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common ground...

*Quantum models
° 2+1
e Sourcefree EM

* Linearized gravity

* Here we can easily
learn new techniques
from one another!
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ilbert space
* Canonical CS representation
* CS path integral

° Summary

* Challenges
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1 = [ dtlpud® ~ H(p.0) + Xa(p,0)
. Calcymplectic manifold
{qa y pb} — '5;:'

* General constraints possible; simplest example

A{ba(p, @); 96(p, @)} = cop Ge(p, @)
b{‘FI(IS"J Q):gba(p: Q)} :h{f ';bb(p; q) ._‘
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ator quantization

- {dom} =8~ Q7 P = iR g
(p,q) =0 &,(P,Q)¢p) =0
Ibert space populated by states of the form

¥p) € Hp C H El¢) = |¢p)

* Projection operator obeys the relations

E? =E E' =E

* Formally, it may be represented by e000

ipeeee

E[5 @2 < §(h)?] = / dX exp [—iA ¥ &7] i
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| CS matrix elements
', ¢'|Elp, q)
el (RK)

_ _ . {P7IEX? < &lp, g)

* Elements of the physical HiIbert space

Y(p,q) = Zan (P, 4lPns Gn))

* Inner product

(¥, ¢) = Z oy Bm (P @nlPmy Gm))

m,n—1
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onical gravity

omentum are perturbed

the perturbations
Ilp,h] = / dt / Pz [pah® — N°H, — N'H; |

* Poisson algebra

1 \ dy 1 d '3
{has(z), (")} = 0(,0,0(z — ') e
* Linearized constraints : ' 2000
He'(z) = —B™ =hiju— higs ol |
Hz'(l) (z) = —2p; k?-k m
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(s (@), 1e4a) | = i8,88%(@ — o)

'-hk) — T (k) + hgy (k) + b, (k)

* Simplification of the constraints
Hok) = k?h7(k),
ﬁa(k) - |:k2 ﬁL (k)] i
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for linearized gravity

per point in momentum space

B[R+ [ < 8

/_m & o [_i)\ (|Hj|2 N |ﬁL|2)] sin(§2\)

o — 00 ﬂ-)\
* Commutation of the constraints allows for a split in the projection operator
. o h :

= /m dps[§] exp.{-—'iﬂﬁﬂz} /m dp[¢] exp {—-"EC pr

o — 00 — 00
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* This means a split in the each reproducing kernel N '—i‘p
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erent states

itten as

_ i ] dulie) 1, (OB (K) i f du(i) Pl (KB (10| )

YT = i du(k) b (957 (0 due) p° (R (1)
G BB o v A

Ip, YL = 1S dulk) p” (k)55 (k)i f duli) b (k)-§7 (k)

For such states, the overlap appears as

3
(P, Blp’, b") = exp {— f (;)E/z BOOR/2 + 15 (272 - 3* () - 300)] |
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linal degrees of
ecouple...

rnel becomes in the limit

,,,,,,,,,,,,,
P
%

b')

hlEL |y

> Fo 19, b] Folp', b']

where

3 2 2
Rt zen [ ok, [ _ w0100l

(27)3/2 4w(k) 4

* (Calculation of the transverse RK yields a similar expression I

* Therefore each of the longitudinal and transverse Hilbert _.é' man;
spaces reduces to a one dimensional Hilbert space @ e
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ere

nt state matrix elements, the RK becomes

RK

L — 00

X exp {—2i f d*a[p™ pay + habﬁ““"]} 1111 4 dhasDR

1/ e AR
' T,t a<b

lim N, /exp {—-i/d%[ﬁabhab + N® H, + N° HO]}
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esults Using
or Quantization

to physical Hilbert space

Brr @E [H1 @ H7)
= HrrQEY HrEX Hr
= HrrRCRC~ Hrr

* A non-compact gauge group was quantized

o
®
° No gauge choices were made in quantizing the theory! :
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What the Rosetta Stone really
says...

CQG: configuration space

?E e Ty = N exp [—%/d% w(k) ‘hg;(k)‘z]

© Trustees of the British Museum

Loops: U(1) x U(1) x U(1)

_37 r}, a
(I‘[JJL = Z BXD{T/dgx ng),ﬂ *(x) X(rb),a(x)} (a:Q|

X .q
i 9004
. RK: phase space gk
- . " dok 2 2 2
i 107" = exp |~ [ (2 (BB + % as0)|
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', en describing interacting QFT's?
ojection operator to 2+1 GR
eatical rigor
* Can the projection operator be used to constrain linear loops?
* Affine coherent states
* Projection operator in the complexifier CS machinery
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