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Model C: Strong and weak scaling

Model C: Halperin, Hohenberg, Ma, Phys. Rev. B 10, 139
(1974)

Dynamical Equations

Order parameter % =— F 5—’__,/ + 5:1,
ot 9o
Conserved density % = ;Vzé—H + 0m
ot dmg

Stochastic forces

(65,(x,1) 05, (x', £)) = 2T 856(x — x)o(t — )
(Om(x,t) Om(x, 1)) = —20V25(x — x)o(t — ')

. . . . o
The important parameter is the time scale ratio w=

> ol|—0
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Model C: Strong and weak scaling
Model C

Static functional

lo, - - 1 ;
HZ/ddX{57(¢0'¢o) 5 - Vio - Véio + u(¢o )
1 2 1 Q e i o
+§amm0 + EWmo(d)o - ¢0) — hmMo
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Model C: Strong and weak scaling

Model C: Strong and Weak Scaling

Strong scaling Weak scaling

w* = nonzero, finite w* = Qor oo
Same time scale for characteristic Different time scale for
frequencies characteristic frequencies

wo ~ K gy(KE)  wm ~ k*gm(k§) | wo ~ k*gy(kE)  wm ~ k™" gm(kE)

z:2—|—CF Z¢:2+<F Zm:2+<;:
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Model C: Strong and weak scaling

Results for model C: The dynamical (-functions in two

loop order; F., Moser, Phys. Rev. Lett. 91, 030601 (2003)

1 1 (1+ w)?
C:w real, L:3Ing

r

2 r (1+—”)2
. o - o r
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Model C: Strong and weak scaling
'Phase diagram’ for model C

Stability boundaries

@ Strong scaling: The fixed 2,0 — . ;
point value of w is different \\ in ff:::y?::)yni:mums
from zero then both 15120 N\ Zop"2ron Model A72,72
densities have the same \ e ) \,\/s“(n) =0
dynamical exponent , ot \\/ weak scaling: zgp=2+cn
Zp=2Zm=2+a/v. L Zm=2roly

o Weak Scaling: The ﬁXEd 0.5 oth densities remain couple:i\\\ T
pOint value of w is zero then strong scaling: z=2+alv
the densities have different 0v°0f°rb°th L 5 s Y
nontrivial dynamical n

exponents the OP

25— 2+ cn (model A) and @ Decoupling: The fixed point value

. of w is zero and the densities have
the conserved density . .

—2ta) different dynamical exponents The
Zm = . OP z4 =2+ cn (model A) and the
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Model C: Introducing disorder; effective dynamic critical behavior

Disorder and Model C

Harris criterion

If the pure system has a diverging
specific heat then the critical
exponents may be changed by
disorder and a new universality
class is obtained. Otherwise
disorder does not change the
universality class of the pure
system.

>

One concludes

If there is a change the new
disordered unversality class is
characterized by a non diverging

specific heat

If the static critical behavior is
characterized by a non diverging
specific heat the coupling of a
conserved density does not change
the critcal dynamics universality
class, it remains model A

The critical dynamics of a
disordered model is represented
by model A. The coupling of a
conserved density is in any case
irrelevant.

ONLY VALID FOR THE ASYMPTOTICS!
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Model C: Introducing disorder; effective dynamic critical behavior

Types of Disorder

1

H= 3 RZR/JGR — R/|)CRCR’§R§R’ — Do zR:(?RgR)27

@ bond disorder
p(J) = exp (—2/1)
@ site disorder
plc=1)+p(c=0)=1
@ anisotropic axis disorder
o = LN sms  pya smgs
p(%) = _Z [5 (X —ki)+¢ (x—i—k,-)]

2m “
i=1
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Model C: Introducing disorder; effective dynamic critical behavior

Effective critical exponent s

Experiment and theory

[b] 41.65
41.50
”””””” 11.35
\‘ >—m
) 4
-—--Ivjul-0 ! 41.20
--o-- -l ugl - small value
v /u,l ~ larger value 11.05
25 20 5 40 5 0

Experiment for FeggMn4Zryg [1]; theory from [2].

[1] A. Perumal et al., Phys. Rev. Lett. 91, 137202 (2003); [2] M.
Dudka, et al., J. Magn. Magn. Mater. 256, 243 (2003); [3] B.Berche, et
al., Condensed Matter Physics 8, 47 (2005)
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Model C: Introducing disorder; effective dynamic critical behavior

Model C with disorder

Dynamical Equations

Order parameter 90 _ —ﬁa—l{ + 0,
ot ddo
Conserved density % = 5\V288—:0 + O0m

- -
Static functional H of the magnetic system

le - o 1¢
_ d 2 2 C |2 . 1)2
no= e GHRR + VOaT + 5 (Vo

B, 1 1, -
+ E|¢0|4+§amm02+§7mo|¢o|z—hmmo}

<< V(x)V(X) >>=4Ad(x — X')
>



Model C: Introducing disorder; effective dynamic critical behavior

Results for the diluted model C

Static flow; Ising case Dynamical effective exponent z.g

'Y 0.25
Zegr (1) = 2+ (u(1), A1), v (1), p(1)) -

Dudka, F., Holovatch, Moser, J. Phys. A: Math. Gen. 39, 7943
(2006); 40, 8247 (2007)
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Superconductor: Gauge dependence of dynamics

Superconductor - Coupling to a gauge field

I
1 n
d_f 1.

H = /d x{2r

. 1 N
Pol® + 5 E (W — i2Ag)to,i|?
i=1
Bl el A 2 (V-A
il + 5(V x Ao + 7(V - Ao)}

c2

din(1/2)/dT)"

45 50 55 60 65
T(K)

L L L ! L
05 00 05 1.0 15 20 25

Pyrochlore oxide RbOs;0¢6 T.: 6.3 K : T. Schneider, R. Khasanov, H.
Keller (2005)
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Superconductor: Gauge dependence of dynamics

Dynamic model of Lannert et al. PRL 92 097004 (2004)

Simpelst model: Two coupled (by the charge) relaxational

equations
% = —2f¢;¢—7£+9,
e = e
82% = —FA;A?;QJFHQ.

<Oi(x, )0 (X, t') > = 4F yo(x — x)a(t — t')o,
<Oi(x,t)> = 0

< Oa(x, )05(X,t") > = 2 a0(x — X)3(t — t')dap
<Ou(x,t) > = 0.
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Superconductor: Gauge dependence of dynamics

Strong and weak scaling

Important parameter - fixed point value of the time scale ratio w

r
wo v
A
Strong scaling Weak scaling
w* = nonzero, finite w* = 0or oo
Same time scale for characteristic Different time scale for
frequencies characteristic frequencies

Wy ~ kzg¢(k§) wa ~ kng(ké‘) Wy ™~ kz’f’g¢(kf) WA ~ kZAgA(ké‘)

z measurable, gauge independent zp measurable, gauge independent

o
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Superconductor: Gauge dependence of dynamics

Dynamical critical exponents

zy and za

zy =2+ (r, (u", e, wr,5)

Strong Scaling

z GAUGE DEPENDENT
STABLE FIXED POINT IN ONE
LOOP

zp =2+ (r,(u*, e*, w")

Weak Scaling

18
Z¢:2+7€
ZA:2—€

zy, za GAUGE INDEPENDENT
DYNAMICALLY UNSTABLE
FIXED POINT IN ONE LOOP
zy same as in M. K. Bushev and D.
I. Uzunov, Phys. Lett. A 76, 306
(1980); Err., ibid. 78, 491 (1980)
calculating quantum fluctuation
effects

ot
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Superconductor: Gauge dependence of dynamics

@ If a strong scaling fixed point is stable its corresponding
dynamic critical exponent z has to be independent of the
choice of the gauge

@ otherwise a weak scaling fixed point has to be the stable fixed
point and only the dynamic critical exponent of the gauge
field z4 has to be independent of the choice of the gauge

o
Questions

@ What happens in two loop?

What is the result of a nonperturbative RG treatment?
Modification of the model: are there reversible couplings?

Are there other slow variables?

(*]
(*]
(*]
° <

Dudka, F., Moser, Condensed Matter Physics (Ukraine) 10, 189
(2007)
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3He-*He mixtures (Model F’): Tricritical dynamics

Phase diagram of *He-*He mixtures and transport

coefficients

EfX=X,=0674
064
060

Liquid Helium I

= 1.
reh H s ooe J1
= Lambda Line
K os- o
Y 0674
Helium I (CTTV‘X/\‘ ,xl i 015
il o5 MOSTET N\ |
Helium I | S oo 2
10+ =
10 [
0674
Separatir \‘9 sec k
Curves
Ol 1 1 no 1
o 0.2 04 o6 o8 10
X3

E.H. Graf, D.M. Lee, and J.D. Reppy - Meyer et al. J. Low Temp.
Phys. Rev. Lett. 19, 417 (1967) Phys. 70, 219 (1987)



3He-*He mixtures (Model F’): Tricritical dynamics

Siggia and Nelson set up model F’ describing critical

dynamics

Order parameter

oo e 0H . . OH

81/13_ . OH . OH

Z70 _ _2r+_ _ s . v +
ot i V08 gne T 0

Conserved densities (entropy density - concentration)

omg ML , OH . §H
s U B VALY YIS DA -
ot ( i ,‘1) Vi iomg T8 [woawo} +6

Siggia, Nelson, Phys. Rev. B 15, 1427 (1977)
Folk, Moser, Phys. Rev. Lett. 89, 125301 (2002); 93, 229902 (E)
(2004)
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3He-*He mixtures (Model F’): Tricritical dynamics

Static functional in the extended model - n =2

H = /ddX{—Tl/JSrl/Jo + ;VW{V% + — (¢§¢0)2}
- /ddX{ mo-mo + % im0ty Yo — hmzo}
H = /ddx{—rwo*l/}o - WJWO + — (%*1/10) }
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3He-*He mixtures (Model F’): Tricritical dynamics

Important model parameters

Static couplings

fourth order coupling: u

asymmetric coupling: v

Mode couplings (I =T’ + il is complex)

|

2
two couplings to the conserved densities: 2 = -£L

X m
Time scale ratios (two are complex)
r r g
wp = — Wy = — w3 = —
DY ° 7 57 A
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3He-*He mixtures (Model F’): Tricritical dynamics

One loop theory

Fixed point: exact in all loop orders

‘ W; - :l:]. ; :l:fl* - f2* - f* '}/* - ]. y
Fixed point: one loop order
4
wt = 0, wy* = 00 f*2:§6
wi* = 0, wy* =0

- o

Calculation of the exponent for the mass diffusion

G=-2/3 z2=53 zm=4/3 zm=7/3

D~ ™% a=1/2 wv=1/2 D~t/?

E.D. Siggia and D.R. Nelson, Phys. Rev. B 15, 1427 (1977)

L. Peliti, in Lecture Notes in Physics ed. Ch. P. Enz (Springer



3He-*He mixtures (Model F’): Tricritical dynamics
Two loop theory: F., Moser, subm. J. Low Temp.
Phys.(2007)

In dynamic (-function terms proportional 7%

One diverging in the (r-function for wj — oo (already in model C)

Fixed point found numerically

Cp ~ —2 zy~3 P 22 (0 Ay 22 1L

D~ty"" a=1/2 wv=1/2 D~ tz'DIVERGES II!
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3He-*He mixtures (Model F’): Tricritical dynamics

Way out: F., Moser, subm. J. Low Temp. Phys.(2007)

Reject asymmetry

u=0 and vy=0

Two loop fixed point found numerically

F* = 08256  w* = 0.0454
wi =w*(1+g3/8t) wh=w"(1+gi/g3)

* * 1
Ck:CF:__:_E z=23/2

D&% a=1/2 wv=1/2 D~}
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3He-*He mixtures (Model F’): Tricritical dynamics

Comparison with experiment

Mass diffusion

Thermal diffusion ratio

_ ultx)ag?
RTx1 p(tx)

G* ~

1/2
tx

D,=8.5x10"cm’/s

oc o
T—Tyx et N
“r ‘TAKaA)pTc <aT

oc

Ruppeiner, Ryschkewitsch & Meyer (1980)
.

® k05

(dX/da), , from:

—— Ahlers (1976)

—— Leiderer, Watts & Webb (1974)
Goellner, Behringer & Meyer (1973)

L L

10° 10° 10"
t

)ea
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“He mixtures (Model F’): Tricritical dynamics

Effective exponents for X < Xj,

Efective exponents

=

Kk, [MW/em K]
o

=

.
= i
M;&& X= O 0053 §
&3{% o 0154

L]

olk

——0.0 ("He)
-+ +0.00095
---0.00813

Time scale ratios

critical dynamics




Antiferromagnet: Dynamical shape functions

SSS-Model: Sasvari, Schwabl, Szepfalusy, Physica 81A,

108 (1975)

aqua oH
Order parameter 5 = r5¢ +& Z (boﬁé _|_ Oy,
Conserved density m = V2 oM
ot (5m0a@
oH
+ {(bOoz 5¢ (bO,B 5¢0 } Hmag

O

H:/ { 7(do - bo) + ZV¢,0 V¢,o+ (¢0 $o)’

+§ Z admMoasMoas }

o
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Antiferromagnet: Dynamical shape functions

Time Scale Ratio of the SSS model

35 T T ¥ T T T 7 T T T
L ‘/
/
30F ,”1 one loop w*=3
I , ]
25} 2 4
'/
20} 7 -
. ’
W* r ‘/
1.5 s .
on€ loop w*=1 .
1.0} ¥
I ‘,' .-~ two loop w*=1.0
05} ‘,'/ T . 4
- ./ i -7
0.0 k7.0 loop w'=0.0, L
1.5 2.0 25 3.0 3.5 4.0
n
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Antiferromagnet: Dynamical shape functions

Shape function the OP; n=3 (RbMgF3)

600 T T T T T
500 - — — RNG theory 045
= == MC theory : = "2-L 0OP", R.F., Weiretmayr
400 1 —— 1-Loop, Janssen (1976)
300 -| T=Ty 0.40 Freedman, Mazenko (1976)
—~ 200 g =0.04
%
g 100 035
2
o0 o4
it 0.304
= 150 =
E =
g =
E 100 4 g 0254
- s,
g 50 o E/ 0.20
= =
P
= 0 0.15
2
o
50 -| 0.104
25 0.05
0.00
0 T . T T . T 2 0 2
1 0 1 2 3 1 5 o c
/o,
Energy Transfer (meV) -

Exp.: Coldea, Cowley, Perring, McMorrow, Roessli (1998)
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