Spectral Change of Hadrons
and Chiral Symmetry

T. Hatsuda (Liniv. of Tokyo)
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1. Chiral symmetry
breaking & restoration in QCD
2. In-medium hadrons :
tracer of chiral structure of matter

3. Oldidea revived :
spectral sharpening of the o -meson
4.  New direction :
lattice QCD approach to in-medium hadrons
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[ @QCD phase structure ]
e Chiral order parameter :  {gq) with g=u, d
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Hadronic correlations - Tracer of the phases

e Symmetry: (S(x)5(v)) ~ (P(x)P(yv)) ., (A(x)A)) ~ (V(x)V(¥)}) as (gg) —= 0O
® Dwvnamics: (S(x)S(y)) . (POJIP(y)) . (Ax)AL)) , (Vx)V(y)) as {(qq) varies
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Hadroni tibility (7

[ (sxas(0) d*xe = [ { PxoP (@) d*x;

|12
! ;x Karsch, hep-lat/3909006
06— . B |
4 (=1, J=0)
05.
0q, O (=0,=0)
03|
et
_ _ aﬂ 4
01 m (I=@, J=0) xd
L m = 0.02
: K5
11 T— ; -
554 595 598 53 532 534

g=6/g2

(AN _ M AN 10 Me v
=

=

_dR
d*xd?q

= Im F.T.( V(t,9)V (0))

Alam et al, Pucl-th/0011032
+ unpubdished

<N, » =380 (CERES, Pb-Au)

— Scahng with Te = 170 MeV
- - -~ Broadening with Te = 170 MeV
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[ Mysterious scalar mesons ]

QCD EW theory
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Broad "g" in the vacuum : Sharp "@" in the medium
Fg~mMg byo = nm o/ 5 =0 asm, = 2m_
e e strong m m attraction near threshold
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A= (RRE)- j=nA
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Drukarey and Levin, Prog. Mucl. Part. Phys. (81)
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In-medium xx cross section
in I=J={) channel
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Spectral function of ¢ in nuclear matter
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soft qq vibration in matter
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— m-N-A dynanmucs alone .
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— Softening in I=J=0 channe!
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Spectral function of & in nuclear matter

with p—h and A-h
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[ Hadronic correlations in lattice QCD }

@ Traditional tool - asymptotic analysis

D(7) =f (HEHH () d*x ~ e~mT

T —+CO CP-PACS @ Tsukuba
T=0
/ / MEM = PlAID]
space (1} No parametrization of Alw)
/ (i) umigue solution for D{ ) — Alw)
e . (i) Statistical significance of Alw)
Euclidian time () . e oen

Agakawa, Nakahara & T.H.,
PRD ('89) , hep-lat/ 007 1040

® New approach : Maximal Entropy Method (MEM)

D(7) =fm e W A(w) dw (useall t)
0
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| Hadronic correlations at finite T in lattice QCD J
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Lattice QCD + MEM provides a clue h 'g | FeT
to study in-medium hadrons (o, J/W¥, =) = ©
?
orelmnary stuadies Ssakawa, Nakahara & T.H., in progress. T=> T-:?
are started Oevers, Davies & Shigemitsu, hep-lat/ 0009037,
Watzorke & Karsch, hep—lat/DODS0D0E, .




l Summary ]

1. QCD phase transition :
T.~170MeV, 0.~ (3-9)p, ?

2. In-medium hadrons :
tracer of the chiral structure of matter

change of (qqg) &  (H(x)H(y))

3. Old idea revived :
Broad "¢ " in the vacuum — Sharp "o " in matter

4. New direction :

MEM (Maximum Entropy Method) + fattice QCD
= first principle studies of
the hadronic spectral functions A(w,q; T)

+ T. Bayes 1702-1767+ +

strong m m correlation
in matter

(CHAOS data)

@ low=mass dileptons
o)/ ¥V suppression
etc




