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|. Introduction

Chiral symmetry breaking effect in nucleon
(q9)

Chiral symmetry restoration in nuclear matter

In searching
Higgs boson and supersymmetric particles, Dark matter

o =0(0)# G(Zmﬂz)
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Pion-nucleon sigma term has been studied In
Chiral perturbation theory
Chiral quark models,
Lattice QCD,

as small as (18 ¢ 5) MeV |11 |PRDS, 054504 (199)
as large as (80 ~ 90) MeV | EPIA22,89(2004;

generally (45 +7) MeV  [PIIB253/252 160/ PRDGS 054026
recently (50 ~ 80) MeV  PRD6Y, 034003; PRCTL,065201
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Two Puzzles In

Chiral Symmetry an

Color Confinement

Characteristics Identifying
Quark Deconfinement
and Chiral Symmetry

Restoration:
Hadron Properties

.

ng Interaction at low energy:
Iits Spontaneous Breaking
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NJL model, QMC, QMF,
Truncated DSE, Instanton,

Intuitive viey GCM. -



Quark condensates are usually taken as characteristics of
Vacuum Structurel]
Order Parameters.

Theoretical approaches:
Composite-operator, -

Sum rules, QMC, NJL,
Walecka model, \ \/
Dirac-Brueckner,

S-D Equation,
Instanton dilute liquid model, ...
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I Briel Description o the GCIV

e The global color symmetry model (GCM) is based upon
an effective quark-quark interaction defined through
a truncation of QCD
2

§=[ d'e a0+ ml Bla—y)aly) ~ 320 Dule i)

where /| — q(ﬂ:)%%q(m) is the quark current,

D,.(z — y) is the effective two-point gluon propagator.




e Taking D, (z —¥) = 8. D{x — %)
and applying the FMierz reordering

ﬁﬂzéff“@{ﬁ@ﬁ“
with
1K} = {1, %%, _\/—rﬁn f’rﬂs}
{C"} = { z, Tr‘%} WY
{7} = {51, 75} Pase

to the quark field, one has the current term

fddﬂ:ﬂrdyj#[:m)ﬂpp{:r ¥)7.(¥)
= -7 [ dadiys (@, ) D@ 1), 7)

e The ;7{x,#) = g{x)Ag(y) is a bilocal current, and can be

transferred into an auxiliary Bose-field B”(x, %).



e The GCM action can be rewritten as

S(g, 9, Bz, y)] = [ [ d'zd'y [§(z)G " (z,y; B )g(y)

BE(an)BE(Ham)]
20°D(z —y) |’

_|_

G =,y B") =7 88(z —y) + A’B(z,y). (2)

e The bilocal field B?(z, %) can be generally given as

B,y = Bl -+ Sé (50t —y), ©

¢ The vacuum configuration B?{z, %) can be obtained by solving
the equation

35[39(% y)]l ﬂ i
OBz, y) B¥zy)=B{z—y) :




e In practical calculation, one can fix the B? in two ways.

One is by solving the rainbow Dyson-Schwinger equation

B ‘ d4 ta
G Yz,y)=iy-p+m+ [ (2;;4929(? — '?)E’Y;;G(iﬂ;y)’}‘”—

with G = iA(p?)y - p + A’B(p?) .
Another is by modeling dressed quark propagator directly

For example

A=1,  Bji(g)=ml¢").

Lue, Liu, Zhao, Zong,

where m(q) is the dynamical quark mass.
Phys. Rev. C 58 (1998) 1195

e The relative excitation can be fixed as
=Y i 2l
Is _BI.'J F?r _Ef}‘ﬁTB'U :
e It has been successful in describing hadron properties,

chiral parameters, and so on. Prog. Part. Nucl. Phys. 39 (1997) 117;
Phys. Rev. D49 (1994) 125;

AR WOTEROR A% phys. Rev. C53 (1996) 2410;




e The quark field and the bilocal field in nuclear matter with chemical

potential p

q(z) = ¢ = e"q(z),
BY(xz,y) = B(x,y;p) = 4B (x,y)e ",

e The action of the GCM at finite chemical potential is

S=[d'zd"yg (z) |y - 95(x—y) —pya+ N B’ (z,y; 1) 4 ()

S = —llln[, dé(x —y) — pys + ‘LHBH}
Y)B(y, x)

Prdty® @
+] dad'y 29°D(x —y)
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Generally, the bilocal field B*(z,5; 1) can be written as

_|_
B(z,y; 1) = Bj(@,y; 1) + ;T“f@f’f(m > 9,

¢ The fluctnation amplitude

To = Byla, v 0),
[7 = iys7 Bz, ;1) (108)
¢ The vacuum configuration can be determined by the saddle-point

85 _
Z

S(p, u)=/ (jgdgzﬂ(m—y)t; g

condition 0. Consequently, one gets the quark self-energy

where § = {q,q4 + i} q, =lw, =1(2n+1)xT
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e Taking the conventional decomposition for the quark self-energy

G~ (p, p) = iAlp, B)7 - P+ iC(p, p)uulps +ip) + VB(D), (12)

p, ) = 1[Alp, p) — 117 - p +4[Clp, p) — }va(pa + ips)
+V B(p), (13)

where /' — o | i7 - 75 with restriction 0? + 7> =1 .

The A, B and C can be fixed by solving the rainbow D-S Eqgs

o0 8 pdlg Al§)q-p
Ap)-17 = f(z 119 D(p—q) RGP+ C A B (14a)
[C@)_l]ﬁizgf(: )45’25@ Q)Ag( )-gféqg)(qffd _|_Bg@-) ?(14'5)
. 16 ,d B(g)
8O3 i PO w4




Expanding the Eqg.(11) in power of u, we have

Q[u]=G—p:G1"{”G—%[GF{E}G—QGF“}GF{”G] +-o-, (15)

_ PG p(p)

. T@(p) o

pr=1

To fix the expansion coefficients I''Y) and I"? | we define other two
functions as

_9G(p) . _0G(p)

AMp) =1 "p) A®p) =I"*(p)




Applying operations d/du and 9/9(—ip,) on both sides of Eqs.(4)
and (11), respectively, we obtain

d'g (1)

51 D (P = G (@A (0)G @)y, (16)

AV (p) = —:—f )

(

and

AP (p) = —% f%ﬂpp(ﬁ'—Q)’TH{G(Q)ME}(Q)G(Q)
—2[G(q)I'"(q)G(q)IM(q)G(q)

0G(q)

S5 5

G(q)

ANL Workshop, Aug. 29-Sept.2



<|>

ANL Workshop, Aug. 29-Sept.2



The pressure density

P[] =TrIn[G™]-1Tr[ZG]

The nuclear matter density

2 4L [ L AG?) 1]
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Truncated DSE
NJL, ChPT
QCD = GCM —-Hadronisation Observables
BM, QMC, QHD
|attice Hadron Correlation

With the GCM, one can explore

the QCD foundation of bag models,

the chiral symmetry breaking and restoration,
the quark confinement and deconfinment, eeeeecccce
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Ill. The o In Free Space and
In Nuclear Matter

According to Hellmann-Feynman theorem

Assuming

we have

The M, Is the constituent quark mass and can be
determined by the solution of the D-S equation

ANL Workshop, Aug. 29-Sept.2



Taking

we have

w760 )T (q, 1)G(q, 1)y,
It can be decomposed as

[(p,u)=iy-pC(p°)+D(p*)
Then the chiral susceptibility can be given as

oM (P) A(p*)D(p*)-B(p*)C(p*)
2(p%) = — ="

Taking , we have

O =3M,[2(P* = M), o]
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Taking the Munczek model of the effective gluon propagator

kK,
D, (k) = 4775 (K)(3,, — k)

we have the solution of D-S equation at chiral limit

for

for
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Beyond the chiral limit, the D-S equation should be
solved numerically.
The deduced pion-nucleon sigma term reads

» Beyond chiral limit
At chiral limit
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In the Munczek model, the solution of the D-S equation
with finite chemical potential p can be expressed in the

same form as that in free space with replacement [ imaORal]
However, the boundary condition can not be fixed
directly, we take

Then
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IV Application) tor@uark Cendensate

Model independent relation

with approximation

WEREA
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Numerical result:

.
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Chang, Liu, et al.,
hep-ph/0508094




Dh. II(A) =1 I 1.14 'ﬂ-gd A

where d = 22 and t,,, = d,,

& Calculated chlral quark condensate In vacuum and
the response to the chemical potential

V]|a'/3|b/a in model-1[b/a in model-2

I!.ril v
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The classical potential corresponding to the
effective gluon propagator

_ 4 ﬂ-\‘ e’ V;T_sin[r\f I} :

?‘1' -

— A=107'GeV' y=1.77GeV
—— A=107GeV' y=0.95GeV
—— A=10°GeV' y=0.77GeV

A0 60
r(1/GeV)
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\Yanration: ol the' condensatéein Vactim:

Mean spectral density at zero energy of quark over
the gluon configurations and the four-volume,
Banks-Casher relation

—(0q) = v, (0)

confinement «——= attractive potential
Increase of confinement strength
— aftractive potential stronger —. [Z@] increases
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RESPENSE [0 the chemical poientiail

Increase of chemical potential
— confinement more strong == 2 A0

Vel Ay, (0) = Av(0) >0

- Ne response Is positive !

Vil B Av (0) +Av, (0) = Av(0)

the pion decreases Av(0)
Av_(0)>0
- | € response IS negative !

ANL Workshop, Aug. 29-Sept.2
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& Calculated chiral quark condensate in vacuum and
the response to the chemical potential
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The classical potential corresponding to the
effective gluon propagator

— =16.0GaV, o=0.5GeV
— E=25.0GeV, @=0.45GeV
— £=45.0GeV, ©=0.4GeV

(1/GaV)
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& The condensate In the vacuum increases with
the ascend of the confinement strength.

& The response in model-2 Is negative.

& The response in model-1 Is negative,
due to the “asymptotic free” property.
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Vo Stimimary and Remarks

e The pion-nucleon sigma term in free space and In
nuclear matter are studied in the GCM (truncated DSE)

e |t IS found that In the Munczek
model of effective gluon propagator.

e The chiral quark condensate decreases slowly than
the linear behavior as the density dependence of the
o IS taken into account.

e The decreasing characteristic of the chiral quark
condensate Is attributed to the pion configuration.
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Remark (2)

e The quark confinement strengthens the chiral quark
condensates.

e The difference of the variation behavior of the
condensate arises from the difference of the
configuration of the vacuum.

e The vacuum may consist both quark condensate and
Goldstone bosons.
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Remark (3)

e The dependence of the effective gluon propagator on the
chemical potential has not yet been taken into account.

e Quantitative description of the variation rate of the response
against the confinement strength Is expected.

e The chiral quark condensate may not be a good characteristic
to i1dentify the restoration process.
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