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Locating the QCD critical point
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Signatures: event-wise fluctuations.

Susceptibilities diverge =- fluctuations grow towards the critical point.
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Magnitude of fluctuations

Scaling and universality of critical phenomena: x ~ £,

How big can & grow?
Limits:
® Proximity of the critical point
® Finite size of the system £ < 6 fm.

® Finite time: 7 ~ 10 fm.
1/=z

z — dynamical critical exponent.
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Dynamic scaling and universality

Hohenberg, Halperin Rev. Mod. Phys. 49, 435 (1977)

Near the c.p. Typical relaxation time scale in the system diverges (critical slowing
down):
T~E°

(dynamic scaling).

The exponent z is determined by the dynamic universality class.

Systems with equivalent static critical behavior are not always in the same
dynamic universality class.

Example: Ising model and liquid-gas phase transition.

Simple reason: the order parameter (density) in the latter is a conserved quantity
= relaxes slower at large distance scales (by diffusion), then in the Ising model
(local relaxation).
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Dynamic universality class of QCD critical point

Son, MS, hep-ph/0401052
Statics: symmetry and dimensionality — Ising model (same as liquid-gas).
Dynamic universality class depends on relevant hydrodynamic modes.

Modes which relax arbitrarily slowly: densities of conserved quantities, order
parameter.

® The fluctuations of the energy and momentum densities: ¢ = 7°° — (T,
and 7t = T

® The fluctuations of the baryon number density, n = gv°q — (g7°q);

® The chiral condensate ¢ = Gq — (qq).

Is it liquid gas (H), or is it Ising model (A), or is it another universality class
altogether? (Berdnikov, Rajagopal: model C)
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Statics

o and n mix.

Flo.n] = / 4z [V(,n) + 5 (Vo)? +b(Vo) (V) + 5 (Vn)?],

V(o,n) = §a2 + Bon + %nQ + higher orders. T -\
Lu

At the critical point A = AC — B* — 0.
One flat direction: (o,n) ~ (—B, A). Only one critical mode.

Susceptibilities, e.qg.:

TCc TA
<Ug—>o> N <n3—>0> =TxB = N

Either o or n can be used as an order parameter (both jump across 1st order
phase transition).
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Dynamic equations

o — _Fé_F+5\V25_F+€U’
do on
noo= Xv25—F+Av25—F+§n.

do on

with (so that P[o, n] ~ exp(—F'|o,n]|/T))

o(2)és(y)) = 2TTS (z—vy),
o(@)én(y)) = —2TA(t—t)V6(z—y),
n(@)n(y)) = —2TASt—t)V5(z—y).

Using F' (and to leading order in V):
c = —-TAoc—-TIBn,
n = (AM4+AB)V?e+ (AB+\C)V’n.

(+ noise)
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Modes

A —iw I'B

GA+AB)®  (AB+AC)G —iw | -

det

Near critical point:

LA
wip = —ZAZqQ :
w9 — —2FA .

Diffusive: (o,n) ~ (=B, A), relaxational: (o,n) ~ (1,0).
Critical mode (flat direction) is the diffusive mode, o = (—B/A)n.
Sigma alone (n = 0) relaxes on a finite time scale even at c.p (I' is finite).
Conclusion: only one hydrodynamic mode after o and n mixing, and it is diffusive.
Diffusion constant:

B2

A
D_AZ_AC_)\7°

D — 0 at c.p.
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Diffusion constant and critical indices
D:)\% andXB:%:

D=X\xs"
pE) =xs n(x) — E=-Vu —  ja=AE=-)x; Vn

Typical relaxation (diffusion) time
T ~ D_1§2,

but D=1 ~ g ~ £277 — T~ 4T — z=4—n.

This is model B.
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Coupling/mixing with energy-momentum
Modes to consider:
® =
o

® -
Only one combination of n and ¢ is truly hydrodynamic — g, ™ and n.

Same as in the liquid-gas dynamic universality class.

This is model H.
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Model H

Review results (Hohenberg, Halperin):

D=Xxg' ~ &*xl,
o~ &

Tx+xnp=4—-d—n.

1

Ty = Ee(l + 0.238¢ 4 ---) =~ 0.065, (1)
18
Ty = Ee(l —0.033¢ +---) ~ 0.916, (2)

D ~ g7

z=4—-—n—xx~3.
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°

Conclusion

Mixing between o and » (and ¢, ) leaves only one hydrodynamic mode —
diffusive.

Dynamic universality class of QCD c.p. is that of model H.

z ~ 3 (> 2 of model A, but < 4 of model B).

1/z

Finite time constraint is rather strong: £m..« ~ 7/ 7 is not too large.

Observability: fluctuations are y ~ &2.
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Appendix

Dynamic universality class of the QCD critical point — p.14/16



Divergence of\7
E=-Vu — Jn = AE (in model B)

Foppl ~ NEL*

fvisc + fappl =0

fvisc ~ _ﬁde_2

2

Jn=nv ~ " L? ‘E.  (in model H)

n
T

L — oo divergence is cut off at L ~ &, because n is correlated only up to this
scale.

(n?) =Txs/L%for L > ¢

Aij ~ ()7~ xe€? T gt
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Real time correlation functions

27T 2T B*)\q*

(05q) = + ,
w2 _|_ I‘2A2 AQ <w2 + D2q4>
2 o 2T>\q2
<an> wg + D2q4 *
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