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LHCP In numbers

e ~32 experimental plenary talks

e Well over 100 parallel sessions talks on EW, top, Higgs, BSM@TeV scale, BSM:Feebly interacting
particles, Flavour, Heavy lons, Performance&Tools, QCD, upgrades&future projects, Outreach, diversity
&education

e Subject distribution broadly reflects that of the > 3000 papers published/submitted to refereed journals by
the LHC experiments (ALICE, ATLAS, CMS, LHCb, LHCf, TOTEM, MoEDAL) fon fwxa,mb,amcs

- ~10% on Higgs
- ~30% on searches for new physics
- ~60% on SM measurements (jets, EW, top, b, heavy ions,...)

e Impossible to cover/follow everything (up to 8 parallel sessions!) and | had to make choices certainly
biased by my own personal judgment, “imperfect understanding” and simply ...fatigue/saturation. In
general | tried to privilege more recent results.
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Precision! Precision!

e The quest for significant deviations of the measured
parameters of the SM from their prediction is a mandatory
plan

e Current measurements of EW observables are consistent
with the SM predictions

e For many observables the indirect determinations are more
precise than the experimental measurements —
Increase the precision!

Global fit of EW data

[arXiv:2112.07274v1]

-2 -1 0 1 2 3
s (M) it
Aay), (M3)
me SM| INPAS

sin® 0,7 (QRy
sin? 0P (HC)
As
Ry

C..l OBSERVABLE S

N,t, 0BSSRVABLE S



https://arxiv.org/pdf/2112.07274v1.pdf

Inclusive W= & Z production

* Very well understood processes at hadron colliders

e W—o fvandZ — ¢ (£ = e, u) are among the cleanest final states

experimentally. many, many measurements — derive various EW
parameters, probe QCD effects and put constraints on NP

Differential cross-section of Z+jets by CMS [arXiv:2202.12327]

Gain better theoretical understanding of both strong and EW physics in jet
environment

e [wo recent examples...

Precise measurement by LHCb of 6(Z — u*u™) in the forward
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https://cds.cern.ch/record/2808685/files/CMS-SMP-19-009-arXiv.pdf?version=1
https://arxiv.org/pdf/2112.07458.pdf
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Important because LHCb probes an acceptance
region complementary to that of ATLAS/CMS
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https://link.springer.com/content/pdf/10.1007/JHEP01(2022)036.pdf

Current status of My,

Global EW fit provides prediction with 7 MeV precision
Most precise measurement at LHC by ATLAS

- 19 MeV, of which 7(stat),11(exp.syst),14(modelling syst)

. . Copes
New, impressive result from CDF :
My, = 80433.5 + 6.4Stat + 6.9Syst MeV
— 804335+ 94MeV 70 frem SM ! [Science 376 (2022) 170]

@LHC larger signal and calibration samples (pp) but more challenging
environment than Tevatron (pp), eg

- @Tevatron W production is charge symmetric and dominated by interactions with at

least one valence quark, @_LHC sea-quark PDFs play a larger role, including
contributions from charm- and strange-quark PDFs

- At higher c.m.energy, stronger dependence on modelling of p}V spectrum

Priority is to understand tension between CDF and other experiments

Eagerly waiting for CMS result

801
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https://www.science.org/doi/10.1126/science.abk1781

Multibosons

Overview of CMS cross section results

CMS preliminary

18 pb~1-138 fb~! (7,8,13 TeV)

w 7 TeV JHEP 10 (2011) 132 s o(W) =9.5e+07 fb 36 pb~t
w 8 TeV PRL 112 (2014) 191802 i o(W)=11e+08fb 18 pb~!
w 13TeV  SMP-15-004 W o(W)=18e+08fb 43 pb~?!
Z 7 TeV JHEP 10 (2011) 132 s 0(Z) =2.9e+07 fb 36 pb~!
Z 8 TeV PRL 112 (2014) 191802 4 0(2) = 3.4e+07 fb 18 pb~?
z 13 TeV SMP-15-011 i 0(Z) =5.6e+07 fb 2 fb~1
Wy 7 TeV PRD 89 (2014) 092005 - o(Wy) = 3.4e+05 fb 5fp~1
Wy 13 TeV PRL 126 252002 (2021) = o(Wy) = 14e+05fb 137 fb~ 1
Zy 7 TeV PRD 89 (2014) 092005 m 0(Zy) = 1.6e+05 fb 5 fp~1
Zy 8 TeV JHEP 04 (2015) 164 = 0(Zy) = 1.9e+05 fb 20 fb~!
WwW 7 TeV EPJC 73 (2013) 2610 ' o(WW) = 5.2e+04 fb 5fp~1
WwW 8 TeV EPJC 76 (2016) 401 W o(WW) = 6e+04 fb 19 fb!
WW 13 Tev PRD 102 092001 (2020) B O(WW)=12e+05fb ® B 36 fb1
wz 7 TeV EPJC 77 (2017) 236 ' o(WZ) = 2e+04 fb - 6 M 5 fb~1
wz 8 TeV EPJC 77 (2017) 236 W 0o(WZ) = 2.4e+04 fb 20 fb1!
wz 13 TeV Submitted to JHEP W 0o(WZ) =51e+04 b 137 fb~1
ZZ 7 TeV JHEP 01 (2013) 063 . 0(ZZ) = 6.2e+03 fb 5 fb-1
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@ zzz 13TV PRL125151802(2020) [N 0(222) < 2e+02 b 137 fo~3
o WVy 8 TeV PRD 90 032008 (2014) — o(WVy) < 3.1e+02 fb 19 fb~!
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Zyy 8 TeV JHEP 10 (2017) 072 == O(Zyy)=131b 19 fb~!
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1 1 1 1 1
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o [fb]
Measured cross sections and exclusion limits at 95% C.L. Inner colored bars statistical uncertainty, outer narrow bars statistical+systematic uncertainty Jan 2022

See here for all cross section summary plots

Light colored bars: 7 TeV, Medium bars: 8 TeV, Dark bars: 13 TeV, Black bars: theory prediction

v https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

ATLAS first observation of WWW production Ying An

e Measurements of triboson production are a Sma el 4 "
. . . 1 . L/ .
direct test of SM gauge boson self-interactions, I e
deviations would hint at NP | w v
q
* Triboson final states are among the least-
understood SM processes given the small § Tamas  evm 1 Bk eom |
: : G [ EewTevieent MDD pEesTvsent G 1 [arXivi2201.13045v1]
production cross sections S St
| | L R S R
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] ' — 100-— + —
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https://arxiv.org/pdf/2201.13045.pdf

Vector Boson Scattering (VBS) @CMS I Nielgen

J.oCsen
Jing g

Study of VBS (VV' — VV’) crucial to probe the nature of the Higgs sector —
The Higgs prevents unitarity violation in VBS by adding diagrams that cancel divergences

Observation of VBS in W*™W~ by CMS L
Q:ﬁh ,,-';;;f,',;';,if:»':"f:; \ i
* Experimentally challenging : very rare plus large T v
tt background . ¢
—r ~
 Experimental signature: two leptons (e or u) and '
two jets with large pseudorapidity gap and large | Analysis update based on full statistics
invariant mass larXiv:2205.05711] [SMP-21-011]
e . N Cms ____ 138fb7(13TeV) 138 15" (13 TeV)
« W7TW7jj signal observed with a significance of . "+ o Higgs | Nonprompt § Flems
5.6 6 (5.2 6 expected). First observation in this a et | EW Wyjj signal
Channel 3§ le(l E_M,Ye[30,80)GeV :M,_,e[80,130)GeV :M,Ye[130,inf)GeV _: Observed With a
i : : : : significance of
10° E
Fiducial cross section: i g_'((j) 0,(6|'8 o exp)
iducial cross
e Measured = (10.232.0) fb i section -
e SM prediction = (9.1£0.6) fb b (19.2+4.0) fb
O E
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DNN output



https://arxiv.org/pdf/2205.05711.pdf




[arXiv:2112.07274v1]

The top quark

; 240 [ 68% and 95% probability|contours
[ i Fit without M./, m}, and m_
(_D. . Fit without M,; and m,
e 220 Full Fit
Experimental measurements
e Heaviest fundamental particle observed 200 |-
i |
. . . . . /|
e | ifetime smaller than hadronization time, so bare quark 180 "
properties can be measured o
SHEPT
—25 5 2
- Ttop ~ 510 S T 1/(771 ‘ VCKM‘ ) 303 804 205
***** i Mw [GeV]
e | oops contribute to the Higgs boson and W mass: top 200"
quark mass is a prominent input for SM consistency - - g
checks R S 1 [
S R N
_ _ , _ 2 100 H Stability = g mopet
e Precise m, determination allows strong constraintson £ g (= [ .
the stability of the electroweak vacuum = S0l S e e
0 50 100 150 200
Higgs mass M), in GeV
JHEP08(2012)098
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http://www.apple.com/uk
https://link.springer.com/content/pdf/10.1007/JHEP08(2012)098.pdf
https://arxiv.org/pdf/2112.07274v1.pdf

The top mass

Direct mass measurements Indirect mass measurements

e Measure thC from reconstructed decay products e Extract m, in well defined renormalisation scheme (pole, M)

 Very high exp. precision : ~0.5 GeV * Measures cross section, either inclusive or differential,
e Uncertainty in relation to theoretically well-defined mass corrected for detector effects, and compare to analytical

0(0.1-1) GeV calculations.
 Unfolding of detector/hadronization effects typically yields

ATLAS+CMS Preliminary Mip SUMMAry, Ys=7-13 TeV March 2022 blgger u ncertal nty . 1 _2 Gev
LHCfopWG
""""" World comb. (Mar 2014) [2] I —— {
stat total stat
total uncertainty m,,, + total (stat + syst) Vs Ref. - ;

LHC comb. (Sep 2013) Lictopwe  —a—| 173.29 = 0.95 (0.35 = 0.88) 7 TeV [1] ﬁ;l(‘sl?&%\-/rGCMS Preliminary My, from cross-section measurements
World comb. (Mar 2014) HH 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [2] December 2021
ATLAS, l+jets |—+—-—|--| 172.33 £ 1.27 (0.75 = 1.02) 7 TeV [3] iotal tat My, + tot (stat + syst = theo) Ref.
ATLAS, dilepton —f— 173.79 = 1.41 (0.54 = 1.30) 7 TeV [3] Otal sia
ATLAS, all jets E - 4 1751+ 1.8 (1.4 = 1.2) 7 TeV [4] o(tt) inclusive, NNLO+NNLL
ATLAS, single top I —a—t=— 172.2 + 2.1 (0.7 + 2.0) 8 TeV [5] ATLAS. 7+8 TeV | ! : 172.9 jr22.65 ]
ATLAS, dilepton - 172.99 + 0.85 (0.41+ 0.74) 8 TeV [6] ’ 7
ATLAS, all jets e 173.72 = 1.15 (0.55 = 1.01) 8 TeV [7] CMS, 7+8 TeV —e—o 173.8 .13 [2]
ATLAS, l+jets = : 172.08 = 0.91 (0.39 = 0.82) 8 TeV [8] CMS, 13 TeV —h— 169.9 f’21 -19 0115 +1.2 ) -
ATLAS comb. (Oct 2018) H¥H: 172.69 = 0.48 (0.25 = 0.41) 7+8 TeV [8] 420 '
ATLAS, leptonic invariant mass (*) : - 174.48 = 0.78 (0.40 = 0.67) 13 TeV [9] ATLAS, 13 TeV —s— 173.1 57 [4]
CMS, l+jets e+ 173.49 = 1.06 (0.43 = 0.97) 7 TeV [10] o(tf+1 j) differential, NLO
CMS, dilepton —t1+— 172.50 = 1.52 (0.43 = 1.46) 7 TeV [11] +2.3 +1.0
CMS. all jets . 17348 = 141 (0.69 = 1.23) ey 112 ATLAS, 7 TeV H—e—4 173.7 ﬁjs (1.5 4_;215.4+?:%_5) [5]
CMS, I+jets o] 172.35 = 0.51 (0.16 = 0.48) 8 TeV [13] CMS, 8 TeV | ]| : 169.9 37 (1.1 37 % [6]
CMS, dilepton F—et+— 172.82 + 1.23 (0.19 = 1.22) 8 TeV [13] 1711 +H2 04 +09 +0.7
CMS, all jets HoH 172.32 = 0.64 (0.25 = 0.59) 8 TeV [13] ATEAS’ 8 Tev _ He 110 (0.4=09 43) 7]
CMS, single top H—e= 172.95 + 1.22 (0.77 = 0.95) 8 TeV [14] o(tt) n-differential, NLO
CMS comb. (Sep 2015) v : 172.44 = 0.48 (0.13 = 0.47) 7+8 TeV [13] ATLAS, n=1, 8 TeV It 1732 £1.6 (09 £0.8 £1.2) (g
CMS, l+jets e 172.25 =+ 0.63 (0.08 = 0.62) 13 TeV [15] _
CMS, dilepton —fot—i 172.33 = 0.70 (0.14 = 0.69) 13 TeV [16] CMS, n=3, 13 TeV - 1705058 (9]
CMS’ all jetS e 172.34 = 0.73 (0.20 = 0.70) 13 TeV [17] Miop from tOp quark decay [1] EPJC 74 (2014) 3109 [5] JHEP 10 (2015) 121 [9] EPJC 80 (2020) 658
CMS, single top e+ : 172.13 + 0.77 (0.32 = 0.70) 13 TeV [18] CMS, 7+8 TeV comb. [10] [2] JHEP 08 (2016) 029 [6] CMS-PAS-TOP-13-006  [10] PRD 93 (2016) 072004
CMS, bocsted et mass > = 120:250424 TV 1 ATLAS, 758 Tov comb. [11] [ ocaioms Do e mn =
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Top mass measurements @ CMS . Owew

NEW
[CMS-TOP-20-008] [CMS-TOP-21-012] ) | 49 2010 CMS-TOP-21-008] S+ Wuchterl

m, from differential 77 cross section as a thOle from tf+jet events in dilepton final
Direct mass measurement from profile function of the jet mass Mo in hadronic state
likelihood method using lepton+>4jets decays of boosted top Wt
, _ _ _ - dedicated calibration of jet mass scale c g
- better b-jet tagging and other calibrations b=
_ | ) - study of effects of FSR inside large-radius jets —
- better 1t modelling (updated tune) \QQ% . W t < 3.7 times more data Fé

- more events in simulation b= L High top =
Low top gt t ﬁ.
. ] =~ momentum _, W" y
=

- new fit setup with more observables ]| q;
,666 e E

boost 37
CMS Preliminary I+jets, 35.9 b, (13 TeV) >
> F | I I
© 40000 M correct =\‘7’\;29Jtest : o 1 dOipier 2
350000 C_ftunmatched mmZdets o3 g/ g0 Measure , With p = , my =170 GeV
0 = Bata taint :gib[;s%gltuet ) Oti+jet dp Myt tjer
- 7 uncer
E) 300005 - 7 - 0.04 138 fb' (13 TeV) 36.3 b (13 TeV)
C — 004 T T ] g 35T T T T T
g 2> e | cms 4 Data ; B OMS Prefimnay — wmnonasscey
L 20000: '_'E | Preliminary ... m, =169.5 GeV 3 g ti+jet NLO m=172.5 GeV ]
15000k e gos == m,=172.5GeV ]| s 2%F s S rouhegsPytia m 1725 G 3
. - - [ m,=1755GeV A o 2f I E
10000k A —— : T st -f
5000F T E i :
Q 1§ : = : & _—
0.01— ] 0 -+ R e
c\% 1 /%W4WW E E ! RRAANRRRRRRARR RARRNRARRR AR RARRERARRN
0 I R T | — * — 5 e P . = I
ST\ 200 300f 400 e —— 3 e —
it > 2E : : o 0.9}
m; [GGV] S|e  SE 5 : : - T TR PR PETE PR FUTE PR R PR N
& ()] 8E : 0 01 02 03 04 05 06 07 08 09 1
0 OE gy \ R P
n, 120 140 160 180 200 220 O
=171.77£0.38 GeV (-~ =0.22%) my, [GoV] mPoe — 172.94+137 Gey (—==08%)
t t o T —1.34 m
= 17276 = 0.81 GeV _ f
Most precise measurement to date using the ABMP16NLO PDF set
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-008/index.html

Top pair production at 5.02 TeV @ ATLAS

NEW
LucP 2o0lL

N, wADo
L St RKIN

o ATLAS measurement of o,; in single and di-lepton channel from low-pileup runs at 5.02 TeV (0.26 fb_l)

Inclusive tt cross-section o, [pb]

Ratio wrt CT14 Ratio wrt PDF4LHC

stat

1 03 — | | | |
~  ATLAS Preliminary
~  ®eu + b-tagged jets
| 4 [l +Db-tagged jets
Y [ +jets
= combined 1
Vs =13 TeV, < 139 fb
Vs =8 TeV, 20.2 fb™
Vs=7TeV, 4.6 fb"
10 's=5.02TeV,0.26 fb" —
=== NNLO+NNLL (pp) -
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 —
m=172.5 GeV, PDF+ag uncertainties from PDF4LHC |
A l L l | l I — l T l Al 1 1l l | —
' ' MSTW "{:11l] QCDscalesonly =
77777f7,77.7_/7/77 > p— . — = ‘\t‘ ‘
" ezzcms  CSSY NNPORSinowp (1) QCOscaesony -3
7 , . % A~ ==
T T T T T T T T T T T T T T T T T e e e N e N e e e e e e e e e e
1 BRI
0.5 sg&.;:;{:sh {:2;::::::1:{:2:1:{’:2:1‘0 R ey, S SN
09
4 5 6 7 8 9 10 11 12 13 14

\s [TeV]

+2.3 0+ 11 0.2, pb (3.9%)

NNLO+NNLL prediction calculated
with Top++: 68.2 = 4.8%)-] pb

Additional constraints on PDFs

Gluon PDF

L Q%=10000 GeV?
| 4» ATLASpdf21
<O +5.02 TeV i

ATLAS

Preliminary }

— i

0.95

—

—

1 llllllll | llll.lll 1 L1l L1l

1073 1072 10~
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Rare single-top production with ATLAS n. KADo

B. WENLAND

Observation of single top plus photon s-channel single top production
[ATLAS-CONF-2022-031]

2,

] / [ATLAS-CONF-2022-013]

e,

NEW
LucP 2oL

« One single lepton, missing p,, two b-jets

. : . : ¥ . )
One Slngle Iepton’ mISSIng pt’ We” ISOIated }/’ one b Jet §25°°°:_ATLASI Prelimli_r:ary ¢ldata | - S 600— oData]-backgrouInd AITLAS Prelliminary_:
S — . U et meaee 8 sena el ogion kB
E 24005_ ATlLAs :Drelimilnary | ¢ Dlata | |:||tqy | E 20000:_ | mw —: 5001~ 7 Post-fit bkg. uncertainty ° e
L 22005 Vs=13TeV, 139 fb™" [ Jt(—Ivby)q [Ty E - Post-Fit Bt . - Post-Fit

2000 = 11 SR Wwy +jets [lZy +jets E : Wijets | 400~ 7
1800 Post-Fit Be-—y [l Other prompt y - 15000 Z+jefs, Diboson . : %
- Oh -y [[JFake leptons A B Multijet i C
1600 772 Uncertainty B Uncertainty - 300~
1400 = 10000 . -
1200 ] . : 2000
1000 The measured gy cross section ] :
. . s . 5000 o - 1001
. plays a significant role in : ?
400 constraining the top-EW e — °' E
. . . a 1.02 Z # -
| PR e mpm———— . Coupllngs in EFT fits P 09; é+§§++é§++++++++}+ ~100H B
B,k 8 O E - :
x 105t % 0.96 : : ' : : e | ' ' :
~ : : g N 25x10* 0.012  0.034  0.062 0.13 1.0 25x10 0.012  0.034  0.062 0.13 1.0
§ 092%//% W P(SIX) P(SIX)
“0 0102 03 04 05 06 07 08 O:iN 1 P(S|X) : Matrix Element Probability for a given event X to be a signal event S

e Parton-level fiducial cross-section (=1 photon with p, > 20 GeV . Cross-section : o, = 8'23'3 pb, in agreement with SM: 6S™ = 10.3 + 0.4 pb
' . — + —+ : T o
in the acceptance): 6, X B(1 — Zvb) = 580 £ 19, + 63, 1b, Observed signal significance is 3.3 6 (3.9 ¢ expected)

compatible with SM at 2.5 o ; observed signal significance is 9.1 o
(6.7 0 expected) 17


http://cdsweb.cern.ch/record/2805217/files/ATLAS-CONF-2022-013.pdf
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Enough data on the Higgs to start
filling the PDG table! K, Keneke Ful it T = 32738 Mot (assumes el

on-shell and off-shell effective couplings)

e Millions of Higgs bosons produced at the LHC, enabling HO Signal Strengths in Different Channels
. o Combined Final States = 1.13 £ 0.06
- Measurement of my to nearly per mille precision WW* = 1.19 + 0.12
: : : : ZZ" =1.06 £+ 0.09
- Observation of all third-generation couplings = 1.11 010

—0.09
cC Final State = 37 + 20

- Detailed measurements of H properties bE — 104 + 0.13

f CMS 35.9fb™' (13 TeV)
CMS % E'H:)I]HII””IH”I””IH','I“”I””E —_' ettt '_—
|5 30000 VY All categories E - ATLAS Preliminary 1‘ fjg‘gs (125 Ge) ; J DA\’\ES
P ¢ Data E " H—> 77" - 41 i 7 : ¢
2 25000 — S4B : V5 - 13TV, 139 b : From a combined measurement of
> CN e B component 3 - B Zijets, ] "
(i 20000 =i - W Uncertainy : on-shell and off-shell H production,
15000 a . *
using H —» ZZ\") — 4¢ and 2£2v, Ot
CMS finds 'y
. . O
e 3.6 0 evidence for off-shell Higgs on
production and
e T'y=32"1"MeV  [arXiv:2202.06923]
100 110 120 130 140 150 160 rny:?(OGe\;;?»O %O 100 120 140 160 FIS{M — 4.1 Mev

m,, [GeV]

This unprecedented data set opens a new window in the exploration of the Higgs sector, e.g. rare H decays

suchas H — cc 5


https://arxiv.org/pdf/2202.06923.pdf

Higgs couplings
e Couplings are a powerful test of Higgs nature: SM or are there subtle differences??

-1
 Higgs interactions with 35.9-1371b (13 TeV)

. . > lll | | I IIIIII 1 | | llllll I | | llllll |

fermions are proportional > 15 t, .
. > f CMS z .~

to the fermion masses : Wer”

- - m, =125.38 GeV
. 1L % _
 Yukawa coupling to charm &> 107 F p-value = 44%
is next important goal <« f o i _
(second-generation quark) 102k & o SO SM _
@*E kc _ yc/yc
/ ¢ | ¢ Vector bosons
[ 10 E»"/ ¢ 3" generation fermions :
¢ H// AN C ¢ Muons ]
( 4L = SM Higgs boson _
Elll | | | - lllII | | | - lllll | | | - lIllI | -
/

q c% 1.5_II| | | IIIIIII | | IIIIIII | | IIlIlll | |
Wz e : % :
/ L S S e LIS
g O.S:III | | | llllII | | | llIIII | | lIlIlll | :

107" 1 10 10°

. Particle mass (GeV)



Constraining the Higgs-charm Yukawa e P

. _ . . ] .OLSE
e Measuring H — c¢c¢ @LHC is extremely challenging J-oL5en/
T 138 fb™' (13 TeV
- 20xsmaller BR than H — bb 1200 T - T "I -38. b( ,3 .e._)
| | o - CMS —4— Observed I VH(H-bb)

- Charm-jet tagging very difficult - - VZ(Z—ct) VV(other)  _
Multi : 1000—P reliminary B single Top tt ]
- Multijet background larger by 9 orders of magnitude - Merged-jet . pviet -
- +jets +jels -
~ All categories VH(H—cT), u=7.7 . Buncertainty __

- S/(S+B) weighted _

* However, very large improvement in CMS to c-tagging First observation of Z—cc -

performance plus use of both “merged-jet” and
“resolved-jet” topologies

S/(S+B) Weighted Events
(00
o
o
|

e CMS constraints on k. comparable to what had
previously been expected at the end of HL-LHC!

1.1 < |k.| <5.5(<3.4exp.) @95 % CL

o First direct limit on k. from ATLAS :
120 140 160 180 _ 200

| k.| < 8.5 @95 % CL (exp. <12.4)
Higgs candidate mass [GeV]

e Combination with H — bb published analysis allows ATLAS to extract ratio of coupling modifiers

Higgs boson coupling to charm

‘kc/kb‘ <45@95%CL — quarks is smaller than Higgs

boson coupling to b-quarks
21


https://arxiv.org/abs/2201.11428
https://arxiv.org/abs/2205.05550

CP properties in H = 777 decays

[P - aven cp-o0dd

» Parametrize Yukawa coupling as &£, ~ (cOs@, Tt + sing_Tiyst)H

e Reconstruct various 7 decay modes (leptonic and hadronic)

e Observable: signed acoplanarity angle between 7 decay planes

[ATLAS-CONF-2022-032]

n
S 5| ATLAS Preliminary @ gata bostfi) [ K'Aﬁ_éf (23_51;‘")
> 10° B Z—1r (best-fi isidentified T —
L = (s=13 TeV, 139 fo! g Other backgrounds— H—1t (¢p_=0°) 3
— T hag High 77/, Uncertainty — H-11 ((pT = 90°) =
B Boost 0 Boost 1 VBF 0 VBF 1 7]
A 4
A
102 IE
10
1
O - :
o) C _
o - i
~~ — —
S 7
V)
o

-Aln(L)

w S O o N

M kADdo NEW

J. DAVIES

SM Hzt coupling: CP even (¢, = ()

Pure CP odd (¢, = =+ 90°) disfavoured at 3.40

! I LI I L | | | LI | LI I L I L | L | I _1

f_ ATLAS Preliminary —— Observed: ajbs' = 9+16° (68% CL)
- s=13TeV, 139" ... Expected: & = 0+28° (68% CL) -
?_-_::::: ............................................................. 2’. QL:.E
e NG S 5 3
I: | I | | | I | | | | | | | T~.I"I--I | | | | | | | | | | | :

-80 -60 40 -20 O 20 40 60 80
¢o_[°]

¢. =9+ 16> at 68%CL


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-032/

Double Higgs production

» Gives access to the trilinear coupling 4; and to the shape of the Higgs potential

M
A.3

K, ¥owne ke
L, o'Evewno

D. Zuolo

V}}F < 3\,05'{:.!') QE':: 13 Tav

C’JVBF ~

Improvement much
bigger than what is
expected for

-———--H

.33 4, es= 13 Tev

V(H) = 3m{H? + A3vH? + 3 0H* + O(H°)
» HH x-section (ggF &VBF) too small, however nonresonant searches can be sensitive to BSM effects
Kp= X3
5 ’ M Q_V .}0 '\/\ O'HH/O'Z%I ?5% CL ky 95% CL
/ mprovement
@ nof\oND EW 21 Obs. | Exp. wrt. 36 fb—1 Obs. Exp.
tot. (w/o lumi)
ATLAS | 41 | 55 x5.1 (2.5) -1.5, 6.7 2.4, 7.7
AH=BbY ems | 77 | 52 x3.9 (2) 33,85 | [25, 82
Ul _s bpre  ATLAS | 47 | 3.0 x3.8 (2) 2.4, 9.2 -2.0, 9.0
CMS 3.3 | 5.2 x4.8 (2.5) -1.8, 8.8 -3.0, 9.9
ATLAS — — — — —
AIH = bbbb CMS 39 | 7.8 x5.1 (2.6) [2.3,9.4] | [-5.0, 12.0]
boosted CMS 9.9 5.1 - [-9.9, 16.9] | [-5.1, 12.1]
ATLAS | — — — — —
AR = bbzz s | 30 | 37 - [-0.0, 14.0] | [-10.5, 15.5]
Multilepton ATLAS B N B B B
P CMS | 21.8 | 19.6 _ [7.0, 11.7] | [-7.0, 11.2]
Combination  ATLAS x3.5 (1.8)3
(bbyy+bbTT) CMS = = - - =

23

Increased statistics !






Searches @QATLAS/CMS

e Heavy-resonance searches 5. the Kawn-v

- ~100 decay channels studied for various models that predict certain production rate(extra dimensions,
gauge bosons, contact interactions, dark matter, heavy quarks, excited fermions, leptoquarks etc)

- Commonly excluded masses ~ 0.4 - 12 TeV
~ Patakeyama
e Non-resonance searches a

- SUSY, leptoquarks, heavy leptons, axions, new dynamics/couplings....

H.Murayana : “SUSY idea should still be taken seriously”

- €9, gluino limit ~2 TeV, stop/sbottom ~1 TeV.... = . . . . e

 Null search results at EW/TeV scale = growing interest in lower scales with very weak couplings (feebly
interacting prticles, FIPs) with prompt and displaced topologies

- New experimental ideas and a worldwide program of experiments to look for dark photons, dark Higgs,
axions/ALPs, heavy neutral leptons ... Yighen
A Esj la v\’CQ Dal Valle

25 R. Thawmas Datell



First observed neutrinos in FASER-! Ke L

C T
* These are the first ever directly observed neutrinos @ the LHC!! h. Betancour

Neutrino interaction candidates from pilot run with small emulsion detector

—eo— FASER data (18 ev)

- neutrino signal (6.1 ev, best fit)

background (11.9 ev, best fit)

! w »
N O W o B o o

lllIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Number of event

N

o and
o v . O,

0.4

RDT outnut

Charged Charged
particles /‘ — particle W—
""" .'.::::::::::> — 45::::::::::. -----
//\ : : R,eSidua‘l “ , | HC R?Si(ju@ﬂ k { )
> | 100 m rock haarons Ml . r"‘".;}q"'(/‘;-tss naarons 100 m rock. §C
2\ . =
%@/ 480 m ATLAS 480 m é\/

pp collisions

e FASER and SND are two forward experiments designed to study light dark-sector particles from SM
meson decays (symmetric and complementary)

e They also profit from the large neutrino flux in the forward direction@LHC and study neutrino cross
sections at TeV energies, where no such measurements exist

e Also proposal for Forward Physics Facility (FPF) at,the HL-LHC
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e Several new results with > 30 excesses, ~ 20 considering LEE

* |ntriguing, but we need more data

Y—=XX—>(0)0)

3.90 (1.60 global) at 8 TeV

in four-jet mass

Average dijet mass [TeV]

K\ COUR[ER J381b" (13 Tev)
| LI | LI | |||||| |’ ||||||| |_L
reliminar ",/""'\\ :I
’/If /'/’——\N\ \\ _
P LU | | 3
7 . } /" ] _E 10
{ m ./ 41 3
\\ 7/ B —
\ /’ /' | _
// — —
\ 4 —
~\\____ J,/ | 1 02
B _
- |
1 i 10
Diquark: S — yx — (ug) (ug) —
68% and 95% —
contours _
|||||||||||||||||||||||||||||||||||||||_| 1

Four-jet mass [TeV]

CMS-PAS-EXO-21-010

Events/bin

VBF H-WW

3.80 (2.60 global) in VBF WW

l

broadly in mass ~700 GeV |

95% CL limit on 6(H—WW—212v) [pb]

138 fb' (13 TeV)
L I L L L L L
10F CMS -+ Observed 3
Preliminary ----EXpected .
I 68% expected
1 195% expected E

— Exp. for SM-like nggs

107 Scenario: f =1

1000 2000 3000 4000 5000
my, [GeV]
CMS-P%S-HIG-Z 0-016

< Events / GeV >

Obs./EXp.

500

400

2 “Pjck your favourite bump”
r\ (while waiting for Run 3)

300}
200

100

¢—TT
3.1lo local excess
for m ~100 GeV
ur, h+erh No B-tag, Tight-m_, p"= 200 GeV 138 b (13 TeV)
[ CMS | | | —¢— Obs Ierved |
[ ] wBke.
: Jet—t,
[ «
‘l: [ ] oters

Bkg. unc. ]
— gg¢ @5.8pb (m°= 100 GeV) |

0 50 100 150 200 250 300

m.. (GeV)
CMS-PAS-HIG-21-001

CREDIT
S, loo ‘n/g"'(i 148


http://cds.cern.ch/record/2803723?ln=en
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-001/index.html
https://cerncourier.com/a/dijet-excess-intrigues-at-cms/
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Con5|stency of CKM fits

M. BoN A
- it Y /] e
1:— summer22 /// AmdATs
0_5;\\ /// y
o: < e § ‘ p=0.161 £0.009 ~6%
P * 7i=0.344 +0.010 ~3%

® |mpressive ettort trom community and tremendous success of CKM paradigm!

o At the current level of precision, all measurements are consistent and intersect in
the apex of the UT

e New Physics effects (if there) are small!

29



Consistency of CKM fits

1= S5 ‘
L (U T
i slt:'mml;lrgl ,:"EK 1. ZOOmed In'
i ' ~Amy
i v _, ‘ m:

M. BoN A

1/ 0.161 +0.009 ~6%
b |/ 0.344+0.010 ~3%

0.4

\
Y
Il

0.2

0— 1 1

® |mpressive effort from community and tremendous success of CKM paradigm!

o At the current level of precision, all measurements are consistent and intersect in
the apex of the UT

e New Physics effects (if there) are small!
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Improving precision of CKM consistency checks : 0 0zcelik
Measuring y at LHCDb M, Palu fan

e v is the only angle of the unitarity triangle that can be determined using only tree-level decays (standard candle)

9fb~! -
BY - DK*, Bin 1 y
+ Dat

* LHCb has provided most precise determination . [~ IRERPAE SRR AR NEW
by a single experiment (which combines a ﬂ ont s
multitude of channels) to be compared with LucP oL

y = (64.8 £ 1.4)° from CKM fits (UTfit) :

K M.BOJ,A- ! H{!
bty PRNAL S

/10 MeV/

40

Candidate

;"N,“}lj‘ —_ —_ — =

e Measurement of y from

}/ . (65 4—|—38)o ;,Z- LHCb preliminary __ i LHCD preliminary _ Bi — D[K$7Tiﬂ,'i]l'¢]h’ (h = K, 71')
- . _42 E w B~ — DK, Bin 2 JM B* - DK*Bin2 | .
:‘540 | — e o — - ®
larXiv:2110.02350] E“h : | C.P asymmetry measured in 4
N — I of | bins of D decay phase space
L|) o ! A =S . (hadronic parameters of D decay
A Zw J gff_:f_??"“’“mi‘f*‘” T om ] constrained from results from BESIII and
gm _mll B _13 —>_DK Exs w_ B* - DK*,Bin 3 - CLEO-C)
" 17 = (54.87%0(stat) + 0.6(syst)*07(ext))’
h | . .
: | ! | 2" pest result from single mode
LHCb prelimin . LHCb preliminary | .
|’} om0 op | (best result from D — K£ﬂ+ﬂ )

“ B~ — DK~ ,Bin 4 NH B* - DK* Bind4 -

[LHCb-PAPER-2022-017]
INn preparation

[
(=]

Candidates/10 MeV/
=
I L4 Ls L l - s . - I L4



https://arxiv.org/pdf/2110.02350.pdf

Lifetime of light BS mass eigenstate

e Direct measurements of lifetimes of heavy (H) and light (L) BSO mass (and ~CP) eigenstates can be
compared with SM expectations and/or what is obtained from AI', = I'; — 'y in BY — J/y¢p

e New lifetime measurement using BS — J/yn decays

o CP-even final state, determines 7y (lifetime of light (L) B

400

S

ll'lllll'l"ll

-

e

1 1 I
¢ Data

- s Comb. + B’ — J/yn §
- Comb. + Partial Rec. §

- Combinatorial
- === = Comb. + Signal
| ——— Full Fit PDF

——

.§°-‘

] L] L] L l —

LHCb preliminary
{s=13 TeV, L=5.5fb™'

—dg

—4

HHH
5200

LI HEHE
5400 5600

m(J/p M) [MeV/c?]

0

\)

7. = (1.452 +0.014,,, + 0.007

BY — J/ym
(Run 142)

B! — D! D;

By — Iy
(HFLAV21)

B! - K* K"

SM Prediction
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mass eigenstate)

0. Obce\H(.
M.Palutan

[LHCb-PAPER-2022-010]
In preparation

_|_
Syst—uncorr — O°0025yst—corr) psS
INMNMNAEE R
' S LHCb
preliminary
.
1 1 1 | i L 1 1 i 1 A | 1 i 1 | i L 1 L |
1.3 1.35 1.4 1.45 1.5 1.55
T, [ps]



Lepton Flavour Universality (LFU)

e Inthe SM the only flavour non-universal terms are the three lepton masses: m_, m,,, m, < 3477 [ 207/ 1

« The SM gquantum numbers of the three families could be an “accidental” low-energy property: the different
families may well have a very difterent behaviour at high energies, as signalled by their different mass

e |[f NP couples in a non-universal way to the three lepton families, then we can discover it by comparing classes
of rare decays involving different lepton pairs (e.g. u/e or u/t )

e TestLFUinb — sZ1¢ transitions, b
.e. flavour-changing neutral currents
with amplitudes involving loop
diagrams where NP could enter

33



A very Intriguing pattern... M, #ALUTAN

[~.S1H)
.. triggering flourishing model building directions
Summary of R,, @ LHCb e Coherent set of b — s£¢ tensions in BFs
H
C(REDIT M. BORSATO B* - K*'utu™,B® - K" =B, - ¢u*u~ ..
x 107
To be B —» K*¢ + 28 e T uf i [Foen
uha'\bbba‘, g*€[1.1, 6.0]GeV? E 12f S (L CSRsLatice
Ut Eh Full B g |3 (o e < 0F Be—ooutu )
' ' T gk =
Skalistues ¢*€[0.045, 1.1)GeV? 5 ch’ Iy y(2s) E
3 b ——
<S- - = _‘,’é
Ab — ngg — —e T ;1:_ +_§_'-—6——-§—
¢>€[0.1, 6.0]GeV? S j
0 ) %0([)L S w0 5
n | | 2 [GeV?c?
b 26[?1 ]6(%]26\/2 T | * and angular analyses e
q 1, 6.0]Ge . N
U [ -
Bt — K*tyr |—e | " LHCb Run 1 + 2016
g*€[0.045, 6.0]GeV? ﬂ e RV -
DL %0 L — — -
B* s K0 |9 ol j o oA
g2€[1.1, 6.0]GeV? | o _+_
0.0 0.9 1.0 05:— BE % :
Ry = B(Hsup)/B(Hgee) RalE e ol
. ( ‘ . .
Wi Eh flavio 34 o2 [GeV/c



LFUin B — DU)z1 decays

« Tree-level charged current with V., suppression wr/rr

B(B - D*171)
B(B — D(*)ﬂ_fﬂ)

R(D®™) =

o All experiments see an excess wrt SM predictions
. ~ 3.40 tension, intriguing as it occurs in a tree-level SM process (Axp S 3 TeV)

R(D*)

0.35

0.3

0.25

0.2

| | I | | | | l I | I | I I I

|

|

Ay’ = 1.0 contours

L BaBarl2 N
. LHCb18 \X N
- ! | . Average —
- &c Belle19 Bellel5 M
B Bellel7 World Average |
- R(D)=0.339+0.026+0.014 ]
4 Bigi 16, Gambino 19 R(D*)=0.295+0.010£0.010 _
- p=-0.38 _
4 Bordone 19 P(x*) = 28% —
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
0.2 0.3 0.4 0.5

z
\"
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BABAR to deliver another

orecise measurement of R(D™)
after a decade, more data-driven



M. PALUTAN

Measurement of B(Ag — AT7t7U_) and o S

R(A ) with 7 three-prong decays

§ 3s0f LHCD
. . . L S 300
» Decay observed for the first time with 6.10 significance =+ o=
~— — = Total model
BAY = Aft ) B(AY - At37) § ppof W
R(A+) _ b C T X b C o - Ay— AD(X)
c’/ _ T 150F EA-AD x
. B(Ag — AE'I_37T) | B(Ag — AZ'I_//t V,u) © IOOE— B A AT )
v N N J - Combinatorial
ME ASVRED ExT s0f
e Input from CDF+LHCb on B(A? - Af3r) gives o s 10

2 [GeVZ ]
B(A® > A*r7D,) = (1.50 £ 0.16 % 0.25 + 0.23) % ’
[arXiv:2201.03497]

e Input from DELPHI on B(A) - Afu"7,) gives R

B( Ag — AZ'T_ET) 0.242 +0.026 + 0.040 + 0.059

R(AY) = = 0.242 +0.026,,,, + 0.040,,, + 0.059.., SM prediction
B, = Adwm) | e
M. BLANKE in agreement with SM 51;,;49?5200;;) 034503
T B R it M T S R

However, from approximate sum rule relating R(D*) and R(A,) : 0.2 0.3 0.4 0.5
enhancement of R(D*) implies R(A,) > Rg(A,)  BLANKE, CRIVELLIN & ol. R(A;)

(consistent with expectations from heavy-quark symmetry) .


https://arxiv.org/pdf/2201.03497.pdf

Many nice results from Belle |l! $.NiswiDA

e SuperKEKB performance below expectations,

but &', exceeding KEKB by ~a factor 2 R e
(goal is factor 10) 2000 | * Target Target
o« £,  ~ 380 fo~! ie 1/3 full Belle dataset (goal 2000 | “// oty
is 50 ab™ 1) ;
2000 e
e | ong shutdowni (LS1) starting summer 22
1000 \\ /
e Detector performance already mostly exceeding that of Belle \ g
- Tracking and vertexing, neutrals, muon-ID, flavour tagger (e,,~30%). .. 0 -

20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1

e World's most precise measurements of DY, D™, A lifetimes

e Measurement of y from a combined analysis of Belle and Bellell (expect < 3° with 10 ab™!)

o BY lifetime and mixing frequency

¢ ‘Vub‘a‘vcb‘

e BF for EW penguin diagrams with similar performance for e, 4 and BF for radiative decays
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62 new hadrons @the LHC!

https://www.nikhef.nl/~pkoppenb/particles.html

3P 3P
ot 62 new hadrons at the LHC X52(3P)
Xb1(3P)
-~ . o~
700077 B.(25)* BI(2S)* X(6900) T
o @5 25
Q5(6350) ~
Np(6152)°  Q5(6340) ~_ 0 =p(6333)°
S(6227)" o A4 =6(6227) Mz, (6327)
6000 - 2 A(5920)° b B)(5970)*° N i g ' W= 6100)- i
- Ap(5912)° = B;(5840)*° 2,(6097)* N»(6070)° Bs(6114)°
5,(6097) " B5(6063)°
&
<
= 5000 - .
%) X(4700) X(4685)
= P.(4450)* X(4500) P.(4457) @ x(4630)
") P.(4440)*
G - X(4140) E+ X(az274) IPCE4312;+ Z5(4220)*
s ® btz P-(4380) c Z.(4000)*
4000 { @ bg X(3842) ® ]
® ci(qg =4+ Tec
@ ccccC
® . o Q(3119)°
® cdqgd D,(3000)™ . . 0.(3090)° _ .
3000 1w baq D,(3000° @ Dg,(2860) Ac(2860)F [ Q(3066)° Zc(2939) X1(2900) .
c D/(2760)* ® PS Q(3050)7 =_(2923)° X0(2900)
o D/(2740)° g D} (2760)° Qc(3000) CY—
| | | | | | | | | | |

2011-01-01 2012-01-01 2013-01-01 2014-01-01 2015-01-01 2016-01-01 2017-01-01 2018-01-01 2019-01-01 2020-01-01 2021-01-01 2022-01-01

patrick.koppenburg@cern.ch 2022-03-11 Date of arXiv submission

* Including many exotic states with minimal quark content different from gg and gqq
e A lot of interest from the theory community and many models based on eg, compact tetraquark/petraquark, hadronic molecules...

39


https://www.nikhef.nl/~pkoppenb/particles.html

First observation of doubly charmed
tetraquark : 1

T(3875) 17

e Observed in DD 7 mass spectrum

o State consistent with quark content ccitid and J¥ = 17

e Very narrow state, slightly below D" TD" threshold

oMy = Mgy

1—‘BW T

— (mD*+ + mDO) —

—38

4 M ~ 22 S Mev
/

—273£61 £51) keV

— 410 £ 165 + 43718 keV

o |t is expected that the b quark is heavyenough to
sustain the existence of a stable bbiid state

CadD IN|
E.S%)ARe NRELLA
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% - % I 105 A "\% 3
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LHCDb discovers
longest-lived
exotic matter yet

[arXiv:2109.01038]

[arXiv:2109.01056]



https://arxiv.org/pdf/2109.01038.pdf
https://arxiv.org/pdf/2109.01056.pdf

HEAVY
IONS



What happens in heavy-ion collisions? J. Noron hA- HoSTLER

| Time:0.08
e What is the smallest droplet of Quark

Gluon Plasma?

e What are the similarities (and
differences) across collisions of

different size? Vie

K. Kvizkovs ajd.osevs

What is the correct description of
relativistic viscous fluid dynamics?

What remnants of the initial state can
be observed from experimental
observables?

X

MADALUS
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v/ /

K. Kvizkovs C—aJ‘o\ofa\/a’

Evolution of heavy-ion collisions

INITIAL STAGE COLLISION QUARK-GLUON PLASMA HADRONISATION KINETIC FREEZE—OQT
PRE-EQUILIBRIUM i S o S e R S S

-

MADAI collaboration

>
O 1 10 100 1075 t (fm/c)

Collectively expanding Thermalised medium Dense & deconfined medium

Signatures : Signatures :

modification of momentum and modification of hadronisation
angular distributions thermal photon radiation

Signatures :

parton energy loss
quarkonia dissociation

Measurements : Measurements :

anisotropic flow particle yields
particle spectra

Measurements :
nuclear modification factor
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QCD evolution via photon studies @ALICE

t * Prompt direct photons produced in initial hard-parton scatterings,
prior to the formation of the QGP (frz 5 kv )

» Thermal photons from QGP phase L
Fr &3 wev

* Thermal photons from hadron gas )
e Thermal photons excellent probe for QGP temperature

- Extract effective temperature from slope of exponential photon
d°N e
Pr spectrum: ~ @ Pr!iet
prdprdy

* Photon spectrum well described by calculations that include

prompt pQCD photons from hard scatterings and thermal photons.

These calculations suggest a dominance of thermal photons at
pr S 3 GeV.
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ALICE Preliminary
Pb-Pb ys  =5.02 TeV
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Energy loss of charm and beauty quarks in the QGGP@ALICE L vsa

R Ratio of non-prompt to prompt D’ D D
AA L dN do
- — nuclear modification factor (R ) Rap = 3 (Tap) T
< i
C ALICE; IDb‘Pb’\/S_NN=5'02 TeV: g e data @ —— LGRecentralvalue ] pT Pb—Pb pT pPp
I 0-10%, |y| < 0.5 . ] ) ) m, set to m_ (E-loss) e ii) m set to m, (coalescence)
151 e non-prompt D _ 0 PR iii) w/o shadowing — — iv) w/o coalescence ]
T} 141 ¢ promptD’ 0 - = 7
D" fromb | 2
i orompt DY ] 2
10F-----A%s----------- - — o 2
i + . C

T g i

— open markers: P extrapolated pp reference
1 1 1 1 I 1 1 1 1 1 L1 1 I

1 10 p_ (GeV/c)

e Beauty R, , measured down to p; = 1GeV for the first time ; large suppression for p; > 5GeV

e Data well described by models that include collisional and radiative energy loss and quark recombination, in addition to
fragmentation as a hadronization mechanism

e Ratio of non-prompt to prompt DY R, 4 is measured to be >1 for p, 2 4 GeV as predicted by models in which b quarks
lose less energy than ¢ quarks in the QGP because of their larger mass

§ 6 =my/E
S /’Vwﬂ

“Dead-cone” effect suppresses gluon radiation for
0 < my/E at high pr, when energy loss is caused

b mainly by radiative processes
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https://www.nature.com/articles/s41586-022-04572-w

Test electromagnetic properties of the t-lepton from ﬁ -:-MK:M“&S
. . . .DYNDRL
ultraperipheral heavy ion collisions at 4 /sy = 5.02 TeV

* Observation of exclusive yy — 77 in ultraperipheral heavy ion collisions and constraints on a_

- When colliding relativistic ions, photon-induced events due to large EM fields (6 ~ Z4) - for impact parameter
larger than ~2 ion radius EM interactions dominant

_ Cross-section and 7 kinematics sensitive to anomalous magnetic moment a_ = 5
- From fiducial cross-section extract a model dependent limit on a_
arXiv:2204.13478] Results competitive with those of lepton colliders! [CMS PAS HIN-21-009]
£ as0f T T T T ~—r - T - - r - 1 T T CMS Preliminary ~ PbPb - 404ub™ (s, = 5.02 TeV)
Q - ATLAS ] ' — L L B B B IR
% 300F Pb+Pb \s,=5.02 TeV OPAL 1998 . 8 30:_ 1 data ~
L ' i ] ' ~ . N
O ok otisiany : L3 1998 o © osf I v | -
N Post-Fit . : ~ - - background "
L _ _+o— = 4
C ¢ Data, 1.44 nb” i ; P c -
150 .. CIyy—>ve (@ =-0.042) - . Pb+Pb \s,=5.02 TeV, 1.44 nb O 5f
- Wyy— . ! TR
100 "_#l*. :)\r(\otgrl:uclear - u1T-SR —p— —— @ Best-fit value 1o
L Uncertainty - : — 58% n
50: ____________ ‘ a,=-0.06 _: u3T-SR e — . 68% CL B
a.=0.04 ] | — 95%CL 51
. OF ue-SR —* : SSs— B
S 14 3 : : 0
L TP o T3 Combined e — S o |
08 : : @ 51
: E o, , , . , . E
504 10 15 20 25 30 |ExPe(':te<l'j - T o0t
Muon p_[GeV] -0.1 -0.05 0 0.05 0.1 £
a, a

* Measurement precision limited by statistical uncertainties "


https://arxiv.org/pdf/2204.13478.pdf
https://cds.cern.ch/record/2803742/files/HIN-21-009-pas.pdf?version=1

SOME FINAL
REMARKS




Enormous and impressive wealth of results by the
LHC experiments, well reflected at this conference

Not only Higgs and and countless searches for BSM! But innovative analyses with unprecedented precision on:

e EW parameters and dynamics

- My, M, sin26’W, EW interactions at the TeV scale (DY,VV,VVV,VBS,VBFHiggs...)

e QCD dynamics

- Countless precise measurements of hard cross sections, and improved determinations of the proton PDF;

measurement of total, elastic, inelastic pp cross sections at different energies; exotic spectroscopy:
discovery and study of new tetra- and penta-quarks, doubly heavy baryons; discovery of QGP-like collective

phenomena (long-range correlations, strange and charm enhancement, ...) in “small” systems (pA and pp)

 Flavour physics

_ B(S) — U, neutral meson oscillation, CPV in charm, measurement of y angle, CPV phase gbs, LFU in charged
and neutral currents: anomalies?

On each of these topics the LHC experiments are advancing the knowledge previously acquired by dedicated facilities
(HERA, B-factories, RHIC, LEP/SLD,....) In a sense, NP is emerging every day at the LHC!
omy . M o g &NO”
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From Indirect to Direct Observations

First iamage of Ue black
nokz ok +4a At of owr
?do./%ooﬁj

Nobel Prize 2020
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