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I) Introduction
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The lattice problems <  solutions

e finite cut-off effects: a > 0= N, < x
continuum limit at fixed T — 1/N_a improved
= requires a — 0 . N — x actions

s finite volume effects:
thermodynamic limit large

— requires N, — computers

¢ broken symmetries:
rotational-, lavor-, chiral-sym.

-+ requires appropriate actions SF, WF, DWF

and /or continuum limit impr. actions




- short vs. long distance physics

® plobal symmetries control the QCID phase transition

c.g. order of the 2-flavor transition
® correlation lengths at the QQUD phase transition

= study of the phase transition requires actions
with exact QCD symmetries even at
finite cut-off and /or good control over

continuum limit

® QCD thermodynamics involves a complex

interplay of short and long distance physics

T many finite-T observables are sensitive to

short distance physics:

heavy quark potential; bulk thermodynamics;...

= study of “interesting observables” requires

actions with small cut-off distortion




improved actions also mandatory for

guantitative studies of bulk thermodynamics
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Staggered fermion action with improved

rotational invariance (p4-action)
e l-link and L-shaped 3-link paths

o Coeflicients fixed by demanding rotational invariance of the

fermion propagator up to order p*

o Fal links" to mmprove flavour symmetry
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o improved rotational symmetry
staggered (p2): Fi(p) =m  + 5%+ Tapl + © b,-};p_,zpf +O(p!)
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IT) QCD (phase) transition temperature

new results:
Clover-fermions [(Oa) improved WEF): CP-PACS, hep-lat /OO0S00 1 v

rint . SYET. il'lllll'l.i".'E'I.I =k :||1-:|I.Ii||"||: Hielefeld, hep=lat /0012023

- global symmetries control order of the transition for
m, —+ o = deconfinement transition
— ) - chiral transition

M,

- rapid crossover in ¢/T?% peaks in susceptibilities define

transition temperatures for all my

3-flavor phase diagram
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- How to compare QCD calc. with varying m, and n;?
= assume exp. value for m}f (or /o) for all n¢




Deconfinement and chiral symmetry

in 3-flavour QCD

peak heights of susceptibilitios
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|~ 173(8)() MeV

2-flavor QCD: T¢/my;
0O{4) scaling: [ﬂl[m,} — T(0) ~~ M8 s 1]
my-dependent m,: m, ~ m, + ¢, m,

“=—s direct chiral extrapolation of T./m, difficult
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expect: — B

- |- X mpsg,/m,

improved Wilson fermions (CP-PACS); first 3.(m,,) — 5.(0):
1. /m,— 02224 [5]

improved staggered fermions (Bielefeld): extrapolation in x*:
T.,/m,— 0225 [10]

% expect svs.err. of similar size
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Flavor Dependence of T,
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- weak fHavor dependence /

- similar mg-dependence

- T. for (24+1)-Havor QCD T, for 2-flavor QCD
BUT: . Jm, does not reflect “physical” m -dependence

EXPECT: smaller m, = more light (d.o.f.) = lower T,




Quark Mass Dependence of T,

need a my,, (and ne) independent observable Lo sel a scale

0.552(13) , quenched (m, — o)

/

F . . M
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IHF
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o weak quark mass dependence of T,/ /o

~pross features of the transition not controled

by *light™ mesons




I11) QCD-EoS and critical energy density

o igg ~ 17 4+ [relevant momenta) ~ T
- Eo3 is sensitive Lo short distance physics

= Lattice calculations sensitive to cut-off effects

¢ experience gained in the pure gauge sector

- improved actions mandatory

= ks II.-|'|I'|-|'|E'I'IIII'||.!|1i'.|' even at 1T = 5T,

SU(3) Equation of State
T T ) 1
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fE. |

ﬂ = resonance gas

[ = (0.63 — 0.63)/7 = 270 MeV

high-T behaviour can be reproduced in continuum approaches
(MTTL-resummed perturbation theory, quasi-particle models)

- L0 Andersen et al,, PR DG (2000) 014017
- J.-1 Blaizot, et al., PRL B3 (1999) 2906: PL B47T0 (1999) 18]
. Lévail and U, Heinz, PR C57 (1998) 1879




Flavor dependence of the EoS
Fh. E. Lacrmann, A. Peikert, Phys, Lett. BATE (20000) 447
¢ Calculations for nf = 2, 2 + 1 and 3 using identical
improved gauge and staggered fermion actions

» wdentical cut-off dependence
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lattice size :16%° x4 , temperature scale from /ra

- quark mass dependence weak in the high-T phase

pspimy T — 0.4}/ psg(0] = 0.97
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Flavor (IN)-dependence of the EoS

N

flavor dependence dominated by ideal gas term
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Energy Density

new results:

Clover improved WF (CP-PACS in prep.), 5. Ejiri. hep-lat SO00 10006y 2
rot. sym. improved SF [(Bielefeld):
AL Peikert o al., Phys, Lett, BBATS (20000 447
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critical energy density: |€e = {Et el 2] Tg

even massless pions would contribute only 0% to this!

detailed analysis of volume and gquark mass dependence still needed!



IV) Screening; heavy quark free energy

At T = 0 the “conventional” Cornell-type
heavy guark potential is strongly modified
in QCD with light quarks for it = 1 fm

Close to T, string breaking /screening sets in

already for r = 0.3 [n

3-Alavor QCD, mps/my ~ 0.7
heavy quark free energy close to T,
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FK. E. Lacrmann, A. Peikert. hep-lat /0012023

it rT ~ 0.25 < screening at short distances



Temperature dependence of the depth of the

heavy quark free energy (potential)

3-flavor QCD, mps/my ~ 0.7

AV = lim V(r) — V(0.23 fm)
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a more detailed analysis of the consequences

for heavy guark spectroscopy does reqguire a

detailed, gquantitative analysis of the short distance

part of the heavy quark potential/free energy



short

Screening of the heavy quark free energy distance
physics 7

experience gained with pure gauge Ltheories:

®strong clectric and magnetic screening

giT) > 1even at T~ 10T, -+ no separation of scales
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large screening mass <+ carly onset of screening
= screening influences

short distance phvsics

= T:2T,.:

screening of (e.g.) the heavy quark free energy

sets in already for r ~ 0.5fm [T,/ T)



Gauge dependence of magnetic

screening 1mass

A, Cucchieri et al,, PPL B497 (2001 K0

J-d effective theory of the finite-T

SU(2) gange theory

Gluon propagator in Landau and
Maximally Abelian Gauge
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Heavy Quark Free Energy at T +# 0

Polyvakov loop correlation functions
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The heavy quark free energy above T, for the SU(3)
gauge theory: short vs, long distance physics

deconfined phase ([ = [ ' '-.{f: e .: l.!..f“.'l Ja::f
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V) Thermal Meson Masses

¢ thermal excitations modify correlation functions;
¢ larger contributions from heavier excitations:
o modifications of spectrum <+ changes of spectral tunction

(2e¢ also tomorrow’s Lalk by T, Tatsuda)

Thermal Green's Functions

Galr,7) = TY [ d'p exp|—i(rw, — )] Galw.. p)

L
wl. J4)
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Ol ,I':-ljl Jlrfu.ez .

_L-Ir| - i.J.l'

T20:
i e = A
wip, TV = m* +g? + TI{F, T)
Thermal Masses ~ m(T): + a(T)F?

I) from temporal correlators

Gilry= [d'r Gylv,7) = "pole mass" | ~ m(T)

II) from spatial correlators

. | /T - r . i
Galz) = | fl’rj'u:l.rf-:i,r,r Gylr,ry, 2zl = "screening mass”

‘ ro m{T};v&;mj

II1) from susceptibilitics

o= [dr [dr Gar i) > "~ 1 m(T)?




Screening masses in two flavor QCID

¢ light mesons feel chiral symmetry restoration:
vi. — U for T — T ; . non-Goldstone for 1 = 7T,

ERipaR

my; — - splitting related through O 010 e, ete, 77

- SUA(2) -
T:4y.,97 ~o:qq
(fg)
U,(1) U, (1)
6:9;9 = U R A
@) SU, (2)

particle spectrum for T £ 1)

=L 4 2 symmetry: m, o) degenerate

Lo 1 symmetry: (7, 4) degenerate
e new resulls with domain wall fermions

— small 4 — 7 splitting at 1" =~ .27,
Columbia group (ongoing work )

. AL Wreanas, NP BiProc.Suppl.) 83-81 (20000 414

small remnant of 7,1 breaking at "~ 1.27,



Thermal Screening Masses in Two Flavour QQCD
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Spectral analysis of meson masses

Y. MNakahara, M. Asakowa, T, Hat=ada, PIU TG00 (159949 0915004
[. Weizorke, FK, hep=lat SO008008

Ga(r) = [d®r Ga(r,7) = [~ dw o(w,0) ‘:“E:i[:]i; I—ﬁif;zn

try Lo explore Maximum Entropy Method:
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A first attempt to calculate the thermal

pion spectral function

quenched QCD, Clover-fermions,
Ne =16, T/T, = 0.9 and 3

"'-'_I"_l_ L Y T _ T
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R
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thermal corr. approach high-T limit from abbove

= in contrast to the HT L-approximation for the thermal

pion correlator: FK. A, Mustafa, M, Thoma, PL Ba97 (2001 219



VI) Conclusions

¢ The QCD (phase) transition is weakly dependent

on ny and meps.
- L-calculations will provide T, with less than
10% errors in the near future: current estimate:
ng 2. T. 173 4 8 + (sim.sys.err. ) ) MeV

Iy 3 T. 154 + 8 = (sim.sys.err. || MeV

¢ bulk thermodynamics, e.g. the pressurc in units
of the ideal gas pressure, is only weakly flavor

dependent

- critical energy density:

(e = [6+2) T} . £ ™ (TO0 + 300 MeV /fin®

s screening of the heavy quark free energy sets in

at rather short distances

e MEM provides a promissing approach towards the

study of thermal masses in the vicinity of T



