UNIVERSIDAD DE GUANAIJUATO
DEPARTAMENTO DE FISICA

M. Sabido

Nonconmmutativity and A

Work in progress in collaboration S. Pérez-Payan, E. Mena
and C. Yee

o & \8:7- o & \8:7-

V=g S =
1;&f€§ . XIll Mexican Workshop on DFH& izl s A "55‘%5 |
%%,‘; Particles and Fields. mptetiambay l \ NS Ledn, Gto. %%‘Kgg
\;: S;‘gz‘ ';:’_-' \;:‘E:‘:-‘gz-.;j:‘_;,.

Monday, October 24, 11




PLAN OF THE TALK

INTRODUCTION, MOTIVATION
NC-GRAVITY
NC-COSMOLOGY

NC AND LAMBDA

FINAL REMARKS

= .° Xl Mexican Workshop on DPH&; October 24, 2011 z il
S P Particles and Fields. : SR s
Eie articles and Fields ———— A A Leon, Gto. N2
% - L - -.L.

Monday, October 24, 11



INTRODUCTION

Xlll Mexican Workshop on DPH&

Particles and Fields.

VISON OE PARTIOULES Y CTPCS

October 24, 2011

Leon, Gto.

Monday, October 24, 11




INTRODUCTION

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

that coordinates do not commute.

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

There are physical systems that can easily be described by assuming
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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 it 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 it 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.
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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 it 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.
Using different regularization methods a commutative or a

noncommutative gauge theory arises.
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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.
Using different regularization methods a commutative or a
noncommutative 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.
Using different regularization methods a commutative or a
noncommutative 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

SaA, = A+i[NAL, 6D =i\ P,
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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.
Using different regularization methods a commutative or a
noncommutative 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

SaA, = A+i[NAL, 6D =i\ P,

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.
Using different regularization methods a commutative or a
noncommutative 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

SaA, = A+i[NA, 5D =i\ P,

For the noncomutative theory, the gauge transformations are:

AN

A=+ | A1 A,],  58=i[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

1
A(XA) = A+ 204 {00, A} + O (0%).
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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

1 ~ 1
A A) = A+ 20 {9,A, A} + O (6%) . Fuw = Fow + 767 (2 {Fup: Foo} ={ Ap, Do Py + (%FW}) +0(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
A A) = A+ 20 {9,A, A} + O (6%) . Fuw = Fow + 767 (2 {Fups Foo} —{ Ap, Do Fy + (%FW}) +0(0%).

~ 1
d(P,A) = — 70" {A,, (D, +8,)®} + 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
A A) = A+ 20 {9,A, A} + O (6%) . Fuw = Fow + 767 (2 {Fups Foo} —{ Ap, Do Fy + (%FW}) +0(0%).

~ 1 . 1
D (P, A) = — ZQW {A,, (D, +8,)®} + O (6?) A, (A=A, — yid {A,,0,A,+ F,,} +0(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
A A) = A+ 20 {9,A, A} + O (6%) . Fuw = Fow + 767 (2 {Fup: Fuot —~{ Ap, DoFlu + (%FW}) +0(0%).

- 1 x 1
D (P,A) = — 20 {A,, (D, +8,)®} + O (6%) A (A) = Ay — 20" {Ay, 0, A+ Fpu} + O (6%).

From these equations we can write the noncommutative lagrangian and the
noncommutative theory.
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NC- GRAVITY
I = / d4a:efl‘et‘,’Rf:;: GR

-~
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NC- GRAVITY
I= / d'zelel RY, GR
-~ |
Ig2 = 2_4976976/(1334{48 [4R5 p(errabR’Y&ab—wrabaﬁRmab)'*'w'ypoa‘fwéaba&Rpaﬂb

+R66 (w‘rab(aﬁwvab 1 Rﬁyﬁab)) 1 2w—yp065(Rp'r abRafab = w—rabaﬁRpaab)]
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NC- GRAVITY
I= / d'zeliey by GR
Tp2 = 2%97‘59”5 / dm4{4e [435 °(R,: *° Rygab—w,**0¢ R pryab)+w,P° 0rws** 8¢ R porab
+RO5(w,**(Ocwrab + Roean)) + 2.7 85(R pr ® Rogap — w,“bangaab)]

+€uupa{4e [6‘75013Rpa aﬁ(RurabRuﬁab e wq-abaﬁR;wab) = 2€T£aﬁRuuabRp¢mbR,76 a[}]
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NC- GRAVITY
I= / d'zelel RY, GR
- 1 7 a a o a
102 = 2—40“’69 €/d$4{4€ [4R6 P(RI)T bR/yﬁab_wq- baﬁRp‘T(lb)_*-w'yp 6—;&)‘5 bangaab
+R0Os (w,ab(agw,,a,, + Ry¢ap)) + 2w.P°05(R,,, “bRagab — w,“bangaab)]
+e#vPo | 4e R %P(R. .OR e~ 0iR T R T M
€ [€Exdapilye ur véab — W, Ug p,uab) =g Eréaplly, poabilyg

+€abed [4Rpa‘75 (Rp-r abRu{ e _w‘rabaf Rpucd) +4R;AuabRpa Cd(zR‘yé'rE _w'refaﬁ (e»yeeaf))

XIIl Mexican Workshop on DPH& October 24, 2011

Particles and Fields. ,

Monday, October 24, 11




NC- GRAVITY
I= / d'zelel RY, GR

~ | R
Tp2 = 2—49*5975 / dm4{4e [41;:(s °(R,: *° Rygab—w,**0¢ R pryab)+w,P° 0rws** 8¢ R porab
+R65( (ng,,ab + R.ygab)) + 2w ’"’c’)a(R abRagab - w,“bangaab)]
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NC- GRAVITY
I= / d'zelel RY, GR

-~ 1
Tp2 = 2—4075975 / dm4{4e [435 °(R,. “® Rygab—w,** B¢ R pryab)+w,’ 0w B¢ Rpoab
+R65( (ng,,ab + prgab)) + 2w ’"’&;(R abRagab - w,“bangaab)]
L ebvrodde e son R PR, PR, can — WP Ryvas) + 26 canR s ® Rocas Rz
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NC- GRAVITY
I= / d'zelel RY, GR

T2 = 2%075975 / dm4{4e [435 °(R,. “® Rygab—w,** B¢ R pryab)+w,’ 0w B¢ Rpoab
+R65( (ng,,ab + R £ab)) + 2w ’"’&;(R abRagab — w,“bangaab)]
L ebvrodde e son R PR, PR, can — WP Ryvas) + 26 canR s ® Rocas Rz

YéafBilpo uT véab T ELprab a4y poabil~g
t+€abed [4Rpa'75(Rp'rabRu€ Cd—w‘rabaf Rpqu)+4R;u/abRpa Cd(zRyé'rE —w'refaf (e'yeeaf))
_wawaé(Rp-r abRof cd_ aba{ cd) 2w epro-cfd&(QR fd_w‘rabag(eﬂccud))

—2w. R, “405(2Ryyre—wresOc (e,5€,) )~y Orws™ O Ry, “A—w.*f Rpge s O;ws™ 0 (€,C€,°)

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

We need an alternative
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MOTIVATION

We need an alternative

Minisuperspace Models

+
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MOTIVATION

We need an alternative

Minisuperspace Models

+
Canonical Quantization

+
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MOTIVATION

We need an alternative

Minisuperspace Models

+
Canonical Quantization

+
Noncommutative Quantum Mechanics
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MOTIVATION

We need an alternative

Minisuperspace Models

+
Canonical Quantization

+
Noncommutative Quantum Mechanics
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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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MOTIVATION

In quantum mechanics we have
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MOTIVATION

In quantum mechanics we have

x, P| = ih

ATAP > E

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

x, P| = ih — ATGTAY e 3

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
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MOTIVATION

In analogy with quantum mechanics

[wa y] = 20

o VAT AN T

N D

XIll Mexican Workshop on
Particles and Fields.

DPYC*

DViSON OE PARTIOLLES Y CHTPCS

October 24, 2011

Leon, Gto.

Monday, October 24, 11




MOTIVATION

In analogy with quantum mechanics

[ 2] =20 i AxAy >

N D

We have a minimal scale we can probe
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MOTIVATION

In analogy with quantum mechanics
: 0
2.9 =20 — AzAy > —

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

o ATy >

N| D

[:B, y] = 10

We have a minimal scale we can probe
This deformation can be encoded in Moyal product of functions
f(z,y)xg(z,y) = f(z,y)e g(z,y).
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MOTIVATION

In analogy with quantum mechanics

: 0
2.9 =20 —> AxAy > >
We have a minimal scale we can probe

This deformation can be encoded in Moyal product of functions
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
: 0
2.9 =20 — AzAy > —

We have a minimal scale we can probe

This deformation can be encoded in Moyal product of functions

f(z,y)xg(z,y) = f(x,y)e(iz (56 ﬁJJVﬁ"))g(w,y) -

which yields the noncommutative Schrodinger equation

(L. Mezincescu ArXiv:hep-th\0007046)

[—V2 + V(az,y)] *U(z,y) = E¥(z,y)

| Y
“. 4" Xl Mexican Workshop on DPH October 24, 2011 Eaigt
Dot el ; ; ; s P
ERns Particles and Fields. it \ NS Leén, Gto. i—‘-"gfja‘-s
EgpC S

Monday, October 24, 11



NONCOMMUTATIVE COSMOLOGY
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NONCOMMUTATIVE COSMOLOGY

We may recover the original commutation relations with the variables
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NONCOMMUTATIVE COSMOLOGY

We may recover the original commutation relations with the variables

1 1
:z:—>a:+§9Py, y—>y—26’P:c

F» :»- . J , :: =
“. 4 Xl Mexican Workshop on Dplﬂa( October 24, 2011 = 3
s P Particles and Fields. . E
?222}5 DVISON OE PARTIOULAS Y CITRCS Leon, Gto. =

v ‘:'t‘b .
TAN AT

™,
{ 1
VEZANA,

Monday, October 24, 11

P

SERE




NONCOMMUTATIVE COSMOLOGY

We may recover the original commutation relations with the variables

1 1
T— T4 —0F,, y—y— 0P,

2 2
so the effects are encoded only on the potential
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NONCOMMUTATIVE COSMOLOGY

1 1
a:—>:c+§9Py, y—>y—§9Px

so the effects are encoded only on the potential

V(x,y)*\I’(x,y) =V <$+ gpy,y— nga) )

We may recover the original commutation relations with the variables
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NONCOMMUTATIVE COSMOLOGY

We may recover the original commutation relations with the variables

1 1
a:—>a:+§9Py, y—>y—§9P:c

so the effects are encoded only on the potential

V(:c,y)*\IJ(:c.y) =V (IE+ gpysy_ gpma) )

And the NC equation takes a very simple form
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NONCOMMUTATIVE COSMOLOGY

We may recover the original commutation relations with the variables

1 1
a:—>a:+§9Py, y—>y—§9Px

so the effects are encoded only on the potential

V(:E’y)*\IJ(LE.y) =V ($+ gPy,y— QPx-) )

And the NC equation takes a very simple form

0 0
[—V2 +V (x — 5 Y — §Px>] U(z,y) = EV(x,y).
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PRELIMINARIES: NC CLASSICAL MECHANICS

We still ask our selfs for the classical model from which this quantum
mechanics arises.

We want
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PRELIMINARIES: NC CLASSICAL MECHANICS

We still ask our selfs for the classical model from which this quantum
mechanics arises.

We want

{zi,z;} = 0i5, {Pxi,Pm.j} = {iBz‘,ij} = 0i4.

“. 4" Xl Mexican Workshop on DPH October 24, 2011 el

e P Particles and Fields. . P

-'?)\5 N——— A . Leon, Gto. _-?0\5

oG et
Monday, October 24, 11




PRELIMINARIES: NC CLASSICAL MECHANICS

We still ask our selfs for the classical model from which this quantum
mechanics arises.

We want

{CL‘.,;,:L‘J'} — 92'_7', {P!.Px}} = () {:L‘.,;,ij} — 553

This can be constructed from Hamiltonian Manifolds (w. GuzmanM.S.. 1. Socorro PLB 2011)

. 4" Xill Mexican Workshop on DPH& October 24, 2011 By rali
s P Particles and Fields. 5 i P
Monday, October 24, 11




PRELIMINARIES: NC CLASSICAL MECHANICS

XIIl Mexican Workshop on & October 24, 2011
o DPyY

rticles and Fields. ,
DVISION O PRRTIOLLAS Y CATPCS Ledn, Gto.




]
“)

PRELIMINARIES: NC CLASSICAL MECHANICS

Lets start with the manifold (M:z:,w) and w in invertible.
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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 1f
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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.

! 4/
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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

Hh=d | Y October 24, 2011 o
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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:w'LWa—

oxY
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

S ==
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

0 0,
{fa(J}_wp(Xf? )H{f7Q}() ax]; ’uyaa;g,/
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

(ot = w, (X5, X,) — {f.q} (p) = 2L 99

83:“ ox?

and for the coordinates
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

0 0,
{fa(J}_wp(Xf? )H{f,Q}() ax]; 'Lwaa;q,/

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

The Poisson brackets are defined as

0 0,
{fa(J}_wp(Xf? )H{f,Q}() ax]; 'uyaxg,/

and for the coordinates {z",z"} = w"”

we have 1in the T*M for the coordinates

g - [ tober 24, 2011
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

0 0
{f,a} =wp (X5, Xg) = {[f,a} (p) = mi “”agy

and for the coordinates {z",z"} = w"”

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

The Poisson brackets are defined as

0 0
{f,a} =wp (X5, Xg) = {[f,a} (p) = 8;; “”agy

and for the coordinates {z",z"} = w"”

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

The canonical 2-form

Fe - | tober 24, 2011 o
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

{fa(J}_wp(Xf? )H{f,Q}()

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

of Y dg
836“ ox?

U

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

. 1, S
The canonical 2-form we = jw), dz"dz",  w),, = ( 5 0 )
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

{f,C]}—wp(Xf, )H{f,Q}()

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

of Y dg
836“ ox?

U

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

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

From which we calculate Hamilton’s equations

oz Particles and Fields. by 4 Leén, Gto.
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PRELIMINARIES: NC CLASSICAL MECHANICS

The Poisson brackets are defined as

{f,C]}—wp(Xf, )H{f,Q}()

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

of Y dg
8:6'““ ox?

U

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

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

From which we calculate Hamilton’s equations

dq" __ OH
0 .Y
ix,we = —dH = ddt_ 85}{

dt T opi-

i Particles and Fields. ety 2 A NS Ledn, Gto.
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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 wye.
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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 wye.

The equations of motion are

8-
= & ;"‘;-ﬁ
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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 wye.

The equations of motion are

dq" OH . OH
— = 0" —
dt the Opi i 0q7’
dp’ ; OH i OH
— = V=44

ddt aq] 8}}7
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"& = Xl Mexican Workshop on DPHQ: October 24, 2011 lm

Monday, October 24, 11



PRELIMINARIES: NC CLASSICAL MECHANICS

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

The equations of motion are

dt 8p9 0q’
dp’ ; OH i OH
— = A=+

ddt aq] 8}}7

and the Poisson algebra

oz Particles and Fields. ety 2 A NS Ledn, Gto.
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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 wye.

The equations of motion are

dq" OH . OH
R — 7 + YR
dt 8p9 0q’
dp’ ; OH i OH
— = A =40 -
ddt aq] 8}}7

and the Poisson algebra

{¢",q"} =0y, {d".p} =07,

{pi 05} = i
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NONCOMMUTATIVE COSMOLOGY
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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

[Oé, ¢] =10,
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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

[aa ¢] =10,

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

mechamcs . H. Compean, O. Obregén and C. Ramirez PRL 88 (2002), W. Guzmén, M.S, J. Socorro Phys. Rev D (2007), W. Guzmén, M.S, J.
Socorro, Submitted PLB(2010) )
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NONCOMMUTATIVE COSMOLOGY

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

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

1 , -
One of a noncommutative mini- 0.8 N
superspace point to the possibility S o
of late time acceleration of the 0.2 /
uniVerse, 0.2 0.4 0.6 0.8 1

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

1 . -

One of a noncommutative mini- 0.8 N

. . o q o 0.6 /'
superspace point to the possibility L o
of late time acceleration of the 0.2 /
uniVerse, 0.2 0.4 0.6 0.8 1 ¢
W. Guzmén, M.S. and J.Socorro PRD (2007). _ )\22 |‘1 s (1 - \{\Btanh B — 6#])] |
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NONCOMMUTATIVE COSMOLOGY

E

1 , -
One of a noncommutative mini- 0.8 N
5 . oq o 0.6 /'
superspace point to the possibility L o
of late time acceleration of the 0.2 K
uniVerse, 0. 0.4 0.6 0.8 s
W. Guzmén, M.S. and J.Socorro PRD (2007). _ % [ (1 - 7tanh 3% — 6} ]>] |

In the a more general case the noncommutative Friedmann
equation for scalar field cosmology where derived, and it is
found that noncommutativity could be relevant in the late time
dynamics of the universe. w. cumin ms.and 1 socomo pLB 2011
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NONCOMMUTATIVE COSMOLOGY

E

1 , -
One of a noncommutative mini- 0.8 N
5 . oq o 0.6 /'
superspace point to the possibility L o
of late time acceleration of the 0.2 K
uniVerse, 0. 0.4 0.6 0.8 s
W. Guzmén, M.S. and J.Socorro PRD (2007). _ )\? [ (1 - 7tanh 3% — 6} ]>] |

In the a more general case the noncommutative Friedmann
equation for scalar field cosmology where derived, and it is
found that noncommutativity could be relevant in the late time
dynamics of the universe. w. cumin ms.and 1 socomo pLB 2011

Finally a dynamical systems analysis gave more evidence
Of thlS fact. 1. Quiros and O. Obregén, PRD (2011).
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NONCOMMUTATIVE COSMOLOGY
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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.
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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{_62N+a (2]V+NA>}

Particles and Fields.

L -
& . =< , ” ’ 1TE
_— - CERPRTOUALSSS YO | o 80

Leon, Gto.

S & Xlll Mexican Workshop on P a( October 24, 2011 -
== ~ &

Monday, October 24, 11




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>},

making the change of variables

a :

= . :‘,':'T
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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

— ;132

a5
y = m la3/?

sinh(ma),
cosh(ma),

a :

-
—
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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

r = m ta®?sinh(me),

y = m ta®?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 %
S/dt{_K2N+a <2JV—|—NA>},

making the change of variables

r = m ta®?sinh(me),
y = m ta®?cosh(me),
The action takes the form
1 2 2 w? 2 2
S = [ﬁ(x —y)—N;(:c —y) dt

Hh=d | Y October 24, 2011 5t
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NONCOMMUTATIVE COSMOLOGY
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NONCOMMUTATIVE COSMOLOGY

The Hamiltonian for this model 1s
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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 ° 2 1 2 °
H.=N|(ZP ~-N(zP24+ =
<2x+2x> (2@/+2y>
Where w? is proportional to A. For the noncommutative case,

we 1mpose noncommutativity among

the minisuperspace
coordinates and canonical momentum,
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NONCOMMUTATIVE COSMOLOGY

The Hamiltonian for this model is
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
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NONCOMMUTATIVE COSMOLOGY

The Hamiltonian for this model is
1 w2 1 2
H.=N|-P>+ —z2?) -N|(=-P%?+ =
<2x+2x> (2?‘/+2y>

Where w?is proportional to A. For the noncommutative case,
we 1mpose noncommutativity among the minisuperspace
coordinates and canonical momentum,

{Qaﬁj} — (97 {ﬁﬂﬁaz} — {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? 1.5, w?
Where w?is proportional to A. For the noncommutative case,

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

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

For the noncommutative case we use the shift

. H 0 R 0
€T = — — —
2py7 y y 2p337
. B _ b
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NONCOMMUTATIVE COSMOLOGY
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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
. A2 2 2 A A A A 2 A2 /\2
H = 5 {pz = by +wi(@py + ipa) +w3(3° = 57)} .
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NONCOMMUTATIVE COSMOLOGY

The resulting noncommutative Hamiltonian for this model is

—~ 1 A A L L A A
H =3 {p2 — b + wi(@py + 9ps) + w3 (2* — 9°)} .

Where we defined
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NONCOMMUTATIVE COSMOLOGY

The resulting noncommutative Hamiltonian for this model is

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

Where we defined
2 2 2
w2_4(5_“’9) w2_4(w — 3°/4)
1 4 — w202 2 4 — w262
’:'K:_:L - XIll Mexican Workshop on DPH& October 24, 2011 %-K“;:L -
gt s Particles and Fields. o o e e Le6n, Gto. s
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NONCOMMUTATIVE COSMOLOGY

The resulting noncommutative Hamiltonian for this model is

—~ 1 A A L L A A
H =3 {p2 — P2 + wi(&Py + 0Px) + w5 (8% — 9°)} .

Where we defined
W2 — 4(5 — WQH) W2 — 4(W2 — 52/4)
1 4 — w2602 7’ 2 4 — w262

The equations of motion are
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NONCOMMUTATIVE COSMOLOGY

The resulting noncommutative Hamiltonian for this model is

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

2_4( _W29) 2_4(002—52/4)
4 — w202

o P Particles and Fields. Leén, Gto.
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NONCOMMUTATIVE COSMOLOGY

To solve the equations of motion we propose the change of

. 2" XIll Mexican Workshop on DPH.; October 24, 2011 By rpl

s o i i : 5 T P

B Particles and Fields ety o A NS Le6n, Gto. B

S S
Monday, October 24, 11




NONCOMMUTATIVE COSMOLOGY

To solve the equations of motion we propose the change of
variablesn =2 +9, (=9 —=
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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
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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
. 9 . 1 2 4
n—win+ 1(4“’2 +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
: 0. , 1. o 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 .

o P Particles and Fields. Leén, Gto.
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NONCOMMUTATIVE COSMOLOGY

Let analyze the case when the cosmological constant 1s zero, as
well as the parameter 0. In this case the solution is very simple,

in particular the scale factor is

1
a3(t) = V; cosh” Ztﬁ :

Comparing the to models
we arrive to the relationship

A~ B2,

a1

Figure 1: Dynamics of the phase space deformed model for the values Xo= Yo=1,02=01=
0,w = 0andp = 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.
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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.
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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.

_ / V=g (R — A) dtd3zdp,
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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
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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=- <a¢d2 +a’ag — 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

L=- <a¢d2 +a’ag — kag + %Aa%)

The hamiltonian for the model is, after an appropriate
change of variables
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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 <a¢d2 +a’ag — kag + %Aa%)

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

1

H = [ + &%) — (7 + )]
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NONCOMMUTATIVITY AND LAMBDA

Following the same steps as before we calculate the
noncommutative hamiltonian
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NONCOMMUTATIVITY AND LAMBDA

Following the same steps as before we calculate the
noncommutative hamiltonian

R 28—9sz 2 . 26—9sz 2
11 { (pu (] 292 ) U) (pv (] 292 ) 'U/)
4(5’—9w22 4w2—624 R 45—9w22 4w2—624 R

((4(1_(,292))2 (4 :,QQé )>u2 < ( ) ( /))UZ}

(d—w202)2 " 4— w202

= . :‘,':'T
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NONCOMMUTATIVITY AND LAMBDA

Following the same steps as before we calculate the
noncommutative hamiltonian

o 28-0w2) \ /. 2B-0w) \°
H:{<pu— flﬁ—w;;?)v) —(pv—i- fl—w;;Q)u)
4(8 —6w?)?  4(w? - B%/4)\ ., 4(8 — 0w?)?  4(w? — B%/4)\ .,
+ (o + )~ (G + i)

This can be written in simpler form 1f 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 —0w) \° /. 2080w \°
H:{<pu_ fl—w;;)v) —(pv—i- fl—w;;Q)u)
4(8 — 0w?)? | 4w? = B/4)N ., 48 —0w?)? | 4w® = B2/4) .o
v (T + ) (T + ) )

This can be written in simpler form 1f we define a 2
dimensional vector potential

H = { [(ﬁu — A,&)2 + w’Qﬂz} — [(ﬁv — A@)Q + w’%z} }
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NONCOMMUTATIVITY AND LAMBDA

48— 0w)? 4(w? — B2/4)

12 __
w p— _|_
(4 — w262)2 4 — 0202
" —2(8 — 0w?) . A 2(8 — 0w?) .
o = v 5y =
= 8‘ X1l Mexican Workshop on October 24, 2011 - B
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NONCOMMUTATIVITY AND LAMBDA

o 4B —0w?)?  A(w? - pB7/4)
- (4 — w?6?)? + 4 — w202

4 — w202 Y 0 4 — w262

W

r

We can calculate the effective magnetic field
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NONCOMMUTATIVITY AND LAMBDA

o 4B —0w?)?  A(w? - pB7/4)
- (4 — w?6?)? + 4 — w202
—2(8 — 0w?) . 2(6 — 9w2)a

4 — w202 Y 4 — w262

W

Aa A@

We can calculate the effective magnetic field
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4 — w202
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NONCOMMUTATIVITY AND LAMBDA

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

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

- 352
Aepr = Nepy + o
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NONCOMMUTATIVITY AND LAMBDA

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

- 332
Moy = Nefr + =5
So even if in the original theory A.=0, we find that the

noncommutative universe has an effective A
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NONCOMMUTATIVITY AND LAMBDA

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

- 332
Moy = Nefr + =5
So even if in the original theory A.=0, we find that the

noncommutative universe has an effective A
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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.

- 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

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

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

- A stmple 5 dimensional model was proposed, wehere the
origin of A is related to the noncommutativity between the
compact dimension and the radius of the noncompact
dimension.
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