


Quintessence and solution of
cosmological constant
problem should be related !



Cosmon and
fundamental mass scales

m Assume all mass parameters are proportional tO

scalar field y (GUTs, superstrings,...)
= MpN X s mprotonN X > AQCDN X > MWN JAPTER
B y may evolve with time

m m_/M: (almost ) constant - observation !

Only ratios of massi scales are observable



The very small dimensionless numbers in
physics are due to huge age of the universe .

> Loy essehtially setdleo [

(pPerhaps  tsore  sobstantial evolvhion iu very eq»l{y (os‘m&/ﬂ?ly )



m [agrange density:

[ = \/§(—§X2R + 5(5 — 6)0Mx0),

+V (x) 4+ hxyy)

m Dilatation symmetry for

V = Xx*, A = const.,d = const., h = const.

m Conformal symmetry for 6=0



Dilatation anomaly

B Quantum fluctuations responsible for
dilatation anomaly

B Running couplings:

dlny = —AMX, 00

~ny A=A ~
Vet Moo~ x
mV/ Mp4 ~ a5 decreases forincreasing !l

m E>0 : crossover quintessence



Cosmology

Cosmology : y increases with time !
(due to coupling of y to curvature scalar )

“ late time cosmology explores the
ultraviolet™

for large v the ratio V,/M" decreases to zeto
—>

JHtiticctive cosmologicall constant vanishes

asymptotically for latge t |



Weyl scaling : g, — (M/ Y)? g
o/M=1n ( */V(0)

= \/§<—§M2R + Ekz(cb)a%am

+V () + m(p)vy)



A YCAND ERHR  (likc QCD gauge coupling)

critical ¥ where © grows large
critical @ where k grows large K*(¢p )=0(X)/4

kK*(@ )= "1/(2E(p, — @)/M)’

ifp .= 276/M (tuning!)
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@) , Cosmological consbaut  vanishes for £>00
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Strong, electromagnetic, weak _
interactions On astronomical

length scales:

Q

gravitation =~ cosmodynamics

N\



Cosmon

B |71y m1ass

my ~ H

4

B New long - range interaction



COSINON 1IMAass

for standard kinetic term

mm-=V’

for standard exponential potential , k = const.
mm = V’/k*=V/(k*M*)
= 3Q, (1-w,)H*/(2k*)



Are fundamental “constants”

Fine structure constant o (electric chatge)
@)

1D it I~ 7 l = . Y oQ T | A "‘ QY Qg

Ratio nucleon mass to Planck mass




m Mediated by scalar field

R.Peccei,].Sola,C.Wetterich, Phys.Lett. B195,183(1987)

( nontenormalizable interactions ~ M~ )

>
m Quintessence: connected to time variation of

fundamental couplings
C.Wetterich , Nucl.Phys.B302,645(1988)



Quintessence and
Time dependence of
“fundamental constants”

m Fine structure constant depends on value of
cosmon field : a(Q)

(similar in standard model: couplings depend on
value of Higgs scalar field)

O >

Jordan,...



for GUT : C.Hill ; Q.Shafi, CW



X.Calmet , H.Fritzsch
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Three independent data sets from Keck/HIRES

Ao/o= -0.54 (12) 107

Murphy, Webb,Flammbaum, june 2003

VLT
Ao/oc = -0.06 (6) 107

Stianand,Chand,Petitjean,Aracil, feb.2004

7 = 2



Crossover quintessence and
time variation of fundamental
“constants”

Upper bounds for relative variation of the

fine structure constant
B Oklo natural reactor  Aa/o < 10 7 7z=0.13
m Meteorites ( Re-decay ) Ao/a <3107  2=0.45



Time evolution of fundamental couplings
traces time evolution of quintessence



Fractional look—back time
0.6 0.8

2 3

Redshift Webb et al



m small coupling of cosmon to matter due to fixed
points behavior

Vunm‘nj oy (X) :

J oLy
9&’{%

; o
= -éoéx '—"gﬂ_aéx

b, 4, > o




adjusting b, to reproduce results by Webb et al:

[ 'i'ie’a .f 15 Zz'r"c. Cxin }-;:.:/e , Chossover Ut “ “::-‘5 SeLr e

E=5 (22 - s5°
'ﬂ"(em /a{em 'FC”’ vanoes # » Py )
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Yy = L{‘ u_ ) I_,'C"-_]"“frf“

smaller for Srianand et al !




Time variation of coupling constants
1S tiny —

would be of very high significance !
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Cosmon mediates new long-range interaction

Range : size of the Universe — horizon

Strength : weaker than gravity

photon electrodynamics
oraviton gravity
cosmon cosmodynamics

Small correction to Newton’s law



Difterent couplings of
cosmon to proton and
neutron

Differential acceleration

Violation of equivalence
principle

coSmon

p,1



=-1.75 10 2ARZ(%—)QthL@

(1+wp)

Q : time dependence of other parameters



Link between time variation of o
and violation of equivalence principle
typically : n = 101

if time variation of o near Oklo upper bound

to be tested by MICROSCOPE



nucleon wiass oependls on  valve
of the cosmon frelof
(and  there fore on Fime )

(2) expand avound Cosmo(ag ceal
valve @, (¢) :
PlX,t) = @lt)+ Splx ¢)

=S earth (s source for Sow—wno/m;

local cosmmon freld 5@ i .!-7?!/_‘)




(3) Test body cavries effective

, Coswion Chq.?e =
= g~ 9m
G = /S
@
o be Corp aredd with P ;mvzk%z‘/ma/ C/f¢7€ ‘

(4) Protous auof netrens have oAifferent

Casmon Charges 2"p +
/ 9¢ b




This leads to differential acceleration !

obse vation

—A43

!-7f < 34

Baesslr et al.




Atomic clocks and OKLO

¥  Atomic clocks:

o |

g.%ﬂ'. - _574,_ ./0"40 A({fem_ (24‘8))/ -{
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Sortars et al .




small change of couplings in space

«  Five shuetire consbout dpeucte

on location i Space ( Satet tes .’)

r=2R : 9% - 3./0"’3 ‘4"31

d“l"'\,
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Why becomes Quintessence dominant in the
present cosmological epoch ¢

Are dark energy and dark matter related 7

Can Quintessence be explained in a fundamental
unified theoty ?
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D most guintessence potle!/s :

e HE
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