and their time aepenaence
I, Fritzsch
LMU Munich
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1016 0 fnwiamental constants:




What Are Fundamental
Constants?

Cosmic Accidents?
Determined by Dynamics?
Changing in Time?
Given by Self-Consistency?
Calculable?







chaie - TSR A0REeT

Sommerfeld, 1916

Pauli (1958): Nr 137, Zurich

L Lederman, 137 Eola Road

Feynman: 137—how little we know



W. Heisenberg (~30...):
=A/137.6:..

A. Wyler (1971)
Ippm

ratio of two group spaces




\ U



QED: Most successful theory in
science. Merging of electrody-
namics, quantum mechanics and
special relativity.
Renormalizable theory, tested
up to 1:10 000 000

(Lamp: St 1YPErine Sp/LLirg,
[HagrieLic momenLs)

INOL EXPECTEd DY, LI1OSE), WD credlted.
trhe theory: Dirac, Hesenperg, Paull;




Quantum: Fielal Theory:

Finestructure constant beEcomMES function of
energy. or' scale due to guantum
ftctuations; off electreon-positien: paiks

=> partial screeningl or bare charde of the
electron at: distances less thamrthe
compton wavelength of the electron




Renoermalization Group
Contribution of electron-positron
Palls




Inciuue:
Myons, Tauons, Quarks




LEP:




Jilo Prenomen

About 1.8 billion years ago, in Gabon,

Westafrika.

Natural Reactor, which operated about 100
million/years.

High concentration of uranium

39%0 U 235 at that time (today 0.7 %)
Moderator: water from river Oklo

Not commissioned by DOE.




Discovered in the 1970ties by: fiench
AUCIear phaySICIStS

It Was feund:

Uranitmi 235 had 0.717 Y-
Normally: 07201 %

= > further investigation




Shlyakhter, Dyson and Damour (1996)

Neutron: Capiireé
SmM(149) + n =>Sm(150) + gamma
Calculation: cross section about 57 ... 93 kb

VEry Iarge cross| section dueito
nUCIear resonance just above threshold

E=0.0975 eV

Resonance position camnot have chanded much
Change, less than 0.1 eV —

alpha(Okie)-alpha(now)/alpha

<1/10 000 000




Change of alpha per year
must beless than

1/10'000' 000 000000000
per: year

(If ‘no other parameters
chiange)

=>constramnt questionable




Thus far only one mechanism of mass
generation established:

OCD

Mass from , ho-mass"”
(dimensional transmutation)
~Anti-screening” of color —
infrared slavery







tiheHments:
about 250 MeV/.

Mass: confined field energy.

ASS I UGU IS fully unaerstoor
1m0t however the nuark masse: |




Nucleon Mass in limit of
Vanishing guark Masses:

const:. calculable, but large; errors at present.

Exp: 938.272 MeV




Nucleon Mass in QCD:

Nuleon mass: QCD mass and mass
contributions from the quark masses

Example: QCD




The Dark Corner of HEP
Fermion Masses: Arbitrary.




5 Constantsfor stable matter

=» Atoms, Nuclel




NEWIgs




Charged leptons and quarks: (MeV)
pigctron: U0l muen: 1057 taw: 1777

: 9. 5:1100 14000
in: 1.8 S 10 0 4900

(quark masses at 1 GeV)

m(electron) / m(mu)= m(u) / m(c) ?!
& IR T o) A




Quarik Masses:

@bserved:

m(c) : m(t) = m(u):m(c)

1/185 1/190

m(s)rm(b) = m(d):m(s)

1/24 1/23



predicting t mass




Relations among constants?

e.q. flavor mixing
( slight reduction of nr. of parameters)

Mildrerauonsiioqnentrnomassesiantinmii




Higgs™ v.e.v.

v = 246 GeV

(Fermi constant)

accident or due to a symmetry?




Time Variation of fundamental
constants:
Pirac (~19350)

([ Variation ot Newtens Gomstani :

of order per year

(only recently excluded)




Time Variation of alpha:*

Observation of
fine structure of atomic
levels

Quasars
5-7 billion years back




(Austral
M :

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

(challenged by’ Reimers, Chile, investigating only:
One guasar)




Broblemwiti0kio

Rl Since other naramteres chanee [oo




GranoUniiication
SUEB)xSUR)xU(1) < SU(5)
(G, G: 1974)

SU(S)IXSU(2)xU(1) < SO(10)
(F-M, G : 1975)




" Commecosir
elmEweakiandStrong/ing

reaiced to two parameters:

[onejeonstantless)



anf10}

Fermions in 16-plet
linelsighthandedineutrinos)




Uiliieauionloitall forces




N SULTI0l:

‘efthanded and
righthandetd neutrinos

Electroweak theory:

SU(2) x SU(2) x U(1)
L AR

U(1): (B-L)

New enerqy scale for righthanded SU(2)




[ 1/Koppilungskonstanie ‘

(3f8) (100 am )

|

g1 = 10 15
PO 100 10 GoeV {0

Wechseilwirkungsenergie

E) Experimentelle Resultate

- Stelgungen aus FHenormierungstheorie




Calmet, F. - Langacker, Segre (2002)

[f the scale of unification does not
change, one finds:




Coupling Constants in SU(5) with Supersymmetry.

(similar in SO(10) — Theory)




Magneticimoments of atomic nuclel
woeuld change accordingly, per year




I only: the; scale; off Unification: Changes, the
Sign: Cliahges:




Wasserstoff Wasserstoff




Time: measured by Cesium
clocks

HYPEriine transition, Mvelving
the magnetic mement of the
cesitums nucleus.

Wouldl be affiected by time
change off QCD: scale







MPQ-EXperiment

486 nm. dye laser in hydrogen
spectrometer

Reference: cesium, clock Pharao LPTF
Paris

Hydrogen: 1s-2s transition
2466 061 415 187 127 (18) HZ







Measurementsion Hg and Yb

Expected!in simple model:

about 10 times more




Simultaneous change of unif. couplingland
unifi., scale
Partiall Cancellation off effect?
(expected In superstring models)

Indication fior effect in the new: exp. at: MPQ@




\Very: recently:
Reinhoeld et al. PRL 96 (2006)
2. duasars; 12 bn. yearsiaway

Looking| for time; Varation off ratie; proton
mass /. electron mass

One finds:




Hansch finds the same effect!

Proton: mass time; dependent

(energy: not strictly conserved)

General Relativity: nos strict energy.
CONSErvation




Summary.

28 constants of nature, 24 of them mass
parameters

Grand unification relates elm., strong and weak
interactions:

Time variation of alpha/leads to time variation of the
QCD scale and of the weak interactions

MPQ Experiment rules out simplest model, but effect
seems to be there, about a factor 10 less than naively
expected, consistent mit observed variation of
electron-proton-massratio.
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