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The setting

— Asymptotically flat spacetime has large symmetry group at .% +
— Strominger et al.: BMS group is spontaneously broken

= Goldstone modes? Degenerate vacuum?
— This might help with black hole information loss problem

Can one extract a dynamical description of the new degrees of freedom?




The idea in a nutshell

e Action on manifold with boundary has two pieces:

I = Ipuk+ Ipay  With Iy = [ Zd"x

Boundary piece needed sum over
— Classically: to allow extrema y_ Intermediate data
— Quantum mechanically: to ensure proper “sewing” O >O >
of path integrals

e Gauge symmetries of Ip, will typically be broken by Ipq,
— Formerly nonphysical degrees of freedom become dynamical at boundary

e Action for new degrees of freedom is induced from Ipgy,

e Results for (2+1)-dimensional gravity:
— Asymptotically AdS: Liouville action
— Asymptotically flat: relation to chiral Liouville theory



(2 4+ 1)-dimensional asymptotically flat gravity

Partially gauge-fix metric: “Bondi” coordinates

ds? = —2dudr + gyy du® + 29y dude + r2e*Pdp?

u = const.: outgoing null surfaces
r is an affine parameter along null geodesics uw = const., ¢ = const.



Behavior of metric near .7 =

Symmetries: supertranslations ~ u — u + e¥T'(¢)
superrotations ~ ¢ — ¢ + Y (o)

From field equations (Barnich & Troessaert)
Juu = —270yp + e 2P {—(3¢90)2 + 28%(,0 + @}
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Jup =€ 7 |E+ / du {§8¢@ — O[O — (8¢<p)2 + 38(2]5g0] + 82(,0}]

® and = are charges for supertranslations and superrotations
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Boundary terms

1

167G Jom

d2x [~ Oy (re?Oguu) — 20uudr (re?3p)] + O (1)

Use asymptotic expression to integrate: find
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of = ———0 d°x e¥ guu +
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where X means the O(1) part of X

Fix either Gy (i.e., ©) or e® (or some combination)

(Same result from looking directly at canonically conjugate variables)



Fix ¢:

d*x e’ Guu

T —
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Not quite extrinsic curvature of » = const.:

— unit normal n® to r = const.
— induced metric q,p ON 7 = const.

— null vector £ < du, normalized so ng€¢ = 1

Ibdry = dZZB \/a Vafa
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Relation to diffeomorphisms

Start with flat base metric
ds® = —2dudF + da® + 72dd?
Diffeomorphism

ug _ ?1 b1

u=uyg+—-+..., d=¢g+—+..., r=ar +bg+—+...

r r r

Form invariance of metric = relations among coefficients ug, ¢q, bg

Confirm form gy = —2r8yp + e 2% {—(89,590)2 + 28%90 + @}
©

_ Ogo

with e¥ = :
Oulg

= —(9p$0)? — 2{0; P}

2
Schwarzian derivative {f;z} = % — % (J}—/,,)



An action for supertranslations and superrotations

Boundary action (for fixed ¢) is then

d?ze ¢ {—(Bq%o)z + 233590 — (3¢¢0)2 — 2{¢o; Cb}}
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What can we say about this action?

— Depends on ¢ (superrotation parameter)
—Bute? = (9400)/(0uuy) fixed,
so equivalently depends on ug (supertranslation parameter)
— Schwarzian derivative in ® < O transforms as stress-energy tensor
— Many connections to Liouville theory and Virasoro group



e Vary ¢: Hill's equation

3x+ETx =0 withx = —L_e?/% T = £(8500)° + {5{¢0; 6}

— Solutions x1, X2 give orbits of Virasoro group:

—0.T = —15¢"" — 26'T — eT" = O withe = X% X1X25 X3

e Action for ¢ related to Alexe’ev-Shatashvili action for coadjoint quantization

e o fixed = either ¢ or ug can be treated as independent:
— Oyppo = € = chiral Liouville action for o

~

— Oyug = e? = chiral Liouville action for &

Clearly a strong connection to CFT (or BMS/Galilean theory?)

Generalization to 3+1 dimensions?
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