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Symmetry

Theory: An action with some boundary/initial conditions.

Solution space: All solutions of the theory compatible with the
boundary/initial conditions.
Symmetry: Transformations which rotate us in solution space

. symmetry .
solutiony ——— solutions

different solutions correspond to different boundary data

symmetry

boundary data; —— boundary data,

Conserved charge: There exists conserved quantities associated
with these symmetries. (Noether's theorem)
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Example, point particle

Action: S = [ imd?dt

Po
e (a5, m0)

Equation of motion: mg=20 symmetry

Solutions:  q(t) = 2t + qo (o, Po)

qo
Initial data: {qo, po}

Trans. symmetry:  d.qo =€, depo =0

Conserved charge: Momentum
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Solution phase space
Einstein’s gravity action:

1
S T

/d3x V=8(R=2N),  &u =R, —2\g, =0
Metric ansatz:
ds® = —Vdv? + 2,jdvdr + R? (dp + Udv)?

Equations of motion result:

R=Q+Anr
1 éi¢17 T
U=t R~ T oz

1 ) T2 2R T Oyn
=— (- — — 2D, — 27
1% )\2< AR M+4Q2 ., (n)\)+§
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Solution phase space

Two constraint equations:

A

N T
5/\;1 =D, M+ /\)\8¢ <

A2) +203U =0

A~

Eq =D, T - Ny (ﬁf) +203(A ) =0

Comoving derivative:

D,O,, :=0,0, — L0,
L0y ::L{8¢ Ow + WOW8¢Z/{

Boundary data: {n(v.o),Q(v, (/)),'?"(v, ¢),M(v,q§)}

5/12



Causal boundary symmetry

Causal boundary symmetry:

r ’T‘8¢T 1 77(9¢T 8¢T
= / — — — P - i
&E=To,+ > w 2INZR 772)\8¢ ( h\ >:| 8r+(Y+ R 0y

T(v, ¢): supertranslation in v-direction
Z(v, ¢): supertranslation in r-direction
W(v, ®): superscaling in r-direction

Y (v, ¢): superrotation in ¢-direction
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Transformations law

Transformations law:
T, MM =5 {40, Q+ 0:Q, T + 6T, Xt + 6.1}

Explicit forms:

Sen =Du(Tn) + YOyn — %nW

5eQ =T DyQ + 9,(QY) + nA\Z

5T mTOM +2MOu T + YO, T +2T0,Y — 203 T

Se M Y 0p M +2M83Y — N(TosT + 270, T) — 203V

where Y =Y +UT and T = T/\.
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Causal boundary symmetry algebra

Causal boundary symmetry algebra:
[6( T, Z1, Wi, Y1), E( T2, 22, W, Y2) ) wracke = §( T2, Z12, Wh2, Y12)
with

Tio = (T10y + Y104) T2 — (1 <+ 2)

Zi2 = (Tidu + Y104) 22 + 2WaZ — (15 2)

Wis = (T18V + Y16¢) Wy — (1 <~ 2)
Yi2 = (Tlav + Y18¢)Y2 — (1 — 2)

Causal boundary symmetry algebra:  Diff(C) &€ Weyl(C) &€ T,(C)
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Surface charge analysis

Surface charge:

1
$Q =z do | W80 +225(Qe™2) + YO + THH|.
Crvv
2
§H = —D,MOQHUST+D,QMH+ATN,  Mi=1n <7@)

here we have added the following Y-term

O/ —
Y"(g; 0g] = 1671'5 -

Our symplectic quantities are radial independent.
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Heisenberg slicing

Change of slicing:
7=6Q, W=-5N, Y=Y+UT, T=

Charge in Heisenberg slicing:

1 A ~ A A A A
6Q% = 1s ¢ é do (W59+ 76N + Vot + T(SM) .

If we assume 52:65A/:5VT/:57A':0,
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Surface charge algebra

Charge algebra in Heisenberg slicing:
{Q(v,9),M(v.¢")} =167G 6 (¢ — ¢')

{T(v.0), (v, 0)} = 167G (T(v.¢)05 — T(v.0)) 3 (6~ &)
[NU(v,0), M(v, )} = =167GA (T(v. 6105 = T(v, )0 ) 6 (6 - &)

[T(v,6), M(v, )} = 1676 (M(v, 6)9y = M(v, 0)0y — 203) 8 (6 — &)
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Discussion and concluding remarks

Quantization.

Generalization to higher dimensions.

Well-defined action principle and boundary theory.

Local thermodynamic descriptions. [See Dr. Sheikh-Jabbari's talk]

Thank you for your attention!
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