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Abstract: <span>We developed a genera method to compute the correlation functions of FQH states on a curved space. The computation features
the gravitational trace anomaly and reveals geometric properties of FQHE. Also we highlight a relation between the gravitationa and
el ectromagnetic response functions. The talk is based on the recent paper with T. Can and M. Laskin.</span>
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Response to local transformations vs global transformation

Hall conductance o, - response to homogeneous flux transformation
(Laughlin, 1983);

Anomalous (odd) viscosity 7 - response to homogeneous metric
transformation (Avron, Seiler, Zoograf, 1995);

Momentum dependence of o, (k) ;

Momentum dependence of the structure function s(k) = (p.o_i)./Po

Momentum dependence of anomalous viscosity 7(k)
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Main Results

Only Laughlin’s states (for now), a comment on Pffafian state.
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Density on a curved space

» Number of particles could be placed on the surface (Wen & Zee, J.

Frohlich)
N, =vN, + %

» Density

- | b 2
p=po+ ;- R— - (—I°A )R

b=

v=1
+ 4y

1
3

» The coefficient b is controlled by the gravitational anomaly

Pirsa: 14020112 Page 7/28



Density on a curved space

» Number of particles could be placed on the surface (Wen & Zee, J.

Frohlich)
N, =vN, + %

» Density

i | b 2
p=po+ ;-R— = (—IA)R

b=14

v=1
4v

1
3

» The coefficient b is controlled by the gravitational anomaly

Pirsa: 14020112 Page 8/28



Density on a curved space

» Number of particles could be placed on the surface (Wen & Zee, J.

Frohlich)
N, =vN, + %

» Density

b=

v=1
;3 4y

1
3

» The coefficient & is controlled by the gravitational anomaly

Pirsa: 14020112 Page 9/28



Pirsa: 14020112 Page 10/28




Gravitational response and anomalous viscosity

Having

1 b
= —R— —(-IA))R.

The response of the density to to gravity

180

n=(pok)” R | r=0

1s anomalous viscosity

1
n(q) = 47(1 —bg* + 0(¢")), g = kl.
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Gravitational response and electromagnetic response

Special properties (local symmetries) of the Lowest Landau level are coded
by the general relation between responses:

» A general relation connecting the gravitational response and the
structure functions

4 2 2

q q q
2n(q)— 2+(1+2)5(q), q = kl.

s(k) = (prp-i)c/ Po
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Gradient expansion

» Gravitational response

il 1(1 (1+'v—1
"q_zw 3 4v

) ¢ +0"), gq=K.

» Structure function s(k) = (PP -r)./Po

1
s(q) = qu +54" +539° + 0(g°)

s =("1-2)/8, s3=0Bv I =4)(v~! =3)/96

» Hall conductance

U.xy(q) — O-xy(o) (1 S 5 252q2 + 283(]4 + )
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Gaussian fields

All these results are coming from the correlation function of the potential
- -1
—A,p=4nv 'p

Their correlation function is Gaussian

G(1,2 ] :
(@(l)tp(Z))( =y~ { Gi(’l’ %) at large separation

at short distances.
G is a Green function of the Laplace-Beltrami operator
AG(1,2) = —4n69(1,2)
Regularized Green function
Gr(1,2) =G(1,2) + 2logd(1,2)

d(1,2) - geodesic distance
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Setting

» Holomorphic coordinates
ds® = /gdzdz

Scalar curvature reads
R=-A,log/g
Laplace-Beltrami operator takes the form

A, = (4/@)35

Kihler potential K, defined through the equation

00K = /g

magnetic field
VxA=B,g

Pirsa: 14020112 Page 15/28



Pirsa: 14020112 Page 16/28




[Lowest Landau Level

» states annihilated by the anti-holomorphic momentum
Iz'["mbn — (_lhé - e‘&)wn

Solutions o
Pa(2) = s,(2)e KA

Holomorphic sections

ds,=0
Riemann-Roch theorem: number of normalized solutions is
N = N¢, +x/2

Filled level

N ‘ )
det[1,(z)] o | [(z; —z)Pe™ a2 KG@®)

i<j
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Laughlin wave-function

(Z,—Z)ﬁ == 7 K(,,
,—H :

\IJ(ZIJ- :ZN) -

Generating functional

N N
Z[g]l = f WP | Vela) dz = J [ [1zi— 2] [e" @2

i<j i

1
W=——K+log /2.
Y g8
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Laughlin wave-function

_ B Zi K@)
\/7[!3(21 Zj) ;

\IJ(ZIJ- :ZN) -

Generating functional
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Generating functional and connection between various responses

N N
1= Pl Fleveve

i<j i

2

1 2 P

Correlation functions

_ OlogZ 5%logZ

W (p(l)p(?-))c:gw(l)&w(z)

{(p)

op 5%logZ
SR SWGR

N X
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Gravitational response and electromagnetic response

» A general relation connecting the gravitational response and the
structure functions

4 2 2

q q q
EW(Q) —— + (1 + E)S(q), q = kl.

_(2n) op
= % OR
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All is summarized in 1/N - expansion of the generating functional

Z[g] =J I‘Plzl—_[\/g(z;)dzzf

N
ke Y pefe o
\IJ == r[(zl —_ Zj)ﬁe 412 ZJ K(*-Hw),

i<j
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Z[g]

log
1 sphere ]

= NgAD[g] +NyAD[g] + A g],

A®@ and AW - "gravitational Wess-Zumino".

A _ Polyakov’s Liouville action of quantum gravity.

1 det(-4,) -
2% Ge(-n,) %

J log /gRdV
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Setting

» Holomorphic coordinates
ds* = /gdzdz

Scalar curvature reads
R=-A,log+/g
Laplace-Beltrami operator takes the form

A, = (4/@)35

Kihler potential K, defined through the equation

00K =,/g

magnetic field
VXxA=B,g
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Ward Identity (zabrodin, P. W. 2006)

N N
Z(g] = J P | Velz) d*z = J | [lai—zP#] | e"@®d?,

i<j i
The integral is invariant under diffeomorphisms of the integrand

€
&= 3 -+
L= &
The integrand changes

o, W

— 4 ﬁ 1
= <Zz—z,-+;(z—z.-)(z.'—zj) +Z(z—z;)2>

or in terms of fields

-2 a_w( )VEd*E = ((89)*) + (2 B)(2%p)
T PIVEdE=((y ¢

1 v
=— ) 6¥(;z-z)=——A,
p(z) \/EZ: (@—2)=—7"0¢
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Ward Identity (zabrodin, P. W. 2006)

N N
Z(g] = J. WP | | VeG) dz = J | [lzi— 2] |,

i<j i
The integral is invariant under diffeomorphisms of the integrand

€
& = I +
L= 4
The integrand changes

o, W

— o ﬁ 1
W= <Zz—z,-+;(z—z.-)(z.-—zj) +Z(Z_Zf)2>

or in terms of fields

-2 a_w( )VEd*E = ((89)*) + (2 B)(2%p)
T PIVEdE=((y ¢

1 Vv
p(z) 7 E,. (z—2) Py
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