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Aej
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iei

B = δB
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When the stretching  , which is always possible by rescaling: 
 and ,  we have the relation

ρ = constant
na → eϕna ka → e−ϕka

Πi
aGa

bnb = Dj𝖳i
j

The Einstein equations projected onto  is the conservation laws of sCarrollian 
stress tensor 

ℋ

[Donnay-Marteau ’19, Chandrasekaran-Speranza ’20, Chandrasekaran-Flanagan-Shehzad-Speranza ’21, PJ-Freidel ‘22]

Embedding  in Spacetimeℋ

(na, kb)

ℋr = 𝚥r(ℋ)

ℋ0 = 𝒩

(vi, kj)

qi
j

A family of sCarroll structures (vi(r), kj(r), hij(r), ρ(r))
Foliation:    such that    are 
causal (null, timelike) surfaces, and  is a null 
boundary

𝚥r : ℋ → ℳ ℋr = 𝚥r(ℋ)
ℋ0 = 𝒩

4

Normal:    na = ∇ar

Projector:    such that  Πa
b = δb

a − nakb Πa
bnb = kaΠa

b = 0
Rigging:  ,  with  and  ka = ∂r 𝚥a kana = 1 gabkakb = 0

[Rigging structure: Mars-Senovilla ’93]

Equivalence between Stretched Horizon perspective and sCarrollian perspective 
(na, ka, gab) ⟹ (va, ka, hab, ρ)



Symplectic Potential

5



Symplectic Potential
    and     𝖳i

j = − ki (𝖤vj + 𝖩j) + 𝗉iv j + (𝖲i
j + 𝖯qi

j) θ = qijDikj = ∂r ln q

5



Symplectic Potential

Canonical Symplectic Potential

Θcan
ℋ = − ∫ℋ

((𝖤va + 𝖩a) δka + 𝗉aδva− 1
2 (𝖲ab + 𝖯qab)δqab + θδρ) ϵℋ

    and     𝖳i
j = − ki (𝖤vj + 𝖩j) + 𝗉iv j + (𝖲i

j + 𝖯qi
j) θ = qijDikj = ∂r ln q

5



Symplectic Potential

Canonical Symplectic Potential

Θcan
ℋ = − ∫ℋ

((𝖤va + 𝖩a) δka + 𝗉aδva− 1
2 (𝖲ab + 𝖯qab)δqab + θδρ) ϵℋ

    and     𝖳i
j = − ki (𝖤vj + 𝖩j) + 𝗉iv j + (𝖲i

j + 𝖯qi
j) θ = qijDikj = ∂r ln q

5

Intrinsic but derivable from the Einstein-Hilbert gravity, by fixing the rigging structure to 
be a background structure ( )δna = 0, δka = 0

ΘEH
ℋ = Θcan

ℋ + δ𝖡ℋ + ϑ∂ℋ

Boundary Action:  𝖡ℋ = ∫ℋ
𝖭ϵℋ

Corner Potential:  ϑ∂ℋ = − 1
2 ∫∂ℋ

δvaιaϵℋ
[sCarrollian generalization to many works: Hayward ’93, Ashtekar ‘00, 
Lewandowski ’04, Lehner-Myers-Poisson-Sorkin ‘16, Parattu-
Chakraborty-Padmanabhan ’16, De Paoli-Speziale ’17, Freidel-
Hopfmuller ’16-’18, Adami-Grumiller-Sheikh-Jabbari-Taghiloo-
Yavartanoo-Zwikel ’21, Chandrasekaran-Speranza ‘21, 
Chandrasekaran-Flanagan-Shehzad-Speranza ’21, Freidel-PJ ’22, 
Odak-Rignon-Bret-Speziale ’23, Chandrasekaran-Flanagan ’23, 
Ciambelli-Freidel-Leigh ’23, Freidel-Riello ’24]
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‣ Transformations of under  are anomalous:  (R, W, ZA) δ(R,W,Z) ≠ ℒ(R,W,Z)
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A)

Energy & Momentum evolutions:
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Canonical Charges:                   Qξ := Θcan
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Transverse Translation:  ξa
⊥ = Rka

QR = ∫ℋ
R(Rickn)ϵℋ + ∫∂ℋ

(𝒟AR − 𝗉AR) ιAϵℋ

−Rickn = 1
2 qABGAB − ρGkk = ℒk𝖭 + (𝖤 + 𝖯)θ − (𝒟A + 2𝗉A + 2φA)𝗉A + 𝖲ABσBA

Transverse Evolution: 
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• Correspondence between gravity and sCarrollian hydrodynamics, both at the level 
of EOM and phase space

• Symmetries and Charges  ➡ Holographic derivation of Einstein equations

✤ Quantization? 


✤ Thermodynamics?


✤ Holography?
Thank You!
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+∫𝒮
(−(𝒟⟨AXB⟩)σAB+ 1

2 (𝒟CXC)θ+ 1
2 (XAφA)θ) ϵ𝒮

This mechanism can be traced back to the Bianchi identity ∇bGa
b = 0

What does it mean? Can we think of this mechanism as the action of 
some symmetries? Relation with asymptotic infinities? 
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