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S Liamental Gonstants - conneciio




Nt are lunaamental constants:

Cosmic Accidents?
Determined by Dynamics?
Changing in Time?
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Sommerfeld, 1916.........

Paull (1958): Nr 137, ZUrich.............

L. Lederman, 137 Eola Road

Feynman: 137—-how little we know
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QED: Most successful theory
in science. Merging of
electrodynamics, guantum
mechanics and special
relativity.

Renormalizable theory,
tested up to 1:10 000 000
(Lamp ST, Ryperine splttng,
[1agrAElC [HomENLS)




QED: 2 free constants

(theelectron mass s arhitrary ==>only one parameter|




Quantum Field Theory:

Finestructure constant; becomes function of
energy: or'scalerdue to guantim
ftctuationss off electren-positron: pairs

=> partial screening| of bare charde off the
electren at distances less thamithe
compten wavelength offthe electron




Renoermalization Groeup
Contribution of electron-positron
PaIls

L. Landau,
M. Gell-Mann,
F. Low




inciude:
Myons, Tauons, Ouarks




LEP: ~ 1/127




JKlo Phenomer:

About 1.8'billion years ago, in Gabon,

Westafrika.

Natural Reactor, which operated about 100
million/years.

High concentration of uranium

3.7%0 U 235 at that time; (today 0.72 %)
Moderator: water from river Oklo







Discovered in the 1970ties by fiench
AUCIear phySICIStS

[t was found:
Uranitmi235; less that the normal rate

Normally: 0.720"%
— ==y further investigation

=y Natural reactor




Shlyakhter,
Dyson and Damour (1996)

Neutron: Capturé
Sm(149) + ni =>Sm(150) + gamma

cross section about 57 ... 93 kb

very large crossisection due to
nuclear resonance just above threshold: E=0.0973 eV

Resonance position; cannet have changed much.
Change less than 0.1 eV
=> constraint oni elm. interaction:

alpha(Oklo)-alpha(now)/alpha

<1/10 000000 ~/son.vamor




Change of alpha per year
must beless than

1/100 000000 000000000
per year

(If ‘no other parameters
chiange)

==>constraint questionable




(Flambaum,, ...
F. and Calmet)

No limit on'variation of alpha




Other basic paramters:

Nucleon mass!?




wnatis mass:

Thus far only one mechanism of mass
generation established:

QCD

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







tinerments:
-about 250 MeV

Mass: confined field energy

2SS INQGU s TuNy unuerston:
not, hewever the nuark masses!




Nucleon Mass in limit of
Vanishing guark Masses:

const:. calculable, but large; errers at present.
EXp: 938.272 MeV.

HIStCalcuiation of a mass in paysics




Nucleon Mass in QCD:

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

Example: QCD




Masses of weak

bosons?




=




Masses of W-Bosons are
generated

LHE3SearehiioiHiggS

aKliglerstarti

142009

Fermion Masses???




The Dark Corner of HEP
Fermion Masses: Arbitrary

what doltheselmasses: mean? (Higgs mech.)

R




6 Constantsfor stable matter

.

St

=» Atoms, Nuclel




Particler PhysIcs:

many. more fundamental constants




Constants

26

24 are masses




Relations between
the various constants?




Charged leptons and quarks: (MeV)
pigcirol: 001 muen: 1057 taw: 1777

| C: 1100 i 174 OO0
m: 7.8 S: 110 n: 43900

(quark masses at 1 GeV)

m(electron) / m(mu)= m(u) / m(c) ?!




Quari Masses:

Observed:

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

1/207 1/207

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

1/23 1/23



predicting t mass




Relations among constants?

e.q. flavor: mixing
( Slight reduction. of nr. of pararmeters)

milarelatonSiotneltrinofmassesantimixi




Mass matrix:

-

texture zero ﬁ

[WOrks extremely we!!

F., Xing




Higgs" v.e.v.

v = 246 GeV

(Fermi constant)

accident or due to a symmetry?




nelations of this tyne
AlIOW 10 reniuce the

number of fundamental
sonstants to ahout 13




Time Variation of fundamental
constants:
Pirac (~1930)

(e Farianon of Newtans constant -

of order per year

(only recently excluded)




[lme Variation of alpha

Observation of
fine structure of atomic
levels

Quasars
5-7 billion years back




Experineniarkeckieleseone
[RustraliaREnglan_uUSm

((Webb, Wolf, Flambaum...)
Fine structure of Fe, Ni, Mg, Sn, A -

Quasars, back to 11 bn years in time

(challengeal by’ Reimers, Chile, investigating
only: one; guasar)




Jlime variation of
fundamental constants
expected In superstring

thEeories

(extra dimensions — change
N time)




Graind Un |

SU(3)xSU2)xU(1) < SU(5)

(Glasfhiow, Georgl. 1974)

0w excluden by exnertmen.

SU(S)XxSU(Z2)xU(1) <'SO(10)

(Fritzsch - Minkowski, Georgl.: 1975)
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reaiced to two parameters:

[onejcanstaniless)




anf10}

Fermions in 16-plet
linelkighthiandedineutxinos)




UIIJIJEIMU(DIIJ @ﬂ aJﬂJ lorces




insauios:

‘efihanded and
righthanded neutrinos

Electroweak theory:

SU(2),x SU(2)x U(L)

U(1): (B-L)

New enerqy scale for righthanded SU(2)
~ ialemto neutring masse:
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time change of alpha?




Teounling consknt

n







Calmet, F. - Langacker, Segre (2002)

If the scale of unification does not
change, one findsk




dimensionless:

Magnhetic mements off atemic nUcler
woeuld change accordingly, per year




I only the; scale; off Unification cChanges, the
S{@n Chamnges:




Can this be tested by

ExXperiments?




Time: measured by Cesium
clocks

HYPErtine transition, Mvelving
the magnetic mement of the
cesitumr nucleus.

Woeuldl be affiected by time
change off QCD: scale

vesium: 3192641710 iz

(definition of time)




(T. Hansch, MPQ) i) priizs 2006




MPQ-EXperiment

4856 nm. dye laser in hydrogen
Sspectrometer

Reference: cesium,. clock Pharao LPITF
Paris

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







Measurement:

Expected in simple model:
apbout 10 times more

S66ms exeler:




Simultaneous chamnge off unif. coupling and

Unif.

Partial Cancel
(expected In su

Indication for effect in

Scale
ation of effect?

PErstring models)

the new exp. at MPO:

[iansch, preliminary!




Very recently:
Reinhold et al. PRL 96 (2006)
2. duasars, 12 bn. years away

Looking| fox time variation of ratio) preten; mass /- electron
ass

One! finds:

But:i New experiment by Webb et al.

No time variation of this mass ratio seen




;l) Hansch finds the same effect ;l)

(same sign)




If true:

All masses of atomic
nuclel will depend on
time!

JSSES ol nucicI tepchu o e 0
of the universe




But:

HIMIT Trom moiecuiar spetra (riampaum, noziov)

L MP): measurement today! |




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.




INecessary:

Both Unification: scale
and
UnIfied coupling

Must change in time.
(expected in superstring models)




161 Mass Seale chanaes in e
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Masses of atomic nucleir

change in time







