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Topics

DSE modeling of meson physics (ladder-rainbow)
Summary:. successes and problems

More recently: heavy quark mesons, DIS on pion
Steps beyond ladder-rainbow
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Lattice-QCD and DSE-based modeling

. . R -
Lattice: hOi = DqqG O(q;q; G e® [@ac
Euclidean metric, x-space, Monte-Carlo

Issues: lattice spacing and vol, sea and valence mq,
fermion Det

Large time limit ) nearest hadronic mass pole

R
EOMs (DSEs): 0= DqgqG o) eS [a:a:GH+( ;a)+(q; )+( JG)

Euclidean metric, p-space, continuum integral eqns
Issues: truncation and phenomenology—not full QCD
Analtyic contin. ) nearest hadronic mass pole

Can be quick to identify systematics, mechanisms,
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DSE-based modeling of Hadron Physics

Soft physics: truncate DSEs to min: 2-pt, 3-pt fns

Should be relativistically covariant—-convenient for
decays, Form Factors, etc

No boosts needed on wavefns of recoiling bound st.
1 d.of.! few quasi-particle effective d.o.f.

Do not make a 3-dimensional reduction
Preserve 1-loop QCD renorm group behavior in UV
Preserve global symmetries, conserved em currents, etc

Preserve PCAC ) Goldstone's Thm

Can't preserve local color gauge covariance—-just
choose Landau gauge [RG xed pt]

Parameterize the deep infrared (large distance) QCD
coupling
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Constraints on Modeling

Preserve vector WTI, and axial vector WTI
E.Q.

iP 5 (k;P)=S (k) 55+ 558 1k )
2mg( ) s(k;P)
) kernels of DSE, and Kgse are related
Ladder-rainbow is the simplest implementation

Goldstone Theorem preserved, ps octet masses good,
iIndep of model detalls

DCSB) : %P =g [FtrS,Y(p?)] +

Here, 1-body and 2-body systems are the same
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Ladder-Rainbow Model

K —
Kese ! - 4 o (qf) D™(q)
e (OIZ) ;ﬁ h:{q -1 GeV — (240\/|€V)3 , incl vertex dressing
e () Gy s ()

p-k
. . M
P = p +
® ®

k

P. Maris & P.C. Tandy, PRC60, 055214 (1999)
M ;M ;Mg->goodto5%, f ;f ;fx> goodto 10%
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Summary of light meson results

My=g = 9:5MeV, ms= 125 MeVat u= 1 GeV
Pseudoscalar (PM, Roberts, PRC56, 3369)

Vector mesons

(PM, Tandy, PRC60, 055214)

m =W
fl’ =W
mg?
fk?
m

ft

0.770 GeV ~ 0.742
0.216 GeV ~ 0.207
0.892 GeV  0.936
0.225GeV  0.241
1.020 GevV  1.072
0.236 GeV ~ 0.259

Strong decay (Jarecke, PM, Tandy, PRC67, 035202)

calc.
o, | (0236 Gev)®  (0.2417)3
My 0.1385Gev ~ 0.138'
fo 0.0924 GeV  0.093"
Mk 0.496 GeV 0.4977
fi 0.113 GeV 0.109
Charge radii  (PM, Tandy, PRC62, 055204)
ra 0.44 fm? 0.45
r2. 0.34 fm? 0.38
ras -0.054 fm?2 -0.086

Orpp
Of KK

OK?Kp

6.02 5.4
4.64 4.3
4.60 4.1

Radiative decay

(PM, nucl-th/0112022)

gpgtransition (PM, Tandy, PRC65, 045211)

9pgg
2
Mogg

0.50
0.42 fm?

0.50
0.41

Weak K3 decay

(PM, Ji, PRD64, 014032)

Orpg =Mk
Owpg=Mw
(Ok?kg=Mk)*

(Ok?k g=mk)°

0.74 0.69
2.31 2.07
0.83 0.99
1.28 1.19

| +(e3)
(Kes)
G( Ku3)

0.028
76 108s 1
52 10°s 1

0.027
7.38
4.90

Scattering length

(PM, Cotanch, PRD66, 116010)

0.220 0.170
0.044 0.045
0.038 0.036
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DSE kernel constrained from Lattice QCD
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Lattice-assisted DSE Results 29

Evident vertex enhancement N
Curvature in low mq depn %1.43
M 'R (p?) 40% below linear 12
Chiral Extrapolation 1.0
- I
hgg %, e = (190 MeV)?
hg g a lat K qg exPt=2 )
f 30% low go.soo
N% 0.200.
s

0100 v o 14y 4 L1l L1l PN A N I
0.000 0.025 0.050 0.075 0.100 0.125
m(z=19 GeV) (GeV)
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Qu-lattice S(p); D(g) mapped to a DSE kernel

S(p) = Z(p)[i @+ M (p)] *

e Old data
+ New 'improved action' data
— m,= 0.168GeV
05 — m,= 0.030GeV
— m,= 0.225GeV
0.4 — m,= 0.055GeV
— m_=0.110GeV
> q
o — m,= 0.0GeV
— 0.3 <o T ==
S} X,
S
0.2
0.1
0 syl
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Quenched lattice ) mqy Depn of DSE Kernel

= DSE-LR (MT)
— V(g",m=0)*D(q)

Bhagwat,Pichowsky,Roberts, Tandy, PRC68, 015203 (2003)
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Quenched lattice ) mqy Depn of DSE Kernel

= DSE-LR (MT)
— V(g",m=0)*D(q)
V(g’, m)*D(q”)

Bhagwat,Pichowsky,Roberts, Tandy, PRC68, 015203 (2003)
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Quenched lattice ) mqy Depn of DSE Kernel

= DSE-LR (MT)
— V(g"m=0)*D(¢))
V(g m)*D(@?)

— V(g°, m)*D(@?)

Bhagwat,Pichowsky,Roberts, Tandy, PRC68, 015203 (2003)
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Quenched lattice ) mqy Depn of DSE Kernel

= DSE-LR (MT)
— V(g"m=0)*D(¢))
V(g m)*D(@?)

— V(g°, m)*D(@?)

— V(" m)*D(q?)

Bhagwat,Pichowsky,Roberts, Tandy, PRC68, 015203 (2003)
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Quenched lattice ) mqy Depn of DSE Kernel

= DSE-LR (MT)
— V(q”,m=0)*D(¢")
V(g®, m)*D(a?)

— V(@’, m)*D(q?)
- V(qZ 2,

, myD(q’)
V(g’, m)*D(q”)

B
B
2,
‘\
?
?
¢
St
\\\\
?

3

'3 ||||| 1 1 ||||||| 1 1 ||||||| 1 1 ||||||| 1 1 ||||||| 1 1 |
102 10* 10° 10" 10° 10°
q’ [GeV]

Bhagwat,Pichowsky,Roberts, Tandy, PRC68, 015203 (2003)
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Quark Con nement—positivity violation

Con nement/positivity analysis (Osterwalder-Schrader
axiom No. 3)

Fourier transf s(ps; P=0) to Eucltime T

- \
10|||||||||||||||||||‘|II|||||\L|||||E

0 5 10 15 20 25 30
T (GeV))

solid = lattice prop, dashed = MT DSE, dotted = cc pole eg
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DSE and Lattice results for My and Mg
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Pion electromagnetic form factor

= (P°+ P) F (Q% = N Tr Si S S

p




Pion F(Q?): Low Q?
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Kaon F(Q?%): Low Q?
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Pion electromagnetic form factor

o ¢
N

I
[

— Our prediction
VMD r pole

+ CERN '80s
e Cornell '70s

o
N

Nr—|
>
QO
)

N/'\
4
LLQ_

N
o

PM and Tandy, PRC62,055204 (2000) [nucl-th/0005015]
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Pion electromagnetic form factor

o ¢
N

I
[

— Our prediction
VMD r pole

+ CERN '80s
¢ JlLab, 2001

o
N

Nr—|
>
QO
)

N/'\
4
LLQ_

N
o

JLab data from Volmer et al, PRL86, 1713 (2001) [nucl-ex/0010009]
PM and Tandy, PRC62,055204 (2000) [nucl-th/0005015]
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Pion electromagnetic form factor

— Our prediction
VMD r pole

+ CERN '80s

¢ JLab, 2001

© JLab at 12 GeV
—— pert. QCD

A Jlab, 2006b

¢ JLab, 2006a

o o (
w

o
N

NI_|
>
)
S,

N/'\
o
=
LL

N
o

PM and Tandy, PRC62,055204 (2000) [nucl-th/0005015]
2006a: V. Tadevosyan et al, [nucl-ex/0607007], 2006b: T. Horn et al, [nucl-ex/0607005]
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1-loop chiral correctionto r vs m

° Ladder-rainbow DSE
Expt

——- C/fp2
—— 1--loop Ch PT
— — Ch PT contact/core term 12 Lgr/fp

2

=
o

P. Maris and PCT, in preparation

Trento Sept09 — p. 18//



1-loop chiral correctionto r vs m

° Ladder-rainbow DSE
Expt

——- C/fp2
—— 1--loop Ch PT
— — Ch PT contact/core term 12 Lgr/fp

2

=
o

P. Maris and PCT, in preparation
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LR: Successes, Problems, Resolutions

Successes:
S-wave mesons, PS and V, light quarks and QQ, no spurious thresholds
Exact PS mass formula, Goldstone Thm, My from DCSB
few , strong decays, radiative decays, form factors, Q2 < 5GeV ?

Problems:
Axial vector (L > 0) mesons (a1;by; ) too light
Physical diquarks, no physical V or PS gQ states
Excited states are dif cult

Probable Resolution:
Quark-gluon vertex: ) q) KassE
Use analysis of spacelike correlators, 3-pt functions
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From Gluon vertex to BSE Kernel

A symmetry-preserving procedure [Bender, Roberts, von Smekal, PLB380,
(1996), nucl-th/9602012; Munczek 1995] ; Axial vector and vector WTIs, and
Goldstone Thm preserved

Kese (X% Y% X y) :P Sxy) ( x5%y9

F)
Vertex (p;Q) = diagrams ) Kpgsg = diagrams

If contains: % %

o LY LX T

Independent of model parameters. Model does not ght chiral
symmetry, use light vector mesons to x parameters
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20 Transition Form Factor

\ :
Q AN
N
1.0 f"""""\ﬁ\';'\ """"""""""""""""""" .
1.0 | \\\\ ‘
1 i N
L \\ | \\ 1
i 0.9 | \\\\
0.8 | \ I NN OCELLO ]
\ N L AN ACLEO
- A\ 0.0 0.1 - —— - all 8 covariants
P Q/2 P+Q/2 I \ — — — 5 covariants ]
® \\\ BL monopole
0.6 N .
\
AN
\

Q)G

Abelian axial anomaly +  pole 0.4 | N

in s ) G(0:0) | [ SV S
. . . :P\iiﬁ—}wq i\‘f _

Chiral limit G(0; 0) = T

) to 2% ’

NI

o0 L— .
0.0 1.0 2.0 3.0
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?

? Asymptotic Limit

Lepage and Brodsky, PRD22, 2157 (1980): LC-QCD/OPE )

I L I L I LU I I IIIIII| I I IIIIII| I LI

0 _|
10 g = DSE results .
: —— VMD dipole ]
I —--—— Dbare vertices ]

1 —— @R)p°FIQ°
10°F P E
NOJ B N
N 21 —
o 10 ¢ ;
L - -
10°F E
107 E
B | Ll m a4

10 10" 10° 10" 10° 10°

Q° [GeV’]
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Deep Inelastic Lepton Scattering

W = IDisc,T (1)! g q2fqx)+
After Bjorken kinematic limit:

R - _ . .
fo(x)= 4 dz €97 h (P)j o(2) * (0)j (P)ic

R
fqx)=  d*k (K xM )

Valence quark number:

R, ! s .
Ny = o dxffg(x) fq(x)g= h (P)jJ*(0)j (P)i=1

2P *
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DIS on pion: from DSE-BSE solutions

Valence quarks, handbag

— — reduced DSE-BSE (E°, F°, G1)

diag fam, Full DSE-BSE, q = 4.05 GeV
P T T T E615 pN Drell-an 4Gev
- — - Hecht
C Pt ~0.4
Data: J. S. Conway et al, : ~ iy +\ ;
PRD39, 92 (1989) L +++ +H Hﬂ J03
xu () ‘ ;
— \3 ; —0.2
Previous: Hecht, Roberts, E \'\\\II-H f
Schmidt, PRC63, 025213 | RN
i N
(2001) I B BT R I\.\.\ "'I-
(k; P) | 5 Bo(kz):fo 0.0 0.2 0.4 « 0.6 0.8 1.0

S(p) tto data

Large x behavior: (1 x) ; =7
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DIS on pion: large x behavior?

Full DSE-BSA, g = 4.05 GeV

®  E615 pN Drell-Yan 4GeV
Hecht, g = 4.05 GeV 0.20

fit to DSE (a = 2.41)
— — fitto Hecht (a = 2.32)

0.15

xup(x) i ] 0.10

10.05

070 brE 8o 0Bs 060 665 100
Fit: ax(1 x) ®
BSE ampls: pQCD behavior sets in at a larger scale

Trento Sept09 — p. 25/¢



DIS on pion: large x behavior?

I T T T T I T T T T I T T T T I T T T T I T T T T 2_50

L 2.40
i — — Hecht i

Full DSE-BSE

2230
2.20
2.10

2.00

0.75 0.80 0.85 0.90 0.95 1.00

Global ts to (limited) DIS data produce 1.5

Parton model (F-J), pQCD (Brodsky, Ezawa), DSESs,
) 2+

Constituent g models, NJL, duality, etc ) 1
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Quark Distributions in K

Evolved to g = 4.05 GeV

0.4 —

- xu, (x) (kaon) -

i X5 (X) (kaon) ]

I Xu,(x) (pion) |

0.3 —

Xu(x) : i
0.2 —
0 .

O 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1

0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1
X

Some dependence of u(x) on environment

Trento Sept09 — p. 27/4



Exact PS Meson Mass Formula for any mjq

Flavor non-singlet and singlet (incl anomaly)

1@ (2)h)5 (z)a(x)a(y)1 =2IM  N5(2)ax)q(y) |
21 tri(F ) hQi(z)a(x)a(y) |
+ (z x)i sF ha(x)q(y) I + hax)aly) 1 i sk (y 2)

Matrix elements, amputated ) AV-WTI

P 5 (kP)= 2 M s(K;P) .0 a(kiP)
+S k)i sF +i sF S k)

Residues at PSpoles) |msf, =2M + %n,

np =2 tr {(F°) h0jQyjpi , o( )= Hjg sF qpi; p= anyPS

——I[Bhagwat, Chang, Liu, Roberts, PCT, PRC 76, 2007; arXiv:0708.1118]
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Chiral limit massless states?

1@ (2)hj5 (Z)ax)a(y)1 =2IM  R5(2) q(x)q(y) !
21 tri(F ) hQi(z)a(x)a(y) |
+ (z x)1 sF ha(x)q(y)1 + ha(x)aly) i1 sk (y 2)

Chiral limit, non-singlet avor: ) P2 =0 pole forced by

DCSB
No singlethaoIdstone boson if, and onlyif
2itr¢(F%)  dzhQu(z)(0)q0) s FO s So(k)

Thatis: [N tros 5 Q:g(0)g(0)i h gaqi

Can this be ver ed? Lattice?
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Flavor Non-singlet PS Mass Relation

pion mass [GeV]
o
D

fumg =2mg( ) u()

o
T @ T

0.2

— pseudoscalar meson, BSE solut

0of]

—— Gell-Man-Oakes-Renner relation |

1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1
5 10 15 20 QO
mq / rnup/down

m
strange

PM, Roberts, Tandy, PLB420, 267 (1998) [nucl-th/9707003]
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Inaccuracy of GMOR
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Quark mass functions from DSE solutions

M(p*) = B(p )/A(p’) [GeV]
=

\
\
|
|
\
|
|
—— c-quark }
|
|
\
|
|
|

10° 7 —— b-quark ]
—— s-quark
4 u/d-quark
100 ¢ chiral limit ;
10_5 -2 ‘ ‘HHH‘—l ‘ HHM‘O ‘ HHM‘l ‘ HHM‘Z ‘ ““““3 Hm4
10 10 10 10 10 10 10
p’ [GeV']
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Constituent Mass Concept for c- and b-quarks

All GeV D(uc) D (uc) | Ds(sc) | Dg(sc)

expt M 1.86 2.01 1.97 2.11

calc M 1.85(FIT) 2.04 1.97 2.17

expt f 0.222 ? 0.294 ?

calc f 0.154 0.160 0.197 0.180
All GeV B(ub) B (ub) | Bs(sb) | Bs(sb) | Bec(cb) | B.(cb)
expt M 5.28 5.33 5.37 5.41 6.29 ?
calc M 5.27(FIT) 5.32 5.38 5.42 6.36 6.44
expt f 0.176 ? ? ? ? ?
calc f 0.105 0.182 0.144 0.20 0.210 0.18

Fit) constituent masses: M {°" =2:0 GeV, M " =5:3 GeV

Consistent with M PSE (p2
= 2 GeV]

[PDG,

M 2) generatedby m¢ =1:2 0:2; mp=4:2 0:2,

Does heavy quark dressing contribute anything? Too much in this DSE model—no

mass shell !
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Compare Quark Masses with PDG
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Quarkonia

All GeV M f. M ;- fi=
expt 298 | 0.340 | 3.09 | 0.411
calc with M &ons 3.02 | 0.239 | 3.19 | 0.198
calc with DSE (p?) | 3.04 | 0.387 | 3.24 | 0.415
All GeV M f M f
expt 9.47 ? 9.46 | 0.708
calc with M 50" 9.6 0.244 | 9.65 | 0.210
calc with DSE (p?) | 9.59 | 0.692 | 9.66 | 0.682

QQ and gQ decay constants too low by 30-50% in constituent mass approximation

Quarkonia decay constants much better for DSE dressed quarks (within 5% of expt.)

IR sector (gluon k below 0:8 GeV) contribute little for bb or cc quarkonia in DSE,

BSEs

QQ states are more point-like than qqg or qQ states
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Recovery of a gQ Mass Shell

Suppress gluon k below 0:8 GeV in DSE dressing of b propagator
Retain IR sector for dressed "light" quark and BSE kernel

Now a mass shell is produced

AllGeV | B(ub) | B (ub) | Bs(sh) | Bs(sb) | Bc(cb) | B.(cb)

expt M 5.28 5.33 5.37 5.41 6.29 ?

calc M 4.66 — 4.75 — 5.83 —

expt f 0.176 ? ? ? ? ?

calc f 0.133 — 0.164 — 0.453 —
Masses are 10 % low

It makes sense that R, <R qq ) greater limitonlowk in

May be partial con rmation of Brodsky and Shrock's suggesti on of universal maximum
wavelength for quarks/gluons in hadrons [Phys. Lett. B666, (2008)]
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IR Suppression of Kernel

E T T TTTTTT T T ||||||I T T ||;|*--|\| ||||||I T T ||||||I T T IE TTTT TTTT TTTT TTTT UL \\\\‘\\\\‘\\\\‘\\\\‘\\\\ UL UL TTTT
L - - - n
1°E T N o[- IR+OV] I —D(M,,) (GeV) ]
E -7 R 3 L IR _|
| T \\‘ Y ] 1 — P M, (GeV) (Kemelonly) |
10 ;_ ’ =~ \. x-\ _E % 7
F ~, G o h

Nx O-" .-\. _: E |
< 10F N\ 1 .

e F N ] e T
® .l SN < .
o 10°F S s i
I : E 3 ]

10°F ER ]
- ; a |
10'3;— E ]
'4: 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 :.Illllll 1 1 I: :
10 '4 '3 '2 '1 o 1 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ 111
10 10 10 , 10 10 10 O I 23 4 s e 78 9 10 11 iz 13
K(GeV) M,, (GeV)
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A Schematic Model: Flavor mixing, ; ©

KN KA

[Bhagwat, Chang, Liu, Roberts, PCT, PRC (76), 2007; arXiv:0708.1118]

Structure: Ky = LR vector gluon exch,
Ka=F(s5REs5) (s5PBEsF; F =dag(1=M;)

(Munczek-Nemirovsky) t-channel 4(k) for Ky and K a
2 strength parameters: °) Ky; mo) Ka.

FIX my; My, Mg via vector mesons

Trento Sept09 — p. 38//



°mixing: 3 avors

m, mycauses °to be mixed in:

135MeV: j % 0:72uu  0:69dd 0:013ss
455MeV: |1 053uu+0:57dd 0:63ss

922MeV: j 4 0:44uu+0:45dd+0:78ss

my = md)

455MeV: |1 055(uu+ dd) 0:63ss; = 154
924MeV: j 4 045uu+dd)+0:78ss; o= 157

Chiral limit: m?%, = (0:852 GeVY  2tr;(F %) mjQ:j 4=f%

cf Witten-Veneziano a-v ghost scenario ) m2,= h?+ méB

It is worth extending to a realistic LR model for Ky with
separable K o: one obtains access to decay constants,
residues, and details of the mass relations
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The V-A Current Correlator

V (x)= jTj (x)jY(0)joi , isovectorcurrentsj = u d; j°=us d
vV (P)=(P*? PP) V(P?
A(P)=(P? PP) A(PH+P P L(P?
g,

\ G(a,P)
O +——

PP = Y 2

q
a.

mg=0: VvV A =0,toall ordersin pQCD

v A probes the scale for onset of non-perturbative
phenomena in QCD
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The 4-quark Condensates

Operator product expansion ) leading uv behavior

VAP = R 14 2[5 +In( )] + O(g)

Often vacuum saturation (hgepd h qd?) is assumed for
QCD Sum Rules. Validity not known.

Extract gogg from limjp2); pe Vv A(PZ)

Model < qq> =19 (GeV)? | < qougq> =19 (GeV)® | R( =19)
Set A (0:5682)3 (0:619)° 1:67
Set B (0:1734)3 (0:1902)° 1:74
SetC (0:2469)3 (0:2695)8 1:69
Set D (0:216)3 (0:235)6 1:65

—T. Nguyen, PCT, in preparation, 2008
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DSE Calculation: Weinberg Sum Rules

Rl
A, ds v(s)

()] =[P Y A(P)pz o= f*

Il P2[P? Y A(P?)]jpay =0

R

| 2ip2 V A2\ — 4f %2 2
DGMLY: , dPZ[P (PH)]= %H—[m m2,]
Model | f2(GeVv?2) | f (MeV) | f &P =fnum m (MeV) | ( M Jexp
SetA | 0:00456291 67:5 1:37 4:86
SetB | 0:00538895 73:4 1:26 5:2 4:43 0:03
SetC | 0:00518379 72:0 1:28 4:88
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Summary

Effective ladder-rainbow model based on QCD -DSEs; gg ) 11IR
parameter

Ground state gQ and QQ mesons (V & PS) up to b-quark region

Constituent mass concept generates good meson masses, but
appears inadequate for electroweak decays

Dynamical dressing in S(p) at each stage increases the value of the
decay constant [factor of 3 for bly factor of 2 for cd !

Gluon momenta incompatible with hadron size are largely irrelevant
for cc; bbstates, but need to be suppressed to even produce B; D
mesons

First BSE-DSE treatment of pion and kaon DIS for valence u(x); s(x)

Used hJ Ji, V-A, to estimate hgggg as  70% greater than vac
saturation, and npQCD enters at scale 0.5 fm.
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Collaborators

Craig Roberts, Argonne National Lab

Pieter Maris, lowa State University

Yu-xin Liu, Lel Chang, Peking University

Nick Souchlas, Trang Nguyen, Kent State University

Thankyou!
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Constituent Quark-like Behavior for ¢, b-quarks

Mass shell positions marked for bband cc quarkonia

qQ mesons sample Mq(p?) 4 times further into timelike
region

The same constituent or pole mass is unlikely to suf ce
for QQ and qQ mesons
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General Pseudoscalar Mass Formula

N; = 3, charge neutral states: p= %; ; ©
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Model Bethe-Salpeter Kernel for avor singlet?

Vertex integral eqns do I51ot Involve Qq(x) explicitly:
5(k;P):Zz5 F + KS: ¢S

DSE models need: Kgsg = Ky + Ka, both are qq
irreducible, Ky Is also n-gluon irreducible

A scenario that works: Witten-Veneziano massless
axial-vector ghost linking pseudoscalar GBs
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c- and b-Quark Mass Function for BSE

c¢,b quark mass function near the peak of the parabolic region WigePthe meson mass shells
m (19 GeV)=0.88 GeV, {19 GeV)=3.8 GeV
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DSE Calculation: Estimated 4 quark condensate
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P (GeV)
Model <qq> =19 (GeV)? | < qoug> =19 (GeV)® | R( =19)
Set A (0:5682)3 (0:619)° 1:67
Set B (0:1734)3 (0:1902)° 1:74
SetC (0:2469)3 (0:2695)8 1:69
SetD (0:216)3 (0:235)° 1:65
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