetransition.The2021highlightswiththe
13TeVRun-2dataare:thefirstmeasurement
oftopquarkpolarizationvectorinthesingle
topt-channelelectroweakproduction,leading
tothestrongestdirectconstraintsinthe
complexphaseofthetWboperator(ATLAS-
CONF-2021-027releasedforLHCP2021);the

search for Higgs boson pair production in the
final state with two bottom quarks and two
photons, setting the worldôsbest limits on the
size of the Higgs self-coupling
(arXiv:2112.11876, released for Moriond2021).

Regarding DM searches at the LHC, a main
focus of the ATLAS team is the search for DM
produced in association with a top quark and
dedicated searches involving long-lived
particles (LLPs), which are also related to the
matter-antimatter asymmetry puzzle. The 2021
highlights with the analysis of the Run-2 data
include: a search for DM in the context of a
two-Higgs-doublet model together with an
additional pseudoscalar mediator, a, which
decays into the dark-matter particles.
Processes where the pseudoscalar mediator is
produced in association with a single top quark
in the 2HDM+a model are explored for the first
time at the LHC [P3]. In the context of
searches for LLPs, IFIC has been leading the
search for exotic scenarios where the Higgs
boson (or an exotic new boson) decays into
two long-lived pseudoscalars that in turn
decay into SM fermions (mainly b-quarks) in
the ATLAS calorimeters, giving rise to a pair of
displaced jets. IFIC was also involved in the
edition of a white paper from the LHC LLP
community, describing new triggering
opportunities for Run 3 (arXiv:2110.14675).
IFIC is also strongly involved in searches for
supersymmetric particles, with emphasis on R-
parity violating models, analyzing Run 2 data
with opposite-sign leptons.

MOEDAL

IFIChasastrongparticipationinMoEDAL,an
experimentdesignedto searchfor
manifestationsofnewphysicsthroughhighly
ionizingparticlesproducedattheLHC.Its
primarymotivationisthequestformagnetic
monopoles,yettheexperimentisalso
sensitivetoanyhypotheticalmassive,
metastable,electricallychargedobject,using
mostlypassivedetectors.TheIFICgroupis
coordinatingthephysicsanalysesofthe
experimentandisstronglyinvolvedinthe
developmentandtestingofkeytheoretical
scenarios,suchasmonopoleproduction
processes,supersymmetricmodelsand
electricallychargedparticles.

Inaddition,theMoEDALApparatusfor

SearchforDMinthecontextofatwo-Higgs-doubletmodel

withanadditionalpseudoscalarmediator,whichdecaysinto

theDMparticles,inassociationwithatopquark



THEORY

Inthetheoryside,theactivityin2021has
beenmainlyconcentratedonstudyingdifferent
DMcandidates.Inparticular,primordialblack
holes(PBH)representanaturalcandidateand
inarecentreviewpaper[P5],theirformation,
abundanceandsignatureshavebeenbriefly
discussed.Someoftheircharacteristics,such
astheemissionofparticlesduetoHawking
evaporationandtheaccretionofthe
surroundingmatter,werediscussed,aswell
asthemostrelevantprobescapableof
constrainingtheirmassesandpopulation.In
anotherpaper,Phys.Rev.Lett.127(2021)10,
101302,westudiedtheimpactofstochastic
noiseonthegenerationofPBHseedsinultra-
slow-rollinflationwithnumericalsimulations.
Wefindthatstochasticeffectsenhancethe
PBHabundancebyafactorofO(10)ïO(108),
dependingonthePBHmass.

Penetrating Particles (MAPP), approved by the
CERN Research Board in December 2021, will
extend the MoEDAL physics program to feebly
interacting, long-lived messengers of DM
scenarios and neutrino portal models.

NA64

Indeed, the existence of these dark sectors
with feeble interactions with the visible sector
is an interesting framework to explain the
origin of DM. IFIC participates in NA64, a fixed
target experiment at the CERN Super Proton
Synchrotron (SPS). Once the dark mediator is

produced,itcouldthendecayinvisiblyinto
lightDMparticles,orvisibly,intoSMpairs.
Aftersettingthemoststringentconstraintson
thisclassofmodelsformassesbelow200
MeVin2019,in2021,NA64performed,forthe
firsttime,ananalysisoftheexperiment
sensitivitytodarkphotonsdecayingsemi
visibly(Eur.PhysJ.C81(2021)10,959).This
impliesaricherDMscenariocontainingtwo
speciesandcanadditionallyexplainthemuon
(g-2)anomaly.Thisworkwaspresentedatthe
ASPENwinterconference[C4]. NA64
resumedrunningaftertheLHClong-shutdown
(LS2)in2021andplanstocollectuntilthe
nextonemorethan5x1012electronson
target,probingthesemodelswith
unprecedentedsensitivity.In2021,NA64also
startedthemuonprogram,NA64ɛ,lookingfor
darksectorsweaklycoupledtomuons,where
thegroupishighlyinvolvedinthedesignof
thesetupandthefeasibilitystudies.
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Dyon mass limits from MoEDAL searches at ãί= 13 TeV as a

function of electric charge for various spins and magnetic

charges, assuming Drell-Yan pair-production mechanism.

Noseleeestetexto. Compilationofconstraintsontheprimordialblackholefraction

ofthetotalDMdensity.



Anotherwork[P6]studiedthecaseofa
pseudo-scalarDMcandidatewhichemerges
fromacomplexscalarsinglet,chargedunder
aglobalU(1)symmetry,brokenbothexplicitly
andspontaneously.Thepseudo-scalaris
naturallystabilizedbythepresenceofa
remnantdiscretesymmetry:darkCP.The
phenomenologyofseveralsimplifiedmodelsis
studiedandcompared,findingseveralregions
oftheparameterspaceabletoreproducethe
observedDM abundance,whilerespecting
directdetectionandinvisibleHiggsdecay
limits.ThissetupadmitsalightDMcandidate
atthesub-GeVscale.Thepossibilitythatmore
thanonesymmetrybreakingtermispresentis
alsodiscussed.Otherworksofthislinehave
beenpresentedatinternationalconferences
as[C5]and[C6].

Selectedpublications

>[P1] A. Albertet al. [ANTARES
Collaboration],ñANTARESupperlimitsonthe
multi-TeVneutrinoemissionfromtheGRBs
detectedbyIACTsò,JCAP03(2021)092.

>[P2]J.D.Zornoza,ñReviewonindirectdark
mattersearcheswithneutrinotelescopesò,
Universe7 (2021) 11, 415.
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>[P3]G.Aadetal.[ATLASCollaboration],

ñSearchfordarkmatterproducedin

associationwithasingletopquarkinãs=13

TeVὴὴcollisionswiththeATLASdetectorò,

Eur.Phys.J.C81(2021)860.

> [P4] B. Acharyaetal. [MoEDAL

Collaboration],ñFirstsearchfordyonswiththe

fullMoEDALtrappingdetectorin13TeVpp

collisions,ò,Phys.Rev.Lett.126,(2021)7,

071801.

>[P5]P.Villanueva-Domingo,O.Mena,and

S. Palomares-Ruiz,ñA briefreviewon

primordialblackholesasdarkmatterò,Front.

Astron. SpaceSci. 8 (2021) 87.

>[P6]L.Coito,C.Faubel,J.Herrero-Garcia

andA.Santamaria,ñDarkmatterfroma

complexscalarsinglet:theroleofdarkCPand

otherdiscretesymmetriesò,'JHEP11(2021)

202.

Selected conference talks

>[C1]S.Alves,ñANTARESofflinestudyof

threealertsafterBaikal-GVDfollow-upfound

coincidentcascadeneutrinoeventsò,atthe

37thInternationalCosmicRayConference

(ICRC2021),July15-22, 2021, Berlin

(Germany).

>[C2]R.Gozzini,ñSearchesfordarkmatter

usingall-flavorneutrinodatainANTARESò,at

the37thInternationalCosmicRayConference

(ICRC 2021), July 15-22, 2021, Berlin

(Germany).

> [C3] V. A. Mitsou for the MoEDAL

Collaboration, ñResultsand future plans of the

MoEDAL experimentò,at the European

Physical Society Conference on High Energy

Physics (EPS-HEP2021), July 26-30, 2021,

Germany. Online.

> [C4] L. Molina Bueno, ñDarksector searches

with NA64 experiment at CERNò,A rainbow of

Dark sectors, March 21 - April 1, 2021. Aspen

online winter conference (USA).

> [C5] C. Cosme, ñNeutrinoportal to FIMP

dark matter with an early matter eraò,at the

18th MultiDark Consolider Workshop, October

18-20, 2021, La Rábida, Huelva (Spain).

> [C6] S. Palomares-Ruiz, ñDarkmatter

evaporation from celestial bodiesò,at the

Iranian Conference on High Energy Physics,

Deciphering the Universe Ciphers (IRCHEP

1400), November 8-10, 2021, Tehran (Iran).

Online.
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IFICteamexploresfundamentalphysicswithgravitationalwaves(GWs)and

newcosmologicalmeasurements.IFICresearchersaremembersofthe

ESFRIprojectSKA,thelargestradiotelescopethataimstomapthe21cm

line,andplayaleadingroleindefiningitsfundamentalphysicscase.The

discoveryofprimordialGWscreatedbyquantumeffectsattheveryearliest

instantsoftheuniverseorofastochasticGWbackgroundthatmighthave

originatedfrompost-inflationarypreheating,firstorderphasetransitions,or

cosmicstringnetworks,wouldbeaspectaculardiscoveryofphysicsbeyond

theStandardModelofparticlephysics.IFICgroupsstudythedetailed

gravitational-waveringdownofcollidingblackholes,expectedtobetestedin

futureGWdetectors,asprobesofphysicsbeyondgeneralrelativityandof

quantumeffectsingravity.
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LINE 6. THE 

SYNTHESIS OF 

NUCLEI AND 

ORIGIN OF THE 

CHEMICAL 

ELEMENTS 

Therecentobservationofgravitationalwavesfromamergerandthe

associatedelectromagneticemissionhasledforthefirsttimetothe"invivo"

observationofthesynthesisofheavyelements.Nuclearphysicsinputfrom

veryneutron-richexoticnucleiisrequiredtopindownthecomplexprocesses

takingplaceinthoseevents.TheexperimentalnuclearphysicsgroupatIFIC

leadsmeasurementsofthedecaypropertiesofkeynucleiatRIKEN(Japan),

FAIRphase0andCERN/ISOLDE.Ontheotherhand,itisknownthatabout

50% oftheheavyelementsintheUniverseoriginateinsteadinneutron-

inducedreactionsinred-giantstarsonamuchlongertimescale.TheHYMNS

projecthasbuiltaninnovativeinstrument,i-TED,tocarryoutmeasurements

ofkeystellarnucleosynthesisreactionsatn_TOFatCERNduringthenext

years.IFICisalsoakeyplayerinthenewMANYcollaborationtoexploit

Spanishinfrastructures(CNA,CMAM)forthemeasurementof

astrophysicallyrelevantreactions.



of thisyear. Regardinginstrumental
developments,togetherwiththeUniversityof
ValenciaAGATAgroup,wehaveprogressed
inthedevelopmentoftheAGATApre-
processingelectronicswiththedevelopmentof
theDataTime-multiplexingconcept.
Oneofthemostimportantresultsofthe
GammaandNeutronspectroscopygroupthis
yearisrelatedtotheapplicationofthetotal
absorptiongammaspectroscopytechnique
(TAGS)tonuclearstructure.Theexistenceof
eigenstates,inwhichnucleonsarrange
themselvesindifferentspatialdistributionsin
theirintrinsicreferenceframe,canbe
consideredabehaviouruniquetothenuclear
many-bodyquantumsystem.Therelated
conceptofnuclearshape,playsakeyrolein
ourpresentunderstandingofnuclear
structure.

InthisframeworkthestudyofHgnucleihas
attractedconsiderableattention,sinceuntil
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EXPERIMENTAL NUCLEAR PHYSICS

TheexperimentalNuclearPhysicsactivityat
IFICiscarriedoutbytwogroups,theAGATA
group(in-beamresearch)andtheGammaand
NeutronSpectroscopygroup.
Theresearchofbothgroupscoversaspectsof
nuclearstructure,astrophysics,applications
andthedevelopmentofinstrumentation.
Inthetopicofin-beamresearchonNuclear
Structure,duringthisyeartheAGATAgroup
hascontributedtothecompletionofthe
experimentalcampaignatGANILandhas
proceededwiththeactivitiesofdataanalysis
anddissemination. Theresultsofthe
experimentE682, onreducedtransition
probabilities,forlowlyingstatesin90Zr,92Mo
and94Ru,measuredwithAGATAcoupledto
themagneticspectrometerVAMOS++and
makinguseofmulti-nucleontransferreactions,
performedintheGANILlaboratory,allowedus
toconcludethatseniorityislargelyconserved
inthefirstg9/2orbital.Theattachedfigure
showstheagreementofthemeasurements
(newonesinred)withtheLargeScaleShell
Modelcalculationthatindicatesthatthelow
lyingstateshavewelldefinedseniority=2at
thelevelof88-90%in92Moandbeyond96%
in94Ru,96Pd and98Cd. Seniority
conservationprovidesdirectevidenceofthe

validityoftheshort-rangepairinginteraction,
withfar-reachingimplicationsfornuclear
structureinthevalidityoftheBCStheoryand
thereforeofthequasiparticlerepresentationof
theatomicnucleus.

TheworkhasbeensubmittedtoPhysical
ReviewLettersandacceptedforpublication
withR.M.PerezVidalasleadingauthor.Other
experimentalresearchon seniority
conservationledtothediscussiononthe
manifestationoftheBerryphaseinthe213Pb
nucleus.
Thegrouphasalsocompletedtheanalysisof
theE730experiment,performedatGANIL
withAGATAandthecomplementaryNEDA
andDIAMANTinstruments.Thisexperimentis
aimedatthestudyofthequadrupoleand
octupolecollectivityinthe112Xenucleus,
lyinginthevicinityoftheN=Zline,vialifetime
measurementswiththeRDDStechnique.The
analysisandresultsarepartofthePhDthesis
ofM.L.JuradoG·mez,completedattheend

Comparison of the experimental distribution of the beta

strength in the daughter nucleus 186Au with theoretical

calculations depending on the nuclear deformation of the

parent state in 186Hg. The best description is obtained

assuming a mixed prolate-oblate scenario of both parent and

daughter nucleus.

ComparisonbetweenExperimental(ours: redcircles,

previouslyknownblackcircles)valuesandLSSMtheoretical

predictions(greenlines)fortheN = 50isotones.Up:

excitationenergiesyraststatesuptothe8+.Down:reduced

transitionprobabilitiesforthetransitionsde-excitingyrast

statesuptothe8+.



Selected conference talks

> C.Domingo-Pardo"s-processbranching
points"NeutronsinScience,Technologyand
ApplicationsWorkshop

https://indico.cern.ch/event/1073008/contributi
ons/4599076/

>A.Algora"TotalAbsorptionSpectroscopy
MeasurementsforReactorApplications"

LockdownandDistancingNuclearPhysics
SeminarSeries,IOPNuclearPhysicsGroup
Colloquia
https://ns.ph.liv.ac.uk/lockdownseminars.html.

> BertaRubio,"Thelargeinfrastructure
FacilityforAntiprotonandIonResearch,
FAIR",100xCiencia,InternationalDimension
ofScience

https://igfae.usc.es/100xciencia.5/index.php/pr
ogramme/
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veryrecentlytheirisotopicchainwastheonly
oneshowinga dramaticchangeinthe
variationsofthemeansquarechargeradii
όdғǊнҔύΣwhichwasunderstoodasachange
fromoblatetomoredeformedprolateshapes
around186Hg.InthearticlebyAlgoraetal.
publishedinPhysicsLettersB wehave
studiedthebetadecayof186Hgto186Au
usingthetotalabsorptiontechnique.This
studyhasshown,thatcontraryto
expectations,thebetadecaydataof186Hg
canonlybeinterpretedintheframeworkofthe
QRPAmodelifweassumedamixedshape
character,withadominantprolatecomponent
inthegroundstateof186Hg.Thestudy
requiredthedevelopmentofanewmethodof
analysisthatcanberelevantincaseswhere
highlyconvertedtransitionsareinvolvedinthe
de-excitationprocessinthedaughternucleus
and(or)betapluscontaminationcanaffectthe
electroncapture(EC)componentofthedecay.

Anotherrelevantresultofthegroupin2021is
relatedtothedevelopmentofinstrumentation.
ThearticlebyV.Babianoetal.,publishedin
theEuropeanPhysicsJournalA,reportson
thefirstexperimentaldemonstrationofthe
applicabilityofgamma-rayComptonimaging
techniquestoenhancedetectionsensitivityin
time-of-flightneutron-captureexperiments.

Thisnovelmethodologyandthedetection
systemhavebeendevelopedatIFICinthe
frameworkoftheHYMNSERCproject[1],and
isaimedatprovidingfirstaccesstoaseriesof
nuclearneutron-capturereactionsofrelevance
fortheunderstandingofthenucleosynthesisof
heavyelementsintheUniverse.
[1]ERCGrantAgreement681740HYMNS
(HighsensitivitYMeasurementsofkeystellar
Nucleo-Synthesisreactions).

Selected publications

> J.J. Valiente-Dob·n, A. Gottardo,G.

Benzoni,A.Gadeaetal.,PhysicsLettersB

816(2021)136183

https://doi.org/10.1016/j.physletb.2021.136183

>A.Algora,E.Ganioglu,P.Sarrigurenetal.,

PhysicsLettersB819(2021) 136438.

https://doi.org/10.1016/j.physletb.2021.136438

> V.Babiano, J. Lerendegui-Marco,J.

Balibrea-Correa,etal,Eur.Phys.J.A57,197

(2021).

https://doi.org/10.1140/epja/s10050-021-

00507-7
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IFIChassetanumberofambitiousgoalsthatincludetheconstructionand

commissioningofcutting-edgeinstruments,wherewehavetakenamajorin-

houseresponsibility.Severalconstructionprojectsareparticularlystrategic

fortheinstituteinthecomingyears:theupgradesoftheLHCexperiments

(ATLASandLHCb),theconstructionofNEXT-100,thedevelopmentofnew

instrumentsfornuclearphysics(i-TEDandAGATA),forsuperB-factories

(BelleII)andforHiggsfactories(ILC,CLIC).TheleadershipofIFIC

researchersintheseprojectsiswidelyandinternationallyrecognized.The

KM3NeTneutrinotelescopehasdeployedalready18lines,andahuge

increaseinthedeploymentisexpectedduringthecomingyears.The

neutrinoteamisalsoinvolvedintheproto-DUNEprojectsattheCERN

neutrinoplatform.Fromascientific-technologicalpointofview,theSpanish

ATLASTier-2focusesontheneedsforRun3andthepreparationsforthe

HL-LHCwithintheWLCG(WorldwideLHCComputingGRID)program,

includingtheusageofHPCresources,theATLASEventIndex,Core

ComputingtasksandPhysicsAnalysisapplyingML.



thehighestpriorityofthefield.IFICwas
involvedinthewrite-upoftheEuropeanroad
mapfordetectorR&D,intheAIDAinnova
project(EUfundedHorizon2020),inthe
coordinationoftheInternationalDevelopment
TeamfortheILCproject,inthedesignofthe
ILDdetectorconceptandinthedevelopment
ofhighlygranularcalorimetryforthe
Higgs/top/EWfactoryintheCALICE
collaborationandultra-transparentCMOS
pixelsensorsforBelle2andtheHiggs/top/EW
factory.IFIChassetupalaboratoryforthe
characterizationof
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IFICisoneofthemainactorsintheupgrade
oftheATLASdetectorfortheLHChigh
luminosityphasein2ofthesubsystems:the
centralhadroniccalorimeter(TileCal)andthe
microstripsilicondetectorsystemintheInner
Tracker(ITk).Bothprojectshavebeen
preparingforthefabricationofthedetector
componentsduring2021andhavepassed
manytechnicalreviewstogivegreenlightto
production.TheTileCalcollaborationdecided
tokeeptheso-calleddemonstratorinstalled
duringRun3oftheLHC.Thedemonstratoris
controlledby thePre-Processor(PPr)
designedby ourteam. Havingthe
demonstratorinstalledwillallowtogather
operatingexperience.Ontheotherhand,all
thesetupsfortheITK-Stripsdetectorare
andgettingreadyforproductionofmodules,

loadingsupportstructures(petals)with
modulesandtheservicemodule. First
prototypesofmodulesandpetalshavebeen
fabricatedtestedinthecleanroomofthe
institute.

IFIChasalsoparticipatedinthedesignofthe
readoutelectronicsfortheScintillatingFiber
Tracker(SciFi)forthePhaseIupgradeofthe
LHCbexperimentattheLHC.Theinstallation
andcommissioningofthisdetectorattheLHC
cavernhasstartedduring2021.
A globalR&Dprogrammeisongoingto
developdetectorsthatcancopewiththe
challengesoffuturefacilitiesinhighenergy
physics.TheemphasisofthedesignandR&D
ison theexperimentsfora future
Higgs/EW/topfactory,whichisrecognizedas

LHCb SciFi C-Frame being installed in the LHCb cavernPetalcoreoftheATLASInnerTrackerbeingloadedwith

petalsinthegantryofIFIC'scleanroom.

PictureoftheCompactProcessingModuleversion2ofthe

ATLASTileCalorimeterwiththemaincomponentslabelled.



largescaleprototypesin2023.During2021an
opticslaboratoryforDUNER&Dhasbeen
equippedatIFIC.

TheCERNn_TOFfacilityisoneofthemost
activelaboratoriesworldwidecontributingto
thedevelopmentof instrumentation,
techniquesandmeasurementsofrelevance
forstellarnucleosynthesisstudies.In2021the
IFICteamwasactivelyinvolvedinthenew
physicscommissioningofthefacilityafterits
spallation-targetupgradeduringLS2.Also,the
commissioningofthefulli-TEDsystemwas
performedintheframeworkoftheERC
ConsolidatorGrantHYMNS.Finally,theIFIC
teamalsocontributedtothedesignand
developmentofthenewNEARstationfor
activationmeasurementsofastrophysical
interestatn_TOF.
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high-gradientradio-frequencyaccelerating
structuresandisactivelyparticipatinginthe
designofhigh-energylinearleptoncolliderand
incompactinstallationsforprotontherapy.

Finally, IFICisusingtheexpertisein
radiofrequencysystemsforthedevelopment
ofdetectiontechniquesforaxion-likeparticles
thatareapotentialcandidatetoexplainthe
darkmatterabundanceintheuniverse.

TheAGATAarrayistheEuropeanforefront
instrumentbasedonpositionsensitiveHP-Ge
detectorsforhigh-resolutiongamma-ray
spectroscopy.AGATAisbeingconstructedin

phasesïstartedwiththeproof-of-concept
AGATADemonstratorï whilemaintaining
alwaysahighscientificproductionwiththe
partialsub-arrays.Theyear2021wascrucial,
sincetheMoUforthephase2ofAGATA,
aimingfora3pisolidanglecoverage,was
signedbythemembersofthecollaboration,
includingtheSpanishinstitutions.Thephase2
ofAGATAwillfollowanewProjectDefinition,
whosepreparationwasledbyIFICValencia.
Additionally,thepresentAGATAsub-array
wasmovedtoINFN-LNL(Italy)forthenext
experimentalcampaignwithstableand
radioactiveionbeamsfromSPES.

IFIChasa strongcommitmenttothe
instrumentationoftheNEXTandDUNE
experiments.IFIChasbeenleadingthe
constructionoftheNEXT-100detector,aiming
atthecompetitivesearchoftheneutrinoless
doublebetadecaywiththenovelNEXT
technology,aswellastheR&Dforthelight
detectionsysteminanear-futureton-scale
detector. The main technological
characteristicsofthisdetectorhavebeen
publishedin2021,whiletheR&Dtowardsthe
implementationofa barrelfibredetector
prototypehasbeenstartedattheIFICNEXT
laboratory. Inaddition,IFICleadsthe
cryogenicsinstrumentationoftheDUNE
detectors,whichwillusethelargestliquid
argoncryostatseverbuilt,andhasastrong
participationinthephotondetectionsystemof
boththeneardetectorandthefardetector.In
2021IFICwascommittedtotheR&Donboth
systems,whichwillbetestedatCERNintwo

i-TED array prototype with four large Compton cameras under

commissioning at CERN n_TOF EAR1 in 2021 (HYMNS-

ERC).TheAGATAdetector.



>A.Fern§ndezCasan²,J.M.Ordu¶a,J.

S§nchez,S.Gonz§lezdelaHoz,ñAReliable

LargeDistributedObjectStoreBasedPlatform

forCollectingEventMetadata,òJournalofGrid

Computing(2021)19:39

Selected conference talks

>A.Valero,ñFront-endelectronicsandoptical

linksò,invitedtalkatthe9thBeamTelescopes

andTestBeamsWorkshop,Lecce-Italy

(Online),February2021.

>M.Vos,Newconcepts/newtechnologies,

ILCWorkshoponpotentialexperiments

(ILCX2021)

> M.A.Garc²a-Peris,ñStatictemperature

gradientmonitoratProtoDUNE-SP,òAPSApril

Meeting2021.

> J.Lerendegui-Marcoetal.,òCompton

ImagingandMachine-Learningtechniquesfor

anenhancedsensitivityinkeystellar(n,ɔ)

measurements,òNucleiintheCosmos-XVIInt.

Conference,Cheng-du,China

>C.Acosta-Silvaetal.,ñExploitationofthe

MareNostrum4HPCusingARC-CE,ò25th

InternationalConferenceonComputingin

HighEnergyandNuclearPhysics(vCHEP21).

TheresearchtopicsoftheIFICATLAS-GRID
TeamincludemainlytheSpanishATLASTier-
2goals.TheexploitationofLHCdatainRun3
willpushtothelimitthecomputingresources
available. Thisincludesseveralgeneric
activitiesdevotedtotheapplicationof
DistributedComputingandtoimprovethe
performanceofthephysicsanalysiswork:
a. Deliveryofthecommitted
resourcesfor2021.TheTier-2IFICsitehas
provided50730HS06and3402TBofdisk.
TheefficiencyofthewholeTier-2hasbeen
about100%.
b. During2021ourgrouphas
continuedtheexploitationofMareNostrum4
HPC(BSC)runningconventionalATLAS
simulateddataproduction.Thecomputing
yieldhasbeenmorethan20millionCPU
hoursandmorethan330Millionofeventsofa
completesimulationofthedetector.
c. Thegrouphascontinuedtheir
dutieswiththeATLASEventIndexproject
(ATLASeventcatalog).Weareinchargeof
theDataCollectionandDataProduction.The
upgradeoftheEventIndexSupervisor,the
ProducerandtestingthenewEventIndex
databasehavebeenthemostimportant
contributionsduring2021.
d. In2021,IFIChastriggereda
transversalefforttopromotetheapplication

of Machine Learning (ML) techniques for data
challenges. These methods are being used by
IFIC researchers in data fitting and event-
reconstruction. IFIC has ARTEMISA, a
computing infrastructure including a server
with GPUs NVIDIA Tesla Volta V100, available
to IFIC researchers.

Selected publications

> J. Abdallah et al., ñStudyof energy
response and resolution of the ATLAS Tile
Calorimeter to hadrons of energies from 16 to
30 GeVòEur.Phys.J.C 81 (2021) 6, 549.

> H. Ye et al. [Belle-II DEPFET and PXD
Collaborations], ñCommissioningand
performance of the Belle II pixel detector,ò
NIMA 987 (2021) 164875

> Abed Abud et al. [DUNE Collaboration],
ñDeepUnderground Neutrino Experiment
(DUNE) Near Detector Conceptual Design
Report,òInstruments 5 (2021) 4, 31

> C. Adams et al. [NEXT Collaboration],
ñSensitivityof a tonne-scale NEXT detector for
neutrinoless double beta decay searches,ò
JHEP (2021) no.08, 164

> V.Babiano-Suarez et al., ñImagingneutron
capture cross sections: i-TED proof-of-concept
and future prospects based on Machine-
Learning techniquesò,The European Physical
Journal A, Volume 57, Issue 6, article id.197
(2021)
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SCIENTIFIC RESEARCH LINES

Inrecentyears,themultidisciplinarityandsocietalimpactofIFICresearch

projectshasincreasedsignificantly.IFICisdevelopingvariousapplicationsin

medicaltherapy,imaging,dosimetryanddiagnosis.Severalgammaand

neutrondetectorsarebeingdevelopedwithimagingcapabilities.Neutron

detectorstomonitorneutrondosesintherapyarebeingimplemented.There

isalsoaresearchlineindiagnosiswithaxenon-basedPET-technology

development,aswellasagamma-raywithultrasoundimagingdeviceto

guidebreastbiopsiesinrealtime.ArtificialIntelligence(AI)solutionsare

appliedtomedicaldiagnosis,includingCOVID-19,catastrophicevent

prevention,environmentalstudies,andspaceweather.Neutrondetectorsare

developedforspaceweatherandsingleeventfailuresinvestigation.

Detectorsaredevelopedforsafetyprotocolsinnuclearindustry.IFIC

researchersareinvolvedinthedevelopmentofacompactacceleratorfor

hadrontherapy.



animals(probe-scanner)wereperformed
showingthecorrectfunctioningofthe
prototype.

Alargeefforthasbeenmadebythegroup42
istheanswerintermsofMachineLearning
appliedtomedicalapplicationsintwomain
fields.Ononehand,diagnostic,participatingin
severalareasoftheCSICPTI-Saludplatform
(diagnostic)relatedtobettertriageof
COVID19patients,andmostimportantthe
comparisonwithrealradiologistaboutthe
perfomance. On theotherhand,3D
reconstructioninmedicalimagingrelatedwith
patientcoordinates.Currentlythisgroupis
leadingthedevelopmentoftwopatentsin
combinationwithan SME company,
developingtoolsthatintegrateAIandthestate
oftheartofmedicalimaging3D
reconstruction.
Themainobjectiveofthemedicalapplications
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TheactivitiesofL8in2021aremainlyfocused
onmedicalapplicationsoftheadvanceson
instrumentationandcomputing.

TheIRISgroupdedicatedtomedicalphysics
worksonthedevelopmentofsystemsfor
hadrontherapytreatmentmonitoring.In2021,
thegrouphasfinishedthecharacterizationof
twoComptoncameras,knownasMACACOIII
andMACACOp. MACACOIII,withthree
detectorplanesandemployingtheAliVATA
readoutsystem,hasachievedanenergy
resolutionbetterthan5%FWHMat511keV.
MACACOp,withtwodetectorplanesand
employingtheTOFPET2ASICfromPETSys,
hasachievedimprovedtimingresolution
readoutspeedanddynamicrange.Theimage
reconstructionalgorithmdevelopedcan
combineeventsfromanytwoorallthree
detectors.Testsinclinicalbeams,inthe
Krakowprotontherapycentrehavebeen
carriedoutwithbothsystems.Inaddition,in
collaborationwithHUiPLaFe,thegrouphas
startedtoevaluateMACACOIIIforverification
ofradionuclidetherapy.

Alsoinprotontherapymonitoring,thegroupis
developinga coaxialpromptgamma-ray
detector.Theprogressincludesadvanced
testsofa2.5GSPSdigitizerandanefficient
dataacquisitionsystem,showingthecapability

ofsustaineddatastreamingatGiB/s
throughoutatypicaltreatmentfraction(1Gy)
durationof1minute,inaccordancetothe
specifications. SPICEsimulationsof
photomultipliervoltagedividercircuits,both
passiveandactive,wereperformedand
experimentallycompared.Thegoalwasto
optimizethebehaviourofthephotomultiplier
gainintheclinicalenvironment,whereit
sustainshighoverallloadsaswellasquick
loadvariations.

TheIRISgroupalsoworkson the
developmentofa probetoenhancethe
resolutionoftotalbodyPETsystems.Within
thePROScRiPTproject(PRObeforthe
improvementoftheSpatialResolutionintotal-
bodyPET)testsoftheprobemeasuringin
temporalcoincidencewitha Preclinical
PET/CTscanner(SuperArgus4R)forsmall

MACACOIIIandMACACOpsystemsforhadrontherapy

treatmentmonitoringbeingtestedintheclinicalgantryof

KrakowProtontherapycentre.

PROScRiPT probe being tested in the Super Argus 4R PET

scanner (left) and detail of the probe (right).



disturbances,interruptions,andevenlong-
termdamageto thesetechnical
infrastructures,withdrasticsocial,economic
andevenpoliticalimpacts.IFICmembersare
currentlyworkingonanadvancedmachine-
learningbasedpredictivemodeltodevelopa
real-timeearlywarningsystemtoevaluatethe
impactoffutureviolentsolarstormson
Spanishcriticalinfrastructuressuchasthe
powertransmissiongrid,railways,andoiland
gaspipelines.
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of the group is being able to provide better 3D
information in medical devices using external
devices such as RGB cameras, in this field
industrial applications derived from de use of
GAMMA cameras (i.e, cameras with spatial
discrimination of the signal) can be
incorporated in new algorithms related to 3D
reconstruction.

The BRAchytherapy PHYsics Quality
Assurance System (BRAPHYQS) working
group of GEC-ESTRO aims to present
guidance for brachytherapy (BT) high energy
(HE) source calibrations, including practical
aspects and issues not specifically accounted
for in the former current and well-accepted
societal recommendations. As Spanish
representatives in such organization, the
Medical Physics group of the University of
Valencia has led the efforts to compile and
perform an European survey on the level of
agreement between clinical measurements
and manufacturer certificates for the source
strength determination in iridium-192 and
cobalt-60 brachytherapy. These
disagreements represent one of the main
sources of uncertainty in such clinical
treatments. Eighteen clinics from eight
European countries were involved in this

studythathasledtoatighterEuropean-wide
newprotocol.

Theacceleratorphysicsgrouphascontinued
withtheconditioningandtestingofa3GHz
high-gradientcompactacceleratingcavityfor
proton-therapyaccelerators.Bytheendofthe
year,anacceleratinggradientof~39MV/m
wasachievedafterconditioningthestructure
withmorethan800millionRFpulses.In
addition,Thegroupalsoledthedevelopment
and constructionof technological
demonstratorsoftheRF"online"systemfora
linearioninjectorbasedonanRFQcavity.
Theprojectiscarriedoutincollaborationwith
theValenciancompaniesUVAXConceptsand
ThermalVacuumProjects(TVP),alsowiththe
closecollaborationofCIEMATandtheadvice
ofCERN.

ThePETALOgroupisdevelopingaprototype
ofaPositronEmissionTomographyscanner
basedonliquidxenon,readoutbysilicon
photomultipliers.Thegrouphascompletedthe
assemblyofthefirstprototypeandstarted
takingdata,tounderstandthesystem.The
firstrunallowedtotesttheASICfunctioning
andmakeafirstmeasurementoftheenergy
resolution.

Inaddition,Inthelastdecades,oursociety
hasbecomemoreinterdependentand
complexthaneverbefore.Itisalsohighly
dependentonthetechnology,whichcanbe
veryvulnerabletosolaractivityandtheir
associatedevents,whichmayprovoke

PETALOinstallationinthelaboratory



>P.Ferrario,Statusandperspectivesofthe

PETALOproject,LIDINE2021,September

14-18,2021.

>C.Escobar,C.Garc²aetal.Forecasting

hazardousgeomagneticallyinducedcurrents

forSpanishcriticalinfrastructuresbyusingAI.

JointScientificAssemblyIAGA-IASPEI2021

(http://www.iaga-iaspei-india2021.in/).

Selected publications

> E. Muñoz, A. Ros, M. Borja-Lloret, J. Barrio,

P. Dendooven, J. F. Oliver, I. Ozoemelam, J.

Roser and G. Llosá. Proton range verification

with MACACO II Compton camera enhanced

by a neural network for event selection. Sci

Rep 11, 9325 (2021).

> L. Barrientos, M. Borja-Lloret, A. Etxebeste,

E. Muñoz, J.F. Oliver, A. Ros, J. Roser, C.

Senra, R. Viegas and G. Llosá. Performance

evaluation of MACACO II Compton camera.

Nuclear Inst. and Methods in Physics

Research, A. 1014 (2021) 165702.

> J. Vijande et al Physics and Imaging in

Radiation Oncology 19, 108-111 2021.

> J. Roser, F. Hueso-González, A. Ros, G.

Llosá. Compton Cameras and Their

Applications. Book chapter in the book

Radiation Detection Systems. Publisher: CRC

Press, Editors: Jan S. Iwanczyk, Krzysztof

Iniewski, 2021, pages 161ï198. eBook ISBN

9781003218364.

Selected conference talks

>L.Barrientos,M.Borja-Lloret,J.V.Casa¶a,

J.GarciaL·pez,F.Hueso-Gonz§lez,M.C.

Jim®nez-Ramos,E.Mu¶oz,A.Ros,J.Roser,

C. Senra, R. ViegasandG. Llos§.

Experimentalcharacterizationandtest-beam

resultsofMACACOIIIComptoncamera.Talk

at2021IEEENuclearScienceSymposium

andMedicalImagingConference(IEEENSS

MIC).Virtual(Yokohama,Japan),16Oct-23

Oct2021.

>A.Ros,L.Barrientos,M.Borja,J.V.Casa¶a,

E.Mu¶oz,J.Roser,J.M.Udias,R.Viegas,G.

Llos§.Newprobefortheimprovementofthe

SpatialResolutionintotal-bodyPET

(PROScRiPT).Talkat2021Advancementsin

NuclearInstrumentationMeasurement

MethodsandtheirApplications(ANIMMA),

Virtual,(Prague,Czech),21-25Jun2021.

>G.Llos§.ComptonandPET.Invitedtalkat

workshopNÁ3: Forumon Prospective

technologiesforthefuturePETimaginginthe

7thIntenationalConferenceonAdvancements

inNuclearInstrumentationMeasurementsand

theirApplications,ANIMMA,2021.Virtual

(Prague,CzechRepublic),21-25Jun2021

Virtual(Valencia,Spain),14-15Dec2020.
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IFICisfullycommittedtopromotingthesocietalimpactofour

research.TheScientificUnitforBusinessInnovation(Unidad

Cient²ficadeInnovaci·nEmpresarial-UCIE)atIFIC,fundedby

theValencianAgencyforInnovation,becomethelinkbetween

thesubjectbeingresearchedanddevelopedbythecenterand

theneedsidentifiedbythetechnologyinstitutesandthe

businessfabric.

TheCOVID19diseasehasforcedUCIEworkplanstobe

restructured,reducingordelayingactionsthatrequirepresence

orunauthorizedmobility.Asfaraspossible,telematicsand

remoteworktoolshavebeenusedandstrengthened.Inthis

sense,trainingactionsforagentshavebeenincreasedthrough

teleconferences.SinceSeptember,activityhasbeenrecovering,

combiningteleworkingwithgreaterpresence.

TECHNOLOGY TRANSFER6

L

InnovationAgents
RosaRodriguez

C®sarBlanch

Contact:ucie@ific.uv.es

César Senra
Salvador Tortajada

https://ucie.ific.uv-csic.es/es/
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IFICisfullycommittedtopromotingthe
societalimpactofourresearch. The
InnovationandTechnologyTransferOffice
(UCIE)atIFIC,fundedbytheValencian
AgencyforInnovation,hasbecomethelink
betweenthesubjectbeingresearchedand
developedbythecenterandtheneeds
identifiedbythetechnologyinstitutesandthe
businessfabric.

Withinthisframework,during2021UCIEhas
developeditsactivityalongthefollowinglines:

Actions aimed at reinforcing internally and 
externally the impact of the IFIC UCIE

TheUCIEmaintainsrelationshipswith30
TechnologicalInstitutes,ResearchCenters,
companiesandbusinessassociations.
ThroughtheUCIE,IFIChasbeenpresentat
local,nationalandinternationaltechnological
forumsandmeetings:
Å Transfiere:TransferForum2021inMalaga
February2021.

Å RegionaltransferforumslikeREDIT
SUMMIT2021orFTalksFoodSummit
amongothers.

Å OverallUCIEparticipatedandrepresented
IFICinabout100events(courses,
conferences,seminars,webinars...).

IFICs UCIE has continued working in close
collaborations with national and regional
alliances as:
Å TECH4CV, a Technologies Alliance of the

Valencian Community.
Å INNDROMEDA, an Innovative

Technologies Alliance of the Valencian
Community.

Å INEUSTAR and INDUCIENCIA, Spanish
association to promote the Science
Industry sector, and in the search for
transversality towards other sectors.

Additionally UCIE has kept supporting IFIC
facilities like Artemisa and PET/CT.

Organization of training related to 
Innovation and technology transfer

The IFIC UCIE has carried out two training
actions (ñInnocharlasò)aimed at IFIC
researchers but also promoted among the AVI
Innoagents network: ñLAGESTIÓN DE LA
PROPIEDAD INTELECTUAL E INDUSTRIALò
and ñMODELOS,BUENAS PRÁCTICAS Y
EXPERIENCIAS EN LATRANSFERENCIAò.

Specific actions to support groups with 
technological potential and impact

During2021,innovationprojectscontinued
evolvingandsomenewoneswerecreated,a
totalofelevenweredevelopedintheinstitute:

Betiop: Manufacturesa prototype
intraoperativebetaprobeforradiation-guided
oncologysurgery.

RX3D:Itlooksforapplicationsinareasof
healthforRX3Dandimprovetheexperience
initsuse.

UCNAOH:Maximizesthebenefitsofcancer
therapiesbasedontheuseofprotonsand
ions,i.e.,hadrontherapy.
GNVISION:Implementsdualneutronand
gammaradiationimagingdevice,capableof
displayingbothgammaradiationandneutron
emitters.

Radon: environmentalradioactivity
measurementandradiologicalmonitoring.
Promotesmeasurementofradoninairforthe
preventionoflungcancer.
HGRF: studyandcharacterizationof
radiofrequencycavities.Conductsresearchon
highgradientphenomenaanddevelopsRF
technology,payingspecialattentionto
systemsformedicaland industrial
applications.

Brainvector:Developsandvalidates
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nanovectors for targeted transport of antitumor

agents through physiological barriers.

Promotes new lines of diagnosis and therapy

in diseases.

Simubreast: Designs a breast simulator

dummy manikin and a set of tools for

simulating FDG uptake in breast tumors.

Radioimagen: Development of a system to

improve imaging capabilities in treatments and

diagnosis with radiopharmaceuticals.

Kairos: Wireless sub-nanosecond data

reading and synchronization system for

multisensor detectors.

COVID: Machine learning project to help in the

diagnosis of COVID19 by using chest X-rays.
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