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AHanorua mexay Knaccu4eckou
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JlutepaTtypa:

Many-body theory of non—equilibrium systems
Alex Kamenev

Department of Physics, University of Minnesota,
Minneapolis. MN 5555, USA
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Figure 3: The dependence of critical exponent S determin-
ing the order parameter behavior, on the temperature of the
antiferromagnet MnCly-4H,O[24].
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Heobxogoumo paccmoTpeTb

KPUTU4YEeCKYI0 AUHAMUKY
BONu3n KKT
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MV1 OT cTaTMYecko 3aaauv AMHaMUYecKas OT/IMYAETCS YABOEHHBIM KONTMYECTBOM nosieil. CyLECTBYET HECKObKO TEXHUK OMUCAHUS
HepaBHOBECHOW IMHaMWKK. B aaHHOM cnyyae npuBeaeHa OpMyMPoBKa B paMKkax KenapllLeBCKON TEXHUKKU, B KOTOPOW MpU onpeaeneHum
napbl Nosnei BbINOMHAETCS T.H. KENObILLEBCKUM NMOBOPOT. 3TO OYeHb yAOOHOE NpeacTaBieHME.

- dnykTyaumm = ctaTaHcamnb (B JaHHOM CllyYae pacCMaTpyBaEeTCs CMCTEMa C 603e-CTaTUCTUKON)

- OnkyTyaumm = anceunaums (OAT)
Mikhail Vasin; 12.02.2014
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OunHamMuka
(KkBaHTOBagd/Knaccnyeckas cratucTtuyeckas MexaHuka
603e-cncTeMbl B KENObILLEBCKON TEXHUKE)
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This function determines the crossover between
quantum and classical limits
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Kputnyeckasa guHamuka
(knaccudeckmn npenen)
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Kputnyeckas guHamuka
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Kputnyeckaa gpuHamumka
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Kputnyeckasa gpuHamumka
(knaccun4yecko-KBaHTOBbIN KpoccoBep)
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FIG. 3: The graph representation of the contributions to the
renormalization of the theory’s vertexes.
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Kputnyeckue nokasarenu:

X ~ ‘A‘—’Y - susceptibility
P ~ ‘A‘_V - correlation radius
G(r) ~ r—d+2-n - Green function
C, ~ ‘A‘—O‘ - heat capacity

<§b> ~ ‘A‘B - average field



Kputnyeckue nokasarenu:
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Kputnyeckmne nokasarenu
(3D, Bose, n=1):
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BbiBOAbI

Bonusu KBAaHTOBOW KPUTUYECKON TOYKMU
cywiectByeT TpU  pPasfnYHbIX  KPUTUYECKUX
pexunma: KJTaCCU4YeCKUMU ANCCUNATUBHbIN,

KBAHTOBbIN AOMUCCUNATUBHBLINW U KBaAHTOBbIU
HeaANCCUMNATUBHbIMN.

BOnu3an KBaHTOBOW KPUTUYECKOMW TOYKU TMpU
npuonmxeHmn T K T=0 3HaAYEeHUSA KPUTUYECKUX
MHOEKCOB HemnpepbIBHO MNPUOSIMKAKOTCA K KPWUT.
MHOeKcamM, COOTBETCTBYHOLMM pa3sMepHOCTU d+z



TeopeTnyeckoe onmcaHune
KOUTUYECKOU ANHAMUKA
nepexoaa *XUOKOCTb-CTEKMNO
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Hannune nnato Ha BpeMeHHOU 3aBUCUMOCTMU
KOppensaumMoHHOU (pyHKUNN
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Barrat et al., 2003] Slow relazations and noneguilibrium dy-
namics in condensed matier, Eds: J.-L. Barrat, J. Dal- 47

ibard, M. Feigelman, J. Kurchan (Springer, Berlin, 2003).



Conditions for glass transition ina system :

1. The system is in a fluctuation region close to a
supposed second order phase transition

potential energy - U(Q) 5 pﬂf Q + Q

) T _
(- =aKp(l'—1T.)
7R

temperature of the system temperature of phase transition

AN

order parameter

2. The system is frustrated

48



Frustration in spin glass

FIG. 1: The toy model of spin glass, described by the
Edvards-Anderson Hamiltonian, H = Z Ji;5:S;, where S; =
+1 1s a frustrated spin on the lattice point i, and J;; = =1.
T'his system 1s invariant under the local transtormation .J;; —
—.J;; for all 7 adjacent to z.

Z&N& KK
SRR T RN
(LA (L

Local invariance (in some points)

Toulouse, G., 1977, Commun. Phys. ?:, 115.

random bonds
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Frustration in amorphous matter

Geometrical frustration

- icosahedra
Local invariance disclinations

Z13 .
David R. Nelson @ Z14

- coordination number 50




Gauge model of Glasses
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Gauge model of Glass

LE JOURNAL DE PHYSIQUE TOME 39, JUIN 1978, PAGE 693

BNt ON THE CONCEPT OF LOCAL INVARIANCE IN THE THEORY
P OF SPIN GLASSES

I. E. DZYALOSHINSKII and G. E. VOLOVIK

A A=

|. E. Dzyaloshinskii “G. E. Volovik
PHYSICAL REVIEW B VOLUME lB‘, NUMBER 9 i1 NOVEMBER 1978

Gauge models for spin-glasses
J. A. Hertz

J. Physique 43 (1982) 293-306
Line defects and tunnelling modes in glasses

N. Rivier and D. M. Duffy

Revista Brasileira de F(sica, Vd. 15, n® 4, 1985 %
J. A. Hertz

N. Rivier 52
H. RIVIER



The IDEA is to write a Lagrangian
which is invariant relative to local rotation inr

53



Local (gauge) invariance of action

One can introduce a new operator, which is invariant
relatively of the local rotations:

which has the form of:

and is determined by the expression:

P T o

(@-E(ﬂ) i— —[AR)3
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Local (gauge) invariant action

Then, in continuous presentation, the derivative should be
replaced by the covariant derivative with some gauge field.
As a result the action has the form of

sources of the gauge field

1 = 1,
S=06 ] |5(DQ)° -U(Q) + F? +JA| dr.
where

covariant derivative\A U(Q) — %“QQQ 1+ }lvql//gauge field

D;Qu. = 0;Quic + 9€iabA1aQrb,
Fay.f/ — 8#14(11/ - 8}/14&#. + ggabcAby.Acr/-
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Averaging over fast modes (FMA)

s=s [

1

2

—

(DQ)* -U(Q) +

. ]
F? +JA

dr

1 ) J — are sources of the gauge field (vortex, disclinations)
appearing because of the frustration. At T>Tc they are
in thermal equilibrium, therefore one can average over J

Ik = Lo

\

density of frustrations

2) Close to the Tc the order parameter is represented as a
sum of the slow and fast parts.

Q= +W¥

slow part fast part

We should to carry out the averaging over fast part

(W2 ~ (1% /20

56



The result of FMA

— @/ 1(5@[))2 + £<I>2A2 Chaear s leer ety lelar
N > > e 4 4

[° =aKg(T —1T.)
M? = j*g%/2v — I

As a result the transition happens at M2 = ()

and the temperature of this transition shifts from 1, , to T,> 1.

T

S57



The physical meaning of the model

1 - . 2 o, 1 1 ... (
5’3/[5(8@)2+%<1>2A2 —J\NA2 ﬁ2<I>2+711;<1)4+71F2] dr

2= 4 4
ad Fluctuations in a Fluctuations in a

not frustrated system frustrated system ...

the region of
@) & correlated motion

correlation length
of the OP ~ g -1

fluctuation
of the OP correlation length

of the gauge field ~ M

T=Tc T=Tg >9
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®yHKUMOHaNbHbIe MeToAabl (MeTo4 AUHAMUYECKOro

npounssoaswero yHkuuoHana, meroa Kenabiwa)
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For analysis of the system’s critical properties close
to Tg one can use the functional methods of non-
equilibrium dynamics
(Keldysh technique)

= {45 45} b= {P, D
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AL 0 -\ al o
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erp(x) = k? + 2° 61
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Some results of the theory

1. Vogel-Fulcher-Tamman law for temperature dependence of relaxation
time L2
20971,
ar*(T —T,)

2. The observed glass transition temperature Té depends on the cooling
rate v.

Trel — Fq-') X exp (

T,C
2Inz — In(vr,/Ty)

TH(v) =T, +

3. The plateau on the time dependence of the correlation
function <(I)(I)> . -
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Some results of the theory

4. Linear susceptibility does
not diverge in Tg -

Xt = 0(®)/0h o =% = g*/3Iyv

5. Non-linear susceptibility
diverges in Tg

Xy = 9%(®) /0l = (%)

g% /4lgv |

statics

6. The size of ordered regions at Tg
Tecor ™~ \/92/410@

7. The temperature function of the heat dynamics

capacity can have a maximum near Tg







