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First observation: it is since 10 years ago (ICHEP 2012 Melbourne) that we do not have a session called

“Standard Model” ... the Standard Theory is so successful that permeates most sessions, including ”"Beyond

”

Example: at cross sections of single and associated production LHC tested over 14 orders of magnitudes
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The quest for the Higgs
boson started in the ’80. The
first “Higgstrahlung” beam
dump experiment excluded
1 MeV <My <52 MeV
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10 years since discovery and 40 years of work !
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iggs and electroweak



Legacy Higgs Boson results with full Run 2 Statistics,

Nature 607 (2022) 52 Two beautiful papers submitted to Nature last week Nature 607 (2022) 60
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The couplings, past present and future The Higgs boson, measured in various space phase regions
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Search for Double Higgs production after RUN 2

Starting to get into a very interesting region 95% CL limits @ 2 — 3 times SM expectations !
Exciting in view of RUN 3 (... and HL-LHC of course)
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Constraining the Higgs boson self-coupling from
single- and double-Higgs production

Combining the single-Higgs and double-Higgs analyses, with the assumption that new physics affects only the Higgs
boson self-coupling (1), values outside the interval -0.4 < k = (1 /ASM ) < 6.3 are excluded at 95% confidence level.
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Observation of gauge boson joint-polarisation

states in W*Z production from pp collisions
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dcs/dcoseW (pb)

ATLAS-CONF-2022-053

Longitudinal component intimately related to EWSB mechanism
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LEP: measurement of WW polarization states
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Measurement of the Higgs boson mass

New ATLAS: first measurement with full Run 2 Statistics
Precision better than 1.5 permil on individual channel !!
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Top mass at the LHC top

ATLAS+CMS Preliminary Miep SUMMAary, Vs=7-13TeV  June 2022
LHCtopWG
"""" World comb. (Mar 2014) [2]
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World comb. (Mar 2014) HH 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [2]
ATLAS, l+jets H—e—td 172.33 = 1.27 (0.75 = 1.02) 7TeV 3]
ATLAS, dilepton =t 173.79 = 1.41 (0.54 = 1.30) 7TeV [3]
ATLAS, all jets F——a——— 17512 1.8 (1.4 £ 1.2) 7TeV [4]
ATLAS, single top —t—— 172.2 + 2.1 (0.7 = 2.0) 8 TeV [5]
ATLAS, dilepton - 172.99 = 0.85 (0.41x 0.74) 8TeV [6]
ATLAS, all jets == 173.72 + 1.15 (0.55 = 1.01) 8 TeV [7]
ATLAS, l+jets e 172.08 + 0.91 (0.39 = 0.82) 8 TeV [8]
ATLAS comb. (Oct 2018) HxH: 172.69 = 0.48 (0.25 = 0.41) 748 TeV [8]
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CMS, dilepton —ot 172.82 + 1.23 (0.19 = 1.22)
CMS, all jets e § 172.32 = 0.64 (0.25 = 0.59)
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CMS, single top e 172.13 = 0.77 (0.32 #°0.70) 13 TeV [18]
CMS, |+jets (*) e 171.77 = 0.38 13 TeV [19]
CMS, boosted (*) }—bH 172.76 = 0.81 (0.22 = 0.78) 13 TeV [20]
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Top is a coloured fermion, it decays before hadronizing,
but the b quark from its decay must hadronize

* there is no way to assign final state particles only to
the original top, the concept is ill-defined as it is the
use of a pole mass for a coloured particle

* the effect is expected to be of the order of Aqp= 0.2
GeV but the actual impact depends on the
experimental method

* Reached = 2 permil with individual measurement !

important to test the variables sensitive to the
final state definition

2. continue to measure the mass with alternative
techniques WP
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W mass: there is great confusion under heaven, the situation is excellent
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Life becoming difficult for EW global fits
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New measurement of W+charm production

CMS Preliminary 137 fo” (13 TeV)
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Expect significant improvement in the s-quark PDF
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CMS-PAS-TOP-21-010

ATLAS-CONF-2022-030

Single top production in Wt and s channels
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https://agenda.infn.it/event/28874/contributions/169315/

Evidence of direct CP violation in charm decays

* CPV in charm observed by S, [LHCb T

LHCb in 2019 «  F 5]
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_ 4
to investigate the nature of ag . [107]

CPV in the two decay

modes
® They report the first evidence for direct CP violation in

DOo—-rr-rr+ decays at the level of 3.80.



https://agenda.infn.it/event/28874/contributions/169315/

https://agenda.infn.it/event/28874/contributions/169355/ ‘

CP Asymmetries can be large in specific bins |
~v from B — D[K 7w n"n~ | h* decays

Ry5. ~ 0.4 = potentially large benefits from binned analysis
. Measure observables in 4 bins of D-decay phase-space [arXiv:1909.10196]
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Belle Il : recorded = 424 fb-1 and entering the game |

First joint Belle + Belle Il measurement

Belle: N(KQ ) = 1467 + 53, N(KJKK) = 194 & 17
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Belle Il: N(KQ77) = 280 + 21, N(KJKK) = 34 + 7

B° — 7979 Result [New for ICHEP |

Results competitive with Belle with a data set of less than one third!

ACP = 0.14 + 0.46 (stat) + 0.07 (syst)
B =(1.27 + 0.25 (stat) + 0.17 (syst))-10~¢

WA: AP = 0.334+0.22, B=(1.59 4+ 0.26) - 10~
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» Results demonstrate Belle II's capability to measure decays with neutrals
= Belle Il is ready to offer key contributions

v =(78.4 +£11.4 (stat.) +0.5 (syst.) +1.0 (ext.))°
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CMS Full Run 2 result on B.->uu

BB — uu~) = [3.95703) (stat 4_“8232 (syst)] x 1077

. B CMS Preliminary 140 fb'(13 TeV)
CMS Preliminary Vs =13 TeV, L = 140 fb" 06710 - ¢ oa
L CMS Full PDF
140—_ * Data —— Full PDF r Preliminary Bgau:u
L \ Bg - u'w B B0 S pp 0.5 g (B:o;b:“:u;;:ikmg bkg
B ------ Combinatorial bkg ~ ------ Semileptonic bkg F B o o' *se,j‘epmmkg
120 === Peaking bkg ol a

i = [ &

B Tt 2
3100 T oar g
o B | 5
e 0.2
S 80 r B
o [ 10
@ 0.4f \
2 60 B AR AN DN,
c L ol £ x10°° 2 4 6 8 10 12 14
L 1 7 Decay time [ps]

40
— +0.23 +0.03
T = 1.83 75, (stat) “y5 (syst) ps.
20
\ N ATLAS-CMS-LHCb combination summer 2020:

49 5 51 52 53 54 55 56 57 58 59 | BO S+ branching fraction (2.69037_; 55)x10°
My, [GeV] effective lifetime tgos>u+u-=1.91%037_, 35 ps.
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Test of Lepton Flavour Universality in B decays

B (Bt - Ktutu) B (Bt - Ktete)

T B (B > Jly(> utu)KT) B (BT > Jhy(— ete)KT)

BaBar

= i 0.1<qg*<8.12GeV? ¢*
: Ref. '

: Belle
e 1 1.0<g°<6.0GeV2c™
: Ref. '®

LHCb 5 fb™
11<q*><6.0GeV2c™
Ref. !

: LHCb 9 fb™
—e—i E 1.1 <q2<6.0 GeV20"4
: This work

1 1 1 1 i ‘ 1

0.5

1.0 1.5

Nature Physics, 18, 277-282 (2022)

Belle 2 presented new results on the
control channel, preparing for Rg

Candidates per 5 MeV

Candidates per 5 MeV
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Observable

Belle II Belle (2021)

Ri+(J/¥)
Ryo(J/9)

1.009 £0.022 £ 0.008 0.994 £ 0.011 +0.010
1.042 +0.042 £ 0.008 0.993 £ 0.015 £ 0.010




Charged Leptons
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MEG Final Result(90% C.L. Upper Limit) /|

The MEG Il u—=>ey experiment started
taking data at the PSI

Data taking of G-2 progressing toward
completion, collected ~19 x BNL over
the last 5 years, factor = 4
improvement on final uncertainty = P
MZ2E construction progressing 0 —
MUonE progressing as well, will [t
measure directly the leading hadronic
contribution to g-2 2023 2o§24 2025 2026
Next years going to be exciting for N TR . . 7

10

charged lepton physics 0 20 40 60 80 100
DAO week

branching ratio sensitivity
=




Neutrino physics



Neutrini, their oscillations and masses

1 0 0 C13 0 813€_i5CP cp Spp O et 0 0
U= 1|0 c¢y3 53 0‘ 1 0 —s1p c1p O 0 €% 0
0 —sp3 cp3/ \—syzeidce 0 C13 0 0 1 0 0 1

0,; & AM?,, CP phase 6 & 0,; 0., & AM?,, Majorana phase

Accel. LBL (v, vi) disapp. (K2K, Reactor LBL (KamLAND) Solar Experiments Double beta decays
MINGS, T2K, NOVA) Reactor MBL (Daya Bay, RENO, | | Reactor LBL (KamLAND) |
Accel. LBL (ve, ve) appearance Double Chooz) = Normal Ordering ™ 1.0:
(MINGS, T2K, NOVA) Accel. LBL (ve] ve) appearance ! ( o
Atmospheric Experiments (SK, IC-DC) (MINOS, T2K, NOVA) b

Important projects in preparation: .. ) . .
e.g., DUNE, HyperK, JUNO, KM3net, SNB Program Leptonic mixing matrix (PNMS matrix) still
-> Status reports at this conference poorly known including mass ordering




A project recently completed : Icarus 600 T @ SNB
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New result from NOVA including Non Standard Interactions in data analysis

e NSI: anomalous

2% Fermilab

interactions
between neutrinos
and matter
1 0 1+€€€ Eeu ger
K=—|u 3 Upas+a| e [ Gl
=g |Vpuws 2 , | s af Cep | Sup| Cur
Am31 521 5/,*11 €rr

* NSl effect could be
large and significant

in Ocp

* Mixing angle and
mass difference are
less affected

0.7~ @ Bestfit NSI

NOvA Prellmmary
—_———
- NOvA 90% CL 13 6><1020 POT equw v- beam .
2.8[— £7°% Std. Osc. 12.5x10%° POT v-beam
L D NSI: —laxiv:2108.08219) ]
B - ® Best fit NSI 2
% I ¥ Best fit Std. Osc. -
® 2.6 ]
o - -
Z
Né‘)‘) i N
< 24t -]
2ol | YN T T SN N N N TN SRR SN SN TR TN S SN SN M T S N S
“T 04 0.45 05, 0.55 0.6
sin“(6,,)
B | 50 NOVA Preliminary
U O I . TR N TR NS Y SO EANE SO R S S
0.8 —_NOVA 90% CL 13.6x10%° POT-equiv. v-beam ]
- DNSI "1 Std. Osc. 12.5x10% POT v-beam
B D1 : (arXiv:2108.08219)

I % Best fit Std. Osc.

B e =
& oglme e -
E B * =
= b =
0.5_— o =]

g * = .
04:___., ........................... ..__:

B 1 | M -

0 g E3 3n 2n

dce 2

NOvA Prehmmary

—
- NOvA 90% CL

—_—
13 6><1020 POT equnv V- beam 4

Osc. 12.5x10%° POT v-beam

- #2225,
L D NSI: 1 (arXiv:2108.08219)

&—~-2.2[—m Bestfit NSI -1
> L 4
()

(? i E
(=] L 4
Z
Né%-z.‘t - -
< L 4

26 —
b e L e
0.4 0.45 0. 5 0.55 0.6
sin?(® s)
| NOVA Preliminary
[ a ., ¢ & Lt .1 . ']
0.8/-NOvA 90% CL 13.6x10% POT-equiv. v-beam_]
- DNS':““S . Osc. 12.5x10% POT v-beam ]
. = (arXiv:2108.08219) ]
0.7~ m Bestfit NSI ]
- L 1
é?’ 06 = liessmsamamsmesssissertesseen.,, =
c B L] =
= - ]
0.5 — =|
04 :_ ................ _:
L L | L ]
0 % T 3n 2n
6CP 2



New: final results from STEREO on Reactor Antineutrino Anomaly (RAA)

Reactor Antineutrino Anomaly :
~6% deficit observed in
measured reactor antineutrino
fluxes.

Sterile neutrino with
Sin2(26..)=0.17 , Am?4,=2.3 eV?
would explain RAA and Gallium
anomalies

The Stereo dectector is
positioned 10 m away from the
research reactor in Grenoble.
The neutrino interaction occurs
in 1800 liters of gadolinium
(Gd) loaded liquid scintillator.

* Exclude most RAA allowed param space
at > 95% CL for Am?,, < 4 eV/?2
* No oscillation not excluded (p-value=0.54)
* RAADbestfitexcludedat= 4 o
* Neutrino-4 best fit excluded at 3.1 ¢
* Neos-RENO best fit excluded at 2.8 ¢

101
Preliminary
&\ RAA 95% C.L.
> RAA: Best fit
\Q.)/ Neutrino-4
N g 1 RENO + NEOS
S
<
STEREO 95% CL
————— 2D Sensitivity
1 2D Exclusion
107 1= -
10 2 10 1
sin?(26,.)




Search for Double Beta decays Ov[33

Decay rate ['=G | M |2mpgg?

3
mpp = Z m; U,
i=1

*  Observation of 0vpp would indicate
lepton flavour violation and Majorana

neutrinos
* Non observation sets limits on neutrino
mass scale
g
52104 o =
n/ = - - '-‘
=
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A. Giuliani, Neutrino Telescopes 2021
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Future projects should
reach mgg= 1 meV
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LEGEND-200 is in commissioning, with
data-taking beginning later this year

LEGEND-1000 pre conceptual design
available, with R&D and conceptual design




ce data_

ofA(,:/E,, [10738 ecm? GeV~! nucleon™ 1]

100

1071
+ T2K (Fe) 14 ®  GGM-SPS 81 ‘\
4+ T2K(CH)14 ® GGM-PS79 \
% T2K(C)13 V¥ IHEP-ITEP 79
A ArgoNeuT 14 V¥ IHEP-JINR 96
® ArgoNeuT12 @ MINOS 10
% ANL79 A NOMAD 08
O BEBC79 ¢ NuTeVo06
A BNLS2 X SciBooNE 11
9 CCFR97 ® SKAT79
O CDHS87 *  IC HESE showers 17 (avg. of v, 7)
10*2 1 d d 1 d A 1l
101 1 10! 102 10° 10* 105 10°

Neutrino energy E, [GeV]




Spectroscopy



Spectroscopy: many new exotic states discovered

in the past 10 years
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New pentaquark and tetraquarks candidates (LHCb)

Observation of P, (J/yr/\) with
v' First observation of a doubly charged mesonic exotic state, together with its neutral partner.

strange quark content ccuds close to v Belong to the same isospin triplet.

E"D~ threshold ( > 100 significance) v Spin-parity: 0%
m( P;/,‘_\,) = 43382+ 0.7+ 0.4 MeV v' Minimum quark content: T%,(2900)**: [csud]; T%,(2900)°: [csud]
J 0 . . —7 0 .

F(Pl‘)\) —70+12+ 13 MeV Similar mass with X4(2900) (csud), but width and flavor contents are different.

LHCb-PAPER-2022-031 (in preparation) ol §
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JP=(1/2) favoured LI ——
https://agenda.infn.it/event/28874/contributions/169018/
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News about the X(6900) structure

CMS observed three J/{ J/P CMS _Preliminary 135167 (13 TeV) Wy, VI

] : Bt b | o o E 3 _ . SMS Preliminary 1351 (13 TeY)
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BESIIl: new states observed in e+e- collisions

A neutral Z_(3985) state

Resonance structures ine*e™ - n*tn~y,(3823)
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* Y(4230) and Y(4320) observed with > 100
* Evidence ~30 of a structure at higher
energies 2> (4415)? The new Y(4500)?

arXiv:2206.08554

Minimal quark content
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State Mass (MeV/c?) | Width (MeV) | Significance
Z.s(3985)T | 3985.2750+1.7 | 13.8757+£4.9 5.30
Z(3985)° [ 3092.2+1.7+1.6 | 7.7 33+43 4.60
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eavy lons, but also pPb and pp



Charmonium melting and regeneration

» Reminder: J/y suppression due to colour
screening in the QGP reduced at low p; and at

central rapidity by cc regeneration
* ~100 cc pairs per central Pb-Pb

~ Jhy
2"

* New result: used y(2S) — 10x lower binding
energy! - to pin down the role of these two
mechanisms

* y(2S) ~2x more suppressed than J/vy

* Hint of regeneration at low Pr
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Semi-inclusive “soft” jets deflected
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Quark-mass dependence of energy loss

* Energy loss predicted to depend on QGP density,
but also on quark mass

* “Dead cone” effect reduces small-angle gluon
radiation for high-mass quarks

PYTHIA 8 LQ / inclusive

[} -
ALICE Data no dead-cone limit

— PYTHIA 8
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Recently observed by ALICE in pp collisions
Nature 605 (2022) 7910, 440

—_— - - - SHERPA LQ//inclusive
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In Pb-Pb less suppression for (non-
prompt) D mesons from B decays
than prompt D mesons
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https://arxiv.org/abs/2202.00815

Hadronization of charm quarks from pp to Pb-Pb
(breakdown of jet umversahtv in charm)

« HERA, ep, DIS
o HERA, ep, PHP
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Charm quarks hadronize to baryons with
much larger probability in hadronic
collisions than in ee and ep collisions

+

[&]

— 14

1.2

1

0.8

0.6

0.4

0.2

o

LI L R B B B B

\ W =5.02TeV, |y| <057

ppP
A Preliminary

A PRL 127 (2021) 202301
Pb—Pb (arXiv:2112.08156)

= 0-10%

e 30-50%

ki

—ie
—Hed-

-[llll.l_@llllllllllllllll

> |
i ‘ .
- ; O
i IE
ob g t?$m
' - ==
llllllllllllllllllllllllll

10 15 20
P, (GeV/c)

Additional dynamics in central Pb-Pb
collisions: A,/D° enhancement at
intermediate p;




Measurement of the total cross section and p-parameter
from elastic scattering in p p collisions

E 250_ 115 | LHC 3 Q F I LHC 0.16
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The measurements rely upon the luminosity
determination that ATLAS provides for all cross
section measurements. TOTEM is using a
luminosity independent method for the
normalization of the differential cross section. https://agenda.infn.it/event/28874/contributions/169014/

Real-to-imaginary ratio of the elastic scattering amplitudes
(p-parameter) Odderon component required !




Light nuclei absorption in ALICE and Galaxy transparency

Novel technique to use detector material
as d and 3He absorber: constrain cj

First measurement below 10 GeV/c

%He flux (m=2sr-'s)

Transparency
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DM: Phys. Rev. D 89 (2014) 076005
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* Experiment-driven estimate of absorption probability
of anti-nuclei from DM decays and from cosmic-ray
background in the Galaxy




Beyond the Standard Model



https://agenda.infn.it/event/28874/contributions/169410/

https://agenda.infn.it/event/28874/contributions/169444/

BSM searches with top in A

Single top plus invisible particles

LAS

Search for leptoquark pair production
decaying to tltl in multilepton
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Leptoquarks or W’
(t+v channel)
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BSM searches at CMS
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https://agenda.infn.it/event/28874/contributions/169435/

BSM searches with displaced vertices in ATLAS

Search for long-lived, massive particles in events with
displaced vertices and multiple jets in pp collisions

Search in diphoton and dielectron final states for
displaced production of Higgs or Z bosons
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CMS-PAS-HIG-21-011

Search for resonances (X) decaying to H/Y(bb)H(yy)

95% CL limit on &’

ot

Excess at (bb=125 GeV,yy=90 GeV) with =650 GeV

heavy resonance mass
[ ]

3.80 local, 2.806 global

Raising some discussion because of some old
excesses at 95 GeV in scalar boson searches

... and also at =650 GeV in resonances searches
“Se son rose fioriranno”
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Search for Lepton

https://agenda.infn.it/event/28874/contributions/169331/

-lavour Violating axions (Belle 2)

MEG-II, Mu3e uniques for C, couplings
Belle 2 unique for for C;, and C.e couplings
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Some of these already discussed before in
the context of searches at accelerators or
reactors (e.g. x , ALP, sterile neutrinos)«—

neutrinos

Dark Matter

Height of columns «
# of papers on NASA ADS
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Cross Section [cm?]

New result from LUX-ZEPLIN (LZ) 7th July

https://lz.Ibl.gov/wp-content/uploads/sites/6/2022/07/LZ_SR1_Paper_7July2022-1.pdf

Status of Direct detection searches for WIMP Dark Matter

Astroparticle Physics European Consortium APPEC, v1.02
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Status of Direct detection searches for Axions
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Y, V, COsmic rays, gravitational waves

The present The future

Non-exhaustive list Non-exhaustive list
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OBSERVATORY
H. Chen, Search For electron-antineutrinos associate
with GW events at Daya Ba s P i P NE
d ects and rei /i »

M. Spurio, Highlights from th ANTARES neutrino telescope

https://agenda.infn.it/event/28874/contributions/171911/
https://agenda.infn.it/event/28874/contributions/171912/
https://agenda.infn.it/event/28874/contributions/171914/



https://agenda.infn.it/event/28874/contributions/171911/
https://agenda.infn.it/event/28874/contributions/171912/

Accelerators, Detectors, Theory

Three essential components, see the excellent reviews of today and Monday:

https://agenda.infn.it/event/28874/contributions/171927/

https://agenda.infn.it/event/28874/contributions/171940/

https://agenda.infn.it/event/28874/contributions/171906/
https://agenda.infn.it/event/28874/contributions/171907/



https://agenda.infn.it/event/28874/contributions/171927/
https://agenda.infn.it/event/28874/contributions/171940/
https://agenda.infn.it/event/28874/contributions/171906/
https://agenda.infn.it/event/28874/contributions/171907/

.. and since | am the last speaker

On behalf of all participants | would like to THANK
the organizers for the excellent organization of
ICHEP 2022 in Bologna, the applause is for them !

Have a safe return home



