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Introduction

The system

The two component plasma

The two component plasma (TCP) is a system of mobile pointlike
particles composed of two kinds of charges {g,} where a = £ and

q+ =9 = —q-

Throughout this talk, we'll consider the case where the system is 2
dimensional.
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General considerations

© Potential and charge density

Av(r) = —2mqd(r)

Ny N_
pr) =q Y 6(r—Ry) = > d(r—Xy)
j=1 k=1
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General considerations

© Potential and charge density

Av(r) = —2mqd(r)

Ny N_
pr) =q Y 6(r—Ry) = > d(r—Xy)
j=1 k=1

@ Energy of the system

1 1
E = 5 d?rd?r/p(r')o(|r — r'|)p(r) — §N’U(O)
A2
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General considerations

Preliminaries

@ The Hubbard-Stratonovich transform

Jan exp(—3(X'AX) + b'X)dX o ( 1 btA—1b>
fonexp(—IXIAX)dX A2

@ Wick’'s theorem

<.%'k1513k2 - g;kn> = Z (Ail)kplkm - (Ail)kpn,lkpn
pairs of k's
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TCP

From TCP to sG [2, 3]

@ Partition Function

el = i 1/ﬁ[d2' ()] (—BE(r;,rj))
) _N,,N+:0N—!N+! Ay TiZq;\li)] XD ri,r;

exp(—fBE) = —d) exp {/ d’r <;¢Aq§ + i\/27rﬁﬁ¢>]

[1]
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TCP

From TCP to sG [2, 3]

@ Partition Function

[z] = Z il 'N+ /H [d?r;2g,(r;)] exp (—BE(r;, 1))

N_,Ny=0
eXP(—ﬁE) = / 6 exXp l:/ d2r <2¢A¢ + i\/ 2W/8ﬁ¢>:|
@ For equilibrium, if z = zeﬁ”(o)m, we end up with

2] = fD(j)e_
[ Dpe—5101"

[1]

[1]

where

1 A
Sl = [ e (51V00 — 2zcos(v ar B gisss
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TCP

Correlations [1]

@ To give meaning to Z, one has to fix the normalization of z:
2
ny_(r,r') ~ 22 — /|78

valid for [r — r/| — 0.

Universidad de

los Andes

Emilio Torres (UniAndes) TCP and sine-Gordon May 28 - June 1, 2012 7 /10



TCP

Correlations [1]

@ To give meaning to Z, one has to fix the normalization of z:
2
ny_(r,r') ~ 22 — /|78

valid for [r — r/| — 0.

@ Using the TBA one gets in the thermodynamic limit, with v = 432;@5
In= m? M? . <7rfy)
W= — =— =——tan | —
Vv 8sin(7y) 4 2
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TCP

Correlations [1]

@ To give meaning to Z, one has to fix the normalization of z:
2
ny_(r,r') ~ 22 — /|78

valid for [r — r/| — 0.

@ Using the TBA one gets in the thermodynamic limit, with v = 432;@5
In= m? M? o <7rfy)
W = — = — = —— —_—
Vv 8sin(7y) 4 2

© The fugacity z is, then, for the normalization chosen:

__T@B) [, VA2 4+9/2)] T B wveriag o
-~ al(1—¢28) 2T (7/2) los Andes
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Some other thermodynamical quantities

@ Particle density (I = ¢*f)

nlfF/4 B ﬂ
2z 2

r'/4
) +0(I'*) ;T =0
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Some other thermodynamical quantities

@ Particle density (I = ¢*f)

2z

nlfF/4 B ﬂ
2

r'/4
) +0(I'*) ;T =0

@ Specific heat
c r 4 rzr, r r
-4 4 1= )y (1+=
et (5) v (9]

a1 () ¥ ()]
_ 4nPT? cos(al/(4-T)) 0<T <2

4 —-T)3sin?2(nl'/(4 -T Universidad de
( ) sin*(ml/( ) los Andes
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Debye-Hiickel limit

What we knew before s-G

Debye-Hiickel theory is based on a mean field approximation where the
density of charges differs from a constant by the Boltzmann factor, that is,

Ad(r) = —2qm [0(r) + ny —n_]
— _2gn {5@) in [e—q@(r) _ eqﬁ‘i‘(r)} }
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Debye-Hiickel limit

What we knew before s-G

Debye-Hiickel theory is based on a mean field approximation where the
density of charges differs from a constant by the Boltzmann factor, that is,

Ad(r) = —2¢m [6(r) + ngy — n_]
= —2qm {5(1‘) +n [6—%3@(1") . eqﬁcp(r)} }
As it is, we still cannot solve it. However, for large temperatures (8 — 0)
®(r) = —2qmé(r) + £2D(r)

where k2 = 4nnT.
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Debye-Hiickel limit

What we knew before s-G

This corresponds to an action of the form

_ [ e L 2, 1 29
S—/dr[2|v¢| +2/€¢]
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Debye-Hiickel limit

What we knew before s-G

This corresponds to an action of the form
1 1
S = /d% ~|IVo|? + =K%
2 2
And we see this agrees with the original sine Gordon action for the case

where T' — ool.

Universidad de

los Andes

Emilio Torres (UniAndes) TCP and sine-Gordon May 28 - June 1, 2012 10 / 10



References

B §amaj, L. and Travénec, |. Thermodynamic properties of the
Two-dimensional Two-component plasma. J. Stat. Phys. 101:713
(2000).

[3 Samaj, L. The statistical mechanics of the classical two-dimensional
Coulomb Gas is exactly solved. J. Phys. A. 36:5913 (2003).

[§ Samaj, L. Is the Two-Dimensional One-Component Plasma Exactly
Solvable? J. Stat. Phys. 117:131 (2004).

[§ Zinn-Justin, J. Quantum field theory and critical phenomena-4th Ed.
Oxford University Press (2003).

Universidad de

los Andes

Emilio Torres (UniAndes) TCP and sine-Gordon May 28 - June 1, 2012 10 / 10



	Outline
	Introduction
	General considerations
	TCP
	Debye-Hückel limit
	References

