
Gravitational Axiverse Spectroscopy:
Seeing the forest for the axions.

Margherita Putti,

Hamburg University - Deutsches Elektronen Synchrotron (DESY)

Based on work with E. Dimastrogiovanni, M. Fasiello,

J. Leedom and A. Westphal

arXiv: [23XX.XXXXX]

September 28th, 2023



Motivation.

Inflation

• homogeneity, isotropy, ...

• Slow roll ! UV physics?

String theory inflationary models

• axion monodromy, fibre

inflation, ...

• Generic prediction: several

axions coupled to gauge fields

String Axiverse: how can we observe it?
Arvanitaki, Dimopoulos, Dubovsky, Kaloper, March-Russell, 2009
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Inflationary models.
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Inflationary axiverse (1).

String axiverse:

• Widely distributed mass spectrum

• Shift symmetry is perturbatively exact ! ultralight axions?

U(1)SU(2)

1 Consistency

2 PBH bounds

3 Backreaction

� heavy

If �N � 60 can �̇ 6= 0?

1 < �N < 60

�N ⇠
6H2

m2
�

m� & H
p
10
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Inflationary axiverse (2).

String axiverse:

Multiple (n) abelian spectators:
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Detecting the axiverse.

Random draws of parameters:
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COBE/FIRAS
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GW forest.

BBO

DECIGO

NANOGrav

SKA
THEIA

LISA

• � CS:
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• � / log(PT )
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UV string embedding.



A forest in the landscape.

Goal: embed spectator models in type IIB. Problem: Required CS coupling too big.
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Tadpole.

Further term in action: SD7
CS �

1

4⇡

Z

⇧4

F2 ^ F2

Z

M4

C4

• Induced D3-brane charge:

QD3,ind. = m
2
ND7

• Type IIB lift to F-theory, D3 charge completely fixed by topology

! QD3,tot(X4) =
1

24
�(X4)

Tadpole bound QD3,ind = m
2
ND7 < O(0.1)

1

24
�(X4) ⇠ 104 = Q

max,known
D3,totTadpole bound QD3,ind = m

2
ND7 < O(0.1)

1

24
�(X4) ⇠ 104 = Q

max,known
D3,tot

9



Tadpole.

Further term in action: SD7
CS �

1

4⇡

Z

⇧4

F2 ^ F2

Z

M4

C4

• Induced D3-brane charge:

QD3,ind. = m
2
ND7

• Type IIB lift to F-theory, D3 charge completely fixed by topology

! QD3,tot(X4) =
1

24
�(X4)

Tadpole bound QD3,ind = m
2
ND7 < O(0.1)

1

24
�(X4) ⇠ 104 = Q

max,known
D3,totTadpole bound QD3,ind = m

2
ND7 < O(0.1)

1

24
�(X4) ⇠ 104 = Q

max,known
D3,tot

9



Landscaping.
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Implications and conclusions .

Generic Expectation of String Axi-

verse

• Presence of multiple axions with

CS couplings.

• Spectrum of peaked GW from

multiple spectator sectors.

• Be careful of the tadpole.

Search for GW/ Scalar forest

Explanation of nanoGRAV Signal

• Need large Euler characteristic !

specific corner of the landscape.

• Large Hodge number ! many

axions.

• Additional axions generate smaller

GW peaks.
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