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37 /&4 (how did the universe come into being)

2%, — 5| /1 (How does gravity fit into the big picture)
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H K ¥ F(Are quarks and leptons actually fundamental)

% 5 45 (Is our universe unique, ot are there many universes)

LM A 2 (Can we understand ultimate reality at all through science)
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R iX 2 R 7 28 R,

matter constituents
FERMIONS spin = 1/2, 312, 512, ...
Leptons spin =1/2 /Quarks spin =1/2
' Approx. '

Mass
GeV/c?

o w 0.002 23
@ down 0005  -1/3

Electric
charge

Mass Electric

Flavor
GeV/c? charge

(0-0.13)x10-¢ 0

0.000511 -1

| heuttino® (0.009-0.13)x10-9 0 © cham 1.3 2f3

My muon 0.106 -1 &) stange 0.1 -1/3

0 top 173 2/3

Vg netine® | (0.04-0.14)x10-¢| 0
(

- tau 1.777 -1
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RE =22 Mev/c? =1.28 GeV/c? =173.1 GeV/c?
B | 2/3 2/3 2/3
it e @ |- @ ||~ & Who ordered
- e m THAT!?!1?
=4 .7 MeV/c2 =96 MeV/c? ~4.18 GeV/c?
-1/3 -1/3 -1/3
1/2 d 1/2 S 1/2 b Hizl %?ﬁz—kﬂl Hﬂ‘ >
i = & [.I.LRabi % e
~0.511 MeV/c? ~105.66 MeV/c2 |  =1.7768 GeV/c’ ~ . , , o sy g .
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PROPERTIES OF THE INTERACTIONS

Interaction : : Stre
Property Gravitational : |
Fundamenta asiduc

See Residual Strong
Interaction Note

Acts on: Mass - Energy Flavor Electric Charge Color Charge

Particles experiencing: All Quarks, Leptons Electrically charged Quarks, Gluons Hadrons

Particles mediating: Graviton w+ w- z0 0% Gluons Mesons

(not yet observed)

Strength relative to electromag| 10~18 m 1041 0.8

25 Not applicable
for two u quarks at:

1
3x10-7 m 10-41 104 1 60 to quarks
Not applicable
1 to hadrons

for two protons in nucleus 10-36 107 20
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matter constituents
FERMIONS spin = 172, 372, 572, ...
g e e
Leptons spin =1/2 / Quarks spin =1/2
Flavor Mass Electric A&prox. Electric
GeV/c? charge 3552 charge
GeV/c
VU e (0-0.13)x10-9 0 & w 0.002 2/3
€ electron 0.000511 -1 @ down 0.005 -1/3
W evtrino® (0.009-0.13)x10-9 0 © chem 1.3 2/3
H, muon 0.106 -1 @ strange 0.1 -1/3
Vi neuino® (0.04-0.14)x10° 0 (&) ®0 173 2/3
l T ) tau 1777 -1 @ bottom 4.2 —1/3J

i
A

—

AR A A%,

force carriers

BOSONS spin=0,1, 2, ...

Unified Electroweak spin = 1

Name

Mass
GeV/c?

Electric
charge

Strong (color) spin =1

Mass
GeV/c?

Electric
charge

Name

Color Charge

Only quarks and gluons carry "strong charge"
(also called "color charge®) and can have strong
interactions. Each quark carries three types of
color charge. These charges have nothing to do
with the colors of visible light. Just as electrically-
charged particles interact by exchanging photons,
in strong interactions, color-charged particles
interact by exchanging gluons

Properties of the Interactions

The strengths of the interactions (forces) are shown relative to the strength of the electromagnetic force for two u quarks separated by the specified distances

Gravitational Weak Strong
Interaction Interaction Interaction

Electromagnetic
Interaction

(Electroweak)
Acts on: Mass - Energy
Particles experiencing All

Graviton
(not yeot cbserved)

10-4
10-41

Particles mediating:

[ el

Strength at {

3x10°"7" m

Flavor

Quarks, Leptons

wt w- 20

0.8

10-4

Electrically Charged
3

Electric Charge

Color Charge
Quarks, Gluons
Gluons
25
60
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mass —
charge —

spin =

A A 12 AR A T R 6 A AR

=2.3 MeV/c?

2/3 l I

1/2
up
=4.8 MeV/c?
-1/3 d
1/2
down

0.511 MeV/c?

=

1/2

electron

<2.2 eV/c?
A2
1/2 e

electron

2024/10/M8eutrino

=1.275 GeV/c?

2/3 C

1/2

charm

=95 MeV/c?

-1/3 S

1/2

strange
105.7 MeV/c?
-1
. M
muon

<0.17 MeV/c?
D
1/2 u

muon
neutrino

=173.07 GeV/c?
2/3 t
1/2

top
=4 18 GeV/c?
-1/3 b
1/2

bottom

1.777 GeV/c?
M
1/2

tau

<15.5 MeV/c?
D
1/2 T

tau
neutrino

¢

gluon
0
0
-
photon
91.2 GeV/c?
0
Z boson
80.4 GeV/c?
+1
W
W boson

=126 GeV/c?
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Particles

Supersymmetric "shadow" particles

2024/10/26 T @ I e K 20



Ze B 2. ABXTFRP

The known world of The hypothetical world of
Standard Model particles SUSY particles

o 20

Higgs

Higgsino

Ve Vy \Z \ Zj
CRNTRRE NN 2
quarks squarks
® leptons ® sleptons
® force carriers ® SuUSY force carriers
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An acrobat can only move
in one dimension along a
rope..

Different types of multiverse

An extension

are limited by theage ofthe
universe. We cannotsee
further than the timelight has
had totravel tous, which
‘whenyou take the expansion
oftheuniverse into accouit,

comesto 42 billion lightyears. -

But this multiverse theory
suggests that, beyord this
distance, the universe
continues into infinity. And
this would mean that
eventually, by chance;

tepeatitself - even Earth.
itself.Itwillbe
impossibleto ever
Knowwhatis

beyond our

observable

universe though,
without finding
somefanciful way
totravel faster than
light. Until then, we
‘may never know what is
beyond ourvision.

aremany ‘bubble’ universes different regions of space

fs cosmic

“bubble!
flati Inth
rapid expansion the universe
went through in is first trllionth
ofatrillionth ofa trillionth ofa
second. T

there could bean infinite
humber of these bubble
universesalongside ours, witha

it

...but a flea can move
in two dimensions.

Many worlds

tall

onquantum méchanics. The
quantumworldisodd, inthat
things'such as photons can

 a
times. Each time there isa
“split anew universeis

created, giving rise toan

appeartobeintwo places, or
states, at once. Itis only when
‘weobserve the photon that ts
state is decided.

Inthis theory, though, both
states exist.And, infact, this is
happening constantly for

This is probably thi closest
theory tothé idea of ‘parallel
universes' where one could
envision jumping intoa nearby
universe. I’ pretty unlikely
that'll ever be possible, though. |

Mathematical universe

e y ispr
thatis mostwldely derided.
Max Tegmark goes into detail

“real' world.
Itis described by some as the
R ‘and,

ur

, butin

universe, and all other
uhiverses;are nothing but
‘mathematical constructs. We
are quite stmply lumps of
themat fested

into mathemtics, there
cannot beandther
broader multiverse
theory beyond it Asyou
itsa

consciousness that can

bitcontroversial.
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"In questions of science, the authority of
a thousand is not worth the humble
reasoning of a single individual."
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hadrons muons electrs n : . . ’ Proton 10 " eV

h'*t= 21311 m

15000

J.Oehlschlaeger,R.Engel ,FZKarlsruhe
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| think I'm
getting sick...

Hrarmm, which one
should we get? /(&5
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Direction
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Outer Cerenkoy  Electromagnetic
> Electromagnetic Calori
'-/) Counter
PW.C's Calorimeter won
. a8 Outer Muon p.w.Cc.| Hadron doscope
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V2. o
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SM contribution is dominant

R o~ e P

N

NP

+ SM contribution is highly suppressed

+ SM contribution is forbidden
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> D%(+) samples
3000

- R K 89 tau-charm %5 &

1500

1000

]: > D9%(+) samples
MARKIIDELCOIMARKII‘MARKIII BESII CLEOc BESII 3000-
(EH) 2500 -
1E+05 .
1001z "%
1E+04 1000
500
1E+03 |
MARKI DELCO MARKII MARKII BESI CLEOc BESIl
+ + +
eor | OXE » D,Y/D.,Y/AT samples
4.03/4.14 GeV 4.17 GeV 4.009/4.178/4.6 GeV
1E+00 3000
MARKIII BESI BESIl  BESIII
2000+
1000
0_

BES CLEOc BESIII
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Symmetry

BNVE&LNYV processes =

LFV processes =

Other symmetry violation

Very rare decays
FCNC processes

Charmonium weak decays =

Other rare decays =

Very Rare

uniform blinding strategy and datasets

common statistic and standards

Common standards & tools

©

sharing methods, tools and codes

dark photon

New Physics

Invisible signatures

Exotic searches

light Higgs, Z'

exotic resonances

Exotic

2024/10/26
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PRL131 (2023) 121801 PRL133 (2024) 121801 =}
g I
. ’ D S dSete 2100 } 1Hd.0.1: 25.8/38 jlF‘g:::akground
R B ~ 15— : o / it F - signal
) 3 & <) ‘ _
> o % 4 data 2 50%@%#@%4
o 15_ b= 4o - background 220d.0.: 9.5/20 L%’ i H +
= E l . g ro signal ok | |
ﬂ'. O 5 0 1 12 7.3 ‘\(; R D H‘k‘ o :
\o_/ ‘qc'; 5 g
4\(2 |_|>_| / 2100 [ ¥3/d.o.f: 36.2/35
c Rad v«»- -4»- o 0
) 0; : "D S pte pt S atal g o ete <
0 100 L5t 5
E 3 I m
3L = éld.0f: 16.2/33
10 310» _
10%E 3 | g
G 5 =
10 @ S 2
1 L n L L 1 n L L L 1 L L L " 1 " L " L 1 L " L " ‘2 .
1.09 1.1 1.11 1.12 1.13 1.14 :
Mpn' (GeV/C2) 0759 2

M(D:)1i%zV/cz) |
Search for A — A oscillations Search for FCNC processes

BJ/Y >pK A+c.c.) Decay Ne e  B(x10%)

-A Df >t ¢p—ete 382778 251 11770 +0.03
B(’/II) - pK A+c.c. ) Di »ptg, p—ete” 3787303 121 244707 +0.16

< 4.4x107° @ 90%C. L. Dt - rtadet e 74 7.0

DY - Ktnlete 5.3 <71

dmyz < 3.8x1071° MeV/c2@ 90%C. L. DY o Kintete- 67 <81

P(A) =
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Search for Axion-Like-Particle  Search for Dark Photon

10'2_|| T ™ |' T T gg‘g.{:;
_ . BESII I ' |
10 2L KLOE 2013 T
u>_<1 ~ KLOE 2015 WASA
L : D%_ BESIII
ISR
10°F w \/ 10°
~ -
oy C BABAR
() _
_ BESIII
10% & v
: 1 1 IIIIIlI 1 IIIIII 1 1 IIIIIII 1 1 IIIlII: 10_4 L1l M N R 1 N R 1 1 RN
107° 1072 10" 1 1( 102 10" , 1 10
m, (GeVi/c?) m, [GeVic']

XEFHBERMRSL ., BERHE
* 2015-2019: 13 papers

. 2019-2022: 18
e 2023-2024: 11 (2 PRL)
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