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- Motivation

Time varying dark energy
Evading unwanted corrections (e.g. KK couplings)
— shift symmetry — axion
A comprehensive survey for axion quintessence
in IIB string theory

Several corrections from warping

and non-perturbative effect
A contribution to the CMB polarization angle






Setup : General ideas

4D Axions

Shift symmetry

b broken by non-perturbative effect, or boundaries

/ Generating potentials¥ ﬁ

V(#) ~ MpeSrst cos V(o) ~ s

Ja

by instanton effect will be explain later

¢ : canonically normalized axion, fa :axion decay constant



Non-perturbative potential

b+3H¢+V'(¢) =0 with V(§) ~ Mpe Sinst cos}i
a
Quintessence condition T———)> Overdamping with Hubble friction
[06 Svrcek]
4 _,—Sinst
o L ) H? > Mpeﬂ
Sinst Ja

needs to include “N” axions

Sinst ~ 280, N ~ 10°

Huge number of axion is needed.

s Consider the potential from boundaries!



Boundary potential

. 4;’?

a

linear potential

" /
Requiring slowly varying potential: Jf2 ‘; <1 M?2 b (“// ) <1

. ¢ 2 Mp

Pressure density ratio around ¢ ~ ¢q

. p.;, — 643 24M3 =
: M2 +6¢2 (M3 +660)21+ 2
Recent observational bound [0 Komatsu et.al. and others]
wpe(z) = wo + wi——, wp=-0.93+0.13, w3 = —0.411972

14 2
T ¢ > 1.29MP






lIB string setup

[06 Svrcek-Witten]

Co = a'a®w, /2(2) wyp =20, .  a~a-+ (27)2
a

Kinetic term

= g5
Ste = 377273 / [R/\ 1 — ZF3 A xF3+ J
M2 2
=/d4a:\/—7g4 lTPR(‘l) o f_a(aa)iz Y ]
: o M3 Voo — 164/
with  Mp ~ L Mg, fa, L4 where cy = L«

— slow-roll condition becomes a 2 L2 /gs

Constraint from red giant (low-energy physics)

fo>10°Gev wm M, >10%GeVv, L <10°



Potentials from brane

NS5-brane at the bottom of a warped throat

[08 Silverstein-McAllister-Westphal]

Snss = ~ tamys2ga | V- det(Plo + 9:CT)
VLR . R —2A 4 2
| ds“ = e““'dxg+ e dyg
A 4 A 4
4 et mM, £ L_2)
Vo = (27)5g: arz \/ﬂ + g2a° ~ = a (a < = < 5

Forinstance, L ~ 10, gs~ 1, a~ L2

eAm % 10—28 - ( o N )
e ™ ~ exp

can be stably realized 3gsM?
as like Giddings-Kachru-Polchinski (tip of the warped deformed conifold)
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Back reaction and corrections

Back reaction of NS5-brane

Five form and warp factor are closely related.

B_dC. L CAH (or compactified NS5 wm  effective D3)

2

!
—44  9s¥“a

e de =
T

Volume change due to warping

e.g. Kahler correction [08 Douglas-Frey-Underwood-Torroba]
K 2V
— =-3In|T+T+= ("= B 2t — [af -)
Mlzg [ + + chl Vaw /d y\/_(;e s VCY fd y\/_%
¥, 2
§ (Y—"”) ~ 2 T ~ L*
Vey T cutoff
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Moduli stabilization and axion
K
Vioq = €¥P (u” D;WD ;W — ﬂZ%IlWIlz) 1

l SUSY min: DWW =0

s W >
2 2 2M
~m3/2MP 'm3/2 ~ € MI%
Together with warping correction in Kahler
a

5 taking gs ~ 1, Teutoff ~ \/; y @~ L2
M2
- (ﬂ) M2 = M3, ~ (10 Tev)?

Mg’ B < p4 Lz10% Even Low energy SUSY breaking

L2 ~ % foolarge. x

—96
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Leading cancellation T
i)

Zio position symmetric setup: r — —r |

ro

NS5 . —1 NS5+ NS5-NS5b
o —a D3+ a D3—-D3

r dependence: leading sub-leading

NS5 anti NS5

Leading suppression

Vi =[d6y\/§_56_4‘4 \l

L |5 | 5 leading
e)d”o e N
~(3+e)f fr + ol# 15 e (3 +a?)D3 (3 -2?)D3
~N (L% +
+
1 sub-leading
No axion contributions to leading order e 4~ O(r—4) a D3—D3

pairs
As like tadpole cancellation in CY compactification

12



Brane-anti brane in warped throat

1
{3 Brane-anti 3 brane force ~ OO (_4)
T

1
D3-brane warped throat: e Lo (_4)
7'

< Brane-anti brane backreaction in warped throat [08 DeWolfe-Kachru-Murllgan]

aa _ 9?4
d0e” " ~ ———r_, ,non-constant dilaton, and non-ISD
O
Tx Am
IR scale of the throat: ~ e

vao!

Contribution from dangerous IR

o al2 Same result from exact IR sol.
Ve ~ [ drr® rd ~ad?r? -
T % Ta

V. r2
5| 22| ~ a=* ~ ge24m
VC’Y o

[09 McGuirk-Shiu-Sumitomo]
[09 Bena-Grana-Halmagyi]
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Brane-anti brane correction in Kahler

Combining brane-anti brane and volume change due to warping

4 ; .
a, M (even true for superpotential correction)

P
The corrected potential dominates.
A2
V1 ~ /\4 -_— eA""' ~ ——->D950r~ 10_32L where g ~ L2
Mgp

Compare with DBI potential
NN M < A4

L6l MSB'

(Moduli problem will be discussed later)

Quintessence should be realized with the potential from brane-anti brane.

mw Vo~ MiAmp2

If MSB > 1TeV

Note: Brane-anti brane effect in DBI Non-perturbative corrections
45 4A 4 84, 0°07
0V ~ Mg e " ™ma ~ Mge " ™— avoided if L > ©(10)

Tdistance 9
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Rotation of the CMB pola rmi'-zation

String Axiverse map [09 Arvanitaki, Dimopoulos, Dubovsky, Kaloper, March-Russell]

Black Hole Super-radiance Dﬂi’ A =
I Wﬂy
\ >
108
2 x 10720 3 X107
CD axion
Axion Mass in eV Q

Our ettective mass scale

4 /\2
me S ,\’ Ji: ~ ~ 10733 eV |:> CMB Polarization

Topological coupling
Cs . Ds-brane wrapping 2-cycle
1 1
Sps = —Tps(2ma’)? f dﬁﬂa/—ﬁﬁe_’szfﬁu + Tps(2xa’)> f “CoAFAF
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Estimation of angle

L 1 ut 1: ¢
=00 b ot e P Ry,

. Freewave: D = E -+

Rotation angle (difference)

1 present
No= 5 f
L< fq Jrecombination

ﬂ QS - 10—123 MP
3
5 ¢

M
Aa < ¢—P <1072 107 « 10
0

Current bound [10 Komatsu et.al.]

dto

—6.6 X102 < Aa<7.0%x 1073 satisfiedif ¢g~ 100Mp

without violating any other bounds
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Comments

Light particles

Large warping required in our model =———)> many light particles

* Aslike in RS II, KK-couplings are
well suppressed on the brane.
» KK exchange is highly suppressed.

Constant term

There may be so many constants terms after the compactification.
Viotal = u,4a, +C
\./
It is easy to absorb into linear term, if C is not significantly large.

19



I ————

Remaining Issues

SUSY breaking via anomaly mediation

— (2 axion behaves like gauge coupling
Cosmological moduli problem

— requires additional physics (thermal inflation etc.)
(Connection to) Inflation?

Standard Model sector? QCD axion and hierarchy?

Thank you!



