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Motivations

Super-Planckian field displacements arise in several settings :

» Large Field inflation requires A¢ > Mpy.

A¢ T
— > -
Vo 2 O(1)4/ 001 (Lyth Bound)

Does not need to be saturated.

» Relaxion : Need large field excursions to naturally cross the critical point
of small Higgs mass.

Does Quantum Gravity give constraints on the possible field excursions, in
particular can

% > 1?
Mpy



Framework
We try to answer that question in type IlA string theory. At tree-level, we have
[Grimm and Louis, 2005] :
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Axions are imaginary parts of the moduli.
S=s+1i0 U; = u; + 1y ™ = bv* +it?
Only one combination of axions is perturbatively massive. The rest gets

massive through non-perturbative effects :
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Field distances

We are interested in the distance travelled by an axion ¢ in (axion) field space,
along a path ~ :

[ Qv QvI
A(i)—/wdp 9”6737

In our setting : p= Z hiyi
i

Before taking the backreaction into effect, the metric does not depend on p.

Accounting for the backreaction is done by minimising the other moduli values.

AV =0V =0,V =0 = gij = gij(p)

Field excursions are affected by backreactions.



What are the consequences of backreaction ?
Consider a simplified toy-model with one modulus of each type :

K=—Ins—3lnu—3Int W =eg+ihoS —ihiU + %T?’

The massive axion combination is p = eg — hoo + hiv. The solution to the
backreactions equations are [Palti, 2015] :
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The proper field distance is then

8= [ ((hosy* + Jmu?)
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2. The field distance is only logarithmic.



A Toy Model

One can understand this result in terms of scale symmetry :

(s,u,p) 4))\(8,1},,[)) TH)\%T
K — K+ cst W — AW
V — ATV

s, u, p have weight one under the symmetry, meaning that
s=3s(p) — As = s(A\p) = S,U X p

Then the backreacted inverse metric "/ has weight two.

Ps
ﬂ(ho, hl) ln (pi )

A= / P dp
pi \ hig® (p)h;

Backreaction equation forces (3 to be a pure number.

The scale symmetry allows us to analyse the system generally.



The general 1 modulus case

Is this behaviour generic?

Consider most general |IA case with
one modulus of each case :

K=—-—Ins—3lnu—3Int

W =eo + ihoS — il UtierT — qT> + %Ts

The flux numbers ruin the scale symmetry, but for axion vevs larger than a
quantity we call pcit, we recover the toy model :

3
Ad(p) = 0.TInp i p> pai ~ |m®(e1 — 2¢%)|2

Flux numbers seem to shield the moduli from vev backreactions.



W = e + ihoS — il U+ie T — qT> + %T3

To “restore” the scale symmetry, we can assign a spurious transformation to
the two flux numbers :

2 1
e1 — A\3ep q— A3¢q

With some field redefinitions, the potential depends only on one combination of
flux numbers :

V= hoh?mv(§7ﬁ7 T?,D/?f) f = _m3(61 - 2q2)

So that .
p/crit X fE



The field distance is again constrained by the scale symmetry! In particular, the
distance travelled until the logarithm behaviour is

A(ﬁcrit =

/Pf _dp _/p/crit d—p’ G @ .
pi VhigZhy Jo o \/6i;GY 3

. 3
Since p'; o< f2, r is a pure number.

It is impossible to arbitrarily delay the logarithmic behaviour with fluxes!

More precisely, we find

J 1.7f% r ~ 0.9 (In Planck units)



Generic behaviour

Those properties seem to be generic :

» 2 complex structure moduli : V' = /u; (UQ — %ul) It can be shown that

A¢ does not depend on h;, critical excursion cannot depend on f because
V' has weight 1.

Argument seems to generalise to arbitrary number of complex structure
moduli (via properties of Kahler potential), but no proof yet.

» Neveu-Schwarz axion b : Same behaviour. A¢eir ~ 0.6
» Twisted torus :
W = eg 4+ ialS — iblU + ie T — T + ?T +aST — bTU

Two “dimensionful” parameters f and [. Complicated system, but can
solve for numerical values :

~ 1
—100< f<=3 1<I<100  2<A¢uit <35 perit ~ <_l~i2>



» Considering backreaction effects in type 1A constrains field excursions.

» The field excursion until the critical value is flux independent and
sub-Planckian :
Achrit 5 O(l)

» A spurious symmetry of the potential implies that after a value of the
axion V.e.V pPcrit
A¢p ~1Inp P > Perit
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