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INTRODUCTION

Noncommutativity of space time 1s an old 1dea snyder phys. Rev. 71 (1947)

There are physical systems that can easily be described by assuming
that coordinates do not commute.
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INTRODUCTION

Noncommutativity of space time is an old 1dea (snyder Phys. Rev. 71 (1947)

There are physical systems that can easily be described by assuming
that coordinates do not commute.

For the last decade i1t has attracted a lot of attention in connection to
string theory. N. seiberg and E. Witten, JHEP 9909:032 (1999).
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INTRODUCTION

Noncommutativity of space time is an old 1dea (snyder Phys. Rev. 71 (1947)

There are physical systems that can easily be described by assuming
that coordinates do not commute.

For the last decade i1t has attracted a lot of attention in connection to
string theory. N. seiberg and E. Witten, JHEP 9909:032 (1999).

An immense amount of work has been done in noncommutative
gauge theory.

Unfortunately on the gravity side of things, the story has been
more complex.
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NC- GRAVITY

It was shown from string theory that noncommutative space-time arises
in the low energy limit, of open strings in the presence of NS B field

Seiberg and E. Witten JHEP 2000) «

Using different regularization methods either a commutative or a non

commutative gauge theory arises.
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It was shown from string theory that noncommutative space-time arises
in the low energy limit, of open strings in the presence of NS B field

Seiberg and E. Witten JHEP 2000) «

Using different regularization methods either a commutative or a non
commutative gauge theory arises.

Consider a theory invariant under the action of a Lie group G, with gauge
group A, and a mater field @, that transforms in the adjoint representation
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NC- GRAVITY

It was shown from string theory that noncommutative space-time arises
in the low energy limit, of open strings in the presence of NS B field

Seiberg and E. Witten JHEP 2000) «

Using different regularization methods either a commutative or a non
commutative gauge theory arises.

Consider a theory invariant under the action of a Lie group G, with gauge
group A, and a mater field @, that transforms in the adjoint representation

SaAy = O A+ i\ Ay, 6D =i|\ D,
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NC- GRAVITY

It was shown from string theory that noncommutative space-time arises
in the low energy limit, of open strings in the presence of NS B field

Seiberg and E. Witten JHEP 2000) «

Using different regularization methods either a commutative or a non
commutative gauge theory arises.

Consider a theory invariant under the action of a Lie group G, with gauge
group A, and a mater field @, that transforms in the adjoint representation

SaAy = O A+ i\ Ay, 6D =i|\ D,

For the noncomutative theory, the gauge transformations are:
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NC- GRAVITY

It was shown from string theory that noncommutative space-time arises
in the low energy limit, of open strings in the presence of NS B field

Seiberg and E. Witten JHEP 2000) «

Using different regularization methods either a commutative or a non
commutative gauge theory arises.

Consider a theory invariant under the action of a Lie group G, with gauge
group A, and a mater field @, that transforms in the adjoint representation

S3Ay = O A+ i\ Ay, 5D =i|\ D).

For the noncomutative theory, the gauge transformations are:

AN

S5Au =0 +i| AT A,|, 58 =[x d].
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NC- GRAVITY

Because the result should be independent of the regularization scheme both
theories should be equivalent the a map between them must exist. This is the

Seiberg-Witten map, which lets us write the noncommutative gauge fields from
the commutative ones.
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NC- GRAVITY

Because the result should be independent of the regularization scheme both
theories should be equivalent the a map between them must exist. This is the

Seiberg-Witten map, which lets us write the noncommutative gauge fields from
the commutative ones.

AN

A\ A) =N+ iew {0\, A} + O (6°).
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Because the result should be independent of the regularization scheme both
theories should be equivalent the a map between them must exist. This is the

Seiberg-Witten map, which lets us write the noncommutative gauge fields from
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1 ~ 1
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NC- GRAVITY

Because the result should be independent of the regularization scheme both
theories should be equivalent the a map between them must exist. This is the

Seiberg-Witten map, which lets us write the noncommutative gauge fields from
the commutative ones.

~ 1 ~ 1
)\ (>\7 A) — )\ —l_ Zeuy {8/1/)\7 AV} —l_ O (02) . F.UJV - F,L”/ + Zepo (2 {F.UP’FVU} _{ AP7DO'FNV + aUF.uV}) + O (02) '

O (D,A) = — iew {Au, (D, +0,)®} + O (6?)
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NC- GRAVITY

Because the result should be independent of the regularization scheme both
theories should be equivalent the a map between them must exist. This is the

Seiberg-Witten map, which lets us write the noncommutative gauge fields from
the commutative ones.

~ 1 ~ 1
)\ (>\7 A) — )\ —l_ Zeuy {8N)\7 AV} —l_ O (02) . F.UJV - F,L”/ + Zepo (2 {F.UP’FVU} _{ AP7DO'FNV + aUFNV}) + O (02) '

~ 1 v N 1 v
(DA =0 — Zeﬂ {A,, (D, +9,)2} + O (6?) Ap(A) = Ay = 207 {4y, 0,A, + Fpu} + O (6%).
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NC- GRAVITY

Because the result should be independent of the regularization scheme both
theories should be equivalent the a map between them must exist. This is the

Seiberg-Witten map, which lets us write the noncommutative gauge fields from
the commutative ones.

~ 1 ~ 1
>\ (A7 A) — )\ —l_ Zeuy {8N)\7 AV} —|— O (02) . F.UJV - F,L“/ + Zepo (2 {F.UP’FVU} _{ AP7DO'FNV + aUFNV}) + O (02) '

~ 1 v N 1 v
(DA =0 — Zeﬂ {A,, (D, +8,)®} + O (6?) Ap(A) = Ay = 207 {4y, 0,A, + Fpu} + O (6%).

From these equations we can write the noncommutative lagrangian and the
noncommutative theory.

This results where reproduced by J. Wess independent of string theory wes erica0s).
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NC- GRAVITY
/ d*zelel R GR
Ip2 = 2—0‘15975 / dz4{4e [4R °(R 7 *® Rygab—w,**0¢ Rpryab)+w." Orws™ e Rpgan
+ROs (w,** (O¢wyab + Rygab)) + 2w 05(R, * Rogas — w,.“bangaab)]
e {de €500 R0 ™ (Rur ™ Rugab — @, O Ryvat) + 2reap Ry ™ Rpoar R s ™|
+€abed [4Rpa‘75(Rp—rabRu§ i R, ) H+4R,,, " R, “ (2R sr¢ —wresOc(efe5))
~ 2 05(R pp Ry 4 —w, "0 R, ) —waf Rpses05(2R,,, %, fet —w, %0 (¢,fe,%))

~2w, R ,, “05(2R yyre —wres O (€ ,fc,,f )~ Orws e R ,, —wff RppesOrws™d¢(e,fe,?)

(O. Obregon, H.Compean, C. Ramirez and M..S., PRD 68 (2003) .
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MOTIVATION

We need an alternative

Minisuperspace Models

+
Canonical Quantization

+
Noncommutative Quantum Mechanics

Noncommutative Quantum
Cosmology

H. Compedn, O.Obregon and C. Ramirez PRL 88 (2002)
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In quantum mechanics we have
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MOTIVATION

In quantum mechanics we have

xz, P| = ih — AzAP > g

Being gravity the theory of space time, quantization gravity
could be interpreted as a quantization of space time
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MOTIVATION

In quantum mechanics we have

z, P| = ih e AzAP > g

Being gravity the theory of space time, quantization gravity
could be interpreted as a quantization of space time

What happens if space time does not commute?
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In analogy with quantum mechanics

lx, y] = 26 —

AxAy >
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In analogy with quantum mechanics
lx, y] = 26 — AxAy >

We have a minimal scale we can probe

This deformation can be encoded in Moyal product of functions
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MOTIVATION

In analogy with quantum mechanics
lz, y] = 20 — AxAy >

We have a minimal scale we can probe

This deformation can be encoded in Moyal product of functions

4(5.7,-5.7,
(11( )

f(zy)*g(z,y) = f(z,y)e g9(z,y).
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MOTIVATION

In analogy with quantum mechanics
lx, y] = 26 — AxAy >

We have a minimal scale we can probe

This deformation can be encoded in Moyal product of functions

(n (‘5135,-‘5;?9’{,))

f(z,y)*g(z,y) = f(z,y)e g(z,y).

which yields the noncommutative Schrodinger equation
(L. Mezincescu ArXiv:hep-th\0007046)
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MOTIVATION

In analogy with quantum mechanics
lx, y] = 26 — AxAy >

We have a minimal scale we can probe

This deformation can be encoded in Moyal product of functions

(n (‘5135,-‘5;?9’{,))

f(z,y)*g(z,y) = f(z,y)e g(z,y).

which yields the noncommutative Schrodinger equation
(L. Mezincescu ArXiv:hep-th\0007046)

[—V?+V(z,y)] * ¥(z,y) = EY(z,y)

4
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NONCOMMUTATIVE QM

We may recover the original commutation relations with the variables

1 1
x—>x+§9Py, y—>y—§9P:c
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We may recover the original commutation relations with the variables

1 1
§9Pya y_)y_iepa:

so the effects are encoded only on the potential

r— T+
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NONCOMMUTATIVE QM

We may recover the original commutation relations with the variables

1 1
§9Pya y_)y_iepa:

so the effects are encoded only on the potential

r— T+

V@) s Uow) =V (2+ Py P2, ).
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NONCOMMUTATIVE QM

We may recover the original commutation relations with the variables

1 1

so the effects are encoded only on the potential

r— T+

V@) s Wa) =V (4 3Py 5P )

And the NC equation takes a very simple form

5
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NONCOMMUTATIVE QM

We may recover the original commutation relations with the variables

1 1
a:—>:c+§6’Py, y—>y—§6’Rc

so the effects are encoded only on the potential

V@) s Wa) =V (4 3Py 5P )

And the NC equation takes a very simple form

[—VZ +V (az + gPy,y - ngﬂ U(x,y) = E¥(x,y).

:. — ,‘ \B.
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NC COSMOLOGY

The original proposal for NCQC was the Kantowski-Sachs model

ds? = ~ N2 + ¢(2V3) g2 4. o(-2V)  o(-2V50) (d(f" b sin? 0d¢2),
WDW equation for KS
9% 0 -
902 + 92 + 48e2V30 Y(Q,7) =0,

wit (ﬁa Q) — ej:iy\/gﬁKil/(Zle_\/gQ)?
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NC COSMOLOGY

We may recover the original commutation relations with the variables
1 1
so the effects are encoded only on the potential

) 7}
V(@) # 1 (27) = V (Q— Op v+ —PQ) (),

2 2
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NC COSMOLOGY

We may recover the original commutation relations with the variables
1 1

so the effects are encoded only on the potential

6 0

from this we can find the NCWDW equation for the KS

(H. Compeén, O.Obregon and C. Ramirez PRL 88 (2002), J. Lopez,0. Obregon M. S., Phys Rev D 74 084024, 2006)
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NC COSMOLOGY

We may recover the original commutation relations with the variables
1 1
so the effects are encoded only on the potential

V()Y (Q,y)=V (Q - QPﬁm + QPQ) Y (Q2,7),

2 2

from this we can find the NCWDW equation for the KS

(H. Compeén, O.Obregon and C. Ramirez PRL 88 (2002), J. Lopez,0. Obregon M. S., Phys Rev D 74 084024, 2006)

2 2
_% + 88_’}/2 + 486(—2\/§Q+\/§9P7)] ,‘/)(Q’,Y) — 0
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NC COSMOLOGY

0.2 2
kds 1o ¥
0.
. o 2 .
FIG. 1: Variation of |¥|? with respect to Q and 3, at the value FIG. 2: Variation of [¥[” with respect to Q'and B, ‘at the
6 = 0. Tt shows only one possible universe around € = 4.812 value 0 = 4. It shows many peaks corresponding to different
and 3 = 0. possible universes.
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NONCOMMUTATIVE COSMOLOGY

If we consider that the noncommtuative field can be written as a series
expansion on the noncommutative parameter, furthermore this expansion

can be calculated from the full noncommutative theory.
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NONCOMMUTATIVE COSMOLOGY

If we consider that the noncommtuative field can be written as a series

expansion on the noncommutative parameter, furthermore this expansion
can be calculated from the full noncommutative theory.

based on this facts a new commutation relation is proposed
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NONCOMMUTATIVE COSMOLOGY

If we consider that the noncommtuative field can be written as a series
expansion on the noncommutative parameter, furthermore this expansion
can be calculated from the full noncommutative theory.

based on this facts a new commutation relation is proposed

[a7 ¢] — /[/9'
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NONCOMMUTATIVE COSMOLOGY

If we consider that the noncommtuative field can be written as a series

expansion on the noncommutative parameter, furthermore this expansion
can be calculated from the full noncommutative theory.

based on this facts a new commutation relation is proposed

[a7 ¢] — /[/0'

This 1s an effective noncommutativity between the minisuperspace fields,
and 1s similar to the modification used in noncommutative quantum

mechanlcs . H. Compean, O. Obregén and C. Ramirez PRL 88 (2002), W. Guzmdn, M.S, J. Socorro Phys. Rev D (2007),)
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NONCOMMUTATIVE COSMOLOGY

One of a noncommutative mini-
superspace point to the possibility
of late time acceleration of the

uanerse o« W.Guzman, M.S. and J.Socorro PRD (2007).
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NONCOMMUTATIVE COSMOLOGY

1 , -
One of a noncommutative mini- 0.8 N
. eq oqe 0.6 ,
superspace point to the possibility S o
of late time acceleration of the 0.2 /
universe. W. Guzman, M.S. and J.Socorro PRD (2007). 0:2/ 0.4 0.6 0.8 1
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NONCOMMUTATIVE COSMOLOGY

One of a noncommutative mini-
superspace point to the possibility
of late time acceleration of the

uanerse o« W.Guzman, M.S. and J.Socorro PRD (2007).

o o o o
. . . .

1—6u <1 — \{\6 tanh [3p(A\? — 6)?5])] ;

(@)
|
M‘VM
1
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NONCOMMUTATIVE COSMOLOGY

One of a noncommutative mini- 0.8 )
superspace point to the possibility o o
of late time acceleration of the 0.2 /

uanerse « W.Guzmin, M.S. and J.Socorro PRD (2007). 0.2 0.4 0.6 0.8 1
1—6p <1 — \16 tanh [31(\? — 6)75])] :

(@)
|
[\')‘>/w
1

One can ask if the noncommutative deformation can be related
to the late time acceleration or to the cosmological constant.

There was also evidence that noncommutativity reduced the

number of states for a Schwarzchild black Hole . Lopez.0. obregon M. 5.,
Phys Rev D 74 084024, 2006)
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By the same procedure as in the black hole, we use the appropriate
metric for the universe

ds? = —N2dt? 4 ¢22®) [dr? + r%(dV¥” + sin®9dep?)]
where a(t) = e*®

And the NCWDW equation is

1. (P3| 1
at) = Eln(4A> —I—gln (sech

_1 P, 1
Ape(t) = aln 1A —30Pg + gln sech

—ﬁquo (t— m] ) .
2
?PQbO(t _ tO)] ) ’

Y
iy
X

o Ry |
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By comparing these equations we arrive to the relationships
nec) - 360 P 6P,
9,3,/) = diag(e™" 0 goo, €”" *0gi;),

From which the vacuum density energy is

<pvac>nc ~ e—GPd,O k;lnaa:

And the ratio of the observed to calculated densities is

<pobs> _ 69P¢0 <pobs>
<pva0>nc k;lna:v ’

For kmax:Mp Ww¢E only need OP b of order 240!! (E. Mena, O. Obregon, MS, MPLA 2009)
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PRELIMINARIES: NC COSMOLOGY

In order to find the NC metric, we needed that the noncommutative model
had a classical limit.

Is there a classical interpretation and formulation of NC Quantum
Cosmology?

We want
{xi,xj} - Gz-j, {Pxi,PmJ-} =0 {:vz-,ij} = 0ij.

This can be constructed from Hamiltonian Manifolds «w. GuzmanM.S.. 1. Socorro PLB 2011)
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PRELIMINARIES: NC CLASSICAL MECHANICS

Lets start with the manifold (M:z:,w) and w in invertible.

In local coordinates x* we have X= X#d, We say i1s locally

Hamiltonian if £Lxw — d(ixw) = 0.
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PRELIMINARIES: NC CLASSICAL MECHANICS

Lets start with the manifold (M:z:,w) and w in invertible.

In local coordinates x* we have X= X#d, We say i1s locally
Hamiltonian if £Lxw — d(ixw) = 0.

If ixw 1s exact then M 1s a Hamiltonian manifold
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PRELIMINARIES: NC CLASSICAL MECHANICS

Lets start with the manifold (M:z:,w) and w in invertible.

In local coordinates x* we have X= X#d, We say i1s locally
Hamiltonian if £Lxw — d(ixw) = 0.

If ixw 1s exact then M 1s a Hamiltonian manifold

H
iX — —dH:wuya—
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

0 0
(70} = wp (X7, X) = {F0} () = S22

and for the coordinates {z", 2"} = w!”
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

0 0
(70} = wp (X7, X) = {F0} () = S22

and for the coordinates {z", 2"} = w!”

we have in the T*M for the coordinates

£ > -,f" =
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as
of v dg

) = {fsa} () = 5w S5

{fac.I}_wP(Xfa

and for the coordinates {z",z"} = w"”
")

we have in the T*M for the coordinates =" = (¢ ,q¢*,..,¢",p ,p",
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as
of ., 0g
{fac.I}_wp(Xfa )_>{f7Q}( ) 837“’ 'u ax,/

and for the coordinates {z",z"} = w"”

we have in the 7*M for the coordinates z" = (¢',q¢°,...,¢",p",p%, ..., p")

The canonical 2-form

e 3 ey
«:'-.;f = v, -E
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

0 0
(f.0} = w5 (X1, X,) = {f,0} () = 5L 22

and for the coordinates {z", 2"} = w!”

we have in the 7*M for the coordinates z" = (¢',q¢°,...,¢",p",p%, ..., p")

* 1 C c O _57, )
The canonical 2-form we = jw,, da"dz”,  w),, = ( / ) .
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-

Seminario del Departamento 2" August 6, 2014

de Fisica de la DCel

&
3t &
I'G(A‘v AJIATD I » : vi/ '

Cuernavaca.



PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

0 0
(70} = wp (X7, X) = {F0} () = S22

and for the coordinates {z", 2"} = w!”

we have in the 7*M for the coordinates z" = (¢',q¢°,...,¢",p",p%, ..., p")

* 1 C c O _57, )
The canonical 2-form we = jw,, da"dz”,  w),, = ( / ) .

From which we calculate Hamilton’s equations
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as
of v dg

{f7Q}_wP(Xf7 )—>{f,Q}() (937“ axl/

and for the coordinates {z",z"} = w"”

we have in the 7*M for the coordinates z" = (¢',q¢°,...,¢",p",p%, ..., p")

. 1, _
The canonical 2-form we = jw,, da"dz”,  w),, = ( 5 0 ) .

From which we calculate Hamilton’s equations

dq" _ 9H
. _ dt — 9Op;’
ixpWe = —dH = 7% by
dt — 0pJ-
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A noncommutative classical mechanics, is a Hamiltonian manifold,
for which the exact 2-form 1s given by a non degenerate wyc.
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PRELIMINARIES: NC CLASSICAL MECHANICS

A noncommutative classical mechanics, is a Hamiltonian manifold,
for which the exact 2-form 1s given by a non degenerate wyc.

The equations of motion are

e 3 e
«:'-.;f = i -E
Seminario del Departamento B rpll August 6, 2014
de Fisica de la DCel {‘g}{g Cuernavaca.

e



PRELIMINARIES: NC CLASSICAL MECHANICS

A noncommutative classical mechanics, 1s a Hamiltonian manifold,
for which the exact 2-form 1s given by a non degenerate wyc.

The equations of motion are

dq" H . OH
ﬁ — ,}/ a + 4Ly a -
dt OpI 0q7
dp’ L, OH i OH
— = AV _—+p -
ddt (9q] 8p]
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PRELIMINARIES: NC CLASSICAL MECHANICS

A noncommutative classical mechanics, 1s a Hamiltonian manifold,
for which the exact 2-form 1s given by a non degenerate wyc.

The equations of motion are

dq" ., OH . OH
e — HZJ—.
dt th OpI i 0q7’
dp’ L, OH i OH
— = AV _—+p -
ddt g7 Ipi

and the Poisson algebra
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PRELIMINARIES: NC CLASSICAL MECHANICS

A noncommutative classical mechanics, 1s a Hamiltonian manifold,
for which the exact 2-form 1s given by a non degenerate wyc.

The equations of motion are

dq" ., OH . OH
e — 02‘7—.
dt th OpI i 0q7’
dp’ L, OH i OH
— = AV _—+p -
ddt g7 Ipi

and the Poisson algebra

{q/i,Q’j} = 0,5, {q/iap;} — 5;'7 {p;;ap;} = iy

,.¢‘ \
A

i
',,'..'n ,’t‘ »
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COSMOLOGIA NO CONMUTATIVA

Minisuperspace Models

+
Canonical Quantization

+
Noncommutative Quantum Mechanics

NC Quantum Cosmology
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COSMOLOGIA NO CONMUTATIVA

Minisuperspace Models

+
Canonical Quantization

+
Noncommutative Quantum Mechanics

NC Quantum Cosmology

Minisuperspace Models
+

Simplectic Manifods

NC Classical Cosmology.
Deformed phase space
cosmology.
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We can apply this formalism to scalar field cosmology, the approach is
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Deformed Phase Space Cosmology

We can apply this formalism to scalar field cosmology, the approach is
straight forward.

Again we start with Einstein-Hilbert action and find the Hamiltonian
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Deformed Phase Space Cosmology

We can apply this formalism to scalar field cosmology, the approach is
straight forward.

Again we start with Einstein-Hilbert action and find the Hamiltonian

1 1
_ 3« 2 2 6
H—@ EPO‘_§P¢_6 V(Qb) ,
D
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Deformed Phase Space Cosmology

We can apply this formalism to scalar field cosmology, the approach is
straight forward.

Again we start with Einstein-Hilbert action and find the Hamiltonian

1 1

Py

H=e>°

.
/

for the noncommmutative model we use exact 2-form
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Deformed Phase Space Cosmology

We can apply this formalism to scalar field cosmology, the approach is
straight forward.

Again we start with Einstein-Hilbert action and find the Hamiltonian

H=ed | Lp2 lp2

12 (87 2 ¢_66O‘V(¢)

.
/

for the noncommmutative model we use exact 2-form

0 g 1 0
| 0 0 01
-1 0 0 O
O -1 0 0
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Deformed Phase Space Cosmology

We can apply this formalism to scalar field cosmology, the approach is
straight forward.

Again we start with Einstein-Hilbert action and find the Hamiltonian

1 1
H=e | SPe— 5P —e™V(9)

.
/

for the noncommmutative model we use exact 2-form

0 6 1 0
= _f 0 0 0 1@, ¢p =0, 1pa,pyt =0,
0 -1 0 0 {a,pat =1, {d,ps} =1
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Deformed Phase Space Cosmology

With the new commutation relations we can find the modified Friemann
equation and the KG equation.

August 6, 2014

Cuernavaca.

Seminario del Departamento
de Fisica de la DCel




Deformed Phase Space Cosmology

With the new commutation relations we can find the modified Friemann

equation and the KG equation.

a\° 1., J[fa\ dvV ) 6

.
’

dv\ > ,
(%) -
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Deformed Phase Space Cosmology

With the new commutation relations we can find the modified Friemann
equation and the KG equation.
dv\ >
— ) —6V?
( do )

a\> 1. a\ dv .
3 (5) = 5¢2 + V(¢) — 60a” [(5> 95 +¢V] — 30%a°

.
’

. a\ ; dv 3| dV a
¢+3<&)¢_ d¢+69a [¢d¢+6(a>‘/]'

I
v
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Deformed Phase Space Cosmology

With the new commutation relations we can find the modified Friemann
equation and the KG equation.
dv\ >
— ) —6V?
( do )

a\° 1., s[/a dv . ) 6

a
. a\ ; dv 3| dV a
¢+3<&)¢_ d¢+69a [¢d¢+6(a>‘/]'

We also have the Hamiltonian constraint. (w. Guzman. M.S.. 1. Socorro PLB (2011)
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NONCOMMUTATIVITY AND LAMBDA

The results of the dynamical systems analysis have revealed is
that, independently of the kind of self- interaction potential
considered: 1) exponential potential, or 11) cosh-like potential,
the noncommutative effects of the kind considered here’ atfect
not only the early-times dynamics but also modify the late-
time behaviour.

I. Quiros and O. Obregén, PRD (2011).
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NONCOMMUTATIVITY AND LAMBDA

The results of the dynamical systems analysis have revealed is
that, independently of the kind of self- interaction potential
considered: 1) exponential potential, or 11) cosh-like potential,
the noncommutative effects of the kind considered here’ atfect
not only the early-times dynamics but also modify the late-
time behaviour.

I. Quiros and O. Obregén, PRD (2011).

In the a more general case the noncommutative Friedmann
equation for scalar field cosmology where derived, and it 1s
found that noncommutativity could be relevant in the late time
dynamics of the universe. w cuma s a1 socomo pis o1,
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Let us consider the action for a flat FRW universe a scalar field and
cosmological constant as the matter content of the the model.
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NONCOMMUTATIVE COSMOLOGY

Let us consider the action for a flat FRW universe a scalar field and
cosmological constant as the matter content of the the model.

3aa? 3 %
S/dt{_62N+a <2JV—|—NA>},

G
=l
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NONCOMMUTATIVE COSMOLOGY

Let us consider the action for a flat FRW universe a scalar field and
cosmological constant as the matter content of the the model.

3aa? 3 %
S/dt{_K2N+a <2JV—|—NA>},

making the change of variables

ey
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NONCOMMUTATIVE COSMOLOGY

Let us consider the action for a flat FRW universe a scalar field and

cosmological constant as the matter content of the the model.
3aa? 3 )2
= - —— + NA
S /dt{ m2N+a <2N+ )},

making the change of variables

= m~1a*?sinh(me),

de Fisica de la DCel

e
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x
y = m ta®?cosh(mg),
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Seminario del Departamento .?,.&rﬁg August 6, 2014
i Cuernavaca.

e/

F/
I
5\



NONCOMMUTATIVE COSMOLOGY

Let us consider the action for a flat FRW universe a scalar field and
cosmological constant as the matter content of the the model.

3aa? 3 %
S/dt{_ﬁ2N+a <2]V—|—NA>},

making the change of variables

r = m ta®?sinh(me),
y = m 1a®?cosh(me),
The action takes the form
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NONCOMMUTATIVE COSMOLOGY

Let us consider the action for a flat FRW universe a scalar field and
cosmological constant as the matter content of the the model.

3aa? 3 2
S/dt{_K2N+a <2]V—|—NA>}

making the change of variables

r = m ta®?sinh(me),

y = m 1a®?cosh(me),

The action takes the form

S = /[ x —y)—N%Q(sc2—y2) dt.

f
X .,-/
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NONCOMMUTATIVE COSMOLOGY

The Hamiltonian for this model 1s
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NONCOMMUTATIVE COSMOLOGY

The Hamiltonian for this model 1s

1 2 1 2
H.=N (5135 T %:;;2) N (—P2 n “’—y2> ,
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NONCOMMUTATIVE COSMOLOGY

The Hamiltonian for this model 1s

12 22 12 ’
H.=N(=P NP2+ Y
<2x+2x> (29+2y>

Where w?is proportional to A. For the noncommutative case,

we 1mpose noncommutativity among the minisuperspace
coordinates and canonical momentum,

M

{ ‘t ‘m el
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!
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NONCOMMUTATIVE COSMOLOGY

The Hamiltonian for this model 1s

1 w2 1 2
H.=N|=-P>+ —z2?)-N|(=-P?+ =
<2x+2x> (29+2y>

Where w?is proportional to A. For the noncommutative case,

we 1mpose noncommutativity among the minisuperspace
coordinates and canonical momentum,

{Qai} — (97 {ﬁﬂﬁaz} — {gaﬁy} =1+ g, {ﬁyaﬁx} — 67

iy
L)
y

A 5
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NONCOMMUTATIVE COSMOLOGY

The Hamiltonian for this model 1s
_ 1, w? 1, w?
Where w?is proportional to A. For the noncommutative case,

we 1mpose noncommutativity among the minisuperspace
coordinates and canonical momentum,

{Qai} — (97 {/&7}3:1:} — {gaﬁy} =1+ g, {ﬁyaﬁx} — 67

For the noncommutative case we use the shift
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NONCOMMUTATIVE COSMOLOGY

The Hamiltonian for this model 1s
_ 1, w? 1, w?
Where w?is proportional to A. For the noncommutative case,

we 1mpose noncommutativity among the minisuperspace
coordinates and canonical momentum,

{Qai} — (97 {/&7}3:1:} — {gaﬁy} =1+ g, {ﬁyaﬁx} — 67
For the noncommutative case we use the shift

) 0 A 0
x=w+§py, U=y = 5Pz
ﬁxsz—éy, pyzpy+§w,
2 2
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NONCOMMUTATIVE COSMOLOGY

The resulting noncommutative Hamiltonian for this model is
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NONCOMMUTATIVE COSMOLOGY

The resulting noncommutative Hamiltonian for this model is

—~ 1 A ) o L A A
H =3 (P2 — P, + wi(&py + 9Pa) + w3 (2° — §7°)}.
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NONCOMMUTATIVE COSMOLOGY

The resulting noncommutative Hamiltonian for this model is

—~ 1 A ) o L A A
H =3 (P2 — P, + wi(&Py + Px) + w3 (8" — §°)} .

Where we defined
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NONCOMMUTATIVE COSMOLOGY

The resulting noncommutative Hamiltonian for this model is

—~ 1 A ) o L A A
H =3 (P2 — b2 + wi(@py + 9ps) + w3(2° — )} .

Where we defined
2 2 2
w2_4(5_“’9) w2_4(w —5/4)
1 4 — w202 2 4 — w262
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NONCOMMUTATIVE COSMOLOGY

The resulting noncommutative Hamiltonian for this model is

~ 1 A ) o L A A
H = 2 {p; — by +wi(@Dy + p) +w3(2” = 97)}
Where we defined
2 4(5 — Wz@) 2 4(W2 — 52/4)

LT T T 2g2 0 MR T T 22
The equations of motion are
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NONCOMMUTATIVE COSMOLOGY

The resulting noncommutative Hamiltonian for this model is

~ 1 A ) L L A A
H = 2 {p; — by +wi(@Dy + p) +w3(2” = 97)}
Where we defined

2_4( _W29) 2_4(002—52/4)
44— w202
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NONCOMMUTATIVE COSMOLOGY

To solve the equations of motion we propose the change of
variables
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NONCOMMUTATIVE COSMOLOGY

To solve the equations of motion we propose the change of
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NONCOMMUTATIVE COSMOLOGY

To solve the equations of motion we propose the change of
variablesn =2 +9, (=9 —=

An arrive to a simplified set of equations
oo D . 1 9 4
n—win+ 1(4002 +wy)n =0,

. 1]
C+wiC+ 74wy +wi)¢ =0,
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NONCOMMUTATIVE COSMOLOGY

To solve the equations of motion we propose the change of
variablesn =2 +9, (=9 —=

An arrive to a simplified set of equations
oo D . 1 9 4
n—win+ 1(4“}2 +wy)n =0,

-1
C+wiC+ 74wy +wi)¢ =0,

This equations are very easy to solve for any value of A, O
and .
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NONCOMMUTATIVE COSMOLOGY

Let analyse the case when the cosmological constant 1s zero, as
well as the parameter 0. In this case the solution is very simple,
1n particular the Scale factor iS (S. Perez, M.S, C. Yee Phys. Rev Q[%]om)

1 |
a3(t) = V cosh” Ztﬁ of

)

Comparing the to models
we arrive to the relationship

A ~ 62° ) -1

Figure 1: Dynamics of the phase space deformed model for the values Xo=Yo=1,02=01 =
0,w = 0andB = 1. Thesolidlinecorrespondstothe volume of the universe, calculated with the
noncommutative model. The dotted line corresponds to the volume of the de Sitter
spacetime. For large values of t the behavior is the same.

—

August 6, 2014

Cuernavaca.

Seminario del Departamento
de Fisica de la DCel

SUET[

-.5'.'@.'.9?55”
ﬁ
ey {xv ] mm

AT

.8" u



NONCOMMUTATIVITY AND LAMBDA

August 6, 2014

Cuernavaca.

Seminario del Departamento
de Fisica de la DCel




NONCOMMUTATIVITY AND LAMBDA

With this result lets find a model from which to derive
A. We start with a (4+1) gravity.

August 6, 2014

Cuernavaca.

Seminario del Departamento
de Fisica de la DCel




NONCOMMUTATIVITY AND LAMBDA

With this result lets find a model from which to derive
A. We start with a (4+1) gravity.

I = /\/—g (R — A) dtd’zdp,
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With this result lets find a model from which to derive
A. We start with a (4+1) gravity.

I = /\/—g (R — A) dtd’zdp,

After dimensional reduction, the effective 4 dimensional theory is
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NONCOMMUTATIVITY AND LAMBDA

With this result lets find a model from which to derive
A. We start with a (4+1) gravity.

I = /\/—g (R — A) dtd’zdp,

After dimensional reduction, the effective 4 dimensional theory is

L=g3 <a¢d2 +a’agp — kag + %Aa%)
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NONCOMMUTATIVITY AND LAMBDA

With this result lets find a model from which to derive
A. We start with a (4+1) gravity.

I = /\/—g (R — A) dtd’zdp,

After dimensional reduction, the effective 4 dimensional theory is
1
L = 5 <agbd2 + a’ap — kao + §Aa3qb)

The hamiltonian for the model is, after an appropriate
change of variables

Yoy ] J
\EanASIT

August 6, 2014

Cuernavaca.

Seminario del Departamento
de Fisica de la DCel

[ARES I

PLNs i o)
rie

!
=
=



NONCOMMUTATIVITY AND LAMBDA

With this result lets find a model from which to derive
A. We start with a (4+1) gravity.

I = /\/—g (R — A) dtd’zdp,

After dimensional reduction, the effective 4 dimensional theory is
1 1
L = 5 <agbd2 + a’ap — kao + §Aa3qb)

The hamiltonian for the model is, after an appropriate
change of variables
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NONCOMMUTATIVITY AND LAMBDA

Following the same steps as before we calculate the

noncommutative hamiltonian
2080w T (L 2080w
"= <pu 4 — w262 v) (pqu 4 — w262 u)
408 —0w?)? | Aw? —B2/A)\ o (4B -0 4w - B2/4)N .,
(e + ) v~ (e ) 7

I ; v{'/
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NONCOMMUTATIVITY AND LAMBDA

Following the same steps as before we calculate the
noncommutative hamiltonian

28 —0) N\ /. 208—0w2) \°

H:{<pu é(l—w;;)v) (pqu é(l—w;;)u)

408 —0w?)? | Aw? —B2/A)\ o (4B -0 4w - B2/4)N .,
+ (o + ) ¥~ (e + o)

This can be written in simpler form if we define a 2
dimensional vector potential
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NONCOMMUTATIVITY AND LAMBDA

Following the same steps as before we calculate the
noncommutative hamiltonian

28 —0) N\ /. 208—0w2) \°
H={<pu é(l—w;;)v) (pqu é(l—w;;)u)

P (At A5 o (WG A Y )

(4 — w?6?)? 4 — w262 (4 — w?6?)? 4 — w262

This can be written in simpler form if we define a 2
dimensional vector potential

H — { [(ﬁu — A,&)Q + w’Q@,Z} — {(ﬁv — A@>2 + w’2@2} }
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o 4B —0u7)? 4w - B%/4)
- (4 — w?60?)? + 4 — w202
_2(6 — 9w2) A 2(6 — 9602) N

4 — w202 Y 4 — w262 ¢

W

Ag As
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NONCOMMUTATIVITY AND LAMBDA

o _A(B—0w?)? | 4(w® - 52/4)

o= (4 — w?262)2 4 — w202
_—2(f - 6w?) . _2(—6w?) .
Au = 4— w202 Ao = 4202 ©

We can calculate the effective magnetic field

N
0§/
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NONCOMMUTATIVITY AND LAMBDA

o 4B —0w?)?  A(w? - p7/4)
Y= (4 — w?6?)? 4 — w202

_2(5 — 9w2) A 2(5 — (9602) N
4 — w22 As 4 — w262 “

Ag

Y,

We can calculate the effective magnetic field

B 4(B8 — w?0)
4 — w202
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We can now find the relationship between the commutative
and noncommutative cosmological constants

- 352
Nepr = Nepy + <
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NONCOMMUTATIVITY AND LAMBDA

We can now find the relationship between the commutative
and noncommutative cosmological constants

- 332
Nepr =ARess + —o-
So even if in the original theory A1=0, we find that the

noncommutative universe has an effective A
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Nepr =ARess + —o-
So even if in the original theory A1=0, we find that the
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FINAL REMARKS

- Using the 1deas of noncommutative quantum mechanics and

effective noncommutative in the minisuperspace 1s used for
noncommutative quantum cosmology.
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FINAL REMARKS

- Using the 1deas of noncommutative quantum mechanics and
effective noncommutative in the minisuperspace 1s used for
noncommutative quantum cosmology.

- A consistent formulation of non commutative classical
mechanics has been constructed.

Y% 1

Seminario del Departamento & - August 6, 2014
de Fisica de la DCel :

<Y

Cuernavaca.

[ Rss

PN o

or Lk A
.;' ‘” ; i /
T )

(e



FINAL REMARKS

- Using the 1deas of noncommutative quantum mechanics and
effective noncommutative in the minisuperspace 1s used for
noncommutative quantum cosmology.

- A consistent formulation of non commutative classical
mechanics has been constructed.

- The late time influence of phase space deformations 1in
cosmological evolution have been stablished.*
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FINAL REMARKS

- There is a posibility that A is related to the noncommutative
parameter. This was found in a simple cosmological model.
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FINAL REMARKS

- There is a posibility that A is related to the noncommutative
parameter. This was found in a simple cosmological model.

- A simple 5 dimensional model was proposed, where the origin
of A is related to the noncommutativity between the compact
dimension and the radius of the non compact dimension.

Seminario del Departamento &°&g August 6, 2014
de Fisica de la DCel T

AT -

ERin g Cuernavaca.

o ) St

R



