=N REICH TS REFE DI

RILRILF—IERAFTER
FFRERT



RANFYEFR L

“MEOIRFEPFEDORDILEICOWTEZSYESR"

. TNRIZFZD 7

- WMBEOHEFEAAEXTHITS

- BRATBAEZES T, TR ISP BE RRICEIBHI &z
Algs&E, BRICEDLRWL >SOERAEXEFEDIRWL., FTUWERE
Al DIEZE >R ICHERR




500 RAFOFER—- RFHERK. HREI S (BXEmAIEDE

The Positive Electron (BZEF)
C.D Anderson , PRD 43,491, (March 15, 1933)
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F1G. 1. A 63 million volt positron (Hp=2.1X10% gauss-cm) passing through a 6 mm lead plate
and emerging as a 23 million volt positron (Hp=7.5X10* gauss-cm). The length of this latter path
is at least ten times greater than the possible length of a proton path of this curvature.

>

L
al

F16G. 3. A group of six particles projected from a region in
the wall of the chamber. The track at the left of the central
group of four tracks is a negatron of about 18 million volts
energy (Hp=6.2X10% gauss-cm) and that at the right a
positron of about 20 million volts energy (Hp=7.0X104
gauss-cm). Identification of the two tracks in the center is
not possible. A negatron of about 15 million volts is shown
at the left. This group represents early tracks which were
broadened by the diffusion of the ions. The uniformity of
this broadening for all the tracks shows that the particles
entered the chamber at the same time,




F =q(E + v x B),

Prototypes of the magnets used in the
synchrotron storage ring. The large
yellow one forces electrons to turn a
corner, creating high intensity light.

The smaller green and red magnets help
focus and steer the electrons.
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Figure 6-1. The so-called Livingston plot illustrates how history of discovery on the energy frontier has
been enabled by the history of invention (red arrows) in accelerator science and technology.
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Layout of the LEP tunnel including future LHC infrastructures.
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HIGGS boson

ATLAS Preliminary
Vs=13TeV, 36.1 - 79.8 fb™"
m,, = 126.09 GeV, |yH| <25

.......... SM Higgs boson

\"

or |y

1 Illlllll

—
<
N
T T T
. 4
A
O

| |||||l||
"
.
.
N
.
.
A
.

—
<
N
lllll

11 llllllt‘

| llllllll | llllllll

| | lllllll

lllll

107 1 10

107

Particle mass [GeV]

FERMIONS® 1 BOSONS ——
| First Second Third | l
10}  Generation Generation Generation |
Top quark
z
10° . ﬁ Q
W
10° Hottom quark
Charm quark
10° I Tau
’ Strange quark
10
Muon
Down quark
10°°

:Up quark

N

Mass [giga-electron-volits)

Electron
10
N s e AN MASSLESS
10-18 BOSONS
Muon- J
neutnno Tau- ) Photon
10'"  Electron- " neutring

neutnno

: . Gluon
* )

107




Higgs fIFIEEABSDICRZSD

A TE 28 & R+ DIHA /A

\ b-tracks

Js=13Tev 2017)
b-jet Pl N

b-tracks

e* tracks

JA—JIFBRETIIRRT
B UAMEICWS K FDIR
et ELTRAS




CDHIEDDZEZEZDIHITIE.
Hlggs & top DfEE Y Higgs HY1E#H B IKEE
B9 ENKE

A Verr
[

iy
e
i
z\@
[
S
S
Ay
iy
e
>
4

-~
-~

St .l r
electroweak Tt - .lffzﬂe]jng h
vacuum AR
i N
global
minimum
2412.09241

166 168 170 172 174 176



INRAOYOZ45—0DEH & EERDER

ERIRE
RRAIZED L\

FENETRILEF—ZXT =)L EWITRILF—

= /\ RO

Higgs RIFDES
ME{ER




log size (PB)

10M

1M

(&)

n

100k

10k

)]

1000

nN

100

LHCO S

HL(High Luminosity) -LHCA

LHC(2025 £E run 3 #27T 300fb-1 )

HL-LHC(2029FEH 5

Big Data sizes in 2021

71k B e-mails sent from
2020-10 to 2021-09 (75 KB)

60k B spam
e-mails(5 KB)

5.4k PBly

300 PBly

720k hours/day
of video uploaded (1 GB)

100 T objects stored

in S3 up to 2021 (5 MB)

140 M hours/day
of streaming (1 GB)

2 YouTuhe

263 PBly

shared in 2021

(2 MB)

51.1k PBly

opbox

252 PBly

shared in 2021
733 PBly ‘ L

98.83 M new users
+ 1.17 M paid subs in 2020
(1.5 GB and 500 GB, respectively)

240k photos/min.

x
500 EB
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60 GB/s WLCG

transfers in 2018

65k photos/min.

(2 MB)
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1.9k PBYy

LHC real
data in 2018

30+ B web pages
in 2021 (2.15 MB)

=EE{t 3000fb-1 )

HL-LHC real

data expected in 2026
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160 PB/y

240 [PBYy

LHC Monte Carlo
data in 2018

‘ 1200 PBly

800 PBly

HL-LHC Monte Carlo
data expected in 2026

© Luca Clissa (2022)
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Flavor Tagglng Performance

b/c-tagging performance

- Promising performance compared to previous taggers
- X3 better light jet rejection (at b-jet eff 70%) than DeepJet
- X2 better light rejection + X2 better b-jet rejection (at c-jet eff 35 %) than Deepdet
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Table 2. Particle input features used for jet tagging on the JETCLASS, the top quark tagging (TOP) and the quark gluon tagging (QG)
datasets. For QG, we consider two scenarios: QGexp 18 restricted to use only the 5-class experimentally realistic particle identification
information, while QGgyy; uses the full set of particle identification information in the dataset and further distinguish between different
types of charged hadrons and neutral hadrons.

e Category Variable Definition JETCLASS TOP QGeyp QG
LE%E;}J = An difference in pseudorapidity 7 between the particle and the jet axis v v v v
Ao difference in azimuthal angle ¢ between the particle and the jet axis v v v v
log pr logarithm of the particle’s transverse momentum pr v v v v
Kinematics log E logarithm of the particle’s energy v v v v
log — l%et) logarithm of the particle’s py relative to the jet pr v v v v
log BGeD) logarithm of the particle’s energy relative to the jet energy v v v v
AR angular separation between the particle and the jet axis (1/(An)2 + (Ag)?) v v v v
Sy o ~ charge electric charge of the particle v — v v
=ACIR partlde ID fd‘ C\.: Electron if the particle is an electron (| pid|==11) v — v v
Particle Muon if the particle is an muon (| pid|==13) v — v v
identification = Photon if the particle is an photon (pid==22) v - v v
CH if the particle is an charged hadron (|pid|==211 or 321 or 2212) v — v L
NH if the particle is an neutral hadron (| pid|==130 or 2112 or 0) v Lo v 72
tanh dg hyperbolic tangent of the transverse impact parameter value v — — —
?Ej‘ gg/n\ 5 }"_\'2 Fo EE I%IE Trajectory tanh d hyperbolic tangent of the longitudinal impact parameter value v — — —
displacement Od, error of the measured transverse impact parameter v — — —
Od, error of the measured longitudinal impact parameter v — — —
“(1pid|==211) + (|pid|==321)%0.5 + (|pid|==2212)+0.2
SRR e e e S A e R K ety e L O o Sy
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SHEENFA

O—L>2VYUXINEZ ) AR NT B &
BWHRIC, EET—FTlE>F <0\
BWEWSIRED
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Accuracy AUC 1/ep(es =0.5) 1/ep(es =0.3) Parameters
ParticleNet|52] 0.940 0.9858 397 =7 1615 £ 93 370K
PFN[51] — 0.9819 247 + 3 888 + 17 86.1K
rPCN|72] — 0.984 364 + 9 1642 + 93 —
Lorentz invariance based networks
PELICAN|35] 0.9426 0.987 — 2250 £ 75 208K
LorentzNet|73] 0.942 0.9868 498 + 18 2195 £ 173 224K
L-GATr|74] 0.942 0.9870 540 + 20 2240 £ 70 —
Attention based networks

ParT[49] 0.940 0.9858 413 £ 6 1602 + 81 2.14M
MIParT|50] 0.942 0.9868 505 £ 8 2010 £ 97 720.9K
Mixer|21] 0.940 0.9859 416 £ 5 — 86.03K
OmniLearn|75] 0.942 0.9872 568 == 9 2647 £+ 192 1.6M
Plain Transformer™® 0.927 0.979 362 + 7 780 £ 73 1.7TM
IAFormer” 0.942 0.987 510 = 6 2012 = 30 211K




