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I will mostly focus on NEW results shown at THIS conference



CMS Cross section results

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 !



10 years since discovery and 40 years of work ! 

Status 2007

The quest for the Higgs 
boson started in the ’80. The 
first “Higgstrahlung” beam 
dump experiment excluded 
1 MeV < MH < 52 MeV

LHC



Higgs and electroweak



Nature 607 (2022) 60

Legacy Higgs Boson results with full Run 2 Statistics, 
Two beautiful papers submitted to Nature last weekNature 607 (2022) 52



The Higgs boson, measured in various space phase regionsThe couplings, past present and future

Heading to a few percent for HL-LHC



Search for Double Higgs production after RUN 2 

ATLAS-CONF-2022-050

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)

Nature 607 (2022) 60
CMS Projection for HL-LHC below 1 … 



Constraining the Higgs boson self-coupling from 
single- and double-Higgs produc7on 

Combining the single-Higgs and double-Higgs analyses, with the assumption that new physics affects only the Higgs 
boson self-coupling (𝜆), values outside the interval −0.4 < 𝜅 = (𝜆 /𝜆SM ) < 6.3 are excluded at 95% confidence level. 

ATLAS-CONF-2022-050



Observation of gauge boson joint-polarisation 
states in W±Z production from pp collisions 

LEP: measurement of WW polarizaion states

Longitudinal component intimately related to EWSB mechanism

ATLAS-CONF-2022-053



Measurement of the Higgs boson mass arXiv:2207.00320 

New ATLAS: first measurement with full Run 2 Statistics
Precision better than 1.5 permil on individual channel !!

𝑚𝐻 =124.94±0.17(stat.)±0.03(syst. )GeV
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WGtopLHC
June 2022

World comb. (Mar 2014) [2]
stat
total uncertainty

total  stat

 syst)± total (stat ± topm        Ref.s
WGtopLHCLHC comb. (Sep 2013) 7 TeV  [1] 0.88)± 0.95 (0.35 ±173.29 

World comb. (Mar 2014) 1.96-7 TeV  [2] 0.67)± 0.76 (0.36 ±173.34 
ATLAS, l+jets 7 TeV  [3] 1.02)± 1.27 (0.75 ±172.33 
ATLAS, dilepton 7 TeV  [3] 1.30)± 1.41 (0.54 ±173.79 
ATLAS, all jets 7 TeV  [4] 1.2)± 1.8 (1.4 ±175.1 
ATLAS, single top 8 TeV  [5] 2.0)± 2.1 (0.7 ±172.2 
ATLAS, dilepton 8 TeV  [6] 0.74)± 0.85 (0.41 ±172.99 
ATLAS, all jets 8 TeV  [7] 1.01)± 1.15 (0.55 ±173.72 
ATLAS, l+jets 8 TeV  [8] 0.82)± 0.91 (0.39 ±172.08 
ATLAS comb. (Oct 2018) 7+8 TeV  [8] 0.41)± 0.48 (0.25 ±172.69 
ATLAS, leptonic invariant mass (*) 13 TeV  [9] 0.67)± 0.78 (0.40 ±174.48 
CMS, l+jets 7 TeV  [10] 0.97)± 1.06 (0.43 ±173.49 
CMS, dilepton 7 TeV  [11] 1.46)± 1.52 (0.43 ±172.50 
CMS, all jets 7 TeV  [12] 1.23)± 1.41 (0.69 ±173.49 
CMS, l+jets 8 TeV  [13] 0.48)± 0.51 (0.16 ±172.35 
CMS, dilepton 8 TeV  [13] 1.22)± 1.23 (0.19 ±172.82 
CMS, all jets 8 TeV  [13] 0.59)± 0.64 (0.25 ±172.32 
CMS, single top 8 TeV  [14] 0.95)± 1.22 (0.77 ±172.95 
CMS comb. (Sep 2015) 7+8 TeV  [13] 0.47)± 0.48 (0.13 ±172.44 
CMS, l+jets 13 TeV  [15] 0.62)± 0.63 (0.08 ±172.25 
CMS, dilepton 13 TeV  [16] 0.69)± 0.70 (0.14 ±172.33 
CMS, all jets 13 TeV  [17] 0.70)± 0.73 (0.20 ±172.34 
CMS, single top 13 TeV  [18] 0.70)± 0.77 (0.32 ±172.13 
CMS, l+jets (*) 13 TeV  [19] 0.38±171.77 
CMS, boosted (*) 13 TeV  [20] 0.78)± 0.81 (0.22 ±172.76 

[1] ATLAS-CONF-2013-102
[2] arXiv:1403.4427
[3] EPJC 75 (2015) 330
[4] EPJC 75 (2015) 158
[5] ATLAS-CONF-2014-055
[6] PLB 761 (2016) 350
[7] JHEP 09 (2017) 118

[8] EPJC 79 (2019) 290
[9] ATLAS-CONF-2019-046
[10] JHEP 12 (2012) 105
[11] EPJC 72 (2012) 2202
[12] EPJC 74 (2014) 2758
[13] PRD 93 (2016) 072004
[14] EPJC 77 (2017) 354

[15] EPJC 78 (2018) 891
[16] EPJC 79 (2019) 368
[17] EPJC 79 (2019) 313
[18] arXiv:2108.10407
[19] CMS-PAS-TOP-20-008
[20] CMS-PAS-TOP-21-012

Top mass at the LHC top
• 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 par7cles only to 

the original top, the concept is ill-defined as it is the 
use of a pole mass for a coloured paricle

• the effect is expected to be of the order of LQCD ≈ 0.2 
GeV but the actual impact depends on the 
experimental method 

• Reached ≈ 2 permil with individual measurement !
1. important to test the variables sensi7ve to the 

final state defini7on
2. con7nue to measure the mass with alterna7ve 

techniques
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W mass:  there is great confusion under heaven, the situation is excellent

PDF are a key input, important to understand 
differences and harmonize PDF+generators before 
combining the measurements

https://agenda.infn.it/event/28874/sessions/21485/#20220707



Life becoming difficult for EW global fits

https://agenda.infn.it/event/28874/contributions/168907/



New measurement of W+charm produc<on

Expect significant improvement in the s-quark PDF

CMS-PAS-SMP-21-005 



Single top production in Wt and s channels
CMS-PAS-TOP-21-010 ATLAS-CONF-2022-030

measured σ=8.2+3.5
−2.9 pb  

(3.3 sigma observed 
3.9 expected)

Difficult channel at LHC !

measured σ=
79.2 ± 0.8 (stat) +7.0

−7.2 (syst) ± 1.1 (lumi) pb
Interferes with ttbar (same final state at NLO)



Flavour



Evidence of direct CP violation in charm decays

• CPV in charm observed by 
LHCb in 2019

• Now the D0àK+K- and 
D0àp+p- components 
separated for the first @me 
to inves@gate the nature of 
CPV in the two decay 
modes

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

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


14/26

CP Asymmetries can be large in specific bins !
https://agenda.infn.it/event/28874/contributions/169355/



Belle II : recorded ≈ 424 D−1 and entering the game !
First joint Belle + Belle II measurement



Status of the unitarity triangle

after RUN3

Aser LHCb phase 2



CMS Full Run 2 result on Bs→μμ

ATLAS-CMS-LHCb combination summer 2020:
B0

s→μ+μ− branching fraction (2.69+0.37
−0.35)×10−9 

effective lifetime τB0s→μ+μ−=1.91+0.37
−0.35 ps.



Test of Lepton Flavour Universality in B decays 

Nature Physics, 18, 277-282 (2022)

Preparing for  (II)R(K(*))
Belle II measurement of !→#/$% decays with 189 fb-1 

Not an EW penguin process but a control channel for !→%&+&- 

=> Validate '% measurement, lepton identification 

• Reconstruct !+→%+#/$ and !0→%0S#/$ decays (#/$→(+(-, )+)-) 

• Signal yield extracted from the fit of  and  Mbc ΔE

8

NEW!

Lepton identification systematic uncertainty improved wrt Belle

RK(J/ψ) = ℬ(B → KJ/ψ( → μ+μ−))
ℬ(B → KJ/ψ( → e+e−))

Belle 2 presented new results on the 
control channel, preparing for RK
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Charged Leptons
• The MEG II µàeg 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

• M2E construction progressing
• MUonE progressing as well, will 

measure directly the leading hadronic 
contribution to g-2

• Next years going to be exciting for 
charged lepton physics



Neutrino physics



Neutrini, their oscillations and masses

Relative Neutrino Masses & Neutrino oscillations
• A major achievement of particle physics

• It is important by itself, as a macroscopic 

manifestation of quantum effects

• It proved that neutrinos have non-zero masses Î
huge impact to particle physics & cosmology

• Neutrinos are the possible source of CP violation 

which could explain the matter-antimatter asymmetry 

in the Universe

• After 24 years of its discovery, we still miss:

• Mass ordering (_'m2
23_Î 'm2

23)

• CP phase (G)

• T
23

octant 

• Very precise knowledge of oscillation 

parameters

Qe QeQP QP

Oscillation 
probability

P�Qe�!QP��� �sin���T� sin2(1.27'm2L/E)

Oscillation 
amplitude

Oscillation 
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T23 & 'M2
32 T12 & 'M2

21 Majorana phase CP phase G & T13

Atmospheric
accelerator

solar
reactor

Double beta 
decays

reactor
accelerator

3

Solar Experiments
Reactor LBL (KamLAND)

Accel. LBL (νμ, ̄νμ) disapp. (K2K, 
MINOS, T2K, NOvA)
Accel. LBL (νe, ̄νe) appearance 
(MINOS, T2K, NOvA)
Atmospheric Experiments (SK, IC-DC)

Reactor LBL (KamLAND) 
Reactor MBL (Daya Bay, RENO, 
Double Chooz)
Accel. LBL (νe, ̄νe) appearance 
(MINOS, T2K, NOvA)  

Double beta decays

Important projects in prepara7on:
e.g., DUNE, HyperK, JUNO, KM3net, SNB Program
à Status reports at this conference

Leptonic mixing matrix (PNMS matrix) still 
poorly known including mass ordering



A project recently completed : Icarus 600 T @ SNB  



New result from NOvA including Non Standard Interactions in data analysis 

• NSI: anomalous 
interactions 
between neutrinos 
and matter

• NSI effect could be  
large and significant 
in dCP

• Mixing angle and 
mass difference are 
less affected



New: final results from STEREO on Reactor An@neutrino Anomaly (RAA)
• Reactor Anineutrino Anomaly : 

~6% deficit observed in 
measured reactor anineutrino 
fluxes. 

• Sterile neutrino with 
sin2(2θee)=0.17 , Δm2

41=2.3 eV2

would explain RAA and Gallium
anomalies

• The Stereo dectector is
posiioned 10 m away from the 
research reactor in Grenoble. 
The neutrino interacion occurs
in 1800 liters of gadolinium
(Gd) loaded liquid scinillator. 



Search for Double Beta decays 0nbb

Decay rate G=G|M|2mbb
2

• Observation of 0nbb would indicate 
lepton flavour violation and Majorana 
neutrinos

• Non observation sets limits on neutrino 
mass scale  

Legend at LNGS

im Menü über: 
Start > Absatz > Listenebene 

Folie in Ursprungsform 

Wechsel des Folienlayouts 

Christian Weinheimer – Neutrino Mass and Nature – ICHEP 2022Christian Weinheimer – Neutrino Mass and Nature – ICHEP 2022 14

Comparison of DBD experimental sensitivities

courtesy :Giorgo Gratta T1/2 values used [x1028 yr]: 
nEXO: 1.35 (90% sens.), 0.74 (3( discov.) 
LEGEND: 1.6 (90% sens.), 1.3 (3( discov.) 
CUPID: 0.15 (90% sens.), 0.11 (3( discov.) 

A. Giuliani, Neutrino Telescopes 2021

Others: 
• Xenon dark matter experiments will also look for 0nbb: 

LZ, PandaX-4T, XENONnT and DARWIN (sensitivity: 
2.4 * 10$/ yr, EPJC 80 (2020) 808)

• New proposals: 
R2D2, a spherical HP Xenon TPC

talk by Robert Ward

talks by Ken Han, 

Carla Macolino

Future projects should 
reach mbb ≈ 1 meV



SND@LHC installed à
ready to take data 

n data provided 
also by FASERn



Spectroscopy



Content

Ruiting Ma (UCAS) 2

1 M. Gell-Mann, A schematic model of baryons and mesons, Phys. Lett. 8 (1964) 214.
2 https://www.nikhef.nl/~pkoppenb/particles.html
3 Exotic hadron naming convention: https://arxiv.org/abs/2206.15233
4

௖ܲ ͶͶͷͲ ା resolved into ௖ܲ ͶͶͶͲ ା and ௖ܲ ͶͶͷ͹ ା.

Masses and discovery date for states observed at LHCb. 
Hollow markers indicate superseded states.2, 3

ICHEP · Bologna (Italy)

Mesonic exotic

z 66 new hadrons observed at LHCb!
¾ 15 mesonic exotic candidates.
¾ 5 baryonic exotic candidates.4

Exotic baryon- & meson-like states at LHCb
By Daniel Johnson @ ICHEP 2020 Now¾ The existence of mesonic exotic state has been 

discussed since 19641.

¾ Many mesonic exotic states are observed in the past 
two decades.

¾ A series of theoretical models are established to 
describe these states.

Spectroscopy: many new exotic states discovered 
in the past 10 years

Neutral and charged 
exoic mesons above 
charm threshold

Nicola Neri Studies of pentaquark states at LHCb

‣ Observation of  with 
strange quark content  close to 

 threshold (  significance) 

                      

‣  is assigned.  
preferred.  excluded at 
90% C.L. 

‣ Is it a baryon-meson molecule or a 
tightly bound five-quark state?

PΛ
ψs(J/ψΛ)

ccuds
Ξ+

c D− > 10σ
m(PΛ

ψs) = 4338.2 ± 0.7 ± 0.4 MeV
Γ(PΛ

ψs) = 7.0 ± 1.2 ± 1.3 MeV

J = 1/2 JP = 1/2−

JP = 1/2+

15

Observation of a  resonance in  decays J/ψΛ B− → J/ψΛp

Ξ+
c D−

Preliminary

NEW

LHCb-PAPER-2022-031 (in preparation) 

© 2022 CERN © 2022 CERN

Includes e+e-, e.g. BES III, Belle



New pentaquark and tetraquarks candidates (LHCb)  
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JP=(1/2)- favoured

Ruiting Ma (UCAS) 10ICHEP · Bologna (Italy)

Mesonic exotic

z First observation of a doubly charged tetraquark and its neutral partner.

9 First observation of a doubly charged mesonic exotic state, together with its neutral partner.
9 Belong to the same isospin triplet.
9 Spin-parity: ૙ା

9 Minimum quark content: ࢉࢀത࢙૙ࢇ ૛ૢ૙૙ ାା: ሾࢉത࢛࢙ഥࢊሿ; ࢉࢀത࢙૙ࢇ ૛ૢ૙૙ ૙: ሾࢉത࢙ഥࢊ࢛ሿ
9 Similar mass with ࢄ૙ሺ૛ૢ૙૙ሻ .but width and flavor contents are different ,(ࢊഥ࢛ഥ࢙ࢉ)

LHCb Preliminary

�Separate ࢉࢀത࢙૙ࢇ parameters
9 െ��ࣦ improved by 2.8, with 4 free parameters added.
9 Masses and widths are consistent with each other.
9 Isospin triplet!

Mass (GeV) Width (GeV) Significance

ࢇ૙࢙തࢉࢀ ૛ૢ૙૙ ૙ ʹǤͺͻʹ േ ͲǤͲͳͶ േ ͲǤͲͳͷ ͲǤͳͳͻ േ ͲǤͲʹ͸ േ ͲǤͲͳʹ ૡǤ ૙࣌

ࢇ૙࢙തࢉࢀ ૛ૢ૙૙ ାା ʹǤͻʹͳ േ ͲǤͲͳ͹ േ ͲǤͲͳͻ ͲǤͳ͵͹ േ ͲǤͲ͵ʹ േ ͲǤͲͳͶ ૟Ǥ ૞࣌

૙࡮ ՜ ഥࡰ૙࢙ࡰ
ାି࣊ ା࡮ & ՜ ࢙ࡰିࡰ

ା࣊ା

Ruiting Ma (UCAS) 8ICHEP · Bologna (Italy)

Mesonic exotic

z First observation of a doubly charged tetraquark and its neutral partner.

� Two ࢙ࡰ
ା࣊ exotic states with shared parameters are added.

9 ௉ܬ up to ͵ା are tested, ૙ା produces the best likelihood.
9 Significance greater that ૢ࣌.
9 Mass and width are measured:

9Named* as ࢉࢀത࢙૙ࢇ ૛ૢ૙૙ ૙ (ିߨ௦ାܦ) and ࢇ૙࢙തࢉࢀ ૛ૢ૙૙ ାା (ାߨ௦ାܦ)

LHCb Preliminary

૙࡮ ՜ ഥࡰ૙࢙ࡰ
ାି࣊ ା࡮ & ՜ ࢙ࡰିࡰ

ା࣊ା

Preliminary Preliminary

* Exotic hadron naming convention: https://arxiv.org/abs/2206.15233

https://agenda.infn.it/event/28874/contributions/169025/
https://agenda.infn.it/event/28874/contributions/169018/

https://agenda.infn.it/event/28874/contributions/169025/
https://agenda.infn.it/event/28874/contributions/169018/


News about the X(6900) structure

CMS observed three J/ψ J/ψ
resonances compaLble with 
predicLons of cccc tetraquarks
states around the X(6900) 
observed by LHCb
ATLAS confirmed structure in 
the same region

ATLAS-CONF-2022-040 LHCb Science Bullein 65 (2020) 1983 CMS-PAS-BPH-021-003



BESIII: new states observed in e+e- collisions
A neutral Zcs(3985) state
Minimal quark content 𝑐 ̅𝑐𝑠�̅�?

Y(4230)

Y(4320)
ψ(4415)?
Y(4500)?

Resonance structures in 𝑒!𝑒" → 𝜋!𝜋"𝜓#(3823)

• Y(4230) and Y(4320) observed with > 10σ
• Evidence ~3σ of a structure at higher 

energies àψ(4415)? The new Y(4500)?
arXiv:2206.08554 arXiv:2204.13703



Heavy Ions, but also pPb and pp



Charmonium melting and regeneration
• Reminder: J/y suppression due to colour

screening in the QGP reduced at low pT and at 
central rapidity by cc regeneraUon

• ~100 cc pairs per central Pb-Pb

• 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/y
• Hint of regenera;on at low pT

Q

Q

J/y
y(2S)

��
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ȥ��6��DQG�-�ȥ�5$$�DV�IXQFWLRQ�RI�FHQWUDOLW\�DQG�S7 IZG�\1(:�
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regeneration?

stronger screening?



Semi-inclusive “soft” jets deflected 
• Jets recoiling against a high-pT hadron à

down to jet pT ~ 5 GeV/c

jet

hadrons
Df

Drecoil vs Df broader in Pb-Pb than in pp

Angular deflection of soft large-R jets:
Large-angle scattering on QGP constituents?



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

arXiv:2202.00815

In Pb-Pb less suppression for (non-
prompt) D mesons from B decays 
than prompt D mesons

ln(1/q)

large angle small angle

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

https://arxiv.org/abs/2202.00815


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

Charm quarks hadronize to baryons with 
much larger probability in hadronic 
collisions than in ee and ep collisions

Additional dynamics in central Pb-Pb 
collisions: Lc/D0 enhancement at 
intermediate pT



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

Real-to-imaginary raio of the elasic sca�ering amplitudes 
(𝜌-parameter) Odderon component required !  

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. h"ps://agenda.infn.it/event/28874/contribu:ons/169014/



Light nuclei absorption in ALICE and Galaxy transparency

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

– First measurement below 10 GeV/c

• Experiment-driven esUmate of absorpUon probability 
of anU-nuclei from DM decays and from cosmic-ray 
background in the Galaxy



Beyond the Standard Model



BSM searches with top in ATLAS
Single top plus invisible parLcles

Dark matter 
interpretation

VLQ interpreta7on

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

Search for leptoquark pair production 
decaying to tltl in multilepton 

h"ps://agenda.infn.it/event/28874/contribu:ons/169444/



BSM searches at CMS
Leptoquarks tt channel Vector-like quarks

3rd generaion

8. Results 13

We calculate upper exclusion limits on the product of signal cross section and branching frac-
tion, sB for each model described in Section 3. We further translate these into lower exclusion
limits on mW0 and mQBH for the SSM W0 and QBH models, respectively. However, for the
studies focused on coupling strengths, these are left as upper exclusion limits unless otherwise
specified.

8.1 Mass limit for a heavy vector boson

When calculating the limit on the SSM model, the parameter of interest is the product of the
signal production cross section and the branching fraction sB(W0 ! tn). Figure 5 shows the
exclusion limit on this product as a function of the SSM mW0 . The SSM W0 boson production
is excluded for masses between 0.6 TeV and 4.8 TeV by comparison with the theoretical NNLO
cross section calculation. The observed limit is in agreement with the expected mass limit of 4.8
TeV. Previous CMS searches in this channel already exclude lower SSM mass hypotheses [4].
The lower bound is mainly determined by the trigger thresholds and the upper bound by the
available data. In the high mass region, off-shell production of W0 bosons becomes dominant,
shifting the signal mT distribution towards lower mT values.
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Figure 5: Bayesian upper exclusion limits at 95% CL on the product of the cross section and
branching fraction of a W0 boson decaying to a t lepton and neutrino in the SSM model. For this
model, W0 boson masses of up to 4.6 TeV can be excluded. The limit is given by the intersection
of the observed (solid) limit and the theory cross section (dotted-blue) curve. The 68 and 95 %
quantiles of the limits are represented by the green and yellow bands, respectively. The sB for
an SSM W0 boson, along with its associated uncertainty, calculated at NNLO precision in QCD
is shown.

8.2 Model-independent cross-section limit

A model-independent (MI) cross section limit is provided in Fig. 6. The aforementioned models
assume some form of signal shape in the mT distribution. However, new physics might pro-
duce different signal shapes that are not well described by the above mentioned signal models.
Therefore, an MI cross section limit is provided by calculating a single bin limit, where we in-
tegrate from a lower mT threshold to infinity. The product of signal acceptance times efficiency
is assumed to be constant with respect to mT; no further assumptions are made. Experimental
efficiencies for the signal are already taken into account.
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Figure 9: Bayesian upper limits at 95% CL on the cross section of the process pp ! tn mediated
via LQ exchange in the t-channel. The inner (green) band and the outer (yellow) band indicate
the regions containing 68 and 95%, respectively, of the distribution of limits expected under
the background-only hypothesis. The predicted LQ cross section at LO in the three coupling
benchmark scenarios is depicted in different colors for gU = 1. The first benchmark scenario
considers only couplings to left-handed SM fermions (i.e. b

ij

R = 0) and is referred to as ”best-fit
LH”. The second benchmark, referred to as ”best-fit LH+RH”, considers

���bbt
R

��� = 1 and all other

b
ij

R = 0. In the third ”democratic” benchmark, equal couplings only to left-handed fermions
are assumed, i.e.

���bij

L

��� = 1 and b
ij

R = 0 for all i and j.

8.5 Leptoquark Limits

We also place upper limits on the cross section of the process pp ! tn mediated via LQ
exchange in the t-channel. These are presented in Figure 9.

Figure 10 shows lower limits on the LQ mass for varying LQ couplings gU to SM fermions. The
limits are compared to the values of gU that are obtained in the fit [47] to the flavor anomaly
data in the two best-fit scenarios for only LH couplings (left) and LH+RH couplings (right).

In both best-fit scenarios, we exclude a significant part of the LQ phase space. LQ masses and
couplings of up to 10 TeV in mass and couplings of 8 are probed, respectively. In comparison
to the values of gU preferred to explain the flavor anomalies, this analysis has direct sensitivity
to leptoquarks as predicted by the model of Ref. [47]. Parts of the phase space preferred at the
95% CL are excluded by this search, in particular at large values of mLQ and gU. Scaling the
distributions of mT to the event yield expected for 500 fb�1 of data collected results in improved
sensitivity to a potential LQ signal. With a dataset of this size, the projected exclusion limits
in the best-fit scenarios are expected to extend significantly into the phase space preferred at
the 68% CL. Consequently, the current vector LQ explanation of the flavor anomalies will be
probed directly by a future search in this channel. In addition to exclusion limits probing the
couplings as predicted in the best-fit scenarios, anomaly-independent limits are presented as
well. They are obtained using the benchmark of democratic left-handed couplings. The lower
limits on the LQ mass are shown for varying values of gU in Fig. 10 (lower) for this scenario.

Leptoquarks or W’ 
(t+n channel)

CMS-PAS-B2G-21-007
CMS-PAS-EXO-21-009 

CMS-PAS-EXO-19-016 

tb+tt



BSM searches with displaced ver<ces in ATLAS
Search in diphoton and dielectron final states for 
displaced production of Higgs or Z bosons 

Search for long-lived, massive paricles in events with 
displaced ver7ces and mul7ple jets in pp collisions 

https://agenda.infn.it/event/28874/contributions/169435/



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

● Excess at (bb=125 GeV,gg≈90 GeV) with ≈650 GeV 
heavy resonance mass
● 3.8𝛔 local, 2.8𝛔 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”

bb

gg

WWtt

PLB 793 (2019) 320 CMS-PAS-HIG-21-001 CMS-PAS-HIG-20-016 

CMS-PAS-HIG-21-011
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• We observe no signal and set 95% confidence level upper limits  
on B(! → %#) / B(! → %&̅&).


• Most stringent measurements in these channels to date.

Search for Lepton Flavour Violating axions (Belle 2)

(projecion)

(projecion)

MEG-II, Mu3e uniques for Ceµ couplings
Belle 2 unique for for Ctµ and Cte couplings
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• We observe no signal and set 95% confidence level upper limits  
on B(! → %#) / B(! → %&̅&).


• Most stringent measurements in these channels to date.

First preliminary results 
from Belle 2 on these 
channels

(Cabibbi, Redigolo, Ziegler, Zupan 2021)

h"ps://agenda.infn.it/event/28874/contribu:ons/169331/
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Dark Ma@er

Some of these already discussed before in 
the context of searches at accelerators or 
reactors (e.g. c , ALP, sterile neutrinos) 



Overview of WIMP searches

Figure modified from Rept. Prog. Phys. 85 (2022) 5, 056201

Teresa Marrodán Undagoitia (MPIK) Dark matter searches ICHEP 2022 15 / 36

Status of Direct detection searches for WIMP Dark Matter

New result from LUX-ZEPLIN (LZ) 7th July
https://lz.lbl.gov/wp-content/uploads/sites/6/2022/07/LZ_SR1_Paper_7July2022-1.pdf

Future projects: reaching the n-floor



Status of Direct detection searches for Axions



Astroparticle, Gravitational Waves

First photo from NASA’s James Webb Space Telescope (July 11th) 



h�ps://agenda.infn.it/event/28874/contribuions/171911/
h�ps://agenda.infn.it/event/28874/contribuions/171912/
h�ps://agenda.infn.it/event/28874/contribuions/171914/

g, n, cosmic rays, gravitational waves
The present The future

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 I am the last speaker

On behalf of all par0cipants I would like to THANK 
the organizers for the excellent organiza0on of 

ICHEP 2022 in Bologna, the applause is for them !

Have a safe return home 


