




WhatWhat Are Fundamental Are Fundamental 
ConstantsConstants??

CosmicCosmic AccidentsAccidents??

DeterminedDetermined byby DynamicsDynamics??

ChangingChanging in Time?in Time?

GivenGiven byby SelfSelf--ConsistencyConsistency??

CalculableCalculable??
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Sommerfeld, 1916Sommerfeld, 1916………………

Pauli (1958): Pauli (1958): NrNr 137, Z137, Züürich.............rich.............

L L LedermanLederman, 137 , 137 EolaEola RoadRoad

FeynmanFeynman: 137: 137––how how littlelittle wewe knowknow

1371 =α/



W. Heisenberg (~30...):  W. Heisenberg (~30...):  

= 1/137.6...= 1/137.6...

A. Wyler (1971)  A. Wyler (1971)  
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QED: Most QED: Most successfulsuccessful theorytheory in in 
sciencescience. . MergingMerging of of electrodyelectrody--
namicsnamics, , quantumquantum mechanicsmechanics and and 
specialspecial relativityrelativity..
RenormalizableRenormalizable theorytheory, , testedtested
up to 1:10 000 000up to 1:10 000 000
((LambLamb shiftshift, , hyperfinehyperfine splittingsplitting, , 
magneticmagnetic momentsmoments))

Not Not expectedexpected byby thosethose, , whowho createdcreated
thethe theorytheory: : DiracDirac, Heisenberg, Pauli, , Heisenberg, Pauli, 
……



Quantum Quantum FieldField TheoryTheory::

FinestructureFinestructure constantconstant becomesbecomes functionfunction of of 

energyenergy oror scalescale duedue to to quantumquantum

fluctuationsfluctuations of of electronelectron--positronpositron pairspairs

=> partial => partial screeningscreening of bare of bare chargecharge of of thethe

electronelectron at at distancesdistances lessless thanthan thethe

comptoncompton wavelengthwavelength of of thethe electronelectron



RenormalizationRenormalization GroupGroup

ContributionContribution of of electronelectron--positronpositron

pairspairs
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LEP:     ~ 1/127LEP:     ~ 1/127

( ) 1/127.8ZMα =

(200 )GeVα



AboutAbout 1.8 1.8 billionbillion yearsyears agoago, in , in GabonGabon, , 
Westafrika. Westafrika. 

NaturalNatural ReactorReactor, , whichwhich operatedoperated aboutabout 100 100 
millionmillion yearsyears..

High High concentrationconcentration of of uraniumuranium

3% U 235 at 3% U 235 at thatthat time (time (todaytoday 0.7 %)0.7 %)

Moderator: Moderator: waterwater fromfrom riverriver OkloOklo

Not Not commissionedcommissioned byby DOE.DOE.



DiscoveredDiscovered in in thethe 1970ties 1970ties byby frenchfrench

nuclearnuclear physicistsphysicists

ItIt was was foundfound: : 

UraniumUranium 235 235 hadhad 0.717 %0.717 %--

NormallyNormally: 0.720 % : 0.720 % 

=> => furtherfurther investigationinvestigation



ShlyakhterShlyakhter, Dyson and , Dyson and DamourDamour (1996)(1996)

Neutron Neutron CaptureCapture
Sm(149) + n =>Sm(150) + Sm(149) + n =>Sm(150) + gammagamma
CalculationCalculation: cross : cross sectionsection aboutabout 57 57 …… 93 93 kbkb

veryvery large cross large cross sectionsection duedue to to 
nuclearnuclear resonanceresonance just just aboveabove thresholdthreshold

E=0.0973 E=0.0973 eVeV

ResonanceResonance positionposition cannotcannot havehave changedchanged muchmuch

Change Change lessless thanthan 0.1 0.1 eVeV =>=>

alpha(Oklo)alpha(Oklo)--alpha(nowalpha(now)/)/alphaalpha

<1/10 000 000<1/10 000 000



Change of Change of alphaalpha per per yearyear

mustmust bebe lessless thanthan

1/10 000 000 000 000 000 1/10 000 000 000 000 000 

per per yearyear

((ifif no no otherother parametersparameters
changechange))

=>=>constraintconstraint questionablequestionable



MassesMasses::
WhereWhere do do theythey come come fromfrom??

WhatWhat isis massmass??
ThusThus far far onlyonly oneone mechanismmechanism of of massmass

generationgeneration establishedestablished: : 

QCDQCD
MassMass fromfrom „„nono--massmass““

(dimensional (dimensional transmutationtransmutation))

„„AntiAnti--screeningscreening““ of of colorcolor ––

infraredinfrared slaveryslavery





::aboutabout 250 MeV250 MeV

MassMass: : confinedconfined fieldfield energyenergy

cΛ



NucleonNucleon MassMass in in limitlimit of of 

vanishingvanishing quarkquark massesmasses::

constconst.  .  calculablecalculable, , butbut large  large  errorserrors at at presentpresent..

ExpExp: 938.272 MeV: 938.272 MeV

cconstM Λ•= .



NucleonNucleon MassMass in  QCD:in  QCD:

NuleonNuleon massmass: QCD : QCD massmass and and massmass

contributionscontributions fromfrom thethe quarkquark massesmasses

ExampleExample:                QCD         u         d       :                QCD         u         d       s+cs+c QED)QED)

n u u d d s s elmM c c m c m c m c= Λ + + + + Λ

938.272 (861.532 20.138 19.253 35.362 1.987)pM MeV MeV= = + + + +



TheThe DarkDark Corner of HEPCorner of HEP

FermionFermion MassesMasses: : ArbitraryArbitrary
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5  Constants for stable matter 
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Quark Quark MassesMasses::

�� ObservedObserved::

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

1/185                        1/1901/185                        1/190

m(s):m(bm(s):m(b) = ) = m(d):m(sm(d):m(s))
1/24                           1/1/24                           1/2323





Relations Relations amongamong constantsconstants??

e.ge.g. . flavorflavor mixingmixing
( ( slightslight reductionreduction of of nrnr. of . of parametersparameters))

/u u cm mθ =

/d d sm mθ =



HiggsHiggs““ v.e.vv.e.v..

v = 246 v = 246 GeVGeV
((FermiFermi constantconstant))

/ 2 174 ?tv m≈ =



Time Variation of fundamental Time Variation of fundamental 

constantsconstants::

DiracDirac (~1930)(~1930)

1010 −



Observation of
fine structure of atomic
levels

Quasars
5-7 billion years back



Fine Fine structurestructure of Fe, Ni, Mg, Sn, Aof Fe, Ni, Mg, Sn, A

Quasars, back to 11 Quasars, back to 11 bnbn yearsyears in timein time

((challengedchallenged byby Reimers, Chile, Reimers, Chile, investigatinginvestigating onlyonly

oneone quasarquasar))
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SU(3)xSU(2)xU(1) < SU(5)SU(3)xSU(2)xU(1) < SU(5)

(G, G: 1974)(G, G: 1974)

SU(3)xSU(2)xU(1) < SO(10)SU(3)xSU(2)xU(1) < SO(10)

(F(F--M, G : 1975)M, G : 1975)







O(10)



ElectroweakElectroweak theorytheory::

SU(2) x SU(2) x U(1)SU(2) x SU(2) x U(1)

U(1): (BU(1): (B--L)L)





IfIf thethe scalescale of of unificationunification doesdoes notnot

changechange, , oneone findsfinds::

2 28 1
/ : : ( .) _ / :

3 2s s Gut Gutd dt d const d dtα α α α
π

= − Λ Λ

2 28
/ : / :

3 s sd dt d dtα α α α=

Calmet, F.  - Langacker, Segre (2002)



CouplingCoupling ConstantsConstants in SU(5) in SU(5) withwith SupersymmetrySupersymmetry

((similarsimilar in SO(10) in SO(10) –– TheoryTheory))



MagneticMagnetic momentsmoments of of atomicatomic nucleinuclei

wouldwould changechange accordinglyaccordingly, per , per yearyear

/ : 38,8_ / :d dt d dtα αΛ Λ ≈

143,9 10−•



IfIf onlyonly thethe scalescale of of unificationunification changeschanges, , thethe

signsign changeschanges::

/ : 31_ / :d dt d dtα αΛ Λ ≈ −



Hydrogen Hydrogen

Hyperfine Interaction

21 cm line in astrophysics should change in time  
NASA exp.



Time: Time: measuredmeasured byby CesiumCesium

clocksclocks

HyperfineHyperfine transitiontransition, , involvinginvolving

thethe magneticmagnetic momentmoment of of thethe

cesiumcesium nucleusnucleus..

WouldWould bebe affectedaffected byby time time 

changechange of QCD of QCD scalescale



Comparison

 
Cs-

clock
Hydrogen

clock

Difference:  3 CS oscillations per day

Experiment at MPQ Munich



MPQMPQ--ExperimentExperiment

486 nm 486 nm dyedye laserlaser in in hydrogenhydrogen

spectrometerspectrometer

ReferenceReference: : cesiumcesium clockclock Pharao LPTFPharao LPTF

ParisParis

HydrogenHydrogen: 1s: 1s--2s 2s transitiontransition

2 466 061 413 187 127 (18) Hz2 466 061 413 187 127 (18) Hz





ExpectedExpected in simple in simple modelmodel::

aboutabout 10 10 timestimes moremore

MeasurementsMeasurements on Hg and Ybon Hg and Yb
15 1/ : (2.4 6.8) 10d dt yrµ µ − −= ± •

14/ : 2 10d dtµ µ −= •



SimultaneousSimultaneous changechange of unif. of unif. couplingcoupling andand

unif. unif. scalescale

Partial Partial CancellationCancellation of of effecteffect? ? 

((expectedexpected in in superstringsuperstring modelsmodels))

IndicationIndication forfor effecteffect in  in  thethe newnew expexp. at MPQ. at MPQ

15/ : 3 10 /d d t year−Λ Λ ≈ •

2 28 1
: / : ( .) _ / :

3 2s s Gut Gutd d dt const d dtα α α α
π

= + Λ Λ



VeryVery recentlyrecently: : 

Reinhold et al. PRL 96 (2006)Reinhold et al. PRL 96 (2006)

2 2 quasarsquasars, 12 , 12 bnbn. . yearsyears awayaway

LookingLooking forfor time time variationvariation of of ratioratio protonproton
massmass / / electronelectron massmass

One One findsfinds::

5/ (2 0.6) 10µ µ −∆ ≈ ± •



HHäänschnsch findsfinds thethe samesame effecteffect!!

Proton Proton massmass time time dependentdependent

((energyenergy notnot strictlystrictly conservedconserved))

General General RelativityRelativity: no : no strictstrict energyenergy

conservationconservation

15/ 3 10 /

( _ )

year

same sign

−=> ∆Λ Λ ≈ •



SummarySummary

28 28 constantsconstants of nature, 24 of of nature, 24 of themthem massmass

parametersparameters

Grand Grand unificationunification relatesrelates elmelm., ., strongstrong and and weakweak

interactionsinteractions..

Time Time variationvariation of of alphaalpha leadsleads to time to time variationvariation of of thethe

QCD QCD scalescale and of and of thethe weakweak interactionsinteractions

MPQ Experiment MPQ Experiment rulesrules out out simplestsimplest modelmodel, , butbut effecteffect

seemsseems to to bebe therethere,  ,  aboutabout a a factorfactor 10 10 lessless thanthan naivelynaively

expectedexpected, , consistentconsistent mit mit observedobserved variationvariation of of 

electronelectron--protonproton--massratiomassratio..




