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lon from 2029

Expect ~250 fb-1
P wic2041, ~3 ab-

LHC  for ATLAS/CMS

13 7oy AR 13.6 TeV
e

13.6 - 14 TeV
energy
Diodes Consolidation
splice consolidation cryolimit LIU Installation HL-LH
7 TeV 8 TeV button collimators interaction . inner triplet . C
_— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation
2013 2014 2015 2017 2018 2019 2020 2022 2023 2024 2025 2026 2027 2028 2029 I“IIII“
5 to 7.5 x nominal Lumi
ATLAS - CMS —
experiment upgrade phase 1 ATLAS - CMS /
beam pipes . . . . HL upgrade
nominal Lumi ~_2Xnominal Lumi, ALICE - LHCb j—2x nominal Lumi |

75% nominal Lumi I/_— upgrade ! !
30 b | 190 b | (450 b | integrated [ AMLE

luminosity O[3
HL-LHC TECHNICAL EQUIPMENT:

= -
DESIGN STUDY 3 PROTOTYPES / CONSTRUCTION INSTALLATION & COMM. H” PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS
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ATLAS ATEEC

0.8% precision on
strong force couplings
at Z mass

ATLAS ttbar events ¢eom
/s=13TeV, 140 b’

First observation

of quantum i
entanglement at .LI-:‘Z:"F’E:::?‘;‘I:\,:hIaBI
high-energy and | @ Povten s Pytas (o)

B Powheg + Herwig7 (hvg)

among quarks

Understanding fundamental parameters

Where we stand - a few examples

‘
e 68/95% CL of m, and m,

AN

68/95% CL of Electroweak
Fit wio m, and m,
Ew. ™ C 74204 A

-
—_—

0.02% precision on W mass
0.2% on top mass
0.09% on Higgs mass :




Recent Top Highlights

2311.07288
Observation of entanglementin Observation of /7 production in pPb events
quarks by measuring spin
. . - _ 58 1 4+ 2 0 +4.8
correlations in 7f events o, = 38.1 £ 2.0(stat.)”,",(syst.) nb
| E 1 | ] 1 1 | 1 ] 1 1 | ] 1 ] | 1 1 1 | 1 1 .
o1 ATLAS k. p+Pb |5, =8.16 TeV|
_ ATLAS - |
[ /s=13TeV, 140 5 : 165 nb” E
- - ]| Data total unc.
0.2} ;{Q | Data stat. unc.
| X :
o e e e e ®
s -0af | ] MCFM TUJU21
o [ — -
}:; : MCFM nNNPDF30
& 04 H —.— Limit (Powheg + Herwig7) ]
———- Limit (Powheg + Pythiag) - MCFM nCTEQ15HQ
® B Theory Uncertainty ]
—0.5 @ Data 1 MCFM EPP521
@ Powheg + Pythia8 (hvq) |
§ I Powheg + Herwig7? (hvg)
i | | | | | | | | | | | | | | | | | |
—06 340 < myg < 380 380 < my < 500 my = 500 0.6 0.8 1.4 1.6
HPA

Particle-level Invariant Mass Range [Ge\]



Properties of the W boson

First measurement of the W width at
the LHC, together with an improved
W mass

L argest systematics from the

calibration, the theoretical modeling
and the parton density functions

\

DELFHI

Ewr. Phys. J. 47 (2008) 309
[, = 2404 4 173 MaV

OPAL
Eur. Phys. J. 5 47 (2006) 300
[, = 1996 + 740 MaV

L3
Eur. Phys. J. © 47 (2008) 300
I, = 2180+ 142 MaV

ALEPH
Eur, Phys. J. G 47 {2008) 309
I, = 2140+ 108 MV

Combination
Prys. Rep. 532 (2013) 119

DO
Phys.
[, =2028+ 72 MV

CDF

Phwe. Rev. Lett, 100 (2008 071807

[y =2032 2 F2 Ma¥

ATLAS
Thig wiork
[, = 2202 + 47 MeV

Overview of I',,, measurements

5. Rev. Lett. 103 (2005) 231802

I, = 2195 + B3 MeV :
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Lepton universality in W decays

Exploits clean W bosons from top-pair
decays

Higher precision than current world
average

RIS = 0.9995 4+ 0.0045

This adds to a previous result with taus,
solving a decade old puzzle from LEP

arxiv:2403.0213:

[ L ot
ATLAS §
LEP2 -—
e'e —»WW, Vs=183-207 GeV i
ATLAS N PO
pp—W, Vs=7 TeV, 4.6 b’
LHCb : " :
pp—W, Vs=8 TeV, 2 fb"
CMS -
pp—tt, Vs=13 TeV, 36 fb” :
PDG average '—"'—'
ATLAS (this result) i
Fp—}lf, #E=1I3 TeV, 140 i;b'1 | i |
092 094 096 098 1 102
B(W—uv)/B(W—ev)
R L L T T T
ATLAS —a— LEP (Phys.Rept. 532 119)

js=13 TeV, 139 b’
=

ATLAS - this result

Statistical Uncertainty

[ Systematic Uncertainty
—e— Total Uncertainty

L1

0098

Nature Phys. 17 (2021) 813

7400 104 106 108 1.1
Rit/p)=B(W—-1v)/B(W—npv) !



Z boson and top quark couplings

Measurements of ttbar + Z provide
important test of top-Z couplings, which
are not well constrained

Measured oz = 0.86 £ 0.04 (stat.) £0.04 (syst.) pb

Prediction o4z = 0.86310 0 (scale) + 0.028 (PDF & ay) pb

A factor of two improvement in
systematic uncertainties

2 [fo x GeV'

Prediction
Data

dp

0.09 f— e Data =
- {s=13 TeV, 140 fb ---MG5_aMC@NLO+Pythia 8
0.08 - -Sherpa 2.2.1 (incl.) —
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0.07 - e Stat. uncertainty =
0.06;— 'FL' B Total uncertainty _;
0.05F —*'!_ =
= .. -
0041 ¥ -
00=| g
0.027e % =
- Ll =
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ATLAS-CONF-2024-009

Magnetic monopoles in ultraperipheral lead collisions

Pb*

Fb

New data from 2023! New triggers, new methodology

Achieve up to x8 improvement at masses below 120 GeV

‘E T T | TTTT1 | T TTT I TTTT | T T TT1 | TTTT1 | ' TTT
a 107 ATLAS Preliminary —»— Data, 0.262 nb”’ g_
[l Background =

% 10° Pb+Pb \sy,, =536 TeV Bkg. uncertainty -

3 — Signal, m = 100 GeV 3 = Q_\T =
10° CR1! VR SR §| ATLAS Preliminary =
- i i : 5 L Pb+Pb |5, = 5.36 TeV, 0.262 nb” ‘\\ -

i | E [ FPA Model i

10° 10Eq 1=1g, E

10° - .

10 1 =

1 - Expected 95% CL limit \\ 3

. B I Expected 95% €L limit =10 . ]

E} 19 | Expected 95% CL limit =20 n
m 1'1 —— —— - FPAModel @ [ay, = 5.36 TeV

— . 10—1__ —— —— - FPAModsl @ o, =5.02 TeV —

o= DE-?I - MoEDAL cbserved (85% CL limit, =, = 5.02 TeV) 3

m - 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |_

c
08 g7 67508 08505 0. 95 1 20 40 60 80 100 120 140 160

Transverse thrust Monopole mass [GeV] 12



Breaking Electroweak symmetry

Vector boson polarisation

Extended Higgs sector Higgs self-coupling

13



Di-higgs production

arXiv:2406.0997 1

g 0000000000000

£ 0000000000000 ~

Best expected sensitivity on HH
cross section, self-coupling, K

pr = 05705 (stat.) Ty g (syst.)

A U

bbil + Eiss
Multilepton
bbbb

bbyy

ATLAS o St 5%
Vs =13 TeV, 126—140 fb-" (Hpr =0 hypothesis)
oomi-mon I3 P
_____________ Obs. Exp.
- 10 14
- 17 11
- 5.3 8.1
4.0 5.0
5.9 33
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15 20
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arxiv:2407.10904

Precision Higgs - ttH to bb

| T T T T g “000000000000) > t
ATLAS I Total Unc. = Syst. only Stat. only SM + Theory
v's = 13TeV, 140fb~", my=125.09Gev Total ( Stat. Syst.) b
pii€[0,60) GeV |- e——— 125 106 Tosi o4 ] L <
Pt e [60, 120) GeV |- Fo——— 0.77 0% o4 0% . b
pH e[120,200) GeV |- P— 0.88 045 033 - 028 1 g < i
Pt € [200, 300) GeV |- F— 0.77 0% ‘035 . ood -
i + 0.55 +0.44 +0.33
pH €[300,450) GeV | He=e=—=— 027 “osa ‘o042 -o33 7 T -
_ otal uncertainty reduced by
PrEfeso, o) Gev I P 08 lus e ‘os factor of ~2, 4.6 0 observed
Inclusive - el 0.81 5% on o015 7
l | | | | |
0 1 2 3 4 5 6
O/ oM
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Standard Model Production
Cross Section Measurements

Dynamics and symmetries

10* E
- SUSY
10° E -S_m-':r‘.nr.r'.'r_fztr}-- |
- connecting fermions
2 I and bosons
10 E- Strang to 2.45 TeV,
i 732 g EW to 1 Tev
10! ' 225 Extra dimensions,
|- : | K : gravitons, quantum
1 WAL oL black holes
=]
-1
10 Extra dimensions mass
t0 5.9 TV
10~2
10-3 Dark matter Additional leptons

Seesaw mechanism and
small neutrino couplings

Higgs to
invisible to less
than 11%

Compositeness

are the three
generations just
smaller constituents

q*to 6.7 TeV

Typelll s
Charged-lepton leptons t
flavour violation
What forbids it Vector-like leptons and
quarks

Leptoquarks

A symmetry connecting
the lepton/quark sectors
Scalar leptoquarks : .
to 1.2 TeV : Hidden secto
iong lived pe

Dark photon lifetimes
to 1000mm

e-muBR < 107

Why does QCD
preserve CP

BR to 105

nspired from ATLAS
—xotics, SUSY,
xtended Higos
OhysSiCs reports




HoBocTh akcnepmmeHTta CMS Ha BAK




fit the middie of our journey

Large Hadron Collider (LHC) HL-LHC

7 TeV 8 TeV 13 TeV 13.6 TeV 14 TeV

- [ e [ Lo s s e Lo v [z e s | e L e 2o

HL: High-Luminosity Y We are here
LS: Long Shutdown

@ First phase of LHC program to be completed soon

@ Aiming at >300 fb-' (Run2+Run3) by the end of 2025

@® Working on upgrading the detector for the High-Luminosity phase

@ The target is 3000 b1 by 2041

@ Meanwhile, we are pushing the detector beyond its limits

@® Recording up to 63 simultaneous collisions/event (2.5x CMS design, 45% of HL-LHC)

@ Collecting data @7 kHz (70% of HL-LHC, 7x Run2 normal operations) @
/
, 7



CMS at the Encrqy fronticr

: cms-PAS-HIG-24-002 (e
© New search for high-mass e —— 2 G

CMS Preliminary 138 b (13 TeY) CMS pPrefiminary 138" ('3TeV)I
SCQ'QrS X—>Z7Z - 4¢ 3'03? ' " .ggX(200) — VBF X(200) "éw‘ L gOX(00) -+ 99 X(800) ' g9 X3000) 3

=4 f , ----0g X(800) — VBF X(800) - = e VBF X(200) = VBF X(800) VBF X(3000)
.\9102% Dg‘x&a?:;) -:‘I‘B‘EZX(&JOO)11 10° |:|sm;q125) Claazz B Go77 4
oia ol - € Moz  WVEZ P sl i i
&8 ® Enhanced sensitivity, givenby | s mow  mox () R T2 ;

2D approach: invariant mass vs
1

matrix element discriminant D’ a

5
g« ® Addressing claims for a new L
boson in 650 680 GeV (based —TT I
on ATLAS dOfQ) V\[ & g? 3 ' T T Tioatng. NWA
_____ N s [ e
= £l =SS b
® No excess observed in iR e —— | '
650-680 GeV range 2 fiehea S
§
% ©® Small excess ot 138 GeV, with Sea e L e T
My (GeV)

1.9 O significance after look-
elsewhere effect




CMs to

robe Quantum Entanglement”

TN - Cms-TOP-23-001
@ ifis also a laboratory for quantum =7E T preres
3 @ o, entanglement studies ot the highest energy P A R D | - ERPRESE |
ot Vi ottt e et ‘ £ o mitD <400 GeV || ]
” ever tested RN Fatod i §71 aup<os | z
.'ln :ﬁ:::@sm
. - . Entanglement boundar >
@® Can test SMin different scenarios than o Dws wmppy . <0G

o Data extr. with PH+P84r,

Doy, = -0.467:35%8 |\

Dops. = =0.480°0025

traditional search program

I3 ‘
- : ; Sensitive to toponium
© I:‘r:tg entanglement via spin correlation 0491 et - doactiion af fhraahaid
2 Observed B
% Observed stat. \ /

048008 ——e—

@ At production threshold in 7 — bf'vbty B

-0.60 -0.55 050 -045 040 -035 -0.30

events (phase space dominated by time= i
like events)

0.8 0.7 0.6

CMs-PAS-TOP-23-007
@ Aft high mt+ with 17 — bZvbgg events, o CMS e 138 f0" (13 TeV)
(phase space dominated by space-like 3 G A
: ... Powheg+H7
events) | osb . MG5:PB *
o MINNLO+P8
3 . | . |
@ Both analyses establish entanglement in A ——
agreement with SM predictions I °-5F
- M.' 6.1(5.5)0 4.0(3.6)0
=l o ' 0.3 | Separable states }
@ More details in Didar Dobur's talk on m(t}) > 800 GeV m(t}) > 1000 GeV ‘
ﬂe_dﬂe_s_dg Icos(8)! < 0.4 Icos(6)l < 0.4 _ }
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Yasmine Amhis
On behalf of the LHCDb collaboration

ICHEP 2024, Prague



LHCb hlg h |IghtS Yasmine Ambhis ICHEP 2024, Prague

Understanding QCD New!

The muonic Dalitz decays of the x,1(1P), Xu2(1P), Xp1(2P), and x,2(2P) mesons to the Y(1S) state
are observed and used to measure the masses of these states.

o 5:51['}6 LA LA I R B B R | L B B — 140 - - — 40 . . . . . . :
?5;45; LHCb Preliminary ¢ au O LHCb Preliminary | 2t |L data LHCb Preliminary
— F - 18] = pép- - o B = oo (1) T{18 "
K m -k =0 m @) OB T R Povrration ot
E 3.5;— ¥ L LTE&L:J K g 100} - : E 3']: ——— It.-rﬁgwuml
_':d aE testal g - . %_5 25:_ _:
ERYS = s |-{ g =R :
S E T ' . = 20 -
s | S e it v | ;
15[ 15p | E
i A or JJJJ s ] 10} | t E
':"5;_-.-_.4-# - v 20 1. - sE Jy ﬁ
v ‘.Il | IIU' . ]II o 12 ﬂ- s o mdd ; _; - L P ] G;JlIﬁllll‘ll.lllll.lflildl .-&LLH: = ‘.llll‘.l‘“H‘ltll‘ll‘l
iyt - [C,p‘l.e}n'cz] 0.6 0.8 10 10.2 104 10.6 Q.85 99 Q.05
Mr(1S)t [GeV/e?] (1St [Gevy/e?]
Previous e*e- experiments relied on the photon energy of the Y(2S) and Y(3S) Mo ap = 9892504 0.26 + 0.10 £ 0.10 MeV/c?
Xb1 = . . - - :
Myop) = 9911924 0.29 +£0.11 £0.10 MeV/c?
The results are competitive - world best for x,1(1P) - My, @) = 10253.97 +0.75 % 0.22 + 0.09 MeV/c?,
and in agreement with the world averages. Myar) = 10269.67 % 0.67 4 0.22 £ 0.09 MeV/c,
ﬁmxbﬂp] = 19.4 +0.4 ME‘#‘::"IC: .
LHCb-PAPER-2024-025 in preparation Sy (ap) = 15.7 £ 1.0MeV/e?,




Probing the Standard Model via the measurement

of the effective leptonic weak mixiﬂng angle

\

App is compared with predictions to NLO in strong and EW couplings to derive:

@ LO
Zz

L
9*
x a + cos? @ + A cos % 9 )

L A App

Eullnj.1'|||-1'|||r1|lrr T
= [ LHCh 5.3 fb', Preliminary
i —  sin® @y =0.228 —_— ]
0.08 |- — ain? il =0.235 E— ]
3 —  Fit result —
006 L + D - — |
o4 I T
I —+—
002 I B
O e e e e e "
0.00 0.25 0.50 0.75 1.00 1.25 150 L.75 200 2.25 2.50
14 o

sin? ﬂgf = 0.23152 = 0.00044 + 0.00005 =+ 0.00022

P

New!

Total wmoenainny

Sigtistical unceriain iy

SLI, AI
PRL &6 (2001) 1162
LEP combination, Pl::'
Phys. Rept 427 (2006) 257

ATLAS T TeV

JHEP 09 {2015} 049
LHCh T amd & TeV

JHEP 11 {2015) 190
Tevatrom combination

PRD 97 (20018]) 1120407
CM35 8 TeV

EFIC T8 (2018 701
©Z | ATLAS 8 TeV preliminary

ATLAS-CONF-2018-037
CMS 13 TeV preliminary

1% P AG. AP0

LHCE 13 TeV

I'his analvsis

:m h‘mﬂaﬂ ”‘I L. Haller st al)

g -
= EPIC 78 (M018) GT5
Z | Electroweak Fit (. de Blaset af) |
-E :E PRD 106 (2022) 0330
Ea
| |
0,228 0.23 0.232

sin* @,

LHCb-PAPER-2024-028 in preparation



Angular analysis of B — K*e™e o

LHCb-PAPER-2024-022 in preparation

4D unbinned weighted fit to the mass and angular distributions g 1O — ——
e pzrze - RNV
S 5w s
— L IEE ] L L | L %
L N = I W PV ] . I
%“}HJFJ( } 5 +1L éi;‘t..*....,ff.l.ﬁ”‘ = -\br 5 g 0.0 2Z 7 T E
e E 0, b
g o S Moty e 05 i
E i x *’*mm HH#JF
= 05000 '5‘565':::':511?5" 5600 L Ry 0E T p, P, Ps P, Py Py Py
m(K*n"ete”) [MeV /e o8 bx (1) _ ple)
— [T T T T T T T T T T T —_ T — L e
S [ LHCh9fp~! E LHCh 97 Qi =F;" - P
= 100- = ‘“} g
Pl i ‘% ﬁi ?h Hi 04 09 T
&3] Wi ;];.{.'F% '521:" ++ %’ 02
; b 5 255
[ ﬁ%-bw%iﬂ ++ - = Fom s oo iaameASmmARRRE==eaSmmAmaesssseeaARREEREEE g 1 T
TR 1 2 L —'2 T 2 £ 00+
cos iy ¢ [radd] o !
: _ _ -02 -
Allows the extraction of the angular observable in the central g2 region |
~04 +

Or. @1 Qi 05 02 Qs Qs O
Most precise determination of angular observables and no sign of lepton flavour violating effects are observed

N N



In the last years LHCb opened a new area of physics with heavy ions and fixed targets
24

10

ELHCb preliminary | 1.2x 10}

Clean identification of He !

2MeV/ic?

per

s
o
o~
£
-

v iyt v v lete
2980 3000 3020 30440 60
m(*He m [MeV/ic?)

Observation of antihypertritons
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| New!

Connecting with Dark Matter

Observation of antihelium in Cosmic Rays could be a signature of physics beyond the standard model
Interesting scenario where anti-A, are produced in Dark Matter scenario annihilation.

e = 20000 LA L L I R I R B
Ft ’H;, Lﬁi] ﬁ H LHCH preliminary ]
W b Data 5.5 ] %
= Total model - —
§|5ﬂm — rf:l—' 1;“;.1{3'1.1' . o
/ﬂ P § B A AR TR —
= 10000 BN Partially reconstrucied = o
rh i""—-_--’r E Corbanalorial 1 O
M S - ] 5
b2 ySopn S000 L Normalisation - c
;{ 2 1 . N | P | . P LD
1 f $00  se00 Ss00 6000 6200 6400 =
. . . . . . il p KA a ) [MeV] ,:'r
Four exclusive and inclusive final states are investigated S o
=] [ I 1 I ol
- | L L B LR L | _E o LHCh 55 ! limits a0 906 CL E!I'_'
g 10 s LHChb preliminary - ‘E‘:" 10-5 b == WL} wae _ L]
v L + Data 5.5.“1" . — WL CHerwig + BviGen™ e e s o
E. 8 - E ¢ ﬁm"%':;fld:f:mﬂ on - g: e Phin & testom (d ) ey E
_ 1 p — “Hepp simulation S = -7 —
8 [ ! [0 Background estimate 10 —— ;
5 of =L : — T 5
= " i [ Tegion ] o I
E 4 L E i “:i_g - '_'_' uuuuuuuuuuuuuuuuuuuuu P -
o 4r | B
T A ; P
B 5 i preliminary
ol ' ' STt | I 1 |
3400 3500 3600 5700 SE00 S900 o P 0 ey — 0 Y1 0 3
m(*Hepp) [MeV] A, — "Hepp A, — "HeppX A, — "HepX A — "HeX

(extrapolation)

These are the first results on (anti)helium production in (anti) Ab decays.
10
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Advances in
(experimental) hadron physics

Xiao-Rui Lyu

(xiaorui(@ucas.ac.cn)

University of Chinese Academy Sciences

: 4a~e.-.|NTERNﬁT|DNnL CONFERENCE

B ;Zl'v.tq‘ ‘“? s DN
i g“ HIGH ENERGY PHYSICS
40384 iy SpDg .
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Different types of hadrons
T1nbl
to be explored

AAPOHOB
Baryons are red-blue- .

Mesons are color-
green triplets anticolor pairs

A=usd n=ud
Other possible combinations of quarks and gluons : exofic states!!!

Pentaquark H di-Baryon Glueball

S=+1 .. Tightly bound . Color-singlet multi- ¢,
Baryon 6 quark state gluon bound state
Tetraquark Molecule q§ -gluon hybrid
Tightly bound loosely bound mesons
diquark & esan:
anti-diquark antimeson

“molecule”

(iao-Rui LYU ICHEP2024, Prague



Light hadron spectroscopy

o
Quarkonia ;
Hybrids '—'\—.
Glueballs é
Multi- Q—.+Q—.
quarks T

BESIII, LHCDb, Belle (l1) ...

Xiao-Rui LYU

h
J/¥. D,B, ... | h;
\X fin—l
\\\ hon
) N\
q48)
88)
D =2 GlueX, Compass, ...
q q > hbeam p h
Vbeam h.z
X h':'n,—l
hn
htarget hrecoil

ICHEP2024, Prague
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OtkpbiTHe tatoboaa X(2370) Ha BESIII
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P e3 A bTO Tbl U 3/\/\6 p e H A l‘;I - X(2370) observed in the gluon-rich J/{ radiative decays |

* JPC determined to be 0+
« Mass and production rate consistent with LQCD _ Consistent with
+ Decay modes X(2370) - 0~ glueball
n'nr, KK KK, KIKIn?, nn®n®, aJ(980)n°® observed,
in analog to n, |

SIT A glueball-like state X(2370)

X(2370) firstly seen in J /Y —» yrntn™n'

2 500:— (b) ~adi1ativ ~
> S00p J /Y radiative decays are
S 400f 1 i 0Cess
q 400 gluon-rich processes
S 300f
Ny J PC — O-+
= T T _l _l T 180F E—
'op §72 J/ydyn' 10k (a) o R
o= S i ol
14 16 1.8 20 22 24 26 28 o 140 H -:"““'““"- 3
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5 100F X(1825) E 8 100!
< gof }ﬂ e [ ==
. . ‘E “ %’ 60.—
« Partial wave analysis / /Y - yKsKsn' | }‘hmf Eb !
in 10B J /1y decays 2F it il i
Vv, = = 2 22 24 26 28 3 098 1 1.02 1.04 1.06 1.08 1.1
* X(2370) — KsKsn' significance larger My, (GeV/c) M (GeV/c)
e« of T T
* mass 2395 + 1175, MeV/c sso [Ty f it
: +124 2 300 Sl bt |
* width 188f%§_33 MeV {5k | Tyt ;
. . . . - T 200F 3
* spin-parity is determined to be 0~ - §150_,{ 3
+ candidate for lightest pseudoscalar e, | N {L
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Observations of fully charmed tetraquark
state X(6600) [cccc]

CMS, PRL 132, 111901 (2024)
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SCRBAPKOB 125 ond OMS both onfirm the X(6900) state in J /4] /9 final states |

* CMS observe a new structure X(6600) and find an evidence of the X(7100)
i« LHCb, ATLAS and CMS all see a broad enhancement at the low mass region
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Summary

* Two years of exciting period of finding new hadrons (mainly) from

AKAIOYEHMNE BESIIII and LHCb, among which most of them are candidates of
exotic hadrons

AEeEHd p HOIO * Light hadrons: high statistics data is crucial to identify exotic feature of
different known states and find new particles

OKAGQAQ MO — a glueball-like state X(2370)
AA p OHOAM — emerging strangenium(-like) states
Xiao-RuiiYU — distorted lineshape at thresholds of pp, NK and An
. * Heavy hadrons:
(Chmal)

— Dbetter understanding of the X(3872) via 1ts radiative decays
— &8 new neutral charmonium(-like) states: [cc] or [ccqq]

— 7 new tetraquark states: [ccus]; [cSud]; [csud]

— 1 new pentaquark state with strangeness: [ccuds]

— 2 new (). states and 2 new =}, states

More results based on higher statistics data can be expected regarding to the
upcoming 3xL upgraded BEPCII-U, ongoing LHC RUN3 and Belle II.

Xiao-Rui LYU ICHEP2024, Prague 27



HoBble pe3yabTaTbl ALICE
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HOBbIE M3MEPEHUI MHOXECTBEHHOCTM YACTULI
Multiplicity of charged particles in Pb-Pb  RUN3

., Evolution with energy 1»_Evolution with centrality
= I T 171 | I T 171 | T 171 | L -~ | T T T T II70T] T T T —
O L - & : M nentral ] = - .
;:E ALICE Preliminary 0-5% :@ P‘-E 19 ® ALICE Preliminary '{\'jm =538 TeV) EE - ﬂLIGE Pmllmmaw O .
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- —05 0 05 1 10 107 10° 10* 0 100 200 300 400
] 5 (GeV) (N

* Multiplicity measured using charged tracks at mid-rapidity
* Energy dependence in line with expectation from lower energies
* Results in agreement with other experiments

Abhi Modak 18/07/24, 09:55 4
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HOBbIE M3MEPEHMA MOTOKOB YOCTUL],
Studying flow with nuclei and hypernuclei RUN3

Nuclei flow Hypernuclei flow
p—— u|35_| I T T I T T T T I T T T T [ T T T T E 1.2 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
o - m - ALICE Preliminary, Pb—Pb, s, = 5.36 TeV |
E 0.31:':— ALICE Preliminary g 1— 0-20% FTOC Centrallty 4
-~ Pb-Pb, |5, = 5.36 TeV L[] %H ]
025 0.209% FTOC centrality [ e | 0.8 = -
0.20 - [ °He :
E 0.6 .
0.15F [
- 0.4F -
0.10F [
0.05— e | e <08 L ‘ - i
IP Glasma + MUSIC I —— -
Reaction plane 0.00F + UrGMD = Coalescence o == ]
0 055_ Blast-wave L ]
) i é PR R I | 3| TR l4|I [ é R T 6| Lo i T!' P B B B _0'2 2 3 4 5 B ? E
p. (GeVic) P, (GeV/c)

* vo of anti-3He in Run 3 Pb-Pb collisions more differential both in pt and centrality, more precise
than Run 2

* Hypertriton flow has been measured for the first time
* Hypernuclei flow compatible with 3He, yet large uncertainties

Luca Barioglio 20/07/24, 17:53
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Q™ AND Q7

NG 2 346 (1058
PR 97 1188 (1855
PRL 13 670 {1964)
PL 26B 474 (1968)

PR 168 1508 (1968)
PL 26 323 [1966)
PL 20E 252 (196)
NP BE1 102 (1973)
MP BS8 137 (1975)

NP B142 205 (1978)
PL 788 242 (1978)
PRL 54 626 {1985)

ALICE preliminary (2024)
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high-precision measurement of Q~and Q" mass

3x more precise than world average Q and Q7

(world average based on 257 counts)
Q~and Q7 used to set physical scale in lattice QCD

24-July-2024
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Thils woirk -

Gérardin et al.>

Davias at al ™

Giusti et al.>* -

Blurm st al'? |

Borsanyi et al™

Davier at al.® -

Keshavarzi et al*® F

Colangelo et al.®, |

Hofarichter at al.®

" R. S.chotter '

Borsanyi, Fodor, Guenther, et al.
Nature 583, 51-55 (2021)

Hadrans

== Liitice »—8— R-ratic
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&
-
—0—
o i
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g\ DM [ 1010

muon g-2, 4o discrepancy between

theory and experiment

might be due to hadron vacuum

polarization (HVP)
calculate HVP in lattice QCD 23



ULTRA-CENTRAL COLLISIONS: SPEED OF SOUND? .

ALICE-PUBLIC-2024-002

(pr) vs dN/dn
different centrality selectors
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|dea: ultra-central events increase entropy at
constant volume = measure speed of sound

= dIn{p, .
= (Pe) ‘ 0. Vazquez ;

* dln Ny,
First explored by CMS: Rep. Prog. Phys. 87 (2024) 077801
ATLAS: ATLAS-CONF-2023-061

24-July-2024

F Gardim et al, FLE 803, 135748 i
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N3mepeHna cKopocTh 38yka B KITTT
Accessing the speed of sound in the QGP

Ny | =

1% Centrality 0.001%
2 sdT d l"(pT>
Ce = — =
' Tds . dIn(Ne/dn)
eff

F. G. Gardim et. al, Nature Phys. 16 (2020) 6, 615-619
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700F
. 2| 2 600}
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670F

66—

o ALICE
our prediction

|
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0.1%
- 0.01%
F-==0.001%

25000

30000
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5000

* For most central collisions: fluctuations in the average momentum and multiplicity are related
to the speed of sound in the medium

* Accessible experimentally in ultracentral collisions

Nicold Jacazio (Bologna University and INFM)
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CMS 2401.06896
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3 aHHoTaumm CMS cTtatem (arXiv:2401.06896)

APEAITUBUCTCKMX COYAQPEHMIX TIXKEABIX MOHOB BO3HMKAET CUMABHO B3AMMOAEMCTBYIOLLIEE
AHWME TOPAYEN U MAOTHOM KBAPK-TAKDOHHOM MATEPUM, MOKA3bIBAOLLLEE 3HAYUTEABHYIO
ACUMMETPUIO MOTOKOB SHEPTUM C MUHUMAABHOM AMCCUMALMEN DHEPIMM 30 CYET BA3KOCTM.
[TooABMXKEHME K BOAEE TAYOOKOMY MOHUMAHUIO BHYTPEHHEM NMPUPOALI M QOYHAQMEHTAAbHbIX
creneHem CBOOOAbI 3TOFO0 COCTOAHMI ODECNEYEHO NyTEM OMPEAEAEHMI CKOPOCTM 3BYKQ B
BoAbLLOM 0Obeme KITl, 0BPA3YIOLLLEMCH B COYAQPEHUIX PEAITUBUCTCKMX 9aep POPb npu aHeprm
5.02T3B/HYKA.

M3MmepeHME BbIMOAHEHO NMPU MCCAEAOBAHMM 3CBUCUMOCTM OT MHOXXECTBEHHOCTU CPEAHETO
MMIMYAbCQO BbIAETAKOLLIMX YHOCTULL. [TOKA3AHO, 4TO CKOPOCTb 3BYKA B CPEAE MPUMEPHO
COCTOBAAET MOAOBMHY CKOPOCTM CBETA. BEAMYMHA KBAAPATA CKOPOCTM B ECTECTBEHHbIX € AMHMLLAX
coctasagfeT 0,241 £ 0,002 (crar.) £ 0,016 (cucrt.).

KTMBHAS TEMMEPATYPA CPEAbI, ONMPEAEAIEMAS MO CPEAHEMY MOMNEPEYHOMY MMMYAbCY
YACTAL, COCTABUAQ 216 + 8 M3B (cumcT.). NoAy4EHHAS BEAMYMHA CKOPOCTH 3BYKA MPU TOKOM
TemMnepatype XOpoLLO COFAQCYETCH C COOTBETCTBYIOLLMMM pacHeTamm KXA HO peLLeTKaX.
[IgAY4EHHbIE PE3YABTATHI AQIOT HOMOOAEE CTPOroE€ OrPAHMYEHME HA YPABHEHME COCTOIHMS
CP3AABAEMOMN CPEAbLI U MPIAMOE CBUAETEABCTBO TOTO, YTO B HEM AOCTUTAETCSH COCTOSIHME ADA3bI
AHOTO KXA AeKOHdOAMHMEHTA. (arXiv:2401.06896)



CMS PbPb (0.607 nb™') 5.02 TeV

0.35[ l
I noninteracting limit ]
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015} Lattice Quantum Chromodynamics —
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Figure 4: The speed of sound, c2, as a function of the effective temperature, T, with the CMS
data point obtained from ultra-central PbPb LOHlblOn data at /s = 5.02TeV. The size of
the red box indicates systematic uncertainties of ¢ and T.g, whlle btatlStlLdl uncertainties are
smaller than the marker size. Values extracted from the TRAJECTUM simulation [19] following
the same fitting procedure as the data and from the earlier work [16] are presented as the other
colored boxes. The curve shows the prediction of ¢2 as a function of T from lattice QCD calcula-

tions [6]. The dashed line at the value of 1/3 corresponds to the upper limit for noninteracting,
massless gas (“ideal gas”) systems [42].
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3AKAKOYEHME
Mbl POCCMOTPEAU MATEPUAAbI COMOM
NPEACTABUTEABHOM KOHdoepeHunn PBS ICHEP 2024

»[|DOAOAXKAIOTCA MPELUINMOHHDBIE M3MEPEHUS
npoueccoB CM, BKAKOYOS dom3mkKy OO30HA XUITCA, C
TOM YUNCAE HO MATEPUAAAX TPETLETO ceaHCA BAK,
3 OBHAPYXXEHMSI MPUCYTCTBUI HOBOM COU3MNKM

BeaeTca MHTEHCUMBHbLIM MOMCK NpoLeccos BHe CM

® [ [O4BMANCH MHTEPECHbLIE PE3YALTATLI AAA MPOLLECCOB
KXA, coraacytomecs ¢ CM : oTKpbITME TAKOOOAC
KOK HOBOTO TMMA AAPOHOB, M3MEPEHME CKOPOCTU
3BYKQA B BblICOKOTEMMNEPATYPHOM KITI.
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