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Transplanckian field ranges

Relevant for:

» Large field inflation (detectable tensor modes) Axion

» Cosmological relaxation [Graham,Kaplan,Rajendran’|5] Agp > M,

Challenge for string theory:

» Technical difficulties
[Banks et al’03]

Decay constant [ > M, — effective theory out of control
(6 — ¢+ 27f) (strong coupling or small volume)

» In conflict with quantum gravity

Weak Gravity Conjecture (WGC) [Arkani-Hamed et al’06]



Transplanckian field ranges!?

Are they possible in a consistent theory of quantum gravity!?




Transplanckian field ranges

Current proposals in string theory:

Natural inflation with Axion monodromy
muItipIe axions [Silverstein et al., Flauger et al...]

[Dimopoulos et al,Kim-Nills-Peloso,McAllister et al...]
Multi-branched potential

Periodic potential

"(l_'l)l

[Kappl et al] \ 2n f

Constraints from WGC Constraints from RSC
[Rudelius,Heidenreich,Reece,Montero,lbanez,Uranga,|V,Brown, [OOU ri-Vafa et a|’06] [KIaewer—PaIti,’ | 6]
Cottrell,Shiu,Soler,Bachlechner,Long,McAllister,Hebecker,Mangat ,
,Rompineve,Witowski,Junghans,Palti,Saraswat...] (see BIumenhagen S talk)
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Transplanckian field ranges

Current proposals in string theory:

Natural inflation with Axion monodromy
multiple axions | [Silverstein et al., Flauger et al...]

[Dimopoulos et al,Kim-Nills-Peloso,McAllister et al...]

Multi-branched potential

Periodic potential ‘

[Kappl et al]

Constraints from WGC

[Rudelius,Heidenreich,Reece,Montero,lbanez,Uranga,|V,Brown,
Cottrell,Shiu,Soler,Bachlechner,Long,McAllister,Hebecker,Mangat
,Rompineve,Witowski,Junghans,Palti,Saraswat...]
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Axion Monodromy

V()

Induce a non-periodic \ / / while preserving the
potential for an axion /7 discrete shift symmetry.
/ /
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Axion Monodromy

V(o)
Induce a non-periodic \ / / while preserving the

potential for an axion ' "~ discrete shift symmetry.

\XX/

¢
4d Kaloper-Sorbo description:
Coupling the axion to a 3-form gauge field fy = dC’s
L= —f%(do)? — |F4)* + mFy¢
Integrating out Cjy
_ 1 5 [Dvali'05]
*F4 =N+ mqb — V= 5(% ™ m¢) [Kaloper,Sorbo’09]

we get a multi-branched potential invariant under
O —>o+2nf . n—n-—2mrmf




Axion Monodromy

V(o)
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Higher dimensional operators

v Potential protected by gauge
invariance of the 3-form field

F2 n V T
v~ (55) ~X (35)

n

[Kaloper,Sorbo,Lawrence]

Tunneling between branches

Mediated by membranes charged
under (5 that shift n

WGC —— membrane tension

v Tunneling negligible for inflation

[Franco et al/Brown et al/Hebecker et al.]
[Ibanez,Montero,Uranga,|V]



Axion Monodromy

Bottom-up
4d Kaloper-Sorbo description

Parametrically large field ranges are
disfavoured, but the problems are not
tied to the Planck mass.

No obstruction for large field inflation.

(No problem with WGC...)

Top-bottom

Technical difficulties related to
backreaction

[McAllister et al] [Blumenhagen et al][Hebecker et al.]
[Dudas,Wieck] [Buchmuller et al] [Marchesano et al.]

Problems with the Refined
Swampland Conjecture

[Baume,Palti] [Klaewer,Palti]



Axion Monodromy

Bottom-up > Top-bottom

4d Kaloper-Sorbo description H Technical difficulties related to
3 backreaction

Parametrically Iarge field ranges are [McAllister et al] [Blumenhagen et al][Hebecker et al.]
disfavoured, but the pr()blems are not : [Dudas,Wieck] [Buchmuller et al] [Marchesano et al.]
tied to the Planck mass. '
Problems with the Refined

No obstruction for large field inflation. Swampland Conjecture

(No problem with WGC...) § [BaumePalti] [KlaewerPalti]

A Kaloper-Sorbo coupling does not guarantee a transplanckian field range

What is missing in the Kaloper-Sorbo description!?
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Sugra generalisation of Kaloper-Sorbo

(v = 5" Zy () FIF] + S Fipi(6%) + Vioe(s) +O(cos @
I°4

™
saxions axions

Example in string theory; [Bielleman,lbanez,IV’ 5] [Marchesano et al’l6]

Flux-induced 4d scalar potential of Type [IA/B Calabi-Yau orientifolds.
» 4-forms and axions from higher RR and NSNS p-forms:

Fp:F4/\wp_4—|—<F>wp X qb:/ Cp
ZP
» Discrete axion shift symmetry comes from large gauge transformations

All perturbative axion dependence comes from couplings to 4-forms,
through shift invariant functions p; (%)



Sugra generalisation of Kaloper-Sorbo

= E Zii(s")FiF] + E Fipi(¢%) +Vzoc(8a)+0(COS¢C)
Y

saxions axions

Iy =Z7(s")p;(¢") = V =Z7(s")pi(¢")p;(6")

Outline:
» Clarify differences between KS and supergravity/string version

» Describe backreaction effects in terms of 4-forms

- Type llA closed string sector

- Open string models



Sugra generalisation of Kaloper-Sorbo

= 3 2y (8 ELE] + 3 Fipi(67) + Vioe(s”) +Ofcos @
i / i \
Y

saxions axions

Iy =Z7(s")p;(¢") = V =Z7(s")pi(¢")p;(6")

| Non-linear couplings =# Generic scalar potentials

Kaloper-Sorbo: p(@) =n+ m@d —s mass term

In general: ,Oi((ba) — mass and interaction terms

: m :
ex. pi=¢e; + kz’jk¢jqk — Ekijkqb%b’“

e e ————



Sugra generalisation of Kaloper-Sorbo

_ E Zij(Sa)FiFZ + g Fjp@-@a) + Vioe(s") +O(cos gb@
<

saxions axions

Iy =Z7(s")p;(¢") = V =Z7(s")pi(¢")p;(6")

2 Multiple 4-forms = Higher order corrections

oV = F2)iyn __, not as powers of V, but of
Z(H( i)' the different pi (o)

Periodic corrections

Discrete shift symmetry cannot be broken < n
p




Sugra generalisation of Kaloper-Sorbo

=" Zy (s FiF] + Y Fipi(6°) + Viee(s®) +O(cos @
Y

saxions axions

Iy =Z7(s")p;(¢") = V =Z7(s")pi(¢")p;(6")

3 Field-dependent metrics = Backreaction effects

Minima of the saxions (during inflation):

(5) < p(¢) —> Modify scalar potential and kinetic term

Metric Z;;(s") related to field space metric of scalar manifold

Metrics of 4-forms in string theory are such that backreaction effects
forbid transplanckian field ranges!?

e e e



Back-reaction on the inflaton metric

Kinetic term of the inflaton: K¢¢(S)(5¢)Q -

— Backreaction K4 (s(¢))
Minima of the saxions: (s) o p(¢)

S : saxion

If K =—log(s) ; S=s+1i¢ ¢ : inflaton

_ 1/2 ,, 1 N BN __, Reduce
do= [ Kigio= [ ondon [ Sndo — Redee

[Bumenhagen et al.’ | 5]
At best, p(¢) x ¢ — Ap o< log(¢) for large field [BaumePali'lé]

A e :Klaewer,PaIti' I 6]

Behaviour predicted by the Swampland Conjecture
[Oouri-Vafa et al.06]



Back-reaction on the inflaton metric

How far can we delay backreaction? Logarithmic behaviour tied to M, ?

N

0,V =0—5=50+0s(¢) ; ds(¢) ~ A A¢

Critical value ¢. : ds(¢.) ~ sg
¢c =~ 30/)\

Effective field range before backreaction effects dominate:

¢c 1
0P ~ : K;é—?(so)dgb ~ ;% ~ in M, units

If A~1(¢.~ sg) —> Backreaction effects tied to Mp



1A flux compactifications

4d scalar potential of lIIA on orientifold flux CY compactifications:

Upon integrating all 3-forms out: V' = Zij(sa)pi(Qba)Pj (9%)



1A flux compactifications

4d scalar potential of lIIA on orientifold flux CY compactifications:

Upon integrating all 3-forms out:

K
6 CS 1 g . . i 1

— 2 ] 19 2 Iy 7~ L m2 - I J

Vrr + Vins S Zk\Po\ +_8k’0p + 2RGijp p7 + \P \ +kCIJ/0h:0h

| . 1 .
0o = eo + bie; — %kijkbzbjbk + kigng @bV — hoc — hich — Fy
Pi = €5 + kijkb‘jqk — %kijkb‘jbk — F6

Axions: b, c3, ch
— Fyg

Internal fluxes: eg, e;, q;, m, hy pi = q; — mb;
Pm =M — Fl()

Minimisation of the potential:

I) p*=0
Minima of axions — r0o =0 and 4* N
(1) kijl—kpk +2kgyp™ =0
3/2 3/2 1/2
Minima of saxions — so~ — ,  Ug ~ — , o~ —
Pho+/ Pm Phiy/ Pm v/ Pm



1A flux compactifications

1
Koy = —
69 = o

Inflaton = RR axion: ¢ = cg — po # 0

At large field: s= pol9) —  A¢ — log(¢)

hO RERRES—————

Critical value: po > tpi — ¢ = 59 — 0 ~ 1 in Mp units
(A~1) e
Back-reaction effects

tied to M,

in agreement with [Baume,Palti]

(Same for Inflaton = NS axion )



Open string models

[Hebecker et al/Arends et al’[4]
Inflaton ¢ = open string field (D7 position modulus) [ibanezMarchesano,l.V."14]

s=50+0s(0) ; Os(@) = Ap with \= ¢

ms

= Saxion parametrising K ;3 belongs to a different supermultiplet than ¢

=» Inflaton mass can be set to zero without destabilising the saxion

and [ > u

Hierarchy between different sources of stabilisation (f, 1)



Open string models

Higgs-otic inflation  [Bielleman,lbanez,Pedro,l.V, Wieck'1 6]
e ——

Inflaton: Position modulus of a D7-brane on a Type |IB orientifold flux background

K = —2log |(U+U)| —log [(U+(7)(S+S) - %(CI)JrCT))Z —3log(T + T)

W = u®? + Wy + Ae™ " with Wy = eg + ie U + imU> + ihoS + uSU + hoSU?

field value

1.6 1.8t

— u(K) 1.8
14F Up(H) 1.6-
s1(0) — (@) 16 — ui(9)
— sp(1) s1(d) 1
1.2F 1.4; 14 s1(¢)

5 10 15 20 25 5 10 15 20 25

<+

Critical value ¢ highly depends on

1074 0.001 0.010 0.100

<

Masses and vevs of u, s
almost independent of 1

¢

S




Open string models

Higgs-otic inflation  [Bielleman,lbanez,Pedro,l.V, Wieck'1 6]
IR T———

Inflaton: Position modulus of a D7-brane on a Type |IB orientifold flux background

K = —2log [(U +T)] —log | (U + T)(S + 5) — %(cp + 3)2| — 3log(T + T)

W = u®? + Wy + Ae™ " with Wy = eg + ie U + imU> + ihoS + uSU + hoSU?

4
25¢

Therefore, @. >4 sy but

20+

M m — y=10"*
¢C ~ 80/)\ with )\ ~ ? ~ H 5210—3
Mg fluxes

u=1072
10f »
— pu=10

Field range before backreaction dominates °

6¢ ~ ]_/)\ > ]_ If Iu < ﬂuxes 0 10 20 30 40 50 60

¥

flux dependent! Back-reaction effects not necessarily tied to M,



Open string models

» Higgs-otic inflation is an example where the logarithmic behaviour
can be pushed far away in field distance by tuning the fluxes

In general:

s=s0+05(6) ; 65(d)~Ad with A:(W)p

mg

=» p =0 — IlA closed string sector, non-geometric IIB backgrounds...

=» p =1 — Higgs-otic inflation (KKLT + D7’s), non-geometric IIB with D7’s...

(See Blumenhagen’s talk)

s this flux tuning possible? Not for 1 a flux integer-...
P ————— ——— [Blumenhagen,IV,Wolf] (to appear)

[Hebecker et al’ 4]
[Landete et al’ 7]

Support for the Refined Swampland Conjecture? . .



Summary

4+ Axion monodromy models in string theory can be described in terms of
a generalisation of Kaloper-Sorbo with:

* Coupling the 4-form to shift invariant functions
* Multiples 4-forms and axions.

* Non-canonical metrics for the 4-forms depending on the saxions.

e e e —————

4 The field dependent metrics give rise to back-reaction problems.

They can backreact on the Kahler metric of the inflaton leading
to a logarithmic scaling of the field distance at large values.

Closed string sector IlA/B: 0¢ ~ M,

Inflaton <
Open string sector: 0¢ flux-dependent

e






4-forms in llA flux compactifications

4d scalar potential of lIIA on orientifold flux CY compactifications:

F4 F6 F8 Fl()

. . . 1 - . oy - .
[—ka A*Fy +2F) pg — 4kg;; * Fy AN Fj + 2F;p; — @gijﬂ’; AxF] +2F;p; + kE}" ppm

KCS

28

€

VRRr =

2
S
Vs = GKCS—C[JHi N *HZL]

. o 1 .
k Po = €g + bzei — %kijkbzbjbk + kijk iqibjbk — hocg — hzcg
Axions: bi, Cg, Cé pi = €; + kijkb‘jqk — %]{ijbjbk
Internal fluxes: eq, e;,q;, m, hy 5i = q; — mb;
Pm = M
Van + Vs = o [ 2 10012 + L2 5 pF 4 2hgu 55 + Klpm | + crsphpl
RR NS s 2% 0 Sk 1] m L JFPhFR
Minimisation of the potential:
. o ° (I) ﬁ,l’ - O
Minima of axions — 0 =0 and gt -
(1) kijl—kpk +2kgyp™ =0
3/2 3/2 1/2
Minima of saxions — so~ — , Uug ~ — , to~ —
Phoy/ Pm Phiv/ Pm vV Pm



Transplanckian field ranges!?

Are they possible in a consistent theory of quantum gravity!?




