Dynamical Dark Energy, Dual Spacetime, and DESI

Author: Sunhaeng Hur, Vishnu Jejjala, Michael J. Kavic,
Djordje Minic, Tatsu Takeuchi

arXiv:2503.20854v

VZ? VIRGINIA
TECH.
Dynamical Dark Energy, Dual Spacetime, and DESI Sunhaeng Hur PHENO 2025 1/18



Dynamical Dark Energy
0

Accelerating expansion of the universe

Equation of state : Any relation between two thermodynamic quantities
that describe the system completely
In a spatially homogeneous and isotropic universe,
P=wp (1)
where P(t) is the pressure and p(t) is the energy density.
w=—1 (2)

In the standard dark energy model
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Dynamical Dark Energy
0

Accelerating expansion of the universe
Equation of state : Any relation between two thermodynamic quantities
that describe the system completely
In a spatially homogeneous and isotropic universe,
P—wp (1)
where P(t) is the pressure and p(t) is the energy density.
w=—1 (2)

In the standard dark energy model

VN — i AR A

How can a system be fully characterized solely by its equation of state?
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Dynamical Dark Energy
oe

The history of the universe

In a spatially homogeneous and isotropic flat universe, Friedmann equation is

a\? 8rG A
(5) =33 G)

where a is scale parameter and fluid equation is

. a
p+3(5>(p—|—P)=0 @
and the equation of state P = wp.
VZ? VIRGINIA
a(t), P(t), and p(t) are decided. TEeR
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Dynamical Dark Energy
eyl

Vacuum energy density in Cosmology

B A
pA_87TG

If w depends on the scale parameter a(t),
the vacuum energy density pa also needs to be changed by a(t).

(when w=-1) (5)

Given Equation (5), proceeding to Equation (6) below appears to be a logical step.

A(a)

pa(a) = 8:G (6)

This pa(a) is what we call dynamical dark energy density. V7~ e
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Outline
°

At this point, we claimed that the energy density can be a function of scale parameter
a(t).

| will proceed to explain
@ The motivation for this assumption

@ The specific model adopted for the energy density p(a)
© The relation between w(a) and p(a)

@ The process to get theoretical values
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Outline
°

At this point, we claimed that the energy density can be a function of scale parameter
a(t).

| will proceed to explain
@ The motivation for this assumption
@ The specific model adopted for the energy density p(a)
© The relation between w(a) and p(a)
@ The process to get theoretical values

Before..

As the motivation is grounded in recent results from DESI(Abdul Karim et al. 2025),
| begin with a brief explanation of the project. Y7/~ YRGINIA
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DESI
°

Brief Overview of DESI

e DESI is acronym of Dark Energy Spectroscopic Instrument
* They measure the effect of dark energy on the expansion of the universe.
* DESI's first year of data was released recently. (Abdul Karim et al. 2025)
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Motivation
°

Motivation from Recent DESI Result

I DESTH+CMB+Pantheon+

DESIHCMB+Union3
DESI+CMB+DESYS
== DESI+CMB

. S
N
1.0 0.8 0.6 0.4 0.2 0.0

wy

Figure: These data sets do not align with the

dashed line corresponding to wp = —1.
(Figure 11 of Abdul Karim et al. 2025)
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In the paper, they primailry used
Chevallier-Polarski-Linder(CPL)
parametrization to get wp and wsa.

(7)

If the energy density is constant, the
data sets are expected to lie along the
dashed line corresponding to

wy = —1.

It seems to prefer dynamiWamG.N.A
energy model. e
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Dual space time
©000000

Dual spacetime model

* A specific model can be chosen motivated from the manifestly T-dual
formulation of string theory(Tseytlin 19917), and metastring theory(Freidel, Leigh,

and Minic 2014, Freidel, Leigh, and Minic 2015, Freidel, Leigh, and Minic 2016, Freidel,
Leigh, and Minic 2017).
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Dual space time
000000

The properties of the model

* In the model designed from Jejjala, Kavic, and Minic 2007, pa(a) is defined as

_ANa) Euv(a) -
p/\(a) = % = /E,R(a) IDE(E)O'E (8)

where E is the energy of the quantum fluctuations in the dual spacetime, Zpg(E)

is the density of states. Ejg(a) and Eyy(a) are the IR and UV cutoffs that assumed
to be a-dependent in general.

* The density of states in dual spacetime expressed in terms of the Wien
distribution.(/ejjala, Kavic, and Minic 2007)

Tpe(E, By) = AE3eBE/Bo 9
pe(E, Fo) e \V7a VIRGIS\II)A
. X X . TECH.
with A and B being dimensionless constants.
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Dual space time
00®0000

The relation between w(a) and p(a)

Energy density pa(a) is no longer a constant.

_Na)
p/\(a) - 87TG
By solving Friedmann equation again,
_ 429, (8Cn _ 4 _2a d\g)
w(a) = —1 3da Iog( 3H3 'OA(a)) =1 3A\(a) da (10)
87Gya d [ /Euv(a) R ]
=1 — dEZ(E (11)
3/\(3) da Er(a) ( )
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Dual space time
0008000

Determination of E,y and Ejx

Constraint for cutoffs

ErEir = mm, EuvEuv = puv (12)
where up and pyy are constant(ug < pyvy)-

Eir(a) can be derived for Berglund, Hiibsch, and Minic 2023

E,
Er(a) = go

where Ej is the infrared cutoff today, at a=1. Eyy(a) is from the action in a limit of the
metastring(Freidel, Leigh, and Minic 2014, Freidel, Leigh, and Minic 2015, Freidel, Leigh,
and Minic 2016, Freidel, Leigh, and Minic 2017),

VIRGINIA
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Dual space time
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Definition of ¢! and ¢{})

From the constraint,

o HiRa g Huv
Er(a) = —F7=—, Euv(a)=
@ Eo @ Epianka
From the density of states in dual spacetime,

Tpe(E, Ey) = AESe~PE/&
We defined dimensionless energy.

BEg(a)  Bug 1)
$ir(a) = B E? a=¢gpa

cov(a) = BEyv(a) _ Buuy _ ﬂ
w Eo E2a a
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Dual space time
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The behaviors of ¢\}) and 58\)/

We can solve the equation for the scale
parameter a(t) to predict the point at
which the cutoffs will converge.

§ir(a) = Euv(a) (18)

£ g (19)

a ‘ I
05 10 15 20

v

— ¢uw@

— fr@

5 = N W s g o

The scale parameter a(t) in terms of new  Figure: The behaviors of ¢r(a) and &y (a) for
parameters is the case g}‘)—1 £1)=3. The cutoffs meet at

_ \Jem
a= /¢ /€ = V3. (Hur et al. 202
= e/ (20) " G vizcinia
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Dual space time
000000@

Equations to get theoretical values of (wp, wa)

Starting from the expression

8rGya d [ /Euv<a> . ]
w(a) = -1 - — dEZ(E
( ) 3/\(3) da E/R(a) ( )

By applying the CPL parameterization, (wp, ws) can be expressed in terms of (gf,l,), 58&).

(€ydeeur + (e)yre e

wo=w(1)=—-1+ (21)
18|b(e) - b(el)
— My eMyag=el) _ (4 — ¢y e()ya g€
Wy = —W/(‘I) — (4 5UV)(&UV) e (4 5 )(5/9 ) € (22)
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Result
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The results

Figure: Most of the DESI data is covered by various values of 55,1?) and gﬂ\)

(Figure 11 of Hur et al. 2025)
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The results

L ey

Figure: Figure 12 of Hur et al. 2025
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The regions of (gf,l,), 58&) preferred by
DESI. The circles indicate the
maximum likelihood points for each
case.

The values of (55,1:,), {S&) the
correspond to specific values of
(wp, wa) do not necessarily exist nor
are they unique.
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Result
ooe

Future of the Universe

* The value of \/58\}/5%) gives NEENEY
the scale parameter a(t) at 4
which the UV and IR cutoffs

come togeter in this model.

. . . . ey
1 1 2 3 4 5 €Ik
W VIRGINIA
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Figure: Figure 12 of Hur et al. 2025
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Conclusion
°

Conclusion

* Given the constraints from DESI observations, a dynamical dark energy scenario
motivated by string theory and subject to specific cutoff conditions can be
considered a viable explanation.
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Thank you!
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