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MOTIVATION

Renewed Interest In large-field inflation in string theory.

. ' | [Silverstein, Westphal: ‘08,
One proposal: Axion Monodromy Inflation AT Sl et

 axions (ALPs) exhibit shift symmetry

* break shift-symmetry weakly and introduce monodromy
Original Axion Monodromy setup: break SUSY explicitly.

Recently: Axion Monodromy models in spontaneously broken SUGRA

Inflaton candidates: + massive Wilson line  Marchesano, Shiu, Uranga: 1404.3040]
e universal axion [Blumenhagen, Plauschinn: 1404.3542]

siSIR position modulus [Hebecker, Kraus, LW: 1404.37 1 1]
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IN SHORT

Ingredients:

Inflaton: Re(c), the real part of the D7 position modulus c.

Shift-symmetric Kahler potential at Large Complex Structure.

KD —In <A+iB(c—c)+§(c—c)2>

Mirror dual of shift symmetry of Dé6-brane Wilson line in llA.

n absence of fluxes, moduli space of ¢ Is a Riemann surface, which
generically has one-cycles.




IN SHORT

Ingredients continued:

* Fluxes will lead to an appearance of ¢ in the superpotential.

W:WO—FC)&C-I-gCQ

« The periodicity Is broken and a monodromy arises.

» Inflation: initially Re(c) displaced from minimum by large amount,

then relaxes towards minimum circling the one-cycle multiple times.




IN SHORT

Virtues:

Formulation in (spontaneously broken) SUGRA:

D
KD—1n<A+iB(C—E)+§(c—E)2> W:W0+ozc—|—§c2

Can address moduli stabilisation quantitatively.
Downsides:
Work at Large Complex Structure: ensure corrections e*¢ small.

Require weak violation of shift symmetry of Re(c). Need to tune «, f.




OUTLIN

|. Origin of shift-symmetric Kahler potential

2. Origin of monodromy: the superpotential

3. Moduli stabilisation




KAHLER POTENTIAL

From F-theory:

consider CY 4-fold at large volume:

E 5 In (”Z’fl (£ — F)E — P)(F — ) — ) + .. )

where t* are 2-cycle modull
Mirror dual

. I (“Zfl (28 — 2)(2% — ) (2 — %) (2} — ) + .. )

where z* are 4-fold complex structure moduli

Arrive at shift symmetric K¢g at Large Complex Structure.



KAHLER POTENTIAL

From F-theory:

consider CY 4-fold at Large Complex Structure:

- _In ("Z"“l (28 — 5)(27 — F)(2F — FF) (2} — ) + .. )

Go to weak coupling regime to recover |IB expression:

identify 4-fold complex structure moduli with axio-dilaton, 3-fold CS

moduli and D7-brane moduli:  2* = {S,u%, ¢’}




KAHLER POTENTIAL

From F-theory:

consider CY 4-fold at Large Complex Structure:

Kcg D —1n (Iiif!kl e e = A = )

Go to weak coupling regime to recover |IB expression:

identify 4-fold complex structure moduli with axio-dilaton, 3-fold CS

moduli and D7-brane moduli: 2" = {S,u%, ¢’}

(1)
Kgs_>O —In ( die g @ — e = ) (e — 7°)

3!

(2
Lo8bPE (0 peyb by (oP L gBY(ol ol )

212!

In K3 x K3 one can verify that ¢ appear only quadratically in In(. . .).



KAHLER POTENTIAL

Moduli stabilisation - PART |:

(1)
K& =—In (“Sf (S = 8)(w® — a*)(u® - @) (u® — )
“ffb?oq e by i 2
| 11 (u® —a®)(uw” —u’) (P —cP)(c? =) + ...

Stabilise S, all u® and all c” except one ¢ by fluxes:
terms (S — S) and (u® — @®) become model-dependent constants.
terms (c? — e®)(c — ¢) become terms linear in (¢ — €) .

also get a quadratic term (¢ — c)”.



KAHLER POTENTIAL
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KAHLER POTENTIAL

Arrive at D
Kog=—1n <A s iB(C = 5) i 5(6 = C)2>

Summary:
Kahler potential is shift-symmetric in Re(c).

Work at Large Complex Structure:
PR B~ (Im 2)°, D ~ (Im z)° dreldge

Need to ensure that Im(c) is stabilised at a large value such that

non-perturbative corrections of the form e*¢ are negligible.




KAHLER POTENTIAL

Arrive at D
Kog=—1n <A s iB(C = 5) s 5(6 = C)2>

Summary:
Kahler potential is shift-symmetric in Re(c).

Work at Large Complex Structure:
PR B~ (Im 2)°, D ~ (Im z)° dreldge

Need to ensure that Im(c) is stabilised at a large value such that

non-perturbative corrections of the form e*¢ are negligible.

Alternatively, can reason via 3-fold mirror symmetry:
Shift symmetry for D/-brane modulus in lIB as mirror dual of

shift symmetry of D6-Wilson line in [IA (see A. Hebecker's talk)



SUPERPOTENTIAL

From F-theory:

The superpotential is given by
W = NJHJ(Z)

where N7 are flux numbers and I is the period vector.

I11;is obtained by integrating the holomorphic 4-form €24 over 4-cycles:

L7 (Lt IiijkleZl, &ijklzjzkzl, /{ijklzzzjzkzl)
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From F-theory:

The superpotential is given by
W = NJHJ(Z)

where N7 are flux numbers and I is the period vector.

I11;is obtained by integrating the holomorphic 4-form €24 over 4-cycles:

L7 (Lt IiijkleZl, /iijklzjzkzl, /{ijklzzzjzkzl)

n weak coupling limit identify z* = {S,u%, c?} as before.

ntegrate out .5, u® and c” # c as before.

.

W:W0+ozc—|—§02+...




SUPERPOTENTIAL

Summary:

W:W0—|—Ozc—|—§CQ—I—...

Superpotential breaks the shift symmetry for Re(c) and gives rise to
monodromy.

Parameters a, 8 depend on fluxes and can / need to be tuned.

Superpotential quadratic in ¢ :
in the end we will obtain a quadratic inflation potential.



MODULI STABILISATION

Also Include Kahler modull sector:

K=—In (A—I—iB(c—E)ng(c—E)Q) —21In (v+ g)

W = il == (eiaas 202 + Ae %1:

Fix Kahler moduli a la Large Volume Scenario (LVS).
Also need to stabilise Im(c).

Examine scalar potential:

P K (KT’YT(SDTWWDT(SW _ 3w KcE\DCW\Q)



MODULI STABILISATION

Also Include Kahler moduli sector:
D
K:—ln(A iB(c — ¢) 2(6—6)2>—21n<v g)

W = W() ROV = §C2 - AQ_GSTS — /V[\//b —+ Ae_a’STS

Fix Kahler moduli a la Large Volume Scenario (LVS).
Also need to stabilise Im(c).

Examine scalar potential:

P K (KTvTéDTWWDT(SW _ 3w KCE\DCW\Q)

-

Volume scaling: OV ™3) OV
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3 Min. at D A==t
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MODULI STABILISATION

Moduli spectrum:

X (KTWT(sDT,yWDTéW _ 3w + KCE|DCW\2)

g % T T
m oWV—) oWV—?)
Ty WO‘
™Y Im(2)?
Wo
VN

My ~ i Inflaton: o = /2K .z Re(c



MODULI STABILISATION

Moduli spectrum:

X (KvaéDT,yWDT5W _ 3w + KCE|DCW|2)

m
MIm(c) ™ Wol Im(c) appears in Kihler potential:
. % Im(z)2 mass arises from K.Wo C D_W.
Wo
V Y

M ~ 5 Inflaton: ¢ = /2K .z Re(c),
mass arises from 0.W C D.W.



MODULI STABILISATION

Moduli spectrum:

X (KTvTcSDT,yWD%W _ 3w + K05|DCW|2)

T
Ty WO‘
™Y Im(2)?
Wo
V Y

Inflaton potential:

B 1
m, ~ 5 Ving = §mig02 O{e, B}*)
LG

= @+ O({a, A1)



MODULI STABILISATION

Moduli spectrum:

s (KTWT(sDT,yWDTéW — 3|W|* + KCEIDCWIQ)
~ o
m Wol
Im(c) V j:m(z)2 Stability of V ensured during

inflation for small enough (.

Inflaton potential:

1
m, ~ 5 Ving = §mig02 O{e, B}*)

= 2" + O({a, B)"




CONCLUSION

D/-brane position moduli exhibit all properties for successful Axion
Monodromy Inflation in spontaneously broken SUGRA.

Kahler potential exhibits shift symmetry in regime of Large Complex
Structure.

Shift symmetry broken weakly In superpotential by fluxes.

Moduli stabilisation can be addressed quantitatively:

Kdhler moduli can be stabilised according to Large Volume Scenario.

Here, obtain quadratic inflation:

1 L LA
‘/;lnflaton Rl 2 9090 S 2 12 90 s



DOWNSIDES & OPEN QUESTIONS

Downsides:

RN ECaN o Work at L.arge Complex Structure.

2. Need to tune a, 8 (to keep volume stable during inflation).

Open questions:

|, Consistency: is the required flux tuning possible?

2. Realise this model in explicit example geometries:
How does the D/-brane modulus ¢ appearin K and W ?

3. Detailed phenomenology?

4. How do loop corrections affect the inflation potential?



D /-BRANE CHAOTIC INFLATION

D/-brane position moduli exhibit all properties for successful Axion
Monodromy Inflation in spontaneously broken SUGRA.

Kahler potential exhibits shift symmetry in regime of Large Complex

Structure: D ;
KD —In (A—I—iB(c—c)—l— 5(0—(‘:) )

Shift symmetry broken weakly In superpotential by fluxes:
W =Wy + ac+ §C2

Moduli stabilisation can be addressed quantitatively:

Kahler moduli can be stabilised following the Large Volume Scenario.

Mille grazie!



