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What is Two-Time Physics (2T)?
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Unique
substance
is what is in
the rocom
2T-physics

room”; 2T-physics
in higher spacetime
with 1 extra time
plus] exdra space.
Large 1+1 dims.,
not curled up.
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the walls
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plus possible curled
up dims. (as in string
theory)
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Two-Time physics (2T) Tensor metric in 2T

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 = (XM x21)

(1)

{XM XM s the space-time in 2T,

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

(d — 1) spacelike dimensions and 1 d spacelike dimensions and 2 timelike
timelike dimension. dimensions.
Guv = dlag(_l, 17 17 1)7 IMN = dlag(_17 17 _17 17 17 1)7
w,v=0,1,2 3. M,N=0,1,0,1,2,3.
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Two-Time physics (2T) Tensor metric in 2T

ndard Model in
ntial from 2T

Why do we need 2T7?
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Time physics (2T) Tensor metric in 2T
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S0O(d,2), (d=4)

systems with/without
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C,=1-d%4=-3 . (p,7=0 ’%6%"’ mass in flat/curved
. ° % .
singleton k conformal sym o b K 3+1 spacetime
‘fb 6({_ (‘(PO Analogy: object in room,
< . S. 72 many shadows on walls,

observers stuck on walls

Emergent
spacetimes

and emergent )
parameters: Harmonic

. Different
Massive Hamiltonians

in 3+1 (on walls)

Sp(2,R) gauge symm.

mass, oscillator generators Q;(X,P) vanish relativistic created by
. . 2. 2 .
couplings, 2 space dims simplest example (p,)*+m?=0 perspectives
curvature, etc. eSS =306l X-P=X2=P2=0 > gauge inv. Non-relativistic of observers
S0(2,2)xS0(2) in phase space

space: flat 4+2 dims

S0(4,2) symmetry Main points
Main points

2T-physics predicts . ; ., 1) no ghosts:

hidden symmetries 2T-physics is
and dualities compatible

H-atom

) % S

(with parameters) 3space dims \ ”‘b‘f with 1T-physics

among the shadows 0/6{, H=p?/2m -a/r 2) Systematic new
S0(4)x50(2) . L
S0(3)x50(1,2) info & insight

absent in
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Two-Time physics (2T) netric in 2T
L

of Standard Model in 2T
ential from 2T to 1T

b. Lagrangian of Standard Model in 2T

L L
(3/:) ) (uR) ) (dR) ! (Zi) ) (l/f) , (eR) the first generation.
1 3 3 -1 0 -2
3
L L
CL ) (T , V’i AvR) (W the second generation.
7)1 3 27 \w) [T\ 2
3
t* R VTL R R . .
L , (t ) A1 , (UT ) , (T ) the third generation.
b 1 : 3 T 1 0 —2
3

ol
/N
S
o
~—
|
i

The Lagrangian of Standard Model in 442 dimensions

L(A, 5" H ®) = L(A) + L(A, ¥ + L(" " H) + L(A, H, ®). )

where A are gauge bosons, WXf are fermions, H is Higgs and @ is Dilaton.

e Resolution of the strong CP violation problem of QCD.

e Dilaton driven electroweak spontaneous breakdown.
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Two-Time physics (2T)

n 2T
Standard Model in 2T
ilaton potential from 2T to 1T

c. Higgs-Dilaton potential from 2T to 1T

L(A, H,®) = %cbagcb + % [HTDQH + (DQH)TH} —NHTH - 8% —V(®), (3)
The Higgs-Dilaton potential
V(H,®) = ANH'H — o*®*)? + V(). (4)

The reduced formulations, using gauge fixing technology

H(X) — Ln(x).
The reduced Higgs-Dilaton potential from 2T to 1T
A
V(H,®) — S(h* = a®¢")” + V(9). (6)

Le Minh Ngoc Inflation via Higgs-Dilaton potential in Two Time Physics



Two-Time physics (2T)
Inflation
Inflation via Higgs-Dilaton potential in 2T

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.

about 400 million yrs.

| Big Bang Expansion |

13.7 billion years
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Inflation

Il. INFLATION
Two Slow-roll conditions: ¢* < V(p) and ¢ < 3H.
Two slow-roll parameters ¢, < 1.

Vio,0) 06,

a

Vie) SPAGETIME FOAM

puncxoensy

. e
Eternal IFanon el

b
- o] L
™ Neartiat Sowrall Oscilatng @ SCAURFELD % % @
Figure: Slow-roll (NzeW) inflation  Figure: Chaotic inflation Figure: Hybrid inflation
Vie) = =3¢+ 30>+ V(0).  V(e) = m?e®. V(p,0) = $xM* + {Xo' +

%(—]\42 + 920 + %mztpz.
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ntial in New and C c Inflation
ential in Hybrid Inflation

Inflation via Higgs-Dilaton potential in 2T

How about Inflation in 2T?
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Inflation via Higgs-Dilaton potential in 2T

I1l. Inflation via Higgs-Dilaton potential in 2T

Comparing
with the
requirements.

Put the reduced
Higgs-Dilaton

potential into a
inflation model

Calculate
the slow-roll

parameters
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Higgs-Dilaton potential in New and Chaotic Inflation

Higgs-Dilaton potential in Hybrid Inflation

Inflation via Higgs-Dilaton potential in 2T

i. Higgs-Dilaton potential in New
Inflation

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

A

V(g)=3(6" -0 (1
The two potential slow-roll parameters
£y = BMp 5 1%2’
v = 4M} [ﬁ + 52a ]
(8)
Satisfy!!!

Le Minh Ngoc

ii. Higgs-Dilaton potential in Chaotic

Inflation

Dilaton also plays the role of inflaton in
Chaotic inflation.

V(9) = A¢". (9)
The initial values of two slow-roll
parameters
1
€i = 1-nN>
{__1§ (10)
M= 3a-—~3y)"

Satisfy!!!
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potential in New and Chaotic Inflation

Inflation via Higgs-Dilaton potential in 2T Higgs- Dilaton potential in Hybrid Inlation

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

{H"(x) = 1[v+h()],
B(2) = 2 [v+ ad(a)].

The 1T Higgs-Dilaton potential

V(h,¢) = Zh* + €h® + %(—a2¢>2 — 2vag + 20°)R? — A(va’¢® + 20 ag)h

+ Za4¢4 + )\va3q53 + A02a2¢>2.

Unsatisfied :(
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Hi Dilaton potential in New and Chaotic Inflation

Higgs-Dilaton potential in Hybrid Inf[atlon

Inflation via Higgs-Dilaton potential in 2T

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

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

For further discuss

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

e Using the other higher-dimensional models.

Le Minh Ngoc Inflation via Higgs-Dilaton potential in Two Time Physics



all Dila ntial in New and C c Inflation

Higgs»Diléton potential in Hybrid Inflation

Inflation via Higgs-Dilaton potential in 2T
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