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The SM (Particle Physics)

Three Generations
of Matter (Fermions) spin %2

Bosons (Forces) spin 1

spin0



SM (Particle Physics) extensively teste

10 years of LHC

Standard Model Total Production Cross Section Measurements
—"mmmﬂ—mﬂmmmmmmrvwvw—

CESERRRT SN

Status:
March 2021

L BARAS RAREE RERES REALES B3

pp r= 1

"= RS R '1'3.'3':','

&= 1001+ 03+ 6.4 nb (da
GYNNLO 3 GTHNMLO (theory]

it
WD c?mu.ommr,
.vfwnmmmzmnnm..
DYNNLO + CTH4NNLO 11 1
u-S&lB:ODSlIMﬂDlﬂII-‘(

ATLAS Preliminary
Vs =

7,8,13 TeV

Op

DYNNLOSCT14 NNLD {heoryt
MM:OD)’D?’"DINI!
CYNNLOWCT 14 NNLD ¢ hml)
" 3 ou\oun
BNLO 2T
o -E264s 351]‘)6
p.oNM.O-mL
= e 24’5u
tt ' + NN 6 ||mury|
W294 31+
np..'uh ?ﬁ Lum-yn
- .‘ﬂAﬁxlép(m!l--
NLOWNLL (theoey
r=89621747.2 4‘ 2l
! Sio e e s
« 2 + 8 pb (data)
tb'x pl .Gz]
o= 13004 £ 1.7 2 106 pb (g
NNLD (heory)
€821 1224.6pb(com|
Nuo {heory)
- 622 llpolﬂ’lm

55 31 |als)
LHC Hxswegroﬂurl:mn
H 277234 23 1900 (data)
LHC xswa‘ﬂunhewn
C=22]14+67-53+313-27pb(data)
LHC- stwrwunmn
or =08 s 10 + 23 - 23 g (m|
NLOSNNLL (macey)
w r=23:13434 37;01@.1:
t NLOVNLL ithace
r-10 9139 pb (com|
%)»N.L lhmgpb

=% 2 3 pb (datn)
AR iB‘:.u»é,u
wz 2432062090 (G|
M ATAIX (NNLO) (theory|
o t14-1321 blﬂlll.
uAlelN INLO) (
= 173406403 pb (s
Matric (INNLOY & &cm NLO) (twery)
zz - 73;04404 03 pb (data)
NNLO (heary)

o 67:07 + DS 0.4 pb (data)
eory)

1D e
(ckta)
lboum

Li-chan

NNLO
red 16— l
ts—chan r=4 O&: l“e 1pb (data)
r= a?(:on,u)- '”'Eko'n
aphs + aM neary)
tEw - 358_} 6 - 79'4‘|DVMRI
M [

" e LT

ttZ w )?6 5.:' 43-24":-.:.1.-
HELAC-NLO [hoory

www .-—065~016 0'5»016 0.14 pb (data)
u«O

heory|
WWZ }m 1: ‘1“0 1% 0135 idala)
o'ty =M~ L
tttt Wb G < B [hesey) o

10510102102 10" 1

o
-
o

o
o
o

LHC pp V5 =13 TeV

_ Data

stat
stat®

Theory

syst
8 TeV

o, Os oy

LHCpp Vs=
Data
stat

LHC pp Vs=7 TeV

_ Data

stat
stat & syst

4
(]
o

M PR P P P

10* 10° 10° 10! 0510152025

o [pb] data/theory

10t 10° 10°

JLat
(|
50x10~*
8x10
0.081

Reference

PLE 61 (2016 158

Nud. Plys. B, 485-548 (2004)

PLE 758 (2016} 601
EPJC 75(2018) 760
EPJC T (20T a8?
JHEP (2 {2017) 117
JHEP 02 (2017) 117
JHEP (2 (2017) 117
EPRJC B2 {2020) 523
EPJC 74(2014) 2108
EPJC 742014 9100
JHEP 04 {2017) 083
EPJC 77 {2017) 530
PRO 90, 112006 (2014}
ERJC 70 {2019) 384

PLB 763 114 (2016}

PRD 87, 113091 (2013
PRL 113, 212001 12014)

ATLAS CONF-20159-032
EPJC 76 {2016) 6

EPJC 76 (016)6

JHEP 01 (2018) 63
JHEP 01, 064 (2016)
PLB 716, 142158 (2012)
EPJC 75 2019) 535
PRD 93, 08200¢ (2016
EPJCTZ{21 2173
PRO 97 |2018) ca2005
JHEP 01, 000 {2017)
PSS o o1
PLE 756 228248 2006)
PRD 99, 072000 (2019
JHEP 119, 172 (2015)
PROD 98, 072008 (2019
JHEP 11, 172 2015)
PLE 798 (20154 134813
PLE 796 (20154 134813
EPRJC B2 {2020) 1035

my

or \ky

me
Kev_
3

1072

Ratio to SM

35.9-137 fb' (13 TeV)

£ CMS Supplementary wZ _.”
o
m,, = 125.38 GeV
£ p-value = 44% ' 3
[ b .- -
L Tt 4 4
E +*" Leptons and neutrinos Quarks

- -"
- S | -
, 1A [

e

107" 1

10 10”
particle mass (GeV)



But some “Tensions” and Discoveries
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But be aware of the experimental and theoretical systematics,
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namely of the Hadronic Vacuum Polarization: i

Tetra and Penta quarks
e.g. LHCB - this week announcement ...

A zoo of Exotic
hadrons




“Tensions” also in the Skies ...
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® Distance Lacider MCMB Euclid mission ( ESA)

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 launch planned for 2023.

Year of Publication

The crisis of the Hubble constant: CMB
vs Expansion rate measurements.

Problems with the measurements or New
Physics?

; launch 2023




Frontiers of knowledge: o000

. HL-LHC
many open questions
* What is the origin of the masses and mixing parameters?
* How quarks and gluons interact to form nuclei? FCC
Why matter dominates (locally...) over anti-matter?
 What is dark matter made of?
 What is the nature of Dark Energy? DUNE J— ''''' ”
 What is the complexity of the Higgs Field sector? “
 How inflation started and stopped?
* How to couple GR and QM?
 What is the origin of the highest energy cosmic rays?

LHC | upgrade phase 1 HL-LHC | upgrade phase 2

COMPASS CERN fixed target (AMBER, SHiP)
ISOLDE / Fair@GSI! (HADES, R3B)
AugerPrime

MS

SNO+
Lz

Proton therapy / imaging instrumentation R&D

JUICE Space exploration

Computing R&D
| |

|
| | |
2020 2030 2040




Frontiers of knowledge: 2030-2050
many open questions

the HL-LHC

HL-LHC

What is the origin of the masses and mixing parameters?
How quarks and gluons interact to form nuclei? FCC
Why matter dominates (locally...) over anti-matter?
What is dark matter made of?

What is the nature of Dark Energy?

What is the complexity of the Higgs Field sector?
How inflation started and stopped?

How to couple GR and QM?

What is the origin of the highest energy cosmic rays?

LHC | upgrade phase 1 HL-LHC | upgrade phase 2

COMPASS CERN fixed target (AMBER, SHiP)

Proton therapy / imaging instrumentation R&D
JUICE Space exploration

Computing R&D
| |

|
| | |
2020 2030 2040



Impact in the Society

¢ Computing and Information Brain PET
Technologies :

* Health applications

* Space (including Earth Observation)
* Social Physics

* Knowledge Transfer

* Advanced training

* Education and public outreach



All we need Is ...

* People

* Infrastructures and Support
* Multidisciplinarity

* Management

* Communication

* Funding

[.ots of enthusiasm and resilience
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Human Resources

2022: Total 241 (+39)
Researchers: 104 (+3)
Students: PhD 45 (+12) ; Master 50 (+17)
Technicians/ engineers: 32 (+3)
Administrative staff: 9 (=)

eVOhltiOn SCCHaI'iO ® Researchers Students @ Technical Staff @ Administrative Staff
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Human Resources

2022: Total 241 (+39)
Researchers: 104 (+3)

Students: PhD 45 (+12) ; Master 50 (+17)

Technicians/ engineers: 32 (+3)
Administrative staff: 9 (=)

evolution scenario

® Researchers

we hope that until end 2025:

to open 5 new permanent contracts

to have about 6 new 5/6 years FCT
contracts

to have about 3/4 new positions at
University.

Students Technical Staff @ Administrative Staff
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Funding: evolution scenario (2021-2030)

TOTAL (without university salaries )

2020: 6.1 M€
2022: 6.7 M€

B International sources | Other national sources = Higher Education Institutions
B FCT researchers and projects [ FCT Direct funding
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Funding: evolution scenario (2021-2030)

TOTAL (without university salaries ) Diversify (in sources and type):
— FCT

2020: 6.1 M€ — European
— Partnerships

2022: 6.7 M€ — Contracts and Services

B International sources | Other national sources = Higher Education Institutions
B FCT researchers and projects [ FCT Direct funding
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Bridge over troubled waters

Discovery Innovation
through through
science

Knowledge
sharing
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