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ELEMENTARTEILCHENPHYSIK

Das Standardmodell Erfolgreich
prazise

auf dem Prufstand offen

Was es brillant erklart — und warum es trotzdem nicht das
letzte Wort sein kann.

Fur Lehrkrafte an Gymnasien - Stand Juli 2026



STATUS - JULI 2026

Die Teilchenfamilie: klein, aber nicht einfach

Drei Generationen

. W B 6 Quarks
S ISt ] e
N TSI - 6 Leptonen

Quarks

Kraftteilchen + Higgs

Fur den Unterricht: Die Tabelle ist
\ ; eine Landkarte — nicht die ganze
et L iR Theorie.

Bild: Daniel Dominguez/ CERN, OPEN-PHO-CHART-2015-001-1. Inhalt: CERN, , The Standard Model“.
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F=g(E+VXB)

As the cathode rays carry a charge of
negative electricity, are deflected by an
electrostatic force as if they were negatively
electrified, 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
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Ungewdhnliche Spuren
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1937 Neddermeyer
) + Anderson

F16. 13. Pasadena, 4500 gauss. A complex electron
shower not clearly defined in direction, and three heavy
particles with specific ionizations definitely greater than
that of electrons. The sign of charge of two of these heavy
particles represented by short tracks cannot be determined,

| but the assumption that they represent protons is con-
sistent with the information supplied by the photograph.

= The third heavy track appears above the 0.35 cm lead

| | plate where it has a specific ionization not noticeably

o different from that of an electron. It penetrates the lead

»- plate and appears in the lower half of the chamber as a

nearly vertical track near the middle. Below the plate it
shows a greater ionization than an electron, and is deviated
in the magnetic field to indicate a positively charged
particle. Its Hp is apparently at most 1.4X10°% gauss cm,
which corresponds to a proton energy of 1 MEV and a
range of only 2 cm in the chamber, whereas the observed

range 1s greater than 5 cm. A difficulty of the same nature
was discussed in the description of the previous photograph.
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Effektive Feldtheorien

Four-quark operators (11) Two-quark operators (9) Two-quark-two-lepton operators (8)
0o = (@i7"4) @V, q), O = G (1), O™ = Ty 1) (@ ar),
0N = (Gyir!q)(@yur'ar), O = (011D L) (@7 ), Op) = (' ) @iy ' ),
Oge” ") = (@i @) Ty, t), 0% — (41D LoYan '), 0" = (v )@y w),
O3 = @ TAq) @ TAw), O = (o1iD uo)@ny), O = (Fre) (@ a).
O = (@7 ) (dhvud), Opos = (95"iDu<p)(t7i7“¢#), D = (v e)) @y w),
Ogs " = (@ TAq)(divu TAd), Oy = (@0 ') g Wy, Ory” = (ligy) & (Guun),
+ 0L = (@ uy) (Tyuw), O = @or'd) e W, O = (lo g) & (Guou),
t Y e OE; = (m"uji(dmd/) A ozj = (a,-o#"u,-: ¢ Bu:, Orey = (lej)(dkan),
¥ \Dhg\z _\/(¢> Ou = (T u)(devu T dr), Oy = (Gio" T"uj) ¢ Gy B and [ operators (5)
Oguad = (@ity) € (@udh). O = (a1 16) () €87,
Oqu'fvl;l) = (6T w) € (@ T d), 05t = (01aeqis) (Ul k1) €87,
+ ijkl generation index assighments Oata” = (4%1a8q8) (@ 1yEh) €27,
q, |: left-handed doublets O’ = (aia'eq p) @y ieh) €77,
u,d, e: right-h. singlets 05,’{,‘[,') (diaujp) Uk €) €*P7.
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Four-quark operators (11)

0o = (@ 4) @rv,a), 052 = Giup (¢1y),
0i™ = @ r'g)@evar'a), OB = (oD up)(@n*q)),
Oq (ijkl) _ (ql'YMQJ)(Uk'YpUI) 03(1)

0 = (v qp)(dievudh), O
05 = (G TAq) (v, TAd), O
O = (wy"u;) (T, ), Oaw
OI(UH) = (U:’Y””J)(dk%udl) O:(Jig
Oa(ukl) = (gy*TA uJ)(dk'yu TAd)), O,(JUG)

Oqf,'{,’;" = (qiu;) € (qud)),

Two-quark operators (9)

(oD L) (@i T gp),

8(ijkl
O3M) — (G TAG) Ty, TAu), O = (o1iD o) (@ uy),

OQuZZI) = (gi TAUJ) (G TAd)), —

+ ijkl generation index assignments

q, l: left-handed doublets
u,d, e: right-h. singlets
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= (liej) € (Guu),

' = (lo" &) € (Guo ),
| = (Zej)(akch)a
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