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Motivation

Radial Gauge

1s a certain gauge for canonical General Relativity

useful for discussing quantum spherical symmetry
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Preparations

spatial slice

metric
dab
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Preparations

— >  adapted coordinates
(r,0)
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Preparations

— >  adapted coordinates

(Ta ‘9) \

observables

observer

dab ™~ Qab(ra 9)
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Preparations

e

observer

ab ~7

in adapted coordinates

metric has the form

1 © ¢
_8@43

£

adapted coordinates

(Ta 6)) \

observables

Qab (Ta 9)

{Qan(r,0), PP, 0)} = 660

canonical subalgebra

appeared in: Duch, Kaminski, Lewandowski, JS JHEP05(2014)077
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Gauge fixing

we want to fix the gauge: on = Op,;
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Gauge fixing

we want to fix the gauge: dra — Ora

Dirac matrix {Q’raa C[ﬁ]} — Wrq 1S Invertible (Hl Diffobs)
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Gauge fixing

we want to fix the gauge: dra — Ora

Dirac matrix {Q'ra,a C[ﬁ]} — Wrq 1S Invertible (Hl Diffobs)
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Gauge fixed dynamics

we need to find Ny such that H[N] 4+ C[Ny] preserves our gauge

{¢ra, H[N]+ C[Nu]} =0
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Gauge fixed dynamics

we need to find Ny such that H[N] 4+ C[Ny] preserves our gauge

—

{Q'r'aa C[NH]} = _{Q’raa H[N]}
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Gauge fixed dynamics

we need to find Ny such that H[N] 4+ C[Ny] preserves our gauge

—

{QTaa C[NH]} = _{Q’raa H[N]}

1
H[N]‘gauge-ﬁx:/N<\/thG_ \/detq(g)R>

where
1 =p \Y AB~r ~r AB~r 1 AB_CD
G = §(p 7~) + 277D AP B — QABP D r + (CJACC]BD v §C]ABCICD)]0 p
3 1
(S)R . (Z)R o QABC]AB,rr =0 _qAB,TQAB,r e _(CIABQAB,T)Q
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Gauge fixed dynamics

we need to find Ny such that H[N] 4+ C[Ny] preserves our gauge

—

{QTaa C[NH]} = _{Q’raa H[N]}

1
H[N]‘gauge-ﬁx — /N< G- V det q(S)R>

vdet g
where
= 5 (0')* +2¢"°p ap" B — qaBp” D" + (04cdBD — %QABC]CD)pAB D o
g gy, - ZQAB rGAB,; — i(qAB 4AB.r)°
gmi(r, ) = /OO dr'Dep® A(r', 0)
%ér, J) = —% /TOO dfr’(pABqAB,r)(r’,H)—l—

/

+/ dr'D 4 (qAB(r’,H)/ dr” (DCpCB(T”,H))>
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Example 1: Spherical symmetry

take metric in the form RQ(T) Nz

the constraints are

C[]\_f] :/O d”I“NT (PRR/—AP//\)

o0 2 !/ /I A/ 2
H[N]:/ i (APA PrPy  RR' RR'AN R A)
0

2 R? R I\ A? 28 X
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Example 1: Spherical symmetry

I M) 0 0 C[N] = /0 drN™ (PrR' — APL)
O 9 (e’e) 2 2
R*(rnap = / AP} PrPy RR” RRN  R? A
i 0 ( ) | H[N]| = 1 dr N T2 7 + A A2 + oA 5

impose gauge A =1

the Hamiltonian preserving the gauge is

I i = /0 " arN (2;2 (— / ~dr! (PaR) (r’))

2

Pa = R? 1
IR dr' (PoR") (' pn o, 57 3
—l_R/r r (PrR) (r') + RR" + 5 2)
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the Hamiltonian preserving the gauge is

Example 1: Spherical symmetry

Nr) 0 ¢
8R2("°)77AB

/ drN" (PgR' — AP})
0]

/OO o (APﬁ PrPy  RR" RR'A'  R” A)
0

D22 B e

impose gauge A =1

2

oo 1 oo P o0 /9 1
H[N”gauge-ﬁx - / dr N <2R2 (_/ dr’ (PRR/) (7“/)) F HR / dr’ (PRR/) (7“/) + RR" + % — 2)
0 T r

it gives the following equations of motion

F(r')

R(r")  R2(r")

1 3 ] (7“) / 4 / ] la(r,)
—R(T) - R(T) + R (T)/O dr (
1 P‘ R// I R2 (T) IR(T)} (T)
AY R (7) () R(r) : R?(r)

F=(r)

TR (r)

)
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Example 1: Spherical symmetry

Nr) 0 ¢
8R2("°)77AB

C[N] =

/ drN" (PgR' — AP})
0]

(e’e) 2 /1 IV 12
H[N]:/ drN(APA_PRPAJFRR _ RR'A' R _é)
0]

oR2 R A e

impose gauge A =1

the Hamiltonian preserving the gauge is

2 2

o 1 - / / / 3 PR b / / / 7 R/Z 1
H[N”gauge-ﬁX:/O drN ﬁ (_/ dr (PRR)(T )) —l_ﬁ/ dr (PRR)(T)+RR e

it gives the following equations of motion

| SO () KA g
() = et (r)/0
| S ) /1 P2(T)

NPR(T) = —R"(r) + }?('r)

dr’ (—PR(T,) i g

R(r") R?(r")

o Pr(r)E(r) | EF2(r)
TR R(r)

)

+ Ph(r) /O 2 (pw') & g,g)
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Ly = <20y iy [l O

N R(r) R(r")  R2(r")
1o oo PO PROE() | FA) | o (Pal) | F()
() =0+ S s R S vk [ (0~ )

Example la: Minkowski

setting Pr(r) = 0 constantly in time, we obtain

R(r) =0
0= R"(r)

\

R(r)=r
(N"=0)
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Ly = <20y iy [l O

N R(r) R(r")  R%(r')
BENNL o FE) G Pa)I6) | FE) o | e (E20E0) EEGH
Pl =0+ S S e ) [ (S5~ )

Example 1b: Schwarzschild

Schwarzschild metric in free-fall-coordinates is

2IM [2M
di? = — (1 > dt? 4 24 | ——dtdr - dr? + r2dO?
; T T

) ey

N W 0
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Ly = <20y iy [l O

N R(r) o) 2
1o oo PO PROE() | FA) | o (Pal) | F()
() =0+ S s R S vk [ (0~ )

Example 1b: Schwarzschild

Schwarzschild metric in free-fall-coordinates is

2IM [2M
di? = — (1 > dt? 4 24 | ——dtdr - dr? + r2dO?
T T

It turns out

NI, = N" H[N] + C[Ny| =

Jedrzej Swiezewski, University of Warsaw



Quantisation
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Quantisation

Radial gauge gives a reduced phase space ot GR
What can we do with it?

e quantum picture

he(A) = Pexp (/ AAﬂida:A>

By (S) = / Ef Neppdrdx®
S
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Quantisation

Radial gauge gives a reduced phase space of GR
What can we do with it?

e quantum picture

he(A) = Pexp (/ AAiTidZEA>

By (S) = / B Neapdrdz®
S

Spherical Symmetry

e can be obtained imposing p"* =0
o
Faled) = / ' Dp® A(r", 0)
T
* or by averaging w.r.t. rigid rotations around the centre
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Thank you for your attention

Bodendorfer, Lewandowski, JS

A quantum reduction to spherical symmetry in loop quantum gravity arXiv:1410.5609

Bodendorfer, Lewandowski, JS

General Relativty in the Radial Gauge I & II (to appear soon)



bExtra shide

condition on canonical data in spherical symmetry

o / dTPRR/ =
0

conditions on canonical data in general case

. / erBpBA =
0

1 @) O @)
—5/ drp*® qap., +/ drD 4 <C]AB/ dT/DCPCB> =
0 0 T

AB A

QAB) = %(p BQAB,T)7T

* Jim (p Ll

r—0 (\ /det q) e

I

=
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