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Holonomies
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So far

* 12-dimensional kinematical phase space
« AL EP = {4400, B} = 8]655(x,y)
* 6 first class constraints |
{g.f =
Fl =0

* = 0-dimensional physical phase space
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Dirac quantization

1. Find “good” basic variables/functions — {f, g}
* Good = form algebra + simple gauge transformation

2. Smear constraints — no delta-function/integration
* Configuration — smear over k-dim hypersurface
* Conjugated function - smear over (D-k)-dim hypersurface

3. Quantizef = f, g = §, [fg‘] = ih{f, g}
= kinematical Hilbert space

4. Quantize the constraints C - C
5. Physical Hilbert space C|y) = 0
6. Dirac observables
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Dirac quantization

1. Find “good” basic variables/functions — {f, g}
* Good = form algebra + simple gauge transformation

J
7, o good?
connection A, = AT, — gAug™ ' + g0ag™!
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Dirac quantization

1. Find “good” basic variables/functions — {f, g}
* Good = form algebra + simplegaage-trewsformartion

j
A, good? No.
connection A, = AT, = gA,g™' + 90,97

f(A) - gf(A)g™’
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Dirac quantization

1. Find “good” basic variables/functions — {f, g} A(x)
* Good = form algebra + simplegaepe-trensformation A(x)

J
a, good? No.
connection A, = AT, = gA.g™' + g0.g7"

f(A) - gf(Ag™
f(A, geometry) - gf (A, geometry)g™!
D,V =0,V + [A4, V]

=holonomy
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Lie algebra valued form S0(3) = SU(2)/+1
R(9)Ti=g ' Th-9g —

- 50(3)_ €5UQ)

Plugin v¥: Ri(9)T; - (@WTx) - 9= (R(g) - v)'Tj = g- (V*T}) - g7

= Lie algebra valued object: B/ — BJT;
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Lie algebra valued form S0(3) = SU(2)/+1
Ri((f)T{ = 'q_l .- g — - |

c 50(3)_ € SUQ2)

Plugin v¥: Ri(9)T; - @WT) - 9= (R(g) - v)Tj = g- (W*T}) - g~"

= Lie algebra valued object: B/ — BIT;

| E° = E%T; - gE%™!
one-form — j |
| Fw=F

ab

T —= ‘/Er!)(/

connection A, = AT} — gA.g~ " + 90ug™"
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Holonomies
« SU(2) Lie algebra valued form V(x) = V/ (xX)T; y(1)

parallel

¢ V(O) trzﬁ)ort V(S) e gV(O)g_l
* Define parallel transport

V(s)=h(s)V(0)h(s)™'  h(s) € SU(2)

Y(s)

* I/ transform in adjoint representation: y(0)
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Holonomies
* SU(2) Lie algebra valued form V(x) = 72 (X)Tj y(1)

parallel

- V(0) transport V(s)=gV(0)g~*
* Define parallel transport

V(s) = h(s)V(0)h(s)™'  h(s) € SU(2)

Y(s)

* V transform in adjoint representation: y(0)

V(0) = g(~(0))V(0)g(7(0))™*
V(s) = g(7(s)V(s)g(v(s) ™" = b (s)(g(7(0)V (0)g((0))"))h" ()~
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Solve for holonomy

 Parallel transport: Y“D,V(s) =0. D,V =9,V + [A4. V]
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Solve for holonomy

* Parallel transport: 7D,V (s) =0. D,V =3,V + [A..V]

ds ds

= d e Yy |
ah(-"‘) = —y"Aa(7(5))h(s)

Solve = h(s) =1- /0 1" Aa(v(s))A(s)ds"  gssuming h(0) = 1
Integrate = solution for holonomy:

/JA’(H) = HDexp [- /A~1]

.= Z(_l)” / d-""u / ) d'-“'n-l T / - d"‘lfl(”n)fl("‘n—l) -
J0 J0 J0

n=0
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((—lh(.q)) Vh(s)™! + h(s)V ((—lh(s)—l) + 4% Aah(s)Vh(s)™! = h(s)Vh(s)"14%4a =0

.‘_151
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Dirac quantization

1. Find “good” basic variables/functions — {f, g}
* Good = form algebra + simple gauge transformation

h=nh(Ayvy)
h(s) = g(y(s))h(s)g(¥(0)~!

Next?

irsa: 18030045 Page 16/28



Pirsa: 18030045 Page 17/28




Pirsa: 18030045 Page 18/28




WO POW

L

().0. LA

¥
P

el
(

| [ A
AV ¢ I' )

Pirsa: 18030045 Page 19/28




\ N
Sonem Y\

L&

s \‘\i(- N ncer

\

TOATON

)

Pirsa: 18030045 Page 20/28




Pirsa: 18030045 Page 21/28




Pirsa: 18030045 Page 22/28




Pirsa: 18030045 Page 23/28




Pirsa: 18030045 Page 24/28




Pirsa: 18030045 Page 25/28




Pirsa: 18030045 Page 26/28




18030045 Page 27/28




18030045 Page 28/28




