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Introduction and motivation

-

RHIC results: hot QCD matter has very intricate
properties ... & still no direct signal of deconfinement

Lattice (& other): J/¥ and 7. stay bound till ~ 27,;,
maybe higher ... + similar indications about light-quark

mesons = motivation to study bound-state equations

RHIC’s STAR collab.: ‘A compelling, "smoking gun"
signal for production of a new form of matter needed!’

E.g., a change in symmetries obeyed by the strong
interaction: the restoration of the chiral and U (1)

symmetry — a good understanding of the light
pseudoscalar nonet is needed
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Dyson-Schwinger approach to quark-hadron physics

-

# =the bound state approach which is nopertubative,

-

covariant and chirally well behaved (e.g., GMOR
relation:  limg, o Mz;/2mq = —(qq)/ 7 )
s direct contact with QCD through ab initio calculations

» phenomenological modeling of hadrons as quark
bound states (e.g., here)

coupled system of integral equations for Green
functions of QCD

... but ... equation for n-point function calls (n+1)-point
function ... — cannot solve in full the growing tower of
DS equations

— various degrees of truncations, approximations and
modeling is unavoidable (more so in phenomenological J
modeling of hadrons, as here)
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Dyson-Schwinger approach to quark-hadron physics

-

o Gap equation for propagator S, of dressed quark ¢

# Homogeneous Bethe-Salpeter (BS) equation for a
Meson qq bound state vertex I 5

Pseudoscalar mesons at finite temperature in a separable Dvson

-

|

-Schwinaer model = p. 5/22



Gap and BS equations in ladder truncation

- N

_ , - 4 dq o
Sp(p) ™t =iy -p+my+ 5 / g D5 (p — @) vuS (@)

3J) (2m)*
— Sf(p) = : _ Ay (p°) + Bp(p?) _ —ip + my(p?)
M= A+ Br®)  PARR + Br(pP)? 1+ my(p)?
4 [ d* P
)‘(PQ)Fff’(pv P) — _g /(27_34 ng(p_Q)’yqu<q+ %)Ffj_” (Q7P)Sf(q_ 5)71/

o Euclidean space: {vy,,7.} =20.., ’y;&:%“ a-b= Zleaibz‘
# P Is the total momentum
® meson mass is identified from \(P? = —M?) =1

L.o foﬁ(k) an “effective gluon propagator” - modeled ! J
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From the gap and BS equations ...

-

solutions of the gap equation — the dressed quark mass function

® propagator solutions A¢(p?) and B¢ (p?) pertain to confined quarks if

m?« (p?) # —p? for real p?
$ The BS solutions T' (7, enable the calculation of the properties of g
bound states, such as the decay constants of pseudoscalar mesons:

)\PS

frps P, = (0|g 5 s q|®ps(P))

d*q
—  foPu = New | 89w Sla+ P/ TalaiP) S = PJ2)
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Separable model

-

To simplify calculations, take the separable form for Dfﬁ:
ff
D,LeLV(p _ Q) — 5,ul/ D(p27 qzap ) Q)

D(p*.q*,p-q) = Do fo(p*) fo(¢®) + D1 /i(p*)(p- q) f1(¢%)

two strength parameters D, D1, and corresponding form factors
fi(p*). In the separable model, gap equation yields

- 16 d*q B¢(q?)
B (p? = mys+ / D 2, 2, :

(p-q)As(q?)
¢>A%3(¢?) + B3(¢?)

4
[Af(0*) —1]p* = 2/(;()1417(192,(12,1?-(1)

This gives By (p?) = my + by fo(p?) and As(p?) =1+ ays f1(p?),
reducing to nonlinear equations for constants by and a.
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A simple choice for ‘interaction form factors’ of the separable model:
f-’ fo(p*) = exp(—p?/AF) T

® fi(p?) = [L +exp(—pg/AD)]/[1 + exp((p® — p§))/Ad]
gives good description of pseudoscalar properties if the interaction is
strong enough for realistic DChSB, when m,, 4(p* ~ small) ~ the

typical constituent quark mass scale ~ m,/2 ~ my/3.
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DChSB — “constituent quark mass generation”

-
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-

® AtT +# 0, the quark 4-momentum p — p,, = (wp, ),

Extension to7’ £ 0
-

where w,, = (2n + 1)xT are the discrete (n =0, +1, +2,
+3,...) Matsubara frequencies, so that p? = w2 + p?.

Gap equation solution for the dressed quark propagator

St(pn, T) = [i7-0 Ap(ps, T)+ivawn Cy(pi, T)+By(p2, T)) ™

_ iy A (pn, T) — ivawn Cy(pr, T) + By(py, 1)
p? A3 (P2, T) + w2 C3(p2,T) + B (p2,T)
There are now three amplitudes due to the loss of O(4)

symmetry, and at sufficiently high 7" > T,; denominator
CAN vanish. — For T' > T; quarks can be deconfined! J
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o

Extension to7’ £ 0

#® The solutions have the form By = m ¢ + b¢(T) fo(p?2),
Ar=1+ap(T)fi(ps), and Cp =1+ c¢(T) f1(p5)

af(T)

cr(T)

by(T')

8D1TZ/ °r = fipp) PP 1+ ap(T) f1(p2)] dfH (pin, T)

Sy [ (jﬂ)g FL02) @2 [t e (D) (02)] d7 ' (03, T)

163DO T;/ (;lw])??, fo(p2) (Mg + b (T) fo(p2)] d;* (p, T)

» where d¢(p2,T) is given by

ds(p;, T) =p°A3(p5, T) +wpC3(p2, T) + B3 (py,, T)
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Chiral symmetry restoration at 7' = T,

- N
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Chiral symmetry restoration at 7' = T,

- N
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Violation of O(4) symmetry with T
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Model results at’7’ = 0
-

# Model parameter values reproducing experimental data:

X mu,d = 5.5 MeV, Ay = 758 MeV, A1 = 961 MeYV,
po = 600 MeV, DyA3 = 219, DA} = 40 (fixed by fitting
Mz, fry My, Gpntn—s Gpete- — Predictions
ay.q = 0.672, b, 4 = 660 MeV, I.e., m%d(pz), (tu))
o my = 115 MeV (fixed by fitting M — predictions
as = 0.657, by = 998 MeV, i.e., ms(p?), (55), Mz, fi, fss)

® Summary of results (all in GeV) for ¢ = u, d, s and pseudoscalar
mesons without the influence of gluon anomaly:

PS Mps  frs  —(ga)y" mg(0)

= 0.140 0.092 0.217 0.398
\_ K 0495 0.110 J
0.685 0.119 0.672

SS
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Model results at’7l’ = (

® GMOR
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Results onn — »’ complex at7T = 0
B -

Bat Blatt. EXp.
0 -12.22° -13.92°

M, 5489 543.1 547.75
M, 9585 9325 957.78
X 0772 0772
36 0.845 0.781

® masses are in units of MeV, 33 in units of GeV? and the
mixing angles are dimensionless.

® [+ Was obtained from y (7 = 0) = (175.7 MeV)* using

2N
2

L WithX:fw/fs§ J

Pseudoscalar mesons at finite tembperature in a separable Dvson-Schwinaer model = p. 18/22

B(24+X?) = m%—km%, —2m3, = (2"4equality = Witten — Veneziano relation)




-

Model results at’T’ = 0

#® T-dependence of the masses of light mesons: «, K, 55,0
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Model results at’T’ = 0

- N

# T-dependence of pseudoscalar decay constants fp
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Model results at’l’ # 0
B -

® m2; ~2m% — m2 due to GMOR
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Summary

- N

# Sketched Dyson-Schwinger approach to quark-hadron
physics & a convenient concrete model

# Results for dressed quarks and pseudoscalar mesons
at’l'=0

# Results for dressed quarks and pseudoscalar mesons
at T # 0
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