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≡ Ċab



Intro Building a Frame Precession and Memory The End

SPACE-TIME METRIC

Minkowski in Bondi coordinates (u = t− r) :

ds2 = −du2 − 2 du dr + r2 habdθadθb

I Null infty at r→∞

Observer sees asymptotically flat metric :
mass angular mom

ds2 ∼ −
(
1 + · · ·

)
du2 −

(
2 + · · ·

)
du dr + (· · · )du dθa

+
(
r2hab + r Cab + · · ·

)
dθadθb

I Cab(u, θ) = aspt shear of null rays
I Radiation = news tensor ∂uCab ≡ Ċab
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I Find Ω !



Intro Building a Frame Precession and Memory The End

LOCAL FRAME

Freely falling observer with gyroscope

Measure orientation :
I Build source-oriented frame

I Spurious precession !

Choose distant stars instead
I Compensating rotation
I Frame e1, e2, e3

I Gyroscope’s spin S = Si ei

Parallel transport↔ precession Ṡ = Ω× S
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I No precession without radiation !

DDC̃− 1
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I Ω found from spin connection :

Ω⊥ ∼ O(r−3), Ω‖ ∼
1
r2

(
DaDbC̃ab − 1
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2 ĊC̃ = dual mass aspect [Porrati+, Godazgar+, Freidel+,...]



Intro Building a Frame Precession and Memory The End

RADIATION CAUSES PRECESSION

Parallel transport↔ precession Ṡ = Ω× S
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Precession Ṡ = Ω× S during radiation burst

I Net orientation change ∆S ∼
∫

duΩ× Sinitial

I Memory =

∫
du Ω‖ ∝ ∆Q

+ F +D
↙ ↓ ↘

Change of Flux Duality generator on
charge due radiative phase space
to S2 diffeo
(superrotation)



Intro Building a Frame Precession and Memory The End

ORIENTATION MEMORY
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