Influence Of The Compressibility On The Anomalous KineticsT®€& Annihilation Process 1/17

Influence Of The Compressibility On The Anomalous

Kinetics Of The Annihilation Process

M. Hnati¢, T. LuCivjansk/, M. Danto and L. MEiSin

Middle European Cooperation in Statistical Physics
21 March 2012 Tatranské Matliare

1/17



Influence Of The Compressibility On The Anomalous KineticsT®€& Annihilation Process

particles are diffusing with diffusion constadg and
reacting after mutual contact

irreversible reactiod + A =%
n(t) =7

2/17



Influence Of The Compressibility On The Anomalous KineticsT®€& Annihilation Process

reaction limited...7gif << Treact
corresponds to higBg or small\g
no spatial fluctuations> n = n(t)

Rate equatiofa = —\on?(t) — n(t) oc t

3/17



Influence Of The Compressibility On The Anomalous KineticsT®€& Annihilation Process

diffusion limited ...74if > Treact
corresponds to smdlg or high g
displacement(t) ~ (Dt)%/?

for d < 2 (diffusion is recurrenty/ (t) ~ r(t)d
n(t) ~ (Dt)~%2 = (Dt)~(*+9), whered = 2 + 2§

ford>2 V({)~t=nt)~t?
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mean-field approach
on = DeV2n — \on?
Our goal is to include advection

Ok — Vi= 0+ (VV)
dn+ (v.V)n = DeV?n — \gn?

v can model thermal fluctuations, external stirring, turbul
state etc.
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Considenv(t, x) - random gaussian variable

(v) =0

(ivi) (w, k) = {Pf + aQf}Dy(w, k),
Pi = 6;j — kik/k* transversal

Qf = kiki/K* longitudinal

a - degree of compresibility
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k4—d—2€—’l7

energy spectruri(k) oc k=%
characteristic frequency of the moklés wy oc k2"
rapid-change modé, (w, k) = Dy(k)
(V(v(t)) o< o(t —t')
frozen-velocity fieldD,(w, k) o §(w)

(V(OV(T)) = (t-T)
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Overview of the approach

Annihilation process

. Second Path
Master equation ——)quantization Integral

i

continuum limit
with effective action

At the very end

renormalization group » information about large g determination of
approach scale asymptotics possible regimes
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Main result of master eq. approach
actionSforA+A— @

S = ¥/[-0w — (v.V)¢ + DoV — AoDo[2¢! + (v1)%]0?
+noyt(x, 0) — %VDV_ v (1)

all integrations are omitted, e.g.

Plow = [dt [ dxyt(t, x)ap(t, x)

time averagé\(t) / DYIDYDv A e® (2)
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Results

triple expansion ind, €, n), where

d=(d-2)/2

e - deviation from the Kolmogorov scaling

n - from the parabolic dispersion law for frequency
prediction of Kolmogorov 41 theory obtained for the choic
e=n=4/3

density decay rate(t) oc t=°

rate equation predictio = 1 (mean-field like)
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Rapid-change model

(V(HV()) oc o(t —t')

FP | g A B Stable for

1A |0 0 1 n>2n>04>0

1B | O —4ré 146 n>2n>074<0
8m(2¢—n) 2 2

2A | 0 1+ ffas oty | 26>n>€20> 15

2B | BZn) | _gmy — 2MEe) | gy BHEE  2e s > X > 20
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Frozen-velocity field

(V(OV()) o~ (t-t)

FP | g’ A\ B Stable for

3A |0 0 1 e<0,7<0,6>0
3B |0 ) 146 e<0,7<0,6<0
4A | 8re 0 1+ 5 (1_a) e > 0,e(l — ) >

n,20+€(1—2a) >0

4B | 8re | —4m6 — 2ne(1-20) | 1+ 55 Te > 0,¢(1 - a) >
n,20+€(1—2a) < 0
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Non-trivial fixed points
for both of them

g _ 22—
8rux(1+u*) l+a’
a(n — 2¢)
-1 4+ 7
(1+a)(n—e¢)
FP A* B8 Stable for
5A 0 142220 | c>p>e(l—a),d >
4o 2=n 2604777(14’2(2(0 )
2(1+a)
5B | —4r0 + 25 [ae—n(l+a)] | 1+550 | e>n>e(l-a),d<
2ea—n(14-2c)
2(14+«)
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Phase diagram fory = 0

FP1A,B
Rapid change model

n=2¢

FP2A,B

n=e

FP5A,B n=¢(1-a)

FP3A,B
Frozen velocity field

FP4AB
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Turbulent state

£=n=4/3 8

(1+3a)/(1+a)

°
-1 -2/(3+3q) g
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Summary

Conclusions

m field-theoretic model for annihilation process in the presence of
compressible velocity field was constructed

m compresibility tends to increase progress of annihilation process
m density fluctuations acts against compresibility

= fixed points and thus large-scale behaviour were estimated to the lead
order
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Thank you for your attention
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