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Motivation
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Si-doped n-type GaAs

Nyp(SdH at B<5T) 2. 10 cm?3
— Nyp(R,, at B<3T) 2. 1012 cm?

d 100 nm
T E——EG ] (at B=0) 50 nm
i GaAs/AlAs | M 2.500 cm?/V- s
GaAs 1/ >80 K




Motivation

o e at T=4.2K
| G;(T,B) are monotonic functions of B
" eat T< 1K
L Gy (T,B) oscillate for B>Bgy,
o
e if ONe write
GJ — ijsm+ijosc
where
— G;°™ is a smooth part
i G2 is an oscillating part
o then
s 0G,,°"/oB ~ 0

0G,,5m/oT ~ 0




Motivation

046K

sa;fnpleéf)
/0.9
1 0.67
¢ 0.56
0.46

aali‘npleé'f ]
i 1 1

4 6 8

B « G,,0 = G,(T=4.2K,B)

G0 = G, (T=4.2K,B)

Gu(T,B) = Gu(T,G,,°)

A G]k(7-/ B) == ij' ijo

G,,*" is independent of T —

sm — 0
ny = ny

e A G,, has extremum at
G,°~234,5,6

e 4 G,, has extremum at
G,,° ~3/2,5/2,7/2,9/2



Motivation

e In the experiment

Gzae(T, G y) = GI(T) — [f22(Go (1)) — fux(Gay)] COSﬂ-Gwyn

— [fay(GEM(T)) — foy(GO)]sinwGY,

Gey(T,G y)

where

A
0.1} G (T) = —In T /Ty

(e”/h)

with 1 ~ 0.8 - 1, T0=4.2K and

f f
xx' xy

0.03

2.0




Model

e 2D electrons in a perpendicular magnetic field (electron spin is polarized)

Static vector potential

\
7 = /D[w’ wT] exp S[T//'a wT] Trial vector potential

S = /Ol/T dr [ dryl(r,7) [—& = 21 (=iv - A% —A)°— V() + u] (x,7)

mMe

_ %/Ol/T dq-fdr]dr’wT(r, Y, U@ — ), )o(x, 1)
T~

e-e interaction



Model
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SQ] = 7 [artr(D;, Q12 + 7 [ drtreuQID;, Q1IDx, Q)

—+ ﬂ'Tz/dI‘ [Ztrlg@trIEnQ—I—4tr77Q—6tl’?7/\
amn

Q(r) is a matrix field in replica and Covariant derivative

Matsubara frequency spaces _ o

5 D;=V;—i> (Ajnly
Q=1 a,n
oy Is mean-field conductances Constant matrices
T is temperature (I%)ff,’f{z = 658} nam
ol af

z is the singlet-interaction amplitude Tam = 70" 0nm



Model

e F —invariance (global symmetry)

Q — WQW—l

e Gauge invariance
Aj — Aj—l—vj”w

Q — W(’I“)QW_l (T')



Model

e Conductivity as linear response on a trial vector potential A,(q)

. g
O-J{"k‘(q’ an) — &k0zy — 5376% <tr [I’r?,éa Q] [Igna Q]>

g

2 .
T;) / dro ezq(rl_rz)eajebk@r I, Q(r1)VaQ(ri)tr I7,Q(r2) VQ(rz))

T o

e The singlet interaction amplitude

, 1 olnZz z
== ==
2w L2trn\ 0T 2L2trnA

</dr !Ztr IRQtr 1%, Q + 4trnQ — 6tr n/\]>

Note: it was proven that c;(q=0, io,—o— 0) and z'are identically the same as
one derives from the standard background field formalism.



Model

e Non-trivial topology due to the magnetic field B

e
i yi ) / drtr QV.QV,Q

oyr(—B
L (4 ) / drtr QV.QV,Q

Stop[Q] = 2mioyClQ] =

e C[Q]-integer provided spherical boundary conditions
Q‘edge =A

which are dynamically generated by the theory itself.



Have instantons been found experimentally?

e Instanton (O(3) instanton embedded into large Q matrix)
rotations

Qinst (1) =Ug R (NAR(rU,

replicas —_
Riy o 5%

frequencies —

size
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Renormalization group analysis

e Non-perturbative RG equations at 7=0

do’ 2 b —270,
T =0s =  —=———— Doge *"7mcos2noy,
N ™ Oxx
da;y ﬁ D 12 270! in?2 /
= 0g = —Do, € T SN 7TO'3:.y
din L
din 2/ 1 c D, _on /
— Yz = T T 5 T 7 %€ ¥ COS 27TJ$?J
din L TO Orx 6
where
b ~0.66"

c = (3/2+1/6) ~0.47

D= 16rel%~ 13.6

* analytic expression for b in M.A.Baranov, I.S.Burmistrov, A.M.M.Pruisken, 2002



Renormalization group analysis

e Conductances at finite temperature

G = ij(TzIZQ, Ol a;y)

where [ is microscopic length at which o;,’ and z” are defined

e G;, should be independent of [ (Callan-Symanzik equation)

Bo + 0

8U$az ;Ey



Renormalization group analysis

e The dependence of G;(T) on o,/

Gz (T)
Gay(T)

go(T7, 0;333) go (T2, ol..) cos 27raxy,

— g (T7,0l.)sin 20!, -

where g,, g, and g, obey

go = O
L 8U£E$ | 0
- 2 —2no! 990
60_ gO_ e _Dg;we rTr —— —
8 Ol _ 00y
'
t@ 9H — _Dgéme_Qwafm
8056

Here .9 and 7,9 mean g, and y, with D=0.



Renormalization group analysis

e Scaling variable

X = Tz£2

where the correlation length 5 /

£ =1(chy) " /" exp (m;m
and /

2c —
R ll-|-7r ¢ ,b)]
ol R
satisfies
0 0
0 0
2 X =0
ﬁ"aagm 2+ %’)8In Tz’]

Hence g,=g,(X) is arbitrary regular function of X !



Renormalization group analysis

e Temperature dependence of conductances

Gzz(T) = go— [fm:(go) — foo(afm)} WX96 COS 27T02;y,
Gay(T) = ohy — |fey(g0) — foolohy)] sin 2mal,
D 12 —27Tcra'g$

where f,, and f,, are arbitrary regular functions and foo(ol.) = 2 Oaae

e Smooth part of
G,,*"(T)=0y,/ has no dependence on temperature T

G,""(T)=g(X) has no dependence on magnetic field (i.e. o)



Renormalization group analysis

e Temperature dependence of G,,

Gey(T) = Goy — [fey(GET(T)) — fay(GER(Tp))] sin 27Gy,
where G,,° = G, (T,) and G,,°™(T)=gy(X)

QAtg0>>1

1
go(X) = —InX
7T

such that
1
Goz (T) = Gz (To) + —InT/Ty



Renormalization group analysis

e Temperature dependence of G,,

Gza(T) = Gua(T) — [foa(Gop (T)) — faa(Gig(To))] cOs 2n Gy,

~ 1
7T

e If we choose T, to be high enough then

G:ca:(TO) = G:?:T:?(TO)

Goa(1) Gz (T)



Conclusions

e We predict “instanton” oscillations in magnetoconductance as experimentally
verified by Murzin et.al.

e Experimentally fx(9) ~f(g) ~ 7.6 €279 for g ~ 1

e The “instanton” oscillations of magnetoconductance are the direct evidence for
the existence and importance of the instantons



Non-Fermi liquid criticality in the quantum Hall regime

Model

e Nonlinear c model with 6 term can be accurately derived for

I. weak magnetic field and large II. weak magnetic field and small
broadening of Landau levels broadening of Landau levels
u>og > tis>T u>tl>oy T
ne'T/me
Opx = 27T H
1‘|‘W2 = Oxx ~ Ogy ™~
Oxy — OxggWHT WH
8ne

—(1 + Fo)



Non-Fermi liquid criticality in the quantum Hall regime

Linear response versus background field formalism

® Linear response ® Background fields ( )
on trial vector potential A(q,w,) -
Slow t and fast modes Q —t 1Qt
Rescale the size of matrix Q, N;n —> N,
i(@wn) = oy — G (tr 117, QUI%,, Q1) Nm = iy
2 . 2N, 2n,
-I-;T;%/drz T2 e e (tr ISQ(r1) VaQ(r1) 1”““ S
xtr 12, Q(r2) VyQ(r2)) 0 q{ —
‘“——'-hv"l;'_” s
2N 2N

® The renormalization of singlet interaction amplitude

¢ -d49d

1 onz
I — _ ——— 2 [ar|Stricotrie 4tr 6tr nA
© T TonL2troN oT 2L2trn/\ </ rlz QU IZ,Q + 4trn@ — 6try ]>




Non-Fermi liquid criticality in the quantum Hall regime

Calculations

® Expansion in topological sectors

(0) = (O)o + Zio [piwol [ £500e5 + ..

. c=0 i
B Classical values classical
2
ol : cl_ \2 dr 2 L
SO' == —271'0'333;:':271'?/ Oxy, SF = A TZ/m o ATz 1In F
i ?
How to define quantum theory: Logarithmic divergence!

No constrained instantons!!!
Spatially varying masses (t’Hooft, 1976)

® Quick sketch quantum theory

SI" = —2roue(N) £ 27wioay (M),
3 2
S = xTA%z()\) drz2(r) aTA22(0) In 5o e 77222 (\)oma(X)

A2

A T2

£ = xexp(mozz(N)/2)

Z -suojuelsu|

Infrared problems disappear at quantum level!!!



Nnan-Farmi lianid eriticalityv in the nniantiim Hall renime

Non-perturbative RG equations

d 2
92T — _g, = (1 -+ “In(1 - )) IO D(c)o2,e 275 cOS 2104y,
dinL ™ Ozx
d
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d 1
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Fig. 6: The instanton determinants D(c) and D, (c).



