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OUTLINE

. Edge information from the effective theory

ER R ecloe

b. 0+2 domain wall. Remarks on " bulk CFT"
l. Measurement of the Shift in photonic integer QH system (VERY briefly)

Some references:

SISO 74 with Abanovy, Jensen

FoE S0 e with Schine, Ryou, Sommer; Simon



GENERATING FUNCTIONAL



(NO) INTRODUCTION

WA, g| = —iln/Dw exp ( — iS[w;A,g])

Metric g describes non-relativistic geometry

1 0 0
g~ |0 g11(xs,1) g12(xs, 1)
0 g21(x;, t) go2(x;,t)

Can be represented via vielbeins.
62 = (17070) 6;1 = (0762’4)
This representation leaves §0O(2) redundancy. Not Lorentz |

L aB
Spin connection: I _55 EyDyey, s



GENERATING FUNCTIONAL (1+1D BOWINESESS)

For FQH systems dimensionless terms are

U C
WAL gl == |
4, ] 4 /'-+- 967 /-

We place W|A,g] on amanifold with a boundary.
Then U(1), SO(2) and Diff invariance is lost.

If the non-invariance E8Al be compensated by local boundary terms
then there are no (gapless) degrees of freedom induced the boundary

It the non-invariance be compensated by local boundary terms
then there are (gapless) degrees of freedom induced the boundary

L tull = Lbulk * Ledge



=X TRINSIC CURVATUR

7i(s)
%\/f(s)

| +1 Boundary

Extrinsic curvature one-form
= niDti
K differs from w evaluated at the boundary by a frame rotation

w+ K = dof e Gauss-Bonnet theorem
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WEN-ZEE TERM AND BOUN

The following combination Is invariant

szzg A0 ;‘j/ ANK
M oM

This slightly generalizes the notion of shift
N =vNy +vsyx
Similarly we improve the second Wen-Zee term

1 S2 1 S2
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- XAMPLE
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The edge modes can be completely gapped out

s the resulting state trivial ?’ No §=3/2—-1/2=1

|[QH st LL filled

(parrty conjugate) IQH 2nd LL filled

The generating functional has only Wen-Zee terms

W:E/Adwl S/wdw
T 47




2 BOUNDARY



0+2 BOUNDARY

fixed time slice

Ko = 67 7t G

The extrinsic curvature form i1s a connection under internal rotations

“Improvement terms’ do not cancel the anomaly, but shift it from
frame rotations to intrinsic rotations

14

Mixed anomaly?!



ANOMALIES

Schematically the violated conservation laws are

. 5 z ek £ 20
psi=YB R pauio Vg, 0712wy

27 2T s A8

There are no mixed anomalies! Can be removed by redefinition of
operators. o do this we re-write the generating functional

e — ﬁ / (A S §w>d(A a0 §w) 451377 [c — 12v Var(s)} /wdw

We used
2 1
Tr (Pdr + §r3> — —2wdw + g(edE)?’

And defined



ANOMALIES |I

R : PN
D;J'=—B e R
o D;T Ty O;iR
7_ oW
"~ 5(A + 5w) ¢ = c— 12vvar(s)

In the most general case bulk and edge " “gravitational anomalies™ are
different.

When a FQH state comes from a CFT (Laughlin, Pfaffian, Read-Rezayi)
then

var(s) =0 Bradlyn Read

and anomalies agree. There is bulk-boundary correspondence”.

When an FQH state does not come from a CFT (as a single conformal
block) anomalies do not agree.



RELEVANT OBSERVABLE

An observable that knows about the anomalies 1s Odd (Hall) viscosity

LERG tin L R
it Ly o
' - - |
't Is better to look at *viscositance” /NOt <
e =l / e %
Uolm SR
Y | \
p = % average particle number

“finite size correction’

cannot be seen on torus



BARLICIT CONSTRUCTION OF BOUNDARY TRSHECHRSE

Start with Chern-Simons effective theory on 5% x R

k 1 .
Seffzﬂ ada QW/Ada ;T/@da

VxA=RB VXxwo=R

At |+ boundary there Is a gapless theory

k
Seige = 1o | o000 — 10,00,

Meaning

/Dae_iseff[a%’g] ey e_iW[Ahq] /D¢€_isedge[¢§Aag]



DEFLICIT CONSTRUCTION OF "BULK™ TREECHRNE

At 0+2 boundary there Is a theory

k 2 S
ik = — [ D.oD,0 —vD, 0D, — —Bod — 2—
Sl T oDy — vD 0D, 5 0 kR¢
Shift the variable S

|
== _A L S
0w 8gb+k +kw

k 2
Sl = o /@;gp@ygp — V0,0, — EA N dp — 2%@ A dy + (anomaly)
T

Double the theory, integrate by parts, anomalies cancel

1
2k

k - . G k = .
Sbulkz—/asﬁasﬁlz By +1 Rgpz—/@gp@gp—zﬁ/pogp
T 4k T



MULTICOMPONENT STATES

1
Sepp = i [Kualda‘] + 2q; Ada’ + 231wdal}

[dentical arguments lead to

1 ) h ) i
S = /KIJ(%SOI%SOJ — Vi50,010:05 — =—q1A ANdpr — —s10 A dpr + (anomaly)
47 2 20

Doubling

1 o .
e — po /K1J3901390J — V5g0p 010505 — 2i <QIB 1 SIR) N dpg

Every field ¥1 has it's own background charge Sy

Cannot remove all of them by an operator redefinition.

G-l >6




MEASUREMENT OF SHIFT

(On a cone)






B R R=4n(1—- —)d(2)

2T 47
S 1
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There should be (fractional) excess of states

Extra 1/3 state



CONCLUSIONS

| QH Is a non-relativistic system. Effective theory must reflect that.

|1 Wen-Zee terms do not lead to edge states, however they define a

bulk topological invariant s

Il " "Bulk CFT"" can be derived from Chern-Simons theory

[V Generally,anomalies of bulk and edge theories are different

V When a QH state Is constructed a single conformal block the
anomalies coincide.

VI For Jain states the anomalies are different

Rl Deen measured for IQHE! Perhaps ¢ 1s next!



