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‘ Hadrons in Hot Environment I
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[ Chiral partners in the vacuum ] Tracer of the chiral structure of matter
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First principle QCD calculation ?




[ QCD Spectral Functions }

Lattice data

D(7, P) = j (3%(1,%)3(0,0)) €™d°x 39
= j K(7,w) Alw, P) dw

“Laplace” kernel —J 4

K(T,w) — Spectral Function
=T yya— —wlT All information on hadronic correlations
-€ /dxe ) at T=0 and T#0

pQCD says ...
OA(w=0)=FA(-a) =20
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How to extract A(w) from lattice QCD data?
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- posed profiam I

—  Maximal Entropy Method : P[A| D] ——
e No parametrization of A(w)
® unigue solution forD(Tt) — A (w)

® errorestimate on A (W)
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Clptics ard astrophysics: N W Soringer (97)

Spin systems: Jfarrell & Gubernalis, Phys. Rep. 2689 (95)
Lattice QUL Asakawa, Nakahara and T.H., Prog. Part. Nucl Phys. 47 (07)



MEM Image Reconstruction

The qirl’s portrait The Image of Saturr




T & 0 spectral functions

from lattice data at T=0
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Nucleon spectral function
from lattice dataat T=0
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Need of aniostropic latticeat T#0

T=0 T#0

space =

L~ 0 1/T
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Anisotropic lattice
Need more than
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Machine: CP-PACS a, |
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Temporal latticesizeand T
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[ Chiral partners in the vacuum J
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Chiral degeneracy and non-trivial modes (T 2 T,)
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Disappearance of non-trivial modes (T 22T )
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Hadronic modes below and above the chiral transition
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[ Summary 1

[1] MEM : new way of analyzing lattice QCD data

e D(7) > A(w) : parameterization free, unique solution, significance test
e better lattice data > better A(w) Asakawa, Nakahara+T.H., (MELQCD, Tokyo)

[2] T=0: ground and excited states

e useful for hadron spectroscopy (7%, 0* N* A¥* glueballs etc)
Sasaki+Sasaki., (MELQCD, Tokyo)

[3] T#0 : spectral change of hadrons (thanks to CP-PACS )

e non-—trivial collective modes exist up to 2T_?
e evidence of the plasmino gap ?

Asakawa +T.H., (MELQCD, Tokyo)

[4] TF#O0 : future

e O, W, ® vs chiral restoration, J/¢¥, ¥’ vs deconfinement
e transport coefficients in hot plasma
e collective modes in N_.=2 dense QCD (4 AMELQCD)



1.

Parameters

Lattice size

32°% 32 (T'=25T)
40 (T ~20T)
54 (T~15T)
72 (F=21.1T)
80 (T'~1.07)
9% (T <T)

B8=1.0, fﬂ =3.9
tE=a /a =4

a =9.75x107 fm

L =1.25fm

Naive Unimproved Action

Wilson Fermion

6.

e

i

0.

Heatbath : Overrelaxation
= 1 : 4

1000 sweeps between
measurements

Four Quark Masses
m_ f’fﬂﬂ ~0.7,0.8,0.9

Wy =Wl

Quenched Approximation

Gauge Unfixed

—

p = 0 Projection

Machine _
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Principles of MEM

Oft ) — Afw)} : not unigue !

What is the most probable A(w) for givenn D(tT )

Statistical Inferernce
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» Explicit form of the posterior prob.

AAD) = ADA AA = eXo
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» Procedure of modern VIEM

Step 1) Maximizing Q
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® Sovlistron (s g (Asakawa, T.H, Nakahara (000
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Shonon-Jaynes Entrop ZJ

e Combinatorial construction (Monkey argument)

Product of Foisson distribution — 5.J entrogy

el il Lt

I 23y memErias N

e Axromatic construction

Axom [ Locanty

Axiom Hl : Coordinate inv.
Axiom Il : _-ﬁ.'.l__.\l:.l..,”.. independer

Axiomn IV : Scaling
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Properties of hypersurface Q(A)
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> K’E rrel K(r . w) Free propagator with mass &
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