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Fig. 3. Total photonuclear cross section try. r (E) of 20Spb and best Lorentz line fit corresponding to 
parameters given in table 3. 
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All  targets were discs having a diameter  of 12 cm. The lead target, made of radio- 
genic lead, conta ined 91 ~o of 2°Spb and  7 ~ of 2°TPb and had  a thickness of  3.91 
g -  cm -2 whereas the gold target had a thickness of 5 g .  cm -2.  Part ial  cross sections 
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Shown in Fig. 8 is the lattice QCD simulation of &1/!O
with dynamical quarks in two flavors #Karsch, 2002$.
One can see the degeneracy between the susceptibilities
in the & channel and the ' channel as T increases to the
right. Also, &1/!O for & is smaller than that for a0
#scalar-isovector meson, traditionally called ($ at low T,
which indicates that the spectral strength in the & chan-
nel has more weight in the low-frequency region #& is
lighter than a0$ as can be seen from Eq. #46$. Splitting
between a0 and ' even when &-' degeneracy is realized
at high T reflects explicit breaking of U#1$A symmetry.
We note that the close relevance of the scalar-isoscalar
susceptibility at finite baryon density to the nuclear mat-
ter properties has also been pointed out #Ericson and
Chanfray, 2007$.

3. In-medium vector meson

Unlike the case of Eq. #34$ which relates the chiral
condensate "q̄q% and the spectral function in the pion
channel, no such relation is known in the vector channel.
Still, one can derive useful relations by using the in-
medium generalization of the QCD sum rules #Hatsuda
and Lee, 1992; Hatsuda et al., 1993$. In particular, the
in-medium Weinberg relations #Kapusta and Shuryak,
1994$ for the vector and axial-vector spectral functions
at zero spatial momentum read

!
0

# d$2

$2 '%V#$$ − %A#$$( = 0, #47$

!
0

#

d$2'%V#$$ − %A#$$( = 0, #48$

!
0

#

d$2$2'%V#$$ − %A#$$( = −
4'

3
)s"O4q% , #49$

where O4q=O*
*+2O00 with

O*+ = 4
3 #q̄L,*tC

) tF
aqL$#q̄R,+tC

) tF
aqR$ . #50$

Note that there are longitudinal and transverse spectral
functions in the medium, but they coincide at zero spa-
tial momentum, so that such a distinction is not made in
the above formula. As is obvious from Eq. #50$, the
DBCS in the vector and axial-vector channels is mani-
fested through the higher dimensional four-quark opera-
tor and not by the simple bilinear operator q̄q= q̄LqR
+ q̄RqL: The in-medium changes of "O4q% and "q̄q%2 are
different in general #Eletsky, 1993; Hatsuda et al., 1993$.
At finite T with zero baryon density, it has been proven
that there is no exotic phase in which "q̄q%=0 and
"O4q%!0 take place simultaneously #Kogan et al., 1999$.
However, such a phase is not ruled out at finite baryon
density and is indeed realized in the color superconduct-
ing phase #Hatsuda et al., 2008$.

The spectral modifications of vector and axial-vector
channels at low T with zero * are realized as a mixing of
the two channels due to thermal pions. In the leading
order of the virial expansion in the two-flavor system,
one finds #Dey et al., 1990$

%V = '1 − -#T$(%V
vac + -#T$%A

vac, #51$

%A = '1 − -#T$(%A
vac + -#T$%V

vac, #52$

with -#T$ given by Eq. #27$. The spectral functions in
the vacuum are measured experimentally #see, e.g., Fig.
9 in the vector channel$. The above mixing formulas
show that the pole positions of the correlation functions
do not change at low T, while the pole residues are
modified as 'f%

t #T$ / f%(2=1−-#T$. Note also that these
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FIG. 8. Thermal susceptibilities in three different channels #',
&, and a0$ for two-flavor QCD with staggered fermion on the
83.4 lattice with mu,da=0.02. The vertical axis denotes &1/!O
#Karsch, 2002$. The horizontal axis denotes the bare lattice
coupling /lat=6/g2 which is a decreasing function of the lattice
spacing a and hence a increasing function of temperature T
=1/Nta with Nt being a number of temporal lattice sites.

FIG. 9. Spectral function in the isovector channel in the
vacuum '%V

vac#s$ with s=$2( obtained from the e+e− annihilation
into even numbers of pions #Kwon et al., 2008$.
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