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Dpnqgv gjlephd j Diutb mmEJo h f t Espafioles para la Cooperacion Teécnica
(SECOT)y doce investigadores del IFIChan
LETTER FROM THE Eptgspgf tedjsbowf t ujed bndj) Do  resultado beneficiarios en la primera
bt vnj epfo 3134 j nqgps ub o @dnocatoria de Ayudas para la Consolidacion
DIRECTOR sftgqpot bcjOijseuBoe € fipb t j e p Investigadora lanzada por la Agencia Estatal
f mf hdjpenps f t j e fDopuobt O W Pp UB S - de Investigacion del Ministerio de Ciencia e
~ ef mvifzbf shhpgsftjeefftoeBfb3 1  Innovacion.
Espanol OVTUB® opot uj uvefqof bbb ub
dpnvoj gmauf sobej pFotburs v d u vIsubbién las tesis desarrolladas en el IFIC han
Bt uspgiStf jpadlld j wod mf/ZNfbts 1 b recibido numerosos premios: Pablo Villanueva
KptDpt ibmbo v f wlh sf deuf @B O Yy Adria Delhom i Latorre sendos premios del
) Df owlesfpQbsui dBtmbs pqgbsnidEhbalas mejores Tesis Doctorales, Miguel
Ovdmf bsft-vshdpnpvoqspzf duGarciaFolgadoy Fernando Romero Lépez los
blp btjewpobl mfjoufotDpotphpefd®ipdpd npckf ej wp premios extraordinarios de Doctorado 2022-
bdu,j V\djefboeuﬁajjrddCHJFDtj ngptjcimt uj nmidlpsp gqf s odjumd hsvgpt 23 dela Universitat de Valencia y la tesis de
sftvingeptg hjopempdft vmubefpttqb | p mfgtf sfuogt t ptidb s u 1 d v Mvario-Reig ha sido elegida entre las dieciseis
e fovf tJu oswWf t ujglpegjvp dj-owh upbt uspqgbzauvidminmbg mejores tesis por la Real Academia de
dpopdfadpumf tef ubmfimAf de&ub Doctores de Espafia.
nf npsjiTphbmipef mbrowffpo ¢ b s dvboo MG owf t u je fibbnudj b- moj sef bbem jf {dbre b
bngnmjtpyg f deufstpenfp ct f s wbfinpito JGIbsf dj cheps udbfodigdpdj nj fDentrgpdel Proyecto Meitner, la iniciativa de
tvdf dptdvbuwspsuptgimbsuldvimndd134mdbuf esefunjop wf etfj u llivulgacion sobre ciencia y género del
n“tqgftbelf mbtdpopdjedfm Wbm! oFdvjnip R§ piubt j ehpb mb s e p o Onstjputo de Fisica Corpuscular que cuenta con
fygqf sjBUMBT-t afpcuf oadfyob dpoimf ebenfmbSf bIrp dj fRetbgeb | p mla colaboracion de la Fundacion Espariola para
bzve@svfebDpodfeipdpotfkpf Git| dppst vdzydf qdjdpesism sla Ciencia y la Tecnologia - Ministerio de
Fvspgep Jowftuj HEFEESDdsb dj f o uflof judm gepfmly 1t g idbsmp b -Ciencia e Innovacion, se han llevado a cabo en
eft bs segnmngbpst y v fnwpotj up sp d frov fmfi bdpowf Swyesf gf sf od|j BO23 varias actividades: las Jornadas de
dj s vz ibs b u b nd pf codugub”™ o df pss g1t jod Il md Bbjsf ISEF bimbs f dj o jme p Ciencia y Género, coordinadas con CEFIRE,
dj elpg kf ngmpt qsf n®Pjpl puhitt mb Bip mf R p dejfb m enfocadas para profesores de ensefianza
Johf ojuf & pifldopetv t uesfjWb mff to d j Secundaria; la representacion de la obra
Fngf {bnpl34dpombtKpsobebfombdbuf hpkksibbz f d @spjghh t j pleadirah que lleva a escena la vida de Lise
uf dop meh jinGBIMDy-ft fsf bmdpbod Qsft ul<hhjmped bz fIdAGSI NTz c s j eMeitner, pionera de la fisica nuclear olvidada
epbl pztbm|mb sehfmpttj hvj Abbuft Jnbhj dbt ufngspnpwjgesf m porel comite del Premio Nobel; la Il Edicion
dpouj owmtbnfpse fKp s o baejbfto u 1 g jjdobmf t ujeH bde@ISDv j Db c b mmfvd p - del concurso multidisciplinar  Express-Arte
j oj df d3elb3d®p mmbdpssft qgpdej feofutfbts sepj mnybp t jnwjewpdtg b s b m ConCiencia, dirigido al alumnado de
mbrmi o Mbdzb s z p h feolf shlp i bfose e j b hord wufj digpftadp’ o dif s-f t v mu b gepundariay ciclos formativos, y la exposicion
dptnpdt t f oliNVsdBi ft zoui pg | th b mb s e pf cobmbg b u f h@sﬂ)bfeifup dzQj pof guet hd- reunido las obras
ovduwf M dZewboddéetusvnf'oubuNbpzopdsn g b dyuppsnbb t p dj bTdfj o jop s tganadoras y seleccionadas de las tres



ediciones celebradas de dicho concurso, y
cuenta ademas con una coleccion de obras
propias de la artista italiana Mdnica Mura.

Este afio también se ha celebrado en el IFICIa
presentacion del Plan Complementario de
Astrofisica y Fisica de Altas Energias en la
Comunitat Valenciana, coordinado por el
investigador del IFIC Carlos Lacasta, con la
participacion de la consellera de Innovacion,
Universidades, Ciencia y Sociedad Digital,
Josefina Bueno, entre otras autoridades.
Ademas recibimos la visita de la presidenta
del CSIC,Eloisa del Pino, y de la rectora de la
Universitat de Valéncia, Maria Vicenta Mestre,
asi como de la secretaria autonomica de
Universidades, M@ Esther GOmez y del director
general de Ciencia e Investigacion, Rafael
Sebastian.

En 2023 hubo una renovacion de la direccion
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 continuan,
Michel Sorely José Enrique GarciaNavarro, su
tiempo, implicacion y apoyo.

Para terminar, quiero reconocer el trabajo y
dedicacion de los miembros del IFIC,tanto el
personal docente e investigador como el
personal técnico, de administracion vy
comunicacion. Gracias a ellos han sido
posibles las numerosas actividades descritas
en esta memoria, y todos son necesarios para
gue podamos mantener nuestro liderazgo
internacional.

uria Rius
Directora del IFIC
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Berta Rubio ha sigut elegida com a presidenta
del Consell NUSTAR, del qual ja era
copresidenta des de 2020. NUSTAR és una
institucid que representa a la comunitat
internacional  d'Estructura, Astrofisica i

LETTER FROM THE

IRECTOR Reaccions Nuclears. Maria José Costa €s la
. nova directora del CPAN (Centre de Particules,
alencia Astroparticulas i Nuclear), que va sorgir com
un projecte Consolider-Enginy 2010 amb
l'objectiu d'estimular la cooperacié entre els
vbobtj hvoboze (]j ouf odrdps espanyols experts en fisica de

bduj wWjjUbwflgm(ddbGId Pngpt t | cparticules,astroparticules i nuclear.

sftvingeswfq hjopdtmtftvmdbut

mbo pt uysobwf t ujglh lndrj v bdnp t \bt La investigaci6 d'alta qualitat realitzada en
dpowhaeapos mpldmso s te f udmmimh j d'iIC ha rebut importants reconeixements en
brvfhnfum. 6Qpbn sbtwb ordvfb c bt uf d023: el catedratic de la Universitat de
vobngmj qf dafsgfm( pct f efwitd j Vialencia Eulogio Oset ha sigut guardonat amb
tvddf bhptvbuyfb ulptmlg bs ui dvlanimedalla de la Reial Societat Espanyola de
ns tqft beellm dpof hMerh(tf yqf s irisicau per la seua dxcepcional carrera
BUMKT -bm( pc ud (ovdglov@bp &b cientifica en el camp de la fisica teorica, la
Dpodfefuthpot Fwsnp @f(J owf t uj dubldgsa li ha convertit en una referéncia en
) FSOf & ef t f owpenvigdstrjwfj v fisica o v d mfDegolReal ha rebut el premi
nNpoj umisfevjfhmsbb dulmpfoaiwnb Nikola Tesla del Col-legi Oficial d'Enginyers
d odffssj elps yf ndmft Técnics Industrials de Valencia en la categoria
firajectoria  Professional Prestigiosa!; el
Wbndpnfovydllssd ncmf tKkps ob e f projecte HYBRIMS (Hybrid Imaging Systems),
uf dop mcehfim( B G Dts f b mjd b f b o promogut per [linvestigador de I'IFIC Luis
epbozjtbommkedhntt h fnofuttpmb n Caballero, que desenvolupa dispositius
dpoujobs¢ffKps 0 baijf t o u1 gj madicst per al diagnostic precis del cancer, ha
j oj dff d@dBRn anfdp s s f t glproffto uresultat guardonat en la categoria Projecte de
miojM tZbszphfebshlbuub ce Major Impacte per l'associacio Seniors
dptnpdt t f oliNVsdBi ft zoui p ¢ j tEspanyols per a la Cooperaci6 Tecnica
ov dudjf  d&ewbodfoe usvnf'oub (JER®@T)i dotze investigadors de I'lFIC han
DpnqvVvygjpleghd j Diulb mmEJo h f t resultat beneficiaris en la primera
convocatoria d'Ajudes per a la Consolidacio
Evfgdspgfte (pjsdwf teufmh Bith]dD Investigadora llangada per I'Agencia Estatal
bttvih@d3dngpssbogpot bcj mdinvdstigaci6 del Ministeri de Ciencia i

Innovacio.

També les tesis desenvolupades en I'IFIC han
rebut nombrosos premis: Pablo Villanueva i
Adria Delhom i Latorre els premis del CSICa
les millors Tesis Doctorals, Miguel Garcia
Folgado i Fernando Romero Lopez els premis
extraordinaris de Doctorat 2022-23 de la
Universitat de Valéncia i la tesi de Mario Reig
ha sigut triada entre les setze millors tesis per
la Reial Academia de Doctors d'Espanya.

Dins del Projecte Meitner, la iniciativa de
divulgacié sobre ciencia i genere de I'Institut
de Fisica Corpuscular que compta amb la
col-laboracié de la Fundacio Espanyola per a
la Cienciai la Tecnologia - Ministeri de Ciencia
I Innovacio, s'han dut a terme en 2023
diverses activitats : les Jornades de Ciéncia i
Genere coordinades amb CEFIRE enfocades
per a professors d'ensenyament secundari; la
representacio de l'obra teatral que porta a
escena la vida de Lise Meitner, pionera de la
fisica nuclear oblidada pel comité del Premi
Nobel; la 11l Edicié del concurs multidisciplinari
Express-Art ConCiéncia, dirigit a l'alumnat de
secundaria i cicles formatius, i I'exposicio
d?ioneresLJ- que ha reunit les obres
guanyadores i seleccionades de les tres
edicions celebrades daquest concurs, i
compta a més amb una col-lecci6 d'obres
propies de l'artista italiana Ménica Mura.

Enguany també s'ha celebrat en T'IFIC la
presentacio del Pla Complementari
d'Astrofisica i Fisica d'Altes Energies en la
Comunitat  Valenciana, coordinat per



I'investigador de I'IFIC Carlos Lacasta, amb la
participaci6 de la consellera d'Innovacio,
Universitats, Ciéncia 1 Societat Digital,
Josefina Bueno, entre altres autoritats. A mes
rebem la visita de la presidenta del CSIC,
Eloisadel Pino, i de la rectora de la Universitat
de Valéncia, Maria Vicenta Mestre, aixi com de
la secretaria autonomica d'Universitats, M2
Esther GOmez i del director general de Ciencia
i Investigaci6, Rafael Sebastian.

En 2023 va haver-hi una renovacio de la
direcci6 de I'IFIC, per la qual cosa agraisc 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 Garcia Navarro, el seu
temps, implicacio i suport.

Per a acabar, vull reconéixer el treball i
dedicacio dels membres de [l'lFIC, tant el
personal docent i investigador com el
personal técnic, d'administracio i
comunicacié. Gracies a ells han sigut
possibles les nombroses activitats descrites
en aguesta memoria, i tots sén necessaris
perqué puguem mantindre el nostre lideratge
internacional.
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MFUUFS! GSPN!
EJSFDUPS
Fohmj ti

is 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 | invite you to learn more about
them by reading this report. | 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 J G J Dethinology 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
dzCb s z p hfdark t matter and cosmic

nfttf ohhédWikynthesis of o v d ramdj LJ

L8 dzB e w b dndtfumentation & Computing
for SocietalDi b mmf. o hf t LJ

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

has been elected as president of the NUSTAR

UC|ou|miI1 of which she was already co-

president since 2020. NUSTARIs an institution
that represents the international community of
Nuclear Structure, Astrophysics and
Reactions. And Maria 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
dzf y d f q scjenific bcareer in the field of
theoretical physics, which has made him a
reference in nuclear q i z t ;jDéegolReal has
received the Nikola Tesla award from the
Official College of Industrial Technical

Engineers of Valencia in the # Qs f t uj h prefessional

Professional D b s f dategory; 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 Research Consolidation
launched by the State Research Agency of the
Ministry of Science and Innovation.

Theses developed at IFIChave also received

numerous awards: Pablo Villanueva and Adria
Delhom i Latorre have received the CSIC
awards for the best Doctoral Theses, Miguel
Garcia Folgado and Fernando Romero Lépez
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
Royal Academy of Doctors of Spain.

Within the Meitner Project, J G J $gikerice 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 CEFIREaimed 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
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 Monica 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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QHIGHLIGHTS OF THE YEAR

THE PRESIDENTOF CSICVISITS IFIC ANDTHE RESTOFTHE CENTERSTHAT THE
INSTITUTIONHAS IN VALENCIA

T

IFIC received a visit from the president of CSIC,Eloisa 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 , Maria Vicenta
Mestre, rector of the University of Valencia, was also present.
More information here.

JGJD! BOE!IQRGIHFBEOR)IOOPWBUFWF OP MPR\NI TVBMIJ [FF
BDUJW@&EBEJ PBDUBWBHODIPOUBJ OFST

JG]J@-pmmbcpsmigpocpdgbsdzt gpof
gpssbhe) pkdawjpwobhf rHFfooskitboe f wf mp
bt zt udpvj t viump gt jpsp bej pxdu juvby
dpoubybdbfmhb nndbwp nphswfgd izoy ir bf
jtqpsublzond] oef qf oped lofup n ¥ uNspzs f
j ogpsnbujfpo ik



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

QHIGHLIGHTS OF THE YEAR

DIEGO REAIRECEIVESTHE NIKOLA TESLAAWARD

e
Pregio Nikola Tesla
rayect >Si0 i

=) Profesic restigios

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.

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 Baguena, member of
IFIC and emeritus professor at the University of Valencia. Oset
Baguena has been awarded for his dxceptional scientific career
in the field of theoretical physics, which has made him a
reference in nuclear physics.LMore information here.



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

QI JHI MOJHI UT! PG UI F! ZFBS

BERTA RUBIOPRESIDENTOFNUSTAR,ONEOFTHE PILLARSOFFAIR, THEFUTURE
FACILITY FORRESEARCHN NUCLEARPHYSICS

IFIC researcher Berta Rubio Barroso has been elected as president
of the NUSTAR Council. NUSTARIis 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.

MARIA JOSE COSTA, HEADDF THE NEW CPAN DIRECTORATE

Maria 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 s 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.



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

!HIGHLIGHTS OF THE YEAR

JGOBFTFOUPBPNQMFNFOSBEDMBO®WI| BTUSPQI ZBEABD!ITI J HI !
FOFSREZTIISPHSB WI WBMFODODBNNV OJ UZ

JGdpPppsejuibpbutfEEg3 phsbhpc) ndngputd
Onj mnmjvpsgptui Wb mf oldp mov eg juaeb 04d]) o h
sftf bopdpk/fWiuff ygmp spaujipiobs hih o e
t nbmmfod iuv o) wfj dutifpc k f dlutixvifrorhu 1 f
bgqgmj dpguji gud di op nepfhwffmp cpdiiefgj hi u
b h b jdobtoucbfnsp qphu igfjsf/Mp s§jfogp s nbfusjfpo

LHC EXPERIMENTSOBSERVE A RARPROCESSNITH FOURTOP QUARKSTHE MOST
MASSIVE PARTICLEKNOWN

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.



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

QHIGHLIGHTS OF THE YEAR

JUAN JOSE HERNANDEZREY, CONFIRMED ASIEMBEROFTHE CERN LHCC ANDDF
THE CNRSSCIENTIFICCOUNCIL

Juan José Hernandez-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.
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Vi
International Scientific

| Advisory Committee
Heads of the research A 2
departments = 4 S

Ui f/s T U {f GEiSEs
mw

....
D
& Ciivg
N

> Gustavo C Branco(CFTP/IST, Univ.Lisbon, Portugal)
> William Gelletly (Univ. Surrey, UK)

Non-PhD members > Francis Halzen (Univ. Wisconsin, USA)

Teresa Camara ¥"S'Manuella Vincter (Univ. Carleton, Canada, and CERN)
> Antonio Masiero (INFN and Univ. Padualtaly)

> Tatsuya Nakada (EPFLLausanne, Switzerland)

PhD members > Bing-Song Zou (ITP, Chinese Academy of Sciences, China)
Martin Gonzalez

- SRd 218 21
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H12* 89.3%
ARTICLES IN INDEXED JOURNAL o IN FIRST QUARTILE JOURNALS

(ONLY DOCUMENT TYPE ARTICLE OR REVIEW). SEE ANNEX FOR FULL LIST OF PUBLICATIONS(JCR-W0S OR CITESCOREBCOPUS, 2023)

TOP5JOURNALS UPQ®KPVSOBMT!
(BY IMPACT FACTOR, JCRVOS) WITH IFICAUTHORS ) CZ! OVNCFS! PG! QBQFST* ! XJUI ! JGJEC

Living Reviews in Relativity (IF 26.3) KpvsolgnFp§ Qhzt ) dGH1

Phys. rep-review section of Phys. Letters (IF 23.9) Qiizt | dbnrk!) S9GH] f x|
Science Bulletin (IF 18.8) Fvspgf bo! Qi zt | cbb"B! Kp v
Nature Physics (IF 17.6) Qi: z t Mfdu UCf! 93T*@!

Nature Communications (IF 14.7) Qirztjdbm! SfwoOf*»2! Mf uuf

An agreement on how to acknowledge authorship of Russian and Belarusian scientists on publications from the four laegpstilig@ts (including ATLAS andCh 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 hesuzl yeary publications for 2023.

Full list of publications A
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/] , CONFERENCES AND WORKSHOPS

CONTRIBUTIONS TO CONFERENCES
AND WORKSHOPS

NATIONAL AND
INTERNATIONAL CONFERENCES

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.

410

Full list of events
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B . coLLoouiA

'SEVERO OCHOA' COLLOQUIA
ORGANIZED

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. Colloguia are open to
scientists, personnel and
students of other research
Institutes and science faculties.

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.
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5, sEMINARS

SEMINARS ORGANIZED

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.

Full list of events

Organisers: Josu Cantero,
Leandro Cieri, Andrea Donini,
Carlos Escobar, Daniel G
Figueroa, Adrian Irles, Nicolas
Loayza, Jacobo Lopez, Neus
Lopez, Pablo Martinez, Omar
Medina, Laura Molina, Raquel
Molina, David Mufoz, Miguel
Nebot, Sergio Palomares, Alberto
Prades, David Valles, Avelino
Vicente.
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5 L1: THE HIGGS FORCE

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 Dbetter
diagnostics.

The IFICteam 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-ll
electronics, continued to work correctly during
the 2023 data-taking, proving the reliability of
the future Phase-ll 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 inthe HY ZZ*Y 4/tchannel
(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 Y ( (channel 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 (JHEPO8 (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 (JHEPO7 (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

9L Ui jntf bt v s fjnd fosig p s n fagd leptons. For some of them, couplings

s fqmftt fq b dx jt wii & p mmj o fbgtween Z and W bosons and the third family
pid{c pt pej ¥ fwd aygts p c f OF SM quarks are preferred. IFIC researchers

p & 8 f s have collaborated in the ATLAS search of the

production of W' boson decaying into a top

u jaadbanpottom 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 | ¥ f Gand | ¥ € QJHEP 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) Y § £ and
C) Y g Tat 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 | ¥ f C
and | ¥ € (branching fractions is compatible
with the SM prediction within 2.2 standard
deviations.

0.37\I\I|IIII\l\\\llwllwl|\lww|\
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Bestit value (red star) of the branching ratios B(HY f fand
B(HY ¢ § given in % and likelihood contours at 68% and
95% CL obtained from the simultaneous fit of HY f Gind H
Y € Gignals based on the MC-template method, compared
with the SM expectation (black cross).



L1: THE HIGGS FORCE gspevdbiuup dMI Def npot wsibfufsAfter the discovery of the Higgs boson in 2012
j ngbpaui TNFGdb s bnftuyhsbft at the CERNLHC, the study of its properties
dpngbsgpomffdt vsf bhfoeut e z stil leaves room for an extended Higgs sector
ui fi ngspwifp@t usbjf opdj bpf ewith more than one Higgs boson. 2-Higgs
Ui f psznvmuj wbosgibyutduifd v n cd @ f v s b nfloublet models (2HDMs) are well-motivated
Pouipuiiflsojee8 134G Dt fbsdi béuxpwgctfusbjtodemfvibes b uj destensipns of the SM with five physical Higgs
i bwdpvui pbsof @egpsxpoguoui f xj wiibvncpebsbnfudaehaf bosons: two CP-even states h and H, one CP-
jouf hsbpug proocj oohemuj wbs gl agiibzs b mmad imN ¥BF @y s b n f x pts | odd state A, and two charged states Hx. In this
pctfswhcomfpmpcbuboebpef m xf.mmj ufde ot uvsovedjuonovineu j wh s |etkely e present the calculation of the full
Fggf dajjfuiief p)sENFGWi*f psf ujpdotm swhbicméi qf mev qu pu f optg  nextto-leading order (NLO) QCD corrections
joufsqgspgbesjugantfé¢ blatbwdi FGWpf ggjltsf ouj & mpgpmt to hH and AA production at the LHC in the
bt ui fefuf snj opbguiyipfoXj mt po e e 2HDM at small values of the ratio of the
dpfggjpmgufi FuboeNopseefFggf duj w vacuum expectation values,u b oincluding the
Gj fwmef psINFGPYHuffi@wp mivf exact top-mass dependence everywhere in the
j ogf spfgovdmiu g lojsnif n fgusfpsit mp ¢ b m ) calculation. Using tec_hniques _applied in _the
ebubtPagujnjf{fypydhoufsqgsfubt = //‘ / NLO _QCD SM Higgs pair production
sfrvpsjfef ouj @ijpdehtufjspwabicbmd t Yy calculatlon,_ we present results for _the totgil
fyijudijify hidptutjtdmft j upuwifuz - cross section as well as for the Higgs-pair-
voefsmzfpobasbnfldiskpsxf ‘ mass distribution at the LHC. We also pr_ov_lde
ef wf mmanf yp g¢fmdp v sgdsfbxps | - the_ top-quark scale anql scheme uncertainties
NMFGWH-obcmjipbuf hlyujcpjooof e y which are found to be sizeable.
nvmuj wpesi bswp o chpmp cTENFF GU Ny 4
gj/lutBt dpngbsfuep usbejujpc Yy 4
nfbtvsf nfvapictt-f s wibacimfad f " (>
tfotj uwpwjidai f pglzsbnfefzst ——
7 00T IV o B BBIY o f nbu TSI e €0, ysmebanss e
-lev u | uct | |
wbsj bem#tusbufpmzj eabtdi j of gect. 4.2 of tr?eqpaper? theo present repsults based on EFT 5 .
mf bsojsdisft tbjoppodmbt t | gj ddmutnlgtiopsCat the linear level (left)y and also including s
uf di ojurpylf ¢ bnf ufjdeij{nff ot j p oaugdratic contributions (right panels). feb T RHp L T
mj | f nsj bi upvppef wihMp o Db ssrfpgmj db e (e
nfuipap ftuj nbbufe gspgbhbuwf@l1l3AGADf ps jptvibdinidp o u s jumPV U fre® LHC with different scale and scheme for the top-quark
nf ui pe p nvpohdjfdsbunbl tdugjsfptp g dpnqgwuf§ vonimnpynt b ep 0ehf @ MP * mass, in the 2HDM type I. Left: CP-even hH production.
d po d fx q d pot uws GV(deOI‘DVf m|u J wb s .R BEdfp ssf duuq jp o h b jq$ pev q LDj P Bight: CP—oddAAproductic'm.. The lower panels display the
pctfswhopwgrqvbgbjpoej hht, [u i Fl j heapvempfesd m ratio to the default OSprediction.



L1: THE HIGGS FORCE
Selected Conference Talks

Susana Cabrera. Highlights on top quark physics
_ _ with the ATLASexperiment at the LHC, SUSY?2023.
Tfmf Qut enj dbuj pot Southampton (UK).

BUMBDIp mmb c pBfbhug duipfratf q.g mb wp visuca Fiorini. Higgs boson couplings at ATLAS,

wj pmbtgdtpmtilfj hopt potipoeC LHCP2023. Belgrade (Serbia).

j 63>2 AUf Wad p mmjxtj jusi BUMBT uf/dups

KpvspdjmhFiof Qh zt J &3t1327EPJ Marcel Vos. Rare electroweak production

\bs Y w measurements, 31st International Symposium on
Lepton Photon Interactions at High Energies.

BUMBDp mmb c pNfolutj ywofpngli ioflY 0 G Melbourne (Australia).

boeY[ [ ®Edspttftduij mad p mmjbtuyy pot

t3>2 & Uf W wii BUMBeTF u f/dFwmse q f bArantxa Ruiz. Probing the nature of electroweak

Qi zt KPb amb53 1 IGFEPDHL S Y| w symmetry breaking with Higgs boson pairs in
ATLAS Lake Louise Winter Institute 2023. Lake

BUMBDp mmb c pEfblugggpamf qudo b dh fLouise (Canada).

bt znnfjuwsuz&X pev d @jj pddurb o f wi

ui sniffq ubpaGt2 4Uf/Wp v spdo jmhFio f s h zXimo Poveda. Property measurements of the Higgs

Qi ztj3t13U4EBEPDsS Y| w boson production in association with top quark at
the ATLASdetector, Higgs 2023. Beijing (China).

Sbr vifpmm fBEnc s pKp gupflsp f Wb f wf

Nbej hkwb8pkWwWf spolhdd{Voc| oo fMaria Moreno. SMEFT fits for the top quark

nv muj vhestjf bsungbpbsmp & NP ®W b mz t fcauplings at the LHCand future colliders, EPS2023.

gsmmbdi mbbs/K| BIRA3 1 344/£ P/J Hamburg (Germany).

KN Cbhm@ pbngbobsg/mGyv @iPRD E

qgsfej dgplsjphdith g spevdajPpg hht
e p v cnnpfedfF @i ZKID9 43 1 349 3/EP/J


https://indico.cern.ch/event/1214022/contributions/5460516/
https://indico.cern.ch/event/1198609/
https://indico.cern.ch/event/1114856/
https://indico.cern.ch/event/1205624/contributions/5238435/attachments/2596216/4482836/ARuiz_LLWI2023.pdf
https://indico.ihep.ac.cn/event/18025/
https://indico.desy.de/event/34916/
https://doi.org/10.1007/JHEP10%282023%29001
https://arxiv.org/abs/2302.05225
https://doi.org/10.1140/epjc/s10052-023-12130-5
https://arxiv.org/abs/2306.11379
https://doi.org/10.1007/jhep07%282023%29033
https://arxiv.org/abs/2301.04245
https://link.springer.com/article/10.1007/JHEP03(2023)033
https://link.springer.com/article/10.1140/epjc/s10052-023-11957-2
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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 [FIC participation (NEXT-100,
KM3NeT-ORCA) B) constructing a new detector to measure beta decay
. S e::éra1 shapes to improve the determination of the primary fluxes of reactor
neutrinds; 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.




5 L2: NEUTRINO PHYSICS

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

ui fgspupulzgditfDF SOOf v us | oNpajorana particles, making neutrinos very
Qmb u gipbswijfonhg p ssufbtop ot jb wj mgpecialfpdrticles, "double agents” of the matter
uidf di onfolftenj- t dvijt @ p ®ff u b j rand antimatter realm. IFIC is the proponent
j &8/J GaDnc fbssth mimp b etj pond g and a major leader of the Neutrino Experiment
ui fqi zt jhastpv po ebsfef wf mp g jwatina Xenon TPC(NEXT),that has developed

j ngpshudmmzttvfdbitui jfef ouj gj dabnew tpchnology to search for i ®3 using a
pog fdpoébpptawi PFSGs pupuz ghigh pressure 136Xe time projection chamber
boe ufngbdgogvuvegsfpuefiodb z (TPC), and is the flagship experiment of the
t f bsdiaitdg besf uf d)@p &t f tjzt national Canfranc Underground Laboratory
Nj hBforh i ms @Qf B/j t * (LSC).

The first radiopure implementation of the
NEXT technology holding 5 kg of Xe, the

£ ] omsoewens | [$Data —MC NEXT-White detector, successfully completed
S 1ol Exp2a:07cvents | N m its physics program in 2021, while the NEXT-
| EE?UL.“'BG 100 detector (up to 100 kg of Xe) was

i |ZBBOV U.L.

installed at the LSCduring 2023.

The NEXT Collaboration published in 2023 its
results on the search for U @3 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 Usén). This analysis, led by IFIC
researchers, considers the combination of
271.6 days of 136Xe-enriched data and 208.9
OFYi j béf am7A dujsavinff o f sifhjpgoouf st t days of 136Xe-depleted data, where the latter

gpsYfudst fbsdUifebwstvafsjngmife jsysedfor constraining the backgrounds.
cfiggecubd!l hspyqedubbwjepmti 1 d> tj hobm

dpssft @ ij bubjw fmg ng uubfu: & , .
dgogjen?fmmjfp Jrod efms n9 No U ®> signal was found, and the

corresponding limits on this decay mode were

_ ) ) reported. The published techniques stand as a

Ui &jtdpwdddzusfslfsrtzej p b dugrosiiof-concept for the searches to be

qspdfdftvusj oeppnvfctoif uef dbz jmplemented in larger gaseous xenon
) Ula * x pv mes pwfi baf vusjpspt dgetectors, such as NEXT-100.

()
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https://www.educacion.gob.es/teseo/mostrarRef.do?ref=2453028
https://indico.ific.uv.es/event/7219
https://www.educacion.gob.es/teseo/mostrarRef.do?ref=2455344

L2: NEUTRINO PHYSICS

i
§
§

i

P(v“ —»v")

'
"'-“3 =0eV?-NO
1 ma, = 10°eV2-NO
} =0a3=10%eV?-NO
y -%=0eV-10

b = a,=10%eV?-10
& =a=10%eV?-10

10

E, [GeV]

Muon neutrino survival probabilities as a function of energy at
a cosine of the zenith angle, cos A, = §0.85. Three values of
the putative neutrino decay constant 0, = m;0 £ are
considered, where U, = 0 is the case for stable neutrinos [2].

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

B
g

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 | ; =
& 5/ T3, used to describe the invisible neutrino
decay, showed a preference for | ; = 1.08 -
1094 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.
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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

8

complementary observations such as U 03
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.
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L2: NEUTRINO PHYSICS

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 Martinez-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 Csl and then
liquid argon. In [5], they perform a detailed
statistical analysis of the full Csl 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 Csl data leads to a dramatic
improvement of bounds.
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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].

10—7 7umwul IERTIT RARTITT RANIRTITT MAIRRTIT AT
102102 10" 10° 10" AP

10°

Selected Publications

[1] NEXT Collaboration, Demonstration of
neutrinoless double beta decay searches in
gaseous xenon with NEXT, Journal of High Energy
Physics 09 (2023) 190 DOI [arXiv]

[2] KM3NeT Collaboration, Probing invisible
neutrino decay with KM3NeT/ORCA, Journal of
High Energy Physics 04 (2023) 090 DOI [arXiV]

[83] G. Barenboim, P. Martinez-Miravé, C.A.

- Ternes, M. Tértola, Neutrino CPT violation in the

solar sector, Physical
035039 DOI [arXiv]

Review D 108 (2023)

[4] S. Gariazzo, P. Martinez-Miravé, O. Mena, S.
Pastor, M. Tortola, Non-unitary three-neutrino
mixing in the early Universe, Journal of Cosmology
and Astroparticle Physics 03 (2023) 046 DOI
[arXiv]

[5] V. De Romeri, O.G. Miranda, D.K. Papoulias,
G. Sanchez Garcia, M. Tértola, J.W.F. Valle,
Physics implications of a combined analysis of
COHERENT Csl and LAr data, Journal of High
Energy Physics 04 (2023) 035 DOI [arXiv]

[6] R. Hajjar, O. Mena, S. Palomares-Ruiz, Earth
tomography with supernova neutrinos at future
neutrino detectors, Physical Review D 108 (2023)
083011 DOI [arXiv]


https://www.educacion.gob.es/teseo/mostrarRef.do?ref=2464260
https://doi.org/10.1007/JHEP09(2023)190
https://arxiv.org/abs/2305.09435
https://doi.org/10.1007/JHEP04(2023)090
https://arxiv.org/abs/2302.02717
https://doi.org/10.1103/PhysRevD.108.035039
https://arxiv.org/abs/2109.03247
https://doi.org/10.1088/1475-7516/2023/03/046
https://arxiv.org/abs/2211.10522
https://doi.org/10.1007/JHEP04(2023)035
https://arxiv.org/abs/2211.11905
https://doi.org/10.1103/PhysRevD.108.083011
https://arxiv.org/abs/2303.09369

L2: NEUTRINO PHYSICS

Selected Conference Talks

A.A. Garcia 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)

JW.F. Valle, The Ilegacy of neutrino
oscillations, 30th International Conference on
Supersymmetry and Unification of
Fundamental Interactions (SUSY 2023).
Southampton (United Kingdom)



https://agenda.infn.it/event/33457/contributions/204804
https://indico.cern.ch/event/1199289/contributions/5447194
https://agenda.infn.it/event/33107/contributions/206517
https://indico.cern.ch/event/1216822/contributions/5449234
https://indico.cern.ch/event/1199289/contributions/5447197
https://indico.cern.ch/event/1214022/contributions/5461063

‘TDJ FOUJGJD! SFTFBSDI I MJOFT

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
b cexpelimental groups in collaboration with the theory team have pioneered a
u ufgasdility 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 Il 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 Run1 + 2 data. These include an
updated measurement of the photon
polarization from mixing-induced CP
asymmetry of the FCNC radiative b-meson
decay BsYC({ 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, 0.*Y 02A*A?, 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.
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IFIC researchers are also involved in the LHCb b's Y3 4wi235 1 ® 7 fgqy

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 0 hyperon
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 Il
experiment at KEK, the data collected so far
(400 /fb) has been used to report the first
evidence for the rare decay B*Y K* 0L
[arXivi2311.14647 [hep-ex]], which shows
some tension with the SM. The new physics
models needed to explain this result also
predict an enhancement of B*Y K* 11, a decay
IFICresearchers are now searching for in Belle
and Belle Il. 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
DY AA 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 2¢ tension 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+ed annihilation, 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 u ~
and the precision with  which the
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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
ef hf of propery LUdads 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 EMC effect.
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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

d induce smoking gun displacements in the corresponding

ard 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.

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 LHCDb collaborations . Of
special relevance was the discovery of a
charged tetraquark state (T.*) by LHCh. 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
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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.

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 vyields 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
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order by combining relativistic  chiral
perturbation theory (ChPT) of pion, nucleon,
and 0 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

% &adlerging 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 LQCD actions, 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.

107
HMC 2 2.20(2)
FHMC 2 = 2.05(4)

Ty,
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L
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.

Selected Publications

R. Aaij et al. [LHCb collaboration], Amplitude analysis
of the oc+Y pKQA, decay and oOc+ baryon
polarization measurement in semileptonic beauty
hadron decays, Phys.Rev.D 108 (2023) 1,012023.

R. Aaij et al. [LHCb collaboration], 6c+ polarimetry
using the dominant hadronic mode, JHEP 07 (2023)
228.

G. Aad et al. [ATLAS collaboration], Search for
leptoquarks decaying into the bC final state in pp
collisions at 3t 18 TeV with the ATLAS detector,
JHEP 10 (2023) 001.

M. Davier, D. Diaz-Calderén, B. Malaescu, A. Pich, A.
RodriguezSanchez and Z.-Z Zhang, The Euclidean
Adler function and its interplay with & u_QED"had
andu §,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: Case Studyfor T_cc'+,
Phys. Rev. Lett. 131 (2023) 131903



L3: FLAVOUR AND QUARK
MATTER

Nj hvBfmmt b mKeDf k @ e f d buzpt”

X wi wg$f j hbobu@Rpfod j-Ufjtpuot
pgGvoebnfQ whmptMj hNfut pot -
23X Kv o3fl 3BDUUs f adwihp-mz

Tfmf dpbegf dUfbad ft

Mv Wp M nDMbM b u s jupju 8 1 3248 i

Joufsobpppoppug PLNVoOj ubs BugbnpDbmdv mbéppohmbfstuj dmf
Usj bobhbB13Zboujelbthppn gpt uf @bzt Mida RDEF-QT F®1 3346Bv hv it u
Tgbp&-3rfquf 8dAB4 3134

Fmf guTprsp bp@jj @lurbjuduf sbduj pot
j i DQbt znnf pedjifbte h t puox.p
cpezefdbzdingmj dbpjgpMItDc

nf bt vsf rbfoaguvtu \gqsfpt q DEFBO-

Hf of Wwbj-u { f S BPodeu-p2 I 34

Kpbo@®@pgbwbtFEnmg ipfpadhfmv po
nbttui spwhifTdi xj onhffdsi bej t n
Qb s uepgot usjgecwoudiufjapds ptt spbe-
2B ITfguf B3ABFDUUsT adw@dh-mz

Sbr vNpmj oFbg-g f day jf wief p sgjpfst

i bespgfduspt8mgadouf sobuj pobm
Dpogfspotbesggf duspbdeqz
Tusv dulvBESPOD3IHf op Wi bémz -
Kvo3l34






Aﬁ.

LINE 4.
Astroparticles ,
dark.matter and

cosmology

. A

\

‘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
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vggégmvduvBuwjiffdnd@j nbfu-j nf  KM3NeT in spatial and temporal coincidence

ef gf odffdwspgui jttp v stdif p xkt was also led by VEGA group members. The

of vudpopjemnrudb xjj doroff vusj ogpup also is deeply involved in the

gmb § wopawt f scvedf def Div ¢ f

KM3NEeT, 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
ICRQ023 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

development of the dzP o m ookl nf x pfs | Listate with two b-jets and two photons as well
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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
guark 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 Run2
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 dzf e h fresultihg from
SUSY particle cascade decays, going beyond
the conventional path of SUSYsearches.

The (orthogonal) search for same-sign leptons

yielded sensitivity in a, so-far unexplored,
natural model of R-parity violating
supersymmetry with bilinear terms (bRPV)
characterized by light, mass-degenerated
higgsinos. SUSY bRPV 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
ATLAS and MoEDAL

In addition, the MOoEDAL Apparatus for
Penetrating Particles (MAPP) will extend the
MoOEDAL physics program to feebly
interacting, long-lived messengers of dark
matter scenarios and neutrino portal models.
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The NA64e exclusion limit for Light Dark Matter searches with

D=0.1 and n B! 3m using the 2016-2022 statistics
corresponding to 9.37x1011EOT. The constraints from other
experiments are also shown.

RAD.ES ,babylAXO 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: RADES (X-band,
around 35 € f )WhabylAXO (L and C bands,
around 1 € f )wand CADEx (W-band, around
400 € f )MWvhich might allow detecting axions

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,
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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.
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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].

Muon coupling dominance: U2 :UZ:UZ=0:1:0

Ul

——- Projected exclusions N T,
—— SPYGLASS 1000 N Sda g
10710 ==- SPYGLASS 100 . i
—-- SPYGLASS 10 ~

Naive seesa w

———

1072 10"1 1:I)U
my [GeV]
Constraints on HNL couplings to muons with the particle
detector satellite SPYGLASSfor different energy thresholds
(blue curves). The gray (brown) area is the current (future)
sensitivity .

Selected Publications Selected Conference Talks

[P1] A. GarciaSoto, D. Garg, M. H. Renoand C. A. [C1] A. Sanchez Losa, dzOf v uAsiroogmy

Arglelles, dzZQs p agpiantim gravity with elastic news from the Mediterranean T f b LU

interactions of ultrahigh-energy o f v u s jPloyp t LI |nternational meeting on Fundamental

Rev. D 107.033009 (2023). Physics, Santander (Spain), October 2-6, 2023,
Invited talk.

[P2] Y. M. Andreev et al. [NA64], dZT f b ferdLight
Dark Matter with NA64 at D F S (Plh¥s. Rev. Lett.
131 (2023) n0.16,161801.F e j uspggéstion.

[C2] V. A. Mitsou for the MOEDAL
Collaboration, d@#loEDAL-MAPP - Detectors
specialised for LLP searches- LBICP 2023 p
Large Hadron Collider Physics Conference,
Belgrade (Serbia), May 22-26, 2023.

[P3] J. M. GarciaBarcel6 et al., dzP othe
development of new tuning and inter-coupling
technology using ferroelectric materials in the
detection of dark matter b y j p I&EEIAkEcess 11,
30360-30372,2023.

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

[P4] A. Karan, S. Sadhukhan, JW.F. Valle,
dzQi f o p nf o profilp bfjsabtbgenic fermionic
darkn b u uJHERI? (2023) 185.

[C4] S. Palomares-Ruiz, dzQs | n p laek
holes and the 21cm mj p57thRencontres de

[P5] S. Sandner, P. Hernandez, J. Lopez-Pavon, N.
Rius, dzQs f e j tHeu paoybn asymmetry with

degenerate right-handed o f v u s jJl6EP L1 Moriond EW 2023, March 18 - 25, 2023, La
(2023),153. Thuile (Italia). Invited plenary talk.

[P6] O. Fischer, B. Pattnaik, J. Zurita, dzUf t uj o[@5] Valentina De Romeri, d3ignatures of

heavy neutral leptons in cosmic ray beam dump primordial black hole dark matter at DUNEand

fyqgfsj ntiEeQ(a0R3) 193. Ul FJ Réw Horizons in Primordial Black
Hole physics (NEHOP)Naples (Italy), June 19-
21,2023.

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

Hs b Wj u'b u-j l:plg:overy of primordial GWs created by quantum effects at the very earliest

ph s biw i ru b u

boelicmbdl !

T -

nstar]ts of ,the u |ver§e or of a stochastic GW background that might have

Po,Wf -inflationary preheating, first order phase transitions, or
|co§rrfE\ f\;trlhg 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.



LS. GRAVITATION:

BLACK HOLES

The research topics of this line include the
theory and detection of gravitational waves
(GWs) and their interaction with matter,
guantum 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 2030! .tMembers
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

GRAVITATIONAL WAVES AN[ybjectives of the Laser Interferometer Space

Antenna (LISA), which recently passed the
dzb e p q phage.dRLC 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.
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BLACK HOLES

Selected Publications

[L5.1] dZQs j n pldaekj Hole archaeology with

gravitational waves from cosmic t usj o A.t LJ

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] dzDp t n pwth hthe Laser Interferometer
Space Bo u f oLtsSA Cbsmology Working Group
with D. G. Figueroa (IFIC) and P. Simakachorn
(DESY - Hamburg U.). Living Rev.Rel. 26 (2023) 1,
5. DOIfarXiv]

[L5.3] dZR v b oaowventions to the Schwarzschild
metric from vacuum q p mb s j. P.[Beltfap-Ralal
(Valencia U. - IFIC),A. del Rio (Valencia U. - IFIC),J.
Navarro-Salas (Valencia U. - IFIC). Phys. Rev. D.
107 (2023) 085023 DOl [arXiv]

[L5.4] dZMb o damping for gravitational waves in
parity-violating u i f p sH Bomnlakigno (Valencia
U. - IFIC), S. Boudet, F. Moretti, G. J. Olmo
(Valencia U. - IFIC). JCAP 02 (2023) 009. DOI
[arXiv]

GRAVITATIONAL WAVES AND

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 COSM02023, 11-15 Sept.
2023, at IFT,Madrid Spain

F. Bombacigno, dZzF y g mglein8itons gravity
from a metric-affine perspective: black

holes, cosmology and gravitational
Keynote talk at EREP2023, Bilbao, July 18th 2023

G. J. Olmo, dZHs b wj udoliagse artl nexotic
compact objects beyond H S Uvited talk at Il
Encontro de Primavera da SBF,26-29 Sept. 2023,
Niteréi (Brasil)

G. J. Olmo, dzC b cumiverses and wormhole
nj nj dlifvised talkk at 7th UICPAM2023, 45
Dec. 2023, (online)
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‘SCIENTIFIC RESEARCH LINES

The recent observation of gravitational waves from a merger and the
associated electromagnetic emission has led for the first time to the "in vivo"

=
= ﬂﬁhﬂm 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
LINE 6. leads measurements of the decay properties of key nuclei at RIKEN(Japan),
Th Ir N Ty GSl (Germany), JYFL (Finland), and n_TOFand ISOLDE(CERN) On the other
WA QSIS & qu hand, it is known that about 50% of the heavy elements in the Universe
nuclei 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
**W@}g&fw the s-process at n_ TOFat 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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L6: THE SYNTHESIS OF
NUCLEI

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 JA= O+ parent state, these
cases undergo super-allowed beta decays
preferably to the isobaric analogue state
through so-called Fermi transitions and to JA =
1+ states by way of GamowpTeller (GT)
transitions . The operator of the latter decay is
a generator of X ] h o S4{@) algebra and as a
consequence GT transitions obey selection
rules associated with this symmetry. Since
SU@) is progressively broken with increasing

mass number (A), mainly as a consequence of
the spinp orbit 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-spinp
orbit splitting can be small, so nuclear states
can exhibit an approximate pseudo-SU@)
symmetry. To test this conjecture, the GT
decay strength was calculated with a
schematic Hamiltonian with pseudo-SU@)
symmetry and compared with  the
experimental results obtained by our group.
The experimentally observed GT strength
indicates a restoration of pseudo-SU@)
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 Jyvaskyla
(Finland). The relevance of the measurements
was recognized with a photo of the setup
selected as the cover-page of the Univ. of
Jyvaskyla Annual Report. This line of research

dbocf bmt f mf wboawu fg v u vgspfs
gvoebnbgogmmdbuj pot
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Experimental setup at CMAM with the miniBELEN-10A

detector on the foreground and the 5MV tandem accelerator
behind it.

Btj aiffbsaptdi-fispypowpmefe

ui f dpouj ovpevtwf mpqn fpau

j otusvnfWiufbjug jpORBFE® uf dups
j tbh npevnmbseusbot gpstubesmpo
dpvouijf biof bgmédfuuf dfuggpjod| f o
Vo PNf WMupopagidf uf dujtpuds nt
bwbj mgpméi fNBOZ dpmmbcpsbu
) Nf bt vs pgBnoquObh vuZZpado rhete
Tgf dudbTgbojdspkfbdgwmf bu
dpoevduwmjfdht vsf npguh mqi*b- o
sfbdupPipetft jbhoodpnnj tt jpmoj o
ui f fuvigwff frof @ezui Hbnnboe

Of vusmd dusphsdpviBgoj ngpsubot
bdijfwf8fi8dbuinff bt vsfpngf ou
ui 3 Brm)ng bR ds ptt ft d uh PBBN

j Nbesgfesjoguwpani juddls hf bhgp s
bmqgifbof shgépmofbsi fsfbduj po
ui sftvqumENf MUI jntbslutigj st u



OVDMFJ 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

5 W; Ul FI' TZOUI FTJT! PG!

gi ztpfdbt vsfjndiioMBOZA s p h s b nresolution spectroscopy. During the first
boaidj &f wfi g6 pttftduijbptof f o semester the experimental activity with
nfbtvdfdes plh xj e$ b otpfgb mgi b AGATAwas focused mainly on studies using
fofskhjififlothh ohonf usihnf ou multi-nucleon transfer reactions with the

AGATAPRISMA setup. The coupling of the
JB8134i DFSO® URG bmw Ghbef highly efficient tracking sub-array of AGATA
tjhoj gjdpecditd bbbobmp tujxtp installed at INFN-LNL and the high acceptance
gj wp usbfrrb dujpovedjdgpst uf mmbm‘agnetic spectrometer PRISMA is a unique
ovdmf pt z au iftfqtsjptd fctstb o d i j owotld-class set-up for such studies, in
8 Tfo)- hb I”i nbboe : ®co- hbrnAb particular for the determination of transition
dpoevduwjfreiyiofgsbnf xpgui f probabilities . PRISMA,in addition to determine
| ZNOFSDpot pmHeb\8f/&s b xj ohAandZof the binary reaction products, is able
gspun wb mvbygqf s jufid&d D bbnu to determine the ejectile trajectories, providing
DFSO URGIvVv s s ftaumz i fubiesjfofhfundamental information for the Doppler
of xfyqgf sj ndjoruftkuui fgv uv s fcorrection advanced capabilities of AGATA
nfbtvsfmdwbis j pavstp d off v u s p osee Ref. [3]).
dbqusvfsdiduj pot

Relevant results published in 2023 come from
Xjwidfdsddsv jpugj‘de siug foxo - the previous campaign with the ISOL
tuvejpgobvdmfshHduj pet dfze radioactive ion beams from SPIRAL/GANIL,
v ot ubocvndfrofug f mb u jf wif ts tijjbdwtf  Caen France, including in the set up the first
cffjooj ujmdpgceof dujjuyio S54C implementation of GRIT (with contribution
fyqgqfs jpngﬂ Dfiouf solgbdp@Bplobz from IFIC), AGATA and the magnetic
Ui fttluveqdgwhaedgnqgmf nfugpubrs spectrometer VAMOS++ Our results in exotic
gphbj opoenf f qF e px mf pdwfi f light nuclei are contributing to benchmarking
t us v douoveszfo b ng gt b u p novdd mf jab-Initio nuclear structure models, in particular
sfmf wipowoef st upmep ®jhpg o the contribution of effective three body forces
uiiff bfwmf nfiomuifoj wi st f (see Ref. [4]).

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 x p s nbeightest 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 2¢ tension with the standard
model.
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Physical Journal A, Volume 59, Issue 1, article
id. 8 (2023). DOI
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advancements with multi-nucleon transfer
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114 (2023). DOI
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Selected Conference Talks

J. Lerendegui-Marco et al., Recent highlights
and prospects on (n,0 *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, RM. Perez Vidal, Lifetimes
measurements with MNT reactions at the
AGATAVAMOS++ setup: Exploring the
seniority conservation in the N=50 semimagic
nuclei above Z=40. Invited talk. Collogue
GANIL 2023, 25p29 Septtember 2023,
Soustons, France.

M. Gonzalez-Alonso, Beta decays within and
beyond the Standard Model. Invited seminar.
ISOLDEseminar, CERN,Geneva (Switzerland)
(October 10th, 2023)
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J GJ folal$ include the construction and commissioning of cutting-edge

instruments where we have taken a major in-house responsibility. Several

f/,m construction projects are particularly strategic for the institute in the coming
MJ BFEN years. the upgrades of the LHC experiments (ATLAS and LHCb), the

B e’ v'b O-dhf | construction of NEXT-100, the development of new instruments for nuclear

: " physics (i-TED and AGATA), for super B-factories (Belle IlI) and for Higgs

J7o t-u:s v ni U Qabkotie® (@G, CLIC). The KM3NeT neutrino telescope has deployed already

b'oe! dp.ng-Wu |l Imds, jand & huge increase in the deployment is expected during the

gVvo e bnf u bCARINg years. The neutrino team is also involved in the construction of the

w \J | DUNEdetectors at SURF,and of their large-scale demonstrators at CERN In

g J " 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 HPCresources, the ATLAS
EventIndex, Core Computing tasks and Physics Analysis applying ML.
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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 ZY e , & 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 ATLAS flavour 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-l 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 responsibiliies 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 IFICis 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.

BUMBJUN qhs:bdepfoof dudbp fifaei t fswjdf

npev)nrhf tgfustwjpdefvbmift f n¢ mfueripdvy gg

uiimpd¢hmyv dvutvigepwsi f zt ud fnt)udf ol d e *

gsdspevdujutenb exfjeuwinpev npfof bdtij ef
) sj/hiu*

LHCband TWOCRYSTPoP
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. IFICis
playing a major role in the design and
implementation of new algorithms. Looking
beyond, for Run4, steady R&Dfor deploying an
FPGAbased HLT1 system for SciFi (RETINA)
has continued. IFIC also participates in the
new LHCDb electromagnetic calorimeter. Main
J G JrBspdnsibilities 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 SciFireadout ASICfor the
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Mighty SciFi upgraded detector (Run 5) have
been taken.

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

IFIC s 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 Il upgrade
IFIC is the only Spanish institute participating
in the Belle Il 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 Ileading the
developments of depleted monolithic active

CMOS pixel sensors, in cooperation with
several international partners (Belle 1l 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
dzl | hyhtd uqolBderldnd 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 MOEDAL experiment.

The accelerator group develops compact
accelerating structures and characterizes their
performance in J GJ D tatio-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

D
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JGddPngmfuufet ubmngbiu® PYU
INSTRUMENTATION AND 21 ®fuf dupisMbc ps bTuwey fps s °
COMPUTING IN efDbogs)bMwTdD® 1 3ehf b ey iothp s |
ponf di bdjbdtz-t utt mpdxpou Hpmat -
FUNDAMENTAL PHYSICS uibdujwivibpgh b j dog tunf vdp 6@F Y. U
21Dbjnapdpoewdudj sdtpinqf uj u} '
Ef uf QUENTST UE*mf t ipgpquj nj { £ DSPAIidfvusjepwméctified dbz e e NExT100 TPC installed at the LSC, before closing
gpjsouf hgmbjnmef uf bepbrdi X wWid®FYWf di ophmhzuspmvnjuR frelske lefelRight: the ProtoDUNEVD 4x6x6 m? Time
bt BHBUEVSj®h34ifhspvight hbgsfttWSESHtbtxf nmupt f ui f Projection Chamber at CERN, with visible PDS modules
dpousjuputippsej powijipIU hspvaesgyv uwuptdbenf uf/dugs (60x60cmzatthe top).
dpmmbcpbbejfpobwt ubsufé S' HEj ouptxbaejfngmfnf gubiujjtpo
pvédpous|wmiuf miod ukpfohjbdstej d P Wp mwigoé b jphdoc bsgf eeffsuf du pirs 2023, the CERNn_TOFteam at IFIC studied
OFEBIpot us wdfuij pwtubsuf e boejggUQMou s bdip oeoj up p p b hthe potential use of active detectors for
gspevodowppbxbupgig2lef uf duj E%wb opluhifEFNP,ef uf ¢pgps b u f reutron-activation measurements at the new
npevinBtlL3Wi jzf WsHspivighb mt p Jg GJ D n_TOFNEARstation, as well as the exploration
t ubsuiifdé t jphpoo f xnb zpfds T T Tubp _ of novel scintillation materials, such as
dpousimijidt usvnfed wd mpma Flo@IIDi f bwj onwp mwoie fS' Eboe  deuterated stibene for TOF capture
PuifJTQFDOE&F QRDC bstBwjSp odpot uspdwijEpVoOE besf uf dlupe t experiments. The latter novel scintillation
uithpdbo mmd OUF TeQFnDp ot (JsabiufpsUi f s pupubabESOmf bejudH material is expected to open the possibility for
gV uvxsfff-owj tubihtft p gEJ OUF TQF BS zp hfi @jt dits v n f)oDubbbuej bpwojbo h  next generation solid-state segmented total-
X ] BiHBUBI-d f o Wis lyrh dus profiuff shnbkppmfui §i puefouf dug tpwf n energy detectors with enhanced detection
gvuyoff biyqfsj nfojucuf®d f ) QFEVs 3dBMi Uf di ejfdhstiagps usensitivity and selectivity. This endeavor
cfbht gpsi ft fdpgbef uf diuppesv mb t marked the inaugural exploration at CERN of
dpnqgmfxy fdép-p s ej p i pjuPpEch 0 € implementing a cyclic activation methodology
DJi bguwfsspthGED t f bddiGil it (CYCLING) To achieve this goal, the team
bmtdppsej ab i foe ub nmpguu jpg d conducted comprehensive Monte Carlo
tztuff mti DFS@®s pup wazqgfdti-s f simulations using FLUKA and Geant4,
dpnqgmff Bfle3 ¥ weib wbb | jt al s uj @lbngside in-situ measurements employing
nNj 813Rspevdowppat ufgmptsi f inorganic scintillators . These advancements
gj EtVWOg besf uf dbpgsu b studl &J D - are poised to create new avenues for directly
Xi jnfPpoopwREMbo®X zt ufgpts measuring short-lived isotopes pivotal to the
Left: full AGATA electronic channel. Right: one of the first qi b bsefuf dugsphsf} bujidh intermediate process of stellar
squared 500 € n thick, Imm pitch, NTD E DSSSD detector fygboEY Ombhcd G/J D nucleosynthesis.

produced as IFIC contribution to GRIT by MICRON
semiconductor .
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Regarding instrumentation for Radioactive lon-
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).

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.

Computing
The research topics of the IFIC ATLASGRID
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

gf sgpspodifzthadmep§ f) In 2023, IFIC ATLAS team triggered a
b*Ef mj wiwizl pnnj wuftep vggdst transversal effort to install an Analysis Facility
3134i UjB3GIpubgspwie®@ffd 1 to help physicists minimize time-to-insight,
| M 7b0o&71UCpej tUi f ggj dp d o damd enable iterative exploration of the data.
uixXi pojf.Bisbe¢ f fboc p 2 L&/ g) The group has taken the responsibility to
c*Evsj3diBpvespivgtdpoujoivf e coordinate the ATLAS Distributed Analysis
fygmpj) mdNbjspfoOpt & $ QD) CT D* team.

svoodpawf o BlUMBIITIMNn v mbhtb . oS
qspev/duifdpnqgv ujometcf f o _

npsti b4o4njmrT[]Q)\,bpvbbenpsf

ui b6o6 hj mmp pfowwf opugb d p n g mf g B8y

tj nvmipwy ipof uf/dllipf&@®& pgui f ‘

tj nvmigwsjpreo dujtpochwpTeg b j o

fyfdywfCegsft pvwsdft

d*Ui hspvhtdpouj wivfejersu xfi tui

ui BUMBFTwf doaed yp K)fBAWWUMBWf o u ==

dbub/mph* o ,

e Ui hspyhubl 601t qpotuipc| 5 o jobs g 2025 shoun vere by
d pps e'pb$ll“f/| BT SJ W-bZ”] llﬂdmj t million Job}slpzahalysis+produj:)tion)We);ecompleted.
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INSTRUMENTATION AND G. Aad et al. [ATLAS Collaboration], ““Search for

light long-lived neutral particles that decay to

COMPUTING IN collimated pairs of leptons or light hadrons in pp
FUNDAMENTAL PHYSICS collisions at $ \sqgrt{s} $ =13 TeV with the ATLAS
detector,"” JHEP 06 (2023), 153.

doi:10.1007/JHEP06(2023)153

Tf mf Quetcenj dbuj pot Selected Conference Talks

H Bbef ub/m\ BUMBP mmb c p saau)jf pcoA. Irles, "Detector challenges of the strong-field
uf di ojgpkftdibmj c sxjjwiip BUMBT QED experiment LUXE", 57th Recontres de

efufdups- (( Moriond EW+U,March 18-25, La Thuile (France).
FVsQi 2tKl D 94 )31340¢9- 87/2
epd 22 %1qGR11683.22948 Al. Morales. dzEf u f dfar pHSPEGE F T QF D LJ-

NUPECC LRP2024-TWGDetectors and Exp. Tech.
Z/IVoofpb/aaTqf dj djodgsd p p e v d u jKighoff Meeting, April 17-18, Frascati (Italy)
p®, qmbsghpfs thustjfrpt gbtsjdbuf e
7 odtij mjxdppf BUMBY gpsi fJoof sH. Amar, dZzUi Fhoton Detection System of the
UsbdddiisBUMET uf dplpjstMvnj opt jDWKRE f y qf s | nfldeunatiohal Meeting on
MbshbespPpmmjKafOsR)8 13 4 il 4 Fundamental Physics and XV CPAN days, October
UL41/97 121 908 5193 3291 H W4119 2-6, Santander (Spain).

K Dp mmiiePb gsB Qv mmj bbsl-pys J. Lerendegui-Marco, dzSf d fhmhlights and
| pvbsWHpo{ biiX{ u uB/fCp v k-8lb e prospects on (nd *measurements at the CERN
Lphj nhg ®Mbxtfpw/,maBHBUB Bf n_TOFg b d j bYihurgebdational Symposium on
bewbodf jnde poole mf dushpwgidzt- ( Capture Gamma-Ray Spectroscopy and Related
KIB6:)313d /-2 4/4p3 122 ®1q@d1161 Topics,July 17-21, Grenoble (France).
1342186

S. Gonzalezde la Hoz, dzD p n g vAgtjvitieh at the
DEpnj Qb € b/mMo ° UPasa B e whboodef t Spanish Tier-1 and Tier2s for the ATLAS
of xj ef bgtp o f v udskpopu vbstfu s p qi z ©jperiment in the LHC Run3 period and towards

fyqf sjbitibd-Btq° UPBVE(i ZK B6 : High Luminosity (HL-MI D * 25l International
31340 R2- 9/ ep3 122 %1qgtdH1148 B.3 Conference on Computing in High Energy and
11987 Nuclear Physics (CHER23), May 8-12, Norfolk

(USA).




@ SCIENTIFIC RESEARCH LINES

In recent years, the multidisciplinarity and the societal impact of IFIC
research projects has increased significantly. IFIC is developing various

S applications in medical therapy, imaging, dosimetry and diagnosis. Several
gamma and neutron detectors are being developed with imaging capabilities .

MJ @QF 1 Neutron detectors to monitor neutron doses in therapy are being
Bewbiodf | Implemented. There is also a research line in diagnosis with a xenon-based

: f ' bPET—IechnoIopy development, as well as a gamma-ray with ultrasound
J|| @ u st u_ mlrédingodgvite to guide breast biopsies in real time. Artificial Intelligence
boel dpnqVvil | il do@iddsS dre applied to medical diagnosis, including COVID19,
t p d ] ff'u bm! di bateshophio Bvdnttprevention, 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
el 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

Boj nbhiahudfnwf mpauied ShB p Yy onfighut*
cf fmcmfg nbBfd336¢ sj Hhiobhmegi bj ulwdu § f
i pt gqMe p®s sbhsddzpoi-j abtopgpt t jx¢ mfi

hbnnbbnf kbt

Sfhhbsdjbespdf singd | upsij oh-
tzt uUNRBDBDRogtcf fwft uyfoei f
Rvj spotgsmpweouidf g i ub i
npef stozodi s pdzximjpdjisnpgop-t f t i
i j hiuffsdi o p mpihlh rdrbfrooi hbfptme f s £
bddf mf/dlb utpzsttuif mtc f f loc nufp
jnbhufi j tusjEogwjpmdbnnbt
fnjuazbeSX4 qi b o uvpgnpjossbej b ¥
X ] Wil j HWiv s sofsopucd def mj wfzs f R U
ui pddf mflsdberg@jsiijdp & yqg sbpm g u
hbnndobef uf g llprBth‘ j ehwf mp g fifaging systems developed by the IRIS group have been
gpwi fbnbgqgmj diufj pjdod uj wj u ]esfedtat the protontherapy centre Quirénsalud (left) and the
jowpNwbubbsmg nvmbwpjgpo f distribution of emitted photons, correlated with the Bragg
fmf d LbSI’][IZ](Tnj gjddbbtudj bbet)fxf - peak, has been reconstructed (right).
t gbdfi bsthdgfxdjudigji@upnvmuj gmjf s
uvcflhoef ygf sj nwliomjpenbxyjup o
sbejpbdpjivwewfdgpspquj nj fubh
bggmj djbauj mippvebufdf obbf ptaAs
ui peg s pnlghun nbbjznbhj gfs pup (@
ui f 4 bGbztNup o WDfb stmjpn v mbjudg p o
HQVgpgs puwiof sbggmj dbtj pod Beamline Gl =8
pqgftopvsWNPRVI-i pxhsf htugf f e Reference |-
j ngspwipwfUPQBBE mtbg £ bunf bu | EaEE 2 | l
Ui FMCcFs f nt t u $didrhvndblsl b UEPSs- Cooling ST
Esft egpos-ft uyiotf wf mpepfbeg ] bm
Df @ f uf dwoms &f bug ngfs fefo u b  Tests of the coaxial prompt gamma monitoring detector at
bdr vj ttjzujusftns f bdf iwé d pv o u HZDR(Dresden)
S bupfwfddld gt

for dose monitoring in neutron-capture
Btbgpmmpgjxoj ujthud jnpwmfg & pni f therapy and intraoperative radio-guided
FSDpot pmHebb@AaBOT4i Hbnnb surgery. First successful proof-of-concept
boeOf vuspof duspthdspagxbt experiments were accomplished by the IFIC
bxbsefxpee] uF P@dHppdp odf g ueam at the ILL research reactor in Grenoble in
hs boBuetwb ojdrf eh{§ » b ugf p?sf e j d b R023. The GNVISIONproject will concentrate
Bggmj db)uB pBMtoeHbnndf vuspown leveraging multimessenger (neutron-
Wjt)pHOWITBRBE | nug owf t uj hdamnfia) data to optimize proton-therapy
ui vt pagiifzcBhbpequFasf di oj r wréatments. A full conceptual study and
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Prototype detectors and mesocosm setup of the REMO
project

Ui fgbuf owff @i opmmeuhiziNBHBT
qspkdidboummpuxithvj ebpglibodf sUi fFQSPNF TgB p k f D4 Q S3PINEIRS -

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

In collaboration with CERN, to
power efficiency, a novel
(DAA p 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

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

cjpoatzgpncj apomfi dvmibbiskpbi i bbdi | fswfmd svbtow lBuLt3j4o d mv e j ©Ontthe R&Dactivities in 2023, the operation of

vmusbbpeobmmpxgspwijmfidu ui ff womvbhopeojtsfevdujopo the high-gradient test benches has been

ej bholpagaf bumd b o dfbsnf ep csbdi zux jf sivgnas t ¢ miv mblug @ o tresumed to continue the studies on the KT

ui 8sf bpjgpdOCSIBEBHITOHTUFNT dp mmb c p»sjbwlijptoqgj Mb@&f ) xj ui structure.

TIM-bDpnqgqbO®lzt fp@Lopx mf)ehaffj o gvc mj dpbgsjf p obnud f 5 f wj Lk f - achieve higher

pogpd iDTIbdeiMo] wipdvh mfzodj b f wf mppgif o uugfpgspt @ p tnj n f u saccélerator structure based on ultra-low-loss
bvejuxtgaquvc mj dplguqg jpsof tbwima ¢ * dielectrics

Cftjafejdbmt j dBtl-3wi hspvqgui efufsnjwmduwjyp @dguif | jpog

I bédsflheawbojddkpuilbegmj dbug pwj fxojuutd sf bduodblisf buf ai

gspkifdutSFNPgspkfgdw-ete sbejpui febgpvhbobmzt py

Hf of sbwlh mbady d e bhss b dHuvB ui fsnphsbenbzEpgqgmhéd&hif o

Ul JOLJ OBT IMMODb j nbtw i tfuveg 438buj/f out

nbsijfadfpt ztwtfjmdlthe | p u)shiléf s t

boebewbodfvemfjlos usvnf JdobukEwoj d3h34ui fobddf mf Bbppigbt

3134 xpgs pupafzqfd'upwcffo dpouj pafpenmb c xg hDiJj FONoB Y -u |

eftjhboai mMftptdmtirn pdptnui i ztijedbigphdond b s cjppdgoo k f d u manetubes (CNT).

tfuvdtcf fopvolbtUefl FOTB, , tvjudbmsepfot 0q/dUp p stie v pgvsf

gspkfgwoefcz HWB voeflBsbouui fbddf mf s)\bbup&R*i bt cf f o

JEJGFEIFI2A-3] tb opwferhuf duj pbov gbduobkstftef n bmfeedh pj o irradiation  test

tztufum bauspwjtedftdutsfbont j uj wifwfzt bfiilBFSPB 135 @b s binGid n-

bds ki eff vufspfostbo g § pnf W bddf mf ebppgcf fxps!| pouhi f

upHf W x j mime f qmpjzdbef ngpsbsdpoubbpedr vj ttjzatjpfom+t fpeo in proton therapy

gbdjpndjlulmlbc pwf mf wfpeuvezj ohuDBuf di opmpekui feftj boe

tgbaf bubbéowj spoeptojudfmusizngmf nf opugMp Mp @S Ghp nqp o f o uhe irradiated cells.

Evsjoh3134i fgj olbtmi f nb me gpwi jf pmddf mf &b gtpzst uX jnenn

dpnnj tt jprgd jmd ld u skpomlg vdytj mj bJsozufhzbwﬂeDJFNBtUMsvdewesf
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SOCIETAL CHALLENGES a Ib :) Lpg)rr]n{/ rrnx)J/”I ugiir?hsﬁojffgsgetvt-ut th tJ ur?jj fod hplrcl)fluence of the background in Compton
fof dlomj sff t pmMyvwy lpjoojbuimjf t camera images for proton therapy treatment
uf di opdg8HiB4i hspwd gjwiffe Mmonitoring. M. Borja-Lloret, L. Barrientos, J.
nf bt vsfpngfioffuof stfz2 p myvd@ P.p o Bernabéu, C. Lacasta, E. Mufioz, A. Ros, J.
| f RWbnnibhtnj rwfjepotodhj ouj mmBasgr, B.¥iegas and G. Llosa. Phys. Med. Biol.
mj hpamzoet ubstubeezyioflnj nf 68 (2023) 144001.
sftpmyvUj.pdmj Ipiguif zt ud xp
' fgbsbnfapbgvuwsfu dboof sypid PET/Compton-camera imaging: an
cbtpemj rwijapo imager for the next generation. Gabriela Llosa,

Magdalena Rafecas.

Ui fT g b Xff b uigqfsp ke fdwf nbpsgft.b m o
Mf CU bRy usbBuWpMBET t jPwd s wijbfssspjviue  y j nffb symzs ojt ¢ uéi pf wb mwh uf Characterization of a Compton camera based

CBWIS] hEBB usvdwypsfiuzqf j nghpdiub{ bsbkpphbhofjugewdfmen the TOFPER ASIC RViegas, J.Roser,

dvssfieptevcadzve p mfpartbusp spnot L.Barrientos, M.Borja-Lloret, J.V.Casafia, J.
Tgbojdtsij ujjodgosnb t u/sBvpsufvesjf d u jGardia Lopez, M.C. Jiménez-Ramos, F.Hueso-
T n 1[3 e ]1: enb t ngEO bf Od |\g'|; fU |f\|0_ be X_prStI Gonzélez, A.Ros, G.Llosa. Radiation Physics
Sy er wr mpuge st dudltial 1 bDWIDD¥S  and Chemistry 202 (2023) 110507.
“*t‘:‘ Ervtisineny t f wf spjghd pnbhotf wpslwmti spvhi Y ( )
\r/]vg ﬁ Jo 1? Eg}lj prmtérubvt%\i S(JJLlItDiUff SS qumgbfo_li. ué)eésuﬁeu, F. Ballester, et al., dzZBBQN

é vodf su l[ngCUU 4 q s f ej djutj tpmt p WGDCABReport 372: A ]Olnt AAPM, ESTRO,
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mplex WA Damoge P. Martin-Luna et al. On the Magnetic Field of
e a Finite Solenoid, IEEE Transactions on

Survival fraction of cells, loaded with gold NPs (blue) and not Magnetics ( Volume: 59, Issue: 4, April 2023).

loaded (yellow), irradiated with protons.
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P. Ferrario on behalf of the PETALO
Collaboration, Status and perspectives of the
Tf mf ®pbegf siband ft PETALO project, XeSAT 2023, June 2023,

o .. : o Nantes, France.
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