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LQG kinemati

@ Kinematical Hilbert space Hyin = L%(A, duar).
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LQG kinemati

Kinematical Hilbert space Hyi, = L2(A, dpar).

@ Gauss-, Diff-, Hamilton- (or Master- ) constraint: CA;/, LADa, A
(M)
@ — Difficult to solve! Approximations?

@ — Semiclassical limit?
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Complexifier Coherent states Definition

Properties

Complexifier C

@ Good way to deal with these issues: Coherent states
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@ Good way to deal with these issues: Coherent states
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@ Good way to deal with these issues: Coherent states

@ Candidates: Complexifier coherent states Thiemann, Winkler,

hep-th /0005233, 0005237, 0005234

® Vias,5)(A) = (e (A, Ao))

Ag— Ag+iEg

@ Simplest example: state wé € H, associated to a graph 7.
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Complexifier Coherent states Definition

Properties

Complexifier C

@ Good way to deal with these issues: Coherent states

@ Candidates: Complexifier coherent states Thiemann, Winkler,

hep-th /0005233, 0005237, 0005234

® Vias,5)(A) = (e (A, Ao))

Ag— Ag+iEg

@ Simplest example: state wé € H, associated to a graph 7.

@ Labeled by @ = (g1,...8£) € G: complexified holonomies
along edges e1,...eg of «, t: semiclassicality scale.
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Complexifier Coherent states Definition

Properties

Complexifier C

Properties:

o G=SU(2):

E
vEh) = T[ S e 02 +1) try, (g by )

k:ljke%N
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Complexifier Coherent states Definition

Properties

Complexifier C

Properties:

o G=SU(2):

E
vEh) = T[ S e 02 +1) try, (g by )

k:ljke%N

@ 3=1(gi1,...gc) € SL(2,C)E: Point in classical phase space.
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Complexifier Coherent states Definition

Properties

@ Peakedness properties:

2
YLyt
M ~ Gaussian in

a\g, g)
s lPlles |7 vt
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Complexifier Coherent states Definition

Properties

@ Peakedness properties:

2

dg, &)

[(Vglvg) g, &
2 Vi

Il v
@ Ehrenfest properties:

(WelFlvg)
—E o~ @)
gl

~ Gaussian in
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Complexifier Coherent states Definition

Properties

@ Peakedness properties:

t1.t \|2
*wﬁ’/ d - o
—‘Wg‘ £ ) ~ Gaussian in (8. &)

el lleg I t
@ Ehrenfest properties:

(WelFlvg)
—E o~ @)
gl

@ With this one can show: i.e. Master constraint correctly
implemented on Hyj,. Good tool for approximations ciesel,

Thiemann, gr-qc/0607099, gr-qc/0607100, gr-qc/0607101
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Complexifier Coherent states Definition

Properties

Complexifier C

Properties:

@ But: complexifier coherent states do not satisfy the
constraints (only approximately)
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@ But: complexifier coherent states do not satisfy the
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Properties

Complexifier C

Properties:

@ But: complexifier coherent states do not satisfy the
constraints (only approximately)

@ — purely kinematical!

@ Desirable: Coherent states that satisfy the constraints
Gy, D,, H, in order to address dynamical questions.
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Complexifier Coherent states Definition

Properties

Complexifier C

Properties:

@ But: complexifier coherent states do not satisfy the
constraints (only approximately)

@ — purely kinematical!

@ Desirable: Coherent states that satisfy the constraints
Gy, D,, H, in order to address dynamical questions.

@ In this talk: Construction of states that satisfy Gauss
constraints G — Gauge-invariant coherent states!
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The gauge group

. . Definition
Gauge-invariant coherent states G = U(l)
G =SU(2)

The Gauss ga

@ Given graph ~ with E edges and V vertices
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The gauge group

. . Definition
Gauge-invariant coherent states G = U(l)
G =SU(2)

The Gauss ga

@ Given graph ~ with E edges and V vertices

e = G act as gauge group GY on Hy ~ L?(GE):

O,y V(1, - hE) = U (kp(ey) M1 k,c_(il), ooy Kp(eg) hE kf_(ib_))
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The gauge group
. . Definition
Gauge-invariant coherent states G = U(l)

G =sU(2)

The Gauss ga

@ Given graph ~ with E edges and V vertices

e = G act as gauge group GY on Hy ~ L?(GE):
O,y V(1, - hE) = U (kp(ey) M1 k,c_(il), ooy Kp(eg) hE kf_(ib_))

@ G compact
= P ;:/ch%‘/(l?) Q.. ky
G

exists as projection operator P : Hy — H,.
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The gauge group
. . Definition
Gauge-invariant coherent states G = U(l)

G =sU(2)

Gauge-invaria
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The gauge group
. . Definition
Gauge-invariant coherent states G = U(l)

G =sU(2)

Gauge-invaria

o Vi, =Py

@ One can show:
\Ufg] = \Ufg,] P g = QEE/ for /? S (GC)V

I e gk = kb(ek)gli f_(ik)
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The gauge group
Gauge-invariant coherent states it

Gauge-invaria

@ One can show:
Vi = Vi & =@ for k e (GE)V

I e gk = kb(ek)gli f_(ik)

° Wi, are L2-functions on GE/G"Y, and labeled by

(2] € (G®)E /(G®)Y (gauge-invariant phase space).
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The gauge group
. . Definition
Gauge-invariant coherent states G = U(l)

G =5U(2)

Gauge-invaria

The case of G = U(1):

@ Complexifier coherent states on a graph ~:

H \/%Z _ (= —2mn ) ¢k 27”’k)

A

e* € U(1), e € U(1)®
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The gauge group
. . Definition
Gauge-invariant coherent states G = U(l)

G =5U(2)

Gauge-invaria

The case of G = U(1):

@ Complexifier coherent states on a graph ~:

H \/%Z _ (= —2mn ) ¢k 27”’k)

A
e* € U(1), e € U(1)®
@ One can show:

_’ E V-‘rl 27_[_ <bg 27‘_’151)2
Via(@ e T

ngE€Z
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The gauge group
. . Definition
Gauge-invariant coherent states G = U(l)

G =5U(2)

Gauge-invaria

The case of G = U(1):

@ Complexifier coherent states on a graph ~:

H \/%Z _ (= —2mn ) ¢k 27”’k)

A
e* € U(1), e € U(1)®

@ One can show:

_’ E V+1 27_[_ gl <bgl 27rngl)
Via(@ F2 e

ngE€Z

@ — Nearly a complexifier coherent state on U(1)E~V+1.
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The gauge group
Definition
G=U(1)
G =5SU()

Gauge-invariant coherent states

Gauge-invaria

@ Gauge-invariant coherent state in a graph ~:
‘U[tg']([/;]) = P?ﬁé(ﬁ)
with
h € SUR)E,  geSL(2,C)E
[A] € SU2)E/SsuE)Y
[g] € SL(2,C)E/sL(2,C)Y
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The gauge group
Definition
G=U(1)
G =5SU()

Gauge-invariant coherent states

Gauge-invaria

@ Gauge-invariant coherent state in a graph ~:

‘U[tg']([/;]) = P?ﬁé(ﬁ)

with
h € SUR)E,  geSL(2,C)E
[A] € SU2)E/SsuE)Y
] € SL(2,0)f/sL(2,C)"
@ One has:
Vig(hl) = > e 2ekUeiT(g) T (k)

JrJEERZ

Benjamin Bahr Gauge-invariant coherent states



The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

The 1—flower

Simplest graph: 1—flower:

WEL([A]) = Wi (tr(h) = Y e Uit (g) try(h)

=1

cos w \UCOSZ Sinh w2 o0
H‘\lif o = o)

sop2 [z2 2 wi?
cost COSZH sinh S sinh :
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs
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The 1-flower graph

The sunset-graph
Peakedness properties: analytic results for general graphs

Peakedness properties: analytical and numerical results
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

Other graphs

@ Unfortunately, more complicated graphs lead to quite difficult
expressions for the overlap.
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

Other graphs

@ Unfortunately, more complicated graphs lead to quite difficult
expressions for the overlap.

@ — Employ numerical investigations
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

Other graphs

@ Unfortunately, more complicated graphs lead to quite difficult
expressions for the overlap.

@ — Employ numerical investigations

@ Done for 2-flower, sunset graph, tetrahedron. Qualitative
results always the same!
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

@ Example: the sunset graph

L
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

@ Example: the sunset graph

L

@ Gauge-invariant phase space:
[glag27g3] € SL(27C)3/5L(27 (C)2
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

@ Example: the sunset graph

L

@ Gauge-invariant phase space:
[glag27g3] € SL(27C)3/5L(27 (C)2

@ Gauge-fixing: three complex parameters (z2, z3, )
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The 1-flower graph
The sunset-graph
Peakedness properties: analytic results for general graphs

Peakedness properties: analytical and numerical results
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The 1-flower graph
The sunset-graph
Peakedness properties: analytic results for general graphs

Peakedness properties: analytical and numerical results
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

General prope

@ In all examples: Gauge-invariant states are peaked around
gauge-invariant data.
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The 1-flower graph
The sunset-graph
Peakedness properties: analytic results for general graphs

Peakedness properties: analytical and numerical results

General prope

@ In all examples: Gauge-invariant states are peaked around
gauge-invariant data.

@ In all examples: States with data corresponding to degenerate
gauge orbits (e.g. [g] = [1,1,...,1]) have significantly
broader peak: plateau structure. No Gaussian anymore!
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

General prope

@ In all examples: Gauge-invariant states are peaked around
gauge-invariant data.

@ In all examples: States with data corresponding to degenerate
gauge orbits (e.g. [g] = [1,1,...,1]) have significantly
broader peak: plateau structure. No Gaussian anymore!

@ In fact one can show this: At the maximum of peak, all
derivatives vanish until order 4!
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

General prope

@ In all examples: Gauge-invariant states are peaked around
gauge-invariant data.

@ In all examples: States with data corresponding to degenerate
gauge orbits (e.g. [g] = [1,1,...,1]) have significantly
broader peak: plateau structure. No Gaussian anymore!

@ In fact one can show this: At the maximum of peak, all
derivatives vanish until order 4!

e - in general for flower graphs
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The 1-flower graph
The sunset-graph
Peakedness properties: analytical and numerical results Peakedness properties: analytic results for general graphs

General prope

@ In all examples: Gauge-invariant states are peaked around
gauge-invariant data.

@ In all examples: States with data corresponding to degenerate
gauge orbits (e.g. [g] = [1,1,...,1]) have significantly
broader peak: plateau structure. No Gaussian anymore!

@ In fact one can show this: At the maximum of peak, all
derivatives vanish until order 4!

e - in general for flower graphs
e - in the t — O-limit for general graphs
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Summary and outlook

Summary

@ Gauge-invariant coherent states for G = U(1) and G = SU(2)
obtained by projecting CCS to gauge-inv. subspace. They
have been investigated by analytical and numerical methods
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Summary and outlook

Summary

@ Gauge-invariant coherent states for G = U(1) and G = SU(2)
obtained by projecting CCS to gauge-inv. subspace. They
have been investigated by analytical and numerical methods

@ Both gauge groups: Gauge-invariant coherent states behave
semiclasically: Overlap is peaked around gauge-invariant data.
Peak width determined by t.
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Summary and outlook

Summary

@ Gauge-invariant coherent states for G = U(1) and G = SU(2)
obtained by projecting CCS to gauge-inv. subspace. They
have been investigated by analytical and numerical methods

@ Both gauge groups: Gauge-invariant coherent states behave
semiclasically: Overlap is peaked around gauge-invariant data.
Peak width determined by t.

@ Ehrenfest properties for gauge-invariant observables follow
immediately.
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Summary and outlook

Summary

@ For G = SU(2): States labeled by degenerate gauge orbits
have qualitatively different peak profiles — peaks are no
Gaussian.
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Summary and outlook

Summary

@ For G = SU(2): States labeled by degenerate gauge orbits
have qualitatively different peak profiles — peaks are no
Gaussian.

@ Could have been expected, since gauge-inv. phase space is no
manifold at these points! Correspond to Ay = Ey = 0.
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Summary and outlook

Summary

@ For G = SU(2): States labeled by degenerate gauge orbits
have qualitatively different peak profiles — peaks are no
Gaussian.

@ Could have been expected, since gauge-inv. phase space is no
manifold at these points! Correspond to Ay = Ey = 0.

@ Conclusion: Gauge-invariant coherent states are useful for
addressing semiclassical issues in the gauge-invariant sector.
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Summary and outlook

Outlook

@ Diffeomorphism invariant coherent states!
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Summary and outlook

Outlook

@ Diffeomorphism invariant coherent states!

@ Image of gauge-invariant coherent states via Diff —rigging
map?
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Summary and outlook

Outlook

@ Diffeomorphism invariant coherent states!

@ Image of gauge-invariant coherent states via Diff —rigging
map?

@ With these states: Approximate graph changing Master
constraint on Hp;f = dynamics?
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