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DISCOVERY OF ELECTRON
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electrodynamie


http://gni57.files.wordpress.com/2011/07/atom2.jpg
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minimal interaction => QED
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SU(2)xU(1)

1

interactions electromagnetism




4 GAUGE BOSONS
W(+)
W(-)
Z
Photon




electroweak theory
o0 CONSTANTS

1 mass of weak boson

2 coupling constants
1 electron mass
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- Hadrons -
WHITE STATES




1972 Frifzsch / Gell-Mann
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held energy

(gluons and quarks)




E (gluons) + E(quarks) =M c*

70 % 30%




jroton mass
[quark masses=0)

1

[M = const.« A, ~860_MeV]
I <250 MeV
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Newtons constant G 1
fine structure constant 1
coupling constant of strong interaction 1
coupling constant of weak interaction 1
mass of W boson 1
mass of Higgs boson 1
masses of 6 quarks and 6 leptons 12
flavor mixing of quarks 4
flavor mixing of leptons 6







(22 related to fermion masses)



fermion masses = 0
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Standal'd Model:

fundamental constants
In our universe
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OKLO PHENOMENOX

=» 1.8 billion years

( Gabon, Africa)

Natural Reactor

3.7% U 235 (today 0.72 %)

Moderator: water from river Oklo



discovery: 1972

|

( output: ~ 100 kw )
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samarium:
neutron capture
Sm(149) + n => Sm(150) + photon
cross section about 80 kb

nuclear resonance: E = 0.0973 eV



change of resonance
position less than 0.1 eV
in 2 billion years

constraint for
fine-structure constant:

" a(Oklo) — ar(now)
\ 24 Y
( Dyson, Damour)




Change of alpha:

ala<107°/ year

(If no other parameters change)

Falale




Time Variation of alpha?
Observation : R .

fine - structure

of atomic levels = G

Quasars . 8
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Quasar absorption spectra
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Experiment at Keck telescope
(Australia, England, USA)
( Wehb, Wolf, Flambaum...)

Fine structure of Fe, Ni, Mg, Sn, A -
Quasars, back to 11 bn years in time
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grand unification:

SUEIXSU2IxU(T)
==>30(10)

[ Fritzsch - Minkowski: Georgi - 1975 )
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da/dt:a’ ==da, :aZ ———(const.) _dA,, /dt: A,

3 27T

Calmet, Fritzsch

Langacker, Segre
(2002)



do / dt - o2 =gd053 ol —Zi(const.)_dAGut [dt: Ag,

n0 change of unification seale
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da/dt:a2=§da5/dt:a52
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dA/dt:A~38,8 daldt:a

change of magnetic
moments of atomic nuclei

(per year)




Change of unification scale:

dA/dt:A~-31 dal/dt:a







experiments
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=>Cesium clocks

Hyperfine transition
>MAGNETIC MOMENT OF CESIUM NUCLEUS

Casiun: 91926310k

(definition of time)
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Experiment
(T. Hansch, MPQ)
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MPQ-experiment

486 nm dye laser in hydrogen
spectrometer

Reference: cesium clock Pharao LPTF
Paris

Hydrogen: 1s-2s transition
2 466 061 413 187 127 (18) Hz
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magnetic moment

AIA =l u

Haensch:
duldt: u=(2.4+6.8)e10 ™ yr




duldt: u=(2.44+6.8)e10 Syr™

expected:

du/dt: n=2e10""



du/dt: u=(24+6.8)e10 yr—

expected:

— > 4
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Simultaneous change:

unification coupling constant
unification scale

PARTIAL
CANCELLATION?
(SUPERSTRINGS)

E. Witten
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MPQ: new experiment






http://www.spiegel.de/fotostrecke/fotostrecke-54780-2.html

Reinhold et al. PRL 96 (2006)

2 quasars - 12 billion years =»

m,

P =
m

€

Aplp=~(2+0.6)-107




—> AA /A ~3107"/ year

same sign
as MPQ result
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THE MASSES OF ATOMIC
NUCLEI DEPEND ON TIME!

energy not strictly conserved



conclusions
28 constants

24 constants
=» mass parameters



QFD QCD




QCD SCALE



- ~3-107°/ year
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functions of time?

===> G0SMology
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