
Constancy of the Constants Constancy of the Constants 
of Nature: Updateof Nature: Update

Nihon UniversityNihon University
Takeshi ChibaTakeshi Chiba



motivationmotivation
Large Number HypothesisLarge Number Hypothesis
MachMach’’s Principles Principle
UnificationUnification

Null TestsNull Tests

GG
aa

conclusionconclusion



ReferenceReference

TC, grTC, gr--qc/0110118, in the proceedings of qc/0110118, in the proceedings of 
Frontier of Cosmology and GravitationFrontier of Cosmology and Gravitation

(in the honor of Prof. Tomita(in the honor of Prof. Tomita’’s 60 birthday)s 60 birthday)

UzanUzan, , Rev.Mod.PhysRev.Mod.Phys., 75(03)403., 75(03)403
arXiv:1009.5514arXiv:1009.5514

TC,  in prep.TC,  in prep.



MotivationMotivation

DiracDirac’’s Large Number Hypothesiss Large Number Hypothesis::

NN11=e=e22/Gm/Gmppmme e (=(=elemagelemag. force/. force/gravgrav. force). force)
~ 10~ 103939

NN22=H=H00--11/e/e22mmee--1 1 (=Hubble radius/classical (=Hubble radius/classical 
electron radius) ~  10electron radius) ~  104040

““Any two of the very large dimensionless numbers Any two of the very large dimensionless numbers 
occurring in Nature are connected by a simple occurring in Nature are connected by a simple 
mathematical relation, in which the coefficients are mathematical relation, in which the coefficients are 
of the order of magnitude unity.of the order of magnitude unity.”” (Dirac, 1938)(Dirac, 1938)

NN11=N=N22 !!



If NIf N11=N=N22,,
then   G then   G ∂∂ 1/t         (Dirac)1/t         (Dirac)
or      or      aa ∂∂ tt1/21/2 ((GamovGamov))

cf. cf. 
aa =e=e22//ÑÑ c (c (cgscgs Gauss) Gauss) 
aa =e=e22/(4/(4pepe0 0 ÑÑc) (S.I.)c) (S.I.)
>>1/1371/137



MachMach’’s Principles Principle::

Local Physics  Local Physics  ←← global mass global mass 
(inertia)(inertia) distributiondistribution

in the Universein the Universe

The Universe determines the physics on the earthThe Universe determines the physics on the earth

BransBrans--Dicke theory(1959):Dicke theory(1959):
ÑFÑF ~ T,   G=1/~ T,   G=1/FF



Modern MotivationModern Motivation

UnificationUnification ::
String String Theory(HigherTheory(Higher Dimensional Theory)Dimensional Theory)

((VEVsVEVs of) Dilaton and of) Dilaton and Moduli(extraModuli(extra dimensions)dimensions)
determine gauge coupling constantsdetermine gauge coupling constants

The Universe is expandingThe Universe is expanding

→→ Physical constants can be spacePhysical constants can be space--time varyingtime varying



softening of physics?
spacetime    laws of physics

Newton

Einstein

String

rigid                rigid

soft                 rigid

soft                  soft



Importance of null testsImportance of null tests

Inverse square lawInverse square law
Equivalence PrincipleEquivalence Principle

To what extent do they hold? (null tests)To what extent do they hold? (null tests)

It is of fundamental importance to check It is of fundamental importance to check 
the constancy of the fundamental constants the constancy of the fundamental constants 
to the ultimate precision.to the ultimate precision.

LetLet’’s shake the pillars to make sure s shake the pillars to make sure 
they are rigid!they are rigid!



Use of CosmologyUse of Cosmology

Laboratory : Laboratory : DaDa small, but small, but DDt ~ yrt ~ yr

Cosmology: Cosmology: DaDa ~1, but ~1, but DDt ~ Ht ~ H00
--11~10~101010yryr

tΔα
αΔ



GG



GG

Solar System ExperimentsSolar System Experiments

Cosmology(BBN,CMBCosmology(BBN,CMB))



Solar System Experiments:Solar System Experiments:
Lunar Laser RangingLunar Laser Ranging

3.5 meter dish3.5 meter dish

2cm/385,000 km2cm/385,000 km



Solar System ExperimentsSolar System Experiments

Lunar Laser Ranging(1970Lunar Laser Ranging(1970--:Apollo11):Apollo11)
G=GG=G00+(dG/dt) (t+(dG/dt) (t--tt00))

dG/dt/GdG/dt/G=(1 =(1 ≤≤ 8)x108)x10--1212 yryr--11 (up to 1994)(up to 1994)
(Williams et al., PRD((Williams et al., PRD(‘‘96))96))
dG/dt/GdG/dt/G=(4 =(4 ≤≤ 9)x109)x10--1313 yryr--11 (up to 2004)(up to 2004)
(Williams et al., PRL((Williams et al., PRL(‘‘04))04))



binary pulsar

timing of orbital period of binary pulsars:

(Newtonian)

G
G2P

P &&
−≅

PSR 1913+16:          dG/dt/G= =(1.10 =(1.10 ≤≤ 1.07)x101.07)x10--1111 yryr--11

(Damour(Damour--Taylor,91)Taylor,91)
J0437J0437--4715(NS4715(NS--WD): WD): dG/dt/G= =(=(--5 5 ≤≤ 18)x1018)x10--1212 yryr--11

((VerbiestVerbiest et al.,08)et al.,08)



Cosmology: BBNCosmology: BBN
only p and n at T>1MeV  (weak interaction)only p and n at T>1MeV  (weak interaction)
cools down by the adiabatic expansion of the cools down by the adiabatic expansion of the 
universeuniverse
freeze out of freeze out of n/pn/p ratio: Tratio: Tff~0.8MeV~0.8MeV

interactioninteraction nnssvv ~ ~ TTff
3 3 GGFF

22 TTff
2 2 ~  H ~ ~  H ~ ◊◊GGTTff

2  2  expansionexpansion

n/pn/p=exp(=exp(--((mmnn--mmpp)/T)/Tff))

YYpp =2(n/p)/(1+(n/p))=2(n/p)/(1+(n/p))



BBNBBN
Larger GLarger G ≠≠ →→ H H ≠≠

results in results in earlier freeze out of earlier freeze out of n/pn/p ratio: ratio: TTff ≠≠

n/pn/p=exp(=exp(--((mmnn--mmpp)/T)/Tff))
nnssvv ~ ~ TTff

3 3 GGFF
22 TTff

2 2 ~H~~H~◊◊GGTTff
22

results in results in larger amountlarger amount
of of 44He: He: YpYp ≠≠

spoiling the success of BBNspoiling the success of BBN



CopiCopi--DavisDavis--Krauss,PRL,92(04)171301Krauss,PRL,92(04)171301
**assuming** WMAP value of **assuming** WMAP value of WWBBhh22

and comparing with D/H constrains and comparing with D/H constrains DDGG
(inconsistent: neglecting the effect of (inconsistent: neglecting the effect of 
the dynamics of varying G field on CMB):the dynamics of varying G field on CMB):

--0.15<(G0.15<(GBBNBBN--GG00)/G)/G00<0.21 (1 sigma)<0.21 (1 sigma)
CyburtCyburt et al.,Astropart.Phys.,23(05)313et al.,Astropart.Phys.,23(05)313
**assuming** WMAP value of **assuming** WMAP value of WWBBhh22

and comparing with and comparing with 44He :He :
--0.10<(G0.10<(GBBNBBN--GG00)/G)/G00<0.13 (1 sigma)<0.13 (1 sigma)



blue: BBN prediction from WMAP;  yellow : observationsblue: BBN prediction from WMAP;  yellow : observations
(from (from CyburtCyburt et al.(05))et al.(05))



CMBCMB
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CMBCMB
赤（温度低い）
青（高い）

HH--11

http://background.uchicago.edu/~whu/physics/fig2.ps


http://background.uchicago.edu/~whu/physics/aux/diffusion.eps


大角度大角度 小角度小角度



Cosmology:CMBCosmology:CMB

Larger GLarger G shortens the horizon radius shortens the horizon radius HH--1 1 ØØ

Projection Projection effect(firsteffect(first acoustic peak, Hacoustic peak, H--1 1 ØØ))
Shift of zero point of oscillation(Shift of zero point of oscillation(@W@WBBhh2 2 ≠≠))
Diffusion Diffusion damping(damping(llDD~◊~◊ HH--11llmfp mfp ØØ))
(damping factor at peaks ((damping factor at peaks (ll ∂∂ HH--11):):
exp(exp(-- llDD

22//ll22)) ØØ))
Decay of gravitational potentialDecay of gravitational potential

((dF∫dF∫0, ISW)0, ISW)

HH--11



Nagata-TC-Sugiyama(2002)



(Grecom-G0)/G0<0.05
(Nagata-TC-Sugiyama,2004)



Conclusion:GConclusion:G

G: z=10G: z=1010 10 (BBN)(BBN) --0.10<(G0.10<(GBBNBBN--GG00)/G)/G00<0.13<0.13
z=1100z=1100 (CMB)(CMB) (G(Grecomrecom--GG00)/G)/G00<0.05<0.05
z=0 z=0 (LRR)(LRR) dG/dt/GdG/dt/G=(4=(4≤≤9)x109)x10--1313 yryr--11

(pulsar)(pulsar) dG/dt/GdG/dt/G=(1=(1≤≤1)x101)x10--1111 yryr--11

–– DDG/G/DDt/G < 10t/G < 10--3~3~--11 HH00

–– DiracDirac’’s larger number hypothesis is ruled outs larger number hypothesis is ruled out

–– Modified gravity theories should satisfy these boundsModified gravity theories should satisfy these bounds



aa



aa

Oklo(NaturalOklo(Natural Nuclear Reactor)Nuclear Reactor)
Absorption linesAbsorption lines
Cosmology(BBNCosmology(BBN, CMB), CMB)
Laboratory Laboratory Tests(ClockTests(Clock comparison) comparison) 



Oklo:Oklo:

ShlyakhterShlyakhter’’ss
famous paper(1976)famous paper(1976)



Oklo natural nuclear Oklo natural nuclear 
reactor at Gabon reactor at Gabon 
(West Africa) operated  (West Africa) operated  
2Gyr ago2Gyr ago

Anomaly of the isotope Anomaly of the isotope 
ratio of ratio of SmSm: : 
149149Sm/Sm/147147Sm=0.02  (natural value:0.9)Sm=0.02  (natural value:0.9)

ShlyakhterShlyakhter noticed the sensitivity of noticed the sensitivity of 
the cross section of neutron capture by the cross section of neutron capture by SmSm
to the resonance energy to the resonance energy EErr ~ 97 ~ 97 meVmeV



Fujii et al.Fujii et al.
(2000)(2000)
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Shlyakhter(1976)Shlyakhter(1976)
1 x 101 x 10--1717 /yr/yr

DamourDamour--Dyson(1996)Dyson(1996)
((--6.7~5.0) x 106.7~5.0) x 10--1717 /yr/yr

Fujii et al.(2000)Fujii et al.(2000)
(2+(2+--8)x108)x10--1818 /yr/yr



Quasar Absorption LinesQuasar Absorption Lines



hydrogen atom: examplehydrogen atom: example

fine structure fine structure ∂∂ aa44

hyperfinehyperfine ∂∂ aa44mmee/m/mpp

(21cm)(21cm)

Lamb shift Lamb shift ∂∂ aa55



doubletdoublet vs. vs. aa

fine structure: fine structure: 
doublet splitting  (doublet splitting  (ll1 1 -- ll22)/()/(ll11+ + ll22)) ∂∂ aa22



Old Idea:Old Idea:
BahcallBahcall--SalpeterSalpeter
(1965)(1965)



alkali doublet vs. many multipletalkali doublet vs. many multiplet

aa--dependence depends on speciesdependence depends on species



Webb et al.: Evidence for Webb et al.: Evidence for DaDa ∫∫ 0 0 
(first sample)(first sample)

•• 30 absorption systems (30 absorption systems (FeIIFeII, , MgI,IIMgI,II))
at  0.5<z<1.6  by Keckat  0.5<z<1.6  by Keck

•• 3 sigma evidence for 3 sigma evidence for aa is smaller in the pastis smaller in the past



2nd sample2nd sample

•• 72 absorption systems72 absorption systems
((FeIIFeII, , MgI,IIMgI,II, , SiII,NiII,CrII,ZnII,AlII,IIISiII,NiII,CrII,ZnII,AlII,III))

•• 4.1 sigma evidence for 4.1 sigma evidence for aa is smaller in the pastis smaller in the past



DaDa//aa=(=(--1.11.1≤≤0.4)x100.4)x10--55 DaDa//aa=(=(--0.720.72≤≤0.18)x100.18)x10--55



third samplethird sample

Murphy et al., MNRAS,345(03)609Murphy et al., MNRAS,345(03)609
128 absorption systems over 0.2< z< 3.7128 absorption systems over 0.2< z< 3.7
4.7 sigma evidence for 4.7 sigma evidence for aa is smaller is the pastis smaller is the past





any systematic errors?any systematic errors?
(Webb et al. claim) all sources of systematic (Webb et al. claim) all sources of systematic 
only strengthen the resultonly strengthen the result

However...However...
Many multiplet method suffers from systematic:Many multiplet method suffers from systematic:
comparing lines between comparing lines between different different species species →→
absolute valueabsolute value of wavelength is importantof wavelength is important
velocity width of absorption line (of velocity width of absorption line (of differentdifferent
species) is fitted by species) is fitted by common parametercommon parameter
bb22 =2kT/M +b=2kT/M +b22

turbturb
bb NN



The game is over?The game is over?
SrianandSrianand et al.,PRL(04)et al.,PRL(04)

23 absorption systems (23 absorption systems (MgIIMgII only) over only) over 
0.4<z<2.3 by VLT0.4<z<2.3 by VLT



mean value is mean value is 
inconsistent with inconsistent with 
Webb et al.Webb et al.

3 sigma region3 sigma region

1 sigma region1 sigma region
of Murphy et alof Murphy et al
(third sample)(third sample)



life is not so easy!life is not so easy!

LevshakovLevshakov et al.A&A,434(05)827  (VLT)et al.A&A,434(05)827  (VLT)



trouble in error analysistrouble in error analysis
(too small error bars)(too small error bars)

ChandChand et al. A&A,417(04)853et al. A&A,417(04)853

sigma(sigma(DDv)~0.4 km/sv)~0.4 km/s
→→sigma(sigma(DaDa//aa)~2x10)~2x10--55

In order to reduce the dispersionIn order to reduce the dispersion
below  0.06x10below  0.06x10--55,  ,  

N~1100N~1100 samples are required samples are required 
(from 2x10(from 2x10--55//◊◊N=0.06x10N=0.06x1055))

only only 2323 samples samples are usedare used



Debate between Debate between 
Murphy et al.Murphy et al. and and SrianandSrianand et al. (2007)et al. (2007)

DaDa//aa is determined by minimizing is determined by minimizing cc2 2 

for each absorption linesfor each absorption lines（（by changingby changing
Doppler Doppler width,redshiftwidth,redshift,,DaDa//aa ））

cc2 2 should be parabolic and should be parabolic and smoothsmooth
around the best fitting parametersaround the best fitting parameters
SrianandSrianand’’ss cc22 curves curves zigzaggedzigzagged：：
presumably due to the small number presumably due to the small number 
of iterationof iteration
In fact, our minimization  of In fact, our minimization  of cc22 using using 
SrianandSrianand’’ss data with their best fit as data with their best fit as 
the initial guess gives the initial guess gives smooth smooth cc22

curves and different best fitting curves and different best fitting 
values and different error barsvalues and different error bars
Our reanalysis givesOur reanalysis gives
DaDa//aa=(=(--0.440.44≤≤0.16)x100.16)x10--55

SrianandSrianand’’ss error bar was error bar was underestimatedunderestimated

cc22 curves  get smoothed acurves  get smoothed after the fter the 
large number of iteration, but the large number of iteration, but the 
new results are consistent new results are consistent with with 
MurphyMurphy’’s and with our original s and with our original 
ones within1ones within1ss
The errors used by Murphy are The errors used by Murphy are 
underestimatedunderestimated（？）（？）

MurphyMurphy’’s measurements match s measurements match 
ours at ours at <<11ss for 16 systemsfor 16 systems（？）（？）

Only 2 systemOnly 2 system >4 >4 ss deviant deviant 
systems dominate the result by systems dominate the result by 
MurphyMurphy ：：

Excluding these systems givesExcluding these systems gives
DaDa//aa=(0.01=(0.01≤≤0.15)x100.15)x10--55 ????????

ññtheir original claim: their original claim: 
DaDa//aa=(=(--0.060.06≤≤0.06)x100.06)x10--55



○○（（blueblue））Webb eWebb e
(Keck)(Keck)

×× SrianandSrianand et aet a
(VLT)(VLT)

●● LevshakovLevshakov et et 
(VLT)(VLT)

binned databinned data

(when used Murphy et al.(2008) which reanalyzed (when used Murphy et al.(2008) which reanalyzed SrianandSrianand et al.)et al.)



DaDa//aa = = (-0.543+-0.116)x10-5 

(Murphy et al.)
?? (0.06+-0.06) x10-5 

(Srianand et al.)??
(0.4+-1.5)x10-6

(Levshakov et al.)
FeII at z=1.84,1.15



recent more radical claim: recent more radical claim: 
spatial variation of spatial variation of aa
(Webb et al. arXiv:1008.3907)(Webb et al. arXiv:1008.3907)

153 systems of VLT are combined with 143 153 systems of VLT are combined with 143 
systems of Kecksystems of Keck
BehaviourBehaviour is changed from z=1.8is changed from z=1.8：：

DaDa//aa Keck                     VLT Keck                     VLT 
z<1.8   (z<1.8   (--0.540.54≤≤0.12)x100.12)x10--5     5     ((--0.060.06≤≤0.16)x100.16)x10--55

z>1.8   (z>1.8   (--0.740.74≤≤0.17)x100.17)x10--5 5 ((++0.610.61≤≤0.20)x100.20)x10--55

Keck: Keck: aa was was smallersmaller in the pastin the past
VLT:  VLT:  aa was was largerlarger in the past!in the past!

→→consistent with zero when averaged?consistent with zero when averaged?
Both observed different directionsBoth observed different directions
→→ spatial dependencespatial dependence
DaDa//aa=(1.10 =(1.10 ≤≤0.25)x100.25)x10--66 r/(Glyrr/(Glyr) ) coscosqq



CMBCMB
changing changing aa affects affects recombinationrecombination process of hydrogenprocess of hydrogen

via changing the binding energy of hydrogen:via changing the binding energy of hydrogen:
B= B= aa22mmee2 2 /2/2

and changing the Thomson cross section and hence optical and changing the Thomson cross section and hence optical 
depth:depth:
ssTT=8=8papa22/3m/3mee22

tt==!! t0  t0  xxeenneessTTdtdt
from from SahaSaha equation, equation, 

the ionization fraction the ionization fraction xxee isis

larger larger aa results inresults in smaller smaller 
ionization fraction ionization fraction xxee ÆÆ and henceand hence
in in earlier recombinationearlier recombination

)T/Bexp(2
Tm

n
1

x1
x 2/3

e

e

2
e −⎟

⎠
⎞

⎜
⎝
⎛

π
=

−
a∞ aÆ



CMB: CMB: Effects on CMB spectrumEffects on CMB spectrum
peak location: peak location: larger larger aa changes the sustaining angle changes the sustaining angle 
of the last scattering surface (peak location is shifted of the last scattering surface (peak location is shifted 
toward toward higher higher multipolemultipole))

amplitutdeamplitutde: : 
first peak:  first peak:  early ISW early ISW ÆÆ((blueshiftblueshift due to due to 

the decay of the decay of gravgrav. pot.). pot.) ( ( zzrecrec ÆÆ for for aa ÆÆ))
beyond the first: diffusion damping due to beyond the first: diffusion damping due to 

the thickness of the last scattering surfthe thickness of the last scattering surfaceace

Damping factor Damping factor ∂∂ exp(exp(-- llDD
22//ll22); ); llDD~ ~ ◊◊(H(H--11//xxeenneessTT))

for for aa ÆÆ ⇒⇒ thickness of LSS thickness of LSS ∞∞ ⇒⇒ D D ∞∞



CMBCMB
KaplinghatKaplinghat et al.et al.
(1999)(1999)

-0.06<(adec- a00))/a0<0.01 (2 sigma)  (WMAP1)(Martins et al.,04)
-0.028<(adec- a00))/a0<0.026 (WMAP5+HST) (Nakashima et al. ,08)

-0.013<(adec- a00))/a0<0.015
(WMAP5+ACBAR/QUAD/BICEP+HST, Menegoni et al., 09)

aÆ

a∞



BBNBBN

affects the neutronaffects the neutron--proton mass differenceproton mass difference
Q(=1.29MeV)Q(=1.29MeV)
larger larger aa results in smaller Q:results in smaller Q:
Q=1.29 Q=1.29 -- 0.76 0.76 DaDa//aa((MeVMeV)) (Gasser(Gasser--Leutwyler(82))Leutwyler(82))
results in results in larger amount of larger amount of 44HeHe::
n/p~exp(n/p~exp(--Q/TQ/Tff))

||DaDa//aa| < 0.06| < 0.06 ((CyburtCyburt et al.2005)et al.2005)



QSO and OkloQSO and Oklo



Atomic ClockAtomic Clock
Definition of the second: Definition of the second: ““the duration ofthe duration of

9192631770 periods of the radiation corresponding to 9192631770 periods of the radiation corresponding to 
the transition between the two hyperfine levels of the the transition between the two hyperfine levels of the 
ground state of the ground state of the 133133Cs atomCs atom””

hyperfine transition freq. hyperfine transition freq. 
∂∂ ZZaa2 2 mmNN (m(mee//mmpp)F)Frelrel(Z(Zaa))

clock comparison clock comparison 
→→ constraint on constraint on 

time varying time varying aa PrestagePrestage et al.,PRL,74(95)3511et al.,PRL,74(95)3511

d d 
lnln

Fr
el

(Z
Fr

el
(Z
aa
)/

d
)/

d
lnln
aa



PeikPeik et al.,PRL,et al.,PRL,93(04)17080193(04)170801

BizeBize et al.,et al.,
PRL,90(03)150802PRL,90(03)150802

Fisher et al.,Fisher et al.,
PRL,92(04)230802PRL,92(04)230802

RR
yy==
aa

22 m
c/

4
m

eec
/4
pp ÑÑ

Cs ~ 9GHz(microwave) ; optical~ 10Cs ~ 9GHz(microwave) ; optical~ 1055GHz GHz 



HH--maser vs. Hgmaser vs. Hg++ clock (140 days):clock (140 days):
||ddaa/dt/dt//aa| < 3.7 x 10| < 3.7 x 10--1414 yryr--11

PrestagePrestage et al., PRL,74(95)3511et al., PRL,74(95)3511

HgHg++ optical clock vs. Cs hyperfine (2 yrs):optical clock vs. Cs hyperfine (2 yrs):
||ddaa/dt/dt//aa| < 1.2 x 10| < 1.2 x 10--1515 yryr--11

BizeBize et al.,PRL,90(03)150802et al.,PRL,90(03)150802

Comparing above two with  the comparison of Comparing above two with  the comparison of 
1S1S--2S in H with Cs hyperfine (3.7 yrs):2S in H with Cs hyperfine (3.7 yrs):

ddaa/dt/dt//aa = (= (--0.90.9≤≤2.9) x 102.9) x 10--1515 yryr--11

Fisher et al.,PRL,92(04)230802Fisher et al.,PRL,92(04)230802

YbYb optical clock vs. Hgoptical clock vs. Hg++ optical clock (2.8 yrs):optical clock (2.8 yrs):
ddaa/dt/dt//aa = (= (--0.30.3≤≤2.0) x 102.0) x 10--1515 yryr--11

PeikPeik et al.,PRL,93(04)170801et al.,PRL,93(04)170801

Al+ optical clock vs. Hg+ optical clock(1 yr):Al+ optical clock vs. Hg+ optical clock(1 yr):
ddaa/dt/dt//aa = (= (--1.61.6≤≤2.3) x 102.3) x 10--1717 yryr--1 1 

RosenbandRosenband et al., Science 319(08)808et al., Science 319(08)808

((DnDn//nn=5.2x10=5.2x10--77;  cf. ;  cf. gravgrav. redshift . redshift DnDn//nn>>1010--88

geoidgeoid map via optical clock? )map via optical clock? )



Conclusion:GConclusion:G

G: z=10G: z=1010 10 (BBN)(BBN) --0.10<(G0.10<(GBBNBBN--GG00)/G)/G00<0.13<0.13
z=1100z=1100 (CMB)(CMB) (G(Grecomrecom--GG00)/G)/G00<0.05<0.05
z=0 z=0 (LRR)(LRR) dG/dt/GdG/dt/G=(4=(4≤≤9)x109)x10--1313 yryr--11

(pulsar)(pulsar) dG/dt/GdG/dt/G=(1=(1≤≤1)x101)x10--1111 yryr--11

DDG/G/DDt/G < 10t/G < 10--3~3~--11 HH00

DiracDirac’’s larger number hypothesis is ruled outs larger number hypothesis is ruled out





Conclusion: Conclusion: aa
aa: : 
z=10z=1010 10 (BBN)(BBN) ||DaDa//aa| < 0.06| < 0.06
z=1100z=1100 (CMB)(CMB) -0.013<(arecom- a00))/a0 <0.015
z=1~3 (QSO) DaDa//aa = = (-0.543 ≤ 0.116)x10-5 (Murphy et al.)

(0.4 ≤ 1.5)x10-6 (Levshakov et al.)

z=0.14 (Oklo) DaDa//aa = = (0.4 (0.4 ≤ 1.6)x101.6)x10--88

DaDa//DDt/t/aa < 10< 10--2~2~--88 HH00

z=0 z=0 (Atomic clock) (Atomic clock) 
||ddaa/dt/dt//aa| < 3.9 x 10| < 3.9 x 10--1717 yryr--11







Other Issues/FutureOther Issues/Future

mmpp/m/mee via Hvia H22 and OHand OH

laboratory constraint on varying Glaboratory constraint on varying G

DDG/G~10G/G~10--44

1010--44→→ 1010--33 →→ 1010--55 (10(10--44))



We need We need independent measurements of independent measurements of 
DaDa//a∫a∫00

becausebecause

extraordinary claims require extraordinary claims require 
extraordinary evidence (Carl Sagan)extraordinary evidence (Carl Sagan)



We have observed We have observed 
QSO absorption lines QSO absorption lines 
by Subaru by Subaru 
(PI Naoto Kobayashi)(PI Naoto Kobayashi)
(Aug,2004)(Aug,2004)

the result isthe result is……

not yet to come not yet to come 
(sorry)(sorry)



varying alpha via runaway dilatonvarying alpha via runaway dilaton

predicts the predicts the violation of weak equivalence violation of weak equivalence 
principleprinciple ((DvaliDvali--Zaldarriaga;ChibaZaldarriaga;Chiba--KohriKohri): ): 

aa dependence of proton mass is differentdependence of proton mass is different
from that of neutron massfrom that of neutron mass

hh=(a=(a11--aa22)/a~10)/a~10--1717

←← potentially detectable by STEPpotentially detectable by STEP
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