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FORMULARI DE PROJECTES DE DOCTORAT INDUSTRIAL
AEMPLENAR PER LEMPRESA | LA UNIVERSITAT

-~ PROJECTE “Machine Learning Development for Quantum Computing and Neutrino Physics”

- DATA PREVISTAD'INICI DEL PROJECTE
- ERCPANEL1 PE2Fundamental Constituents of Matter
— ERC PANEL 2 (OPCIONAL) PE6 Computer Science and Informatics

- SECTOR1 TIC

- SECTOR 2 (OPCIONAL) Educacio

Vegeu l'apartat de caracteristiques i escolliu la modalitat en funcid de les caracteristiques del projecte.

Modalitat de cofinangament 0 Modalitat d'ajuts especifics

—> NOMDEL'ENTITAT  QILIMANJARO QUANTUM TECH, S. L. (QQT) - CIF
—> REPRESENTANT LEGAL DE L’ENTITAT Jordi Xavier Blasco Arasanz
—> RESPONSABLE DEL PROJECTE A L'ENTITAT (TUTOR/A)  Marta Pascual Estarellas

- ADREGA ELECTRONICA > TELEFON
- ADRECA DEL CENTRE DE TREBALL ON ES DESENVOLUPARA PARCIALMENT EL PROJECTE

Passeig de Gracia 58, 4° 22

— CODIPOSTAL 08007 > POBLACIO Barcelona - PAGINAWEB https://www.qgilimanjaro.tech/
- BREU PRESENTACIO DE L'ENTITAT

L'empresa QQT és una empresa emergent de tecnologia avangada que s‘enfoca en donar soluci6 a problemes reals i presents en la indUstria
mitjancant la tecnologia quantica. Compta amb un equip integrat de hardware i software que codissenya computadors quantics d'alta qualitat basats
en tecnologia de qubits superconductors dedicats a aplicacions especifiques. Ja ha posat en marxa el seu primer sistema basat en la tecnologia de
portes per a un client. Paral-lelament té com a objectiu la generaci6é de computadors quantics analogics amb un accés al navol facil d’usar, per tal
d’abordar de manera eficient problemes complexes d’optimitzacié i de machine learning. També ofereix serveis de consultoria tecnologica per a que
les empreses estiguin preparades per aprofitar les avantatges de la computacié quantica, especialment pel que fa referéncia a algoritmes quantics,
simulacié quantica i enfocaments informatics hibrids classics/quantics. Des del seu primer any de funcionament, ha tancat diversos contractes
importants amb clients i s’ha convertit en un col-laborador clau del projecte AVaQus H2020 de la Comissi6 Europea sobre annealing quantic
coherent. Qilimanjaro és una spin-off del Barcelona Supercomputer Center (BSC), la Universitat de Barcelona (UB) i I'Institut de Fisica d’Altes
Energies (IFAE).

DipositLegal B-9413-2014



DOCTORATS
C IN DUSTRIALS m Generalitat de Catalunya “ s

Departament de Recerca ] d'Ajuts
S i Universitats " hoaun Universitaris

i de Recerca

- UNIVERSITAT  Universitat Autonoma de Barcelona

— PROGRAMA DE DOCTORAT Fisica

INVESTIGADOR/A ICREA BENEFICIARID'UN AJUTERC [l GRUPDERECERCASGR
— CODISGR 2017 SGR 74 —> NOMDEL GRUPDERECERCA  |FAE-ATLAS
— DIRECTOR/ADETESI M. Pilar Casado Lechuga
- CENTRE DE RECERCA (SIESCAU)  |FAE
- ADRECA ELECTRONICA - TELEFON

- ADRECA DEL DEPARTAMENT/CENTRE ON DESENVOLUPARA PARCIALMENT EL PROJECTE
Edifici Cn, Campus UAB

- CODIPOSTAL 08193 - POBLACIO Bellaterra > PAGINAWEB  www.ifae.es

BREU RESUM DEL PROJECTE DE RECERCA, QUE INDIQUI SI HI HA ALTRES ENTITATS 0 CENTRES PARTICIPANTS, AMB L'EXTENSIO MAXIMA DEL
REQUADRE, MITJANGANT EL QUAL EL CANDIDAT PUGUI IDENTIFICAR SI ES TRACTA D'UN PROJECTE DEL SEU INTERES.

Machine Learning (ML) is one modern innovation that has helped people enhance not only industrial and Professional processes but also everyday
living. ML has been used in multiple fields and industries and in particular in High Energy Physics (HEP). For example, in learning association,
regression, object classification and image processing. Image recognition is one of the most common uses of machine learning, in which
Convolutional Neural Networks (CNNs) are extensively developed in different fields. CNNs typically have 2D matrix input images which have to be
recognized or classified.

The Hyper-Kamiokande (Hyper-K) detector, placed in Kamioka (Japan), will start operation in 2027. It will study neutrinos produced in J-PARC (Japan
Proton Accelerator Research Complex), East of Japan, as well as neutrinos arriving from outside our atmosphere. The main focus will be the
determination of CP violation, and will also be a detector capable of observing, far beyond the sensitivity of its antecessor (Super-Kamiokande),
proton decay, atmospheric neutrinos, and neutrinos from astronomical sources. Hyper-K consists of a cylindrical tank with outer dimensions of 71m
water depth x 68 m diameter. The tank is underground and located at a depth of 650m. Neutrinos traversing the detector have a small probability to
interact with the water in the tank, in total around 250 kton. In these interactions a wide range of charged and neutral particles is produced
depending on the energy of the neutrino and the underlying physics process. The charged particles outgoing from these interactions typically
produce Cherenkov light when traversing the water, which is emitted in a cone along the particle trajectory. The walls of the tank are therefore
covered with a high amount of suitable photosensors. The distribution of the light, its intensity and also the shape of the ring contain the information
to determine the direction of the particle, identify the particle type and also its energy. Neutral particles cannot produce Cherenkov light directly, but
they might undergo secondary interactions time-delayed in which charged particles are emitted which can produce Cherenkov light. High energetic
gammas for example produce electron-positron pairs which each produce specific rings in the detector. All the rings produced as the consequence of
one neutrino interaction might be overlaid. To complicate the situation further, in some cases, especially for astrophysical events such as Supernovae
there will be many neutrino interactions on a very short time scale leading to possible time-wise overlap, "pile-up”, of neutrino interaction events.
The working principle of the Hyper-K detector is comparable to a camera and it is natural to consider ML techniques for the automatic image
recognition, the determination of the features of every ring and the corresponding event classification.

CNNs will be the fundament of the first part of this work supported by other ML techniques as for example Graph Neural Networks (GNN) and other
classification algorithms. The second part of the project will consist on bringing ideas from quantum computing and explore its capabilities.
Quantum mechanics has had a huge impact in many areas of science by providing a whole new mathematical framework that helped — and keeps
helping — us to enhance our knowledge of Nature in a very accurate way. This theory is so powerful that its applications have soon reached the
information science arena, giving rise to what could be - if not yet — a new technological revolution. Quantum effects have been recognized as a tool
for computation that would not only help to keep up with Moore’s law of chip scaling as we can envisage transistors as small as one single atom, but
also to find a more general representation of computation for a wide variety of hard tasks than the one offered by the classical Turing machine.

With this promised enormous potential, proving quantum advantage in currently available quantum devices and developing the first real-world
practical applications of quantum computing has become a race between large academic institutions and technology companies. This has particularly
brought a notorious variety of quantum machine learning algorithms that exploit the quantum properties of a system with the hopes to improve the
capabilities of classical machine learning approaches, being this one of the target applications to proof quantum advantage. Yet, many theoretical
questions regarding the universality and efficiency of the different proposed quantum models remain unknown. In this project we will aim to
theoretically investigate and simulate quantum machine learning models and algorithms under the framework of quantum computation. We will
explore different algorithms based on three different paradigms of quantum computation: gate model, adiabatic model and quantum reservoirs. We
will put a particular focus on devising different efficient data encoding strategies using the images collected from the Hyper-K detector as an input of
the different models under study. We will then use this classification task as a benchmark to compare both between the different quantum
algorithms and models of computation as well as comparing with the classical counterparts identified in the first part of the project in the pursue of
identifying a potential quantum advantage in the intersection of machine learning and high energy physics.
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Descripcid dels requisits minims i valorables, quant a titulacid, idiomes i experiéncia, que seran més valorats en els candidats. En tots els
apartats calferreferénciaa si és un requisit minim o valorable.

> TITULACIO" (GRAU, 0 EQUIVALENT (LLICENCIATURA, ENGINYERIA SUPERIOR | ARQUITECTURA), | MASTER UNIVERSITARI)

Master en Fisica

*Requisits per a l'admissid al doctorat: vegeu l'apartat corresponent a les preguntes més freqiients dels estudiants de doctorat (FAQ) del
web del Pla de Doctorats Industrials.

- IDIOMES - EXPERIENCIA PROFESSIONAL D'INTERES
Anglés Cap
—> ALTRES

L element essencial del Pla de Doctorats Industrials és el projecte de doctorat industrial, és a dir, un projecte de recerca estrategic
d'una empresa, on el doctorand/a desenvolupara la seva formacié investigadora, en collaboracié amb una universitat, i que sera objecte
d'unatesidoctoral.

LaGeneralitatde Catalunya dona suport economic a aquests projectes mitjancant 2modalitats, ateses algunes caracteristiques en U'exe-
cucid del projecte:

a. Projectes de doctorat industrial cofinangats per la Generalitat de Catalunya.

b. Projectes de doctorat industrial amb ajut especific.

— Latesidoctoral es desenvolupara en el marc d’'un convenide collaboracié entre una universitat (i, si escau, centre de recerca) i unaem-
presa (també pot participar-hi més d'una empresa).

- El/ladoctorand/a disposara d'un director/a de tesi vinculat/ada a la universitat o al centre de recercai d’'una persona responsable
designada per 'empresa (tutor/a).

- La seleccio de la persona candidata es realitzara conjuntament entre les parts signants del conveni de collaboracid. En tot cas, la
persona candidata ha de ser acceptadaiadmesa al programa de doctorat de la universitat corresponent.

—> La persona candidata ha de tenir una nota mitjana de l'expedient académic igual o superior a 6,5 (escala 0 a10), calculada sobre el total
de crédits dels estudis superiors que donen accés als estudis oficials de doctorat.

— Eldirector/a de tesi ha de formar part d'un grup de recerca reconegut (SGR) vigent de la Generalitat de Catalunya o bé ser investigador/a
del programa ICREA o haver obtingut finangament del Consell Europeu de Recerca (ERC).

- Ladedicacié del/de la doctorand/a al projecte de recerca es distribuira entre lempresai la universitat.

- El/la doctorand/a participara en programes formatius en competéncies especifiques relacionades amb el lideratge, la coordinacidila
gesti6 de projectes d'R+D+l; la transferencia de resultats de recerca; el desenvolupament de noves empreses, i la propietat intellectual i
industrial, entre altres matéries rellevants.

- El/ladoctorand/a disposara d’'una assignacid anual (borsa de mobilitat) financada per la Generalitat de Catalunya i que podra acumular-
se per a un periode maxim de 3 anys. La finalitat és l'assisténcia a seminaris i congressos relacionats amb el projecte de recerca, aixi com
estades en altres seus de l'empresa, en altres universitats o en centres de recerca de fora de Catalunya.

STotes les tesis llegides en el marc del Pla de doctorats industrials rebran lamencié de doctoratindustrial. Les empresesi els directors
academics o les directores academiques participants també rebran un reconeixement per la seva participacio al Pla.
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DADES DE LAPERSONA SOL-LICITANT

- NOM | COGNOMS DE L'ESTUDIANT > NIF
- ADRECA DE LA RESIDENCIA HABITUAL
- CODI POSTAL - POBLACIO > TELEFON

- ADREGA ELECTRONICA

PERFIL DEL CANDIDAT/A
- TITULACIO: GRAU 0 EQUIVALENT (LLICENCIATURA, ENGINYERIA SUPERIOR | ARQUITECTURA), | MASTER UNIVERSITARI.

- NOMBRE DE CREDITS (ECTS) del —->NOTA MITJANA DE
GRAU O EQUIVALENT L'EXPEDIENT (escALA1a10)
- NOMBRE DE CREDITS (ECTS) del —->NOTA MITJANA DE
MASTER UNIVERSITARI L'EXPEDIENT (escaLA1a10)
— IDIOMES. EN EL CAS DE DISPOSAR D'UN CERTIFICAT - EXPERIENCIAPROFESSIONAL

ACREDITATIU, CAL ESPECIFICAR-HO AMB LA DATA D'OBTENCIO.

- ALTRES DADES D'INTERES RELLEVANTS PER AL PROJECTE
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A EMPLENAR PEL CANDIDAT/A

Espai perincloure les motivacions i linterés personal en el projecte, amb l'extensié maxima del requadre.

PROTECCIG DE DADES DE CARACTER PERSONAL

En complimentar el present formulari, autoritza i dona el seu consentiment per al tractament de les dades personals facilitades en els termes segiients:

Responsable. AGAUR - CIF Q0801117C - Passeig Lluis Companys 23, 08010, Barcelona - T. 93 310 63 94 - lopd.agaur@gencat.cat.

Delegat de Proteccié de Dades. agaur@dpo.microlabhard.es

Finalitat. La finalitat de la recollida de les dades és fer arribar la seva candidatura a l'empresa i Universitat/organisme de recerca impulsors del projecte de recerca al qual s'hagi inscrit per si, s'escau, gestionar la sol-licitud d'ajut en el marc
del Pla de Doctorats Industrials (en endavant, Pla DI), de conformitat amb el Reglament (UE) 2016/679 del Parlament Europeu relatiu a la proteccié de dades de caracter personal i la Llei Organica 3/2018, de 5 de desembre, de proteccié de

dades personals i garantia dels drets digitals.

Base Legal. EL compliment d’'una missié realitzada en interés public, lexercici de poders publics conferit al Responsable o el i d'una i6 legal o; el iment de linteressat en el cas de sol licitar-lo, consentiment que

podra ser retirat en qualsevol moment.

Conservacié de les dades. Les seves dades es conservaran mentre siguin necessaries per gestionar la convocatoria corresponent, i un cop tancada, es conservaran d’acord amb els terminis establerts a la normativa d'arxius aplicable. El
Responsable, certifica haver implementat les mesures técniques i organitzatives recollides al Reglament (UE) 2016/679, per tal de garantir la seguretat i integritat de les dades de caracter personal incloses als fitxers i evitar la seva
alteraci6, pérdua i tractament o accés no autoritzats.

Drets. En qualsevol moment, vosté pot exercir els drets d’accés, rectificacio, supressié, oposicid, limitacié del tractament de les seves dades, o exercir el dret a la portabilitat de les mateixes. Tot aixd, mitjangant escrit, acompanyat de copia

de document oficial que l'identifiqui, adregat a 'AGAUR o al Delegat de Protecci6 de Dades. En cas de disconformitat amb el tractament, també té el dret de presentar una reclamaci6 davant I'Autoritat Catalana de Proteccié de Dades.

Destinataris. Empresa i universitat/or i de recerca impulsors del Projecte de Recerca per a la valoracié de la candidatura, Departament de Recerca i Universitats (REU) i Consorci de Serveis Universitaris de Catalunya (CSUC) amb la
finalitat de participar i assessorar en la seleccid de les entitats i candidats, coordinar i promocionar conjuntament el programa amb UAGAUR. Igualment, les dades podran ser comunicades a 'empresa on desenvolupi les seves funcions i a la

universitat amb la finalitat de seleccionar el candidat.

Dataisignatura de linteressat/da.

BLOQUEJAR

doctorats.industrials.reu@gencat.cat -doctoratsindustrials.gencat.cat

Enviamentelectrdnic d'una copiasignada a la bustia de correu del Pla de Doctorats Industrials: doctorats.industrials.reu@gencat.cat
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Quantum mechanics has had a huge impact in many areas of science by providing a whole new mathematical framework that helped – and keeps helping – us to enhance our knowledge of Nature in a very accurate way. This theory is so powerful that its applications have soon reached the information science arena, giving rise to what could be – if not yet – a new technological revolution. Quantum effects have been recognized as a tool for computation that would not only help to keep up with Moore’s law of chip scaling as we can envisage transistors as small as one single atom, but also to find a more general representation of computation for a wide variety of hard tasks than the one offered by the classical Turing machine.
With this promised enormous potential, proving quantum advantage in currently available quantum devices and developing the first real-world practical applications of quantum computing has become a race between large academic institutions and technology companies. This has particularly brought a notorious variety of quantum machine learning algorithms that exploit the quantum properties of a system with the hopes to improve the capabilities of classical machine learning approaches, being this one of the target applications to proof quantum advantage. Yet, many theoretical questions regarding the universality and efficiency of the different proposed quantum models remain unknown. In this project we will aim to theoretically investigate and simulate quantum machine learning models and algorithms under the framework of quantum computation. We will explore different algorithms based on three different paradigms of quantum computation: gate model, adiabatic model and quantum reservoirs. We will put a particular focus on devising different efficient data encoding strategies using the images collected from the Hyper-K detector as an input of the different models under study. We will then use this classification task as a benchmark to compare both between the different quantum algorithms and models of computation as well as comparing with the classical counterparts identified in the first part of the project in the pursue of identifying a potential quantum advantage in the intersection of machine learning and high energy physics. 
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