
KIAS Seminar  (May 4, 2023)

Hye-Sung Lee 
(KAIST)

Gauged Quintessence

based on JCAP 02 (2023) 005 & work in progress 
with Kunio Kaneta, Jiheon Lee, Jaeok Yi

The universe is an enormous direct product of representations of symmetry groups.


- Steven Weinberg -
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 … Well-understood

…  Global competition

…  Least understood
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 … Well-understood

SU(3)xSU(2)xU(1)

A lot of studies
…  Global competition

…  Least understood What about here?
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 … Well-understood

SU(3)xSU(2)xU(1)

A lot of studies
…  Global competition

…  Least understoodQuintessence [Ratra, Peebles (1988)] 
 : first dark energy field model with a singlet scalar 

Gauged Quintessence [Kaneta, LEE, Lee, Yi (2023)] 
 : first gauge symmetry model 
   in the quintessence scalar field
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Why dark energy symmetry?

New particles/fields were often followed by a new gauge symmetry.


(i) Neutrino (to explain energy spectrum in beta decay) [Pauli 1930]

 → weak interaction [Fermi 1934] (later identified as the SU(2)).


(ii) Quark (to explain plethora of hadrons) [Gell-Mann, Zweig 1964]

 → SU(3) gauge strong interaction [Han & Nambu 1965]


(iii) Dark matter (to explain galaxy rotation curve) [Rubin 1970’s]

 → Dark matter symmetry? [Numerous studies]


(iii) Dark energy field (to explain accelerated expansion) [Ratra & Peebles 1988]

 → Dark energy symmetry?


A new gauge symmetry may help understanding the new particles/fields.
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1. Quintessence at a glance 
2. Gauged quintessence 
3. Coherent dark gauge boson 
4. Evolution of the universe 
5. Remarks on the Hubble tension 
6. Summary and Outlooks

Outline of this talk
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Quintessence at a glance

7



<latexit sha1_base64="6H34bG9rGFAhRVwoee3lflBcK2k="></latexit>

V ⇡ ⇢⇤ = ⇤/8⇡G

Quintessence

(ex) Ratra-Peebles inverse power potential
<latexit sha1_base64="Xu87Ix+dKXlQdIIqqPfXaHvwRKs="></latexit>

V (�) =
M↵+4

|�|↵

Quintessence 
- Proposed by Ratra and Peebles (1988). 
- Dynamic dark energy model with a scalar field ( ). 
- A scalar rolls down a potential slowly in the present universe. 
- Its potential energy is identified as the dark energy. 
- Tracking behavior: The  initial value does not really matter. Only the potential 

determines the the present time value of  and its equation of state (addressing 
the cosmological coincidence problem) [Steinhardt, Wang, Zlatev (1999)].

ϕ

ϕ
ϕ
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(equation of state)

<latexit sha1_base64="3ZXrHepZhNMOmMkpY7K7WL0Itvc="></latexit>

gµ⌫ = Diag{�1, a(t)2, a(t)2, a(t)2}

<latexit sha1_base64="I2WUWhZuayg/q06ZkmCDxFM4UIA="></latexit>

⇢ / a�3(1+w)

(equation of motion)
<latexit sha1_base64="WKKIhbyGOSecCulmO1Wqg8WuCVg="></latexit>

H ⌘ ȧ

a
(Hubble parameter)

<latexit sha1_base64="kvK9hF83pEd0fFAgbq77X9lWpDw=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWcKPhCUghuXFewDOnXIpJk2NPMgyQhlmG9wIW5cCn6FGxeKuO1CcOenmOkU0dYDgZNz7r3JPU7IqJCG8anlZmbn5hfyi4Wl5ZXVNX19oy6CiGNSwwELeNNBgjDqk5qkkpFmyAnyHEYaTv8s9RvXhAsa+JdyEJK2h7o+dSlGUkm2vufZVtijV2V4Ai2XIxxbIeKSIqakevJzg1lVYutFo2SMAKeJOSbFyvHNx+Ptw1fV1odWJ8CRR3yJGRKiZRqhbMfpVMxIUrAiQUKE+6hLWor6yCOiHY8WS+COUjrQDbg6voQj9XdHjDwhBp6jKj0ke2LSS8X/vFYk3aN2TP0wksTH2UNuxKAMYJoS7FBOsGQDRRDmVP0V4h5S8UiVZUGFYE6uPE3q5ZJ5UNq/UGmcggx5sAW2wS4wwSGogHNQBTWAwR14Ai/gVbvXnrU37T0rzWnjnk3wB9rwGzVWpF8=</latexit>

m2
� =

@2V

@�2

<latexit sha1_base64="qJkv+pRXUM+Fc6ap8sg8F4w621k="></latexit>
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Z
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2 � V (�)
i

<latexit sha1_base64="LqL2/YkC+SrHBjLkZH5ndeEYf90="></latexit>

�̈+ 3H�̇+
@V

@�
= 0

<latexit sha1_base64="rYg23E19ifjo2QCxxqpCcEGbVcc="></latexit>

w ⌘ p

⇢
=

1
2 �̇

2 � V
1
2 �̇

2 + V

= �1 +
�̇2

V
+ · · ·

<latexit sha1_base64="eMSE2Ia0GpSoxs3BT3mNAhfLSfE="></latexit>

for �̇2 ⌧ V (�)

(w < -1/3 for the accelerated expansion. w = -1  for 𝚲)

(slow-roll)

(  decreases for a Ratra-Peebles potential.)mϕ

Quintessence
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<latexit sha1_base64="6H34bG9rGFAhRVwoee3lflBcK2k="></latexit>

V ⇡ ⇢⇤ = ⇤/8⇡G

Conditions for the quintessence dark energy

Quintessence
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(present dark energy density)

(slow-roll)

<latexit sha1_base64="x5yaAusm6lJ6Mn2eSnTbe1UDECA="></latexit>

V ⇠ 10�123M4
Pl ⇠ 3⇥ 10�47 GeV4

<latexit sha1_base64="m8ydb1eIihG65/Khz62qm0SoBs8="></latexit>

m� . H0 ⇠ 10�42 GeV



Quintessence dynamics (without a gauge symmetry)
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Balancing between the potential slope and Hubble friction results in the common 
tracking solution for the quintessence. The present values are not sensitive to its 
initial values (quintessence tracking behavior).

<latexit sha1_base64="LqL2/YkC+SrHBjLkZH5ndeEYf90="></latexit>

�̈+ 3H�̇+
@V

@�
= 0

<latexit sha1_base64="Xu87Ix+dKXlQdIIqqPfXaHvwRKs="></latexit>

V (�) =
M↵+4

|�|↵
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↵ = 1
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↵ = 1
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↵ = 2
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Gauged quintessence
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Gauged Quintessence

We introduce a dark U(1) gauge symmetry to the quintessence scalar.

: complex scalar under the U(1)dark gauge symmetry

<latexit sha1_base64="QY1xB5UacqkojD4Nt5lIVsRAsyU="></latexit>

� =
1p
2
� ei⌘

<latexit sha1_base64="GItYHHx8stV377ap+GI8ckZDkss=">AAADJXicjZLLjtMwFIadcBvKrQNLNhYVo7JolUTlphFoBCxYlks7keokclwntca5YDuIKpOXYcOrsGHBCCGx4lVw0kwJDAuOFOnXf86Jv/xxmHMmlWX9MMxz5y9cvLRzuXfl6rXrN/q7N+cyKwShM5LxTLghlpSzlM4UU5y6uaA4CTk9DI+e1/3D91RIlqVv1TqnXoLjlEWMYKWtYNfYfwP3nkDEUgWX/uQDRPsQyXdClaO4Qs 9YvECRwKS0q9KpYBKUU175DnwNR8cvghIlRYWmK3bsO6N5YA1rfW+03ZhUKMFqFYalWzXDKC06ln9qwfogDyLU24P/y9JF6dhDlGOhGOYtXK6BTuFqDbt07hbK/c3SfVscuL5T7/nOZrYdbImD/sAaW03Bs8JuxQC0NQ36J2iZkSKhqSIcS7mwrVx5ZU1MOK16qJA0x+QIx3ShZYoTKr2y+csVvKudJYwyoR+dUON2N0qcSLlOQj1ZRyz/7tXmv3qLQkWPvJKleaFoSjYHRQWHKoP1lYFLJihRfK0FJoJpVkhWWIek9MXqNSE8ruv+9pPPirkzth+MJ68mg4OnbRw74Da4A4bABg/BAXgJpmAGiPHR+Gx8NU7MT+YX85v5fTNqGu3OLfBHmT9/AbWcAPw=</latexit>

S =

Z
d4x

p
�g

h1
2
m2

PlR� |Dµ�|2 � V0(�)�
1

4
Xµ⌫Xµ⌫

i

=

Z
d4x

p
�g

h1
2
m2

PlR� 1

2
(@µ�)

2 � V0(�)�
1

4
Xµ⌫X

µ⌫ � 1

2
g2X�2XµX

µ
i

<latexit sha1_base64="uOcUF9fhCBR00WI2fhnwRCwAObE="></latexit>�
in unitary gauge : ⌘ = 0, Xµ = Xµ +

1

gX
@µ⌘

�
<latexit sha1_base64="xhagq5+pGQIJgg/AmductNJpYzk=">AAAB9XicdVA9SwNBEN2LXzF+RS1tVoNgFS6nJtpIwMZSwcRAcoa9zSRZsvfB7pwajhTW1oKNhSK2/hc7/417RkFFHww83pthZp4XSaHRtt+szMTk1PRMdjY3N7+wuJRfXqnrMFYcajyUoWp4TIMUAdRQoIRGpID5noQzb3CY+mcXoLQIg1McRuD6rBeIruAMjXReb7cQrjDpsbgHo3a+YBf398rOrkPtom1XnO1ySpzKjrNNS0ZJUaiuX8qbw9vr43b+tdUJeexDgFwyrZslO0I3YQoFlzDKtWINEeMD1oOmoQHzQbvJx9UjummUDu2GylSA9EP9PpEwX+uh75lOn2Ff//ZS8S+vGWN3z01EEMUIAR8v6saSYkjTCGhHKOAoh4YwroS5lfI+U4yjCSpnQvj6lP5P6k6xVC7unpg0DsgYWbJGNsgWKZEKqZIjckxqhBNF7sgDebQurXvryXoet2asz5lV8gPWyzuxSpZL</latexit>

Vgauge

<latexit sha1_base64="O2F7aYSnUuvYr5DAXrvobwZctYo="></latexit>

Dµ ⌘ @µ + igXXµ

<latexit sha1_base64="Rvv3erZ0FAYgu3250NDBzTFKf1E="></latexit>

(� : quintessence scalar)

(⌘ : longitudinal component of the dark gauge boson X)
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m2
�|0 =

@2V0

@�2
+

@2Vgauge

@�2
, m2

X |0 = g2X�2 (tree-level masses)



As the quintessence  rolls down the potential, 
both  and  change over cosmic evolution.

ϕ
mϕ mX

 decreasesmϕ

 increasesmX

(for a run-away potential)

Masses vary over cosmic evolution
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�|0 =
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, m2

X |0 = g2X�2



Gauged Quintessence

Equations of motion for  and  (coupled via gauge)ϕ X V
<latexit sha1_base64="/6w5xQNZdVkVZWwZAmTGrbFEIuw="></latexit>

�̈+ 3H�̇+
@V0

@�
+ g

2
XXµX

µ
� = 0

<latexit sha1_base64="PdrdBZKU9TFu5h/cxLFS6G+BETI="></latexit>

@µX
µ⌫ + 3HX

0⌫ � g
2
X�

2
X

⌫ = 0

<latexit sha1_base64="oEqnKnoAy8yYnSAdWGHJUTeyF8s="></latexit>

Tµ⌫ =(@µ�)(@⌫�)�
1

2
gµ⌫(@↵�)(@

↵�)� gµ⌫V0(�)

� 1

2
gµ⌫g

2
X�2X↵X

↵ + g2X�2XµX⌫ +Xµ↵X
↵
⌫ � gµ⌫

4
X↵�X

↵�

Energy-momentum tensor

<latexit sha1_base64="GlvDGxeZRPb7x6mvCLselANDml4="></latexit>

Vgauge =
1

2
g2X�2XµX

µ
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Boltzmann equations for mass varying  and ϕ X

The energy flow between the quintessence scalar and the dark gauge boson is 
proportional to the .·mX

<latexit sha1_base64="h+Be2NbW4bcx7vNxqhlr1ORhLS0="></latexit>

⇢̇� + 3H(⇢� + p�) = �ṁX

mX

(⇢X � 3pX)

⇢̇X + 3H(⇢X + pX) =
ṁX

mX

(⇢X � 3pX)

<latexit sha1_base64="ixcabybH+JzOq/jLdBv8s0DoIiE="></latexit>

ṁX > 0 : Energy flows from � to X

ṁX < 0 : Energy flows from X to �
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Potential modified by the gauge symmetry

<latexit sha1_base64="0bQdf5rPZACj0bXpUfAig1jpLMY="></latexit>

V = V0 +
1

2
g2XXµX

µ�2

original potential

<latexit sha1_base64="mwaOmABz0/twNZ55pyqSkZIs0WY="></latexit>
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1

2
g2XXµX

µ�2
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1-loop effective potential in the gauged quintessence model

Quantum corrections in the gauged quintessence

<latexit sha1_base64="tjSxOcwJ8jfDtX4YnQFzDPtZf4U="></latexit>
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◆

1-loop correction of the quintessence

Additional 1-loop correction due to the -bosonX
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Quantum corrections in the gauged quintessence

<latexit sha1_base64="MTJqmYMSBq3gODqnZLeiKT/f380="></latexit>
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1-loop effective potential in the gauged quintessence model
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independent of potential V0
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(present dark energy density)

(slow-roll)

<latexit sha1_base64="x5yaAusm6lJ6Mn2eSnTbe1UDECA="></latexit>

V ⇠ 10�123M4
Pl ⇠ 3⇥ 10�47 GeV4
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m� . H0 ⇠ 10�42 GeV

Conditions for the quintessence dark energy



Potential-independent constraints (at present universe)

present dark energy density

slow-roll
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V0 =
M↵+4

|�|↵

(Blue band: Ratra-Peebles potential case with the tracking behavior.)
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Coherent dark gauge boson
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Misalignment mechanism for coherent scalar oscillation

Misalignment mechanism is a popular production 
mechanism of a coherent scalar field (such as QCD 
axion DM).

[Preskill, Wise, Wilczek (1983)] [Abbott, Sikivie (1983)] [Dine, Fischler (1983)]
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(i) Inflation makes  spatially homogeneous: . 
(ii) Initially, Hubble friction is large ( ), which makes  frozen and  constant. 
(iii) When Hubble friction decreases sufficiently ( ), a coherent  oscillation begins 

around the potential minimum. 
(iv) The oscillator has , behaving as non-relativistic matter ( );  is a CDM 

despite of lightness.  (QCD axion DM:  eV) 

φ φ(t, ⃗x) = φ(t)
H > mφ φ ρφ

H ≲ mφ φ

pφ = 0 ρϕ ∝ a−3 φ
ma ∼ 10−6 − 10−2
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Misalignment mechanism for coherent vector boson oscillation

Unlike the scalar case, the  is highly suppressed by the scale factor, and it is 
hard to retain the  through the inflation. (Typical inflation e-folding is 60.) 

Naive misalignment does not really work for a sizable vector boson production.
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Ẍ +HẊ +m
2
XX = 0

vector fields in one direction in visible universe 
(during/after inflation)

zero mode (spatially homogeneous):
<latexit sha1_base64="gUxepn4d7ES4mnG+aUtZHFRG6zs="></latexit>

Xµ(t, ~x) = Xµ(t) = (X0(t), ~X(t))

<latexit sha1_base64="657mkHmUGKRei/+p5KFM0JegPjU="></latexit>

@µX
µ⌫ + 3HX

0⌫ �m
2
XX

⌫ = 0

<latexit sha1_base64="suiHjf98njbjZThXTCVoaR77rKg=">AAAB7nicbVDJSgNBEK2JW4wa43IToTEInkKP4HYQAl48RjALJEPo6fQkTXp6hu4eIQz5CC8eFPHqr3j15l2/QzvLQRMfFDzeq6Kqnh8Lrg3GH05mYXFpeSW7mltb38hvFra2azpKFGVVGolINXyimeCSVQ03gjVixUjoC1b3+1cjv37HlOaRvDWDmHkh6UoecEqMleqNNkaXCLcLRVzCY6B54k5JsZz//nrb3/2stAvvrU5Ek5BJQwXRuuni2HgpUYZTwYa5VqJZTGifdFnTUklCpr10fO4QHVqlg4JI2ZIGjdXfEykJtR6Evu0MienpWW8k/uc1ExOceymXcWKYpJNFQSKQidDod9ThilEjBpYQqri9FdEeUYQam1DOhuDOvjxPascl97R0cmPTuIAJsrAHB3AELpxBGa6hAlWg0Id7eIQnJ3YenGfnZdKacaYzO/AHzusP7iOSYQ==</latexit>

X0 = 0

vector fields in random direction 
(before the inflation)

23

<latexit sha1_base64="6TJZ4edKr5fE1cD6UmsW9uX8Qlc=">AAAB+3icbVDLSgMxFM3UV62vsbpzEyxCBSkz4msjFNy4rGDbgbaUTHqnDc1khiRTLEN/xY0LRdz6I+78G9NpF9p6uBcO59xLbo4fc6a043xbuZXVtfWN/GZha3tnd8/eLzZUlEgKdRrxSHo+UcCZgLpmmoMXSyChz6HpD++mfnMEUrFIPOpxDJ2Q9AULGCXaSF272B4BxR6+xWXnDJvyTrt2yak4GfAyceekVD0MMtS69le7F9EkBKEpJ0q1XCfWnZRIzSiHSaGdKIgJHZI+tAwVJATVSbPbJ/jEKD0cRNK00DhTf2+kJFRqHPpmMiR6oBa9qfif10p0cNNJmYgTDYLOHgoSjnWEp0HgHpNANR8bQqhk5lZMB0QSqk1cBROCu/jlZdI4r7hXlcsHk8YFmiGPjtAxKiMXXaMqukc1VEcUPaFn9IrerIn1Yr1bH7PRnDXfOUB/YH3+AES9lD8=</latexit>

~X = (0, 0, X)



As  may increase by many orders of magnitude, 
 may increase by many orders of magnitude 

overcoming the suppression by the scale factor.

ϕ
mX

 increasesmX

(for a run-away potential)

Vector misalignment in the gauged quintessence model
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Ẋ2 +m2

XX2
⌘

<latexit sha1_base64="em/m23UAEUsYKXo/5i+THPuAo18=">AAAB9XicdVDLSgMxFM34rPVV7dJNsAiuhpmpfS2EghuXFewD2rFk0kwbmskMSUYpQ//DjQtFxJ0/4cqlOz/DPzDTKqjogXs5nHMvuTlexKhUlvVmLCwuLa+sZtay6xubW9u5nd2WDGOBSROHLBQdD0nCKCdNRRUjnUgQFHiMtL3xSeq3L4mQNOTnahIRN0BDTn2KkdLSRdDvwGM41L0XjWg/V7DMWrXslBxomZZVcYrllDiVI6cIba2kKNTz78/OS/ux0c+99gYhjgPCFWZIyq5tRcpNkFAUMzLN9mJJIoTHaEi6mnIUEOkms6un8EArA+iHQhdXcKZ+30hQIOUk8PRkgNRI/vZS8S+vGyu/6iaUR7EiHM8f8mMGVQjTCOCACoIVm2iCsKD6VohHSCCsdFBZHcLXT+H/pOWYdtksnek0amCODNgD++AQ2KAC6uAUNEATYCDANbgFd8aVcWPcGw/z0QXjcycPfsB4+gC/v5XG</latexit>

mX = gX�

Pre
liminar

y 

Misalignment mechanism with a mass-varying vector boson 
may work to produce a sizable vector boson energy density.
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Misalignment mechanism with a mass-varying vector boson 
may work to produce a sizable vector boson energy density.

Vector misalignment in the gauged quintessence model
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The dynamics of  and  change drastically when 
the hierarchy between ,  and  change over 
time.

ϕ X
mϕ mX H
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 may have a sizable relic density, but we assume 
it is a subdominant DM (less than 10% relic density 
of the dominant CDM).

X

(i) H > mϕ, mX (ii) mϕ > H > mX (iii) mX, mϕ > H

Benchmark parameters: , ,  
,  (at )

α = 1 M = 2.2 × 10−6 GeV gX = 10−39
·X = 0 ·ϕ = 0 a = 10−12
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(iii)(i) (ii)

 : Both  and  are frozen by Hubble friction. 
 :  is frozen, but  rolls down potential. 

 :  is in coherent oscillations (DM),  rolls.

(i) H > mϕ, mX ϕ X
(ii) mϕ > H > mX X ϕ
(iii) mX, mϕ > H X ϕ



ρϕ/ρCDM
ρX /ρCDM

10-12 10-9 10-6 10-3 1
10-18

10-15

10-12

10-9

10-6

10-3

1

10-1210-910-610-3

10-18

10-15

10-12

10-9

10-6

10-3

1



N
or
m
al
iz
ed
De
ns
ity

(ρ
/ρ
CD
M
)

Temperature (GeV)

mϕ

mX
H

10-12 10-9 10-6 10-3 1
10-45

10-40

10-35

10-30

10-25

10-20

10-15
10-1210-910-610-3

10-45

10-40

10-35

10-30

10-25

10-20

10-15



M
as
s(
Ge
V)

Temperature (GeV)

10-12 10-9 10-6 10-3 1
109

1012

1015

1018

10-1210-910-610-3

109

1012

1015

1018



ϕ
(G
eV

)

Temperature (GeV)

10-12 10-9 10-6 10-3 1
-1

-0.5

0

0.5

1
10-1210-910-610-3

-1

-0.5

0

0.5

1



Eq
ua
tio
n
of
St
at
e

Temperature (GeV)

mi , H

ϕ

w

ρi

ρCDM

29

 : frozen, 
 : frozen.  changes. 
 :  changes.

(i) ρX ∝ a−2

(ii) ρX ∝ m2
Xa−2 mX

(iii) ρX ∝ mXa−3 mX

ρϕ/ρCDM
ρX /ρCDM

10-12 10-9 10-6 10-3 1
10-18

10-15

10-12

10-9

10-6

10-3

1

10-1210-910-610-3

10-18

10-15

10-12

10-9

10-6

10-3

1


N
or
m
al
iz
ed
De
ns
ity

(ρ
/ρ
CD
M
)

Temperature (GeV)

(iii)(i) (ii)

 : Both  and  are frozen by Hubble friction. 
 :  is frozen, but  rolls down potential. 

 :  is in coherent oscillations (DM),  rolls.

(i) H > mϕ, mX ϕ X
(ii) mϕ > H > mX X ϕ
(iii) mX, mϕ > H X ϕ
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(iii)(i) (ii)

 : Both  and  are frozen by Hubble friction. 
 :  is frozen, but  rolls down potential. 

 :  is in coherent oscillations (DM),  rolls.

(i) H > mϕ, mX ϕ X
(ii) mϕ > H > mX X ϕ
(iii) mX, mϕ > H X ϕ

When gauge ~  becomes sizable, it affects the 
quintessence dynamics.  oscillates around the 
minimum of the potential until gauge becomes 
subdominant.  gets back to the tracking solution.
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When gauge ~  becomes sizable, it affects the 
quintessence dynamics.  oscillates around the 
minimum of the potential until gauge becomes 
subdominant.  gets back to the tracking solution.

V ρX
ϕ

V
ϕ

(iii)(i) (ii)

 : Both  and  are frozen by Hubble friction. 
 :  is frozen, but  rolls down potential. 

 :  is in coherent oscillations (DM),  rolls.

(i) H > mϕ, mX ϕ X
(ii) mϕ > H > mX X ϕ
(iii) mX, mϕ > H X ϕ
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The oscillation in the  equation of state reflects the 
 oscillation around the minimum of the potential. 

After gauge becomes subdominant, it restores 
tracking solution.
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(iii)(i) (ii)

 : Both  and  are frozen by Hubble friction. 
 :  is frozen, but  rolls down potential. 

 :  is in coherent oscillations (DM),  rolls.

(i) H > mϕ, mX ϕ X
(ii) mϕ > H > mX X ϕ
(iii) mX, mϕ > H X ϕ
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Modern measurements of the Hubble constant

(i) By fitting CMB data to the 𝚲-CDM 
model

 Planck Satellite

(ii) With the observation of the expansion 
(standard candles: Cepheid variables 
+ Supernovae)

 Hubble Space Telescope
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v = H0D

(early Universe)

(late Universe)
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Hubble tension: 
about 5𝛔 difference in H0 between the 
early and late Universe values. 
(Potential hint of the new cosmology.)

2103.01183

(early Universe). H0 ~ 67

(late Universe). H0 ~ 73
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Sound horizon in CMB

 Planck Satellite
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Baryon Acoustic Oscillations

(early universe)

(late universe)

(observed quantity)

r

37

DE becomes dominant only in the late universe. 
Assuming no change in the sound horizon (early universe physics), 
the comoving distance to the last scattering ( ) should remain intact 
with a new DE model.

D



Hubble tension

38

(𝚲-CDM)

(𝚲-CDM)

To keep  unchanged, a larger  (resolving 
Hubble tension) should be compensated by a 
smaller  in the recent past 
: It demands w(DE) < -1 (𝚲-CDM value). 

In the uncoupled quintessence model, 
w(DE) > -1 (worsening Hubble tension). 

If an interacting DE model can provide effective 
w < -1, it may alleviate Hubble tension.

D H0

H
(larger )H0
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[Valentino, Melchiorri, Mina (2017)] 
[Lee, Lee, Colgain, Sheikh-Jabbari, Thakur (2022)]
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Effective DE density

Developed in the DE-DM interaction model. 

Take the effective DM density ( ) for the constant mass with  scaling part. 
The remaining mass-varying part is absorbed in the effective DE density ( ).

ρC̃DM a−3

ρD̃E
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⇢̇+ 3H(1 + w)⇢ = 0

[Das, Corasaniti, Khoury (2006)]

: effective  for the effective DE density in the gauged quintessencew
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Effective DE density

For ,  is lower than the uncoupled quintessence. 
It can be even lower than the 𝚲-CDM (w=-1). 
Possibility of alleviating the Hubble tension. (It requires numerical fitting study.)

·mX > 0 weff(D̃E)
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For , , α = 1/16 M = 6.3 × 10−12 GeV gX = 10−39
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Concluding remarks
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Summary

1. We introduced the first gauge symmetry model for a popular 
quintessence dark energy scalar field. 

3. The interaction between the quintessence and the gauge boson 

( ) brings many interesting features to the 

universe evolution. 

4. The mass-varying effect of the X gauge boson may overcome the 
problem of the vector boson misalignment mechanism (scaling 
factor suppression). [Preliminary result] 

6. Hubble tension may be alleviated. (Need quantitative study.) 

8. Our study serves as a proof of concept that the dark energy sector 
can be studied using a gauge symmetry. (Gauge interaction with 
the dark energy!)

Vgauge =
1
2

g2
Xϕ2XμXμ
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 … Well-understood

SU(3)xSU(2)xU(1)

A lot of studies
…  Global competition

…  Least understood
It is about time to investigate 

the governing symmetry 
in the dark energy sector!
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 … Well-understood

SU(3)xSU(2)xU(1)

A lot of studies
…  Global competition

…  Least understood

The universe is an enormous direct product of representations of symmetry groups.


- Steven Weinberg -

It is about time to investigate 
the governing symmetry 

in the dark energy sector!
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Thank you   


