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Abstract: <span>l will describe how and why coupling variations and violations of the equivalence principle are generally expected in string theory
and focus on two main scenarios/realizations. the Damour-Polyakov and the runaway dilaton.</span>
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e Alpha variations and EP violations in scalar tensor theories
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Coupling variations and extra forces
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Coupling variations and extra forces
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Coupling variations and extra forces
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Coupling variations and extra forces
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Coupling variations and extra forces
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Coupling variations and extra forces
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Coupling variations and extra forces
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Effective Newton Constant
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Effective Newiton Constant
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Effective Newton Constant

dinm (o)
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do

M Barions — MQCD i3 MQED s Mguark T Melectron T
[ —————— ]

~ MeV. independent (EW) origin
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Effective Newton Constant

dinm 4(0)
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do
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ZUe—1F . .
lOED =~ Qg 100 MeV
MQED = QEM T —ni/3 €

~Besponsible for Cor sition Dependent effects.



Effective Newton Constant

dinm 4(0)

Gap = Go(l + cacp) CA

do

M Barions — MQCD +— m QED T Mguark + Melectron T -
—————

Dominated by the individual contributions of each nucleon

mocp =~ (Z + N)GeV mocp ~ MNocp

L£esponsible for Composition Independent effects



Effective Newiton Constant
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Effective Newton Constant

dInm 4 (o)

Gap = Go(l +cacp) CA = 10

M Barions — MQCD + MQED T Mguark T Melectron T
—

Dominated by the individual contributions of each nucleon

mocp >~ (£ + N)GeV mocp ~ MNocp

£esponsible for Compaosition Independent effects



Effective Newton Constant

d HJQL-‘U\ dapy E 4
ca=——In|mgecp |1+ = Chad T a3

do mocp do LA
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Effective Newton Constant

dinm (o)
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~Besponsible for Cor sition Dependent effects.



Effective Newton Constant

d | mqgif dapy E 4
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do maoQcp do M A
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Effective Newton Constant

d MQED t’f_r.}:g_u E_.i
CA — 37 In [m QCD 1+ — Chad T @43

do do s

mMQc D

Composition-independent effects:

(Bertotti et. al. 2003)
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Effective Newton Constant

({ _.f'f}{?b'j_} HI(‘EJE‘\[ E_.‘l
ca=——In|mgecp |1+ = Chad T @3

do mqQcp do s

Composition-dependent effects:

; = cg(cBe — cTi) S () (Shlamminger et al. 2008)
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Effective Newton Constant

d MQED | dov E M E A
CA = dd n [”?Q{‘L‘: (1 =+ . )] = Chad T Qa3 &k

Composition-dependent effects:

a .
= cg(cBe — c1i) < 1) P (Shlamminger et al. 2008)
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Effective Newton Constant

dinm 4(0)

GJB — C;[}(]. + cacp) CA _
do

M Barions — MQCD T MQED T Maguark T Melectron T
=]

Dominated by the individual contributions of each nucleon

mocp == (£ + N)GeV mQcp ~~ -L___,a(_‘i:

£esponsible for Compaosition Independent effegts



Effective Newton Constant

d MQED dapn Ea
ca=—In|mgep |1+ = Chad + @3

do mqQcp do pa

Composition-independent effects:

9 . x5
Chad < 10

(Bertotti et. al. 2003)
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Effective Newton Constant

d MOED - dagy E 4
€A = E In [f”QC'D (1 -+ . = Chad T a3 do 1
mQcp - A

Composition-dependent effects:

a ‘
= cg(cBe — cTi) < 10— (Shlamminger et al. 2008)
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HOweVvey...

In scenarios where couplings are unified at some
scale Mqur. Aocp INherits a ¢o—dependence:

;\L(_ﬁ)(jf_) ~ MecuT € e
dln Agep Mooyt dlna
Chad = ~ In
do *"k(l}(_',[) do
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Effective Newton Constant

d MQED | dapn E 4
ca=—-—In|mgcp |1+ = Chad + a3

do maocp do pa

Composition-dependent effects:

(L | TP ;
| = cg(cge — ¢1i) < 10 (Shlamminger et al. 2008)

A |Be—Ti
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Effective Newton Constant

d MmMoreEpD dov E M E;
ca=——In [rIICJC'D (l T $ )] = Chad T+ @3 |

do do pa

Tri QCD

Composition-dependent effects:

a | g |
= ce(cge — i) <1071 (Shlamminger et al. 2008)
¢ |Be-Ti
- dlnag; : .
s 2 30 EM dln agyy < 10-5
do do -
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Effective Newton Constant

d MQED dapn E A
ca=——n|mgcp |1+ = Chad T+ @3

do maocp do pa

Composition-dependent effects:

(L | ) 5
| = cg(cBe — cTi) < 10~ (Shlamminger et al. 2008)
@ |Be-Ti
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Coupling variations and extra forces
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Effective Newton Constant

d MoED doy E M E |
ca=——In|mgocp |1+ = Chad + @3

do mocp do H A

Composition-dependent effects:

| = cg(ce —eri) S 10717 (Shlamminger et al. 2008)

@ |Be—Ti
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Future experiments (composition-dependent)

MICROSCOPE 1g—1°

STEP 1018
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Plan of the Talk

¢ The runaway dilaton

Damour F.P. Veneziano 2002
quintessence/k-essence models:

Gasperini F.P. Veneziano 2001
F.P. Tsujikawa 2004

more recently:
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Gravity and String: “conventional wisdom”

‘[ — f oy 2 1 2
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The dilaton can stabilize with a potential

of non-perturbative origin (Taylor Veneziano ‘88)
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A toy model (Veneziano 2001)

Gravity + (rank ;) gauge fields + V1,2 fermions +
No scalars. Cut off A
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What does that say about string effective action”
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e theory allows a strong coupling, runaway” scenario
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The value of the dilaton now

Inflation is very efficient in pushing ¢ — ~

Vix,0) ~ x"[1+e %+ O(ﬁ‘jﬂ]

D @

. -k

~ 107" is the amplitude of fluctuations on large scales
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The value of the dilaton now

Inflation is very efficient in pushing ¢ —

\”:1 X (___,-r_‘J i O(f”_jg]

~ 107 is the amplitude of fluctuations on large scales
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The value of the dilaton now

Inflation is very efficient in pushing ¢ —
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What does that say about string effective action”

-IIJ i —_— . ) ) 2 1
'=— | d*z\/—g | By(0)R + — Bs(0)(Vo) — M “Br(o)F~+ ...

‘)

Cut-off -> A ~ Az., bare inverse coupling-> g, ~ ¢
Renormalized inverse coupling-> ¢ = ~ Br(o)

: i€

Bi(O) @—:-x f),j :O(l)

e theory allows a strong coupling, runaway” scenario
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The value of the dilaton now

Inflation is very efficient in pushing ¢ —
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Expected EP violations

Ok with tested composition independent violations

(Bertotti et al: chaa < 3 1072)
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Expected EP violations

omposition dependent: n=4 ruled out. n=2 very close
to present experimental limits
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EP violations and alpha variations
in the runaway dilaton scenario

If the dilaton plays a major contribution today
(e.g. quintessence):

d 111 X E M - _& \/ Aﬂ
— w38 % 10 "1 — 302, 1012 —
H, dt \/ + qo /2
Aa q0-12 — dBOEM o161
(1 dt

- Close to present experimental limits
- Difficult to accomodate a ~ 10~ variation at =z ~
Seée however Chiba et al. 2007)



