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Abstract: | will discuss the possibility that a "Wilson line' degree of freedom can play the role of an inflaton in a warped flux compactification, i
context of the DBI inflationary scenario. | will show how warped DBI Wilson line inflation offers an attractive alternative to ordinary (posit
field) DBI inflation, inasmuch as observational and theoretical constraints get considerably relaxed. Thus, besides the large non-Gauss
produced in DBI scenarios, Wilson lines allow for an observable amount of gravitational waves, within consistent approximations.
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D-Brane inflation.

» Consider type II string theory (unwarped) compactification

= My x X,
D3 o
/ / e A pair of Dp-branes expanding
4 @ \) the full M4 and wrapping (p-3)
4a dimensions in the compact space Xe.
- Tp
= _ Q, * The Dp-branes are separated by
/ S / a distance 1 in the compact space.
y p-3  ® Open sfring modulus associated to
/7 —.  brane position acts as the inflaton.
CY unwarped [98 Dvali-Tye]

compactification o The potential for the 4D scalar field V(v
associated to brane position can be calculated.
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D-Brane Inflation
(unwarped)

Break susy slightly: interaction potential is generated 1/ (Y") # (

e Require flat potential: slow roll
My x X¢ _bp inflation.
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D-Brane Inflation
(unwarped)

Break susy slightly: inferaction potential is generated (1Y) # (

e Require flat potential: slow roll

/m Jhxyﬁp inflation.
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D-Brane Inflation
(unwarped)

Break susy slightly: interaction potential is generated V' (}Y") = 0

e Require flat potential: slow roll

/m My X Xa/ﬁp inflation.
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S = Brane-antibrane
[Burgess et.al. 01]
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D-Brane Inflation
(unwarped)

Break susy slightly: interaction potential is generated V' (Y') £ 0

e Require flat potential: slow roll
My x X¢ . bDp inflation.
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S ' = Brane-antibrane
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D-Brane Inflation
(unwarped)

Break susy slightly: inferaction potential is generated 17(Y") +# 0

e Require flat potential: slow roll

/m Jhx?ﬁp inflation.
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: ,I.p = _'I._' ‘_— II _ J_
\ Y -
,_,..--""'_\\/ . Qp
S = Brane-antibrane
[Burgess et.al. 01]
"": 5 /_9-3 = Branes at angles (¢ = SUSY)
S =3 [Bellido et.al '01; Gomez-Reino-Zavala '02]
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D-Brane Inflation
(warped)

@ Consider flux supported type IT compactification =>
wvarping. Most other moduli (a part from the inflaton) can
be fixed.
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D-Brane Inflation
(unwarped)

Break susy slightly: interaction potential is generated V' (}Y") = 0

e Require flat potential: slow roll
My x Xg pp inflation.

/ﬂm < /Q = 1  I

’[’p — _}: _.- P I r. : J_
---"'"V . Qp

S = Brane-antibrane DD (6 = )
[Burgess et.al. '01]
A = p—3 = Branes at angles (0 = SUSY)

L
/ —6  [Bellido et.al '01; Gomez-Reino-Zavala '02]
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D-Brane Inflation
(warped)
@ Consider flux supported type IT compactification =>
warping. Most other moduli (a part from the inflaton) can
be fixed.
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D-Brane Inflation
(warped)
@ Consider flux supported type IT compactification =>
warping. Most other moduli (a part from the inflaton) can
be fixed.

* [)31)3 brane-antibrane
slow roll inflation revisited.

[Kachru et.al. Baumann et.al.]




D-Brane Inflation
(warped)
@ Consider flux supported type IT compactification =>
varping. Most other moduli (a part from the inflaton) can
be fixed.

* /)33 brane-antibrane
slow roll inflation revisited.

[Kachru et.al. Baumann et.al.]

n problem!




D-Brane Inflation: DBI scenario
[O4 Silverstein-Tong]

® For a probe Dp-brane moving along radial direction in a
varped geometry with fluxes (Fn+2).
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D-Brane Inflation: DBI scenario
[04 Silverstein-Tong]

® For a probe Dp-brane moving along radial direction in a
varped geometry with fluxes (Fn+2).

@ Dirac-Born-Infeld action describes dynamics of Dp-brane
contains non-standard kinetic terms for scalar fields
associated to position of the brane as it moves.

@ In a warped background, these kinetic terms, combined
with strong warping can give rise to accelerating
trajectories, even for steep potentials ("fast roll”, no n
problem).




DBI scenario

warped geomeiry o Consider D3-brane moving along radial
direction in a warped geomeftry in type

T IIB (e.g AdSs x S;

R

@ --___
/ 2y = b3 (p)da,,d* +hM?(p)ds;
p* (warp factor)




DBI scenario

e Consider D3-brane moving along radial
direction in a warped geomeftry in type
IIB AdSs5 x S5

h=12(p)dx,dz" +h**(p)ds,

(warp factor)




DBI scenario

e Consider D3-brane moving along radial

W direction in a warped geometry in type
] IIB AdSs x S5

h=Y2(p)dx , dz +hY2(p)ds;

(warp factor)




DBI scenario

e Consider D3-brane moving along radial

- w direction in a warped geometry in type
Fpe ﬂ IIB AdS+ S5

h=Y/2(p)dz ,dx* + Y/ (p)

(warp factor)




DBI scenario

e Consider D3-brane moving along radial
direction in a warped geomeiry in type

h—lfi(p) | hl/?(p) =

(warp factor)

Ty = ((QW}SGFZ) 5

o' = string scale
g = string coupling

N = F5 flux units




, 0 gy —1
Ty — (L?_r};a!"_)
o' = string scale
g, = string coupling

N = F5 flux units

DBI scenario

e Consider D3-brane moving along radial

direction in a warped geometry in type

IIB AdSs x S5

e SUGRA approximation
=> small curvatures

k2 (p)ds,

(warp factor)
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Ts = ((2r)a’®) ™

o' = string scale
g, = string coupling

N = F5 flux units

DBI scenario

e Consider D3-brane moving along radial
direction in a warped geometry in type
ITIB AdS- S=

h=Y2(p)dx,, dz" +h/*(p)

(warp factor)

¥ _ t(~ .. + in - Wz = rli': _[T_I / ( _

¢ SUGRA approximation g, N > 1
=> small curvatures

e String perturbation regime =>



Ts = ((2m)%%) ™
a' = string scale
g = string coupling

N = F5 flux units

DBI scenario

e Consider D3-brane moving along radial

direction in a warped geometry in type
IIB AdS: x Ss

(warp factor)
— et _§< I e 1T / (

¢ SUGRA approximation g.N > 1
=> small curvatures

e String perturbation regime => gs < 1

* Probe brane approximation: single D3



Coupling to gravity: DBI Inflation

» Consider 4D action:

M?E -
/d% \/_{ —R— {h‘l\/l —h¢? —qh™ + V(O)H

2 R A
Mp; = Ve /K10

O =+\/1I3p r{:fﬂ = (QTT)TQ;E&""'J‘

(normalised field)

Due to speed limit, ¢ < h™ when the warp factor becomes
large and ¢ < 1, potential term dominates and (single field)
inflation can occur!




(93 12)
T3 = ((2m) a’ )
o' = string scale
gs = string coupling

N = F5 flux units

DBI scenario

e Consider D3-brane moving along radial
direction in a warped geometry in type

hY2(p)dx, dz" +hY?(p)ds]

(warp factor)

e \ —fl-'l.-' I g ey o _X 5 -H"-_ﬁ",';’ “_f" _[-'-, / Ir.._r.:-_

e SUGRA approximation g, N > 1
=> small curvatures

e String perturbation regime => gs < 1

* Probe brane approximation: single D3



Coupling to gravity: DBI Inflation

» Consider 4D action:

/m\/—{”ﬁfﬂ [i \/1—m£>2ﬂqh—1+t/(o)”

A2 — Y7 ]2
J'[pz — -‘fﬁ/hl{]

¢ =+/T3p k1o = (2m)"gla”

(normalised field)

Due to speed limit, % < h-_j; when the warp factor becomes
large and @ < 1, potential term dominates and (single field)
nflation can occur!




"ake Friedman-Robertson-Walker 4D meftric:

ds; = —dt* + a*(t) dx;dx*

> . 2 1 a
“riedmann equation H® = e E P e
I By a
—nergy density and pressure are controlled by the parameter 7
. 1 —~1 -
h h -
\V 1 — hod?
Scalar field equation
1 dyg,- : 2 h' .
——— oy =T\ =W
a3 dt [ ' ] ' ( ’ j) 2 h?
Accelerating solutions if @ >0: & 3 .
ccelerating solutions i . — = HZ(1—¢ e=—0
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Cosmologlcal Perturbations
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*For a general action of the form:
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» Inflationary parameters:
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Cosmologlcal Perturbations
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*For a general action of the form:
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* Nonlinearity parameter



Consistency bounds

- ) . .:2_ = _2
v Brane moves very fast: ho~ ~1 — 7 > 1l —mecg=7 K1

“non-Gaussianities -> boundon 7 < 21 [ . | ( 1

v Total 6D volume > throat volume (field range) [Baumann-McAllister]
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Cosmological PerTurba‘rlons

Garriga-Mukhanov: Chen-Huang-Kachru-Shiu; Lidsey-Seery|
*For a general action of the form:
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Consistency bounds

9 S =, S .2 — ,-.”_2
v Brane moves very fast: h¢~ ~1 — 7 > ] —€g=7 <1

'non-Gaussianities -> bound on 7 < 21 [ﬁ"fﬂ | ( : l)}

v Total 6D volume > throat volume (field range) [Baumann-McAllister]
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Consistency bounds

;2 -~ .2 e —2
v Brane moves very fast: ho~ ~1 — 7 > 1 —es=7 “ <1
‘non-Gaussianities -> boundon 7 < 21 {fx',: _ 1 ( L 1)}
* 3 \e5

v Total 6D volume > throat volume (field range) [Baumann-McAllister]
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Consistency bounds
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v Total 6D volume > throat volume (field range) [Baumann-McAllister]

|

(" Ag ) 4
Mp) N




Consistency bounds
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v Brane moves very fast: ho”™ ~1 — 7 > 1l —mco=7v K1

‘non-Gaussianities -> bound on 7 < 21 {f‘w l (i i l)}
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v Total 6D volume > throat volume (field range) [Baumann-McAllister]
. Lyth bound:

( Ny N {
Mp, ) N




Consistency bounds
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v Brane moves very fast: ho” ~1 — 7 >1 —m¢cg=7 K1
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Consistency bounds
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v Brane moves very fast: ho~ ~1 — 7 > I o= <41
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Gravitational waves:



Consistency bounds
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Gravitational waves: [Lidsey-Huston]



Consistency bounds
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Consistency bounds
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Consistency bounds
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Backreaction: [Easson, Gregory, Mota, Tasinato, Zavala '07]

¥ Check that the probe brane does not warp the internal geometry
as it moves near to the speed of light. Use toy exact sol: ¥ « S*

v As the D-brane moves on the S'a horizon forms and becomes

larger as the brane moves faster. The proper energy of the D3
also increases.

v Probe approximation means that this curvature is always less than
the ambient curvature.

. ‘IR [ D3on |

— v —1<K 9;1345;4 — 0 M? g M > 1

» W = N = T 1!‘\—'..} e g "l‘n":.l:



More general configurations
* Consider higher dimensional Dp-branes wrapped over
cycles of the throat. The larger the volume of the cycles,
the larger the field range for the same size of the extra
dimensions. . .

i) D5 wrapping a 2-cycle in the internal manifold.

[Kobayashi, Mukohyama, Kinoshita '07; Becker, Leblond, Shandera '07]
ii) D7 brane wrapping 4-cycle.

[ Kebayashi, ."f‘ﬂ"kr*hw:rr.ﬂ, Kinoshita '07]

However jonal

and ThIS makes (almosf) |mp055|ble 1'0 have a
vahd probe br‘ane approximation through the inflationary
era. LH bound is not improved [Alabidi-Lidsey '08].

* Spinflation. In general brane moves in six (internal)

dif"E’.CTIOﬂS Angular motion can help in a multifield inflationary

4

scenario, but not enough.
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field range?

@ Due to different field origin, can relax LH bounds on r?




Consider oTher open string moduli:
Wilson lines ['08 Avgoustidis & Zavala]

@ Wilson lines widely used in phenomenology (- ©

@ Unwarped slow roll Wilson Line inflation studied by
[Avgoustidis, Cremades, Quevedo '06]. How about warping?

@ In type IT theory, WL's have DBI kinetic terms on
world volume of a Dp-brane (note p>3).

@ In a warped compactification, WL's are not related to
fhe size of the throat. Can we have a large WL inflaton
field range?

@ Due to different field origin, can relax LH bounds on r?
@ In general: what are the features of DBI WL inflation?




Consider other open string moduli:
Wilson lines ['08 Avgoustidis & Zavala]

@ Wilson lines widely used in phenomenology (/= 7

@ Unwarped slow roll Wilson Line inflation studied by
[Avgoustidis, Cremades, Quevedo '06]. How about warping?

@ In type IT theory, WL's have DBI kinetic ferms on
world volume of a Dp-brane (note p>3).

@ In a warped compactification, WL's are not related to
fhe size of the throat. Can we have a large WL inflaton
field range?

@ Due to different field origin, can relax LH bounds on r?
@ In general: what are the features of DBI WL inflation?
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Wilson Lines and D-branes

* Wilson lines (WL) are open string moduli in type II string
theory. Arise naturally in string theory compactifications.

* They correspond to background values of gauge fields that can
be turned on in spaces of non-trivial homotopy (topology): ~ = aC

F, =dA;, WL: T, = eJ : £ ?Tl[c] = I
D
. L F=0, U,#1 and A=Ade, A= const.
a’
| * They appear on the world volumes of
Dp-branes:
g+ Tw—> 4d magnetic field
ab 3
& f;” — internal magnefic field (breaks susy)
- V. p3 -~ Wilsonline F,;=4a,6A;(z")

7 => scalar field from 4d point of view




Wilson Lines and Inflation I

* In type IT theories T-duality relates:

Wilson Lines < Brane Separations

Magnetic Field < Brane Angles

* "Angled D-brane inflation" already studied. Inflaton is driven
by the separation between the branes, while brane angles break
susy (potential is generated):

[Bellido, Rabadan, Zamora '01; Gomez-Reino, Zavala '02] .

* Can we identify a WL with the inflaton(s) in warped scenario?
[Warped Wilson line <=> warped brane at angles inflation]



Wilson Lines and Inflation I

* In type II theories T-duality relates:

Wilson Lines <+ Brane Separations

Magnetic Field < Brane Angles

* "Angled D-brane inflation” already studied. Inflaton is driven
by the separation between the branes, while brane angles break

susy (potential is generated):
[Bellido, Rabadan, Zamora '01; Gomez-Reino, Zavala '02] .

* Can we identify a WL with the inflaton(s) in warped scenario?
[Warped Wilson line <=> warped brane at angles inflation]

Can be discussed in a DBI set up!



Wilson Line DBI Inflation

» Consider a Dp-brane (p>3) in warped compactification (in type
ITB). All types of fluxes turned on. D-brane action is described by

Swz = q lip / Cn A e’ = -
- Jw, iZ where F.; = B.y +2ma’ F,

=

e Turn on Wilson lines and magnetic flux
on its world volume, Fab.

Q abi— \I du r _Z;:.L_..I. — fl-"i_,;-_—l"-' FJ” > CONSL.

g - 'm A€ |—m,m

* In principle, position & WL play a role.
\ / Here, single DBI Wilson Line inflation.




Wilson Line DBI Inflation

» Consider a Dp-brane (p>3) in warped compactification (in type
ITB). All types of fluxes turned on. D-brane action is described by

where F.. = B.; +2ma F.s

| * Turn on Wilson lines and magnetic flux
on its world volume, Fab.
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* In principle, position & WL play a role.
\ / Here, single DBI Wilson Line inflation.
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» Consider a Dp-brane (p>3) in warped compactification (in type
ITB). All types of fluxes turned on. D-brane action is described by
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e Turn on Wilson lines and magnetic flux
on its world volume, Fab.
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* In principle, position & WL play a role.
\ / Here, single DBI Wilson Line inflation.
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Wilson Line DBI Inflation

» Consider a Dp-brane (p>3) in warped compactification (in type
ITIB). All types of fluxes turned on. D-brane action is described by
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e Turn on Wilson lines and magnetic flux
on its world volume, Fab.
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* In principle, position & WL play a role.
\ / Here, single DBI Wilson Line inflation.




Wilson Line DBI Inflation

Action becomes

p—3
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Wilson Line DBI Inflation

Action becomes
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Wilson Line DBI Inflation

Action becomes
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Field normalisation




Wilson Line DBI Inflation

Action becomes
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Action becomes
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Wilson Line DBI Inflation

Action becomes
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Wilson Line DBI Inflation
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Wilson Line DBI Inflation

Action becomes
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i - p—3) . - . j f— F £ Lo & \
)BI = —Hp / rfp_'{f e « R v det(E ) / {f’li'w’#-'f;\‘* 1 +AhY2(27a’)2e—2 (0A)?

- | — = | R, e i \ 2 L [ L]
E,r.;; — I TE & % |E-rn,u F 2na F:m: ) {_fj-“l} = d, "lm f}'u*"'ln,{fm”

(2

Field normalisation

: ‘ j ' ST . E '-}:,T. N2 _—ao 1/2
.fi]- — flg -1 ;Z'E'I-’ / f_f.’- -35 e 1 i \(iEt{E”l”}} [ \ A (- (IL}! € j'” gll} {\]

Four dimensional action:

. M2, [ — ' el — =K
8= / d*r\/—g R - / d'z/—g {f“ V1-1' 2+ V(x) ‘*F“p]

vio)]




Wilson Line DBI Inflation
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Cosmologlcal Perturbations

A A, el

nan

arriga-Mukhanov; Chen-Huang-Kachru-Shiu; Lidsey-Seery]
*For a general action of the form:
. AL ph L e L
."?I — P I"_i Ly —4q R —x d Lyl —4q P{.\. @) —E
» Inflationary parameters:
H n € el Cs » dP
e = — T > e— ' " oi—
H~= eH '{--.-:»H ‘
Perturbation amplitudes & spectra
3 1 B
FPo— 1 —n, =4 — 29+ 2s
= “IH_.}-II-)I {
‘ e = —2€
p2 2 B
F— 52 J[ﬁr EP" EP" —8e,. 1 — 166, €

* Nonlinearity parameter

)

—> ; f.:)p (..)l:_}p @

E:



Consistency bounds in WLDBI

v Field range (WL is not related to 6D volume)
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Consistency bounds in WLDBI

v Field range (WL is not related to 6D volume)
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" Gravitational waves:
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v Field range (WL is not related to 6D volume)
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" Gravitational waves:
Combining Lyth bound with field range:




Consistency bounds in WLDBI

v Field range (WL is not related to 6D volume)
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Consistency bounds in WLDBI

v Field range (WL is not related to 6D volume)
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Consistency bounds in WLDBI

v Field range (WL is not related to 6D volume)
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" Gravitational waves:
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Consistency bounds in WLDBI

v Field range (WL is not related to 6D volume)
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Consistency bounds in WLDBI

v Field range (WL is not related to 6D volume)
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Consistency bounds in WLDBI

v Field range (WL is not related to 6D volume)
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Consistency bounds in WLDBI

v Field range (WL is not related to 6D volume)

( Ax )" < 28711 gy ‘;fﬂ‘
_-'1.[[_7;_ = 1/5

b

" Gravitational waves:
Combining Lyth bound with field range:

— — g X g, =
f |A.\ & 5 Ve
Lidsey-Huston:
\ 41 — ng)
I) r> — ———: r > 0.008
v1—-3fNL
; Pante® 1 27 (AN)? 12 g3
ffu : Jo I S . / ( g . ) s (‘A}" / g‘.
0 _". [ f_, ] 16 ‘;f N L P _: q X ‘L}:"q-_;




Consistency of bounds on WL DBI
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Depends on the geomeftry,
(background and D-brane used)
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+ Estimated values in KS-like warped geometry:

~

Jo

= (g M) 2

(p—T7)

2P, '. p—7 pip—3)/2
(27)P =2/3 L

~

(1)



Pirsa: 09020005 Page 95/107



Pirsa: 09020005 Page 96/107



Pirsa: 09020005 Page 97/107



Pirsa: 09020005 Page 98/107



Pirsa: 09020005 Page 99/107



Pirsa: 09020005 Page 100/107



Pirsa: 09020005 Page 101/107



Pirsa: 09020005 Page 102/107



Pirsa: 09020005 Page 103/107



Pirsa: 09020005 Page 104/107



Pirsa: 09020005 Page 105/107



Pirsa: 09020005 Page 106/107



Pirsa: 09020005 Page 107/107



