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• Based on Double Field Theory & String Frame:
Jeong-Hyuck Park et al. PLB 860 (2025)

• Modified Friedmann Equations

• Define the Density Parameters

• Match with Type Ia Supernovae & Quasar Absorption 
Spectra

• Find the Most Probable Values
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𝑯𝟎 = 𝟕𝟏. 𝟐𝟐

𝛀𝐤 = 𝟎. 𝟗𝟗𝟐𝟓

𝛀𝝐𝟎

𝒘=𝟏/𝟑
= 𝟎. 𝟎𝟎𝟕𝟓

𝛀𝚲 < 𝟏𝟎−𝟔

𝛀𝐡 < 𝟏𝟎−𝟏𝟎

𝛀𝒌 +𝛀𝝐 +𝛀𝚲 +𝛀𝒉 ∼ 𝟏

𝛀𝝐𝟎
𝒘=𝟎 < 𝟏𝟎−𝟕

𝒌𝒎/𝒔/𝑴𝒑𝒄

𝛀𝒌 ∼ 𝟏
Open Universe:
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𝑺 = න𝒅𝟒𝒙 −𝒈𝒆−𝟐𝝓 𝑹 − 𝟐𝚲 + 𝟒𝛁𝝆𝝓𝛁
𝝆𝝓−

𝟏

𝟏𝟐
𝑯𝝆𝝈𝝀𝑯

𝝆𝝈𝝀 + 𝑳𝒎

Einstein Gravity &
Cosmological Constant

Dilaton H-FluxString Frame Matter

Low Energy Effective (𝑶(𝑫,𝑫) Symmetric) Action



Motivation: Cosmological Constant Problem

5

Λ𝒕𝒉 ∼ ℓ𝑷
−𝟐 Λ𝒐𝒃 ∼ 𝟏𝟎−𝟏𝟐𝟎ℓ𝑷

−𝟐

Λ𝒐𝒃 ∼ 𝟏𝟎−𝟏𝟐𝟎Λ𝒕𝒉
120-Orders-of-Magnitude Discrepancy

Theory Observation

*S. Weinberg, Rev. Mod. Phys. 61 (1989)



Motivation: Hubble Tension (James Webb Space Telescope)

6*Mark Belan, Quanta Magazine
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𝐃𝐅𝐓 = Stringy Completion of GR

𝑩𝝁𝝂

*W. Siegel, Phys. Rev. D 48 (1993)
*C. Hull, B. Zwiebach, JHEP 909 (2009)

Double Field Theory

𝒈𝝁𝝂𝝓

Integral of a Scalar Curvature Defined in Stringy Differential Geometry
*I. Jeon, K. Lee, J.-H. Park, PRD 84 (2011)

𝑺𝑫𝑭𝑻 = න
𝚺𝐃

𝒆−𝟐𝒅𝑺(𝟎)
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Double Field Theory: O(D,D) Symmetry

𝑯𝑨𝑩 = 𝑯𝑩𝑨

Metric (Riemannian):

𝑯𝑨
𝑪𝑯𝑩

𝑫𝑱𝑪𝑫 = 𝑱𝑨𝑩

𝑯𝑨𝑩 =
𝒈−𝟏 −𝒈−𝟏𝑩

𝑩𝒈−𝟏 𝒈 − 𝑩𝒈−𝟏𝑩

Compatibility: 𝛁𝑯𝑨𝑩 = 𝟎

𝚪𝐀𝐁𝐂 = 𝟎

𝜹𝑺𝑨𝑩𝑪𝑫 = 𝛁[𝑨𝜹𝚪𝐁]𝐂𝐃 + 𝛁[𝑪𝜹𝚪𝐃]𝐀𝐁

𝛁𝒅 = 𝟎

O(D,D) Symmetry:

Covariant Derivative: 𝛁 = 𝝏 + 𝚪

𝑱𝑨𝑩 =
𝟎 𝑰
𝑰 𝟎

Torsionless:

Curvature:
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Further Details in the Upcoming Presentation…
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𝑺𝑫𝑭𝑻 = න
𝚺𝐃

𝒆−𝟐𝒅𝑺(𝟎)

Hidden Symmetry Inside the Low Energy Effective Action

Riemannian
Reduction

෩𝝏𝝁 = 𝟎

𝑺 = න𝒅𝑫𝒙 −𝒈𝒆−𝟐𝝓 𝑹 + 𝟒𝛁𝝆𝝓𝛁
𝝆𝝓−

𝟏

𝟏𝟐
𝑯𝝆𝝈𝝀𝑯

𝝆𝝈𝝀

𝑶(𝑫,𝑫)
Symmetry
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𝑲 𝝁𝝂 = 𝑹𝝁𝝂 + 𝟐𝛁𝝁𝛁𝝂𝝓−
𝟏

𝟒
𝑯𝝁𝝆𝝈𝑯𝝂

𝝆𝝈

𝑻𝑴𝑵 = 𝑮𝑴𝑵

𝑲 𝝁𝝂 =
𝟏

𝟐
𝒆𝟐𝝓𝛁𝝆 𝒆−𝟐𝝓𝑯𝝆𝝁𝝂

𝑹 + 𝟒𝛁𝝆𝛁
𝝆𝝓− 𝟒𝛁𝝆𝝓𝛁

𝝆𝝓−
𝟏

𝟏𝟐
𝑯𝝆𝝁𝝂𝑯

𝝆𝝁𝝂𝑻(𝟎) =

*S. Angus, K. Cho & J. H. Park, Eur. Phys. J. C 78 (2018)

Einstein Double Field Equation

•

•

•

𝑲 𝝁𝝂 = 𝒆𝟐𝒅
𝜹 𝒆𝟐𝒅𝑳𝒎𝒂𝒕𝒕𝒆𝒓

𝜹𝒈𝝁𝝂

𝑲 𝝁𝝂 = −𝒆𝟐𝒅
𝜹 𝒆𝟐𝒅𝑳𝒎𝒂𝒕𝒕𝒆𝒓

𝜹𝑩𝝁𝝂

𝑻(𝟎) =
𝟏

𝟐
𝒆𝟐𝒅

𝜹 𝒆𝟐𝒅𝑳𝒎𝒂𝒕𝒕𝒆𝒓
𝜹𝒅
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𝟐

𝑵

𝒅𝝓

𝒅𝒕
= 𝟑𝑯 ± 𝟑𝑯𝟐 + 𝟐𝝐𝒆𝟐𝝓 + 𝑻(𝟎) −

𝟔𝒌𝟐

𝒂𝟐
+

𝒉𝟐

𝟐𝒂𝟔

𝟏

𝑵

𝒅𝑯

𝒅𝒕
= 𝒑𝒆𝟐𝝓 −

𝟐𝒌

𝒂𝟐
+

𝒉𝟐

𝟐𝒂𝟔
±𝑯 𝟑𝑯𝟐 + 𝟐𝝐𝒆𝟐𝝓 + 𝑻(𝟎) −

𝟔𝒌𝟐

𝒂𝟐
+

𝒉𝟐

𝟐𝒂𝟔

*S. Angus, K. Cho, G. Franzmann, S. Mukohyama & J. H. Park, Eur. Phys. J. C 80 (2020)

𝟏

𝑵

𝒅𝝐

𝒅𝒕
= −𝟑 𝝐 + 𝒑 𝑯 −

𝒆−𝟐𝝓

𝟐𝑵

𝒅𝑻(𝟎)

𝒅𝒕

Friedmann Equation & Continuity Equation

𝑻(𝟎) ≡ 𝟐𝚲
For Simplicity:
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𝛀𝒌 + 𝛀𝝐 + 𝛀𝚲 + 𝛀𝒉 = 𝟏 +
𝟐

𝟑𝑯𝟐

ሶ𝝓

𝑵

𝟐

−
𝟐

𝑯

ሶ𝝓

𝑵

𝛀𝒌 = −
𝒌

𝒂𝟐𝑯𝟐

𝛀𝚲 =
𝚲

𝟑𝑯𝟐
𝛀𝐡 =

𝒉𝟐

𝟏𝟐𝒂𝟔𝑯𝟐

𝛀𝝐 =
𝝐𝒆𝟐𝝓

𝟑𝑯𝟐

Density Parameters
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𝝓′ 𝒛 = −
𝟏

𝟐 𝟏 + 𝒛
𝟑± 𝟑 + 𝟔 𝛀𝒌 +𝛀𝝐 +𝛀𝚲 +𝛀𝐡

Friedmann Equations (Density Parameters & Redshift)

𝑯′ 𝒛 = −
𝑯

𝟏 + 𝒛
𝟐𝛀𝐤 + 𝟑𝐰𝛀𝝐 + 𝟔𝛀𝐡 ± 𝟑 + 𝟔 𝛀𝒌 + 𝛀𝝐 +𝛀𝚲 + 𝛀𝐡



15

𝑺 =
𝟏

𝟐𝜿
න𝒅𝑫𝒙 −𝒈𝒆−𝟐𝝓 𝑹 + 𝟒𝛁𝝆𝝓𝛁

𝝆𝝓−
𝟏

𝟏𝟐
𝑯𝝆𝝈𝝀𝑯

𝝆𝝈𝝀

𝑺 =
𝟏

𝟐𝜿𝑬
න𝒅𝑫𝒙 −𝒈𝑬 𝑹𝑬 −

𝟒

𝑫 − 𝟐
𝛁𝝆𝝓𝑬𝛁

𝝆𝝓𝑬 −
𝟏

𝟏𝟐
𝒆−

𝟖𝝓𝑬
𝑫−𝟐𝑯𝝆𝝈𝝀𝑯

𝝆𝝈𝝀

𝒈𝑬 𝝁𝝂 = 𝒆−
𝟒𝝓𝑬
𝑫−𝟐𝒈𝝁𝝂

String Frame:

Einstein Frame:

String vs. Einstein Frame
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𝑯𝟐 =
𝟏

𝟑
𝝐𝒆𝟐𝝓 −

𝒌

𝒂𝟐
+

𝒉𝟐

𝟏𝟐𝒂𝟔
+
𝟏

𝟔
𝑻 𝟎 − 𝟐𝑯

𝟏

𝑵

𝒅𝝓

𝒅𝒕
−
𝟐

𝟑

𝟏

𝑵

𝒅𝝓

𝒅𝒕

𝟐

String vs. Einstein Frame: Hubble Parameter

String Frame

Einstein Frame

𝑯𝑬
𝟐 =

𝟏

𝟑
𝝐𝒆𝟒𝝓𝑬 −

𝒌

𝒂𝑬
𝟐
+
𝒉𝟐𝒆−𝟒𝝓𝑬

𝟏𝟐𝒂𝑬
𝟔

+
𝟏

𝟔
𝑻 𝟎 𝒆

𝟐𝝓𝑬 +
𝟏

𝟑

𝟏

𝑵𝑬

𝒅𝝓𝑬

𝒅𝒕

𝟐

𝑵𝑬 = 𝑵𝒆−𝝓

𝒂𝑬 = 𝒂𝒆−𝝓
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𝒒 = −
𝟏

𝑯𝟐𝒂

𝒅

𝑵𝒅𝒕

𝟐

𝒂 = − 𝟏 + 𝟐𝛀𝐤 + 𝟑𝐰𝛀𝝐 + 𝟔𝛀𝒉 ± 𝟑 + 𝟔 𝛀𝒌 +𝛀𝝐 +𝛀𝚲 + 𝛀𝒉

𝒒𝑬 = −
𝟏

𝑯𝑬
𝟐𝒂𝑬

𝒅

𝑵𝑬𝒅𝒕

𝟐

𝒂𝑬 =
𝟏

𝟔𝑯𝑬
𝟐

𝟐

𝑵𝑬

𝒅𝝓𝑬

𝒅𝒕

𝟐

+ 𝝐 + 𝟑𝒑 𝒆𝟒𝝓𝑬 − 𝟐𝚲𝐞𝟐𝝓𝑬 +
𝒉𝟐

𝒂𝑬
𝟔 𝒆

−𝟒𝝓𝑬

Violate Strong Energy Condition 𝝐 + 𝟑𝒑 < 𝟎

𝒒𝟎 ≃ 𝟏 − 𝛀𝐤 − 𝟓𝛀𝒉 +
𝚲

𝟑𝑯𝟎
𝟐 +෍

𝒘

𝟏 − 𝟑𝐰 𝛀𝝐𝟎
𝒘

𝛀𝒌 +𝛀𝝐 + 𝛀𝚲 +𝛀𝒉 ∼ 𝟏

String Frame

Einstein Frame

For 𝒒𝑬 < 𝟎, it is necessary 
Positive 𝚲

String vs. Einstein Frame: Deceleration Parameter

Easy to Realize Acceleration 𝒒𝟎 < 𝟎:  𝛀𝐤 > 𝟏 or Negative 𝚲
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𝑺 = න𝒅𝝉 −𝒈𝝁𝝂 ሶ𝒙
𝝁 ሶ𝒙𝝂

String vs. Einstein Frame: Equivalence Principle

𝑺 = න𝒅𝝉 −𝒈𝝁𝝂
𝑬 ሶ𝒙𝝁 ሶ𝒙𝝂

String Frame

Einstein Frame

ሷ𝒙𝝁 + 𝚪𝝆𝝈
𝝁 ሶ𝒙𝝆 ሶ𝒙𝝈 = 𝟎

𝑺 = න𝒅𝝉 𝒆𝝓 −𝒈𝝁𝝂
𝑬 ሶ𝒙𝝁 ሶ𝒙𝝂

ሷ𝒙𝝁 + 𝚪𝑬 𝝆𝝈
𝝁 ሶ𝒙𝝆 ሶ𝒙𝝈 ∝ ሶ𝝓

ሷ𝒙𝝁 + 𝚪𝑬 𝝆𝝈
𝝁

ሶ𝒙𝝆 ሶ𝒙𝝈 = 𝟎

𝑺 = න𝒅𝝉 𝒆−𝝓 −𝒈𝝁𝝂 ሶ𝒙𝝁 ሶ𝒙𝝂

ሷ𝒙𝝁 + 𝚪𝝆𝝈
𝝁 ሶ𝒙𝝆 ሶ𝒙𝝈 ∝ ሶ𝝓

String to
Einstein

Einstein
to String
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𝑺 = න𝒅𝝉 −𝒈𝝁𝝂 ሶ𝒙
𝝁 ሶ𝒙𝝂

String vs. Einstein Frame: Equivalence Principle

String Frame

• In general, one can choose any frame.

• However, in Double Field Theory, the 𝑶 𝑫,𝑫 Symmetry 
leads to minimal coupling for point particle. It predicts 
that the Equivalence Principle holds in the String Frame 
rather than in the Einstein Frame.

• Therefore, the String Frame becomes the natural 
choice in Double Field Theory.

ሷ𝒙𝝁 + 𝚪𝝆𝝈
𝝁
ሶ𝒙𝝆 ሶ𝒙𝝈 = 𝟎



Model Independent Cosmological Data
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• Type Ia Supernova

▪ Type Ia Supernovae with Pantheon+ Analysis

▪ 1583 Data Points 𝟎. 𝟎𝟏 ≤ 𝒛 ≤ 𝟐. 𝟐𝟔

*D. Scolnic et al., Astrophys. J. 938 (2022)
*A. G. Riess et al, Astrophys. J. Lett. 934 (2022)

*J. A. King et al, Mon. Not. R. Astron. Soc. 422 (2012)
*M. R. Wilczynska et al, Mon. Not. R. Astron. Soc. 454 (2015)

*C. J. A. P. Martins et al, Phys. Rev. D 95 (2017)
*M. R. Wilczynska et al, Sci. Adv. 6 (2020)

▪ Measurement of Fine-Structure Constant, 𝜶

▪ 199 Data Points 𝟎. 𝟐𝟐 ≤ 𝒛 ≤ 𝟕. 𝟎𝟔

•Absorption Spectra of Quasar

𝒆𝟐𝝓 =
𝜶𝒆𝒇𝒇 𝒛

𝜶𝒆𝒇𝒇(𝟎)
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Bayesian Inference

▪ Ensemble Sampler for Markov Chain Monte Carlo (MCMC): EMCEE

▪ 100 Walkers, 𝟏𝟎𝟔 Steps with Supercomputer (KISTI)

▪ Discard 5% of Initial Steps as Burn-In Phase

*D. Foreman-Mackey et al, Publ. Astron. Soc. Pac. 125 (2013)

*한국과학기술정보연구원*Total 100 Million Steps



Materials

22

𝛀𝒌 𝛀𝝐 𝛀𝚲 𝛀𝐡

Bayesian Inference: EMCEE

1583 Data Points of 𝝁 (Supernova)
199 Data Points of 𝝓 (Quasar)

Double Field TheoryTheory:

Equation:

Parameters:

Data:

Method:

Evolution of 𝝓 &𝑯

𝑯𝟎



Results: FIG. 1
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𝑯𝟎

𝛀𝒌

𝛀𝝐
𝒘=𝟏/𝟑

𝛀𝝐
𝒘=𝟎

𝛀𝚲

𝛀𝒉

Luminous Baryonic Matter Density: 

𝛀𝑩 ≃ 𝟎. 𝟎𝟎𝟕
*M. Fukugitaet al, Nature 381 (1996)

= 𝟕𝟏. 𝟐𝟐

= 𝟎. 𝟗𝟗𝟐𝟓

= 𝟎. 𝟎𝟎𝟕𝟓

~ − 𝟏𝟎−𝟔

~ 𝟏𝟎−𝟔

~ 𝟏𝟎−𝟖



Results: FIG. 2
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𝑯𝟎

𝛀𝒌

𝒘

𝛀𝝐𝟎

𝛀𝚲

𝛀𝒉

= 𝟕𝟏. 𝟐𝟗

= 𝟎. 𝟗𝟗𝟗𝟗

= 𝟎. 𝟑𝟑𝟐𝟗

~ − 𝟏𝟎−𝟓

~ 𝟏𝟎−𝟔

~ 𝟏𝟎−𝟖



Results: FIG. 3 (Vacuum)
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𝑯𝟎

𝛀𝒌

𝛀𝝐
𝒘=𝟏/𝟑

𝛀𝝐
𝒘=𝟎

𝛀𝚲

𝛀𝒉

= 𝟕𝟏. 𝟐𝟗

= 𝟏

= 𝟎

= 𝟎

= 𝟎

= 𝟎

+ 𝟔 × 𝟏𝟎−𝟕



Results: Reduced Chi-Square
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𝝌𝝂
𝟐 =

𝝌𝟐

𝑵𝑫 −𝑵𝒑

Fig. 1:     1.32

Fig. 2:     1.35

Fig. 3:     1.02

𝝌𝝂
𝟐 ≫ 𝟏:

𝝌𝝂
𝟐 ∼ 𝟏:

𝝌𝝂
𝟐 < 𝟏:

Poor Fit

Good

Over-Fitted

𝝌𝝂
𝟐 𝑵𝑫: # of Data

𝑵𝑷: # of Parameters



Results: 𝒛 vs. 𝝁 (Distance Modulus)
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Results: 𝒛 vs. 𝐞𝟐𝝓 (Fine-Structure Constant)
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Results: Gyr. vs. Scale Factor (Bouncing Universe)
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Analytic Vacuum Solution

30

𝒆𝟐𝝓 𝜼 =
𝟏

𝟐
𝟏 + 𝝈 𝟏 −

𝒉ℓsinh𝜻 𝟐

𝟏𝟐

tanh
𝜼 − 𝜼𝟎
ℓ

+
𝜻
𝟐

tanh
𝜻
𝟐

𝟑

+⋯

𝒂 𝜼 𝟐 = 𝒂𝟎
𝟐𝒆𝟐 𝝓−𝝓𝟎

sinh 𝟐 𝜼 − 𝜼𝟎 /ℓ + 𝜻

sinh𝜻

𝒅𝒔𝟐 = 𝒂 𝜼 𝟐 −𝒅𝜼𝟐 +
𝟏

𝟏 −
𝒓𝟐

𝟒ℓ𝟐

𝟐
𝒅𝒓𝟐 + 𝒓𝟐𝒅𝛀𝟐

*E. J. Copeland, A. Lahiri, D. Wands, Phys. Rev. D 50 (1994)
*S. Angus, K. Cho, G. Franzmann, S. Mukohyama, J. H. Park, Eur. Phys. J. C 80 (2020)



Fate of the Dilaton Field
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lim
𝜼→∞

𝒆𝟐 𝝓−𝝓𝟎 = 𝒍𝒊𝒏𝒆𝒂𝒓

lim
𝜼→∞

𝒆𝟐 𝝓−𝝓𝟎 = 𝒄𝒐𝒏𝒗𝒆𝒓𝒈𝒆

Closed Universe:

Flat Universe:

Open Universe:

lim
𝜼→∞

𝒆𝟐 𝝓−𝝓𝟎 = 𝒅𝒊𝒗𝒆𝒓𝒈𝒆

𝑺𝒕𝒂𝒃𝒍𝒆



Summary & Discussion
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• The stringy gravity theory of closed string massless sector 
is consistent with the observation of late-time Universe.

• Our results favor an open Universe without dark sector. 
Acceleration is natural in string frame.

• 𝑯𝟎 = 𝟕𝟏.𝟐𝟐 km/s/Mpc,   𝛀𝒌 = 𝟏+𝟔×𝟏𝟎−𝟕

• This is not sufficient to reconstruct the entire history of 
Universe. The early-time Universe remains an open 
question for further investigation.
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