Introduction
Q0
:

Berry phases & groups
0000000

Virasoro group
00000

Virasoro Berry phases
00000000

Conclusion
[e]e]

Berry Phases of Boundary Gravitons

Blagoje Oblak

(ETH Zurich)

May 2017

Based on arXiv 1703.06142 + work in progress




Introduction
®0
|

Berry phases & groups
0000000

Virasoro group
MOTIVATION

00000

Virasoro Berry phases
00000000

Conclusion

Parameter-dependent system

N



Introduction
00
|

Berry phases & groups
0000000

Virasoro group
MOTIVATION

00000

Virasoro Berry phases
00000000

Conclusion

Parameter-dependent system
» Vary parameters




Introduction
00
|

Berry phases & groups
0000000

Virasoro group
MOTIVATION

00000

Virasoro Berry phases
00000000

Conclusion

Parameter-dependent system
» Vary parameters

» Time-dependent Hamiltonian




Introduction

Berry phases & groups Virasoro group
@0 0000000 00000
MOTIVATION

Virasoro Berry phases
00000000

Conclusion
[e]e]

Parameter-dependent system
» Vary parameters

» Time-dependent Hamiltonian
» Berry phases

[Berry 1984]




Introduction

Berry phases & groups Virasoro group
| @0 0000000 00000
MOTIVATION

Virasoro Berry phases
00000000

Conclusion

Parameter-dependent system
» Vary parameters

» Time-dependent Hamiltonian
» Berry phases

[Berry 1984]
Special case : parameters = choice of ref. frame




Introduction Berry phases & groups Virasoro group Virasoro Berry phases Conclusion
@0 0000000 00000 00000000 [e]e]
: :

MOTIVATION

Parameter-dependent system
» Vary parameters
» Time-dependent Hamiltonian

» Berry phases [Berry 1984]

Special case : parameters = choice of ref. frame

» Changes of frames span group G




Introduction

Berry phases & groups Virasoro group Virasoro Berry phases Conclusion
| o0 0000000 00000 00000000 00
MOTIVATION
Parameter-dependent system
» Vary parameters
» Time-dependent Hamiltonian
» Berry phases [Berry 1984]
Special case : parameters = choice of ref. frame
» Changes of frames span group G

» Berry phases in reps of G ?

[Jordan 1988, Boya et al. 2001]




Introduction
00
|

Berry phases & groups
0000000

Virasoro group
MOTIVATION

00000

Virasoro Berry phases
00000000

Conclusion
[e]e]

Parameter-dependent system
» Vary parameters

» Time-dependent Hamiltonian
» Berry phases

[Berry 1984]
Special case : parameters = choice of ref. frame

» Changes of frames span group G
» Berry phases in reps of G ?

[Jordan 1988, Boya et al. 2001]
Application to aspt symmetries ?




Introduction
00
|

Berry phases & groups
0000000

Virasoro group
MOTIVATION

00000

Virasoro Berry phases
00000000

Conclusion
[e]e]

Parameter-dependent system
» Vary parameters

» Time-dependent Hamiltonian
» Berry phases

[Berry 1984]
Special case : parameters = choice of ref. frame

» Changes of frames span group G
» Berry phases in reps of G ?

[Jordan 1988, Boya et al. 2001]
Application to aspt symmetries ?
» Example : Virasoro, BMS




Introduction
00
|

Berry phases & groups

Conclusion
[e]e]

Virasoro group Virasoro Berry phases
0000000 00000 00000000
MOTIVATION
Parameter-dependent system
» Vary parameters
» Time-dependent Hamiltonian

» Berry phases [Berry 1984]

Special case : parameters = choice of ref. frame

» Changes of frames span group G
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[Jordan 1988, Boya et al. 2001]
Application to aspt symmetries ?
» Example : Virasoro, BMS

» Generalize Thomas precession
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Does f(t) need to be closed ?
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Bylf ()] = i/f<¢>lu[@f]!¢> — ilog(e|U[f(0) 7' f(T)]|¢)

Does f(t) need to be closed ?
» No : Define stabilizer of |¢) as

Gy ={g€G|Ulgll¢) x |§)}

> f(t) closesup to Gy : f(T) = f(0)-h with h € G,
» Extra bdry term in Berry phase

Note : Parameter space is G/G,
» Berry phase vanishes for f(t) € G,
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Example : G = SU(2)
» Let U/ = UIRREP with spin j

» Highest-weight state | j)
» Stabilizer = { rotations around z } = U(1)
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Parameter space = SU(2)/S!
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Diff S' = group of circle diffeos
» Half of 2D conformal group
» Elements are fcts f(p)
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flo+2m) = f(p)+2r and f'(») >0
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(f-8)(») = f(g(9))
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» Elements are fcts f(p) with

flo+2m) = f(p)+2r and f'(») >0

» Group operation is composition :

(f-8)(») = f(g(9))

» Infinite-dimensional Lie group
» Lie algebra = Vect S!

(fog)(p)



Introduction Berry phases & groups Virasoro group Virasoro Berry phases Conclusion
Q0 0000000 00000 00000000 [e]e]
:

DiFr S!

Diff S! = group of circle diffeos
» Half of 2D conformal group
» Elements are fcts f(p) with
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» Group operation is composition :

(f-8)(p) = f(&(®) = (fog)(p)

» Infinite-dimensional Lie group
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» Rotations f(p) = ¢ + 0
» Boosts :

SiF(e) _ e'?cosh(\/2) + sinh(\/2)
~ efesinh()\/2) + cosh()\/2)
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A. General derivation
B. Circular paths & superboosts
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» Berry phases occur in all unitary reps
» For Virasoro :

» Berry connection on co-diml coadjoint orbit
» Berry phase can be computed explicitly !

» Extends Thomas precession in AdS;
What now ?

» Berry phases in BMS;

...or other co-diml groups ?

[Oblak 2017 ?]
» Experimental observation in Hall effect ?

[with T. Neupert & F. Schindler]
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