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Born on the 8 of May 1986 in Florence, Italy
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February 2019 - February 2024

Type A Researcher at the University of Roma La Sapienza, Roma, Italy

Associated to the INFN ENP Group CSN4 from February 2019

September 2014 - Present
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October 2016 - February 2019

Post Doc at the Scuola Internazionale Superiore di Studi Avanzati (SISSA), Trieste, Italy

Associated to the INFN AAE Group CSN4

October 2014 - September 2016

Post Doc at the Laboratoire d’Annecy-le-Vieux de Physique Théorique (LAPTh), Annecy-le-Vieux, France

Centre National de la Recherche Scientifique (CNRS)

April 2014 - July 2014

Visitor at CERN, CMS group, Geneva, Switzerland

September 2011 - September 2014

Ph.D. Student in Particle Physics Phenomenology, University of Southampton and NExT Institute, UK

Thesis: Collider Phenomenology of the 4D Composite Higgs Model arXiv:1411.5800, 11 September 2014

Supervisors: Prof. Alexander Belyaev and Prof. Stefano Moretti

Referees: Prof. Nick Evans and Prof. Andrea Wulzer

Education

September 2008 - December 2011

Master in Physical and Astrophysical Sciences, 110 cum laude out of 110, University of Florence, Italy

Thesis: Phenomenological Analysis of a Minimal Model with a Composite Higgs Boson, 13 December 2011

Supervisor: Dr. Stefania De Curtis

September 2005 - December 2008

Bachelor in Physics 110 cum laude out of 110, University of Florence, Italy

Thesis: The neutral K mesons: Regeneration and Strangeness Oscillations, 17 December 2008

Supervisor: Prof. Roberto Casalbuoni

September 2000 - July 2005
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Research activity and interests

My research interests lie in the field of physics beyond the Standard Model. I am interested in all the aspects

of theoretical particle physics related to the origin of the electroweak symmetry breaking mechanism, of

neutrino masses, of the Dark Matter and of baryogenesis, both in weakly and in strongly coupled extensions

of the Standard Model. More specifically I am interested in their model building aspects and in their

implication for present and future collider, underground and astrophysical experiments, including the field

of gravitational wave astronomy, and in the general interplay between particle physics and cosmology. I

am also active in the area of flavour physics, also in relation to the possibility of the existence of lepton

flavour universality violation in the B meson sector. Part of my research is also devoted to the development

of publicly available tools for high-energy physics phenomenology. Since 2014, I am also directly involved

with the CMS collaboration as a Theoretical Collaborator in experimental analyses searching for light scalar

bosons at the LHC. In particular I have contributed to various experimental publications with preliminary

theoretical analyses and final interpretations of the experimental results in the context of minimal and non

minimal Supersymmetric theories.

Organisational activities

- Convener of the LHC Higgs Working Group 2 (Higgs properties). From April 2022 to April 2024 (approx.)

- Supporter of the workshop New Directions in Particle Physics, 5-23 September 2022, Sao Paulo, Brazil

- Organizer of the workshop X17 - New physics in 8Be and 4He decay? , 6-8 September 2021, Roma, Italy

- Organizer of the series of lectures Inflation and cosmological perturbations, Prof. Antonio Riotto, October

2019, University of Roma La Sapienza, Italy

- Organizer of the seminars at the University of Roma La Sapienza from February 2019

- Organizer of the workshop DaMESyFla in the Higgs era, 15-17 March 2017, SISSA, Trieste, Italy

- Organizer of the seminars at SISSA for the years 2016-2017, 2017-2018 and 2018-2019

- Convener for the session Energy Frontier , IFAE 2016 Conference, April 2016, University of Genova, Italy

- Referee for Physical Review D (since 2016), Physical Review Letters (2017), European Physical Jour-

nal C (2018), Advances in High Energy Physics (2018) and Journal of High Energy Physics (2019)

Academic Qualifications

- Italian National Scientific Abilitation for the function of Second Class University Professor for the Sector

02/A2 - Theoretical Physics of Fundamental Interactions, Subsector FIS/02 - Theoretical Physics, models

and mathematical methods. Abilitation valid until 13 July 2027

- French Qualification to the function of Mâıtre de Conférences for the section Elementary Constituents.

Qualification N. 16229291686 expired on 31 December 2020

Long term funded visits

- Member of the GGI for Theoretical Physics for long term visits from January 2020, Florence, Italy

- INFN Invisible Plus Displacement Program, 7 November - 6 December 2019, University of Sao Paulo,

Brazil, EU Horizon 2020 programme, Marie Sk lodowska-Curie grant N. 690575

- Visitor at CERN, CMS group, April 2014 - July 2014, Erasmus Student Mobility, Geneva, Switzerland

Computing skills

General: Unix-Linux, OS X and Windows operating systems. Physics tools: MadGraph, Pythia, Delphes,

ROOT, MadAnalyis, LanHEP, CalcHEP, micrOMEGAs, Feynrules, Whizard, CosmoTransitions

Teaching activities

University of Roma La Sapienza

- Electroweak interactions, Master degree in Physics, 1st year

Academic Years: 2021-2022 (15h)
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- Weak Interactions in the Standard Model and Beyond , Master degree in Physics, 2nd year
Academic Years: 2021-2022 (24h) , 2020-2021 (24h), 2019-2020 (2h)

- Mathematical Methods for Physics, Bachelor degree in Physics, 2nd year
Academic Years: 2020-2021 (54h), 2019-2020 (54h), 2018-2019 (30h)

- Green Functions and Numerical Methods, Honours Program in Physics
Academic Years: 2020-2021 (8h), 2019-2020 (4h)

SISSA

- Beyond the Standard Model, Ph.D. program, 1st year, Academic Year: 2016-2017 (5h)

University of Southampton

- Wave Physics, Bachelor degree in Physics, 2nd year, Academic Year: 2012-2013 (36h)

- Energy and Matter, Bachelor degree in Physics, 1st year, Academic Year: 2011-2012 (36h)

Students

Master Thesis

- Claudio Toni - Emission of a new particle from 8Be and 4He excited nuclei , 23 September 2020 - 110 cum

laude out of 110

- Simone Marciano - CP violation and leptogenesis in neutrino mass models with inverted mass hierarchy

25 of May 2021 - 110 cum laude out of 110

Bachelor Thesis

- Claudia Covino - Oscillations and CP violation in K0− K̄0 system, 23 July 2021 - 110 cum laude out 110

- Carlotta Nunzi - Neutrino oscillation in vacuum and matter , 27 May 2021 - 109 out 110

Member of the following working groups

- LHC Higgs Cross Section Working Group, Contribution to the CERN Yellow Report Deciphering the

nature of the Higgs sector

- LHC Top Working Group, Contribution to Interpreting top-quark LHC measurements in the standard-

model effective field theory

- Physics of the HL-LHC and Perspectives at the HE-LHC Working Group, Contribution to the Reports

Beyond the Standard Model Physics and Higgs physics

- FCC Collaboration, Contribution to the Conceptual Design Reports Physics Opportunities, FCC-ee The

lepton collider, FCC-hh The hadron collider and HE-LHC The High-Energy Large Hadron Collider

- LHC Reinterpretation forum, Contribution to Reinterpretation of LHC Results for New Physics: status

and Recommendations after Run 2

- New Physics Working group of the Les Houches Workshops for the 2017, 2015 and 2013 reports

- MadAnalysis Working group, Contributions to the development of the PublicAnalysisDatabase

- MicrOMEGAs Working group, Contributions to the development of the code https://lapth.cnrs.fr/micromegas/

Invited Talks: Conferences, Workshops and Seminars

1. The see-saw portal at the intensity, energy and astrophysical frontiers, Sep 2022, USP Sao Paulo

2. Multiple traces of an almost elementary Higgs, 12 Dec 2019, Uppsala University, Sweden

3. A sterile neutrino solution to B-physics anomalies, 22 Nov 2019, USP Sao Paulo, Brazil

4. An almost elementary Higgs, Spring Institute 2019 The importance of being light: Nambu-Goldstone

Bosons and Vector Bosons in the Dark, 21-22 May 2019, National INFN Laboratory of Frascati, Italy

5. Precision diboson measurement at hadron colliders, HEFT 2019, 15-18 Apr 2019, Center for Cosmology,

Particle Physics and Phenomenology (CP3), Louvain-la-Neuve, Belgium

6. An almost elementary Higgs - Theory and Practice, CoDyCE - LIO International workshop on Fun-

damental Theories for BSM and cosmology, 28-31 Aug 2018, Lion, France

7. Light singlino dark matter and pseudoscalars in the nMSSM , Workshop on light scalars in non minimal

SUSY extensions, 6 Mar 2018, LUPM Montpellier, France
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8. DM searches at the LHC in the context of strongly coupled theories, LFC17: Old and New Strong

Interactions from LHC to Future Colliders, 11-15 Sep 2017, ECT∗, Trento, Italy

9. Exotic signals of compositness, 23 Mar 2017, LPSC Grenoble, France

10. Exotic signals of compositness, 21 Mar 2017, LUPM Montpellier, France

11. Review of LHC low mass scalar searches in multi Higgs models, LCWS 2016 International Workshop

on Future Linear Colliders, 5-9 Dec 2016, Morioka, Japan

12. Wide Composite Vector Resonances at the LHC, 13 Feb 2016, University of Southampton, UK

13. Wide Composite Vector Resonances at the LHC, RPP 2016, 25-27 Jan 2016, LAPTh Annecy, France

14. MadAnalysis 5: recasting LHC searches, GDR Terascale, 23-25 Nov 2015, LPSC Grenoble, France

15. Model independent analysis of multiple Heavy Extra Quarks scenarios, 12 Jun 2014, LAPTh, Annecy

16. XQCAT: a multiple extra quarks analyzer tool, 19 May 2014, Max Planck Institute, München

17. LHC phenomenology of a Composite Higgs model, 5 Dec 2013, Lund University, Sweden

18. Higgs signal at the LHC for the 4DCHM, NExT PhD Workshop, 17-19 Jun 2013, QMU, London, UK

19. Higgs signal at the LHC for the 4DCHM, NExT Institute meeting, 20 Mar 2013, RAL, UK

Invited Talks: CMS experimental meetings Slides are not public

Light scalar signatures in extended Higgs sectors, Higgs-Exo Group, 23 March and 28 May 2014

Development in the model testing for the dimuon analysis HIG-16-017 , Higgs-Exo Group, 18 January 2021

Other Conferences, Workshops and Schools Including presentations when given

1. Next frontiers in the search for Dark Matter, 9-27 Sep 2019, GGI, Florence, Italy

2. Beyond the Standard Model: Where do we go from here, 24 Sep - 5 Oct 2018, GGI, Florence, Italy

3. Physics at the LHC and beyond, 30 Jul - 3 Aug 2018, CERN, Geneva, Switzerland

4. Physics of HL-LHC, and perspectives at HE-LHC, 30 Oct - 1 Nov 2017, CERN, Geneva, Switzerland

Talk: VLQs coupling discrimination at the LHC and future hadron colliders

5. LHC Top Working group meeting, 6-7 Jun 2017, CERN, Geneva, Switzerland

Talk: Bounding top-quark non standard strong interactions

6. SUSY Conference 2016, 3-8 Jul 2016, University of Melbourne, Melbourne, Australia

Talk: Implications of a High-Mass Diphoton Resonance for Heavy Quark Searches

7. (Re)interpreting the results of new physics searches at the LHC, 15-17 Jun 2016, CERN

Talk: Same Sign Signals of Wide Vector Resonances

8. New Frontiers in Theoretical Physics, 17-20 May 2016, GGI, Florence, Italy

Talk: Wide Composite Vector Resonances at the LHC

9. IFAE 2016: High Energy Physics Meeting, 30 Mar - 1 Apr 2016, University of Genova, Genova, Italy

10. LFC15: Physics Prospects for Linear and other Future Colliders , 7-11 Sep 2015, ECT∗, Trento, Italy

Talk: Composite Higgs models and tt̄ production at future e+e− colliders

11. Planck 2015, 25-29 May 2015, Karolos Papoulias Conference Centre, Ioannina, Greece

Talk: Uncovering Natural SUSY with the LHC and Dark Matter Direct Detection Experiments

12. Les Houches Workshop Series, Physics at TeV Colliders, 10-19 Jun 2015, Les Houches, France

13. GDR Terascale, 30 Mar - 1 Apr 2014, Institut de Physique Théorique (IPhT) Saclay, 5, Saclay, France

Talk: Uncovering Natural SUSY with LHC and Dark Matter Direct Detection Experiments

14. Workshop on recasting ATLAS and CMS new physics searches, 16-20 Feb 2015, LPSC, Grenoble

15. GDR Terascale, 11-13 Dec 2014, IWH, Heilderberg, Germany

Talk: Framework for Model Independent Analyses of Multiple Extra Quark Scenarios

16. IFAE 2014, 9-11 Apr 2014, National Laboratory of Gran Sasso, Assergi, Italy

Talk: Composite Higgs searches at the LHC and beyond

17. EPS-HEP2013, 18-24 Jul 2013, Stockholm, Sweden

Poster: Higgs Boson in the 4DCHM: LHC phenomenology

https://agenda.infn.it/event/13162/contributions/17981/attachments/12950/14578/barducci_ECT.pdf
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https://indico.cern.ch/event/227270/contributions/479354/attachments/374116/520427/talk.pdf
https://www.ggi.infn.it/showevent.pl?id=291
https://www.ggi.infn.it/showevent.pl?id=270
https://indico.cern.ch/event/572740/
https://indico.cern.ch/event/647676/timetable/
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https://indico.cern.ch/event/443176/contributions/2165208/
https://indico.cern.ch/event/525142/timetable/
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https://agenda.infn.it/event/10129/
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18. Beyond the Standard Model after the first run of the LHC, 10-14 Jun 2013, GGI, Florence, Italy

19. Planck 2013, 20-24 May 2013, Bethe Center for Theoretical Physics, Bonn, Germany

Talk: Higgs signal at the LHC for the 4D Composite Higgs model

20. First Large Hadron Collider Physics Conference, 13-18 May 2013, Barcellona, Spain

Poster: Z ′ and W ′ at the LHC in the 4D Composite Higgs Model

21. The Higgs Symposium, 9-11 Jan 2013, Higgs Centre for Theoretical Physics, Edinburgh, UK

22. YETI’13: Young Experimentalists and Theorists Institute Forum, 6-9 Jan 2013, IP3, Durham, UK

23. Understanding the TeV Scale: LHC and Dark Matter data, 19-23 Nov 2012, GGI, Florence, Italy

24. TOP 2012 - 5th International Workshop on Top Quark Physics, 6-21 Sep 2012, Winchester, UK

25. 42nd BUSSTEPP Summer School, 2-14 Sep 2012, IP3, Durham, UK

Talk: DY Analysis of a 4D Composite Higgs Model

26. Erice International School of Subnuclear Physics 2012:, 23 Jun - 2 Jul 2012, Erice, Italy

Talk: DY Analysis of a 4D Composite Higgs Model

Critical research statement1

Dark Matter and Dark Sectors

The existence of Dark Matter (DM) is a striking evidence for the need for BSM physics. My research on this

topic has been devoted to the study of both supersymmetric (SUSY) and non SUSY theories. In the latter

category I’ve investigated models in which the DM particles communicate with the visible sector through

a pseudoscalar mediator, well motivated both from a theoretical and from a phenomenological standpoint.

Given the CP-odd nature of the mediator, direct detection bounds are weak and the main tests thus arise

from collider and indirect detection experiments. In [22] I have shown that the searches for the mediator

decaying into visible SM states can compete and even supersede standard DM searches where the mediator

decays invisibly and that the current precision on the measurement of the SM tt̄ cross section can be used

to set strong bounds on these kind of theories, bounds that can be efficiently complemented by DM indirect

detection searches. Direct detection bounds are easily evaded also in theories where the DM candidate arises

as a pNGB, as common for example in non minimal CHM, since these states interact with the SM with

couplings involving derivatives. I’ve studied this scenario in [24], highlighting the differences with respect

to the non derivative coupling case and the complementarity between collider and astrophysical probes.

A striking signatures of the existence of dark sectors is the possibility that ordinary unstable matter

could decay completely invisibly into dark states. I’ve investigated this scenario in [17] by considering the

totally invisible decay of the SM KL and B0 mesons within a representative models of dark sector. Here

I’ve proved that the rates for these decay are within the reach of high intensity experiments such as NA64.

Furthermore, motivated by the neutron lifetime anomaly, I’ve shown that this discrepancy can be solved by

an invisible decay of the neutron. Another well motivated model for the dark sectors is the so-called Dark

Photon model. In [6] I’ve studied the robustness of the experimental bounds on this theory if additional

non renormalizable interactions between the SM fermions and the Dark Photon are present. By considering

dark dipole operators, I showed that their presence modifies existing supernovæ bounds for cut-off scales

up to O(10 − 100) TeV, while terrestrial experiments such as LSND and E137 can probe cut-off scales up

O(3) TeV, where for the latter the bound extends down to vanishing kinetic mixing.

DM implications have also been one of the first questions I tackled when the data from the LHC revealed a

∼ 4σ deviation with respect to the SM prediction in the diphoton spectrum at an invariant mass of 750 GeV.

This deviation, that revealed itself to be just a statistical fluctuation, could have been interpreted as the

production of a new scalar particle with a large width, as hinted by the ATLAS and the CMS collaboration.

A concrete explanation was provided by a large decay partial width into an invisible final state, possibly

1References referred to the complete publication list. Labelled with † the references to the section Other scientific works.
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connected with a DM portal interpretation of the resonance. Then I showed how monojet searches were

able to efficiently constrain this hypothesis and complement with astrophysical constraints, thus effectively

narrowing down the possible interpretation of the putative resonance in terms of new physics models [29].

Other works on the phenomenology of DM and more generic dark sectors include [19,1].

For what concerns SUSY theories, they are still one of the most promising BSM scenarios to be tested

at the LHC. However, the null results so far obtained at the CERN machine have pushed the bounds

on SUSY particles higher and higher in mass. These bounds have nevertheless a certain degree of model

dependency and situations with light SUSY particles are still viable. I have studied this open question

in [34] in the context of the minimal supersymmetric SM (MSSM). In various regions of parameter space

favored by naturalness consideration the mass difference between the lightest SUSY states is small, thus

making their decay products not energetic enough to be detected and making it difficult to test this scenario

experimentally. In particular, SUSY partners with a mass of ∼ 100 GeV are not yet completely excluded

experimentally. In this work I have thus proposed a search strategy to improve the reach on this challenging

scenario and I have also highlighted the complementarity between the proposed collider based analysis

and the limits arising from direct and indirect DM detection experiments. I am also interested in the

phenomenology of non minimal SUSY extensions of the SM, which have attractive features for both Higgs

and DM physics. In particular the possible presence of light scalar states singlets under the SM gauge

group that have escaped so far all experimental searches is extremely interesting. In [32] I have studied

the implications for collider and astrophysical experiments of the presence of a ∼ 5 GeV DM candidate

in non minimal SUSY models, which is accompanied by a light pseudoscalar a state with ma ∼ 2mDM

through which the DM resonantly annihilates to produce the correct relic abundance. I have shown that the

LHC, despite being a high energy collider designed to deeply test the TeV scale, can have the potentiality

of testing light new physics, surpassing the performances of previous accelerators and that there is a clear

complementarity between collider and DM astrophysical experiments. I have also provided the ATLAS and

CMS collaborations with benchmark points presenting peculiar signatures, suitable for a deeper experimental

analysis, through the interaction with the LHC Cross Section Working Group [7]†. Further work on the

phenomenology of additional scalar states includes [25,11].

Neutrino Physics

The existence of neutrino masses and oscillations is another evidence for the need of BSM physics. One

of the simplest possibility is to extend the SM with right-handed (RH) neutrino fields N and generate

neutrino masses through the see-saw mechanism. Interestingly, a great attention has been recently posed to

see-saw models where RH neutrinos have a mass at the EW scale since, e.g , they can generate the observed

matter-antimatter asymmetry via neutrino oscillations and can be searched for at colliders and at beam-

dump experiments. Moreover, they can be relevant for the solution of longstanding anomalies reported in

the neutral-current and charged-current semileptonic decay of B mesons [15]. While at the renormalizable

level the RH neutrinos are produced only via their mixing with the SM neutrinos, the inclusion of higher

dimensional operators build from SM fields and N in the so called νSMEFT can alter this pattern. Moreover

while RH neutrinos typically exhibit a displaced decay behavior, also this property can be challenged if

multiple RH neutrino are present which specific Yukawa and Majorana mass textures. In [9] I’ve studied the

implications for future Higgs factories of the two genuine d = 5 operators in the νSMEFT, namely |H|2NN
and NσµνNBµν , which induce H → NN and Z → NN decay respectively. In particular I’ve shown that

that these future proposed colliders can test the cut-off of the effective theory up Λ ∼ 500 − 1000 TeV

greatly surpassing the reach arising from future indirect measurements of the Higgs and Z boson widths.

Subsequently, in [5] I’ve investigated the impact of the d = 6 operators in the νSMEFT, showing that they

are extremely relevant for present and future experimental strategies. Work aiming at the study of possible

signatures of this scenario at intensity frontier experiments as SHIP and FASER is currently ongoing [4].



Symmetry considerations on the νSMEFT based on the minimal flavor violation paradigm have been studied

in [10].

Composite Higgs and Vector-Like-Quarks

Composite Higgs models (CHMs) solve the naturalness problem of the weak scale present in the Standard

Model (SM) by postulating the Higgs boson to be a pseudo Nambu-Goldstone (pNGB) arising as a bound

state of a new strongly interacting sector. My contribution to the field has been the phenomenological

investigation of CHMs with particular emphasis on their compatibility with the available experimental

results and the study of specific signatures for the large hadron collider (LHC), as well as future proposed

colliders, arising from the presence at the TeV scale of multiple vectorial and colored fermionic resonances.

This aspect is of great importance for CHMs phenomenology and consequently for the signals that can be

expected at the LHC, with strong impact on current experimental search strategies. This research led to

several publications [43-35,33,30,28,26] and to a contribution to the FCC-ee Conceptual Design Report [2]†.

In [40] I have studied the compatibility of CHMs with the currently available Higgs data, showing that

a mild excess present at the time in the h→ γγ rate could have been explained if the fermionic resonances

had been at a mass of ∼ 500 GeV, a possibility not excluded yet at the time. Then, by assuming that

this deviation was due to a statistical fluctuation, we also showed that CHMs were providing a good fit to

the experimental data with a compositeness scale of around 800 GeV. Both these results were implying the

possibility of a discovery of a new composite state in the very near future and I highlighted the main and

most promising search channels. Other important contributions I made have been on the interplay between

vector and fermionic resonances [43,30]. In [43] I was part of one of the first group that proved that TeV

scale vector resonances could hide in LHC data even when they have sizeable couplings to SM fields due

to their additional and dominant decay channels into a pair of fermionic resonances. These decay modes

that appear in a natural and well motivated region of the parameter space were not searched for at the

LHC and in [30] I designed a search strategy to test this hypothesis. Importantly, the CMS collaboration

has started to look at these final states and published a series of analyses in JHEP 09 (2017) 053, JHEP

03 (2019) 127, Eur.Phys.J.C 79 (2019) 3, 208 and CMS PAS B2G-20-002. In [28] I have shown that strong

interference effects among nearby degenerate composite vector resonances with the SM background could

alter the discovery power of the LHC, ultimately proposing an observable which can improve the reach of

experimental analyses on these kind of scenarios.

The heavy fermionic resonances present in CHMs are also present in many other extensions of the SM and

generally appear as Vector-Like-Quarks (VLQs) with a mass around the TeV scale. This makes them one of

the primary research directions of the LHC experiment. In this respect I’ve worked on the reinterpretation

of the experimental results in generic beyond the SM (BSM) theories and in the possibility of extending

experimental searches in order to be sensitive to a broader class of New Physics (NP) models. In [38-36] I

have shown that the experimental results obtained under the assumptions of the presence of a single VLQ

with specific decay patterns can be easily reinterpreted in realistic models that present in their spectrum

a large number of VLQs with generic decay modes, thus causing different signatures with respect to those

assumed by the experimental analyses. In particular in [37] I have developed a framework that easily allows

for this reinterpretation, based on the simple observation that, for any experimental cut-and-count analysis,

the final number of events is just a weighted sum of production cross-sections and selection acceptances.

This framework has then been converted into a publicly available computer code called XQCAT [36] which

tests if a given model is excluded or not, only providing as an input the spectrum and the decay modes

of the VLQs. With these works I explicitly proved for the first time that models which present a multiple

VLQ spectrum are more constrained with respect to the limits that are obtained by the experimental

collaborations and that scenarios not yet fully directly tested by LHC searches, such as the ones with VLQs

decaying into 1st and 2nd generation quarks, are indeed already efficiently constrained by reinterpreting non

https://link.springer.com/content/pdf/10.1007/JHEP09(2017)053.pdf
https://link.springer.com/content/pdf/10.1007/JHEP03(2019)127.pdf
https://link.springer.com/content/pdf/10.1007/JHEP03(2019)127.pdf
https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-6688-5.pdf
https://inspirehep.net/files/86178d757afe565aef9de827be765c54


dedicated analyses, such as SUSY multijet searches [37]. Therefore this study, apart from providing a useful

tool to constrain generic BSM theory, also allows to investigate kinematic regions not yet explored by the

experimental searches, with the goal of proposing improved selection cuts to the experimental collaborations

so as to be more sensitive to new physics signals.

As in the case of vector resonances, the possibility that also VLQs might decay into non SM states is

concrete, and this indeed happens in various BSM theories, such as non minimal CHMs that present in

their spectrum additional pNGBs in addition to the one identified with the 125 GeV Higgs. Generally the

coupling between the extra pNGBs and the VLQ is expected to be large and this implies that, if kinematically

allowed, the decay of a VLQ into a new scalar S and a SM quark q, VLQ→ Sq, will be the dominant one,

thus reducing the reach of standard VLQs searches. In [26] I showed that these challenging decay modes can

be efficiently tackled at the LHC, thanks to the loop induced decay of the scalar S into a pair of gluons or

photons. This work thus provides a strong test for non minimal CHMs. Further work on the phenomenology

of VLQs at present and future colliders includes [21].

Effective field theory

The Standard Model Effective Field Theory (SMEFT) is a powerful tool to investigate the effect of new

dynamical degrees of freedom too heavy to be resonantly produced, and in this framework higher dimen-

sional operators are added to the SM Lagrangian. The experimental results are then translated in model

independent bounds on the scale of new physics, and can then be mapped into the parameters of a given

model once dynamical degrees of freedom are integrated out. Given the lack of direct BSM signals it is cru-

cial to investigate possible ways to improve current searches in order to be sensitive to higher new physics

scales. My contribution to this research area is in the physics more intimately connected with EWSB. In

particular in [23] I have shown how a combination of top quark and Higgs measurements could be used to

set stringent bounds on effective operators modifying the top quark coupling to gluons. With this study I

have proposed observables that will allow to independently measure the strong analogue of the Dirac and

Pauli form factors and to set the most stringent limits on these quantities in the future runs of the LHC,

see also [6]†. Together with top quark physics, Higgs physics has also entered the precision era and searches

for non standard Higgs decays, such as flavour violating decays both in the quark and in the lepton sector,

are a powerful probe for many BSM theories. Contrary to the lepton sector, where the sensitivity on the

branching ratio BR(h → τµ) and BR(h → τe) is already at the percent level, in the quark sector the

situation is more challenging, due to the large QCD backgrounds arising in the hadronic environment of the

LHC. In [20] I have investigated the possibility of directly observing quark flavour violating Higgs decay at

future proposed leptonic colliders and I have shown that with a dedicated search strategy the direct limits

on rates such as BR(h → bs) can reach the permill level, thus complementing the indirect bounds arising

from low-energy flavour measurements.

The possibility of efficiently testing higher dimensional operators whose leading order effects vanish as

a consequence of helicity selection rules in the high energy regime is also an active area of research. By

focusing on exclusive angular observables and carefully taking into account higher order QCD corrections to

the scattering amplitudes, in [13] I have investigated the possibility of recovering the interference pattern in

WZ and Wγ diboson production at the LHC by exploiting several differential distributions and allowing one

to set the most stringent bounds on higher dimensional operators modifying the SM triple gauge couplings.

Other interests

I am also interested in the study of theories dubbed in literature Vector-Like confinement (VLC) where new

fermions charged under a new strongly interacting force and vectorial under the SM gauge group undergo

a confining phase transition delivering a set pNGBs as well as other vector and fermionic resonances. The

attractive feature of these theories is the possibility of having accidental global symmetries which guarantee

the stability of certain technihadrons, in the same way that the proton is stable in the SM due to an



accidental baryon symmetry, that can thus behave as cold DM. Moreover, they have also been employed in

scenarios realizing the cosmological relaxation of the electro-weak scale and can give rise to gravitational

wave (GW) signatures [8]. Interestingly, these theories are poorly constrained both by collider searches and

by electroweak precision tests, with typical bounds on the masses of the technipions of the order of 200

GeV. In [18], after having classified the models from the point of view of the symmetries of the fundamental

lagrangian, I have shown how to efficiently test these theories at the LHC. In particular states that mix with

the SM Higgs boson can be tested in 2b2γ searches relevant for double Higgs production while searches of

simple signals such as pp→ 3γW can test technipions up to 1 TeV. Importantly, this last search strategy has

triggered the interest of the ATLAS collaboration that is aiming to perform our analysis. Further directions

in the study of VLC theories include the possibility of realizing a mechanism for the generation of neutrino

masses and/or baryogenesis, thus constructing a theory which can give a simultaneous answer to more than

one of the unexplained experimental evidences in particle physics.

I have also worked on the topic of SM asymptotic safe (AS) extensions, which are theories built under

the requirements that all the couplings reach an ultraviolet (UV) interacting or free fixed point. They are

typically searched for by adding several generations of vector-like fermions with Yukawa-like interactions

with new scalar fields. By studying the renormalization group β-functions up to three loops, in [16] I have

shown that all the candidate UV fixed points that can be found by varying the numbers and the quantum

numbers of the vector-like fermions are unphysical. In particular I proved that either they are unstable under

radiative corrections, or they cannot be matched to the SM at low energies. While this is a ”negative” result,

in the sense that no viable theory has been found, my results show that AS SM extensions, if they exist at

all, should be searched with more model building efforts, e.g. by enlarging the SM gauge group.

Still on the more formal side of my research interests, I have investigated the limits imposed by per-

turbative unitarity considerations on generic Yukawa interactions in which the involved fields are allowed

to have arbitrary quantum number under a
∏
i SU(Ni) ⊗ U(1) group [7]. After having derived compact

expressions for the bounds on the Yukawa coupling in function of the field quantum numbers, I have applied

the obtained results to models formulated to explain the anomalous measurement of (g − 2)µ and of the

charged- and neutral-current decay of the B−mesons. I’ve then showed that, while the analyzed models can

generally explain the observed experimental values, the required Yukawa couplings are pushed at the edge

of the perturbative regime, thus calling for a more thorough theoretical investigation. Interestingly, our

work have triggered the interest of the authors of the Mathematica package SARAH with which I’ve started

a collaboration in order to implement our results in their computer program [3].

The interplay between particle physics and cosmology is another area of research in which I am active.

Motivated by the recent discovery of gravitation waves (GW), I have become interested in the possibility of

testing new physics scenarios which undergo a strong first order phase transition during their cosmological

evolution in the early Universe through GW signals detectable at present and future interferometer experi-

ments. Interestingly, such signals can in many cases be the first, and perhaps only, accessible signal of these

kind of theories [12,8].

Finally, I am also active in the area of flavour physics with emphasis on the long standing anomalies

in the B mesons sector, possibly hinting to a lepton flavour universality violation. In particular I have

studied the possibility of simultaneously explaining charged- and neutral-current anomalies in semileptonic

B-mesons decay in models with a RH sterile neutrino, paying attention to the cosmological properties of the

new state that could behave as DM as well as to the implications for the generation of neutrino masses [15].

Experimental Collaboration

Since the beginning of my Ph.D. I started to work with the CMS group directly collaborating in experimental

analyses that search for new scalar bosons with a mass lighter than the one of the SM Higgs. These light

scalars typically appear in SUSY extensions of the SM and are at present one of the priorities in the LHC



program. I am specifically involved in the search for light scalars φ that can arise either in pairs from the

decay of a SM Higgs boson and manifest themselves in a 4 fermions final state, hSM → φφ→ 4f , or produced

in association with a pair of SM quarks pp→ qq̄φ, φ→ 2f . In particular I have actively contributed to the

experimental analysis searching for the challenging 4τ final state at
√
s = 8 TeV [31] and to the combined

analysis with data taken at
√
s = 8 and 13 TeV for a dimuon resonance produced in association with a pair

of b quarks [14,2] with preliminary theoretical studies and final interpretation of the experimental results

within various SUSY and non SUSY theories. In particular in [14] a mild excess with respect to the SM

background has been found, which is currently under investigation.

Tools and LHC analyses reinterpretation

I also work in the development of publicly available tools for high-energy physics phenomenology. Other

than to the code XQCAT, I have also contributed to the development of the DM code micrOMEGAs, which is

widely used in the high energy physics community to study DM properties of various BSM scenarios. With

the update provided in [27] the code is now able not only to test constraints arising from relic abundance

measurement and direct/indirect DM searches, but also LHC constraints on direct DM production and

constraints on other particles present in various DM models, such as sparticles in SUSY theories and vector

mediator in other DM theories. I am also involved in the implementation of experimental analyses within

the MadAnalsys5 framework. The aim of this work is to provide a public database of recasted and validated

experimental analyses implemented in a computer language, through which Monte Carlo samples generated

from a given BSM scenario can be tested, to check if they are still allowed or excluded, and that can be used

by the whole theoretical community. This work has the twofold goal of taking full advantage of the results

delivered by the LHC and to understand if the current experimental analyses could be improved to test

specific model signatures for which they are not yet fully sensitive. My contributions to this project have

been the recast of the ATLAS search for DM in mono-photon events [10]† and the CMS search for VLQs with

charge 5/3 [9]†. The latter analysis has then been used to investigate elusive composite spin one resonances

which have so far eluded all the experimental limits showing that LHC data are actually already able to

set a limit on the mass of these states, and that particular proposed choices of selection cuts could greatly

improve the sensitivity of a similar analysis on this scenario at the 13 TeV LHC, see also [30]. Other works

in this area of research include a proposal of an analysis description accord for LHC searches [8,1]† with the

goal of making the reinterpretation of the experimental analyses more straightforward for the theoretical

community and efficiently preserving the results of the experimental searches in the near and distant future.

Outreach activities

- Participation to the activity Porte Aperte 2020, Jul 2020, University of Roma La Sapienza, Roma, Italy

Open day to present the Faculty of Physics to the students who recently finished their high school studies

- Interview for the newspaper Il Messaggero on the status of the non permanent researcher in the italian

University system. Newspaper of the 19 Mar 2019

- Participation to the activity SISSA for schools, 2018-2019, SISSA, Trieste, Italy. Program with which

elementary, middle and high schools students visit SISSA during the scholastic year. This weekly activity

consists in presenting the aspects of the everyday life of a researcher through short presentations, small scale

table experiments realizable with everyday life material and guiding students in visiting the various parts of

the SISSA building. The project has a twofold goal: trigger the students interest towards a scientific career

and promote SISSA in the schools

- Presentation of the research activity of the SISSA theoretical particle physics group to six artist from

Romania involved in the international pro-ESOF 2020 program EuroScience Open Forum. The project

aims at providing the artist with a framework to investigate the relationship between contemporary art and

advanced scientific research. Oct 2018, SISSA, Trieste, Italy

https://web.uniroma1.it/infosapienza/porte-aperte-alla-sapienza-2020-digital-edition
https://www.unich.it/sites/default/files/il_messaggero_2_87.pdf
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- Participation in a Parliamentary Reception at the British House of Commons in Westminster, London. I

gave a presentation of the research activities of my Institution to the members of the British Parliament.

The presentation, titled The Higgs boson: elementary or composite? , wanted to emphasize the importance

of the Higgs discovery for our understanding of the fundamental interactions amongst elementary particles.

8th of July 2013.

- Private lessons in Physics and Mathematics to High School and Bachelor students, 2005 - 2011 ∼ 300h
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