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DESI = Dark Energy Spectroscopic Instrument

Bulk/boundary Modular Quintessence

massive multi-object spectrograph mounted on 
 the Mayall 4-meter telescope at Kitt Peak National Observatory (Arizona, USA)
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DESI

Bulk/boundary Modular Quintessence

different 
target classes

~1.5 to 12.5 billion years after the Big Bang

0.1 ≲ z ≲ 3.5
probed redshifts
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DESI

Bulk/boundary Modular Quintessence

w = w0 + wa(1 − a) = w0 + wa
z

z + 1
Chevallier–Polarski–Linder 

parametrization
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Quintessence

Bulk/boundary Modular Quintessence

Axion potential Self-dual potential
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Anchordoqui, Antoniadis, Lüst  2503.19428DESI collaboration 2503.14743

V = Λ sech( 2ϕ/Mp) =
2 Λ

s + 1/s
V(ϕ) = m2

a f 2
a [1 + cos(ϕ/fa)]

V

ϕ ϕ
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Where in moduli space?

Bulk/boundary Modular Quintessence

BULK

BOUNDARY
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THEORY

Where in moduli space?

Bulk/boundary Modular Quintessence

BULK

BOUNDARY V ∼ e−λϕ

λ > 2

OBSERVATIONS

λ ≲ 0.5 − 1

[de Sitter conjecture] 
[TCC bound] 

[Emergent string conjecture]
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V ∼ e−λϕ
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David Andriot 2025; Bedroya, Obied, Vafa, Wu 2025

ℒm = ℒm(ϕ)

mt ∼ e−αϕ
e.g.friction

Coupling to matter = additional friction = effective reduction of wDE
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Coupling to matter = additional friction = effective reduction of wDE

plot taken from D. Andriot  2505.10410

λ = 2
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Our work
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Bulk/boundary scenario

BULK

BOUNDARY

V(R, s) = Λ(R) Vq(s)

magnitude 
of the present-day 

dark energy density 

time-evolution 
of the present-day 

dark energy density 

QUINTESSENCE 

Anchordoqui, Antoniadis, Cribiori, Hasar, Lüst, Masias, MS 2025
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Dark dimension scenario

V(R, s) = Λ(R) Vq(s)

if

Λ(R) ≃
λ

R4 ≃ 10−120M4
p

λ = 𝒪(10−3)

R ∼ 𝒪(1) μm

Anchordoqui, Antoniadis, Cribiori, Lüst, MS 2023
Anchordoqui, Antoniadis, Lüst 2022

Montero, Vafa, Valenzuela 2022 Anchordoqui, Antoniadis, Lüst 2025

p = 1 extra dimension p = 2 extra dimensions



V(R, s) = Λ(R) Vq(s)
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Modular invariant quintessence

V(S, S̄) = −
1

log[ |η(S) |4 (S + S̄)]
for S = S̄S = s + ia
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Modular invariant quintessence

V(S, S̄) = −
1

log[ |η(S) |4 (S + S̄)]
for S = S̄S = s + ia



V ≤ M2
pΛ2

sp
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Bulk/boundary scenario and the species scale

Hebecker, Wrase 2018; MS, Valenzuela 2018EFT consistency

V = M4−α
p (Λsp)α α ≥ 2with

V

Λsp

s

suggested by the 
AdS Distance Conjecture

Lüst, Palti, Vafa 2019

Ansatz 
for the potential 
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Bulk/boundary scenario and the species scale

Lee, Lerche, Weigand 2019Emergent String Conjecture

i . e .

Decompactification limit

Λsp ≃ R− p
d + p − 2 M

d − 2
d + p − 2
p ≃

Mp

(MpR)
p

d + p − 2

Nsp ≃ (MpR)
(d − 2)p
d + p − 2

Emergent string limit

Λsp ≃ ̂g
2

d + p − 2
s M̂p i . e . Nsp ≃ ̂g− 2(d − 2)

d + p − 2
s (MpR)

p(d − 2)
d + p − 2 = g−2

s
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Bulk/boundary scenario and the species scale

Mixed scenario

Λsp ≃ gq
s

Mp

(MpR)
p

d + p − 2
i . e . Nsp ≃ g−q(d−2)

s (MpR)
p(d − 2)
d + p − 2

1/R ≤ Ms ≤ Λsp

1
MpR

≤ gs ≤
1

(MpR)ξ

p = 1ξ = 2/5

p = 2ξ = 2/3
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Bulk/boundary scenario and the species scale

Mixed scenario

Λsp ≃ gq
s

Mp

(MpR)
p

d + p − 2
i . e . Nsp ≃ g−q(d−2)

s (MpR)
p(d − 2)
d + p − 2

1/R ≤ Ms ≤ Λsp

1
MpR

≤ gs ≤
1

(MpR)ξ

p = 1ξ = 2/5

p = 2ξ = 2/3

Dark dimension scenario 

with  
valid just when 

Λ ≃ 1/R4

gs = 𝒪(1)
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Bulk/boundary scenario and the species scale

Modular invariant species scale

Λsp =
Mp

(−log[ |η(S) |4 (S + S̄)])
q
2
(MpR)

p
p + 2

V(S, S̄, R) = −
1

log[ |η(S) |4 (S + S̄)]
1

R4
.

Cribiori, Lüst 2023

V = M4−α
p (Λsp)α

Anchordoqui, Antoniadis, Cribiori, Hasar, Lüst, Masias, MS 2025
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Match with DESI DR2 data
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Conclusions
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BULK

BOUNDARY

V(R, s) = Λ(R) Vq(s)

magnitude 
of the present-day 

dark energy density 

time-evolution 
of the present-day 

dark energy density 

QUINTESSENCE 
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BULK

BOUNDARY

V(R, s) = Λ(R) Vq(s)

Modular invariant quintessence

Vq(s) = −
1

log[ |η(s) |4 (s)]

Λ(R) ≃ R−4
Dark dimension scenario
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BULK

BOUNDARY

V(R, s) = Λ(R) Vq(s)

Modular invariant quintessence

Vq(s) = −
1

log[ |η(s) |4 (s)]

Λ(R) ≃ R−4
Dark dimension scenario

THANK YOU
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