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Conclusion

⚫ The topology of universe is 3D torus.

The space has the flat curvature.

⚫ Accelerating expansion of universe is
caused by Porcupinefish spacetime.

No tensions in (𝐻0, BAO, 𝑓𝑚σ8, 𝑆8 ).
(The late time observables are obtained from CMB.)

⚫ No Dark Energy exists.
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a. Definition of our Theory
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1. Quantum Gravity based on 
W algebra and Jordan algebra

⚫ Transfer Operator

Our model is described by the transfer operator Θ⋆

where 𝐸𝜇 is the 3 × 3 octonian Hermitian matrices.

a. Definition of our Theory
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Θ⋆ ≝ e𝑊−2
(3)

[𝛼𝑚
𝜇
, 𝛼𝑛

𝜈] = 𝑚𝛿𝑚+𝑛,0𝛿
𝜇,𝜈

𝑊𝑛
(3)

≝
1

3


𝑘+𝑙+𝑚=𝑛

Tr ∶ 𝛼𝑘𝛼𝑙𝛼𝑚:

𝛼𝑛 ≝

𝜇

𝐸𝜇 𝛼𝑛
𝜇

(𝑚, 𝑛 are modes [𝑚, 𝑛 ∈ 𝒁 ],  𝜇, 𝜈 are flavors [𝜇, 𝜈 = 0, 1, …, 26]. )

The partition fun. is derived by 
the expectation value of Θ⋆.



 The emergence of time

We shift 𝛼𝑛 and introduce 𝜙𝑛
† and 𝜙𝑛 asb 

by

Physical vacuum | ۧvac is a coherent state,
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𝛼−𝑛
⋆ = 3𝜆3𝛿𝑛,3 + 𝜆1𝛿𝑛,1 + 𝑛𝜙𝑛 𝛼𝑛

⋆ = 𝜙𝑛
†

Under the physical vacuum,  the scale symmetry is broken!

3𝜆3 =
1

2𝑔
𝜆1 = −

𝜇

2𝑔
𝛼0

⋆ = 1

𝜙𝑛| ۧvac = 0 𝜙𝑚, 𝜙𝑛
† = 𝛿𝑚,𝑛

𝑇 appears in front of 𝑊−2
(3)

and starts to play the role of time.

𝛼𝑛 → 𝑔𝑇 −𝑛/2𝛼𝑛 leads to  𝑊−2
(3)

→ 𝑔𝑇𝑊−2
(3)

[𝑚, 𝑛 ∈ 𝑵 ]

𝛼0 is commutative 
with all operators.



⚫ Hamiltonian for the evolution of Universe
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b. From the birth of universes to Big Bang

= − 𝑔

𝑛=4

∞



𝑘=1

𝑛−3

𝜙𝑘
†𝜙𝑛−𝑘−2

† 𝑛𝜙𝑛

Creation of Universes

Expansion 
of Universes

+ 𝜇𝜙1 − 2𝑔𝜙2 − 𝑔𝜙1𝜙1 −
𝜇𝜇

4𝑔

Knitting 
Mechanism

𝐻𝑊 ≝ −𝑔𝑊−2
(3)

= −
𝑔
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𝑘+𝑙+𝑚=−2

Tr ∶ 𝛼𝑘𝛼𝑙𝛼𝑚:

− 𝑔

𝑛=4

∞



𝑘=max(3−𝑛,1)

∞

𝜙𝑛+𝑘−2
† 𝑘𝜙𝑘𝑛𝜙𝑛

− 

𝑛=1

∞

𝜙𝑛+1
† 𝑛𝜙𝑛 + 𝜇

𝑛=2

∞

𝜙𝑛−1
† 𝑛𝜙𝑛 − 2𝑔

𝑛=3

∞

𝜙𝑛−2
† 𝑛𝜙𝑛

−
1

4𝑔
𝜙4
† −

𝜇

2𝑔
𝜙2
† + 𝜙1

†

+
1

2𝑔
𝛿𝑛,3

−
𝜇

2𝑔
𝛿𝑛,1

𝛼0 = 1

𝛼𝑛 = 𝜙𝑛
†

𝛼−𝑛 = 𝑛𝜙𝑛

Tr is omitted.



 Knitting mechanism (Dimension Enhancement)

High-dimensional space is formed after the birth of space.
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𝑥𝑖 𝑦𝑗 𝑥𝑖 , 𝑦𝑗

(The set of tiny wormholes gives a torus topology.)

Contributions by tiny wormholes are dominant. 𝐺 𝐿, 𝐿; 𝑇 ~
1

4𝜋𝐿𝑇

𝑇 𝑇

( A wormhole with small 𝐿 is shown by purple line. )

𝐿
𝐿

[𝑇 ∼ 0]

Δ𝑇

It will be an image that 
shrinks all wormholes.



 Coleman mechanism (Vanishing cosmo const.)

Connection by wormholes with finite 𝑇 gives 

vanishing the cosmological constant 𝜇.
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Vanishing the cosmological constant 𝜇
gives the Big Bang energy and 
denies the existence of dark energy. 

𝑇



2. Modified Friedmann Equation

⚫ The classical Hamiltonian obtained from 

is

then, we have

a. The derivation of Modified Friedmann equation

2- a

8

ℋc = − 𝐿 Π2 − 𝜇 +
2𝑔

Π
𝐿 , Π = 1

−𝜙𝑛+1
† 𝑛𝜙𝑛 + 𝜇𝜙𝑛−1

† 𝑛𝜙𝑛 − 2𝑔𝜙𝑛−2
† 𝑛𝜙𝑛

ሶ𝐿/𝐿
2
=

𝜅𝜌

3
+

𝐵

ሶ𝐿/𝐿

1 + 3𝐹(𝑥)

𝐹(𝑥) 2

𝑥 ≝
𝐵

ሶ𝐿/𝐿
3𝐹(𝑥) 2 − 𝐹(𝑥) 3 = 𝑥 B ≝ −8𝑔

4𝜇 →
𝜅𝜌

3

μ is replaced by Matter Energy 
by Coleman mechanism.



⚫ The geometrical meaning of  −2𝑔𝛼0σ𝜙𝑛−2
† 𝑛𝜙𝑛

This term comes from the leading term of disk amplitude 𝐹(𝐿)
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b. The origin of accelerating expansion of Universe

𝐹 𝐿 = 𝛿 𝑉 +⋯

Creation of  baby universe

𝑔 = −
𝐵

8
< 0

𝑔

Porcupinefish spacetime

𝐹 baby = 𝛿 𝑉

Negative 𝒈 gives accelerating expansion of Universe.

𝑇
𝑇

෨𝐹 𝜉 = 𝜉−1 +⋯ =
1

𝜉 + 𝜇



3. Tensions in Accel. Expansion of Univ.
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⚫ Boundary Condition 1 (CDM is assumed)

Data from Planck satellite

𝑡LS
(CMB)

and  𝛬 CMB are determined.

𝑡0
CMB

= 13.8 × 109 [year]

𝐻0
CMB

= 67.3 ± 0.6 [km/sec/Mpc]

𝑧LS
CMB

= 1089.95

𝐿
𝜦 CMB 𝑡0

CMB

𝐿
𝜦 CMB 𝑡LS

(CMB) = 1 + 𝑧LS
CMB 𝐻𝜦 CMB 𝑡0

CMB
= 𝐻0

CMB



⚫ Boundary Condition 2 (CDM is assumed)

Data from Standard candles

We also use 𝑡LS
(CMB)

and  𝑧LS
CMB

.

𝑡0
SC

, 𝛬 SC , 𝑡0
B

, 𝐵 are determined.
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11

𝐻0
SC

= 73.0 ±1.0 [km/sec/Mpc]

𝐿
𝜦 SC 𝒕𝟎

SC

𝐿
𝜦 SC 𝑡LS

(CMB) = 1 + 𝑧LS
CMB 𝐻𝜦 SC 𝒕𝟎

SC
= 𝐻0

SC

𝐿𝑩 𝒕𝟎
B

𝐿𝑩 𝑡LS
(CMB) = 1 + 𝑧LS

CMB 𝐻𝑩 𝒕𝟎
B

= 𝐻0
SC

5𝜎 from Planck Satellite

No difference between 
ΛCDM model and our 

model before 𝑡LS
(CMB)

(ArXiv:2112.04510)

=13.3 =13.9




𝑯(𝒛)

𝟏+𝒛
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𝜒red
B 2

= 1.32 𝜒red
SC 2

= 1.92 𝜒red
CMB 2

= 2.32

𝜒red
2 ≝

１

𝑁


𝑖=1

𝑁
𝑥𝑖 − 𝑥 2

𝜎2

𝐻0 tension
(5𝜎 difference)

(⇒ Standard Candle data represents the accel. expansion well.)

Blue is our model using Standard Candle data.
Orange is ΛCDM model using Standard Candle data.
Green is ΛCDM model by Planck satellite data only.




𝑫𝑽(𝒛)

𝒓𝐬
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𝜒red
B 2

= 1.02 𝜒red
SC 2

= 2.12 𝜒red
CMB 2

= 1.32

𝑟S
B

∽ 𝑟S
SC

∼ 𝑟S
CMB

= 147.05 ± 0.30 [Mpc]

𝑟s is the sound horizon at 𝑧 = 𝑧drag

Data from Planck satellite

(BAO)

(⇒ BAO is related with the early stage of Universe.)

Blue is our model using Standard Candle data.
Orange is ΛCDM model using Standard Candle data.
Green is ΛCDM model by Planck satellite data only.



 𝒇𝐦 𝒛 𝝈𝟖 𝒛

 𝑺𝟖 ≝ 𝑆8 0 ,   S8(z) ≝ 𝜎8 𝑧 Ωm(𝑧)/0.3
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𝜒red
B 2

= 0.702 𝜒red
SC 2

= 0.512 𝜒red
CMB 2

= 0.542

𝜒red
B 2

= 0.752 𝜒red
SC 2

= 0.752 𝜒red
CMB 2

= 3.352

𝜎8
B

𝑧0 ∼ 𝜎8
SC
(𝑧0) ∼ 𝜎8

CMB
(𝑧0) = 0.8120 ± 0.0073

Data from Planck satellite

𝑆8 tension

Blue is our model using Standard Candle data.
Orange is ΛCDM model using Standard Candle data.
Green is ΛCDM model by Planck satellite data only.

(⇒ 𝑺𝟖 looks related with the late stage of Universe.)

(⇒ Error bars are large.)



4. Conclusions

⚫ High-dimensional space is formed 

by the direct product of several 1D loop spaces 𝑺𝟏.

⚫ The topology of our universe is 3D torus.

Therefore, the spacetime is flat.

a. Emergence of space

4
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b. Identity of Dark energy

⚫ Accelerating expansion of Universe is 

caused by Porcupinefish spacetime.

⚫ No tensions appear in (𝑯𝟎, BAO, 𝒇𝐦σ𝟖, 𝑺𝟖 ).

⚫ Dark energy does not exist. (because of Coleman mechanism)



・ From WAW (W-alg. world)

to Big Bang

Interacting W-algebra systems

Big Bang

THT-expansion

Knitting

Vanishing Λ

ReHeating

Emergence of Spaces

The time and 
Physical vacuum 
was created here.
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The world will end.

The W –algebra world (WAW) is 

described by the static picture 
or the picture using fictitious 
time.

The history of 
our universe.


