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The EPS-HEP2023 conference

@ Conference organised in Hamburg, by Universitdt Hamburg and DESY

o first EPS-HEP conference in person since 2019
© most speakers present in person, though remote participation was still possible

¢ 5 days (Mon-Fri) instead of 7 (Thu-Wed), no excursion - quite convenient (| think)

@ Conference website: https://www.eps-hep2023.eu/
< plenary sessions (incl. EPS prizes, ECFA) + 10 parallel sessions (14 topics) + posters

AN European Physical Saciety
3 Conference on High Energy Physics
2125 ugust 2023

general structure of the conference

ERS

morning

afternoon.

il EPS HEP 2021
evening

Hamburg |
. 1 21.-28.July ...and see you 2023 in Hamburg — hopefully for real!
2021 for EPS-HEP2023 at DESY and Universitat Hamburg P

2021 closing slides

2019 closing slides 2023 opening slides
@ | will present few highlights of results shown this year
© numerous interesting talks were given, so | can only show a partial selection
¢ the selection of results is absolutely biased!
CPPM
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https://www.eps-hep2023.eu/

The EPS-HEP2023 conference

List of sessions

Opening - Plenary - Closing
Posters - EPS prizes - ECFA
Astroparticle Physics and Gravitational Waves
Gravitation and Cosmology

Dark Matter

Neutrino Physics

Ultra-Relativistic Nuclear Collisions
QCD and Hadronic Physics

Top and Electroweak Physics

Flavour Physics and CP Violation

Higgs Physics

Searches for New Physics

Quantum Field and String Theory
Detector R&D and Data Handling
Accelerators for HEP

Outreach, Education and EDI
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https://indico.desy.de/event/34916/sessions/15176/#20230821
https://indico.desy.de/event/34916/sessions/15177/#all
https://indico.desy.de/event/34916/sessions/15998/#20230825
https://indico.desy.de/event/34916/sessions/15187/#20230822
https://indico.desy.de/event/34916/sessions/15179/#20230821
https://indico.desy.de/event/34916/sessions/15178/#20230824
https://indico.desy.de/event/34916/sessions/14938/#all
https://indico.desy.de/event/34916/sessions/14939/#20230823
https://indico.desy.de/event/34916/sessions/14940/#all
https://indico.desy.de/event/34916/sessions/14941/#all
https://indico.desy.de/event/34916/sessions/14942/#all
https://indico.desy.de/event/34916/sessions/14943/#all
https://indico.desy.de/event/34916/sessions/14944/#all
https://indico.desy.de/event/34916/sessions/14945/#all
https://indico.desy.de/event/34916/sessions/14946/#all
https://indico.desy.de/event/34916/sessions/14947/#all
https://indico.desy.de/event/34916/sessions/14948/#all
https://indico.desy.de/event/34916/sessions/14949/#all
https://indico.desy.de/event/34916/sessions/14950/#all
https://indico.desy.de/event/34916/sessions/14951/#all

The EPS-HEP:

Outline

0 Non-collider particle physics results
9 Heavy flavour physics

© CMS and ATLAS results

e Theory

e Astrophysics and dark matter

e Future accelerators

a Conclusion
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Neutrino physics

Neutrinos: current status
Plenary talk: J. tagoda

Current knowledge and open questions

» precise measurements test the 3-flavor paradigm ©P.Denton
sin?(612) = 0.307 + 0.013 . ———
Am32, = (7.53 £ 0.18) x 1075 eV2 02

:l: 0.022 (S=1.1) (Inverted order)

sin?(f,3) =|0.546/+ 0.021  (Normal order) 045
Am3, = i 0.034) x 1073 eV2  (Inverted order) 01
Am3, = (2.453 £/0.033) x 1073 eV2  (Normal order) )
sin?(f13) = (2.20 4 0.07) x 10~2 0.01
8, CP violating phase = 1.36J_r8€2 7|rad 0

PTEP 2022, 083C01 (2022) lT

. 923 octant, mass ordering, CP violation 2?7 932000 2005 2010 2015 2020
2 Normal ) Inverted
; m,
2§ Am;,
Am: ™
2 L %0 ]
Am§2
mi e 6
L §Am;y, , (e cp
my ;I T2K Nature 580, 339 (2020)
v, v, v, ’

Not covered by this talk: direct mass measurements, Dirac/Majorana nature of

neutrinos, origin of masses and mixing 3 £
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https://indico.desy.de/event/34916/contributions/142219/

Non-collider particle pl s Neutrino physics

Neutrinos: T2K and NOvVA

Plenary talk: J. tagoda
@ Two ongoing neutrino experiments using v,, and v,, beams from 1 decays in flight
7 -

T2K and NOvVA AN

| TK | NOvA | ~AOvn
baseline 295 km 810 km i
peak energy 600 MeV 2 GeV
CP effect 32% 22%
Matter effect 9% 29%
Near Detector multi-purpose extruded plastic

(TPC, FGD, ECAL)  cells filled with

magnetized liquid scintillator

Far Detector 50 kton Water 14 kton

Cherenkov scintillator

Along-baseline neutrino
oscillation experiment,
situated 4.6 mrad off

the NuMI beam axis

L Fermilab
PRD 106, 032004 (2022)

15
CPPM
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Non-collider particle ph s Neutrino physics

Neutrinos: comparison of T2K and NOvVA results
Plenary talk: J. tagoda

) VA
T2 K vs N O points - T2K data
histograms — predictions
7 Normal Ordering 1 e both show a weak preference for NO - ‘wnh ,?est m‘ values
5 1 « some tension in &, but remember: 3 E
o9 it s S3F 1) T2Kbest fit E
s F current results are statistically limited! - Ye E
€ osf | - if10: consistent preference for the 2094 events E
& F ] h
o 1 31/2 (-11/2) region, small preference 1sp Rt E
O o euTNO 20 w s —comct. et | for upper octant . . ":: - t+ NOwA - 4, 3
03 vows +or <o [l-sxc |« more data needed in both experiments! T bestfit, . . g
‘ f gst fit |
0.7 T T T | C 0.2 04 0.6 0.8 1 12
"I Inverted Orderin . . .  Reconstructed Energy (Ge
° « joint analysis T2K-NOVA in progress, oo e,
o8 1 results expected soon ]
£ o5 v » T2K statistical update expected soon
E ok 1
® » new analyses from both expected 2024 16 events =
0‘4712& NEUTRINO 2020: —<o0%cL - ses%cL | 4_ : - E
oaf tow [loma [Jene | o Both undergoing upgrade: * »tu ToK ¢‘}_
° H Bn ‘% o - NOVA — beam power — 900+ kW 02" 04 06 08 1 12

CP

Reconstructed Energy (GeV)

- T2K - beam power — 1.3 MW, ND280 upgrade, SK-Gd
- Goal: 30 sensitivity for CPV (T2K) and MO (NOvA)

CPPM
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Non-collider particle physics results Neutrino physics

Neutrinos: CP violation in T2K
Parallel talk: Y. Prabhu

@ Use of Jarlskog invariant to assess presence of CP-violation
© same invariant as for quark sector - EPS HEP prize awarded to Cecilia Jarlskog
@ Absence of CP violation (J=0) disfavored

Results - Jarlskog Invariant, /o p

- — 3 : : :
Jarlskog Invariant, Jop = sin ;5 cos” 63 sin 6y, cos 6, sin 63 cos 0,3 sin Scp Jarlskog Invariant, Both Hierarchies

o RN R R RN ERARE RRARE LR R

2 T2K Run I- 10, 2022 Preliminary |

« Introduced Jcp as a measurable parameter =0 o nsind) ]

to search for CP violation as it is PMNS gL — — locrdibic nerval ]

parametrization independent. s ]

« Although Jip results depend on the choice of [ - ]

using flat prior in gp/sin dgp, we still aU 1

exclude Jgp = 0 (implying CP conservation) [ } ]

at 90% credible interval. L \ : 5 ]

. Pref . P . . [ | : : ]

eference for maximal CP violation still valid R
-0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04

=5, i
J = 8407581015808

« Note: 6,5 reactor constraint is applied (sin>26,; = 0.0861 % 0.0027)

7 CPPM
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Non-collider particle pl

Muon g-2: latest experimental results

Plenary talk: G. Venanzoni

@ 6 runs of data collected by FNAL Muon g-2 experiment
< only 3 of them analysed so far

@ Run-1 result in 2021 confirmed earlier BNL deviation wrt. SM prediction (4.10)
@ Latest result on August 9th including runs 2&3 - 5.1 ¢ deviation wrt. SM predictions

Run-2/3 Result: FNAL + BNL Combination

Muon g2
a,(FNAL) = 116 592 055(24) x10-1" [203 ppb]
= Muon g-2 (FNAL) / * FNAL combination:
3
z 2 Run-6 BNL +——e—+ X
{ / 1540 ppb] 63)| 203 ppb uncertainty
@
2 15 Run-5
H o ENAL Rund 41—+ 463 ppb (50| * Both FNAL and BNL
2 FNAL Run-2/3 —0—  [215 ppb] (25) dominated by
h -
: FNAL Run-1 + Run-2/3 —8—4  [203 ppb] (24) statistical error
g 5 Run-3
Aﬂ * Analysis in progress « Combined world
+ Results expected in ~2025 -> *x2 improvement .
un-1 - " H—'m [190 ppb] (22) average dominated
W a® WO W ® ® N N AN @ P forld Average
“«f‘*“‘a«"i«*"‘wS“X«A’Q«r‘““‘ SRR W T (g by FNAL values.
175 18.0 185 19.0 195 200 205 210 215
a,%10° - 1165900
a,(Exp) = 116 592 059(22) x 10 [190 ppb]
G. Venanzoni, EPS-HEP2023, Hamburg, 22 August 2023 22

wrrwi
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Non-collider particle physics results Muon g-2

Muon g-2: SM predictions

Plenary talk: G. Venanzoni

@ Hadron Vacuum Polarisation estimates dominates SM predictions uncertainties
@ White Paper in 2020 included estimates from e*e~ — had experiments
o lattice QCD calculations not sensitive enough to be included

< ...until BMW20 was released, pretty much compatible with measurement
o also: new CMD-3 prediction from e™ e~ — had in 2023, compatible with measurement

HVP from: Keshavarzi, Nomura, Teubner: Priv. Comm.
L R E e SR Ean B EREEEEE.
LM20
BMW20 ( =0 4 not yetin WP NOT = KNT19 *n~ combination
ETM18/19 . e —_ CMD-2 (03-06)
Mainz/CLS19 inc.in . .
Exz\;ﬁ)g —e— . wp20 SND (04) INnc. In
RBCIUKQCD18 . o , — KLOE combination wp20
RBC/UKQCD 3 - BaBar (09)
g?]'j/:zmce K BESIII (15)
J17 o K - CLEO-c (17)
not used in WP20, g
DHMZ19 A H } notincluded in KNT19 §
K| .
KNT19 .- 5 i‘ o — SND2k (20) NOT inc.
AN inc.in .
Wp20 = —e—  CMD3(23
R IR PN U P L S wp2o @ In wp20
W e e 360 365 370 375 380 385 390
(a,;"-a")x10 al'" (0.6 <V5 <0.88 GeV) x 101

CPPM
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Muon g-2

Muon g-2: summary

Plenary talk: G. Venanzoni

Comparison with SM prediction (2023)

Muon g

500

+—e—+
Significance will likely decrease Fermilab 1+2+3
with an updated SM prediction (2023)

< 516 >
—_— +—o—+
SM: e+e- HVP World Average
T.I. White Paper (2023)
(2020)

New results st\eaed new results
after 2020 Since Wit Paper (2020) H

Disclaimer: prediction from
Lattice taken from Lattice 2023

SM: e+e- HVP
talk; prediction from CMD3 using only CMD-3
based on our specific data below 1 GeV
assumption

17.5 18.0 18.5 19.0 19.5 20.0 205 210
a,%10° - 1165900

* Afactor ~ x 3 data from Run4-6 with a projected twofold improvement on the
uncertainty (analysis should be completed by 2025)

Expect theory improvement on a similar timescale (https:/muon-gm2- N
theory.illinois.edu/)

* Look out for other analyses too: EDM, CPT/LV and Dark Matter searches.

CPPM
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Heavy flavour pt LHCb results

LHCb: more tetraquarks and pentaquarks

Plenary talk: M. Franco Sevilla
@ LHCb is seeing more and more baryons
< see the full list in the plenary talk!

@ Few Tetra- and Penta-quarks since the 2015 observation

e Tetraquarks and Pentaquar

3 ' j ey (b)
2 LHCb 4+ Daa H;t: (b)
“ a0k 9 fb! Total fit
i g — X(3960)
X(3960) possible & a0
EE —— Wa260) ]
2 4

new tetraquark
17 ,(3960) [céss] o}

0f

Nonresonant D;D; 3

First doubly-charged tetraquark 7% (2900)** [c5ud]
and isospin partner Tc“m(2900)" [esdi]

2210.15153
submitted to PRL.

4 46 4%
n(D;D;) [GeV]

S 180F ey pr 3 i 55@,@@@ FINE | New resonant structure with 40, 5.4c with isospin
S 160F 9 b E constraint, candidate for T;ﬁ\_](4000)" [ccds)
S 10f 7  First pentaquark with
éx l(z:f:: 3 strangeness
2
ERUS |
O 60F El

40F | PRL 131, 031901 (2023),

20F E submitted to PRL.

42 5 43 435 More details on Thursday
m(J/pA) [GeV] by G. Robertson
-

Manuel Fran Highlights from LHCb.

CPPM
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LHCb results

LHCDb: hypertriton

Plenary talk: M. Franco Sevilla — parallel talk: H. Jage

~ Hypertriton is bound state of neutron, proton, hyperon
= Implications for QCD and astrophysics (neutron stars)

~ Reconstructed in iH — 3He n~ decays

~ Exploits ionization energy in silicon trackers and drift time
= Doubly-charged 3He nuclei leave large signals

More details in talk this
afternoon by H. Jage

T T 200¢,
LHCb preliminar
» y 7 1802 LHCb-CONF-2023-002
v 160
oo 140 2 T T ;
E : nE LHCH preininary Paves way for rich
af ‘ . 1 2 _t Dmssw program in pp and
g Bye sy ;0005 o Becharomd also pPb/PbPb
3 Same-sign data
22Fpy = “ where nuclear
B * % B effects would be
5 more prevalent
, 20 gl el iate it ¢ b 2
of i : T
0 200 200 0 60 2980 3000 3020 3040 3060

600 800
2 (beam axis) [mm]

m(*He ) / MeV

Highlights from LHCb

el Franco

@ New source of 3He to explain AMS results?
o reported 3 He candidates, but no d

@ Possible implications for neutron stars

Highlights of EPS-HEP2023 - CPPM seminar Monday, October 2314 2023
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6, submitted t© Phys. Rev. Lett.

R(D®)/ R (D*) results

eavy fl

LHCb results

LHCb: measurement of & (D))

Plenary talk: M. Franco Sevilla

e R(D™) = Br(B — D™)tv;)/Br(B — D*)¢v,): lepton flavour universality probe
@ New results by LHCb, combined with earlier results = 3.36¢ tension with SM

Contribution

Uncert. [%]

R(D*) R(D%)

Simulated sample size 5 10.2
DD bkg. shape 2.8 7.3
B — D**((~ /77 )7 FFs 2.8 2.7
Signal/norm. FFs 2.5 4.8
Misidentified p bkg. 2.5 2.7
Baryonic bkg. 2.5 2.7
DD bkg. model 281 1.6
B — D*{~7 model 2.1 5.4
Total systematic 8.5 15.0
Total statistical 6.4 13.6
Total 10.7 20.2

Highlights of EPS-HEP2023 - CPPM seminar

FastSim gives a factor of 8%, which covers Run 2 stats
Hopefully will scale with data beyond Run 2, but it will require
faster FastSim, faster hardware progress, or more restrictive
generator cuts Er T T T
£ —8a8ar, PRL 109, 101802 (2012) —Bell, PRD 92, 072014 (2015)
E Do, AL 118, 211601 (3017) —Licw, PRD 108, 012018 (2029) ]
Bell, PRL 124, 161803 (2020)

~LHC, 200202886 (2022)

—Balle I, Lopion Photon (2023)
—SM prodictons (HFLAV aver) —HFLAV average Summer 2023 —

Primarily
data driven 04

May be able to 03
reduce but on a
case-by-case basis

| 05

First
asurement of
D) at LHCb

o[
°
°
z

Expect to reduce uncertainties with

larger data samples, probably with a
0.5-3% systematics floor

Highlights from LHCb

CPPM
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Belle-1l results

Belle-1l: measurement of & (X)
Plenary talk: A. Glazov — parallel talk: T. Koga

o R(X™) = Br(B— Xtvz)/Br(B — Xtv,) is an alternative probe
@ First measurement at a B factory

Measurement of R(X)

Belle 11 Preliminary

See also presentation at EPS

Belle 1 Preliminary Jedi=189 b

Mi <t W<l M €(1.23)[ M2 €341 M3 €@.6) | W Xir— il

20 ="
< == « Background [ € 20 = 4 Background
516 == Continuum | 8 == i Continuum
5 MC tot. unc. 5 MC tot. unc.
g 12 + Data 816 20 + Data
2 M €63 Ve >8 | 8 35 M €G] M >
5 2 5
g g g ’.rrl‘i 3 12
@ @ m
k) ?®
] 4 ]

04 04 04 .

I E tE‘“— o ==
s 2‘8 S 2. o o
36 3 0 = g
§20k g ~esgon
& g < S88R]%8Q%

P! (GeVie] PACSE

Complex analysis, requiring multiple corrections/reweighting to simulated samples
Excellent agreement between electron and muon channel measurements:
R(X7/e) = 0.232£0.020 (stat) + 0.037 (syst) Systematics is largely from data-driven
(X, /) = 0.222 4 0.027 (stat) # 0.050 (syst) corrections in control regions
Combined result
R(X) = 0.228 £ 0.016(stat) + 0.036 (syst)
is consistent with SM 0.223+0.006, but also with measurements of R(D()

CPPM
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https://indico.desy.de/event/34916/contributions/149769/
https://indico.desy.de/event/34916/contributions/146854/

Belle-1l results

Belle-ll: evidence for BT — KTvv and tension with SM
Plenary talk: A. Glazov
@ BT — KTvV not yet observed

@ New result released, combining two channels

¢ evidence with 3.6 . o .
¢ tension with SM at 2.8 level u > u u > u

Combination and comparison W|th other measurements
15.0 age Prlvetely ’produ‘c.ec‘iv c‘omparlson
sl [roaeean = T =

—— Inclusive
10.0 |- = Combination

~2log(L/Linax)
~

(429 ", Had

) 2 1 6 8 0 2 1 6 8 10
1=B/Bg,, 10° x Br(B*—K * vir)
e Inclusive and hadronic measurements are combined, taking into account common correlated
uncertainties. The resulting branching fraction is
B ,mp(B* —K" W) = (2.4 £0.7) x 107° =[2.4 + 0.5(stat)"*®_  (syst)]x10~®
significance of observation is 3.60 the result is within 2.8¢'vs standard model
e Some tensions between inclusive and semileptonic results for Belle and BaBar, however
overall compatibility of the results is good with x?/dof = 4.3/4 .

*Belle regcrts upper limits Dn|¥' branchinﬁ fractions are estimated usmi Eub\ished number of events and efﬂc\’encx

“f /
00 -
(

CPPM
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CMS long-lived particles in Run-3

Example of BSM search with LHC Run 3 data

Plenary talk (CMS highlights): F. Canelli
@ Search for long-lived particles with CMS using run 3 data
@ Improvements in trigger strategy wrt. run 2
< better results in part of the parameter space, even with less data

New Z

first search for new physics: inclusive search for long-lived exotic particles decaying to a pair of muons
Using 36.7 fb'! of data taken in 2022, selecting muons originating from a common secondary vertex spatially separated
from the primary interaction point by distances ranging from several hundred um to several meters

B, pale (GeV] )
Trigger coverage
3671 (136TeV)
Run 2 (2016) < 10° ISRAMEASEAABassaasass AL e $ VS pror o 95% CLupper imits: |
< i pper it
5 FeMS prm $oe T Ty 0 | CMS preliminary el 1
Run 2 (2018) — (125 GoV)-+Gi. cr=22mm)x4 m(H) = e\ - - Combined exp. (median)
« % 10' & TMS-TMS ;a;m GoV)-~G (150 GeV, = 0.4 mm) x 3 § % 10 mz,) =40 Gev - gam:m: exp. ﬁs*;"’ qumm;e; -
. < | Orell-Yan (predicted) ombined exp. (95% quantile)
Using tracker detector Y] B 0G0 grediied 1 1f B@mI=01%  _igETevons. @671
Foat ey ) 13 Tevobs, (076 )
1o 1o | Run3 20222028, L) TMS 10'F 4
N 102 b
Using muon detectors
107 1

Run 3 (2022:2023, 12)
10,10 104

L 10°F

"

0 35 a0 il il v+l il 3
min(d /o, ) 10° 102 10" 1 10 107 10° 10° 10% 1
ct [cm)

4 + + : 00590 1520
001 1 Tracker end d, fem)

Limits set for two benchmark models:
the hidden Abelian Higgs model
(HAHM), in which displaced dimuons
that could rise from dark photons, and
RPV SUSY model

Substantial improvements in efficiency as compared to the Run 2 analysis,
particularly at low masses and long lifetimes, mainly because of improved triggers
for displaced muons and analysis refinements

Run 3 is opening opportunities for explorin, sics beyond statistical improvements over Rur
CMS-PAS-EX0-23-014 pening opp: for exploring physics beyond p Run 2 "
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ATLAS Higgs run 3 result

First Higgs result with run 3 data by ATLAS

Plenary talk (Higgs): T. Masubuchi

First Run 3 Higgs Measurement ioieer

Maria’s talk
3O e ——
3 19000E 5= 136Tev, 314" —;n“-,x\\am 3
§ 12000k Hayy -+
1
& 10000F B

- Measure fiducial and
total cross section with
H->vy, H>ZZ->4l
channels at 13.6 TeV in
2022 data

- Measured total
cross-section
- 67*12 4, pb for H>vyy
- 46212 pb for H>ZZ->4l

- 58.2+8.8 pb for
combined

NEW

[ ATLAS SMo(op—H,my=12500G0y)
Y Hopy b HoZZ el al le uncertainty
E' 4 CombinedH—yy + H—4; ™ Total uncertalitytscae PoFia.)
4

H—7Z" El
V=136 Tov, 29015

Data - Bkg.

Events/2 GeV

Vs=8TeV, 20.315'
Vs =13TeV, 139 fis"
V5 =13.6 TeV, 29.0-31.4 '

0T A2 1 14
s [TeV]

= Good agreement with SM
prediction (59.9+2.6pb)

110 120 130 140 150 160
m, [GeV]

CPPM
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CMS and ATLAS results ATLAS Higgs run 3 result

First Higgs result with run 3 data by ATLAS

Plenary talk (Higgs): T. Masubuchi

H->ZZ-4u Candidate at 13.6 TeV!

2023/8/20

S

ATLAS

EXPERIMENT
Run: 437711
Event: 1155602798
2022-10-22 03:09:27 CEST 25

2
3
E
5
=
[©]
@
&8
S
&
o
w
+
@
a
i}
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T. Theveneaux-Pelzer CPPM CNRS/IN2P3 AMU Highlights of EPS-HEP2023 - CPPM seminar Monday, October 231d 2023 19/36



https://indico.desy.de/event/34916/contributions/142204/

CMS {tH(H — bb)

New ttH(H — bb) result by CMS: CMS-PAS-HIG-19-011

Parallel talk (Higgs): P. Baertschi (and comparison with ATLAS’JHEP 06 (2022) 97)

. CMS Preliminary 138 b (13 TeV) CMS Preliminary 138 fb” (13 TeV)
@ First full run-2 CMS result w I 1 w w
n ot stat syst n tot  stat syst
@ Different channels used FH| w088 D8 02 D2 0,601 rwies 023 T2 o
: stf ods L% 0 0
o 0: CMS only ot 051 w0z 160.120[| ~—a—h 006 T U G
© 1¢ boosted: ATLAS only b 025 2@ an s
. . 2016 | v 049 i 0% s |[120,2000 v 11408 U8 05
@ STXSfitin 5 bins | o oo o o
. . [200, 300[ ) 019 5g 062
< hlghest pT > 300 GeV 2018 | v 023 103 w02t w027
(ATLAS > 450 GeV) ombined | m 033 0B D7 1300, o | e .20 g 5 o
. | | " | | 1
o low pT split 0-60-120 GeV o 5 10 o 5 70
(not in ATLAS) H = Glog, i = Slog,
. ATLAS /513 TeV, 139 b, m, =125 GeV ATLAS  5=13TeV, 139 1b", m =125 GeV
@ Inclusive Xsec lower than SM SW compatiiy: 5% SM compatiiiy: 45%
—Total Stat. Tot. (Stat. Syst) ~Total —Stat. Tot.(Stat. Syst)
o p-value: 2% (ATLAS 8.5%) .. sou os0 48 4z 4z HEOIIGN e 086 R (20 )
. : e (120,200) (Gev] |  H-e <018 1 (08 07)
@ To be scrutinised: Witsboosted e 032 028 W) pepwdmiew  wpe 105 90 (ED 9
Dilepton ot 0,60 1088 (040 <056y | Ple(000450) (GeV] | vet <019 %57 (%055 07)
© ttbb model and uncerts. | i, BeUS0m G| v 010 (45 1)
© correlations accross years osivo| e 035 53 (35 58 inusve 035 $H (55 4%
-2 0 2 6 8 10 -2 0 2 4 6 8 10 12
and channels 1 - S 1y 0"
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nd ATLAS re;

ATLAS Higgs mass measurement

Updated Higgs mass measurement by ATLAS

Plenary talk (Higgs): T. Masubuchi

@ Making the best with run 2 data: updated Higgs mass measurement

@ Time-consuming efforts to reduce systematics rewarded by much improved results

Mass Measurement

Stefano’s talk

- Fundamental parameter in the SM, it determines

production and decay rates of Higgs
=>Need to measure experimentally

- H>yy has excellent mass resolution

- Extensive efforts on the photon energy calibration in Run2
- Reduce photon energy scale/resolution uncertainties

320 MeV (previous Run 2 results) & 80 MeV

Measured Higgs mass with H-yy (Run 1+2)

125.22+0.11(stat) =0.09(syst) GeV
(0.11% precision!)

Combine H>yy and H>ZZ->4l channels
(Run1+Run2)
125.110.09(stat) = 0.06(syst) GeV

(0.09% precision!)

ATLAS

Run2 /i
Run 142
Run 142

Run 2 Combined 12510 £ 0.1 (£ 0.09 £ 0.07) GeV
Run 142 Combined 12511 £ 0.1 (+ 0.09 + 0.06) GeV
S S ——— L L
123 124 125 126 127 128
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et

Run1H -

12008 Al categories E|
Z 1000 In1+ S8 weighted sum ]
E 800f 1
B goor-
4005
2005 :
020 10 40150 160
mis S NEW
S
beiTotal St [Syst. | Combination
Runts 32 7876025 b1, Run2: V3= 13TV, 101D
T sw s
F———— 126021051 (+ 043+ 0.27) GeV
v —e— 12651 2 052 (+.0.52.+ 008 GoV

Run1 i —
Run2 -

'8

. :j:H
i
|

Run 1 Combined

arXiv:2308.07216

s
arXi 08 04775 s
———— ; 2
1800E"
8‘800: ATLAS | 4 oua NEW &
- £ (s=13TeV, 140f0" ++=+ Background
£ 1400 ~—— Signal + Background

Hoyy

125,17 £0.14 (+ 0.1 £ 0.09) GeV
12499+ 019 (+ 018 + 0.04) GeV.
125224014 (+0.11 £ 0.09) GeV.
124.94 £ 0.18 (1 0.17 £ 0.03) GeV
125.38 £ 0.41 (1 0.37 £ 0.18) GeV

my [GeV]
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Excess at 95GeV

The excess around 95 GeV
Parallel talk (Higgs and BSM): T. Biekoetter

—— 0bs. 93% CL e Typell

=== exp. 95% CL Type IV
@ CMS yyexcess at 95 GeV: WP sep  ---ATLAS e
1o exp —— ATLAS obs

¢ 2.90 (local) released for Moriond 2023 =08
& ATLAS result in June 23: 1.76
© same mass as for LEP bb, CMS Tt excesses
@ 2HDM interpretation?
¢ excess may be the Ain 2HDM model
<o would work better as an additional scalar =~ S2HDM

.

nlog = h

100 105

Combination:

New exp. results in 2023: Full Run 2 di-photon searches below 125 GeV
— CMS: Significance of excess unchanged, signal strength reduced
» ATLAS: Same sensitivity, excess at the right spot, but less significance
S2HDM interpretations: hgs ~ hg as singlet-like scalar mixed with 25
— LEP bb excess v/ CMS + ATLAS 7y excess v/ CMS 7H77 excess (V)
— Predicts |c(hi25V V)| < 1, will be probed at HL-LHC and Higgs factory
— No tension with indirect constraints
— Interesting connections to other anomalies
— Dark matter and galactic-center excess [TB, M.O. Olea, 2108.10864]
— W-boson mass discrepancies [TB, S. Heinemeyer, G. Weiglein, 2204.05975]
2HDM interpretations: hgs ~ A as dominantly CP-odd scalar
— LEP bb excess v/ CMS + ATLAS ~y excess v/ CMS 7+77 excess v/
— Only LEP excess required modifications of h;25 couplings
— Light spectrum, H and H* with masses around
— Tensions with indirect constraints from flavour physics and EDMs

CPPM
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A word about SM predictions

Plenary talk: D. de Florian

LO can (almost) be done by chatGPT
E Can you write a Fortran 77 code that computes the DIS cross section at LO using .
LHAPDFs? Inclusive Higgs : an example of precision

ATLAS
NNLL:NNLO QCD-NLO EW NSLO QCD.N

QCD (8SM)

~H+X)[pb]

o(pp

from M. Grazzini

Standard Model and Higes Theory Daniel de Florian 21

@ Excesses should be apreciated with caution, if predictions not accurate enough

CPPM
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Astrophysics and dark matter Cosmology

Euclid’s first light (July 31st)

Plenary talk: J. Liske

@ Successfull launch of Euclid = for sure plenty of cosmology results to come

EARLY COMMISSIONING TEST IMAGE, VIS INSTRUMENT

e 2 AICMIN > Credit: ESA/ Euclid / Euclid Consortium / NASA

@ Moon in comparison: 31’2 arcmin CPPM
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Astrophysics and dark matter Cosmology

Hubble tension: physics beyond the SM of cosmology?
Plenary talk: J. Liske
o Different ways to measure the expansion of the universe (distance vs. redshift)

< using Cosmological Microwave Background and Baryonic Acoustic Oscillations
< using type la sypernovae, with local distance ladder measurement

@ Apparent inconsistency = ACDM model broken??

¢ red giants (TRGB) gives intermediate result
¢ gravitational waves may help in the future

faster
A HKP & cmB s 7
800 ¥ Distance Ladder [} § — Cophoias
SHOES D
X —— TRGB
775 p SHOES g + *
SHOESH! £ o o ¢ — oMmB

I T o

)
1

Vips

Hy [l

eids & CMB ( ACT+W)  TRGB

2010 015 2030 025 030
Year of Publication

I -

WMAP1 5
s e P18

- The Hubble constant Ho

Planck

The expansion rate of the Universe today

2000 2004 2008 2012 2016 2020 2024
Publication year Credit: D. Kenworthy

So, what causes the Hubble Tension? We do not know.

TRGB

— - g
64 66 68 70 2 4 76 78
Hq ——PM
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Gravitational waves

Gravitational waves detectors operation
Plenary talk: M. Haney

@ Three GW experiments are in operation (4 interferometers)
o LIGO (US), VIRGO (ltaly), KAGRA (Japan)

@ Ongoing 4th campaign of data-taking

@ Previous campaigns allowed several detections of mergers

<o need at least 3 interferometers for a good localisation of the source
o multi-messenger astronomy with GW is a reality

Updated == O1 02 == 03 == O4 05
2023-05-16
80 100 100-140 160-190 240-325
Mpc  Mpc Mpc Mpc Mpc
LIGO U
30 40-50 70-100 150-260
1 Mpc Mpc Mpc Mpc
Virgo
0.7 13 =10210 25128
Mpc Mpc Mpc Mpc Mpc
KAGRA | 11

t+ + + + + + + + + + + t t t t
G2002127-v19 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

https://observing.docs.ligo.org/plan/
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Astrophysics and dark matter Gravitational waves

Gravitational waves: visiting the stellar graveyard
Plenary talk: M. Haney
@ Graphical representation of known neutron stars and black holes

o GWs allows to estimate masses of the two merging objects, and of the resulting object
o user-friendly graphical interface to get all informations on the candidates

Masses in the Stellar Graveyard

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Neutron Stars

20
o
[}
12}
@10
=
K
[
)

o
%op
(LT
o0
©0000000000000000000000,

°
e000®
o o.-.o'...o.l-..o....oo
0.6

@ See also plenary talk on multi-messenger astronomy by F. Calore
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d dark matter Icecube

Evidence of source association by Icecube

Plenary talk: E. Resconi

@ Multi-messenger astronomy is real!
nm
First evidences for source associations

IceCube first association: TXS0506+056 - alert event (~290 TeV) and neutrino flare (2015-2016)
The IceCube Coll. and others, Sciemce 361 (2018)
The IceCube Coll., Science 361 (2018)

Major improvement in the data processing, calibration and reconstructions.

—logo(Procat)

. 1 3 5 7
E + NGC 1068
-
-0.
—logg(Procal) .67
At the NGC1068 location: i
- Astrophysical neutrino events = 79 '3 Grid 0.08%% 0.03°

- Spectral index = 3.2 £ 0.2 B
43 42 41 40 39 38
Right Ascension [deg]

Global significance 4.20

Elisa Resconi | 24.08.23

The IceCube Coll., Science 378 (2022)
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Icecube

The galactic plane seen in neutrinos by Icecube

Plenary talk: E. Resconi

The Galactic plane in neutrinos

The IceCube Coll., Science 380 (2023)

15°
0
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o
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>
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»0
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Future

Higgs factories

Higgs e" e factories: the options

Plenary talk (ECFA): J. List

@ Usefull talks in ECFA session (European Committee on Future Accelarators)

@ Two classes of options have been studied since about a decade
@ New candidates have appeared (e.g. Cool Copper Collider, C3)
@ Linear vs. circular choice to be driven by physics targets

They fall into two classes

Each have their advantages =

Circular e+e- Colliders ‘

- FCCee, GEPG

- length 250 GeV: 90...100km

- high luminosity & power efficiency at low
energies

- multiple interaction regions

- very clean: little beamstrahlung etc

\ .
Ml

Linear Colliders

The key physics at a Higgs Factory

ILC, CLIC, C3, .

length 250 GeV: 4...11...20 km

- high luminosity & power efficiency at high
energies
- longitudinally spin-polarised beam(s)

Long-term vision: re-use of tunnel for pp

collider

 technical and financial feasibility of required
magnets still a challenge

Long-term energy
+ same technology: by increasing length
+ or by replacing accelerating structures with
advanced technologies
+ RF cavities with high gradient
- plasma acceleration ?

considered
by all proposed
e+e- projects

Highlights of EPS-HEP2023 - CPPM seminar
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Higgs factories

Higgs factories: timelines
Plenary talk (ECFA): J. List

Indicative scenarios of future = proton collider " Construction/Transformation
B Electron collider

Timelines colliders [consdered by ESG] & yion caiaer Frpasen /180 G

As updated for Snowmass 5
. . S el 0kt
+  Technologically-driven e
o 2035 startphysics
=> start of physics in 2 { CepC:sonearzsocev
A = 100k tunnel |BYSTASSEY SppC: 75-125 TeV, 10-20 ab
~late 30ies °

« Apart from CERN projects
due to coupling to i
completion of (HL-)LHC

HL-LHC (14TeV, 3 ab)
)

2048 start physics

= ~ ; [ ——
programme => ~late 40ies 4 Rl — FCC hh: 100 TeV = 30 ab*
g
« ILC and CEPC require e
political decisions very holdng 25 abi 5 ab
soon to maintain timelines - R —
draWn here 2020 2030 2040 2050 2060 2070 2080 2090 s

2040 start physics

« If Higgs Factory is built (P - -/

elsewhere, CERN could go W upgrace

2045 start physics
uc:stage

for FCChh directly (~2060) - 13years P Lot
Ting = =10abt Note: Possibility of
"B akmeskm km ing P errT— 125 GV or 1 TV at Stage 1
[
2020 2030 2040 2050 2060 2070 2080

DESY. | Status of e+e- Higgs Factory Projects | Jenny List, 24 Aug 2023
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FCC: CERN circular option
Plenary talk (ECFA): M. Benedikt
@ Detailed are being refined over time
© now 8 points (A-L) instead of 12 - point A close to current LHC point 8
@ Practical details are being discussed with autorities and operators
© road access, electric network connection, etc.

GIRCULAR i inf
Pk Connections to transport infrastr

* Road accesses identified and documented for all 8 surface sites
* Four possible highway connections defined (materials transport)
* Total amount of new roads required < 4 km (at departmental road level)

Detailed road access scenarios
& highway access creation study
carried out by Cerema,
including regulatory
requirements in France

G
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FCC: options for operational sequence
Plenary talk (ECFA): M. Benedikt

@ Baseline option is to start with Z production (super-LEP style) then rise in /s
@ Alternative option: starting directly with ZH
< it could make sense to have the Higgs factory first

baseline operational sequence starting from Z  alternative operational sequence starting from ZH

- b

Integrated luminosity [ab"]

Integrated luminosity [ab™]
8

61 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Years
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LHeC and FCC-eh

DIS: LHeC and FCC-eh

Parallel talks (Higgs, Top&EW): U. Klein, D. Britzger

@ Parallel sessions talks about future eh collisions
¢ either LHeC, or FCC-eh, or both

@ Allows to probe very diverse topics with low pileup
@ Example here: | Vip| measurement with single-top

@ ...not to mention W mass, etc.
Concurrent eh and hh operation
with same running time!

Direct measurement of |V, ATLASIGHS Profmins

;;;;;;

J
j Vaud Vus Vi
V= Ve Ves Vap

Via Vio ()

Genuine Twin Collider idea holds for
LHC and FCC-hh.

—t 1072008 002

Cut-based pseudo-analysis in hadronic channel
incl. backgrounds
- Estimated precision on V,, below 1% precision
- Limits on anomalous Wtb couplings: < 0.01

FCC-eh 3
8 point FCC: point D *
%

Vud Vus Vap
V=|Vyg Ves Vg Wzs,zd|<0'04 (@FCC-eh)

Vio

3. Osborne, W, Beomiley, AN
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Conclusion

@ Very interesting conference, with so many results
@ Many things | could not include, such as

¢ sustainability for future colliders
o dark matter experiments

& can PDFs absorb new physics?
<o etc.

CPPM
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EPS-HEP2025

= Next edition of the conference organised in Marseille
< website: https://www.eps-hep2025.eu/ - trailer: https://youtu.be/HcUYKkwvgAY
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