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Introduction

Bologna: Capital and largest city of the
Emilia-Romagna region in Italy with
Significant settlements from about 9th
century BCE
ICHEP 2022 conference:
o  Marks 10th anniversary of Higgs
discovery
o 1493 participants: 1215 (on-site)
+ 278 (on-line)
o 17 parallel sessions with ~ 200
parallel talks + 250 posters
We will present a few interesting (mostly
new) results cherry-picked based on our
taste
For more details, please refer to this link



https://agenda.infn.it/event/28874/timetable/#20220706.detailed
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Higgs couplings with full Run2 data—good agreement with SM predictions so far

s T ] CMS 138 fb™' (13 TeV)
El? ATLASRunZ 3 > I W EmTmEy F T RIEEE ¥ § 10O i
s F = = |p m,=125.38 GeV Wz
E $Kke=x 3 >
= ' Y -,
°> sl ¥ «_is a free parameter w 7]
El|§ - M predicton E 5 10”'F Nature 607 (2022) 60 ]
< ~ ] é_lg . 3
102 E vy b
ok Mooon - | 102 bl :
, ]
E Force carriers Higgs boson E 10_3 i } 3" generation fermions |
107 = ; - E = g i $ 2" generation fermions
5<> 1_4:1||| T T T T T E . SM Higgs boson
5 12F l Nature 607 (2022) 52
w C ] =
X 1 i F3 g ; n w
i ] s
08_...|| PRI AT M I e ] M S S w1 - ‘%
107" 1 10 10? o

Particle mass [GeV] 3

Particle mass (GeV)



Di-Higgs production and self-coupling

e Startingto get interesting: 95% CL limits @ 2 - 3 times SM expectations !
e  Exciting prospect for Run3 and HL-LHC (Observation ??)
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Higgs at HL-LHC

LHC summary report: arxiv 1902.000134 based on 2016 (or 16+17) analyses

Vs = 14 TeV, 3000 fb”" per experiment

‘ ‘ ATLAS and CMS HL-LHC prospects 3ab1 (14 TeV)
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Recent updated made in individual channels in ATLAS and CMS, not combined summary yet. A. Purohit’s talk
e H—-4lFETR-21-007 o(mH) = 20 (syst) £ 20 (stat) MeV, o("'H) = 150 (syst) £ 94 (stat) MeV
e H-—yyFETR-21-008 o(mH) = 70 (syst) + 20 (stat) MeV



https://arxiv.org/abs/1902.00134
https://agenda.infn.it/event/28874/contributions/169515/attachments/94125/128627/Arnab_ICHEP2022_Final.pdf
http://cds.cern.ch/record/2804004?ln=en
http://cds.cern.ch/record/2804042?ln=en

Complementary between ee and pp experiments

ee experiment is more
suitable for measuring main
decay mode (especially
hadronic modes), and Higgs
mass and width

pp experiment is more
suitable for measuring rare
decays, and multi-Higgs
productions

M. Selvaggi’s talk

HL-LHC FCC-ee FCC-hh
Oln/ TH (%) SM 1.3 tbd
OQHzz / QHzz (%) 1.5 0.17 tbd
Ogruww / grww (%) 1.7 0.43 tbd
OQHbb / GHbb (%) 3.7 0.61 tbd
OQgHcc / GHee (%) ~70 1.21 tbd
OQHgg / GHgg (%) 2.5 (gg->H) 1.01 tbd
OgHrr / gHrr (%) 1.9 0.74 tbd
OgHuu / QHpu (%) 4.3 9.0 0.65 ()
OgHyy / GHyy (%) 1.8 3.9 040
Sqht / Ghe (%) 3.4 - 0.95 ¢
OQgHzy / QHzy (%) 9.8 — 0.910
OgHHH / gHHH (%) 50 ~30 (indirect) 5

BRexo (950/OCL) BRinV < 2.50/0

<1%

BRinv < 0.025%



https://agenda.infn.it/event/28874/contributions/169504/attachments/94278/128952/Higgs_FCC_ichep2022.pdf

Higgs at lepton-proton colliders

arxiv: 2007:14491 and U. Klein's talk

Expect 200k Higgs events with 1 ab”-1 of data
Higgs physics is not the driving focus of lepton-proton colliders, but can be good additions
e High sensitivity in HWW coupling measurement
e Contributed to the cross-experiment combination in all major decay channels
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https://arxiv.org/abs/2007.14491
https://agenda.infn.it/event/28874/contributions/169484/attachments/94277/128948/ICHEP_UKlein_08.07.2022.pdf

Events / 1.25 GeV

Higgs mass

M = 124 94 i 0.17(stat.) £ 0.03(syst.) GeV

80;_ATLAS ¢ D.a‘a _ e New ATLAS measurement with full Run2 data
of ";'_—:3ZTZV 1_;94;Ib‘ 5 Zt o8 e Precision better than 1.5 per mil in individual channels
Vs = eV, : ackgroun -
Systematic Uncertainty | Contribution (MeV)
: Muon momentum scale +20
: Electron energy scale +16
Signal Theory +13

CMS Combination (yy + 4l) with Run1 + partial Run2 (2016) data:
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https://arxiv.org/abs/2207.00320

Top quark mass

ATLAS+CMS Preliminary

LHCtopWG

------- World comb. (Mar 2014) [2]

stat

total uncertainty

LHC comb. (Sep 2013) LHctopwa

World comb. (Mar 2014)

ATLAS, l+jets
ATLAS, dilepton
ATLAS, all jets
ATLAS, single top
ATLAS, dilepton
ATLAS, all jets
ATLAS, l+jets

ATLAS comb. (Oct 2018)

ATLAS, leptonic invariant mass (*)

CMS, l+jets
CMS, dilepton
CMS, all jets
CMS, l+jets
CMS, dilepton
CMS, all jets
CMS, single top

CMS comb. (Sep 2015)

CMS, l+jets
CMS, dilepton
CMS, all jets
CMS, single top
CMS, I+jets (*)
CMS, boosted (*)

* Preliminary

My SUMmary, Vs = 7-13 TeV  June 2022

total stat

m,, * total (stat + syst)
173.29 +0.95 (0.35 + 0.88)
173.34 +0.76 (0.36 + 0.67)
172.33 £1.27 (0.75 + 1.02)
173.79 £ 1.41 (0.54 + 1.30)
1751+1.8 (1.4+1.2)
1722421 (0.7+2.0)
172.99 £ 0.85 (0.41+0.74)
173.72 £1.15 (0.55 + 1.01)
172.08 £ 0.91 (0.39 + 0.82)
172.69 + 0.48 (0.25 + 0.41)
174.48 £ 0.78 (0.40 + 0.67)
173.49 + 1.06 (0.43 + 0.97)
172.50 + 1.52 (0.43 + 1.46)
173.49 £ 1.41 (0.69 + 1.23)
172.35 £ 0.51 (0.16 + 0.48)
17282 £1.23 (0.19 +1.22)
172.32 £ 0.64 (0.25 + 0.59)
172,95 +1.22 (0.77 + 0.95)
172.44 +0.48 (0.13 + 0.47)
172.25 + 0.63 (0.08 + 062

17213 £0.77 (0.32 £ 0.70)
171.77 £ 0.38
172.76 £ 0.81 (0.22 £ 0.78)
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CMS-PAS-TOP-20-008

pI

Top quark decays before
hadronizing, but the
daughter(s) hadronize(s)
Impossible to assign final
state particles only to the
parent top quark — effect
0] ()\QCD) =0.2 GeV
Important to measure
mass with different
methods to reduce
uncertainties
Reached ~ 2 permil
precision with individual
measurements



The W mass conundrum

e Life becomingdifficult at EW fits with the new CDF measurement

—6.80 deviation from prediction (Blue Band)

See this talk

e Using m, from CMS-PAS-TOP-20-008 the deviation is even larger (Green Band)

T
—— Total uncertainty

Stat. uncertainty

Tevatron I combination
PRD 70 (2004) 092008

DOII
PRL 108 (2012) 151804

LEP combination
Phys. Rept. 532 (2013) 119

ATLAS
EPJC 78 (2018) 110

LHCb
JHEP 01 (2022) 036
CDF I
Science 376 (2022) 170
Electroweak Fit (J. Haller et al.)
EPJC 78 (2018) 675

Electroweak Fit (J. de Blas et al.)
arXiv:2112.07274

T T

80100 80200

80300

80_%00
my, [MeV]

80400

N
)

Y
o

© a N W & 0o O N © ©

A

[e] fitter [sv]

: T T T I T T T :

ELLE [ I smiitwio My, measurements 30

= New CMS m,, TOP-20-008 3

= SM fit wio:M,, and M,, measurements 3

3 -~ LHC+LEP Average g

3 ; ~8- CDF Il =

LR T B =20

—------- NG W 7 A e e e R ——t-—10

: 1 - ) & 1 I 1 1 1 1 :
80.35 80.4 80.45


https://agenda.infn.it/event/28874/contributions/168907/attachments/94109/128601/EW_fit_Gfitter_ICHEP2022.pdf

The W mass conundrum

SM predictions consistent with LEP + LHC
measurements

Need to resolve tension with new W mass result
from CDF

PDFs are key inputs — need to understand the
differences and harmonize PDF+generators before
combining measurements
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s,d/5,d ———NNS\/\y W /W* s.d/s.d W /W
W + ¢ production ,
g OO0000———— /¢ e 48

e Measurement sensitive to s-quark PDF SV SL

u
e c-tagging employed to identify charm jets
c vV c Vv
w w
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Total uncertainty
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Single top (tW and s-channel production)

ATLAS-CONF-2022-030
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140 e Data —— Full PDF
B) — w'w [ B = p'w
[ Combinatorial bkg =~ ««««+- Semileptonic bkg
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e Highly suppressed in SM, however enhancement predicted in several BSM scenario

e Theoretically pristine as well as experimentally accessible — ultimate tool to test new

physics
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LFU using B-decays 5

b — s
i B (Bt - Ktutu) B (Bt — KteTe™)
X7 B (Bt = Jw(— utu)Kt) B (B+ - Jly(— ete)K+). ¢
: BaBar .
= : : 0 g <BagRee’ e Measurement deviates from SM by 3.10
: New Belle2 results for control channels,
: Belle
" 1 10<g*<6.0GeV?c* preparing for R
: Ref. '
LHCb 5 fo™'
1.1<g°<6.0 GeV3c™
Ref. '
Observable Belle II Belle (2021)
e & e U AP Ry+(J/¢) 1.009+0.022+0.008 0.994 £ 0.011 & 0.010
: This work RKg(J/tb) 1.042 + 0.042 = 0.008 0.993 + 0.015 + 0.010
1 I 1 1 1 ! ! 1 1 1 1 l 1 1
0.5 1.0 1.5
HK

Nature Physics, 18, 277-282 (2022)
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LQ searches at LHC CMS-PAS-EX0-19-016

Single Pair Non-resonant

LQ< LQ< \/

LQ< /4/\

b T
CMS Pre/lm/nary ‘ . 137 fb (13 TeV)
% 10% Vector LQ 2000 Gev x|25 ‘ Observed -
. . . . . . . 5 E Total signal fit -gtg :2 ng 3
Limits obtained for Scalar and Vector LQs with varied couplings in B L Bg i o sl
] —S+B fit, 0 = 43%7
the bt-LQ search g - Braune
3.40 excess above SM expectation for LQ mass of 2 TeV and coupling g .
strength (A) = 2.5 observed by CMS !
107
Mostly compatible with H—T1T1 result driven by non-resonant :
categories o O
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Search for Vector Like Quarks (VLQ) ATLAS-CONF-2022-036

L L L L LR L R L IR R

[2]
q 3 | ATLAS Preliminary ¢ Data —VLQ
q W 1%L Vs=13TeV, 139" W Top W Z+jets  —
- Monotop Wijets [ Single top A
I - SR1b1fVLQ | Diboson WtV i
| Post-Fit 77 Uncertainty— Pre-Fit Bkg.
10° E
5 mr=1.7 TeV .
q
7 10

9 b

e Newsearch from ATLAS in the monotop final

state " B e e i eeuunuums
e Benchmarkscenario: k. = 0.5 and BR (T—tZ)= % 1-25

25% g 0.75 :
e m.>22TeV@95%CL (Gain by 500 GeV !) 085 055 06 065 07 075 08 0.85 09 005 1

XGB,, o
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H—aa

u
a
H v
b
a
b

SM Higgs decays to light pseudoscalar particles
predicted by nMSSM models

ATLAS reports intriguing 3.10(1.70) local
(global) excess at m_= 52 GeV (a—pp) in the
bbup final state

B(H — aa — bbup)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

x10°
T 1 + 0 & L * 1 T ®1
~ ATLAS Observed 95% CL upper limit |
__ Vs=13TeV, 139 fb’ = = Expected 95% CL upper Iimit—:
- || Expected limit (+ 10) —
T Expected limit (+ 20) 7
Phys.Rev. D 105 (2022) 012006 —
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Conclusion

e Thefirstlarge scale HEP conference post pandemic

e Significant excesses and deviations from SM reported by various
experiments —Exciting times ahead

e Precision measurements could indicate the nature of new physics

o |[CHEP 2024 to be held in Prague. Check out the video invitation

Thank You

19


https://agenda.infn.it/event/28874/contributions/171942/attachments/94877/130161/ICHEP_invitation.mp4

Backup
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Future collider possibility - muon collider D.Calzolaristalk

Clean and kinematically-constrained collisions at O(10 TeV).
e Not limited by synchrotron radiation, O(10 TeV) with 10 km rings.
e If high luminosity can be achieved, ideal for precision measurement of physics at TeV

level.
\/» . £(1f Proton Driver Front End Cooling Acceleration Collider Ring
s | JLdt
‘ < S 1 m
3TeV | 1ab | .
=1 § 5 5 5 [SREfglcEp ® ¥
10 TeV | 10 ab S R R 55 s o3
1 2 EG Y S Glg 2 8 EE G O
14 TGV 20 a,}) S s 9 Blg w8 a5 8 ¢ Accelerators:
< S ot= B “ | Linacs, RLA or FFAG, RCS
Low EMmittance Muon Positron Linac :gsitron Acceleration Collider Ring
. H H ~ Accelerator (LEMMA): Ing
Challenge: Muon lifetime ~ 2.2 ps T o~
v . M-
e Electrons heat up accelerator B8 oty stions Thesal
production emittance allows lower 3 { 10s of TeV
ma gnets overall charge in the collider rings “| Positron Linac P
. — hence, lower backgrounds in a s = g éb
[ J Intense neutrino ﬂUX around collider detector and a higher E0 g —_
. potential CoM energy due to =il o Accelerators: H H
beam rngs neutrino radiation. :é Linacs, RLA or FFAG, RCS
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https://agenda.infn.it/event/28874/contributions/170190/attachments/93808/128146/ICHEP.pdf

Higgs at muon colliders

With 1 ab”-1 data at 3 TeV, expect 500k Higgs events
With 10 ab”-1 data at 10 TeV, expect > 5M Higgs events
(Compared to 1IM~2M Higgs at FCC-ee)

107,
Annihilation
10° |
10t
£ | -
105 L N : g
102 103 10?
Vs [GeV

(Why not 125 GeV collision?)

L. Sestini’s talk and J. Reuter’s talk

Channel Ao /o (%)
3TV | 10Tev

o 0.76 | 021
& 13 4.0
99 3.3 0.89
rr 1.0 11
WW*(jjv) | 17 —
WW*(45) 57 >
2z7(40) 15 i
ZZ*(jjte) 1 B
2Z*(4j) 65 14
L 6.1 1.6
Z(Gin 47 13
L 40 9.8
ttH (bb) 61 53
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https://agenda.infn.it/event/28874/contributions/169481/attachments/94242/129663/higgs_mc_ichep2022_v2.pdf
https://agenda.infn.it/event/28874/contributions/169498/attachments/94360/129096/202207_ICHEP_Reuter_MuYukawa.pdf

Future collider possibility - LHeC B.). Holzer's talk

With an extra electron ring, the LHeC can operate at = T
concurrently with HL-LHC (replacing ALICE) S | o yooche ,
e DISexperiments with rich physics cases < 06l 1 LHec A BSm
imi i - [ HERA
Similarly, an FCC-eh program is also planned. | =t sin®
107 ] BcoMs Topk Hix
4: o) e £ : gluon
10 " S
: 2 | Higgs | =~
M o3[  Precision =~ <SSy

; QCD,a,
/ PDFs
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0¥ Non-linear QCD |
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https://agenda.infn.it/event/28874/contributions/169181/attachments/93754/128060/LHeC_FCC-eh_challenges.pdf

Ichep dinner

o
4 XlLCﬂHCP 2022

Intemnational Conference on Hig}
2025 .
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