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What is Two-Time Physics (2T)?
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I. TWO-TIME PHYSICS
a. Tensor metric in 2T

2T model is based on symplectic group Sp(2,R) which relates to the symmetry between
position and momentum.

Position-momentum doublet XM
i = (XM

1 , XM
2 ){

XM
1 = XM is the space-time in 2T,

XM
2 = PM is the energy-momentum in 2T.

(1)

1T

(d− 1) spacelike dimensions and 1
timelike dimension.

gµν = diag(−1, 1, 1, 1),

µ, ν = 0, 1, 2, 3.

2T

d spacelike dimensions and 2 timelike
dimensions.

ηMN = diag(−1,1,−1, 1, 1, 1),

M,N = 0′,1′, 0, 1, 2, 3.
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Why do we need 2T?
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b. Lagrangian of Standard Model in 2T(
uL

dL

)
1
3

,
(
uR
)

4
3

,
(
dR
)
− 2

3

,

(
νLe
eL

)
−1

,
(
νRe

)
0
,
(
eR
)
−2

the first generation.

(
cL

sL

)
1
3

,
(
cR
)

4
3

,
(
sR
)
− 2

3

,

(
νLµ
µL

)
−1

,
(
νRµ

)
0
,
(
µR
)
−2

the second generation.

(
tL

bL

)
1
3

,
(
tR
)

4
3

,
(
bR
)
− 2

3

,

(
νLτ
τL

)
−1

,
(
νRτ

)
0
,
(
τR
)
−2

the third generation.

The Lagrangian of Standard Model in 4+2 dimensions

L(A,ΨL,R, H,Φ) = L(A) + L(A,ΨL,R) + L(ΨL,R, H) + L(A,H,Φ). (2)

where A are gauge bosons, ΨL,R are fermions, H is Higgs and Φ is Dilaton.

• Resolution of the strong CP violation problem of QCD.

• Dilaton driven electroweak spontaneous breakdown.
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c. Higgs-Dilaton potential from 2T to 1T

L(A,H,Φ) =
1

2
Φ∂2Φ +

1

2

[
H†D2H + (D2H)†H

]
− λ(H†H − α2Φ2)2 − V (Φ), (3)

The Higgs-Dilaton potential

V (H,Φ) = λ(H†H − α2Φ2)2 + V (Φ). (4)

The reduced formulations, using gauge fixing technology{
Φ(X) −→ 1

κ
φ(x),

H(X) −→ 1
κ
h(x).

(5)

The reduced Higgs-Dilaton potential from 2T to 1T

V (H,Φ) −→ λ

κ4
(h2 − α2φ2)2 + V (φ). (6)
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II. INFLATION
Two Slow-roll conditions: ϕ̇2 � V (ϕ) and ϕ̈ � 3Hϕ̇.
Two slow-roll parameters ε, η � 1.

Figure: Slow-roll (New) inflation

V (ϕ) = −λ
4 ϕ

4+m2

2 ϕ2+V (0).

Figure: Chaotic inflation

V (ϕ) = 1
2m

2ϕ2.

Figure: Hybrid inflation

V (ϕ, σ) = 1
4λM

4 + 1
4λσ

4 +
1
2 (−M

2 + g2ϕ2)σ2 + 1
2m

2ϕ2.
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How about Inflation in 2T?
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III. Inflation via Higgs-Dilaton potential in 2T
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i. Higgs-Dilaton potential in New
Inflation

Dilaton field φ plays the role of inflaton
in New inflation.

V (φ) =
λ

4
(φ2 − φ2

0)2. (7)

The two potential slow-roll parametersεV = 8M2
P

φ2

(φ2−φ2
0)

2 ,

ηV = 4M2
P

[
2φ2

(φ2−φ2
0)

2 + 1
φ2−φ2

0

]
.

(8)

Satisfy!!!

ii. Higgs-Dilaton potential in Chaotic
Inflation

Dilaton also plays the role of inflaton in
Chaotic inflation.

V (φ) = λφ4. (9)

The initial values of two slow-roll
parameters{

εi = 1
1−N ,

ηi = 3
2(1−N)

.
(10)

Satisfy!!!
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iii. Higgs-Dilaton potential in Hybrid Inflation

Higgs plays the non-inflation role and Dilaton plays the inflation role.
Unitary gauge for Higgs-Dilaton potential in Eq.(4) with electroweak scale v{

H0(x) = 1
κ

[v + h(x)] ,

Φ(x) = 1
ακ

[v + αφ(x)] .
(11)

The 1T Higgs-Dilaton potential

V (h, φ) =
λ

4
h4 + λvh3 +

λ

2
(−α2φ2 − 2vαφ+ 2v2)h2 − λ(vα2φ2 + 2v2αφ)h

+
λ

4
α4φ4 + λvα3φ3 + λv2α2φ2. (12)

Unsatisfied :(
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Summary

• Two-Time physics is hopefully an answer for the problems with One-Time.

• Two-Time physics can be a good candidate for studying extra-dimension in the early
stage of our Universe.

Outlook

For further discuss

• Testing the reduced Higgs-Dilaton potential with other recent inflation models.

• Using the other higher-dimensional models.
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