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A. Hagedorn behaviour at large-IV, background

Hagedorn 65 : predicted p(FE) ~ exp(F/Ty) — ultimate ‘Hagedorn’ temperature T'y.

Ty in free-string models : — p ~ et/¢ - wins e F/T = ¢=9U/T above Ty = a/co
— loops proliferate with m(T = Ty ) = 0.

In practice have interactions =- deconfinement at 7. replaces Hagedorn:

Gocksch and Neri ‘84, Daamgard and Patkos ‘86,
N > 3: 1st Order, mt(Tc> >0 — TH > Tc_ Billo et al. ‘94, Lucini, Teper and Wenger '03,
Aharony et al. ‘05

But at large-IN: interactions are O(1/N) = Hagedorn picture most attractive

We seek signs of Ty > T, at large-IN.



A. Hagedorn behaviour at large-IV, method

Strategy: calculating Polyakov lines’ masses, m(1) at T > T..

At T > T, , Domain wall tension grows with N Lucini, Teper, and Wenger ‘05
— easier to overheat at larger N, go deeper into metastable-confined phase.

As we over-heat :

Larger finite V' effects

. annot reach T extrapolate to T =Ty) =0.
More tunnelings = ¢ H = extrap my( H)

MC’s info : Did N = 8,10, 12, but focus on N =12 on a 123 x 5.
Checked V dependence with 16° x 5 for SU(12): OK within ~ 10.

Fix scale with o: Extrapolate (Lucini, Teper and Wenger 05)’s (a+/0)g, and (., to N = 12.
Confirm at 3/2N? ~ 0.344.



A. Hagedorn behaviour at large-IN, results for SU (12)

Fit:

my(T)/(o/Te) =

oet/0 X T /T,

2eilTe) ~ 5

MF: x?/dof ~ 0.5
A = 1.842

HL = 1.075(7)

T _
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B. The pressure deficit in the deconfined phase, background

Recent years : simple QGP is unsuitable for T, < T < 47T,. Here we focus on:

10 — 20% pressure deficit from free gas Boyd et al. ‘96

Approached by many, a few: perturbation+IR div. Kajantie et al. ‘02, ressumations

Blaizot et al. . : Peshier et al. ‘96
‘ . quasi-particles ' loosely bound states Shuryak and Zahed ‘04, loo
03 (review) 9 P Levai and Heinz ‘97 y uryak and £ahe P

models Pisarski ‘00, AdS/CFT Gusber et al. ‘98, small volume Aharony et al. ‘03.

At N = oo these simplify (and sometimes become soluble). .

e Q: What happens to the bulk thermodynamics at large-NV ?
e A: Can constrain models, point to important ingredients.



B. The pressure deficit in the deconfined phase, the method

Larger N — smaller L; — larger a — “integral” method Boyd et al. ‘96:

o If V =00, then F =V f(T), and

T 1 dlogz 6 (7
p(T) = 1OgZ_a4(ﬁ)L§Lt/50dﬂ o —a4(ﬁ)/ﬁodﬁup(ﬂ)
6LtL§up(ﬁ)

e Regularize: p(T;3) — p(T; ) — p(0; B)

Up(B8) — duy(B) = up(L3Ly) — uy(LE) — need 2 sets of MC's.

Useful to define the A/T* = %(Zf/T ) = 6L 6u, x moagﬁa_l,

—e=A+3p,sT = A+ 4p.

Lattice volumes : 16°5 for SU(4), 8°5 for SU(8), 2035 for SU(3)



B. The pressure deficit in the deconfined phase, finite V' check

On L3 X 5: Need L,/¢ > 1
— f = 12.5 fOI’ SU(B), and 52, 2.4 fOI’ SU(4, 8) Lucini, Teper, and Wenger ‘05
— SU(8): At most 20 between L, = 8, 14. \/ (mostly 10)

On LZ: Need V1/3T. > 1

— Butfor N=8 get VY3T.=1 at T =1.6T.

— SU(8): a huge 160 between L, = 8, 16. X

Lucini and Teper ‘01, _ _ _
We use (Lucini, Teper and)’s u, from lattices up to L, = 16, and fit u,(3) with
Wenger ‘04

up(B) = ulT(B) +15%2a%(8) + cag® + 59"

—_

Alles et al. ‘98

Lucini, Teper and

Finally for NV = 4, 8: we separate phases according to 5.(V = o0) Wenser ‘05
nger



B. The pressure deficit in the deconfined phase, results for pressure
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B. The pressure deficit in the deconfined phase, results and entropy

(1) s/T° have modest
O(1/N) corrections.
(2) Have a sharper jump
for N = 4,8 than for
N = 3.

(3) s/T" is not that far
from 3 /4.
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B. Summary

For T' 2 T, examine decrease of m;(T) at large-IN in metastable confined phase,
extrapolate to zero — estimate of 1Ty, and

We find signs of Hagedorn behaviour:

Valuable for effective

e Ty/T. = 1.075(7) — 1.099(10) for SU(12). potential in loop models,
= . :

e o.6/0 >~ 0.5, also for N = 8, 10. central charge in string

models.

For T' > T. we calculate bulk termodynamics with the integral method,

We find that the pressure deficit is present at large-IV:

e Descriptions (diagramatic, bound states,
- weak IN-dependence. loops, quasi-gluons) of the pressure
deficit should survive the N — oo

- weak N-dependence —  limit.

p/T*
free

. e/T*A/T s/T3

free Lucini, Teper and
e No role for topology wenger ‘04
(sharper jump at T, for N = 4, 8). Del Debbio et al ‘04

e Bridge to AdS/CFT predictions



Questions and coffee . . .




A. Hagedorn behaviour at large-IN, results for SU (10)

Fit: m(T) /(o /T:) =

oet/0 X T /T,
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A.appendix. Hagedorn behaviour at large-IV, comparison with other groups.
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B.appendix. The pressure deficit in the deconfined phase, results for A of SU(3).

L;=4,5,6.
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B.appendix. The pressure deficit in the deconfined phase, results for A.
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B.appendix. The pressure deficit in the deconfined phase, results for A.
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