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1. Motivation

AXion:

spin-0 field with approximate shift symmetry

a — a + const

l

Pheno applications: Inflation, dark matter, Strong CP problem

To what extent is this symmetry exact?
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1. Motivation

String Theory: natural framework to investigate this question
Compactification to 4d —> N > lfields with approximate shift symmetries

“String Axiverse”

Shift symmetries broken only non-perturbatively

— T~

uv 4d EFT

Worldsheet & Gauge &
Brane instantons (Gravitational instantons

Euclidean wormholes «—
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2. BEuclidean wormholes

Euclidean wormholes

Non-perturbative axion+gravity solutions to Euclidean EoM

Axiverse wormholes

ds? = e* A dr? + r%lQ%

1 M%J
24(r) — — | *dalr)=qg € Z
e 7 52 ; (r) =q
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2. BEuclidean wormholes

Undetermir

Euclidean wormholes

OI('X) ~ e_Shw'l'iqa(x)

Zp = Jqu ¢ ~Se=Culd' B O/ [d',/3 0,

Coleman “a-parameters” L ;
— JD¢ I I da] d&le_SE_CIJ a;o | d*xy/g a; Ofx)+h.c
/

-How a; vev arises”?

ed co

Cluster decompositio

Axiverse wormholes

\/

plings vs string theory?

N pr

—uclidean pat

nciple”? Loss of locality?

N Ir

tegral and QG?

Shift symmetry breaking

Many open gquestions...
not (all) for today
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2. BEuclidean wormholes

AXxiverse wormholes: setup

A4d N =1 EFT t'=a' +is’ N> 1
Dual:  Hy;=—Mp%,; *da’ 2, = — 0K/ 0s'
o _ 1 K / |
772 osios/ F()=K+2C0s'=logP(l) PAL)=1"P()
l

Homogeneous with n=1...7

Lanza, Marchesano,

Martucci, Valenzuela
(2020-2022)

Axiverse wormholes 8 Alessandro Valenti | University of Basel



2. BEuclidean wormholes

AXxiverse wormholes: setup

4d N = 1EFT t'=a' + is' N> 1

F ()= K+ 2¢s" = log If(z/”) P(AZ) = A"P(£)

Homogeneous with n=1...7

Lanza, Marchesano,
Martucci, Valenzuela

(2020-2022) UV BPS instantons:

o2t — p2miqal,=21q5" o 1 —» si > (27)”! EFT validity regime

(QFT instantons ~ e_% — s~ 1/a)
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2. BEuclidean wormholes

) Extremal wormholes: L = ()

Flat space, not technically wormholes
BPS: Hy ; = — My % d?,
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2. BEuclidean wormholes

) Extremal wormholes: L = ()

Flat space, not technically wormholes
BPS: Hy ; = — My % d?,

q .
LN =0, o+ —=
(r) = 2aMar?
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2. BEuclidean wormholes

xtremal wormholes: . = ()

Flat space, not technically wormholes
BPS: Hy ; = — My % d?,

) E

dH, ; = 2789(0)

C ~< ) / Interpretation:
A

insertion of UV BPS instanton

Lanza, Marchesano,
Martucci, Valenzuela
(2021)

Stot — Shw,extr T Sct — Zﬂiql'téo

EFT cutoft
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2. BEuclidean wormholes

) Extremal wormholes: L = ()

Physical implications
Wilsonian flow: EFT at A" < A = integrate them out

. _ 3 2nigit
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2. BEuclidean wormholes

1) Non-extremal wormholes: L. # ()

Universal “Homogeneous™ solution
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2. BEuclidean wormholes

1) Non-extremal wormholes: L. # ()

Universal “Homogeneous™ solution

Regular forn > 3

3 (x L7
£(r) =gq,¢,cos — | — — arcsin —
n\ 2 2

= 31°M5 L% = 27 sin z i 5 |
— P — ) . d; S5 1T axions

Shw,non—extr
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2. BEuclidean wormholes

1) Non-extremal wormholes: L. # ()

Universal “Homogeneous™ solution

3 ( x L2
£(r) =q;ycos | —| — — arcsin —
n\ 2 r?

A 3272 _ o 3 i -
Shw non—extr = 37 MpL~ = 27 sin q;S,, + axions

2\ n

e n = 3 + IR regularization— identical to extremal up to O(A7, L") McNamara, Vafa (2020)
= UV instanton in disguise? a-parameters solution within String Theory!

® | Shw non—extr | < | Shw.exer | : BPS bound violation — bound state of UV instantons?
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2. BEuclidean wormholes

1) Non-extremal wormholes: L # (
Physical implications

EFT matching at A"’ < A

Result: Kq Y AéMlz, (€2m’qiai + h.cC. ) g_Shw

Non-extremal wormholes can induce

shift-symmetry breaking Kahler potential

However...
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2. BEuclidean wormholes

1) Non-extremal wormholes: L # (
Physical implications

{ s> 1/a g S 27 N
EFT validity: — hw,non—extr ~
lL > 1/Ayy 2
/ Symmetry breaking by
Agy < 27Mp hon-extremal wormholes
VN very suppresed

‘speciles scale”
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3. Conclusion

® String axiverse natural laboratory to study QG shift symmetry breaking

® —uclidean wormholes: EFT probes of breaking
Extremal
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Always relevant:

® Details and much more in 2404 .14489

Non-extremal
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Suppressed in EFT regime:
ShW ~ 27Z'N/06

(numerical explorations, connection with species scale...)

Axiverse wormholes

Thank you for your attention!
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