Conference Summary and Highlights

A wealth of new results!
Soshi Asai - “Lets enjoy our physics!”

281 posters, 918 parallel talks, 40
plenary talks.
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The General Framework

Raymond Volkas

Two main outcomes of the LHC: The discovery
of the Higgs boson and nothing else (so far)!

Simplicity, governed by symmetries only 3 (EW)
and 2 (QCD) parameters!
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Not governed by symmetries and with 26 parameters
set by “hand” of experiments!

Open problems

Hierarchies
- Gauge Hierarchy and Naturalness
- Flavour hierarchy including neutrino masses

The strong CP problem
From neutron

%FA FA,LW O < 10—10 electric dipole
7T Hv moment

The existence of Dark Matter (hew field?)

The nature of Dark energy
Open questions

- What is the origin of the asymmetry between matter
and anti-matter in the universe?

- What are the properties of QCD confinement?

-  Why do electrons have precisely the same charge as
the protons?



Main Colliders - Experimental Landscape

Sergei Nagaitsev

- LHC is refining its results on a clean and well calibrated dataset of ~140 fb~! at 13 TeV the Run
3 nearly equaling the Run 2 dataset ~120 fb~! at 13.6 TeV.
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—m of considerable inherent operational risks
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upgrades leading to the High Luminosity during the third long shutdown Month in Year

now on the horizon! (See backup for more details)

Approximately x10 Luminosity delivered (in terms of results x20)



Main Colliders - Experimental Landscape

Sergei Nagaitsev

Interaction

Region Belle Il detector
e o

BT —— T - Super KEK-B and Belle Il world’s highest instantaneous luminosity

v electron ring
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positron ring
\%— Tungsten electrode
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(4.7x10° cm™s™), difficult year with a focus on understanding
Sudden Beam Losses (Belle Il is currently running with VTX off).

electron / positron
linear injector

positron damping ring

Sergei also discussed other facilities:
- RHIC AA (and future EIC, NICA)

- High intensity facilities Fermilab, JPARC, PSI, TRIUMF, CERN PS and SPS Dust
- VEPP and BEPC continuing to bring very useful data (discussed in this talk).

- DA@NE facility still brings physics potential (PADME) and progress in

accelerator R&D! Coqntermeasures to the SBIT will be imple.mented
during the 2024 summer maintenance period.



The Higgs Sector - Pillars of Higgs physics

Nicolas Berger, Matthew McCullough

The pillars of Higgs physics: Message 1 (Matthew McCullogh): It is of
utmost importance to measure the most
v precisely measured coupling (hZZ) to probe the
. Zm%/ . [This term could Higgs compositeness.
- - - N ba?')[ not exist
without a vev Unambiguous proof of the existence of
V the Higgs condensate!
f Current HL-LHC FCC (ee)
Kwz|l 6% | 15%,17%  0.4%,02 %
U | | | Most precisely known Higgs coupling tells us how
? elementary the Higgs boson is!
The Higgs could well be a pNGB as the pion!
H t t Message 2 (Matthew McCullough):
o) 3m?, 3m?, Precision in Higgs physics is key.
v v Precision at HL-LHC is limited by TH

(HO, PDFs and o)




The Higgs Sector - Pillars of Higgs physics

Nicolas Berger, Matthew McCullough, Sakura Schafer-Nameki

The pillars of Higgs physics:

v
H Qm%/ » | This term could
- - - - ?‘)[ not exist
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Message 1 (Matthew McCullogh): It is of
utmost importance to measure the most
precisely measured coupling (hZZ) to probe the
Higgs compositeness.

Message 2 (Sakura Schafer-Nameki): Much
progress thanks to formal theory: amplitudes!
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The Higgs Sector - Pillars of Higgs physics

Nicolas Berger, Matthew McCullough, Maurizio Pierini

The pillars of Higgs physics: Message 1 (Matthew McCullogh): It is of
utmost importance to measure the most
precisely measured coupling (hZZ) to probe the
Higgs compositeness.
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The pillars of Higgs physics:

The Higgs Sector - Pillars of Higgs physics

Nicolas Berger, Matthew McCullough

This term could
not exist

H
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Top Yukawa Coupling at the LHC

Nicolas Berger, Monica Dunford 9

ttH news from ATLAS!

Very complex final state Main
challenge: tt+bb background

ATLAS }e] Total Unc.  mm Syst. only Stat. only SM + Theory
Vs =13TeV, 140!, my=125.09GeV Total ( Stat. Syst.)

+0.69 + 052 +046
1.25 - 0.65 - 051 - 040

pi €[0,60) GeV

077 * 0.54 +041 +0.35

pt €[60, 120) GeV - 0.52 - 040 - 0.32

0.88 + 0.46 + 0.34 + 0.31

pH e[120, 200) GeV -0.43 - 033 - 0.28

pH €[200, 300) GeV 077 *044  +036 .02

pH €[300, 450) GeV i 027 *um  oue - e

p_}]-_l = [450, OO) GeV +0.89 +0.76 +0.47

Inclusive

EXPERIMENT 5 L ' '
Run: 280950 est single ttH measurement!

Event: 2059211291 Overall uncertainty improved by
2015-10-04 07:25:29 CEST
factor 1.8, 4.60




Top Yukawa Coupling at the LHC

Nicolas Berger, Matthew McCullough, Monica Dunford, Francesco di Bello

Recent example from Mathew (ittH)

pp — ttH KR = pF = My +my/2
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Message 2 (again) (Matthew McCullough):

Precision in Higgs physics is key.

ttH from ATLAS

Al in HEP reconstruction has a significant impact!

A L I L I IR B
70; ATLAS Simulation Preliminary 42500
60 Vs =13 TeV GN2 :
Lt = 70° -
: tt jets, €p = 70% 12000
9 i ! ! (S,
g 40 | Run 3 reco 11500 .g’_),
o : ] -
3 30F i |z
©, S0F ' DL1d 1000 = LOVES ML/AI
O i | . [=)
20 pL1 5 ] -
ol ; 1500 The most shown plot at
i L e 1, this conference!
2017 2018 2019 2020 2021 2022 2023
Vaar
190 CMS Simulation Preliminary 13.6 TeV
c . | " x | ; y ] ¢ : L > L LI
% | ttevents, pr > 20 GeV. |n| < 2.4, £, =70% :
.%100“_- c jet rejection 11041?
= . 00 udsg jet rejection 3
© | Run 1 Run 2 Run 3 o
80 B 1 o= ,
i § s J10° There are 4 b-quark jets
60| PO X in the ttH(bb) event
x3.3 1102
| - 11° topology!
401 40 50 |
’ § 110
ool i i 10
; x1.8
I : x1.0 )
Lo il = oo
CSVvi CSVv2 DeepCSV Deeplet PNET UParT



Al in HEP

Javier Duarte
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Yukawa Coupling to Charm at the LHC

Nicolas Berger, Monica Dunford, Francesco di Bello

Refined analysis of Run 2 data with now Graph NN
charm tagging!

4.5
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Improvement by a factor of 2 w.r.t. previous result

Use of state-of-the-art ML techniques Particle Net uses
Dynamic Graph CNN
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Constraints on charm Yukawa 1.1 < k. < 5.5

Yields a precision on k. of ~40% per experiment at HL-LHC

New perspective at the LHC!


https://arxiv.org/pdf/1902.08570.pdf

The Higgs Sector - Pillars of Higgs physics

Nicolas Berger, Francesco di Bello

The pillars of Higgs physics:

i Probing new particles through loops
in production and decays!
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The Higgs Sector - Pillars of Higgs physics

Cristina Mantilla-Suarez, Dilla Maria Portillo Quintero

The pillars of Higgs physics:

Non vanishing di-Higgs (to VV) coupling!
/ Without observing HH production
m s -— Done in VBF(HH) production with a significant

— L}/‘- ai. ?U'¢4 P "I negative interference with
§ U

14 g]> ﬁb {7' not exist
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N . — . KZV e [0.67,1.38]  CMS result (ATLAS similar)



The Higgs boson self coupling!

Nicolas Berger, Matthew McCullough

The pillars of Higgs physics:

f
H m ¢ - Despite the fact that in “Vanilla SUSY and
- o Y %." }V?ﬁ + L. e vanilla composite models it is difficult to have
v § U
7 large deviations in trilinear w.r.t. vector boson
coupling”
Matthew McCullogh
v
) |
b g T
. : i withoutavey Message 3 (Matthew McCullogh - as well as
Georg Weiglein in parallel session): Large
o H H trilinear deviations are possible while deviations
e ; R e ; of the Higgs to Z coupling remain small.
4 N2
R I SO
S 7 N "Arguably the most important of them all!”
H H H




Higgs Self Coupling and HH Production

Nicolas Berger, Matthew McCullough

P
100

95% CL limit on o(pp — HH)/c

IIII|
1000

Theory

“Arguably the most important of them all!” ATLAS —=— Observed limit (95% CL)
e Expected limit (95% CL)
S = —_ -1 =0 hypothesis
CMS Preliminary 138 fb™' (13 TeV) Vs =13TeV, 126—140fb (Hitr ypo )
AN T T T SM HH) =32 8 b [0 Expected limit 10
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Observed: 3.3 . . . . .
— Observed limits start deviating from expectation!!
bb bb ¢
Otoanved: 7.2 e ST e Both experiments have ~1¢ sensitivity to a signal
comboia || B 0000 b (Obs. ATLAS 0.40 and CMS ~16) with Run 2!
Expectec-j: 2.5 Nature 607 (2022) 60
Observed: 3.4

Naive comb. ATLAS-CMS sensitivity with Run 3 close 2.5 ¢

with improvements (and as much data as possible) aim at 3o



The Gauge Sectors - LHC at Precision Frontier

Maurizio Pierini, Yasmine Amhis

New measurements of sin” 0,y by CMS and LHCDb through Ars

AFB In pp collisions is a tricky question, the forward region direction CERN ol uncertainty
is given by the valence quark i.e. the system boost direction. Seminar Sttistcaluncertainty
yesterday!
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L o ..,' K .: o b LHCb 7 an('1'8 T—PV N
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https://indico.cern.ch/event/1403080/

Precise Determination of o using Z — £~

Kirill Melnikov

Conditions for a competitive measurement of a; | 1 — |
-@- Hadron Colliders
ATLAS -@- Category Averages PDG 2022
. . . Preliminary -@- Lattice Average FLAG 2021
1) is proportional to the strong coupling constant; —@- World Averags PDG 2022
. . . s o . ATLAS Zp_8TeV
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o.dp1 TPL Pl ! 0315 012 0125 X
. - u (Zs m
Using Sudakof peak in pT, based on resummed calculations . _ _ ’
Precision on par with lattice QCD and
5 [ eoozetey world averagel
a e % 5":_
3 EN 0_122__ATLAS Preli:ninary I pp — Zl -
40 S h o 8“0120__ & TeV, 20.2 fo” -
-------- : uch precision 1208 ;
[~ -- w(m)=0108 7=l . ] +
T —%112;.-5.12 would not be Z:: ‘ :
— = 0(m,) = 0.1 . . 16 =
P AR o possible without e T :
i L * O;_—”;‘_‘,’r.‘.,f: _______________________ preCl_SG_ TH ' 0-1122 MSHTZ0 PDF
: . . e -.-Zpl ]
0 5 10 : [Ge\:]5 p red ! Ctl ons.: 0.110 - Scale variations ’
0.108 : | :

NLL NNLL N*LL N'LLa



Kirill Melnikov, Philip Sommer

W Mass Puzzle

Measurements at LHC from ATLAS and LHCDb

Overview of m,, Measurements

inati -—
I LEP Combinaton | ATLAS Preliminary ;
_______________________ r7TeV43fb'
o r—
cor () .-
R e —
ng ?315’ ® Measurement ﬂ_
[|stat. Unc.
ATLAS 2023 Bl Total Unc. 5
e Wk ""1SM Prediction . A —
______________________ | : |
80200 80300 80400
m,, [MeV]
Mw = 80360+5(stat) £15¢syst) = 80360 =16 MeV

CERN press release

The measurement relies on the ratio of W/Z pT (as noted by
Kirill) non trivial QCD and EW corrections can modify this
spectrum and bring correction of up to ~20 MeV

Before discussing the tension of the CDF measurement with the
SM, need to address the tension between measurements!

The tension between ATLAS and CDF W mass is of 40

Significant evidence of measurement systematic bias!


https://home.cern/news/press-release/physics/improved-atlas-result-weighs-w-boson

First Measurements of di-boson production at Run 3

Monica Dunford, Philip Sommer 20
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First measurements of the diboson processes at Run 3 (with 2022 data)



The Quark Sector - Top Entanglement

Maurizio Pierini, Didar Dobur

In top pair production at the LHC, top
quarks are not produced polarised,
however a spin correlation exists.

At threshold the gg — #f production is
dominated by the “singlet” spin
configuration, which is a pure,
superposed and maximally entangled
Bell state:

1
—(I11l>=111>)

V2

From the measurement of the spin density ¢cms 36.3 fb~' (13 TeV)

matrice we can probe whether this B/ POWHEGy2 + HERWIG+s+m, /
correlation is of quantum nature or not! I/l MG5_aMC@NLO(FxFx) + PYTHIAS + 1, /
/' POWHEGvV2 + PYTHIAS + 1, / y,
- o /'l MC Stat.
Initially measured near threshold where it is  |i/11/ mc stat. @ syst.
easier! CMS went beyond with: o m(tf) < 400 GeV
«# Data extr. with PH+P8+7, B.(tt) <0.9
- At production threshold in 1t — bZvbt v
events i
. L T _ -0.491:583¢ S
- At high m« with 1t — bZvbqgq events,
(phase space dominated 90% by space- | .
. D
like events) | B
4V
o
CMS  Preliminary 138 fb™ (13 TeV) -0.48075523 —* ?
€ £ & Data N N R U EESRA N
% - — Powheg+P8 -0.60 -0.55 -0.50 -0.45 -0.40 -0.35 -0.30
O 09 ... Powheg+H7 D
lt 08:' MG5+P8
O F -- MINNLO+P8
0.7 - . ansas | . :
e } ____________________ Very important elements (space-like) to
= osf go beyond entanglement towards the
— - - mgm ' .
0 04l gy sg 40(3.6)0 violation of Bell Inequalities! (With
0.3 | Separable states | higher sensitivity)
m(tt) > 800 GeV m(tt) > 1000 GeV

lcos(8)] < 0.4 lcos(0)| < 0.4



The Vub and Vcb Puzzle

Jim Libby

New measurements from Belle Il and Babar

| Vcb | and | Vub | discrepancy~3c between exclusive and inclusive (have different TH uncertainties)!

S e e S Inclusive extraction from B — X .£v , where X goes to
:C_% 46 f_ Exclusive [V | =19 ‘;"“l“’f‘fs _f anything (Bernlochner et al. and Bordone et al.).
:"é 44 E_ = Exclusive IV | V. |: GGOU _f
Z 40 E WVl Ve J S = New exclusive |Vcb| results from BaBar and Belle |
= [ HFLAY Average E using fully differential information for the first time!
3.8F :
16 B — Dtv
4 W E [V, =(41.1+£1.2)x 1073
32F —
ok I - B — D*{v
2.8F | P(x?) = 8.9% j ;
:l ] ] 1 ] 1 | | ] 1 1 | 1 S -
PRI A A V| = (41.0£0.7) X 10
V., [107]

Limiting factor in precision flavour physics! “Perhaps on the right path to resolve this puzzle”


https://arxiv.org/pdf/2205.10274
https://arxiv.org/abs/2107.00604

Lepton Flavour Universality

Jim Libby, Yasmine Amhis, Maurizio Pierini

RK* from LHCb cancelled end of 2022 Comprehensive analysis of local and nonlocal
amplitudes B — K" T~ (paper)

Still a 2-3 Standard Deviation in the angular distribution and

absolute branching fractions of B - K" "1~ (paper
J . Hon ) Careful long-distance contributions weaken

these tensions are not considered

1.5
%k —_

B" - K" "~ also from CMS 104 Total, SM WCs

oo —— ) SM from GRvDV

M LHCb Run 1 + 2016 ;

0.75 1 4 CMS Run 2 preliminary P 5 anQUIar
i, 0% &*% observable
;:z 0.25 1 essentially
? 0.00 - free from
2 o H—}H form factor
== o 2 uncertainti

, | = es.
—0.75 - | :-f_‘ 0 2 4 6 g 10 12 14 16 18
1,00 - q2 [GQVZ/ 641

205 50 75 100 125 150 175

2 Gev2 /el Tension now down to 2.1o


https://arxiv.org/abs/2405.17347
https://arxiv.org/abs/2405.17347

Lepton Flavour Universality

Jim Libby, Yasmine Amhis

%k _ x —_
New B - K" e*e™ measurement from LHCb New B — K" 77~ measurement from Belle Il

L T B e Analygis part(i)i:ularly sensitive to new physics affecting
2 - = -=== Tot J —
:-.\ L H LHCh - ==== Misidentification 7 the B —> K //t+//t deCay!
'E; 00 | + \ ====Doublesemileplonic j
z i ™ « ++ + ’ +\\ ==== Combinalorial B ' 1 S =

. - A Ay ‘\‘ = Sigmal - reliminar + a
g JrOL\' H +‘“*+ -P / \ -==- Partially Reconstructed ™ 175 | B:allellp SHSES — l;.'jh.a ot
E\_l ‘\ /’ ‘f\ + Data, : ‘ | jL' dt =362 b p—
\;\ 20- b S 1o : el - ?ncertaintv
E : 5 : 125 | —  Signal B=iu ’ j

5000 5200 5100 H600 i

Events / bin
=
(-

m(Ktrete™) [MeV/c]

o
-
&

LHCb ~ ABCDMN
ctrdd Bl GRvDV
-] 25
i 91b I Data

-
N
1

V -' E- " 1 A L 1 ™ "
0.4 0.5 0.6 0.7 0.8 0.9 1.0
ABDT)

BB - K*°rtr7) < 1.73 x 1073

Limit twice improved over the Belle result!

Pull
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Lepton Flavour Universality

Jim Libby, Alakabha Datta, Monica Dunford 25
First Belle Il RD* measurement! Lepton universality measurements for “on-shell”
Both TH and EXP clean! W bosons in top decays

(%)— L R s B L I B
R(DW) = B(B® —» D™ 1) ATLAS
0 (€)— g+ LEP2 | =
B (B — D H V“) e'e ->WW, V5=183-207 GeV " E
ATLAS ) e
% 04 ST " 7 68% CL tontours pp—W, Vs=7 TeV, 4.6 fb '
e —\|__ Moriond 2024 Belle® LHCb : e
a7 R e elle pp—W, Vs=8 TeV, 2 fb" :
035~ LHCb® CMS : =
- Bellell pp >tt, Ys=13TeV, 36 fb~ E
03 PDG average '—-+—*
B RN ATLAS (this result) f
0251 \\ pp—>tt v’_—13 TeV, 140 fb | '_?_' |
§ N~ 000 094 096 098 1 102
0.2  4$HFLAV SM Prediction Eggl; 06335;0608?5“1 — B(W_:’u'\')/ B(W—)GV)
B R(D) =0.298 +0.004 =Y. +U. total = .
T Rovmoe o | oo st . ATLAS result more precise than current world average
0.2 0.3 04 0.5 R(D)
0.04 Also with W decays from tops CMS measures |Vcs| !
° ) pe — W > ca) 0.959 + 0.021
- Systematic uncertainty related mainly to size of control samples w B(W — cq)B(W — ud) [Ves] = 0.959 £ 0.

- Comparable precision to equivalent Belle result with 1/4 the sample



Latest CKM y News (Belle Il - LHCDb)

Sneha Malde, Alakabha Datta

Recent Measurements of ¥ in the golden channel B* — DK™

v = arg VidVay
- Ve Vi = Vi | €757 Lack of Lattice QCD needs makes it a
< a b > «—> . “pristine observable” in flavour physics!
7 S W- \\ Cc
W._ ,l _ \
g < . Charm input from BESIII/CLEO is critical
b > © > c K-
B~ G D 7 < i
ﬂ < ]

New for ICHEP 2004 Combination from Belle |l
Belle + Belle IT (2024) preliminary ~ 1.0———7———17 SRR o, _ 78 6-|_72 9,
o | LHCb — i y = (78. _7 3)
1.0 - | _ Preliminary Mosadll y
i — 0.8+ Summer 2024 = f“ {lfs:z:_
0.8 i ] Combination from LHCb!
— 0.6~ -
O 0.6 V (8) ' - = (64.7 £ 2.8)°
| : j Y = ( ] x2. )
i Y ‘ 0.4_ o
—~ 04F g
© 68.3% S o 68.3%
. - T Measurement from LHCb has
- 05 577 .. 021 , . ) surpassed the target goal for Run 2!!
e 0 ' ] " 95.4%
0.0 L—.——.-.—.—.-I—d.. T— 0..5.........................1................ — "J_“f“flflg,, . +O.7 0
50 100 150 0007 30 60 0 80 90 100 110 From CKM fitter Yy = (663_1 9)

B3] °] v [°]



Scouting, Parking and Trigger Improvements

Maurizio Pierini, David Rohr, Javier Duarte

CMS-EXO-23-007

» PARKING 3.5 KHz

delayed availability for analysis

%%, .2« NORMAL 2.5 KHz

normal availability for analysis

SCOUTING 20 KHz

reduced data format
normal availability for analysis

AT
i Nex!iGen

CMS-BPH-23-008

«10° 64.5 fo' (13.6 TeV)
S 2
[0 al- , .
= - - = - CMS ——— Signal + Background Fit
First Results using Run3 Parking = | preliminary —— Background Component
~ I e Data
£ 3 Uncertainty
0 +,,— 3 :
Search for D” — u"u~ - improved by & 1.84 <m,, < 1.89 GeV

35% over previous best limit

Further improvements foreseen!

Data - Comb. Bkg.

0.14 0.142 0.144 0.146 0.148 0.15
A m [GeV]

Large scale project to support the developments (with powerful hardware and
software) to bring experiments to the next level with efficient data flows and
structures, with ambitious and large ML models e.g. GNN tracking!

See talk by D. Rohr


https://arxiv.org/abs/2403.16134
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-008
https://indico.cern.ch/event/1291157/contributions/5958215/attachments/2901070/5089232/2024-07-22%20ICHEP%20Software%20Status.pdf

Focus on New States

Xiao-Rui Lyu 28

Observation of y.(3872) radiative decays at LHCb! Discovery of a Glueball-like particle X(2370) at BESII

X (3872) discovered 20 years ago, could it be D meson

molecular state? v hadrons
glueball
Now, the LHCb collaboration is closer to finding out what it is ~oLoL 2 ~oo
made up of! o ©
o Radiative J/y decays are gluon rich!
Y bam | LHh] &P 4 Dda | TLHCh
%“ 100- [ B — Xe1 (387T2)K 9fh~1 - @ 1~ Bl — %1 (3872)K" 0fp—t R 180F ¥2n,, = 82.68/69 3
= [ B (29)KtX : T B— JAPX . N - } Data -
= 800 __  Combinatorial B 8 0.8 ——  Xe1(3872)K* p § 160:— — MC projection -
~ C e Total ’ = - ——  Combinatorial . 140F B Background
E 60_— Aﬁ* _ € 06 __ Total - — 8 N i | Non-resonant 1
S a0 Jf \+ E S I ] o 12060 Wil ot X(2370) E
I : g . o 100F } :(;:z:) =
S - N ERS E 2 80 IR
Syt . - ke -
0 SN ey = e 2 - L B
L 375 3.84 3.93 402 4 S 60F : |3
T (28)y (GeV/c?] |_|>_| 40;— ::3. i, | —
BB+ (xe1 (3872) b (28)y) K+ 2 i oy |
— 1 [ | & T IRTTRr E
Ry = 5 22 P =1.6740.21+0.12 4+ 0.04. T VI T T
B—(Xc1(3872)=Jby) K+ Moo (GOV/C?)

Strong indication of a sizeable charmonium or Candidate for elusive lightest pseudoscalar
tetraqguark compact component of the X(3872)! glueball predicted by LQCD



The Charged Lepton Sector

Toru Lijima, Bogdan Malaescu, Zoltan Fodor

Several important news from the front of (gﬂ — 2) predictions from BaBar and Lattice in conjunction with data!

Scanning e+e— =11+ 11 — ECM = 0.32-2 GeV

BNL 2006 | A | _
FNAL 2023 |—A—] CMD-3 at VEPP-2000 e+e- collider
Experimental avg. f—&— Better detector performance Larger statistics (x30 CMD-2)
< 1.70 >
—
BMW 720
< 210 >

White paper

% 7 S

i O i

BaBar H - t
H - H CMD-3
KLOE L A L
l ! \'4 i i
Tau
I | | | | | | L 1
175 180 185 190 195 200 205 210 215

a, x 10'° — 11659000



Muon Anomalous Magnetic Moment

Toru Lijima, Bogdan Malaescu, Zoltan Fodor

Several important news from the front of (gﬂ — 2) predictions from BaBar and Lattice in conjunction with data!

BNL 200'6 | ' \ | Scanning e+e— =1+ 1 — ECM = 0.32-2 GeV
FNAL 2023 }—A—/ CMD-3 at VEPP-2000 e+e- collider
Experimental avg. F—A— Better detector performance Larger statistics (x30 CMD-2)
Thils work New BMW result including finer lattice and long
l = . L
BMW 20 distance effects from e e datal
< 4.00 > _ _ o
| : | New BaBar studies of higher order radiation and
White paper impact on the vacuum polarisation predictions
< 520 > of (g-2)
H O i o |
BaBar o a o NNLO Radiative corrections need to be better
H O H CMD-3 understood and accounted in analyses!
KLOE L A L
— \% 1 et 0 /i
Tau
| | | | | | [ | | (8"
175 180 185 190 195 200 205 210 215 / 7
a, x 101° — 11659000 !

e /1



Tau Anomalous Magnetic Moments

Toru Lijima, Maurizio Pierini

CMS 138 b~ (13 TeV)
e gms e Observed —68%CL —95% CL
0.1cm S IE L
—Wmmmmm mﬁﬁhﬂﬁ%ﬁ{—*- Wﬂwmmmﬁﬁﬂ—» OPA
-0 -9 -8 -7 -6 =5 -4 -3 -2 -1 0 1 2/ 4 5 6 7 8 9 10 Z.cm] €€ — L — Ty
ind /,,,, PLB 434 (1998) 188
L3 :
p ee — Z — Tty —
, | o - PLB 434 (1998) 169
Beautiful analysis selecting isolated low multiplicity DELPH!( om & s
. agn _ . . YY —_— l—i—.—i:—|
vertices, sensitive to photo-production of tau pairs! EPJC 35 (2004) 15 N
1 . e . ATLAS
arge gain in sensitivity! Only ~3 times larger than the vy — 7t (y from Pb) ———
Schwinger term (QED part) PRL 131 (2023) 151802
CMS ;
_ | Yy — vt (y from Pb) —_—
However still almost 3-4 orders of magnitude above PRL 131 (2023) 151803 '
sensitive corrections e.g. EW! CMS :
Yy — vt (y from p) ns
This result R T T
0.1 -0.05 0 0.05
a™P = 1.1732 x 1073, a.
ap*! = 32(4)x107°,

8z

EW 4.7 x 1077 a,=—=—=1=0. 0009* 0 00a1

a



The Neutrino Sector - Entering Precision Era

Pedro Ochoa
Accelerator Neutrino Oscillations

The current two main players vuy-beam experiments!

NOVA

Off Axis | | T2K

Fermilab to Ash River Slightly off axis (J-PARC to Super K)
490 km/GeV - E 0.6 GeV - 2.5° off-axis

Improved sensitivity to mass ordering!
810 km/GeV - E 2 GeV - 0.8° off-axis

Sensitive to v, disappearance and v, appearance!

ORIk
) ’ |
b .

_ &




Accelerator Neutrino Oscillations

Pedro Ochoa

Accelerator Neutrino Oscillations
The current two main players vuy-beam experiments!

NOvVA
Off Axis

Fermilab to Ash River

T2K
Slightly off axis (J-PARC to Super K)

Improved sensitivity to mass ordering! 490 km/GeV - E 0.6 GeV - 2.5° off-axis

810 km/GeV - E 2 GeV - 0.8° off-axis

| ' | . lq | I | r I ] I . ]
8 sin°26,,=0.085 8- 5in’20,,=0.085
NS | . Am3,|=2.5%10°eV" S Am3,|=2.5%107 e V*
A I = o
N N O )
N i
\ \\ "\ O/\ -
T \\\ \\\ %0,} T i
3\ - \ 3~ | —
e O B4 ,
Q Q \
/
/
2 i Normal | 2 ~_ 7
L0 0= e 0=n/2 ordering - L 0d=0 e d=t/2 Ocp phase
O i Dl Szln 1 .l &l-nl/2 1 l | | 1 | | l ] 5 [—'I 8=n .I 8=-1[/2 | I I 7
0 2 4 6 8 D 2 4 6 ]

| I 1 | 1 I

S
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Accelerator Neutrino Oscillations

Pedro Ochoa

Accelerator Neutrino Oscillations
The current two main players vuy-beam experiments!

gOVA New combination of the two experiments for this conference! T2K
ff Axis : :
Fermilab to Ash River Slightly off axis (J-PARC to Super K)
Improved sensitivity to mass ordering! 490 km/GeV - E 0.6 GeV - 2.5° off-axis
810 km/GeV - E 2 GeV - 0.8° off-axis
"’ g NOvA+T2K NO Conditional | 2~ T NOVAT2K I0 Conditional |
~ —— NOVA Only = _ —— NOVA Only 9
- —— T2K Only > - —— T2K Only >
0.6 (= | 0.6 — L
3¢ Do N I ;j
e A~ P T 2
E :U E 05 L :.U
7 i wn L 2
éo 0.4 — — g
C | | | .\< C 1 [ | ‘\/\:
-T 151 0 g T - T %l 0 g Tt
6CP 5(:9

CP-conserving points are outside
3o intervals in IO
Expect CPV if ordering is inverted

Mild preference for Inverted Ordering
but influenced by 6,5 constraint



Pedro Ochoa

Accelerator Neutrino Prospects

* Need definitive measurements! Two large next-generation projects are under preparation:

DUNE:

> 2 MW beam
Liquid-Argon
TimeProjection
Chamber (LArTPC)
technology

> 40 kton far detector

fiducial mass
First physics in ~2029

Hyper-Kamiokande:

1.3 MW beam

— Water Cherenkov far

detector

190 kton far detector
fiducial mass

First physics in ~2027

Sanford Underground
Research Facility

Fermilab

-----
.......
""""

1 I ¢ Clarge Cwide band, higher energy CLArTPC
arge degree O matter effects  energy spectrum detection systematics
complementarlty: small narrow band, lower ene Water Cherenkov
w rgy 7 d

Hyper-Kamiokande

. Neutrino oscillation .

Neutrino Beam

Symmetric?

Asymmetric?

.~
..................................................................................................................................................................

From T. Nakadaira’s talk at ICHEP 2024



Atmospheric Neutrinos

Pedro Ochoa

ICECUBE and Deep Core Km3net and ORCA
- 1km3 of ice instrumented with strings of Digital - 115 strings optimized for neutrino oscillation
Optical Modules (DOMSs), each with a PMT measurements
- Each DOM has 31 3-inch PMTs
— DeepCore: 8 densely region at the center - About 20% of DOMs already installed

(threshold ~8 GeV)

KM3NeT/ORCA Preliminary, 715 kt-y
37 Normal Ordering 90% C.L. —1.50
-~~~ NOVA 2022 --= MINOS+ 2020
-—= T2K 2023 ___ lceCube 2024 —-1.75
3.0 Super-K 2018 (this result)
2 2.8 —2.00
(? r—
2 2.6 % -2.20
- 7
a4 2 250
<J N
2.2 & —2.75
2.0 S —3.00
. . . . . . . 90% C.L.
0.35 0.40 0.45 S(i)':‘SZO(e 0.)55 0.60 065 0.70 _395 - NOvVA 2020 - MINOS+ 2018
23 —- T2K 2023 —— KM3NeT 715 kt-y
. | R T TR T
- Comparable and compatible results between —3907=53 0.1 0.5 0.6 0.7

accelerator and atmospheric neutrinos. sin” 63



Atmospheric Neutrinos

Pedro Ochoa

ICECUBE and Deep Core Km3net and ORCA
- 1km3 of ice instrumented with strings of Digital - 115 strings optimized for neutrino oscillation
Optical Modules (DOMSs), each with a PMT measurements
- Each DOM has 31 3-inch PMTs
— DeepCore: 8 densely region at the center - About 20% of DOMs already installed

(threshold ~8 GeV)

KM3NeT/ORCA Preliminary, 715 kt-y

35 Normal Ordering 90% C.L. —1.50 | e
- NOvA 2022 === MINOS+ 2020 IO
3.0 e Hbeces . : . . :
- *Atmospheric experiments will make leading contributions to the global
> ) . . . . .
o 28 neutrino oscillation landscape before 2030. In particular, atmospheric
2 2% | experiments will improve our knowledge of the 6,; mixing angle and should be
¥241 | able to make a definitive measurement of the neutrino mass ordering by
<] . . .
. the end of the decade. Together with JUNO, they will also improve our
. knowledge of the Amg?2 mass splitting.”
035 0.40 0.45 050 0.55 0.60 065 0.70 — - NOVA 2020 —+ MINOS+ 2018
sin2(623) Bl “
-« T2K 2023 = KMB3NeT 715 kt-y
- Comparable and compatible results between —3.500—51 oa E TR A

accelerator and atmospheric neutrinos. sin” 63



Reactor Oscillations

Pedro Ochoa

JUNO Medium baseline experiment

20-kton Liquid Scintillator neutrino observatory located in
Southern China

Mass hierarchy from the electron anti-neutrino disappearance
pattern through the interference effect of quasi-vacuum
oscillation of reactor antineutrinos

JUNO reactor neutrino oscillation analysis alone provides a
median 30 sensitivity to NMO in 6.5 years!

10° Reactor V. signal IBD event number (x107)
et et 0 50 100

150 200 250 300
— ‘ ——

No oscillations

ad Only solar term
- Inverted Ordering
2 601 — MNormal Ordering |
=
£
c
— N
LA - —
s y ’ :‘_' » g ’:‘
: \ - 5 ~NE
3 <<

V' [Ax

!

x "(‘
.

=g

’
i re
el & -’
3 .-
T

Sl oy
"’\\,\'f TR L
J} “i- N R \;.

J ;;'R-«
» =T

2

% —— NO: stat.+all syst. -

g 1 —— 10: stat. +all syst.

S - -=== NO: stat. only

= ----|0: stat. only

'2 0 S | L 1 1 | 1 1 1 | 1 1 1 1 1 1

© y : , v r ' r 0 2 4 b 8 10 12 14 16 18 20
2 3 4 S 6 7 8 JUNO and TAO DAQ time [years)]

Neutrino energy [MeV]



Neutrinoless double beta decay

Susanne Mertens

KamLandZen

Legend-200

Mini-balloon Radius = 1.90 m
Xenon mass = 750 kg

Germanium Semiconductor, with enrichment to > .
90% in 76Ge (Qp=2039 keVExcellent energy v

Data taking started in 2019 resolution (0.1 % FWHM @ Qgg) i
The | i b f BB Before analysis cuts B After cuts [48.3 kg-yr]
e largest number o - .
nuclei. Low BG by distillation o 2
and filtration of both Liquid ? N i
Scintillator and Xenon. 3 10 e e S
2 A
MR
—— Total —— 1Xe OVBB (90%C.L. UL)) S IN T NN D | - .
----- Total (OVAR UL.) Xenon spallation products 1600 1800 2000 2200 2400 2600
> — 13%e 2vBP —— Carbon spallation + 137X e '
§ — IB/External RI ) B T.7,>1.9-10%®yr(90%C.L)
e ~——— Internal RI s L —— Background = 5.3 £2.2-107% cts / (keV-kg-yr)
(- . o
P ——— Solar Neutrino ES + CC ;c
; —— Data. T 102
;E) I ] *" ‘ IS . v, " Y s, E
LE _-—.-'T.i‘ a E Y § 10°% - : s
___-'. : °©
—'- -LLL
— . " 10-4 : : | : :
3 4 1950 2000 2050 2100 2150
Visible Energy (MeV) Energy [keV]
Limiting factor is the muon spallation of Xenon background.
(MBP> < 28 — 122 meV (MPR> < 75 =178 meVv

KamLAND-ZEN-1T:  {mPBR) < ~20 meV Legend 1000 MPP> < ~20 meV



Neutrinoless double beta decay

Susanne Mertens

KamLandZen
Mini-balloon Radius = 1.90 m 109 -
Coherent 5 ;
Xenon mass = 750 kg sum of 1 —— normal ordering
Data taking started in 2019 Masses | —— inverted ordering
The largest number of B 1071 5
nuclei. Low BG by distillation v
and filtration of both Liquid d
Scintillator and Xenon. N iy e
c 107
—— Total —— °Xe OVPP (90%C.L. U.L.)
----- Total (OvRA U.L.) Xenon spallation products _3
% — 13¥xe 2vBp —— Carbon spallation + G 10 _
= — ?:t’fr;;‘;‘l“ - ] Lightest mass eigenstate
§ ——— Solar Neutrino ES + CC IR b ' i '
~ e Data. 1073 102 101 10
:f) m (eV)
0

L7

s -ll ] *" F ¥ ™ N Sva .‘
_‘gw_i‘ul’"" s ¢
g

——
L

rk\_s_"&

"2

3 4

Next Generation experiments Legend-1000, KamLAND-

Visible Energy (MeV) ZEN-1T and nEXO will cover the inverted ordering!

Limiting factor is the muon spallation of Xenon background.

MPPR> <28 — 122 meV



Absolute Neutrino Mass

Susanne Mertens

KATRIN Experiment NSIR— oo
U .
Ul 2 _'__________,4;5_-———-—"""/
L

T,in T, out
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Susanne Mertens

Absolute Neutrino Mass

KATRIN Experiment
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Neutrino Anomalies

Pedro Ochoa

LSND/MiniBooNE

LSND/MiniBooNE observed 60 excess of electron
(anti)neutrinos in muon (anti)neutrino beam!
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Reactor anti-neutrino deficit Gallium anomaly

6% deficit of reactor anti-neutrinos ~30
with respect to flux prediction models.

Seen by several experiments
(including recent)
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Recent fission data suggests that the flux
were overestimated... by about the right
amount!

Also excluded by short baseline
experiments.

Also essentially excluded by short baseline
experiments searching for sterile neutrinos:
DANSS, NEOS, PROSPECT, Sol.id,
STEREO.



Dark Matter and a Possible Dark Sectors

Kathryn Zurek

The Range of Possibilities is Stunning!

-

1072 eV 1 keV 100 GeV 1000 Mg
de Broglie MRV length Warm DM WIMP paradigm Shot-noise fluctuations in
= galaxy size

Lyman-alpha forest

1 Mg ~ 10°7 GeV
A clear roadmap!

Challenge #1: Fully Cover Electroweakino DM, e.g. with Cherenkov Telescopes

Challenge #2: Search for WIMPs to the Neutrino Background in Direct Detection

Challenge #3: Build out the suite of axion searches

Challenge #4: Build out the suite of accelerator searches—high energy and intensity—for hidden sectors

Challenge #5: Cover the abundance-driven light DM models in direct detection

Challenge #6: Observe the Dark Matter Power on Small Scales

Jocelyn and Stefania have covered (#2 - #5) !



The Road Map

Kathryn Zurek

The Range of Possibilities is Stunning!

-

1072 eV 1 keV 100 GeV 1000 Mg,
de Broglie wav.elength Warm DM WIMP paradigm Shot-noise fluctuations in
= galaxy size Lyman-alpha forest

1 Mg ~ 10°7 GeV

Challenge #1: Fully Cover Electroweakino Challenge #6: Observe the Dark Matter Power on Small Scales
DM, e.g. with Cherenkov Telescopes

Theories as PBH, axions,

- LHC is very sensitive to strongly predict different behavior than o'}

produced SUSY particles, less so Acpy at sub-halo scales, =l
for pure electroweakinos requiring new measurements = / L

of small scale! ~ 102)

P (k

Planck TT ‘
Planck EE im
Planck ¢¢

SDSS DR7 LRG

BOSS DR9 Ly-a forest

DES Y1 cosmic shear

- Cherenkov telescopes can cover
(e.g. measuring the changes in the

to larger masses! | N 101}
metric due to transiting DM

substructure using Pulsar Timing

s sy

T T T ¢
Arrays) 10 10 10 10 10
Wavenumber k [h Mpc ]



Reaching the Neutrino Fog

Jocelyn Monroe, Di Gangi

Challenge #2: Search for WIMPs to the Neutrino Background in Direct Detection
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Dual Phase Xenon TPC Experiments

Jocelyn Monroe, Di Gangi

Challenge #2: Search for WIMPs to the Neutrino Background in Direct Detection

Xenon nT
Liquid Xenon lonisation channel
Scintillation (Gaseous Xe scintillation)
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Jocelyn Monroe, Di Gangi

Electron Recolls

Challenge #2: Search for WIMPs to the Neutrino Background in Direct Detection

Gamma

Beta

Neutrino clastic scattering
Solar axions, ALPs

electronic recoil

Electron Recolil iIn Xenon

““X=2 2v DOUBLE ELECTRON CAPTURE DECAY DEC) *
* Phys. Rev. C 106, 024328
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1 Data B Kr Solar » Materials — *Xe
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Energy [keV]

Observation of DEC: Two of the orbital electrons are captured
protons in the nucleus emission of 2 neutrinos

Solar neutrinos background subdominant (backup PandaX-4T)


https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Proton

Reaching the Neutrino Fog

Jocelyn Monroe, Di Gangi

Challenge #2: Search for WIMPs to the Neutrino Background in Direct Detection

Nuclear Recoils from 8B solar neutrinos CEVNS in Xenon!

Gamma
Beta
Neutrino elastic scattering y oo
Solar axions, ALPs
i
: l PandaX-4T, 2023 2.73 o

SIGNIFCANCE
XENONNT, 2024

S L.
| 1 1 1 1

Test statistic g,

]
0 5 10 15 20
5B neutrino flux [10° cm—2s7 1]

37 Events observed with 26 bkg and 11 signal expected!

Great achievement, but now need to learn how to fight it!



Axions an Ambitious Program

Jocelyn Monroe

Challenge #3: Build out the suite of axion searches

As well as 106
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Dark Sector, Intensity Frontier and Meson Factories

Stefania Gori, Kathryn Zurek, Livia Soffi

Challenge #4: Build out the suite of accelerator searches—high energy and intensity—for hidden sectors

There are numerous gaps in the experimental exploration of dark sectors, both at the electroweak-TeV scale and at
the sub-GeV scale.

NP particles can have a width that is suppressed by small Sub-GeV new physics motivates searches at high intensity
mass splitting, multi-body final states, high NP scale small facilities and Meson factories!
coupling, etc.

dark scalar
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Dark Sector, Intensity Frontier and Meson Factories

Stefania Gori, Kathryn Zurek, Jocelyn Monroe, Michael Doser

Challenge #5: Cover the abundance-driven light DM models in direct detection

Hidden sector DM: huge range of techniques... Models motivate from relic abundance can be tested w/1 kg-yr exposures!

Ranges of applicability of different quantum sensor techniques to searches for BSM physics

Quantum SenSO I’S Can gO tO SUb-eV Scalar Bosons @ Vector Bosons Vector Bosons (kinetic mixing) Pseudoscalar | specific dark ¢ precision tests of QED & spectroscopic BSM searches
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recoil energies (a blossoming filed!)
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Paschal Coyle, Vitor de Souza, Lu Lu

Multi-Messenger Astrophysics
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In 2022 ESO found a cloud of cosmic dust (obscuring/attenuting y

Multi-Messenger Astrophysics

Observation by IceCube of NGC1068!

—— pflux NGC 4151
——  flux NGC 1068
EM data NGC 1068
EM data NGC 4151
¢ MAGIC UL (NGC 1068)

10~7

10~4

10! 102

10° 10%® 10 104

Energy [eV]

F?x ® [GeVs lsrlem—?]

rays) at the centre of NGC1068 hiding a supermassive black hole.

Evidence for diffuse astrophysical neutrinos: “10 PeV
Neutrinos a gateway to 10%° eV cosmic rays!”

1074
4 Diffuse y (Fermi LAT) # IceCube cascades (PRL 2020)

. ¢ Cosmic rays (Auger) +— IceCube Glashow (Nature 2021)
10~ B Cosmic rays (TA) $ Gen2-Phase2 Inlce+Radio (10 years)
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1 all flavours
10—10 3

10° 101 10t 104 10! 10 10'> 10%% 107 10%% 10 1020 104!
E [eV]

lceCube Gen2 in the race towards Ultra High Energy neutrinos
with ARA, Trinity 18, GRAND, and POEMMA projects!



The birth of Collider Neutrinos (at the LHC)

Center-of-mass energy /s [GeV]
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The birth of Collider Neutrinos (at the LHC)

Dimitrievsky, Biswas

SCATTERING AND
NEUTRINO DETECTOR [ I
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The birth of Collider Neutrinos (at the LHC)

Dimitrievsky, Biswas
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AMS Positron Data

Latest data with complete dataset 2 times larger
than previous release!

Vitor de Souza

Positrons from
new source
p or
/
"Positrons from Dark Matter

/ cosmic ray
- collisions

Energy [GeV]

Relic abundance, indirect detection

| | DM SM
Interesting to note that there is a rather sharp cut-off

indicative of mass range for DM candidate mass (in the
DM annihilation hypothesis)

DM SM



LHCb on °He production in /A, decays

Yasmine Amhis

Anti-helium in Cosmic Rays could be a signature of
physics beyond the standard model (e.g. DM annihilation)!

Interesting scenario where anti-Ab are produced in Dark
Matter scenario annihilation.

Hed identified with correlated measurements of charge
between VELO and Silicon Strips Tracker

LHCb-CONF-2024-005

= | | | |

2 4 LHCb 5.5 fb-! limits at 90% CL
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[LHCb preliminary
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Important to understand the production of A,,> He in
cosmic rays




Multi-Messenger Astrophysics

Vitor de Souza, Samya Nissanke

Gravitational Waves and Gamma-rays from a = ™ {Lightcarve from Formi/GBM (1050 1oV
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Also allows to constrain neutron star Equation of State!



Heavy lon Physics

Kai Schweda

Anti-Helium 3 production in heavy ion collisions, can give an interesting measure of the medium viscosity!
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Featuring ITS3 Upgrade for ALICE

Petra Merkel

Monolithic CMOS (MAPS - Monolithic Active Pixel Sensors) technology for the ITS3 upgrade of ALICE -
Key technology also for future electron-positron vertex detectors! To be installed during LS3

Cylindrical

support structure C-Side rings

/ (RVC foam)
A-Side rings o Longerons
(K9 foam) \ .. T | (RVC foam)

Beam pipe

. )
e e

The design of the new vertex detector aims to reduce the material budget of the first detection layer to an
unprecedented minimum of 0.05% X0, and to get closer to the interaction point at a radial distance of 18 mm.

Requires having in the active area only the thin MAPS silicon sensor (<50um)



Magdalena Djordevic

Heavy lon Physics

Development of a global framework to constrain QGP properties through both high-pT
(Nuclear modification factors RAAs) and low pT (flows) observables - DREENA!
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Heavy lon Physics

Magdalena Djordevic

Development of a global framework to constrain QGP properties through both high-pT
(Nuclear modification factors RAAs) and low pT (flows) observables - DREENA!
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Cosmology

Felipe Andrade-QOliveira 65

DESI - Dark Energy Spectroscopic Instrument in operations since 2021 and first publication of Year 1 Results!
In one year more specific data than all previous experiments!
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Cosmology

Felipe Andrade-QOliveira

- 6 million spectra grouped in 7 different redshifts [0.4<z<4.2]
(LGR, BGS, QSO, Lya)

- Fully exploits the capabilities of DESI and increases sensitivity!
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Cosmology

Felipe Andrade-Qliveira Y4
- 6 million spectra grouped in 7 different redshifts [0.4<z<4.2] The Hubble tension does not significantly change with much
(LGR, BGS, QSO, Lya) improved Cosmological BAO measurements!

- Fully exploits the capabilities of DESI and increases sensitivity!
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Cosmology

Felipe Andrade-QOliveira

- 6 million spectra grouped in 7 different redshifts [0.4<z<4.2] The sum of neutrino masses affect how matter is
(LGR, BGS, QSO, Lya) clustering in the Universe

- Fully exploits the capabilities of DESI and increases sensitivity!
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Cosmology

Felipe Andrade-QOliveira

- 6 million spectra grouped in 7 different redshifts [0.4<z<4.2]
(LGR, BGS, QSO, Lya)

- Fully exploits the capabilities of DESI and increases sensitivity! :
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Direct Searches for new Physics at the LHC

Livia Soffi

Livia presented more than 20 new searches for new physics in extend higgs
sectors, Dark sector, SUSY, Heavy fermions, and EFT. Impressive harvest of
searches for new physics mostly at Run 2!

Leaving no stones unturned!

s T |

| HDBS-2021-07 | H — aa — bbrr | ATLAS | @
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HDBS-2023-19 Combination of charged H ATLAS Extended Higgs
HIG-24-002 H s 77 — 4] CMS Sector
HIG-22-004 A = Zh(rT7) CMS
SUS-24-001 ¢ — bb CMS
EXOT-2018-55 Prompt Leptonjets ATLAS
EXOT-2022-04 Neutral LLP into displaced jets ATLAS Dark Sector - displaced
SUS-23-004 mono—t CMS +ALPs
SUS-23-012 II]OI]O—h.-(TT) CMS
SUS-23-018 H — Za — llxx CMS
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Direct Searches at Colliders

Livia Soffi

Run 3 search!

Improving reconstruction techniques e.g. ATLAS Large
Radius Tracking at Run 3 and reprocessed Run 2!

Searches for EWK production SUSY compressed
scenarios

Wide range of signatures targeting electroweakinos, sleptons, and
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https://arxiv.org/abs/2304.12867

Constraining Naturalness (SUSY) Scenarios

Livia Soffi

Stop searches Gluino searches
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Very Large Number of SUSY Searches

Livia Soffi In large variety of topologies and models
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Very Large Number of SUSY Searches

Livia Soffi In large variety of topologies and models
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Very Large Number of Searches

Livia Soff (in large variety of topologies and models)
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Very Large Number of Searches

Livia Soff (in large variety of topologies and models)
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Very Large Number of Searches

Livia Soffi (in large variety of topologies and models)
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A Scientific Mission for the 21st Century

Rende Steerenberg

HL-LHC (Runs 4-6)

LHC Run 2 2029-2041 13.6 - 14 TeV and 2x
2014-2018 13 TeV Nominal Luminosity, PU 140 - 200
100% to 2x Nom. Lumi, PU 40 Int. Lumi. 3000 fb-1
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di-Higgs boson production
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Fermions of the third precision Higgs physics!
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Exploring
the

Quantum
Universe

Future Large Collider Projects

Hitoshi Murayama

The field is facing a defining moment in its history!

PS5 - Reveal the secrets of the Higgs boson and much
more... ultimate EW precision factory!
“We would not consider the theory of electromagnetism established if we had only

verified the strength of electromagnetic forces to within 10% accuracy.” (Salam,
Wang, Zanderighi, Nature)

P5 - A realistic path to a 10 TeV parton center-of-momentum
(pCM) collider.

Closing quotes from the panel discussion (video)

Yifang Wang: “In the Future, not very far from now there will
be a Higgs factory!”

Lia Merging:. “Need to continue to be bold and ambitious and
dream big!”

Fabiola Gianotti: “As we have seen at this conference the
field is extremely vibrant and exciting!”


https://www.youtube.com/live/IE3DY0dQo_I?t=5640s
https://www.nature.com/articles/s41586-022-04899-4

Conference Summary and Highlights

Many thanks to all participants for the excellent discussions and great atmosphere!
Many thanks and congratulations to all the speakers and collaborators for the splendid talks and results!

Many thanks to the organisers for the amazing conference in this amazing place! The organisation was perfect!






’Be Anomaly and PADME

Venelin Kozhuharov

?‘a 450 _ L The ATOMKI institute DADNE Beam Test Facility is the only facility in the world with
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Solar Neutrinos in the Electron Recoils

Challenge #2: Search for WIMPs to the Neutrino Background in Direct Detection

Constraints on the pp + 7Be neutrino flux from PandaX-4T
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PandaX-4T is a dual phase liquid Xe TPC

pp + 7Be neutrinos ar a sub-dominant
background in the electron recoill!

No evidence yet for solar neutrinos - Yet!
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LHC Machine Towards Major LS3 Upgrades

ATLAS and CMVIS. lilt the beams before collisions,

NEW TECHNOLOGIES FOR THE HIGH-LUMINOSITY LHC CERN sit
= = Front page of the CERNCOURIE
SR — y o -
48 . CIVIL ENGINEERING “CRAB” CAVITIES HIGH-LUMINOSITY LHC
/ g\\ 2 new 300-metre service 16 superconducting “crab” cavities for CER N Courler SayS ‘ - ON TRACK
-y | tunnels and 2 shafis near the ATLAS and CMS experimants to |t al || - Logmr—r—— 1 =T e

LS3 installation
fully on track!

Nb3Sn series magnets manufactured at
FOCUSING MAGNETS : :
12 mora powerful quadrupole magnets (% Ferm”ab arnved at CERN' See CERN NeWS

for the ATLAS and CMS experiments,
designed to provide the final focusing

of the beams before collisions.
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SUPERCONDUCTING LINKS COLLIMATORS CRYSTAL COLLIMATORS
Electrical transmission lines based on a high- 15 to 20 additional collimators and Nevws crystal collimators in the
temperature superconcuctor 1o carry the very replacement of 60 collimators with IR7 cleaning insertion to improve

high DC currents to the magnets from the improved performance to reinforce cleaning efficiency dunng
powering systems installed in the new service machine protection. operation with ion beams.

tunnels near ATLAS and CMS.



https://home.cern/science/accelerators/high-luminosity-lhc/technologies
https://home.web.cern.ch/news/news/accelerators/hi-lumi-news-first-magnet-us-accelerator-upgrade-project-shipped-cern

ATLAS and CMS Towards Major LS3 Upgrades

. _ _ ACCELERATORS | FEATURE -
A new ATLAS for the high-luminosity era Feature link CERN Courier
18 January 2023 | By Stetan Guincon. Christian Ohm, Caterina Vernier CMS prepares for Phase II article Iink
9 January 2023
improved muon coverage new and upgraded forward
and luminosity detectors ,
trigger and DAQ
increased readout rates | Barrel ECAL/HCAL
Trigger /HLT /D AQ » Replace FE/BE electronics

* Lower ECAL operating temp. (8 °C)

* Track information in L1-Trigger

¢ L1-Trigger: 12.5 ms latency — output 750 kHz
¢ HLT output 7.5 kHz

Muon Systems
» Replace DT & CSC FE/BE Electronics

» Complete RPC coverage in ragion 1.5<h<2.4
New 'Endcap e Mucn tagging 2.4<h<3
Calorimeters :
¢ Rad. tolerant - high granularity
¢ 3D capable
New Tracker

e Rad. tolerant - high granularity -
significant less material

¢ 40 MHz selective readcut (pT>Z GeV)
in Outer Tracker for L1 -Trigger

¢ Extended coverage to h=4

MIP Precision Timing Detector
ITk — the new all-Si tracker * Barrel: Crystal +SiPM

¢ Endcap: Low Gain Avalanche Diades

new High-Granularity
Timing Detector (HGTD)

From CLASSE (Cornell)


https://atlas.cern/Updates/Feature/High-Luminosity-ATLAS
https://cerncourier.com/a/cms-prepares-for-phase-ii/
https://www.classe.cornell.edu/NewsAndEvents/CLASSENewsCMS180129Ryan.html

Neutrinoless double beta decay

Susanne Mertens

KamLandZen

Legend-200

Germanium Semiconductor, with enrichmentto > = _
90% in 76Ge (Qg=2039 keV). Excellent energy

Mini-balloon Radius = 1.90 m
Xenon mass = 750 kg

Data taking started in 2019 resolution (0.1 % FWHM @ Qgp)
Before analysis cuts B After cuts [48.3 kg-yr]
The largest number of (33 - 5
nuclei. Low BG by distillation . c
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KamLAND-ZEN-1T:  (mBR) < ~20 meV Legend 1000 MPR) < ~20 meV



