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» Virasoro for AdS;

» BMS for Minkowski

[Brown-Henneaux 1986]
Aspt symmetries act on space-time metric

» Boundary gravitons

[Bondi et al. 1962]
» Observable quantities ?

Berry phases for loops in space of { metrics

» For definiteness : 3D gravity

reference frames
» Generalize Thomas precession

[Thomas 1926]
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Example : G = SU(2), highest-weight state | j)

» Parameter space = SU(2)/S! = S?
» Closed path f(t) € SU(2)

» Berry phase = —j x (enclosed area)

How does this work for Virasoro ?
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» Boosts :

SiF(e) _ e'?cosh(\/2) + sinh(\/2)
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Let f(t) = pathin G
» Derivative f(t)

- =

_ 0

— or

(1)|,_, is tangent vector at f(t)
(07 f0))
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T=t
For Diff S! :
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» Extra central entry in Maurer-Cartan form
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[Alekseev-Shatashvili, Rai-Rodgers 1989]
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» Lie algebra = Vect S! @ R = Virasoro algebra

= Diff S' x R
» Extra central entry in Maurer-Cartan form

(f_l 'f)Virasoro =

b i [} ()

AN
[Alekseev-Shatashvili, Rai-Rodgers 1989]
» We can compute Berry phases !
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» Central charge c
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» Central charge c

» Highest weight £ :

ulbol[h) = hh)

u[ly]lh)y =0 ifn>0
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» Central charge c

» Highest weight £ :
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> Take [¢) = [h)
» Take f(t, ¢) closed path
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| =i dt (hulf~f]lh)
fa
! ‘/3 ’ 487r

Jdo f (;)/)
> i fa <h|u[(jf, 2,,0)|1n)
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UIRREP of Diff S! x Diff S! with weights h, h
» Particle dressed with bdry gravitons

Berry phases appear

when particles undergo cyclic changes of frames :

Biotal = Bh,c [f] + BE,E [f]

» Symplectic fluxes of bdry gravitons
» Space-time interpretation ?
» Let’s turn to Minkowskian gravity !



Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

gz;;rx;%?gg Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

3D Minkowski space-time

N



Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

3D Minkowski space-time




Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

3D Minkowski space-time

» Future null infinity




Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

3D Minkowski space-time
» Future null infinity

» Bondi coordinates ¢, u




Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

BERRY PHASES IN FLAT SPACE

Asymptotic Berry phases
000®0000

Conclusion
[e]e]

3D Minkowski space-time
» Future null infinity

» Bondi coordinates ¢, u

» Aspt symmetries :

BMS; = Diff S' x VectS!




Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

3D Minkowski space-time
» Future null infinity

» Bondi coordinates ¢, u
» Aspt symmetries :

BMS; = Diff S' x VectS!

> o= f(¥)

u—u+a(p)




Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

3D Minkowski space-time
» Future null infinity

» Bondi coordinates ¢, u

» Aspt symmetries :

BMS; = Diff S' x VectS!

> o= f(¥)

superrotations
u— u+ a(p) supertranslations




Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

3D Minkowski space-time
» Future null infinity

» Bondi coordinates ¢, u

» Aspt symmetries :

BMS; = Diff S' x VectS!
» o f(p) superrotations

u— u+ a(p) supertranslations

» Conformal tsfs of celestial circles




Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

BMS; UIRREPs = dressed particles in flat space




Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

BMS; UIRREPs = dressed particles in flat space
» Labelled by mass and spin

[Barnich-B.O. 2014]




Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

BMS; UIRREPs = dressed particles in flat space
» Labelled by mass and spin

» Quantum states = wavefcts in

[Barnich-B.O. 2014]
momentum  space




Introduction
Q0
:

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

BMS; UIRREPs = dressed particles in flat space
» Labelled by mass and spin

[Barnich-B.O. 2014]
» Quantum states = wavefcts in supermomentum space




Introduction
Q0

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

BMS; UIRREPs = dressed particles in flat space
» Labelled by mass and spin

[Barnich-B.O. 2014]

I

» Quantum states = wavefcts in supermomentum space
dual to supertranslations




Introduction
Q0

Berry phases & groups
00000

Virasoro Berry phases
00000000

Asymptotic Berry phases
BERRY PHASES IN FLAT SPACE

Conclusion
[e]e]

BMS; UIRREPs = dressed particles in flat space
» Labelled by mass and spin

[Barnich-B.O. 2014]
» Quantum states = wavefcts in supermomentum space

1
dual to supertranslations
» Rest-frame state |¢)




Introduction Berry phases & groups Virasoro Berry phases Asymptotic Berry phases Conclusion

00 00000 00000000 0000000 00
:

BERRY PHASES IN FLAT SPACE

BMS; UIRREPs = dressed particles in flat space
» Labelled by mass and spin [Barnich-B.O. 2014]

» Quantum states = wavefcts in supermomentum space

I

dual to supertranslations
» Rest-frame state |¢)

Consider a closed path (f(t), a(t)) in BMS3



Introduction Berry phases & groups Virasoro Berry phases Asymptotic Berry phases Conclusion

00 00000 00000000 0000000 00
:

BERRY PHASES IN FLAT SPACE

BMS; UIRREPs = dressed particles in flat space
» Labelled by mass and spin [Barnich-B.O. 2014]

» Quantum states = wavefcts in supermomentum space

I

dual to supertranslations
» Rest-frame state |¢)

Consider a closed path (f(t), a(t)) in BMS3
v

superrotations



Introduction Berry phases & groups Virasoro Berry phases Asymptotic Berry phases Conclusion

00 00000 00000000 0000000 00
:

BERRY PHASES IN FLAT SPACE

BMS; UIRREPs = dressed particles in flat space
» Labelled by mass and spin [Barnich-B.O. 2014]

» Quantum states = wavefcts in supermomentum space

I

dual to supertranslations
» Rest-frame state |¢)

Consider a closed path (f(t), a(t)) in BMS3
Ve pY

superrotations supertranslations



Introduction Berry phases & groups Virasoro Berry phases Asymptotic Berry phases Conclusion

00 00000 00000000 0000000 00
:

BERRY PHASES IN FLAT SPACE

BMS; UIRREPs = dressed particles in flat space
» Labelled by mass and spin [Barnich-B.O. 2014]

» Quantum states = wavefcts in supermomentum space

I

dual to supertranslations
» Rest-frame state |¢)

Consider a closed path (f(t), a(t)) in BMS3
Ve pY

superrotations supertranslations

» States U[(f(t),a(t))]|¢)



Introduction Berry phases & groups Virasoro Berry phases Asymptotic Berry phases Conclusion

00 00000 00000000 0000000 00
:

BERRY PHASES IN FLAT SPACE

BMS; UIRREPs = dressed particles in flat space
» Labelled by mass and spin [Barnich-B.O. 2014]

» Quantum states = wavefcts in supermomentum space

I

dual to supertranslations
» Rest-frame state |¢)

Consider a closed path (f(t), a(t)) in BMS3
Ve pY

superrotations supertranslations

» States U[(f(t),a(t))]|¢)

» Berry phases ?
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Path f(t) without supertranslations
o dtdy f c 1"
g Bspm__/ 2r f/[ _24+24<f/)

c # 0 iff parity is broken

v

v

Identical to Virasoro phase

v

Bulk interpretation ?
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Circular path  f(t,¢) = g(¢) + wt
» Take g = superboost

/V' -
» Berry phase:

B=—2r (s + =

2 — J—
24(11 1))(cosh)\ 1)
» Thomas precession for dressed particles

[B.O. 2017]
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[B.O. 2017]
» Non-zero even when M = 0!

Total Berry phase = Bgpin + Bscalar
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Recap :

» Berry phases occur in all unitary reps
» For Virasoro / BMS; :

» Berry connections on co-diml coadjoint orbits

» Extend Thomas precession

» Berry phases can be computed explicitly !
What now ?

» Relation to memory effect ?

[with P. Mao]
» Appearance in KdV equation ? In shallow water ?
» Observable in quantum Hall effect ?

[with T. Neupert & F. Schindler]
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Thank you for listening !



	Berry phases & groups
	Berry phases
	Berry phases & groups

	Virasoro Berry phases
	DiffS1
	Virasoro
	Berry phases

	Asymptotic Berry phases
	Berry phases in AdS3
	Berry phases in flat space

	Conclusion
	Conclusion


