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PHENOMENOLOGY GROUP

* created in Jan 2018 as an aggregation of pheno activity within LIP (9.0 FTE)
o group very involved in creation of ‘Big Data and Simulation Competence Centre’ at LIP

o group very involved in the creation of the FCC group [identification of future areas of
relevance]

o developed important synergies with experimental groups

* by 2022 the group has more than doubled its workforce (20.3 FTE) across LIP’s poles
(Lisboa, Coimbra, Braga) with two main lines of work:

o New Physics Searches [mostly in Bragal]

o Exploring QCD[mostly in Lisboa]



PEOPLE:: RESEARCHERS

Grigorios Chachamis [Lishoa],

Exploring QCD Pietro Faccioli [Lishoal,

, Exploring QCD
Exploring QCD Nuno Castro [Minho], Ruben Conceicao [Lishoal, . also CMS and COMPASS/AMBER
New Physics Searches Exploring OCD
:: also ATLAS :: also Auger and SWGO :
Ricardo Gongalo [Coimbra],
New Physics Searches
:: also ATLAS

Guilherme Milhano [Lishoa],

Exploring OCD Antanio Onofre [Minho],

New Physics Searches P %Y
' | ' | = also ATLAS ke T X
Pablo Guerrero [Lishoa], Joao Pires [Lishoa],
Exploring QCD Exploring QCD Miguel Romao [Minho],

New Physics Searches
- also Private Sector



Néstor Armesto, IGFAE (Galicia)

i
S -
\\ — —

Carlota Andrés, CPhT (France) Mikael Chala, U Granada (Spain) Fahio Dominguez, IGFAE (Galicia)
. former LIP

Carlos Salgado, IGFAE ((‘i:licia)

José Santiago, U Granada (Spain)

i .

arcb van Leeuwen, ,‘Nikh.ef (he Netherlands) Werner Porod, Wiirzburg (Germany)
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Korinna Zapp, Lund U (Sweden)
:: former LIP



PEOPLE:: DOCTORAL STUDENTS

Andreé Cordeiro [2022-]

Exploring QCD
: pr : With IGFAE Guilherme Guedes [2018-]
IhE/Ixarllar}a Aa%udo [2019-] New Physics Searches
proring :: With U Granada
:: also CMS Joao Goncalvest [2021-]
Exploring QCD

Jogo Silva [2021-] F

Exploring QCD Y < 1w

:: with IGFAE Fernando Souza [2022-] Dario Vaccaro [starting Sep 2022]

New Physics Searches Exploring QCD



PEOPLE:: MASTER STUDENTS

Francisco Barreiro b
Joao Gomes

ETom.a’ns Cabrito , ,
Lénea Luis

Joao Mesquita
:: With Rome

Manuel Mariano Nuno Olavo
.- With Yale




SERVICE TO THE SCIENTIFIC COMMUNITY

e Member of Governing Board of Strong2020 and co-spokesperson of the NA3-JET-QGP WP [G. Milhano]

e Member of International Advisory Committee of the Initial Stages Conference [G. Milhano]

* Theory convener for the LHC Heavy lon working group at the LPCC (2021-...) [L. Apolinério]
e Experimental convenor (Top contact) for the LHC EFT working group at the LPCC (2020-...) [N. Castro]

* Member of the Scientific Program Committee of PANIC 2021 [G. Milhano]

e Member of the Local Organising Committee of PANIC 2021 [L. Apolinério]
e Member of Local and Program Committee of DIS 2022 [G. Milhano]

e Short Term Scientific Mission Coordinator of COST Action 17137 [L. Apolindrio (2018 - 2021); M. Romdéo (2021 - 2022)]

e National Delegate of COST Action 16201 [J. Pires (2018 -2021)]
e Convener of the 2021 INT program on Probing QCD at high energy and density with jets (2021) [L. Apolindrio]

e Convener of Heavy-lons Parallel Session of EPS-HEP 2021 [L. Apolinério]

e Convener of the 12th International workshop on MPI@LHC (2021) [L. Apolindrio (Heavy-lons) and G. Chachamis (High Multiplicities)]
e Member of International Advisory Committee of 13th International workshop on MPI@LHC (2022) [G. Chachamis]

* Portuguese representative in the ECFA Early-Career Researchers Panel (2021-2022) [L. Apolinério]



FUNDING

e diversified funding portfolio
o national and EU
o different Pls
e national funding [on-going]
o THbridgeEXP-Il [CERN/FIS-PAR/0032/2021] [until 2024] [G.Milhano]
o TopHiggsPheno [CERN/FIS-PAR/0037/2021] [until 2023] [A. Onofre]
o Quarkonia [CERN/FIS-PAR/0010/2019] [until 2022] [P. Faccioli]
o QCDridge [EXPL/FIS-PAR/1195/2021] [until 2023] [G. Chachamis]
o TimeJet [EXPL/FIS-PAR/0905/2021] [until 2023] [L. Apolinério]
e EU funding [on-going]
o YoctoLHC ERC Advanced Grant (beneficiary) [until 2024] [C.Salgado (IGFAE); G. Milhano]
o STRONG-2020 (NA3-JET-QGP WP coordination) [until 2023] [G. Milhano]



A MAJOR GROUP MILESTUNE

First PhD thesis started and concluded in the group

Maria Ramos (Jan 2022)

The interplay between collider and astrophysical probes of non-minimal composite Higgs
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A GLOBAL APPROACH T0 PHYSICS BSM

G. Guedes, J. Santiago :: 2107.03429 [hep-ph]; M. Chala, GG., M. Ramos, JS :: 2012.09017 [hep-ph]; MC, GG, MR, JS :: 2106.05291 [hep-ph]; MC, A. Carmona, GG :: 2112.12724 [hep-ph]; S. Bakshi, MC, AC, GG :: 2205.03301 [hep-ph]

* Model-driven approach to search for specific signatures
o dedicated search for Vector Like Leptons with an exotic decay channel
o explores complementarity between collider and direct DM probes

* Model-independent approach - extending the SMEFT

£5—|—S | »C6 »CS

LsvEFT = L£8M A T Az T Aa

o At dimension-5: extend the SMEFT with an axion-like particle, s.
o At dimension-6: classification of UV extensions which can explain (g-2) of the muon at one-loop

o At dimension-8: construction of Green’s basis and calculation of RGEs
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with BigData and Simulation CC

EFFICIENT EXPLORATION OF PARAMETER SPACES OF BSM MODELS

F. Souza, M. Romao, N. Castro, M.Nikjoo, W. Porod :: 2206.09223 [hep-ph]

e use Al/ML to efficiently explore parameter space of cMSSM e pMSSM without any prior
knowledge [no training data]

2
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with BigData and Simulation CC 14

CLASSIFICATION OF QUENCHED JETS

e distinguish in heavy ion collisions strongly modified jets from unmodified without second-party information

e explore jet representations with varying theoretical input for different ML/DL architectures

o jet images :: Convolutional Neural Network (CNN)

= 2 An, A¢ grids centred in the jet axis with jet pT and n constituents

e . o » . . 0-0-0-0-0- -0 —
Pr 70 = Unnormalised / Normalised images: full jet info/relative fragmentation pattern
= CNNs scan the images looking for successively detailed discriminant patterns N T T T T T T
Layers
- o-0-0-0-0- -0
ilters A 7 N N N
{ filters / ""'-'| filters / filters
- | Uit T@ -0 P 1111 |
imag

= ~ < = < =

X X X X X X

(7% 17) (88) (3x3) (x1) DS (S (D] D =
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' I I ' I I Dense Layer

- e - - -~ -~ Sigmoid activation

50 ) 50 ) ) 50

~—_79 ~—_7 ~—_7 ~_> é é é é é é
(35 35) : ] Gated Recurrent

. Jet constituents ordered by clustering sequence C Jet Unit
Convolution Layer 1 Convolution Convolution C lut Dense Layer T
(3 % 3) kernel Layer 2 Layer 3 Layer 4 Sigmoid
Leaky ReLu activation activation

o Lund plane coordinates [(kT,AR) of clustering steps] :: RNN
jet images :: CNN

tabular data [pr and multiplicity] :: DNN



CLASSIFICATION OF QUENCHED JETS
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with BigData and Simulation CC

CLASSIFICATION OF QUENCHED JETS

L. Apolinario, N. Castro, M. Romao, G. Milhano, R. Pedro, F. Peres, :: 2106.08869 [hep-ph]
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JET TIME RECLUSTERING

* recluster jets in formation time
[p=0.5 in gen-kT measure]

ARZQJ ) 1 7, "o ofe
dij ~ Py i~y ~ Py 0 ~ o “Late” jets: T > 3 fm/c (weakly modified)
9 R 9 T
form 02— T T
0.18— —— JEWEL+PYTHIA pp —— JEWEL+PYTHIA PbPb —
® maximizes correlation between MC 0161 E
. . . - JEWEL+PYTHIA \sy=5.02TeV -
parton shower and jet reclustering info ~0.14f- A, R=05p, > 300GV —
v B 1st Parton Shower emission ]
—e— All Emissions —=— 1st Emission —— 2nd Emission 8380 12 E Soft-Drop: =0 E
L% | I I I IR BRI I B I < AR RAARE RARRERRRRE 'TJI 0.1— —]
L = el . 2 el E
0.9;— E-LI.R=05p,I.TwOGeV T E TZJ 0.085 E
2:%: Soft-Drop: zl(:ﬂ.l,ﬁ:i) *; : b ‘ 1_ 0'065_ R _E
§os- | E 0.04 E
= 7 002 -
== R
%21: | : T Log10(1:form (fm/c))
OE_ ‘—‘.L EN oi o . oo
B B S I S A jet quenching classifier:
AT (Q2'2) At (Q2)
Parton Shower _ Unclustering Important step towards a tomographic analysis of the QGP!

ATform = Tform form

L. Apolinario, A. Cordeiro, K. Zapp :: 2012.02199 [hep-ph]
Allows selection of two populations

o "“Early” jets: T < 1 fm/c (strongly modified)
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L. Apolinario, M. Winn, Y-J. Lee :: 2203.16352 [hep-ph] to appear in Prog.Nucl.Part.Phys

10 - e | bl 2

Address in depth fundamental questions in heavy-ion "~ Water :

collisions at RHIC and LHC - i
. o Helium

o How factorized are the initial-state from final-state i ‘ 7

effects (colliding nuclei)? 10 -

o How can we infer, from data-driven observations, the o Fremiae st :

elementary QCD parton-medium interactions (jet

quenching)? : /

o What are we learning about the Quark-Gluon 107 B QGP(HeavyFlavorD,)~
Plasma?® -

AdS/CFT —

o How is the Quark-Gluon Plasma formed and QGP (Soft Probe)
| | | | | | | | | | | | | | | | | | | | | | |

evolving? = 0 1 2 3 4

[ [} [ T-T

o Are hadronization mechanisms changed by the —TCC
presence of a Quark-Gluon Plasma?

o {....)

Towards a unified QCD description
from soft to hard probes of the QGP



(AUARKONIA

P. Faccioli, C. Lourenco, T. Madlener :: 2006.15446 [hep-ph]; M. Araiijo,P. Faccioli, C. Lourenco :: to appear soon

Global studies of quarkonium production with:
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First data-driven determination of the low-pr data (p-A and T-A) including
Xc1, Xc2 and direct J/@ polarizations oredictions for AMBER




Lecture Notes i Physis Polarization studies beyond quarkonium

Pietro Faccioli
Carlos Lourenco

Particle
Polarization in

High Energy
Physics

An Introduction and Case Studies

on Vector Particle Production
at the LHC

Lecture Notes in Physics (vol. 1002)
&) Springer to appear in August, OPEN ACCESS

https://link.springer.com/book/9783031088742




(AUARKONIA

M. Arauljo :: pheno PhD thesis work

Quarkonium production at LHC energies: understanding hadron formation by the strong force

CMS Jiy CMS y(2S) LHCb Jhy LHCb y(2S)

&dy (nb(GeV)
o

o do/d

o
|

9
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Short- and long-distance scaling patterns
indicate universal pT /M behavior
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— extend analysis in two dimensions not yet
considered: rapidity (y) and Vs

10 107

10‘25—

An empirical parametrization of the partonic
cross section coupled with proton PDFs

reproduces measurements from multiple states
and experiments vs across pT /M, y and Vs
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FORWARD PHYSICS AND HiGH ENERGY QCD
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The formal approach to study diffractive
4 processes with MC techniques
Rapidity-rapidity correlations between jets in
multijet final states with BFKLex MC



NNLO GRIDS FOR JET PRODUCTION AT THE LHC

J.Pires et al., NNLO interpolation grids for jet production at the LHC:: 2207 XXXX [hep-ph]

* New interpolation grids for numerous jet datasets at the LHC computed for ATLAS&CMS 1ot g L ST e
L0 E== NLO E===3 NNLO
e ingredients: — theory predictions from MC NNLOJET e MR = HT par
% 100
* output = pQCD cross sections projected on grids in FASTnlo and APPLGRID formats 5
_é-_ 1872 |
e Interpolation of the MC cross section on a (xi1,x2,Q2) grid allow fast recalculations of the cross section for S s | anetusive ots
.o . e B8 < |yl] < 0.5
several PDF and a; values. Ex: CMS 8 TeV 3D dijet cross section: i :ZPEFHZH HER = Priet
1876
$fnlo-tk—-cppread 2jet.NNLO.fnl3832_yb0@_ys@_ptavgjl2.tab.gz NNPDF31_nnlo_as_0118 _ LHAPDF Q]ﬁ .
S oif :
* Grid size: few GB ; NNLO cross section evaluation time: few minutes g 0.8 | 5
ool ~ NNLO(pg = pr) 1
*Proofs of principle: = gluon PDF fit with HERA DIS+CMS 8 TeV dijet data with xfitter > 200 s00 1000
prd [GeV]

— gluon PDF+a; fit at NNLO (for two renormalisation and factorization scale choices)

Scale uncertainty bands: LO, NLO, NNLO

8 TeV NNLO CDF 1.96 TeV (1))
o ) DO 1.96 TeV (1)) |
& OIS only SRt ZEUS 320 GeV (1)) R
41 W prse = praexp(0.3y”) | 1.150 H1 319 GeV (1j) G :
W Hr/p=m 1147 Mal.&Star. 7 TeV (1)) B Fitted Oés(Mz) values
.. CMS 7 TeV (1)) [
- CMS 8 TeV (1j) _
N Britzger (1)) Q 1= pr1€®3" [ 0.1191 + 0.0015(exp) 50023 (scale)
E p) e IIInnmmmnnoTITToO T I nm prd
x CMS 8 TeV (2j) j= Mg 0.1198 + 0.0015(exp) " § 0021 (scale)
NLO ptmax .
1- NLO m12 = ; 1= pr1e®¥ | 0.1155 £ 0.0012(exp) 3 0505(scale)
NNLO ptmax “ = - 40,0010
N NNLO m12 RN | [= My 0.1163 £ 0.0013(exp) " gooa(SCale)
o TS TS T T 0.110 0115 0120 0125 0.130
X ° ° . ° °
Gluon PDE fit: HERA DIS+CMS 8 a; scale uncertainties smaller at NNLO and smaller a; values Fitted as values obtained with the CMS

TeV 3D dijet data (CMS 3D dijet data) dijet data and other jet cross sections



thank you !




