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Thomson did not “see” electrons.
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Electron

Thomson did not “see” electrons.

He understood what cathode rays are.

—

F =q(f+7><§)

As the cathode rays carry a charge of
negative electricity, are deflected by an
electrostatic force as if they were negatively
electritied, and are acted on by a magnetic
force in just the way in which this force would
act on a negatively electrified body moving
along the path of these rays, | can see no
escape from the conclusion that they are
charges of negative electricity carried by
particles of matter.

Thomson 1897

Institute for

R. Harlander, Particle Discoveries, December 2022 '|'|‘ Parets Fpscs

and Cosmology




Atoms

500 BC: Democritus
ca. 1810: Dalton
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Atoms

500 BC: Democritus
ca. 1810: Dalton

— classical particle: discrete and localizable

W Nadlinger 2018

https://gz.com/1205279/photo-of-an-atom-a-scientist-captured-an-incredible-photograph/
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Observing atoms
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Observing atoms
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Muon

Unusual tracks
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Unusual tracks
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Muon

Unusual tracks
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Top quark
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The past, the present, and the future

The past...

... the present ...
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The future

On-shell production of particles may belong to the past.
Not required for discovery.

“Observation” has evolved: we keep learning.
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The future

On-shell production of particles may belong to the past.

Not required for discovery.
“Observation” has evolved: we keep learning.

Star

Light curve

/

Brightness

Time

Institute for
Theoretical
Particle Physics
and Cosmology

R. Harlander, Particle Discoveries, December 2022



The evolution of the particle concept

R. Harlander, Particle Discoveries, December 2022 Parets Fpscs

oooooooooooo



The evolution of the particle concept

Classical particle: discrete and localizable

R. Harlander, Particle Discoveries, December 2022 Parets Fpscs

oooooooooooo



The evolution of the particle concept

Classical particle: discrete and localizable

R. Harlander, Particle Discoveries, December 2022 Parets Fpscs

oooooooooooo



The evolution of the particle concept

Classical particle: discrete and localizable

But: these properties are not essential for
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Classical particle: discrete and localizable

But: these properties are not essential for
observation/discovery!

e kinematics (cathode rays)
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The evolution of the particle concept

Classical particle: discrete and localizable

But: these properties are not essential for
observation/discovery!

e kinematics (cathode rays)
* interaction with matter (tracks)
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The evolution of the particle concept
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The evolution of the particle concept

Classical particle: discrete and localizable

But: these properties are not essential for
observation/discovery!

e kinematics (cathode rays)

* interaction with matter (tracks)
e decay (neutral kaons)

e resonances (quarks)
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The evolution of the particle concept

Classical particle: discrete and localizable

But: these properties are not essential for
observation/discovery!

e kinematics (cathode rays)

* interaction with matter (tracks)
e decay (neutral kaons)

e resonances (quarks)

e confinement (gluons)
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The evolution of the particle concept

Classical particle: discrete and localizable

But: these properties are not essential for
observation/discovery!

e kinematics (cathode rays)

* interaction with matter (tracks)

e decay (neutral kaons)

e resonances (quarks)

e confinement (gluons)

 Feynman diagrams (Z, W, Higgs, ...)
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The evolution of the particle concept

Classical particle: discrete and localizable

But: these properties are not essential for
observation/discovery!

e kinematics (cathode rays)

* interaction with matter (tracks)
e decay (neutral kaons)

e resonances (quarks)

e confinement (gluons)

 Feynman diagrams (Z, W, Higgs, ...)
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Four-quark operators (11)

Oa™") = (@7 a) (@), ol =
03" = (@y"r'q)@vr'a), 05 =

Ol(uk’) = (Giv"q;)(Urypur), 03(1)

Os(ukl) — (Giy" -,-qu)(uk,y” TAu,) Ogju) _
O = (Giv* q) (divudh), o\, =
0" = (@ T q)(d, TAd), O =
O = (B ;) (@), Ogy =
0L = (wy"uj)(devudh), 0,8 =
Ol = (@ TAu)(dnu TAd),  O)d =

O = (Giuy) € (Gudy),
0L = (@ T ) e (@G TAd),

+ ijkl generation index assignments

q, I: left-handed doublets
u,d, e: right-h. singlets

R. Harlander, Particle Discoveries, December 2022 '|'|‘

Two-quark operators (9)

Two-quark-two-lepton operators (8)

Giuip (#'), O = (T 1) @y ai),
(WD o) @ ),  OXM = (vl @ '),

(oD o) @ r'q), O = (v h) @y  w),

(1D )@t u),  OU) = (e (@ an).
(wiom(vw“dj), & = (F7e) @y ),
(@ r'u) WL, 00D = (le) e (quw),
(@t ') o Wiy, Org,” = (0" &) & (@0 ),
(@o"u) ¢ Buw, O = (le)(dkar),

(@io" TAu) ¢ Gy B and [ operators (5)

O = (d€iauis)(qyel) €227,
O = (4F,0eq8) (U krer) €B7,
Oz = (4%1ae9i8) (@2 N) €27,
Ogg’cjzkl) (9%a7'eqip) (G, T'el) €77,
05 = (diatjp) (U kyer) €277,
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Four-quark operators (11) Two-quark operators (9) Two-quark-two-lepton operators (8)

0a = (@7 ;) (@ivuar), o5 = aiup (¢'e), O = (™) @v" an),
0™ = (@ r'g)@r'e),  Of = (1D ,0) @),  On = (v r'h) (@ ')
0™ = (@i q) Ty ), 0% = (41D L)@ 'q), O = (hy" )@y wy),
O3M) — (Giyk TAG) Ty TAwy), |~ ¢ #3R = AU — (3iyi )@y an),
O = (Giv* q) (divudh), | = (&v"e)(uky" w),

Ogt(iljkl) = (g -’-qu)(dk'ﬁu TAdl)
O(Uk’)

= (lie)) € (Guuw),
= (lio" &) € (Go ),

= (liej)(dkan),

= (" up)(Trryp ),
OX) — (Gt up) (diey,dh),

OS(UkI) _ (U:’Y” TAUJ)(dk’)’” TAd/)

O = (Giuy) € (Gudy),

0N — (@i T u) e (G TAd),

! operators (5)

= (diaujp)(qyl) €77,

= (9%4€9jp) (UK er) €97,

quqd
+ ijkl generation index assignments = Ogig " = (3%a9is)(a°k,El) €77,
Ogq" = (a1a7'e4is) (@, 7'el) €2,

q, I: left-handed doublets ;
u,d, e: right-h. singlets O — (d€0u;p) (U kyer) €257

Slide from J. Royo

Institute for
R. Harlander, Particle Discoveries, December 2022 '|'|‘ Parets Fpscs
and Cosmology




| A i
e EWF

Ty
T L ‘ﬁ() ¥ @ +hc
Rl -v (@)

It's a quantum field theory.
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Thank you!
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