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Abstract. The current observational and experimental bounds on time variation of

the constants of Nature (the fine structure constant a, the gravitational constant ¢
and the proton-electron mass ratio y = m,/m.) are reviewed.




Motivation

N1=e?/Gmpme (=elemag. force/grav. force)
- 1039

N2=Ho1/e?me?* (=Hubble radius/classical
electron radius) ~ 104°

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

N1:N2 '



a|f N1:N2,
then G o« 1/t (Dirac)
or o ti? (Gamov)

cf.
=e?/% ¢ (cgs Gauss)
=e?/(4neo 1) (S.1.)
~1/137




Local Physics < global mass
(inertia) distribution
In the Universe

The Universe determines the physics on the earth

Brans-Dicke theory(1959).
od ~ T, G=1/0



Modern Motivation

1
String Theory(Higher Dimensional Theory)

(VEVs of) Dilaton and Moduli(extra dimensions)
determine gauge coupling constants
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The Universe Is expanding

— Physical constants can be space-time varying



softening of physics?

spacetime laws of physics

Newton rigid rigid

Einstein soft rigid

String soft soft




1 [nverse square law
1 Equivalence Principle
To what extent do they hold? (null tests)

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

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



Use of Cosmology

Aol
a At

Laboratory : Aa small, but At — yr

Cosmology: Aa ~1, but At ~ Hyt~10%yr






G

1 Solar System Experiments

1 Cosmology(BBN,CMB)



Solar System Experiments:
Lunar Laser Ranainn

3.5 meter dish

2cm/385,000 km



Solar System Experiments

1 Lunar Laser Ranging(1970-:Apollol1)
G=G,+(dG/dt) (t-t,) '

Hr'?}{ GG Mx {¥':::| Mx f-.’_.:T'[:] {:_1:[] M K':f — ?.L{:]. :' _F;-"""f-' e :

[.HE i,,.'_’. 3

dG/dt/G=(1 + 8)x10-12 yr-1 (up to 1994)
(Williams et al., PRD(‘96))
dG/dt/G=(4 + 9)x10-13 yr-1 (up to 2004)
(Williams et al., PRL(‘04))



binary pulsar

1 timing of orbital period of binary pulsars:

- Ly ]
2me”

(Newtonian)

P G
—~ -2 —
P G
PSR 1913+16: dG/dt/G= =(1.10 + 1.07)x10-1 yr-t

(Damour-Taylor,91)
J0437-4715(NS-WD): dG/dt/G= =(-5 + 18)x1012 yr-1
(Verbiest et al.,08)



Cosmology: BBN

1only pand n at T>1MeV (weak interaction)

1 cools down by the adiabatic expansion of the
universe

1 freeze out of n/p ratio: T,~0.8MeV
Nnov — Tf3 G|:2 Tf2 = ] = \/GTf2
n/p=exp(-(Mm,-m,)/T;) =

Y, =2(n/p)/(1+(n/p))
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BBN
i LargerGT — HT

results in earlier freeze out of n/p ratio:

==
[

n/p=exp(-(Mn-my,)/Ts)

nov — T G2 T2 ~H~+/GT;
1 results in larger amount
of “He: Yp T

spoiling the success of BBN
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1 Copi-Davis-Krauss,PRL,92(04)171301

**assuming** WMAP value of ()gh?
and comparing with D/H constrains AG
(Inconsistent: neglecting the effect of
the dynamics of varying G field on CMB):

1 Cyburt et al.,Astropart.Phys.,23(05)313

**assuming** WMAP value of ()gh?
and comparing with “He :
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blue: BBN prediction from WMAP; yellow : observations
(from Cyburt et al.(05))






® Coulomb Interactions
NN\ /e _ Thomson Scattering
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http://background.uchicago.edu/~whu/physics/fig2.ps

® (Coulomb Interactions

W Thomson Scattering



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

1 Larger G shortens the horizon radius H1 1

1 Projection effect(first acoustic peak, H* {)
1 Shift of zero point of oscillation(zQgh? 1)
1 Diffusion damping(Ap~v Hlmip 1)

(damping factor at peaks (A « H1): (\

exp(- 152/A2) 1) C
1 Decay of gravitational potential
(00+0, ISW)



Nagata-TC-Suqgiyama(2002

PHYSICAL REVIEW D 66, 103510 (2002)

Einstein model ___
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. h=0.68

| 0,,h*=0.15
(2,,n*=0.023
Lz . =104
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Conclusion:G

1 G: z=1010 -0.10<(GBBN-GQ)/G()<O.13
z=0 dG/dt/G=(4+9)x10-13 yr-1

dG/dt/G=(1+1)x10-11 yr-1

— AG/At/G < 1031 Ho

— Dirac’s larger number hypothesis is ruled out

— Modified gravity theories should satisfy these bounds






1 Oklo(Natural Nuclear Reactor)

1 Absorption lines

1 Cosmology(BBN, CMB)

1 Laboratory Tests(Clock comparison)
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Direct test of the constancy
of fundamental nuclear constants

TwHF puvasib antal nuclear conclants Y VATY
slowly while the Universe expands has been discussed by
several authorst®, T try hese to show that the well known
resnnance properiss of the ‘heavy nucleus plus slow neutron®
system make it B sensitive ‘recerver”, sharply tuned to the current
walues of nuckear constanis,

What are the restrigtions, imposed by cxperiment that
during the time interval AT the resonance energy shifl had not
excoeded AF,,. 7 Simple estimates of residueal interaction mairix
elemmients suggest that for the ove ming majorily of com-
pound nuckas reso W sl Uin shilis b
not less than the single-particle resonance shilt AE,. The latter is
cannected with the relative change in $irong coupling constant

ity that funds

R O

AF,  Ap
P a3 i
¥y i
whare V, denotes the depth of the nuclear pote el
Aguming dg,'dr = constant, we gL a restriclion
| de | 1 Afn, o
g de |T AT K B

The positions of many fow |ving resonances have haen knnwn
to an securacy of 10-%e¥ for guite a tirme®, Assuming
Vo = 5 Mev (ref. Thand AT = 10 yr we dexive

D RCER o1 N

whath 15 the same result as that established by Davies on the
trasis of Dyson's cosmalogical argamemt®,

The Coulamb farces in zreasos the overage internuclecn dstenos
by ~ 1.5 = 150 [ref, 7). Thes we obiain an cstimate
for the Ll\.l.l Sl ||" coupling copstant o 20 fimes higher than

wlz of Uie vaiaiions of puclea

Tobke 1 Compariscn of upper b
=

7 Davies  Present wark
[E S L
3 - -
- 2011

from eguation (2L The weak interaction contribution 1o the
total enerpy of the nuclews & ~ 10 ~4uim)? where woand mrane
the pion and nucleon mass. respeciively®. The upper bound
on the time variption of the weak coupling constant g, is
therafiore 5 « 108 tirmes higher than for g

I'bie [ lving resonance parameters determine the caplure
cross section for slow neutroms. 50 dald on thermal cross
section values in the remode past are of great intergst, The re-
cently discowvered traces of anceemt (1.8 10F vr old) nateral
ruslaar codctors in the wraniuny deposios of Okbe (Galaae,
West Africa 1" have proved 10 be important in this respect.,

The ispopic compaosition of 3m and Eu has besn measu
lor samples I the reactor core, srradiated by an medgpenderily
determined? inlegraed Aux of thermal meoirons o = 107
netrem o~ Gavan g and fecion vields one can determineg
the caplure cross-section values = 182107 yr ago. Thre
standard deviations give the possible range of the cross=seclion
variation, which i connected with the resopance energy shill
through the Breit-Wigner formula. One is thus led 1o the
resfriction  |AL . 2005 eV, and 1o the estimales af the
upper Bounds on the svarmabwm of Tundamental nuclear con-
slants shown in Table 1 along with the earler limits of Dysor
and Dravies,

These estrmates seem 10 exclude all waranis ol sucher
mis whangs bused oo Divac®s " Lorge B
I is. however, desirable 1o obimin as siricl -.1u|||1:-
on AF_.. as possible. Precise measurements of the solopi
shifts for all rare-garth fisslon products in the reactor core ane
desirable in this respect.

T owould lke 10 express my pratiiede 1o ¥. E. Bunakov,
W. M. Efimov, A, N, Erykalov, ¥. A, Ruban, and especiall:
ra Yo, ¥ Peirow for discussions and commenis
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Ledingra aciear Pliysics fastinate,
Cratching Lewingragd Disreier,
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Receiecd May 18- accepied Sepuemder 31576,
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Why measure astrophysical X-ray spectra?

MANY of e inleresiing resulls of X-fay dalrongamy such s
the presence of compac! sources in close bingry systems, ha®
vt derivied  from light curve studies] obigined with L3
simple detectors, O the other hand, a high resolution specin
meler, one of the most sophistizated pieces of instrumentation.
is almost invariably mcleded in soler Yoray satelfies, and 15
ugsd increasingly in cosmic studies®. Here we wish to stress thel
von spectra of the highut resclution are of Hmited applicabality
nany important astrophysical problems and also perhaps 1@
imficate the wvalue of cost-cffective planning of ecxpensivt
imstrurmenlation in general

In addition 1o providing useful data through measurements
of Doppler shifts ax =y @ e gin ol high cesclatio?
speciromelry & the inference of source siruclure morerms of

=Rl

Oklo

Shlyakhter’s
| famous paper(1976)




1 Oklo natural nuclear o

reactor at Gabon /7 j*
(West Africa) operated " F—
2Gyr ago x ‘ e

F450
[iiZ]
S

1 Anomaly of the isotope | o 10 200
ratio of Sm:
149Sm/147Sm=0.02 (natural value:0.9)

1495m—|—n—> 15OSm_|_

1 Shlyakhter noticed the sensitivity of
the cross section of neutron capture by Sm
to the resonance energy
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AEr=A(E,, —E.o—m )=-1.1MeV
4 + 16 meV

Fujii et al.
(2000)

Aa

04

~ (-4 +15 )x10 ~°
=(0.2+0.8)x10 Y yr *



1 Shlyakhter(1976)
1 x 1017 Jyr

1 Damour-Dyson(1996)
(-6.7~5.0) x 1017 /yr

1 Fujii et al.(2000)
(2+-8)x10-18 /yr



uasar Absorptia =

o  PSS0059-0003 =1
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hydrogen atom: example

fine structure
Lamb shift

hyperfine
(21cm)




doublet vs. «

1 fine structure:
doublet splitting (A1 - A5)/(A1+ A2) o< @?




LETTERS TO THE EDITOR 1677

ON THE INTERACTION OF RADIATION FROM DISTANT Old I dea -
SOURCES WITH THE INTERVENING MEDIUM

We discuss several ways that a distant radiation source (with a large redshift assumed Bah Cal l _Sal pete r
due to the cosmological expansion) can provide information over a wide range of dis- 1965
tances about the intervening medium. As we shall show [cf. Gunn and Peterson (1965)] ( )
neutral hydrogen (or other atoms) at various distances between the source and us
will give rise to an “absorption trough’ in the continuous spectrum of a distant source.

If the neutral hydrogen is instead concentrated in clusters of galaxies, this trough is
rfpiﬂc(’d h}f ﬂl'h-‘lr\_jﬁ “L-“'\J‘I—"' ﬂ.lﬂl“ﬂm"m IL'E‘E""" -‘gﬂﬂd’wié-fﬂ_‘-‘"":ln' J:";:I -h‘_ﬁm"r rars  Lwr h.'\-ﬁ'l"Lf p——

and (ii) abs increases monotonically from gz, = 2.5 for g = O toz, = 5 for gy = 1. We shall see later
E*lec,trunf. in  than an ionized, evolving universe with go > 1 is optically thick to Thomson scattering
: for 5, > 5.

i) Consider continuum radiation emitted from a distant source at frequencies
¥(1 4 z.), where » is the received frequency, passing through the dilute gas which is
postulated as a “substratum’ in cosmology If a constituent of the gas has a resonance
absorption line at a frequency »y., then most of the absorption takes place at distances
Near L., where

3..1 — [_'i'r:ﬂl."r:"} - 1 {!I.}

{FJ'IE'-?-;"IIFGIrdﬁEthl]I:l -+ 3'.;:' - 1.

"'We assume that all physical constants are independent of z, (Le, time). In particular, we assume
that the relation between energy and wavelength for a photon emitted from a distant source is the zame
as for a photon emitted locally {constancy of &c). Comparison of redshifts measured (e g, for 3C 273)
with a diffraction grating {(wavelength) and with a prism spectrometer (photon energy via the disperzion
relation) or photoelectric detectors would check on the constancy of A¢. Large effects can already be
excluded (d[ln kel/df < 107 v 1) from the absence of any marked discrepancy for photons from distant
sources in the two wavelenglles for which atmaspheric absorption sets in and photographic sensitivity falls
off l[l;n:uth involve th_e photo effect aur_f hence d-E:l:-EH{l on phcrtn-n mr}ll gimilm] one can show from

(2D}

i-.I.-LLI'.:ILII]r. for the rn:ds.h:ﬂs of Q55 .s I:r:f Er:-l'l.e-lit}f[ lﬂ':lﬁ-:l



alkall doublet vs. many multiplet

(a) Silv alkali doublet (b) Mgil/Fell "many multiplet”
P32 —1 P32—¢ y E?fz
<~ 2796 44 AL 2
P1/2 A P12——% h A D%z
<~ 1393.8% - 2a0aa Do/o
2344 28~
<~ 1402.84 %gég § it
2600 24 -
St/ S1/2 Dgo/s
Mg i Fell

a-dependence depends on species




Webb et al.: Evidence for Aa # 0
(first sample)

WVOLUME 82, NUMBER 5 PHYSICAL REVIEW LETTERS 1 FEBRUARY 1999

Search for Time Variation of the Fine Structure Constant

John K. Webb,! Victor V. Flambaum,' Christopher W. Churchill,” Michael J. DI’ﬁ]}"‘T"ITEl‘.I -and J olm D. Barrow”
'School of Physics, ersi S
*Department of Astre

‘:T.S o 2l i [ X, M, DIV ! Jni '“r"{?r K

(Recerved 13 elnmal'\ 19% revised manuscript received 9 July 199u,1

vivania 16802

An order of magnifude sensitivity gain is described for using quasar spectra to investigate pos :1b1
time or space varation in the fine structure constant a. Applied to a sample of 30 absorption s
z‘pannmg redshifts 0.5 < - << 1.6 we denve lumta on variations in « over a wide range of er 11-.

= (—1.1 £ 0.4) X 1077, Thh deviation 1s dominated by measurements
at z = N ' *< 1, Aa/a = (-02 * 04) X 107°. While
ﬂ.ll'-‘ is consistent with a time- -varying mrthm work 15 191.1111.19-:1 to explore possible systematic errors
in the data, although careful searches lme so far revealed none. [S0031-9007(98)08267-2]

30 absorption systems (Fell, Mgl,I1)
at 0.5<z<1.6 by Keck

3 sigma evidence for « Is smaller in the past



2nd sample

VoLUME 87, NUMBER 9 PHYSICAL REVIEW LETTERS 27 Avucust 2001

Further Evidence for Cosmological Evolution of the Fine Structure Constant

J.K. Webb,! M.T. Murphy,'! V.V. Flambaum,' V.A. Dzuba,! J. D. Barrow,” C.W. Churchill,?

2eiier . 2ularyan : mtic effects push A
our results would become more Hl"[‘lliltdllt were we to correct for them.

/2 absorption systems
(Fell, Mgl, I, Sitll,Nill,Crll,Znll,AllL T
4.1 sigma evidence for a Is smaller in the past




Redshift
0.2 0.6 1 2 5

0.0001
I

o 21cm/lmolec:ullc1r
L« many—multiplet
L o alkali—doublet

' IWTJ ****** B e .

—0.0001

1 | 1 1 | | 1 1 1 ] | 1 1 | 1 | ] | 1 1 ] Froctional IOOk—bGCk tlme

Aa/a=(-1.1+0.4)x10° Aa/a=(-0.72+0.18)x10




third sample

Further evidence for a variable fine-structure constant from
Keck/HIRES QSO absorption spectra

M. T. Murphy.#* J. K. Webb?*, V. V. Flambaum?
| Institute af Astrononn;, Univarsity of Cambrides, Madingley Road, Cambeidgs, CB3 0HA, UK

= School gf Plysics, University of New South Wales, UNSW Sydwmey NS 2052, Australia

1 Murphy et al., MNRAS,345(03)609
1 128 absorption systems over 0.2< z< 3.7
1 4.7 sigma evidence for « Is smaller Is the past

VA ). H4 U O C
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any systematic errors?

1 (Webb et al. claim) all sources of systematic
only strengthen the result

However...
1  Many multiplet method suffers from systematic:
comparing lines between species —
o of wavelength is important
® velocity width of absorption line (of
species) Is fitted by
b2 =2kT/M +b?%ym




The game Is over?
1 Srianand et al.,PRL(04)

VOLUME 92. NUMBER 17 PHYSICAL REVIEW LETTERS

Limits on the Time Variation of the Electromagnetic Fine-Structure Constant
in the Low Energy Limit from Absorption Lines in the Spectra of Distant Quasars

R. Srianand.* H. C hand e F'uut|~ an,” .ln-.] P Aracil>®
|_|I'[ CAA, Post § . Pune 411

: S "o A - . r - j ., w -
Institut dAstro L s N4 Paris, France

*LERMA, O de Pa ; : rvati 73004 Paris,
{Receiv shed 26 March 2004)

sent the results of a detailed m j-.-'-mulrlplu.r .JLJJ.l‘r sis perfo
ervi -_1 in high .{u 1Iil1r qu.J sar spectra obtained u he "."r:ri pe. ]"hh W L||_h1Ld
\ N4 =z=123 5
]"I'u me ; ok
107 = uu-_.-"u-j.rl = +1.1 X107 y
straint obtained based on high reds ift l_]u.J'-.Jr 1_|_-.||rp1|un |]u|.. 1,.-'h M.

123 absorption systems (Mgll only) over
0.4<z<2.3 by VLT




Aa/a(in units of 10-%)

mean value Is
Inconsistent with
Webb et al.

3 sigma region

1 sigma region
of Murphy et al

el (third sample)




life Is not so easy!

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

The comparison of the distribution widths in Fig. 6
reveals that the standard deviation in the CSPA sample
isexceptionally _small, For example, Fig. 1(b) in CSPA,
where the accuracy of wavelength calibration is checked
through the relative velocity shitts, Av, between the Fell
A2344 and A2600 lines”, shows the dispersion of o, =~
0.4 km s~ !. This uncertainty in wavelength calibration
transforms into the error oAy /0 ~ 2 X 10> see eq.(12) in
L04], i.e., in order to reach the error of the mean o aq /a0y ~
0.6 x 10=% (CSPA), one needs a sample of the size n ~
1100, which 1s not the case. Thus, the error of the mean
O(Aa/a) estimated by CSPA 1s 1n some disagreement with
their Fig. 1(b). The scatter of Aa/ain the Keck sample is
about 2 times the o,,,. value of our combined Fe II sample.




trouble In error analysis
(too small error bars)

8 Chand et al. A&A,417(04)853

sigma(Av)—~0.4 km/s
—sigma(Aa/a)~2x10-°

In order to reduce the dispersion
below 0.06x10->,

samples are required
jj (from 2x10-5/+/N=0.06x10°)
only are used




Debate between

Y2 curves get smoothed after the
large number of iteration, but the

with
Murphy’s and with our original
ones withinlo

1 Srianand SX CUlVeS ' 1 The errors used by Murphy are
presumably due to the small number underestimated (? )

of iteration ,
L = _ 1 Murphy’s measurements match
1 In fact, our minimization of y? using ours at <1o for 16 systems(?)
Srianand’s data with their best fit as

the initial guess gives
curves and different best fitting
values and different error bars
1 Our reanalysis gives
Aala=(-0.44+0.16)x10>

Srianand’s error bar was

1 Only 2 system >4 o deviant
systems dominate the result by
Murphy :

Excluding these systems gives

Aala=(0.01+0.15)x10-> 7?2?77
&their original claim:

Aala=(-0.06+0.06)x10-°



10 1~ O (blue) Webb
T i (Keck)
X ol
S X Srianand et &
C oL ! (VLT)

@® Levshakov et
(VLT)

Ao/ o(x1075)
|
||||||||||};|||I|I
-
ol :
f%
Fﬁ#—!

i |

| | 1 lx| | | | 1 | 1 | | | | 1 |

Aa/a = 6.08(£2.22) x 1077 —4.85(£1.46) x 107°%(1 — a)
(when used Murphy et al.(2008) which reanalyzed Srianand et al.)



Aal/a = (-0.543+-0.116)x10>
(Murphy et al.)
?? (0.06+-0.06) x10
(Srianand et al.)??
(0.4+-1.5)x10°
(Levshakov et al.)
Fell at z=1.84,1.15



Declination (degrees)

7z<1.8 (-0.54+0.12)x10~ (-0.06+0.16)x10->
z>1.8 (-0.74+0.17)x10> (+0.61+0.20)x10>
1 Keck: o was In the past
VLT. awas In the past!
—consistent with zero when averaged?
1 Both observed different directions
— spatial dependence

1 Aa/a=(1.10 £0.25)x10° r/(Glyr) cos6



CMB

1 changing a affects recombination process of hydrogen
via changing the binding energy of hydrogen:

B= a?me? /2
and changing the Thomson cross section and hence optical

depth:

O'T:87'['0,’2/3rne2

=J10 x_n,odt
1 from Saha equation,
the ionization fraction X, is

2 3/2
Xe —1(meTJ exp(-B/T)

1-x. nl 2r

€

1 larger « results in smaller
lonization fraction xe T and hence
INn earlier recombination




CMB: Effects on CMB spectrum

1 peak location: larger « changes the sustaining angle
of the last scattering surface (peak location is shifted
toward higher multipole)

1 amplitutde: x )
first peak: early ISW T(blueshift due to \/
1)

the decay of grav. pot.) ( . T for «
beyond the first: diffusion damping due to
the thickness of the last scattering surface

Damping factor o« exp(- A52/A2); Ay~ v/ (HY/x,n.o7)

fora T = thicknessof LSS|! = D



Kaplinghat et al.
(1999)

-0.06<(agec- @0)/@p<0.01 (2 sigma) (WMAP1)(Martins et al.,04)
-0.028<(agec- @o)/@p<0.026 (WMAP5+HST) (Nakashima et al. ,08)

-0.013<(agec- @g)/@p<<0.015
(WMAP5+ACBAR/QUAD/BICEP+HST, Menegoni et al., 09)



BBN

1 affects the neutron-proton mass difference
Q(=1.29MeV)
1 larger a results in smaller Q:

Q=1.29 - 0.76 Aa/a(MeV) (Gasser-Leutwyler(82))
1 results in larger amount of “He:

n/p—exp(-Q/Tr)

(Cyburt et al.2005)



QSO and Oklo

log(1+2z)



Atomic Clock

1 Definition of the second: “the duration of
9192631770 periods of the radiation corresponding to
the transition between the two hyperfine levels of the
ground state of the 133Cs atom”
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time varying « Prestage et al.,PRL,74(95)3511



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

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

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

Cs ~ 9GHz(microwave) ; optical— 10°GHz



H-maser vs. Hg* clock (140 days):
|da/dt/a| < 3.7 x 1014 yr-t
Prestage et al., PRL,74(95)3511

Hg* optical clock vs. Cs hyperfine (2 yrs):
|da/dt/a| < 1.2 x 10-1° yr-d
Bize et al.,PRL,90(03)150802

Comparing above two with the comparison of

1S-2S in H with Cs hyperfine (3.7 yrs):
da/dt/a = (-0.9+2.9) x 1015 yr-t
Fisher et al.,PRL,92(04)230802
Yb optical clock vs. Hg* optical clock (2.8 yrs):
da/dt/a = (-0.3+2.0) x 10-1° yr-1
Peik et al.,PRL,93(04)170801
Al+ optical clock vs. Hg+ optical clock(1 yr):
da/dt/a = (-1.6+2.3) x 1017 yrt
Rosenband et al., Science 319(08)808
(Av/v=5.2x10-7; cf. grav. redshift Av/yv~10-8

geoid map via optical clock? )



Conclusion:G

1 G:; z=1010 -0.10<(GBBN-GQ)/G()<O.13
Z:]_lOO (Grecom'GO)/GO<005
z=0 dG/dt/G=(4+9)x10-13 yr-1

dG/dt/G=(1+1)x10-11 yr-1

AG/At/G < 1051 Ho
Dirac’s larger number hypothesis is ruled out



BBN[92]
BBN-+CMB[03]
BBN+CMB[70]
CMB[95]




Conclusion: «

%
z=101° |Aa/a] < 0.06
z=1100 -0.013<(arecom- ag)/ag <0.015
z=1~3 Aal/a = (-0.543 £ 0.116)x10> (Murphy et al.)
(0.4 + 1.5)x10° (Levshakov et al.)
z=0.14 Aal/a = (0.4 + 1.6)x108

Aa/At/a < 10278 Ho

z=0
|da/dt/a| < 3.9 x 1017 yr-1



redshift Aa/a a/a(yr1)
Atomic Clock(Yb™/Hg™ /H)[58] 0 (—=0.3£2.0) x 107+
Atomic Clock(Hg™/Yb™ /H)[60] 0 {—[} 55+ 0.95) x 10~15
Atomic Clock(***Dy /' Dy)[64] 0 (—2.7+£2.6) x 1071
Atomic Clock(Sr/Hg™*/Hg™ /H)[61] 0 (— 3 3+3.0)x 10716
Atomic Clock(Al*/Hg™)[62] 0 (—1.6 £2.3) x 10717
Oklo(Damour-Dyson[16]) 0.14 (—0.9 ~1.2) x 10~ 7 (—6.7 ~ 5.0) x 10~17
Oklo(Fujii et al.[17]) 0.14 (—0.18 ~ 0.11) x 107 (0.24£0.8) x 10~17
Oklo(Petrov et al.[19]) 0.14 (—0.56 ~ 0.66) x 107 (—3.7 ~ 3.1) x 10717
Oklo(Gould et al.[20]) 0.14 (=024 ~ 0.11) x 1077 | (—=0.61 ~ 1.3) x 10717
Re/Os bound[26] 0.44 (—0.25 £1.6) x 1075 (—4.0 ~ 2.9) x 10~
HI 21 em([30] 1.8 (3.5 4£5.5) x 107 (—=3.3£5.2) x 10716
HI 21 em([31] 0.25,0.68 < 1.7x 1073




QSO absorption line(SilV)[30] 2.67 — 3.55 <35x107*

QSO absorption line(MM)[32] 0.5 —-1.6 (—1.1+0.4) x 107°
QSO absorption line(MM)[33] 05—-35 | (=0.72+0.18) x 10~°
QSO absorption line(SilV)[34] 2.01 —3.03] (—-05+1.3) %1077
QSO absorption line(MM)|[35] 0.2 —-37 |(—0.543+£0.116) x 10~°

OH[124] 0.247671 (0.51 +£1.26) x 10~ (—1.7+£4.3) x 1071
OH [126] 0.247 (—3.1+1.2)x10°° (1.1+04) x 1075
QSO absorption line(MgII/Fell)[37]| 0.4 —2.3 | (—0.06 £ 0.06) x 1073

QSO absorption line(MgII/Fell)[45]| 0.4 —2.3 | (—0.4440.16) x 10~°

QSO absorption line(SilV)[3§] 1.59 —2.92| (0.15+£0.43) x 105

QSO absorption line(Fell)[42] 1.84 (5.66 +2.67) x 107% | (—5.51 + 2.60) x 10716
QSO absorption line(Fell)[42] 1.15 (—0.12+1.79) x 10~° (0.14 £ 2.11) x 10716
QSO absorption line(Fell)[43] 1.15 (0.54+24) x10-¢ (—0.6 £2.8) x 10716
CMBI72] 10° —0.06 ~ 0.01 <5x 1012
CMBI74] 10° —0.013 ~ 0.015 <1x10-12
BBNI[70] 1010 <6x 1072 < 4.4 %1071




Other Issues/Future
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We need independent measurements of
Aal/a+0

because

extraordinary claims require
extraordinary evidence (Carl Sagan)




(Fage 1)

Serm esber S04a
[ % Subaru Telescope Propozal [D D48
By W Mational Astronomical Observatory of Japan HReceiver] !
B

==l

Application Form for Telescope Time

1. Title of Proposal
Testing the Fossible Time Variation of Fine Structure Constant

2. Frincipal Irmvestigabor
Mame: Fobagashi HMaoto
Im=titute: I[nstituts of Astronomy, University of Toloyo
MMailing & drdres=: 2-21-1 Ozamea, Mitaka, Tolge LEL-00L15
E-mail Arddress: nacto@ioa s u-tolkyo ac jp
Phons: 0422-34-5032 Faz:

OLl22-31-5011

3. Scientific Category

[] Selar Syztem [] Mormal Star= [] Extrasolar FPlanet= [] Star and Plapet Formation

I:I Compact Objects and ST I:I Dhilley "Way I:I Leocal Group I:I LI

[ Mlearby Galaxie [T Starburzt Galaxie= [] AGH and 060 Activiey G0 Aboception Lines and IGLI
[[] Clusters of Galasdes [[] Gravitational Lenses [] High-= Galasdies [[] Deep Survers

I:I LargeScale Stallctie I:I Cocmological Parame ters I:I Iikcellanecis

4. Abctract (epprozimately 800 words)

Ve propoce to launch A program aiming at studying the tims variation of fine structure constant (e = 2me® /hs) ovear
ccemological timesecale by measurin g absolute warvelengths of 50 metal absorption lines at high redshift. RHecently John
Webb® group found A possible tims variation Aafo = —0.57 010 = 10~ At 0.2 = = = 3.7 using Keck HIRES data. If
thiz variation iz confirmed, it will hare a huge impact on cozsmeology. However, their reculic are relyving only on a single
instrument anrl a single group and it is essential to conduct an indep endent research from Webbh's group to
confirmn or refute the timne variation of a. We propeoss to obtain high quality spectra of a large number of TS50
abcorption lines utilizing the high-spectral resclution aned high sensitivity of Suberu HDS. Suberu HDS is the unigue
indepenrent instrument for this purpose. Thanks to better spectral resolution (R > 75,000 compared to RH=45,000 of
Iech HIRES data) and the fine pixel sampling (0.9 km s~ for Subaru HDS while 2.2 kin 5! for Keck HIRES), we can
achieve roughly twice better accuracy for & measurement per object. With these ardlvantages , we even hope to constrain
some of the basic assumptions in Webb’s analysis, to which others gquestionssd.

5. Co-Investigators
IMame Institute I'Mame
Takeshi Chiba. Eyoto University
MMazanori ye MAOST
Huzuru YWeochii Lof, University of Tolowo
Chriz Churchill Penn State Univ.
Takuji T=ujimats MAOT

Institubs
Maecshi Sugiyama. MAOT
Yosuke IMinowa.

Tolyo University

6. List of Applicants” Related FPublications (las: 5 years)
# Chiba., Thkechi: Keohri, Kacuneri 2002, Prog. of Theor. Phys. , 107, 631, Quindessence Cosmology and Tarwng o
# Chiba, Taleshi 2001, gr-qe /0110118, in the procesdings of Frontisr of Cosmelogy and Gravitation, The Constancy of
the Conztants of Nature
# Chiba., Thkechi 1999, Phys. Rev. I, 60, 083508, Quiniessence, the Gravitafional Congdant, and Gravity
» Hobayashi, IT., Tarada, H., Goto, ., & Tolkunaga, A T. 2002, Apl, 569, 676, “Myg 11 Absorpion Lines in :=2 073
Damped Lyman-a svsem foward Gravidafionally Lensed Q50 APM 08279+ 5855; Detection of Small-zcale Struciure in
Mg Absorbing Clouds”
® Mlizamra, Toru: Thytler, Davird: [ye, Mazanori: Storris-Lombardi, Liza T Suzuki, IMao:; VWolfe, Arthur I 2002, AT, 123,
1247, O IT" and other Metal Absorplion Line Systems in 18 =4 Quasars
e Churchill, ©. "W. et al. 2000, Apl, 543, 577, Low and High lonizafion Absorption Properties of Mg IT Absorption
Selected Galaxries II. Taronomy., Kinematics, and Galaries
e Churchill, C. "W. et al. 2000, AplJS, 130, 91, Low and High lonization Absorption Properties of Mg IT Absorption

Delected Calaxmles I General Properfics

Last modiied 08,2208

We have observed
QSO absorption lines
by Subaru

(Pl Naoto Kobayashi)
(Aug,2004)

the result is...

not yet to come
(sorry)




varying alpha via runaway dilaton

1 predicts the violation of weak equivalence
principle (Dvali-Zaldarriaga;Chiba-Kohri):

« dependence of proton mass Is different
from that of neutron mass

n=(ai-az2)/a—10"’
— potentially detectable by STEP
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