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Congress Centre at Prague

Capacity: up to 9,300 participants in more than 50 halls and meeting rooms
originally: the Palace of Culture, communist party conventions: 1981 - 1989

reconstruction in January 2018

ICHEP-2024: 1400 participants from 55 countries,

about 1000 lectures, 18 blocks of parallel sessions

excellent organization !
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Congress Centre at Prague: upon the Vy3Sehrad Hill
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Congress Centre at Prague: interiors
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Congress Centre at Prague: interiors ... and the Zeitgeist
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o Present: LHC Era (Higgs, Al)

o Future collider(s) (on Earth)

o In Space: AMS-02 (+LHCb)

o In Mind: New ideas (see also backup plots)
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Parallel Sessions

e 01.
02.
03.
04.
05.
06.
07.
08.
09.
10.
11.
e 12.
e 13.
e 14.

Higgs Physics

Neutrino Physics

Beyond the Standard Model

Top Quark and Electroweak Physics

Quark and Lepton Flavor Physics

Strong Interactions and Hadron Physics

Heavy lons

Astro-particle Physics and Cosmology

Dark Matter Detection

Formal Theory

Accelerator: Physics, Performance, and R&D for Future Facilities
Operation, Performance and Upgrade (incl. HL-LHC) of Present Detectors
Detectors for Future Facilities, R&D, Novel Techniques (— backup plots)
Computing, Al and Data Handling
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Parallel Sessions (cont.)

@ 15. Education and Outreach

16. Equity, Diversity and Inclusion
@ 17. Technology Applications and Industrial Opportunities
o 18. Sustainability (accelerators, detectors, computing)

This is a new session in ICHEP2024. Nowadays, the need for sustainability impacts any
human activity. This session will discuss the sustainability of fundamental high-energy
particle research. Visionary contributions that would help set the direction of the field
for decades to come are welcome.

— for example: carbon footprint in HEP
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Parallel Sessions (cont.)

@ 15. Education and Outreach

16. Equity, Diversity and Inclusion
@ 17. Technology Applications and Industrial Opportunities

@ 18. Sustainability (accelerators, detectors, computing)

This is a new session in ICHEP2024. Nowadays, the need for sustainability impacts any
human activity. This session will discuss the sustainability of fundamental high-energy
particle research. Visionary contributions that would help set the direction of the field
for decades to come are welcome.

Dear Grzegorz Grzelak

For your information:

your jobs for user grzelak and group HERA on NAF @ DESY
in the past seven days

accounted for 79.5942 hours in 105 different jobs
equivalent to 2.27412 kWh power consumption

equivalent to 1.10295 kg C02 production according

to the usual conversion factor from UBA

equivalent to C02 production of driving 7.55444 km

in an average fossile fuel powered VW Golf
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Conference Summary by Marumi Kado

Raymond Volkas '

The General Framework
Raymond Volkas
Two main outcomes of the LHC: The discovery Open problems
of the Higgs boson and nothing else (so far)! Hierarchies
- Gauge Hierarchy and Naturalness
i F F rev] - Flavour hierarchy including neutrino masses
!
=
[ The strong CP problem
L o A A 10 From neutron
2 rr LTS A -5 g - electric dipole
4 WZE‘P 87 FPWF 0 <10 moment
Si";llzli?é%g)ovemeddby s'ymmetries only 3 (EW) The existence of Dark Matter (new field?)
an parameters!
C The nature of Dark energy
= i
+ Y aij ﬂ#" L.e, +XL1LIHH ? Open questions
- What is the origin of the asymmetry between matter
* 4
Gl h’,ﬁ#f -~V (¢) +A"? and anti-matter in the universe?
- What are the properties of QCD confinement?
Not governed by symmetries and with 26 parameters - Why do electrons have precisely the same charge as
set by “hand” of experiments! the protons?
y.
Strong statement, contested in many talks J
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LHCb physics: overview

Yasmine Amhis

Hadron . 75 new hadrons at the LHC]
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onst Date of arkiv submission

LHC(b) contribution to “textbooks” physics,
accumulating data on precise hadron spectroscopy (— non-pQCD)
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CMS plenary talk

L] L] Maurizio Pierini
CMS$ mission ————

@ CMS is mony experiments ot once for various years K
CMS  — i o
o] ier: our search program at the TeV 5 =
scale §
© At the intensity frontier: our Higgs and EW precision }é,
program H
@ As a flavor experiment: top physics + dedicoted dota
streams for b, c, and T et
@ As a heavy ion experiment: PbPb and pPb LHC runs withlg%ﬁﬁ?::m::;tm
® As a photon collider experiment: ultra-peripheral Heavy lon ==
collisions + proton tagging in pp runs, ... o

iver for the entire field (reconstruction
on GPUs, real-time analysis, Al applications)

@ This talk will guide you through oll these aspects, presenting
the latest news from CMS 2 )

Impressive number of results (all LHC experiments) J
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LHC time table

At the middle of our journey w5
i Large Hadron Collider (LHC) HL-LHC
Rt LSt Auz L isa ) Rend B iS3 )  Aund.l
7TeV BTeV 13TeV 13.6 TeV 1 TeV—
2ot | ora aota baota ] ors | zove | zov7 | cove [aote 2020 g0zt | zoze | 2020 | 2024 | ous | 2000 |aoerl) coco 2o
HL: High-Luminosity Y We are here
LS: Long Shutdown
@ First phase of LHC program to be completed soon
@ Aiming ot 2300 b1 (Run2+Run3) by the end of 2025
® Working on upgrading the detector for the High-Luminosity phase
@ The target is 3000 b by 2041 The fFuture is NOW
© 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) \ RN
LHC is already running with 45% of HL-LHC ! J
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LHC time table

Monica Dunford '

_ Inner detectors

Run 1 (20112012} e,
7/8 TeV, 40 fb! ‘

Run 2 (2015-2018)
13 TeV, 140 fb-!

endcap calorimeters

ognetic calorimeter @
EXPERIMENT

Run 3 (2022-2025) ‘barrel hadronic calorimeter
‘13.6 TeV, 113 fo-1 and growing
HL-LHC (2029-2041)
We are here 14 TeV, 3000 fb-1 total 3
Much more data still to come }
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Higgs after 12 years

Nicolas Berger J

Twelve years since the discovery € wE Ry

W =7ToV: [Lat= 2648107
J
g» 1GE g fE=8Tol [Let=5859 1"
Tof.  — Obe 3012
B 018

g ¥ & ¥Ry

)
5
o Pty e Higgs boson with my~ 125 GeV | ICHEP 2012
L ogre T announced by ATLAS and CMS on 4 )
107516 Tie 120 122 124 126 128 1 :; July 4, 2012, during ICHEP 2012 Melbou(i’ne ’

Higgs boson mass (GeV)

ICHEP-2012 at Melbourne: Higgs announced by ATLAS and CMS )
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Higgs couplings (“A portrait of the Higgs boson...by CMS")
Nicolas Berger j

—af-theoarts Hi : Nature 607 (2022) 60
Current state-of-the-art: Higgs boson couplings tre gy (2022 52
. CMS - : 138 b’ (1‘3 TEV)‘ CMS 138 fb” (13 TeV)
£ |: m,=125.38 GeV Wz * Observed [0+ 5D staty g
E " =21 D (stat & syst) [I +1 SD (syst) K=—
- > - — 2 5Ds (stat @ syst) Gsm
e 107F 3 . r + 02 Stat Syst
o W 102000 w008 o1
gl . H +
e R X, 4007 005 005
¥ el <4 I ~7-8%
l Ky - 110w s o
§  Vector bosons -
rd K| - 0.921008 1005 1008
1073 L i 3" generation fermions i L h o
';_.-"' f 2 generation fermions K'_ _*_ OTG e ow ~10%
’ * SM Higgs boson Ky ——— 09927 o 0% ~15%
104 E 1 oo e e |~ 89
s 14 ‘L : : 1 K, | ‘1' 0.92: 8/)
= 1.2—* 18 e 19255 35 e [ ~20%
5 1.0F+ } - r ]
£ osf ¥ L Fu| | e iesn GG | ~35%
T 065 : : : 0 05 1 15 2 25 3 35 4
10 1 10 10% Parameter value
Particle mass (GeV) 5
v
Higgs boson couplings, scaling with particle mass )
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Higgs production and decay (“A portrait of the Higgs boson...by ALTAS")

Nicolas Berger J

Current state-of-the-art: Production and Decay Nature 607 (2022) 52
Nature 607 (2022) 60

7 10° 3 5 3
2 L E 2 E
T — ATLAS Run 2 ] ATLAS Run2 7
s L ] £ b
5 o o
8 10 E £ ——— o
2 —_ E |54 ——— 7 5%
o T ] o 8 £
o = @1 3 = =
e . E s
F 1 Data (Total uncertainty) —r E 3 Data (Total uncertainty) —=— % ] 2 =
 [Zlsyst. uncertainty 1 1 [[]syst. uncertainty 3 i g
. _| E 3
1075 1 sm prediction — E 8 M prediction SEE £
E | | | | | ! | " . y L 23
E >—+ t t 1 3
215 J10 312 - s SE
) e 7]
o 1 0 ° 1—?—@—“ " %! ~ 2 § =
= 7] 5 o8 & * |y
T 05t L L L L 4-10 « ! | L L M
ogF + bbH  VBF wH v M *H bb ww ™ zz ¥y Zy He
Production process Decay mode

1 wz T
w
e - w
Kw,z w
1 wz vz

Main production and decay processes observed, measured with <10% - 20% precision

e q, VH Wz K E o
vz K, d
& Kb.ctu
a " o

a
@ a

Higgs boson production xsections and decay BR, agreement with SM )
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LHC Higgs physics: overview

Marumi Kado ’
The Higgs Sector - Pillars of Higgs physics

Nicolas Berger, Matthew McGullough, 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
" 2m?, b P —— Higgs compositeness.

2
(#){ not exist New measurements at
without a vev 13.6 TeV (Run 3)

suwl‘ﬁwe}an‘m‘(s‘ww “aw‘ w

8 CMS Preliminary
#  Run1Data (stat © syst) ]
5L ¢ Run2Data (stal © sysl) il

4 Run3 Daa (sal @ ys) e i

J’i‘gjq fipt ke e —

644 (fb)

Siandard model (minioHJ, m, - 125,00 Gev) B
Standard model (NNLOPS, m, = 12538 GoV)

New for IGHEP 2024

vV (¢) LIS

pp —(H > 4l) + X

L 1 L 1 1 L ik
B oIHOF 2 3ie
L ) Vs (TeV)

N ——

Higgs physics pillars, couplings to Vector Bosons, hZZ: window to Higgs compositness J
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LHC Higgs physics: mass measurement

Nicolas Berger
e—
Current state-of-the-art: Mass P
CMS: using H=ZZ* >4l ; CMS-PASHIG21:019 %,sn, 7 | -
my = 125.08 £ 0.10 (stat) £ 0.05 (syst) GeV ~ £.

L o 3

Most precise single measurement (< 1 %o ) TN

a‘ﬁmm-———“ o
m, (GeV)

Phys. Lett. B 843 (2023) 137880,

ATLAS: combining H—>4l + H—>yy :  phys. Lett 5847 (2023) 138315

See taks by Camila Pazos,
Léo Boudet, Badder Marzocchi and

my=125.11 £ 0.11 GeV (syst: 0.09 GeV) Federica Primavera ferdetalls

Most precise measurement to date

JINST 19 (2024) P0O2009

H—>yy mass resolution systematics reduced by a factor 4 !

Most precise measurement to date (H — 4/, H — 2v)

G. Grzelak (University of Warsaw) ICHEP-2024 report
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LHC Higgs physics: overview

The Higgs Sector - Pillars of Higgs physics

Nicolas Berger, Matthew McCullough

The pillars of Higgs physics:

oV
H - 2m This term could
- ,\ md;F not exist
! L without a vev
Lv
f
H my —
Se- " Y, et b
v i %"j ‘IUV?S s
f
H H H
N .

v (g)

Current
Kwz| 6%

Current
K, 1%
K, 1%
K, 8%
K, " 20%

HL-LHC

1.5%, 1.7 %

HL-LHGC  FCG (ee)

3.4%
3.7%
1.9%
4.3%

0.7%
0.7%

8.9%"

Marumi Kado ’

FCC (ee)
0.4%, 0.2 %

FCC (hh)
1%
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ATLAS: ttH production, H — bb

Monica Dunford }

04

Precision Higgs - ttH to bb

T T T T T T T 9 7oo0000000000————
ATLAS |#{Total Unc. = Syst only [ Stat.only ~ SM+ Theory
VE = 13TeV, 14016, m,=125.09GeV Total  (Stat. Syst.) b
pe[0,60) GeV |- —— 125 0 OE 0W s | _H_ <
Pt e[60,120) GeV — 077 0% o4 0% b
M [120,200) GeV F— 088 HiR TN 0h 9 TBOO00000000 i
oY €[200,300) GeV |- F— 077 R o .
He[300,450) GeV [ === 027 o i R .
sl s R s Total uncertainty reduced by
H o — 063 o s
gl asabEe S etuif et factor of ~2, 4.6 ¢ observed
Inclusive - [ 081 0 0N OE 1
L 1 Ll L L 1 1
0 1 2 3 4 5 6
O/ oM
.
v
Towards HL-LHC, 4.6 ¢ visible, very complex final state, tt + bb bkg. (ML !) J
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LHC Higgs physics: overview

Marumi Kado }

Nicolas Berger, Matthew McCullough, Monica Dunford, Francesco di Bello
ttH from ATLAS
Recent example from Mathew (ttH) Al in HEP reconstruction has a significant impact!
il Lt i T ATLAS Simulaton Preiminary | !
Lo soEVE =13 TeV
NLO tEjets, £ = 70%
j0tf O MNLO g 50
& ATLAS Ta {Run3reco
¥ oms 3 !
z T bLid
© ) N 20
05 0 00 The most shown plot at
this conference!
04 O"Joi7 duie  2ote dosb 021 o onzz - 2@ O
0t Vaar
0 CMS simulation Preiiminary 13.6 TeV

£ 5[ s o mon i 24 . !

L e o

H D wor )

] | . - 107 There are 4 b-quark jets

® -1 = - - & | - 2 in the ttH(bb) event

13 ] 50 [ |
V] . - o topology!

Message 2 (again) (Matthew McCullough): B . ) o
Precision in Higgs physics is key. e

G. Grzelak iversity of Warsaw)
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LHC Higgs physics: overview

Marumi Kado ’

The Higgs boson self coupling!
Nicolas Berger, Matthew McCullough
The pillars of Higgs physics:
H "y e Despite the fact that in “Vanilla SUSY and
R o Ye ‘,j.,- Lf;df 4+ b, vanilla composite models it is difficult to have
+ : large deviations in trilinear w.r.t. vector boson
! coupling”
Matthew McCullogh
oV
2 This term could
H e plt  notex
1, . ' N wilhoutavey Message 3 (Matthew McCullogh - as well as
Georg Weiglein in parallel session): Large
m H 1 trilinear deviations are possible while deviations
L S e of the Higgs to Z coupling remain small.
H e 3m? N 3m?
B D VG
N AN “Arguably the most important of them all!”
N . N
H H n
v
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ATLAS: di-Higgs production

Monica Dunford ’

Di-higgs production

—e— Observed limit (95% CL)
e H ALl . Expected limit (95% CL)
- VE=13TeV, 126—140 fb-! (Wi =0 hypothesis)
[ Expected limit +10
Tt ves(HH) =328 fo [0 Expected limit 126
N Obs. Exp.
£ H 5 | New |
bbie + EP=S— 10 14
Mutieptan|- 17 Ml new
- | Mo hanetord mart |
P bbbb— 53 8.1
Best expected sensitivity on HH
. . by 4.0 Tl imooved |
cross section, self-coupling, K bbry - i
- |
bbttt = 59 33
0.9 +0.7 Gombined| 29 24
=0.5705(stat. syst.
pHH 708( )70'6( Y ) 5 I

95% CL upper limit on HH signal strength L

Towards HL-LHC, process is visible already now J
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LHC Higgs physics: overview

Marumi Kado ’

Higgs Self Coupling and HH Production
Nicolas Berger, Matthew McCullough
“Arguably the most important of them all!” ATLAS - l;bsewsdlim:g;fgg
pected Imi
" VS=13TeV, 126—140 b {Htin =0 hypothesis)
108 1" (13 Tav) . 328 == Expected limil 10
----- Wedan expected o v (HH) = == Expected limil 120
. s~ expected
..... 455 oxpocied obs.  Exp
wirr | .* ] bbte + Egl- 0 14
o 52 [—
e L - Moliloptonf~ 7N
Bt J—
Commrc 4 bbb5 53 a1
bb ZZ &
ey e s oy 40 80
bl e s obre 59 a3
s | h Gomtined] 29 o4
Eapmidess 65 awep a () 287 Il L 1 L L L
. H 10 15 20 25 30
Bhre s 95% CL upper imit on /1 signal sirength o
e
Observed limits start deviating from expectation!!
tbbb &
C— Both experiments have ~1a sensitivity to a signal
com.ote || (Obs. ATLAS 0.46 and CMS ~1) with Run 21!
oo 25
= s i Naive comb. ATLAS-CMS sensitivity with Run 3 close 2.5 &
95% GL limiton ofpp — HHjier, with improvements (and as much data as possible) aim at 3¢
4
Looking for tension... J
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LAS precision measurements: overview

ATLAS ttbar events
V5=13TeV, 140 5’

o

em

Linit (Pweg + Harwig?)
-+ Lot (Praneg + Ryias)
- Theory Uncarisnty
® oo
@ Foueg s Bymias g
W Fowheg + Henwigr {wg)
40 <ma <380

Paricie fouel incariart zzs Rarge e

standing fundamental p
Where \

Monica Dunford

rameter

precision on W ma
top mass

mass

Sub-percentage precision of many measurements.

G. Grzelak
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ATLAS precision measurements: W width

Monica Dunford ’
arkiv: 65

Properties of the W boson

___Overview of I', measurments
ATLAS !

E\s?Te\A 46’
-

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

Ll - -
i - 0 =
Largest systematics from the 4
calibration, the theoretical modeling @ Moasuremant - ;'
and the parton density functions Ef:'!‘“u':c e
i sM Prediction e
7500 060 2500
'y [MeV]
v
Best world value. J
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ATLAS precision measurements: W width, fits to W p7 distribution

Monica Dunford ,
Where can we go - improved modeling
Dedicated measurements under optimal running conditions can play a key role to
improve these limitations
TF L ATLAS | Z L ATLAS
[ —— /8 = 5.02 TeV, 255 pb~" S 1072 ooy I VE=13TeV, 338 pb~"
| s E % LS
2k R ey m
Tk ey, ] :: L "H,_
- E W= S0t e WE S ety 4
—t—TmalaV - B —+— Data i&
104 E —+— Powheg+Pythiag AZNLO 3 105 L T Powheg+Pythias AZNLO -
F Sherpa2.2.5 - Sharpa2.2.1
ol Powheg+Herwi
- o :;v:‘?:é; AI;elw\gY I ”'LE ineg+HerwigT E
11 ! ‘;
— o % l‘l‘ % ‘
e il f
0.85 = Sl D :
10! 102 .
pY [GeV] oy (Gev]
v
Experimental data better then theoretical modeling. J
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ATLAS: lepton universality from W decays

Monica Dunford }

f . . ATLAS
Lepton universality in W decays LeP2 .
e'e—WW, V5=183-207 GeV
ATLAS — gt
pR—W, V57 TeV, 4.61b”
. . LHCb Ml
- Exploits clean W bosons from top-pair Pp-W, V5B Te, 217
cMs H———
decays pptf, V5=18 TeV, 36 1"
PDG average L)
* Higher precision than current world ATLAS (ia oeul] G
average 09z 094 095 098 T2
wle B(W—suv)/B(W—sev
R = 0.9995 + 0.0045 ‘ |
ATLAS —a— LEP (Phys.Rept. 532 119},
i . ATLAS - this result
) ) ¥s=13TeV, 13910 Statistical Uncertainty
- This adds to a previous result with taus, ; IS Sysiomatic Uncorainy
solving a decade old puzzle from LEP
—_—
g T os oA o8 08 T
R(t/u)=B(W—tv)/ B{W—pv) 7
v
RU/® - better then world average so far. Rj/" - consistent with 1.0. J

G. Grzelak iversity of Warsaw) ICHEP-2024 report HEP seminar 29



CMS precision measurements

s o e e Maurizio Pierini
CMS as a precision physics expe M =

@ Since Runl. carrying out a fully comprehensive measurement
program, to improve our understanding of the SM

cms

Lagrangian mass extractions

@ Spanned 14 orders of magnitude in cross sections, going from | i
obundant QCD processes to rare multi boson production =t

@ Measuring fundamental parameters of the Standard Model
with multiple techniques ot unprecedented precision

CMS ]
%“’”“.: - Tev (LS} )
= 109 -3 Te (L 1300
© o pis - ). - - TeV (L<196M )

ogereiee  CMS-SMP-23-001 e
10 . 502 Tew L5 302p07)
w226 ToW (L <231 ")
107 95% GL limit at
13TeV (L 1301
107 W Theary prediction

Production cross section,

107 | I T P L 1
i 1l Rt maar Taaa s &
10 LA m, [GeV]
109 e B
] :
O sy T WW g W Ve W WY B B R s Ty
z WZ VBFH v Wy WO Wy WY
7z Zy
w
Agreement with SM )
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CMS data taking strategy

° ° ° Maurizio Pierini
Rethinking Data Taking Strateyy =
@ LHC high-intensity challenge: retain sensitivity to high rate

CMS-EXO-23-007
processes (e.g.. low pr) w/o compromising high-pt core progrom,

Two solutions: . . s PARKING(G.5 knz)

@ (Since 2011) Scouting Stream to work around trigger : ¥ delayed availability for analysi
constraints: store 10 kB of HLT reco objets rather than the —

full RAW event (~1 MB) . normar 2:5 Kiz

oty

® (Since 2012) Parking Stream to work around computing =
constraints: store extra dota on tape and reco them when (a0 kiz)
extra computing resources are available i SCOUTING

reduced data format

@ For Run3, we pushed this effort to moaximum capacity normal avaliabilty for anatysls

@ Scouting now covers ~20 kHz out of ~100 kHz of incoming rate
(at maximum of available online CPU power)

@ Promoted Parking program to default (not just last-year-of-
run effort)
i @ Big benefits to our core physics program (Higgs physics, searches,
|  etc) and beyond-core areas (e.g.. flavor)
|
I

7

Scouting and Parking. Future: only Scouting for High Rate Physics. )

G. Grzelak (University of Warsaw)




CMS data scouting, up to 100x more data “on tape”.

aurizio Pierini ’
Data Scouting c,,.,.m.g:m : =

) cus 80713 Tov, 2018

® Scouting introduced to probe
light resonances (dijet in Runl +
muons in Run2)

@ Generalized to all objets in
Run3 (photons,electrons, taus,

hadrons)
+
@ Reached ~ offline-like :f: o LR et N
resolution with excellent Bl Jet resolution in {;m
HLT calibration & o el barel e
reconstruction émo
e N
@ It wil extend our physics I T il
reach in the 1-100 GeV . Muon N
region (light Z', Heovy . Resalution N
Neutral Leptons, long-lived . i "
light particles, ...) f"”'-ﬂ o
: S T e e e
S ERN
8 CMms NOTE-2024/006 @
v
Possible thanks to excellent understanding of detector calibration. J
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CMS: fast simulation

The Impact of Al

©® CMS has been an early adopter of Al solutions :

Maurizio Pierini }

2

@ To enhance our computational performance, e.g. with Al-
based super-fast simulation (FlashSim)

@ Same paradigm now used ot analysis level to correct

simulation of specific quantities with data control
somples

GEN < s

. ey

2
RECO

¥

fffff FullSim Jet resolution for Full Sim vs Fast Sim vs Flash

| —— FlashSim

| CMS simutation Preliminan

FullSim
FasiSim
FlashSim

8
GenJet pr [GeV]

221 Simutation (Corr]
— Simuaton

+ o

CINS-NOTE-2025-005

esin ot asoent_ woroms wogoernd I3

0.
1

o 12, .
T
8

E|

575 0% 025 000 025 050 07
Photon identification BDT scare

T

Application of Al for fast detector simulation
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CMS: anomaly detection

The Impact of Al MPW)

@ CMS has been an early adopter of Al solutions:

® To expand our physics reach with novel applications, such as anomaly detection in offline
analysis and in the L1 (hardware) trigger

CcMms-DP-2024-059
Lotency | LUTs | FFs
CMS Prefiminary 0.527 fb™', 2024 (13.6 TeV,
[ T T T T 2oos |
5 " Run 380470 ] 1
i 109 1 Al Scouting 1] ﬁfmlflill
AXO Nominal
il% AXO Pure
10 J
P
109 o ]
< ™

Events otherwise
ejected by trigger
10

I
'
'
'
1
'

An otherwise untriggered high-
10 ‘ X ‘ - i . | multiplicity event
0 500 10Q0 1500+ 2000 250

*Emulated AXO Score
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FCC: The landscape
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FCC: layout

Rende Steerenber;
e e
Optimised placement and layout

Layout chosen:

= One out of ~100 initial variants, based on geology and surface
constraints, environment, infrastructure

Baseline:

= 90.7 km ring

= 8 surface points

= 4-fold super-periodicity 7 1
connections with

highway network

= 4 interaction points for experiments &
Iniegration with regional services: \
= =Connections with highway network

7. 9rid operator
Sustainabilit

@ sarerpon.
@ ascaesavee
P —

e
Dstance along ing losiwss fom

Rente Steemberg | Future faciites and advances in accelerator technoiogies 2310712024 1

Latest version of FCC layout: optimized for existing network of public roads J

G. Grzelak versity of Warsaw) HEP seminar



FCC: ee

Rende Steerenberg '
FCC-ee

address the different physics cases:
* Z:456 GeV (~4 years)

*  WW: 80 GeV (~2 years)

*  H(ZH): 120 GeV (~3 years)

» ftthar: 182.5 GeV (~5 years)

Off momentum
e " closed orbit

2-ring collider with full energy booster in a single tunnel £ 02
* Integration of all services and transport corridor E 0 collider
Techni
Designed to operate in multiple energy stages to Mme,;% -20 lump
s
T

6.5 7.0 Ister

Scalable superconducting RF system

* Increase needs as physics evolves Z _, W _ H _, tthar

* SRF is a main area of R&D for the FCC-ee

On-axis top-up injection for high luminosities

* Beam lifetime and high bunch charge require continuous top-up

injection
Parameter table availabie in the back-up slides
Rende Stesrmberg | and advances in clogi 230712024 12
FCC-ee: physics programme J
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FCC: timetable

Rende Steerenber;
T
FCC: A comprehensive long-term programme

Maximising physics opportunities:

» Stage 1: FCC-ee (Z, W, H, tf) as a Higgs factory, electroweak & top factory at highest luminosities

* Stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, proton-proton with options

PPRCLLPD @

Conceptual Design ~ Feasibility Pre-TDR  Project for approval  Start tunnel Start FCC-ee HL-LHC  Operation of FCC-ee Operation of FCC-hh
Study Study Study by CERN council  construction installation ends ~15 years of physics ~20 years of physics

* The program is highly synergetic and complementary enhancing the physics potential of both
colliders

« Common civil engineering and technical infrastructures, building on and reusing CERN’s existing
infrastructure

* FCC integrated project allows the development of a significant new facility at CERN, within a few

years of the completion of the Hl -1 HC physics programme
Rende Steernberg | Fure faciliies and advances in accelerator technologies. 2300712024 10
v
FCC: data taking in 2045 (FCC-ee) and 2070 (FCC-hh) )

G. Grzelak (University of Warsaw)



ICHEP'24: panel discussion

Fabiola Gianotti, Lia Merminga,
Yifang Wang, Shoji Asai

60 minutes, 4 directors of HEP labs, 1:1:2 - Europe : America : Asia

G. Grzelak (University of Warsaw) ICHEP-2024 report HEP seminar 39 /73



AMS-2: 12 years of data taking

AMS Collab. )
2011-/2}0723:7AMS is taking da.tg without interruption

= &

4 |
\Eg Over 12 years, AMS has collected
.. more than 220 billion cosmic ray
T events : e*; e, p, P, nuclei, ...
= -

Dimension 3*4%5 m:
Weight 7.5t

2.2 x 10™ events over 12 years — and more to come (till 2030)

ICHEP-2024 report HEP seminar 40 /73
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AMS-2: detector

AMS Collab.
r——
AMS: a unique TeV precision, accelerator-type spectrometer in space

Particles and nuclei are defined
by their charge (2)
and energy (E)
or momentum (P).
Rigidity R = P/2

- TRD: Identify e*, e, Z TOF:Z,E

Z and P (or E)

are measured independently by the
Tracker, RICH, TOF, and ECAL

G. Grzelak (University of Warsaw)



AMS-2: particle identification, cont.
AMS Collab.

Antiproton Identification

AMS is able to identify particles precisely.
Antiproton signal are well separated from backgrounds (z- produced
in detector, e” and protons)

1.02

(5.4, 6.5 GV

1.01

I
S
'3
>
o
=
‘S
o
©
>

]IIII]TIT[IIII[I]Illllll]l

TR51estimator9< charge si19n

matter antimatter separation
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AMS-2: origin of cosmic rays

AMS Collab.

Origin and Propagation of Cosmic Rays

New sources: pulsar, ...
Supernovae

v
. | A #
Primary

p, He, C, 0

Interstellar
medium

Dark Matter

Cosmic reys (low encrgy)

Before being detected by AMS,
All the galactic cosmic rays propagate in the solar system (heliosphere)

a lot of effort to understand CR propagation in heliosphere

G. Grzelak (University of Warsaw) ICHEP-2024 report HEP seminar 43 /73



AMS-2: positron spectrum (flux)
AMS Collab.

The positron flux is the sum of low-energy part from cosmic ray collisions plus
a high-energy part from pulsars or dark matter both with a cutoff energy E;.
E? SN .
@ (B) = o5 [cd(E/El)n +C(E/E;) exp(— b/.':_,)]

Solar Collisions Pulsars or Dark Matter

25

« AMS positrons
4.2 million events

20

Positrons from
new source
or
Positrons from Dark Matter
cosmic ray
collisions

Energy [GeV]

0
10 100 1000
The existence of the }inite cutoff energy (4.8¢) is an unexpectecPobservation

positron flux decomposition
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AMS-2: positron spectrum: energy cut-off

AMS Collab.

Determination of the cutoff energy E;

2 Collisions ~ New Source or Dark Matter

@ B) =g [cd(s/slwu (5/52) exp(— E/E, )]
T

Es =778 GeV ]
/

""""" 1/E;= 0 or E; = o0 is excluded at 4.8
1 L L L L | L L L L 1 L L L
65 70
C.[Im2sr's'Gev]

I

spectrum cut-off significance: 4.8¢0
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AMS-2: positrons vs. antiprotons
AMS Collab.
Unique Observation from AMS:

Positron and Antiproton have nearly identical energy dependence
The positron-to-antiproton flux ratio is independent of energy.

Presented by C. Zhang

*AMS Paositron-to-Antiproton Flux Ratio

nﬂ'“wwh f

+  AMS: 1.2 million Antiprotons 3
+  AMS: 4.2 million Positrons 5 q>ejtpp =1.98 + 0.03 (stat.) ~ 0.05(syst.)

| 1 1 L L L E 1 3
100 200 300 400 500 70 80 100 200 300 400 500

Energy [GeV]

Antiprotons cannot come from pulsars.

positron and antiprotons have similar energy dependence
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AMS-2: positrons are not from pulsars

AMS Collab.

By 2030, AMS will greatly improve the accuracy of the antiproton spectra

The identical behaviour of positrons and antiprotons

excludes the pulsar origin of positrons

p

T
AMS by 2030
DRIR) %

*

.‘~v: L ¢
.
e

* AMS-02 Antiprotons 2.5*10°
+ AMS-02 Positrons 9%10¢

Energy [GeV]

f

i

@
w
«

e*/p flux ratio
w

]
3

g
o

+ AMS by 2030

Fit with a constant: 2.00£0.02(stat.) £0.04(syst.)

T T T T [T T T [ T T

Energy [GeV]

Energy [GeV]

2x10°  3x10°

Energy [GeV]

70 80 10°

tendency is already visible, expected projections by 2030

G. Grzelak (University of Warsaw)
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AMS-2: positrons spectrum: expected precision by 2030
AMS Collab.

Determination of the Origin of Cosmic Positrons by 2030
AMS will ensure that the measured high energy positron spectrum indeed drops off quickly
and, at the highest energies, the positrons only come from cosmic ray collisions
as predicted by dark matter models

25

¢ Current AMS data
+ Projection to 2030

including positrons from cosmic ray collisions §F* # r

W

20

15

Positrons from

Cosmic Ray Collisions
Astrophysical Journal 729, 106 (2011)

EnergyI [GeV]
100
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AMS-2: electrons spectrum

AMS Collab.

Origins of Cosmic Electrons

The contribution from cosmic ray collisions is negligible

AMS 62 million electrons

paa it e a e Ly s s by aas

LI AL FEL AL LR, Y LILIL L L ILF

Electrons from cosmic ray collisions Energy [GeV]
1 1

L Al M

10 100 1000

negligible contribution from secondary interactions — more clean picture
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AMS-2: electrons spectrum, power law fits

AMS Collab.

Origins of Cosmic Electrons ' . !

at 46.8 GeV

Energy [Ge\:’]
1000,

Fit to data
CEY, E < Eg;

®,-(E) =
e () CEY(E/Ex)*r,E > E,.

EE(I)e [GeVZ m2 sris)

8 sigma
excess at
E,;=46.8+3.1 GeV Energy [GeV]

46.8 GeV

cannot be described only by power law dependency (Fermi mechanism)
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AMS-2: electrons spectrum, source term contribution

AMS Collab.

AMS Result on the electron spectrum

The spectrum fits well with two power laws (a, b) and a source term like positrons
v)

E = P
@, (E) = =5 (C, EYa + C,E"+ + Positron Source Term)
g 250 effe
Solar Powerlawa Power law b 5o effect
250

+ AMS: 62x106e-
200

150

Power law b

visible contribution from source “positron-like counterpart” term
(2.50 at present, 40 expected at 2030)
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AMS-2 anti-Helium observation

AMS-2 reports of ~ 10 events (##COSPAR2022) of *He and *He nuclei
possible sources:

Supernovas explosions — extremely low rate, (should be correlated to anti-protons)

Cosmic Rays interaction plus Supernovas Shock Waves acceleration ?

— too small flux...

o Dark Matter annihilation:

like X + X — WW/ ZZ bb,... (as product of single heavy particle decay from
W, Z, bb — jets fragmentation and hadronization)

@ More Exotic Sources ?
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Anti-He from AMS-2: possible sources

Cosmic-Ray Propagation Models
Elucidate the Prospects for
Antinuclei Detection

Pedro De La Torre Luque®® Martin Wolfgang Winkler® Tim
Linden®

“Instituto de Fisica Teorica, IFT UAM-CSIC, Departamento de Fisica Teorica,
Universidad Auténoma de Madrid. ES-28049 Madrid. Spain

E] 19 Apr 2024

flux from both astrophysical and dark matter annihilation models. We show that astro-
physical sources are capable of producing O(1) antideuteron events and ©(0.1) antihelium-3
events over 15 years of AMS-02 observations. Standard dark matter models could potentially
produce higher levels of these antinuclei, but showing a different energy-dependence. Given
the uncertainties in these models, dark matter annihilation is still the most promising candi-
date to explain preliminary AMS-02 results. Meanwhile, any robust detection of antihelinm-4

flux from both astrophysical and dark matter annihilation models. We show that astro-
physical sources are capable of producing O(1) antideuteron events and O(0.1) antihelium-3
events over 15 years of AMS-02 observations. Standard dark matter models could potentially
produce higher levels of these antinuclei, but showing a different energy-dependence. Given
the uncertainties in these models, dark matter annihilation is still the most promising candi-
date to explain preliminary AMS-02 results. Meanwhile, any robust detection of antihelium-4

events would require more novel dark matter model building or a new astrophisical production
mechanism.

arXiv:2404.13
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LHCb: production of anti-helium

Dan Moise }

@ s FSP LHCb RWTH 5
D] Erforschung von
Universum und Materie

Antihelium production in /Tg decays

- Dan Moise,

on behalf of‘th'e_:.'l;_‘H Cb ¢g}ll|‘éb§ration

; i e 14 xR
i ICHEP Prague o
322 18th July 2024
. # . 2 -I " ‘P‘c. T
LHCb: looking for anti-helium production in pp collisions )
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LHCb (plenary): production of anti-helium

Yasmine Amhis

Observation of antihypertritons

LHCb: contribution to AMS observations

ICHEP-2024 report HEP seminar 55 /73
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LHCb: prompt and displaced helium

. . Dan Moise ’
Prompt and displaced helium

LHCb 5.5fb™"

Tracks /0.1

-5 0 5 10

In XIZP

LHCb: prompt (anti)helium : from fragmentation of recombination of QCD strings J

56 /73
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LHCb: anti-hypertriton and displaced production of anti-helium

Dark Matter Annihilation Can Produce a Detectable Antihelium Flux through A, Decays

Martin Wolfgang Winkler'-* and Tim Linden':
'Stockholm University and The Oskar Klein Centre for Cosmoparticle Physics, Alba Nova, 10691 Stockholm, Sweden

—d —
wt ey —Tle
2x ,
b U — p/n
KE u u i)— atn~ Jx

d

B(AY) - “HeX) predicted as high
as 3 x 107°® (modified Pythia 8.2)
well within reach of LHCb

Dan Moise }

PRL 126(2021)101101

1077

T —
XX~ bb  m,=67GeV

10

H
2

—— AMS-02 (10yr)
— Pythia

Td, [m 2571 g 'J
=
=)

11
10 - Pythia prompt
—— Pythia A, -tune
1012 -=-= Herwig
=== Herwig+EvtGen
L
1 10
T [GeV/n]

NB: discussion ongoing, e.g. PRC 1018(2023) 024903
b

LHCb: BR predictions from Pythia within LHCb reach, soft-QCD uncertainties

G. Grzelak (University of Warsaw)

ICHEP-2024 report

HEP seminar 57 /73



LHCb: helium and anti-helium background

Dan Moise
Helium selection: conversion rejection

o 10— ]
O~ [ LHCbCO 1-005 LHCb preliminary ]
n4<._10 2 [ (in preparati -+ Putc helium sample .
o r Helium-enriched sample ]

% r 3 Conversions-enriched sample
0.6 ]

Z [ ]
=041 ]
0.2} ]

00:_1..L O PP L S R R T e B
=3 -2 -1 0 1 2 3

AR

» RICH, Isolation, Calorimetry, and OT information
combined into additional log-likelihood estimator: AEIIDCO

= removes residual background from conversions

= signal /" 10%, background ™\ 3x cf. previous publications

Background: v — e*e™ conversion with small opening angle (mimics Z=2 ionization) J
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LHCb: another penguin process

Kowalski,

Ag — 3HeX
analysis

Penguins analysis :).

G. Grzelak (University of Warsaw)
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LHCb: topology and kinematics of /_\?7 decay

. . Dan Moise ,
Topology & kinematics
m(h,) =56GeV XSHe(ﬁﬁﬁ)
m(*Ile) = 2.8 GeV
Min. mass = 4.7 GeV P
Soft final-state particles
—> D
KD
b ct=450um
p > p
barion number conservation — 2 nucleons are expected (+X) J
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LHCb: topology and kinematics of /_\2 decay

. . Dan Moise '
Topology & kinematics

Three signal channels

ct=450um 0 arr——
o Ay — “Hepp peak

P r P « A} = *HeppX at kin. threshold

. A',? — *HepX at kin. threshold

barion number conservation — 2 nucleons are expected (+X) J
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LHCb: (no) signal of A2 decay

Dan Moise
__ e —
Ag — JHepp data
?D J T T T T I T T T T I T T T T I T T T T I T T T T L
SOF p=014x008 {7 LHCb preliminary
v: - S+B=0 ! ¢ Wrong-sign data 1
2 8 C ! AY - *Hepp simulation
3 C | [ Background estimate .
= 6 i CZ_71 Signal region -
= - T C7777 Control region k
el - N -
g 3 | .
O 4r i -]
L .
0 1_] L1 I | — | | . L i 1' 1 i :I L L _I_J L L 1 I L 1 L L i-
5400 5500 5600 5700 5800 5900
LHCb-CONF-2024-005 m(*Hepp) [MeV]
exclusive channel, similar for inclusive channels, no signal... J
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LHCb: limits for A2 BR decay

Upper limits

LHCb-CONF-2024-005

Dan Moise }

LHCb-CONF-2024-005

U B B B B T 0 o B B I I L I
s \ LHCb preliminary g LHCb preliminary
é_“ g Observed i 5_“ s Observed
- —— Median expected - —— Median expected
Expected = 1o Expected #1o
0.6 B Expected 220 - 0.6 B Expected 20
=== 90% CL === 90% CL

1 T R [LE el IR B Brararan P
0 1 2 3 4 5 6 1 2 3 4 5 6 7
B(A) — HeppX) x 10° B(A] — HepX) x 10¥

— ‘HeX) < 6.3 x 1078

G. Grzelak

versity of Warsaw)



LHCb: /_\2 —3 He + X Summary

Dan Moise }
Summary
LHCb-CONF-2024-005 (in preparation)
g T T T
= -'- LHCb 5.5 tb~! limits at 90% CL
g 1075 = == WL“Ajtune”
= —— WL “Herwig + EvtGen”
E‘“ ==+ Pythia & “custom (4, p) — *Hey”
=
5 1077
= +
c‘g ?
T S —
1071 - -
LHCb preliminary
| | | |

AV > 3Hepp A - “HeppX AY — 3HepX Al - ‘HeX
(extrapolation)
These are the first results on (anti)helium production in (anti)A, decays.
They significantly restrict abundance of *He in cosmic rays.
LHCb Upgrade |l offers the potential to cover current estimates.

translation to the abundance of *He in CR requires more work... (what about *“He ?) J
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AMS-2 anti-Helium observation

Where do the AMS-02 anti-helium events come from?

Vivian Poulin,! Pierre Salati,? Ilias Cholis,*! Marc Kamionkowski,! and Joseph Silk!*?

lJU'e;m:r,rtment of Physics and Astronomy, Johns Hopkins University, Baltimore, MD 21218, USA
2LAPTh, Université Savoie Mont Blane & CONRS, 74941 Annecy Cedex, France
3.De"lenu‘nzi*afz'n\e'nt of Physics, Qakland University, Rochester, MI 48309, USA
4 Sorbonne Universités, UPMC Univ. Paris 6 et CNRS, UMR 7095,
Institut dAstrophysique de Paris, 98 bis bd Arago, 75014 Paris, France
° Beecroft Institute of Particle Astrophysics and Cosmology, Department of Physics,
University of Oxford, Denys Wilkinson Building, 1 Keble Road, Ozford OX1 3RH, UK
(Dated: March 26, 2019)

‘We discuss the origin of the anti-helium-3 and -4 events possibly detected by AMS-02. Using
up-to-date semi-analytical tools, we show that spallation from primary hydrogen and helium nuclei
onto the ISM predicts a 3He flux typically one to two orders of magnitude below the sensitivity of
AMS-02 after 5 years, and a THe flux roughly 5 orders of magnitude below the AMS-02 sensitivity.
We argue that dark matter annihilations face similar difficulties in explaining this event. We then
entertain the possibility that these events originate from anti-matter-dominated regions in the form
of anti-clonds or anti-stars. In the case of anti-clouds, we show how the isotopic ratio of anti-helium
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Thank You For Your Attention
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BACKUP PLOTS

BACKUP PLOTS FOLLOWS...
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OREQ: EM calorimetry in oriented crystals

Alessia Selmi
. . —
OREO - ORiEnted calOrimeter
Randomly Oriented
oriented crystal crystals
o 0a20s® o® ©ceo0e
N o?@o 0% o®
000%‘3’.’ 0©° 6©° o°° |© o © °:
e20880° 0 %8 e0e00
0040 o® _o°
0%0590° o© ©e0e00
o
Planar orientation Axial orientation
Bethe-Heitler bremsstrahlung Modification of the
and standard pair production Coherent mechanisms mmmmmp  electromagnetic
processes |
Coherent mechanism of Electromagnetic shower development along crystal axis J
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OREQ: EM calorimetry in oriented crystals

Alessia Selmi '
Relativistic partmle‘lnmdent I STRONG FIELD REGIME |
on atomic stnng
Lorentz factor . .
Field experienced by the
00000000 .
electron in its rest frame
X = >1

5

QED critical electricfield ~ 1.3 . 108 K

The particle experiences an intense field that can be considered constant along the string

/_’_—_—“_‘_‘\\—\. o
0 00000000 o ¢

Shift of bremsstrahlung spectra towards

Coherent interactions ,  higher energies and enhancement of pair
all over the string of atoms production cross section
w
alignment of crystal axes wrt. the impact particle is crucial: ~ 1 mrad )
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OREQ: EM calorimetry in oriented crystals

Alessia Selmi '
Amorphous or randomly oriented crystal
Randomly
oriented crystal —) Partice —
IR Oriented crystal
. 6o © Strong Field ‘
onem';d o © 0 © wmmmmmp Paticle ==
crystals
vs o000
Axial orientation
Enhancement of the bremsstrahlung Acceleration of the | | Enhancement in the energy deposited per
and pair production cross section electromagnetic shower unit thickness, ':;:;::'lv stage of the
v
acceleration of EM shower: simulation by Geant4 extension J
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OREQ: EM calorimetry in oriented crystals

. . Alessia Selmi }
OREO - ORIiEnted calOrimeter == Pprototype of compact crystal based
National Coordinator calorimeter
Laura Bandiera, INFN FE -
GOAL

1. Demonstrate the possibility to
align a layer of crystals along the
same crystallographic direction

2. Prove that it's possible to contain
e.m. showers in a reduced
volume /weight and cost

l

Front face

«

4
1Y

PbWO. prototype assembled within INFN project at test beam: proof of principle J
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OREQ: EM calorimetry in oriented crystals

Alessia Selmi }

Experimental investigation of the Strong Field effects in oriented PbWu,.
Results: shower acceleration ->enhancement of the effective thickness!
Soldani et al.
I_l (R af_lactlve thickness
- thickness -enhancement
S Lerac g B : pel D] %)
T S . 0.45 0.745 165.48
=3 | — sim. random B
IQ'_S‘ L % oxp. axial ] 1 1520 15198
g LOf + exp. random - 2 2923 146.17
g f .
0 B j‘ 48 6.208 134.96
| 1 |
——
%? 3 ? |
el ]
332 S
5 ] g
B 0
1 |
4 6
thickness [X,] €—------ 46X,
v
shower acceleration was observed for the first time }
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OREQ: EM calorimetry in oriented crystals

Alessia Selmi
e —
~§~;‘a ORiEnted calOrimeter for...
space-borne y-ray (VHE/UHE) detectors forward-geometry
with pointing systems accelerator-based experiments
e.g. Fermi LAT fixed-target  collider forward region
e reduced thickness e improved shower containment and
e improved shower containment with less energy resolution
longitudinal leakage e highery efficiency: ideal for y vetoes
e highery efficiency e better y/hadron discrimination: ideal
e better y/hadron discrimination for y/n in small-angle calorimeters on
: neutral hadron beamlines
v |
Bandiera, CRIS-MAC 2024 oy
Bandiera et al. Monti-Guarnieri et al.

possible fields of application J
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