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i Dictionary Definitions

= | Affinity

1. a natural liking for or attraction to a
person, thing, idea, etc.

s | Affine

3. of or pertaining to a transformation
that maps parallel lines to parallel
lines and finite points to finite points.
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i Affine Quantum Gravity

= Kinematical variables
= Metric positivity
= Initial representation
= Without constraints
= Quantum constraints
= Projection operator method

= Imposition of constraints
= Functional integral representation



Kinematical variables

s Affine commutation relations
g.,(X), {9,0)>0 , 7/ (x)=7"(X)g,(X)

7, (%), 2, (V)] = (112)[6;72,(x) — 6,7 (X)]o(X, Y)
'Q (), 2, (V)] = (112)[6;9,, (X) +6,0.,(¥)]6(X, )
9,,(X),0,,(¥)]=0

U(y) =expl[-i[y.z;dy] . M (x) ={exp[r(x)/ 2]},
U(»)" 0., (U (7) = M ()G, COM; (x)
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i Initial representation

s Affine coherent states
| 7, g> — g7 0’y g-ilratid’y | 77>

NG, Xm=8,0) ., (glA2(X)|n)=0

(z",9"| 7', 9") = exp{-2[b(x)d

’ In(det{(g”ab +g'™)/2+ib(x) (2" —n'ab)/z})}
[det{g"“}det{g " }]"

0., () =M; ()T, COM; () M) ={exp[y(x)/ 2]}



i Quantum constraints

= Enforcing the constraints

¢, (p,a)=0 , g%(p,q)2=0
° Dirac: o (P,Q)|w,,)=0, (limited use)
°POM: |E=E(Z,®><5(h)°)|, H, =EH
1) E(J+J,+J.;<h’/2) E
(2) E(P*+Q?<h) /
(3) E(Q°<d6?)=E(-06<Q< ) 5

Iimg_)0< prr, q”‘E‘ pr, qr> /<77‘E‘77> — << p”’ qrr | pr, qr>>



®

i Quantum constraints (2)

s Non-standard constraints

(4)

()

(6)

E(Q*+Q°<4%)=E(Q"+Q° <)
lim,_,(p".q"[E|p".q")[(n|E[n)=(p".q"| p'.q")
EQ*<5%), Q>1

lim, ,(p".q"|[E| p".q")/(n|[Eln)=(p".q"| p".q")
E(Q*(Q-1)"<5")=E,(Q" <5°)+E,((Q-1)" <)
A" =(1"E N (77, [Eo|17,) +<I”\E1\I'>/J<771 E.n)
lim,_, [ AQ" DI ET)ACT; 1) didl =17 [1)



Выступающий
Заметки для презентации
REDUCIBLE ,     IRREGULAR ,    MIXED REGULAR AND IRREGULAR


i Imposition of Constraints

= Path integral

E(Z,®% <5%)=[ Te """ DR(1) universal!

<q”‘Ee—i(E|‘A|E)T E‘C{'> _ MJ' e!/[Pa-H(p.a)-2¢p,(p.q)]dt DpDgDR(A)

(p" qrr‘Ee—i(EﬁE)TE‘ o',q) =lim,,_ M j ai/lpa-H(p.q)-2¢, (p.a)]dt
y ’ V—>0 | 4

xexp{—(1/2v)[[p* +q°]dt} DpDYDR(A)




i Initial representation

s Affine coherent states
| g g> _ eifﬂ°"@cdd3ye—i17§7%§‘d3y | 77>

NG, Xm=8,0) ., (glA2(X)|n)=0

(z",9"\ 7', 9") = exp{-2[b(x)d X

; In(det{(g”""b +g"™)/2+ib(x) (2" —z'ab)/z})}
[det{g"“}det{g " }1"

0., () =M ()T, COM(x) . M) ={exp[y(x)/ 2]} _



i Imposition of Constraints (2)

= Functional integral

The Heart of the Matter

(7", 9"Elx,g")=lim__ M [ exp{-i[[g,7* +N*H, +NH]dtd*x}

X exp{_(ll 2V)J.[b_1(x)gabgcd7z-bc7z-da + b(X)gabng gbcgda]dtd 3X}
x[I1,,, I1,., dz™ (t, X)dg,, (t. X)] DR(N®, N)
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i Further Issues

= Nonrenormalizability?
= Hard-core interpretation

= Appearance of Time?
= Soluble examples

= Removal of Cutoffs?
= Choose proper representation
= Reduce o as necessary
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Выступающий
Заметки для презентации
notes


i Hard-core interpretation

Classical action:

(X", T X0y =lim,_,, [ex

_ 1 exp
27T

Classical action:

=] 2-aNdt S
o[- [ (x° /2 + Ax*)dt] Dx

—(X"=X)*/2T]

| =[(x*/2-A/xNdt <& O

(X", T|X,0) =lim,_, [exp[-[(x*/2+ A/ x*)dt] Dx

H(X"X'){ Xp[—(X" — X')? 1 2T ] - exp[—(x" + X)?/ 2T}

N 2T
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‘L Hard-core interpretation (2)

= Free and pseudo-free theories

Theory

PF

N

// DISCONTINUOUS
~

CONTINUOUS

Coupling constant
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i Hard-core interpretation (3)

= Scalar field theory

lIm

N

A—>0 A J

exp( [{thg-[(Vp)® +m’e’]/2- 19"} °x )Dg
[exp( [{he—-[(Ve)* +m*e®1/2}d°x )De=S,(h)

Jexp( [{ hp~[(Vo)* +m’p*]/2-29"}d°x )Dg
[X(p) exp( [{ hp-[(Vp)’ +m’p’]/ 2}d°x )De=S,(h)

(= s
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Выступающий
Заметки для презентации
1Blue is FREE support    Red is INTERACTION support     X =1 inside BOTH loops  
X=1 when BLUE is finite and RED is finite      X=0 when BLUE is finite and RED is infinite


i Hard-core interpretation (4)

= Scalar field theory

S, () =N, [exp( [{hp-[(Ve) +m*¢?1/2—1p*}d"x D

S,(h) =N, [exp( [{hg—[(Ve)® +m’p*]/2}d"x )Dg
When h=0 , S,(0)=S,(0)=1
S,(h)=S,(h) forallh?

Does |im

A—0

{{o'd" x| [(Vp)* +mip’ld"x<C
Ifn<4 , C=4/3 (Yes —Renormalizable)

Ifn>5 , C=w (No— Nonrenormalizable) .



i Summary: AQG

s Preserve metric positivity
Affine kinematical variables

s Gravitational anomaly
Projection operator method

s Functional integral formalism
Continuous-time regularization

s Nonrenormalizable theory
Hard-core interaction
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Thank you !
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