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Dyson-Schwinger Equations: Equation of motion of Green functions
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Dyson-Schwinger Equations: Equations for meson properties
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Dyson-Schwinger Equations: Equations for meson properties

"""" » Gluon propagator
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A Quark-gluon vertex
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Dyson-Schwinger Equations: The simplest approximation
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Rainbow-Ladder truncation: T=0

4 Le pton Te} decay 4 Meson SpeCtrOSCO PY ainet al, PRC 85, 035202 (2012)
(Dw)/2  0.72 0.8 0.8 08 08 -
w 0.4 0.4 0.5 0.6 0.7 -
mid 0.0037  0.0034 0.0034 0.0034 0.0034 -
m§ 0.084 0.082 0.082 0.082 0.082 -
A(0) 1.58 2.07 1.70 1.38 1.16 -

M(0) 0.50 062 052 042  0.29 -
M, 0.138* 0.139* 0134 0.136 0139 0138

fr 0.093*  0.094* 0.093 0.090 0.081 0.092
pi/? 0.48 049 049 049 048 -
My 0.496*  0.496* 0.495 0.497  0.503 0.496

fx 0.11 011 011 011  0.10 0.113
il 0.54 055 055 055  0.55 -

* StrO N g d ec ay M, 0.74 076 074 072  0.67 0.777

fo 0.15 014 015 014 0.2 0.153
My 1.07 1.09 1.08 107  1.05 1.020

fo 0.18 019 019 019 0.18 0.168
M, 0.67 067  0.65 059  0.46 -
pL/? 0.52 053 053 051 048 -

4 Form factor

0.5

+ PDF, GPD, TMD, and etc.




Rainbow-Ladder truncation: T >0

4+ QCD phase diagram 4+ sQGP collective excitations
ML | CEP To120'13c; v‘ — 157 | :
012 L I ( . 1. ) e X.Nambu | | "cﬁ ]
=== Winer — : "—‘_‘—V"’} i
0.10 e PN= Pw‘ g 1'0|!{'::-.._.._-— ’,‘l’ . _
% 0.08 Chiral symmetry restored \Q/('D i
9. .06/ \ O
._ l| '\. 3 0.5 j
0.04 |- Chiral symmetry brokelan ‘.\. L —-w,
| \ '\‘ ] L - (0
0.02 \ Co-existence (b) 0 ‘ ‘
0.0 SR S o 2 4[7Te
0.0 0.1 0.2 0.3 0.4 0.5 0.6 p/T
n [GeV]
Qin et. al., PRL 106, 172301 (2011) Qin et. al., PRD 84, 014017 (2011)
4+ QGP electrical conductivity 4+ QGP viscosity
05— SR B o2 __________ .,
-o- MEM ! » :
w
0 4 - ﬁttlng = 0.1 [ //—{ -
E 0 1 1 1 1 M 1 1 L 1 1 1 1
B %% 75 . R
0.2 % Sor /_:E—’M_{ |
N 25 -—- NLOPert -
- « — AdS/CFT
0.1 | — " A 1 i " 1 i i | " i | " i | " " - 0 " i | L PR TSR
1.2 1.5 1.8 21 2.4 2.7 3.0 1.5 1.8 2.1 24 2.7 3.0
T/IT, T/T,
Qin, PLB 742, 358 (2015) Qin et. al., PLB 734, 157 (2014)



Rainbow-Ladder truncation: Drawbacks

1.6 \
4+ Rho-a1 mass splitting: too small L4l | % PoG x
o 1.2 .
% r o

& 1.0j ) o
4+ Radial excitation states: wrong 08 ]

ordering and wrong magnitudes 0.6 ‘ ‘ | |

P ay s p'

4 Parton distribution function:

too broad _
X
S
4+ Pion form factor: rho monopole ‘ ' . .
form, and etc. 0.0 0.25 0.50 0.75 1.0

X

Chang et. al., PRL 110, 132001 (2013)



Is there a systematic way to truncate the
DSEs in order to approach the full QCD?
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\
l. Gluon propagator: Dynamically massive gluon

> In Landau gauge (a fixed point of the ] L L L B AR AR
renormalization group):

k.k.
92Dw(k) - g(kz)(5uv - 2—2)
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> Modeling the dress function:
gluon mass scale + effective osE E
running coupling constant e :
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g Mg + k2 45 S

O. Oliveira et. al., J.Phys. G38, 045003 (2011)
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I. Gluon propagator: Dynamically massive gluon

Model the gluon propagator as two parts: Infrared + Ultraviolet. The former is an expansion
of delta function; The latter is a form of one-loop perturbative calculation.

872y F(5)
In[z+ (1+ s/AéCD)z]

~ 8m? 2
84(]() w%O i Le—kz/a)2 g(s) — %De—.\/(u +
2wt

Qin et. al., PRC 84, 042202R (2011)

J The gluon mass scale is typical values of lattice QCD in our parameter range:
Mg in [0.6, 0.8] GeV.
J The gluon mass scale is inversely proportional to the confinement length.

.4
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w = 0.5 GeV (solid curve) and w = 0.6 GeV (dashed curve)
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ll. Quark-gluon vertex: (Abelian) Ward-Green-Takahashi Identities

0 Gauge symmetry (vector current conservation): vector WGTI
Px)— P(x) +igalx)f(x),

iquLyu(k,p) = S~ (k) — S (p)

P(x) = P(x) —iga(x)f(x)

Q0 Chiral symmetry (axial-vector current conservation): axial-vector WGTI

W(x) — P(x) + igalx)y’ ¥(x), - e — == ,
) _ ' A quT (k,p) = S™H(E)ivs 4 ivsS™ (p) — 2imI's (k, p)
P(x) = P(x) +igalx)w(x)y,

; 13



ll. Quark-gluon vertex: (Abelian) Ward-Green-Takahashi Identities

0 Gauge symmetry (vector current conservation): vector WGTI

Px)— P(x) +igalx)f(x),
iquLu(k,p) = S7H(k) — S~ (p)

J(x) = P(x) —igalx)(x)

Q0 Chiral symmetry (axial-vector current conservation): axial-vector WGTI

W(x) — P(x) + igalx)y’ ¥(x), e — ,
) i S g0 (k,p) = 871 (k)is + i75S* (p) — 2imLs (k, p)
P(x) = P(x) +igalx)w(x)y,

0 Lorentz symmetry + (axial-)vector current conservation: transverse WGTIs

au (k. p) — qulu k. p) =S~ (P)ouy + 0,05~ (k)

N Ay — 8 (Q b af . . l v ASD?) s o af
o _l PhonmalOEAN =S 2 € Sur (0¢%(x)). +2im Iy (k, p) + t&550p Ty (k. )
(spinor ¢ olvector)ya . oo o \. v
SE = S (SIS = (88, — 85gup) + ALk, p)
qul k. p) — qu I} k. p) =S~ (p)as, — 07,5 (k)

He, PRD, 80, 016004 (2009)

+ i Expvp rp(k‘ p)

D -
+ VS“,(k. P, Opv = Vs50uv

13



ll. Quark-gluon vertex: (Abelian) Ward-Green-Takahashi Identities

0 Gauge symmetry (vector current conservation): vector WGTI

Px)— P(x) +igalx)f(x),
iguLpu(k,p) = S™H(k) = S™H(p)

P(x) = P(x) — iga(x)if(x)

Q0 Chiral symmetry (axial-vector current conservation): axial-vector WGTI

W(x) — P(x) + igalx)y’ ¥(x), e — ,
) i S g0 (k,p) = 871 (k)is + i75S* (p) — 2imLs (k, p)
Px) — Plx) +igalx)d(x)y?,

0 Lorentz symmetry + (axial-)vector current conservation: transverse WGTIs

qulv(k, p) —quluk, p) = S~ (P)ouw + 030 S 1 (k)

S vy — 8 BN ¢ . . ! vl 0d?) s , A

(5'/'(!)‘ (x) = ()I.mcnl/( ()d) "(x)) = — 5 ekt ‘S# v ((5(/) “(x)). + 2im1"uv(k, p)+ t}.g).uvpr;(k. p)
spinor 1 : olvector)s ‘-. “ " .

S = L (S = i3580 — 558, + ALk P,

Qu rllla(k' p) - ql’[;?(k! p) = S_l(p)olfp - O.BUS_‘I (k)
He, PRD, 80, 016004 (2009)
+ trErpvp Tp(k, p)

>
+ VS,,(k, P, Opv = Vs50uv

The longitudinal and transverse WGTIs express
the vertex divergences and curls, respectively. V-& Vxo

13



Il. Quark-gluon vertex: Solution of WGTIs

Define two projection tensors and contract them

with the transverse WGTIs,
1

1
Tllw = 55u11|>ﬁtu‘JﬁlD~ T,2“~ = Z€upvpYalp-

2

one can decouple the WGTlIs and obtain a group

of equations for the vector vertex:

Quilyu(k, p)=S"'(k)— S~ (p).

q-tt-I'k.p) =T [S " (po], —0,,5 " k)]
+6%q- I'(k.p)+ T}, Vi, (k. p),
q-ty -r'k.p)=T2,[S"(pro), —0,,5 (k)]
+y-tq-T'k.p)+Tr, Vi, k. p).

Qin et. al., PLB 722, 384 (2013)



Il. Quark-gluon vertex: Solution of WGTIs

Define two projection tensors and contract them
with the transverse WGTls,
1 1
T/l“e = Eé'u/urﬁtu(TﬁID- leu- = it‘fu/u'ﬁ YaQgp-
one can decouple the WGTlIs and obtain a group
of equations for the vector vertex:

Quily(k, p) = STk — s (p).

q-tt-T'k,p)=Th,[ST'(po], —0,,5 (k)]
+t2q- I'(k.p)+ T,V (k. p).
q-ty -I'k.p)=T2%,[S""(poy, —05,5 (k)]

+y-tq- Tk, p)+T5, Vi, (k. p).

They are a group of full-determinant linear equations.

Thus, a unique solution for the vector vertex is exposed:

I (k,p) =TRC(k,p) + T} (k,p) + )" (k,p).

Qin et. al., PLB 722, 384 (2013)
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Il. Quark-gluon vertex: Solution of WGTIs

Define two projection tensors and contract them
with the transverse WGTls,
1 ] 2 I
T/“, = ié'u/zlfﬁtuﬂﬁlﬂ T,“~ = 5&1/41',‘1 Yadp-
one can decouple the WGTlIs and obtain a group
of equations for the vector vertex:

Quilyu(k, p)=S"'(k)— S~ (p).

q-tt-T'k,p)=Th,[ST'(po], —0,,5 (k)]
+t2q- I'(k.p)+ T,V (k. p).
q-ty - Tk p) =T, [ST (Do}, —0,,57 )]
+y-tq-T'k.p)+Tr, Vi, k. p).

They are a group of full-determinant linear equations.

Thus, a unique solution for the vector vertex is exposed:

I (k,p) =TRC(k,p) + T} (k,p) + )" (k,p).

¥ The quark propagator contributes to the longitudinal and S(p) =
transverse parts. The DCSB-related terms are highlighted.

Ay
Lok, p) = 7,54 + tutT
A Ay
r,(k,p) = + R CAUN IR A e

iy - p A(p?) + B(p?)

1
Yp(x,y) = §[¢(X) +oW],

Ayx,y) = 2O =00
X—y
q-Xq

X=X, - —"*

q

+* The unknown high-order terms only contribute to the transverse part, i.e., the longitudinal part
has been completely determined by the quark propagator.

Qin et. al., PLB 722, 384 (2013)
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lll. Scattering kernel: Elements of quark gap equation

The Bethe-Salpeter equation and the quark gap equation are written as
D (k, P) = 7% + / K (bt g ), 57519(a1 T (q, P)S(g-Varsr,
S5k / Dy (k = @)1, S(@)T (g, k),

The color-singlet axial-vector and vector WGTIs are written as

P,TIs,(k, P)+ 2imI's(k, P)
iP, I, (k,P)

1<k )’L’Y5—|—Z’Y5S (k )7
Hky) = S7H(k-).

S™
S™

a 15



lll. Scattering kernel: Elements of quark gap equation

The Bethe-Salpeter equation and the quark gap equation are written as

— T (k, P)|= 5 + / Kz 02 )aar 515 (@)T (0, P)S(a- o

S1(k / Dy (k — 0)4,8(a)Tu(q, k),

The colorisinglet axial-vector and vector WGTIs are written as

P,TIs,(k, P)+ 2imI's(k, P)
iP, I, (k,P)

1<k )’L’)/5—|—Z")/5S (k )7
Hky) = S7H(k-).

S™
S™

é 15



..
lll. Scattering kernel: Elements of quark gap equation

The Bethe-Salpeter equation and the quark gap equation are written as

Tk, P)|= 2+ / Kk, 42)aar 5[5 (@ T (¢, P)S(a-V]arsr,

S (k D (K wS(@)T0 (g, k),
=50 |

The colorisinglet axial-vector and vector WGTIs are written as

P.Ts,(k, P) + 2imDs(k, P) =S~
S-

iP, I, (k,P)

ey )iys +ivsSTHR-),
k) = S7H(R-).

o 15



..
lll. Scattering kernel: Elements of quark gap equation

The Bethe-Salpeter equation and the quark gap equation are written as

Tk, P)|= 2+ / Kk, 42)aar 5[5 (@ T (¢, P)S(a-V]arsr,

S (k D (K wS(@)T0 (g, k),
=50 |

The colorisinglet axial-vector and vector WGTIs are written as

P.Ts,(k, P) + 2imDs(k, P) =S~
S-

iP, I, (k,P)

ey )iys +ivsSTHR-),
k) = S7H(R-).

The kernel satisfies the following WGTIs: quark propagator + quark-gluon vertex

[ Koo s (S(an)ls™ ) - Vs = / Dy (I Py (g k) — S(q_)To(a—. ko),

/ Koot 3518 (@)[S™ (@ )7s + 15571 Vo = / Dy (k P (g k)15 — 758(q-) T (g k).

o 15



..
lll. Scattering kernel: Elements of quark gap equation

Assuming the scattering kernel has the following structure:

Kaor,prp(qx, k£)[S(q+) O S(¢-)lapr = —Duw(k — ) vuS(q+) O S(g-)T'v(g-,k-)
+Du (b — )7uS(a4) O K (s, k)
+Duu(k - q)’Y,uS(Q-l-) 5 O 5 ,C;(q:l:a k:l:)v

which has three terms including two unknown objects.
L', K

A 16
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+ K=
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lll. Scattering kernel: Elements of quark gap equation

Assuming the scattering kernel has the following structure:

Kaor,prp(qx, k£)[S(q+) O S(¢-)lapr = —Duw(k — ) vuS(q+) O S(g-)T'v(g-,k-)
+Du (b — )7uS(a4) O K (s, k)
+Duu(k - q)’Y,uS(Q-I-) 5 O 5 ,C;(Qj:, k:l:)v

which has three terms including two unknown objects.

L', K

Ladder-like term

- -

+ K=

v v

o 16



..
lll. Scattering kernel: Elements of quark gap equation

Assuming the scattering kernel has the following structure:

Kaor,prp(qx, k£)[S(q+) O S(¢-)lapr = —Duw(k — ) vuS(q+) O S(g-)T'v(g-,k-)
+Du (b — )7uS(a4) O K (s, k)
+Dpu (k= @)vuS(a+) v O s K (g4, k+),

which has three terms including two unknown objects.

L', K

Ladder-like term Symmetry-rescuing term

- -

+ K=

v v

6 16



..
lll. Scattering kernel: Elements of quark gap equation

Inserting the ansatz for the kernel into its WGTls, we have

/DMV'YMS—F(F;F - F;) = /Duu7u5+(s-|_-1 - S:l)ICj + /DMV'VHS+'75(S-|_-1 - S:1)75’C;7
q q q

/Duu'yus-l-(rj’% + VSF;) = /DMV'YMS-%(S—T—LVB + '755:1)IC;_ + /DMV’YMS+(75S;1 + 8:175),C;'
q q q

o 17



..
lll. Scattering kernel: Elements of quark gap equation

Inserting the ansatz for the kernel into its WGTls, we have

/wasal(Fi -T,)|= /DWW% (S7h=S-hHKH |+ /DWWSJ% YK,
q q

/DW%SJr (T vs + 0 )| = /Duv%SJr (S35 + S-S+ /DW%S+ (7697 + SZ1s)K,
q q q

o 17



..
lll. Scattering kernel: Elements of quark gap equation

Inserting the ansatz for the kernel into its WGTls, we have

/wasal(Fi -T,)|= /DWW% (S7h=S-hHKH |+ /DWWSJ% YK,
q q

/DW’VMSJr (T vs + 0 )| = /Duv%SJr (S35 + S-S+ /DW%5+ (7697 + SZ1s)K,
q q q

Algebraic version of the WGTIs, which the scattering kernel satisfy, are written as

If =T, = (ST = STHKC +45(S7 — SZhsky
D vys + ’Y5F = (5715 +1sSTHKS + (587 + ST Ms)K,

A 17



..
lll. Scattering kernel: Elements of quark gap equation

Inserting the ansatz for the kernel into its WGTls, we have

/wasal(Fi -T,)|= /DWW% (S7h=S-hHKH |+ /DWWSJ% YK,
q q

/Dw’m&r (T vs + 0 )| = /DMV7N5+ (S35 + S-S+ /DW%5+ (7697 + SZ1s)K,
q q q

Algebraic version of the WGTIs, which the scattering kernel satisfy, are written as

If =T, = (ST = STHKC +45(S7 — SZhsky
D vys + ’Y5F = (5715 +1sSTHKS + (587 + ST Ms)K,

Eventually, the solution is straightforward:

Ky = (2BsAn) " [(Aa F Ba)T}, £ BsTh]. |

Stp) = iv-pA(p?) + B(p?)

Uy =T/ +0f To =07 -T,
4+ The form of scattering kernel is simple. By — 2B, Ba—B, B
4+ The kernel has no kinetic singularities. A = i(y-qe)As —i(y-q)A_

4 All channels share the same kernel.

o 17



lll. Scattering kernel: Meson cloud

In Quantum Field theory (infinitely many degrees of freedom), high-order
Green functions cannot completely truncated by low-order ones (unclosed).

For example, meson cloud, e.g., pion cloud, goes into the scattering kernel:

%
|
§
|

(L)

, 00000,
' { '§,> looooof '§,>

Looooox

%
|
E
|

18




lll. Scattering kernel: Meson cloud

The start point is the Bethe-Salpeter equation with meson cloud

P26 P) = oy + [ ol ) o 5150077 (0. P)S 0 v
q

The color-singlet axial-vector and vector WGTIs ( |P| = 0 ) are written as

. . 9S~1(k)
B H aku

2mDs(k,0) = 7' (k)ys + 755~ (k),

A 19



lll. Scattering kernel: Meson cloud

The start point is the Bethe-Salpeter equation with meson cloud

— Ik, P) =~y + //C(kaaQi)aa’,ﬁ’B[S(Q-l—)PH(Qa P)S(q-)]arpr-
q

The color-singlet axial-vector and vector WGTIs ( |P| = 0 ) are written as

. . 9S~1(k)
n=p 1 aku

2mDs(k,0) = 571 (k)5 + 755~ (k),

——

o 19



lll. Scattering kernel: Meson cloud

The start point is the Bethe-Salpeter equation with

= | Fgﬂ(kap) = ’)’fﬁ + /K(k:taQ:I:)aa’,ﬁ'ﬂ[S(Q-l—)FH(q
! l

meson cloud

, P)S(q-)]erpr-

The color-singlet axial-vector and vector WGTIs ( |

. 98~ (k)

P| =0 ) are written as

ZPHFH(k,O) — PMT,
"

2mDs(k,0) = S~ (k)5 + 755~ (k),

——
——

19




lll. Scattering kernel: Meson cloud

The start point is the Bethe-Salpeter equation with meson cloud

—TH (k. P) = A1, / K (ks 02 ) 1S (@)D (0, P)S(a) s
a 1 [

The color-singlet axial-vector and vector WGTIs ( |P| = 0 ) are written as

- . 0S5~ (k)
= K aku

2mDs(k,0) = S~ (k)5 + 755~ (k),

The Bethe-Salpeter kernel can modify the quark propagator as

lﬁu asé;,::k)] o [iPlas — /q K(k; q)aar,pp lﬁu agq(j)] .

[S™1(k)ys + ’755_1(’9)]6,[3 = [2my5]ap + /’C(k, Daa,p8 [S(@) V5 +755(D)] 0 »

A 19



lll. Scattering kernel: Meson cloud

The start point is the Bethe-Salpeter equation with meson cloud

—-ﬂ%%Jﬂ=vﬂrh/K@&ﬂﬁhwwdstFHmJﬂﬂmﬂwa~
9 l |

The color-singlet axial-vector and vector WGTIs ( |P| = 0 ) are written as

. . 9S~1(k)
1P, T (l{?, 0) =P, - ’
= K aku

2mTs(k,0) = S~ (k)vs + 755~ (k),

The Bethe-Salpeter kernel can modify the quark propagator as

5 0S71(k) 5 6S(q)]
alﬁl

lP“ ok, ]aﬁ = [iPlag —/q’C(k,q)aa',ﬂ'ﬁ [

[ST k)15 + 15571 (k)] 5 = [2msas + /’C(k> Daa' g8 [S(@) 75 +755(@)]0p 5

I aq#

Using the quark dress functions, the new quark gap equation reads

O|k|A(K?) 1/ | 95(q)
0|k _1+4 q {k“]ga,caal’ﬁlﬂ Ou | op’

1
B(k*) = m + Z/ 5]ga Kaar,678 [1508(%)] 40 g0
q
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IV. Six-point Green function: The norm’n and current conservation

The Dyson-Schwinger equation of the four-point Green function is written as

O O —O— —O— O O
= + K@
O O —O0— —O0— O O
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Assuming that there is a bound state

O O
~ H + Regular term
O O
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IV. Six-point Green function: The norm’n and current conservation

The Dyson-Schwinger equation of the four-point Green function is written as

O O —O— —O— O O
= + K@
O O —O0— —O0— O O

Assuming that there is a bound state

O O
~ H + Regular term
O O

the wave function of the bound state has to satisfy the following condition

: <_O__O_>1 _ _
PR [ e
2 2
on-shell P2 4+ M B B
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O O —O— —O—
= + K@
O O —0— —O0—

Assuming that there is a bound state

O O
~ H + Regular term
O O

the wave function of the bound state has to satisfy the following condition

: < o > o
lim 7{ —
2 2
on-shell P2 4+ M B

K®

| >

=0

}1
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IV. Six-point Green function: The norm’n and current conservation

The Dyson-Schwinger equation of the four-point Green function is written as

O O —O— —O— O O
= + K@
O O —O0— —O0— O O

Assuming that there is a bound state

O O
~ H + Regular term
O O

the wave function of the bound state has to satisfy the following condition
=0

: <_O__O_>_1 _ _
iy v TR s T
2 2
on-shell P2 4+ M B B

The differential form is obtained as

e |(2) - )




IV. Six-point Green function: The norm’n and current conservation

Introduce a function depending on (P, Q), i.e., G(P,Q) =G.(P,Q) — G_(P,Q)

Q+(P,Q)—:£-<j:>l—: : } o+ 9
vV H] > b
Then the function can reproduce the Hormalization co-ndition as
22— < e () - [ ]} -

Inserting the color-singlet vector Ward identity into the function,

Qul'y <q+ + %,% - %) =5 <Q+ + %) -5 <q+ - %) G(P,Q) = QuAu (P, Q)

Eventually, the form factor can be defined asA (P, Q) = 2P, F(Q*) with F(Q*=0) =1
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IV. Six-point Green function: The norm’n and current conservation

P, Q)

Introduce a function depending on (P, Q), i.e., G(P,Q) =G, (P, Q) — G_(

@(P@)—%(i)l—: : } o+ 2
o) -E] e
Then the function can reproduce the Hormalization co-ndition as
00 {8_ () ]} s o
Inserting the color-singlet vector Ward identity into the function,
Quly <<J+ + %,cn - %) =5 (Q+ + %) -5 <q+ — %) G(P,Q) = QuMu(P,Q)
Eventually, the form factor can be defined asA,(P, Q) = 2P, F(Q°) with F(Q“=0)=1
va-
(02 (D)5 (w9 e $) = k(oG G ) o (oS- L)
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Meson spectroscopy: From ground to radial excitation states

Let the quark-gluon vertex include both longitudinal and transverse parts:

BC T 4 T
Culp, ) =T. (0,0) +T,(p,q)  Th(p.q) = nApm, + EART, +4(n+ Aur, |70 =luy - b+ i, 00k,
3 —Uuykw
8 T T 4T
6 78 =310l k, /(1T - 1T).
RL i
1410 DB é -
' % PDG X |
D 10l af | The correct mass ordering:
3
n
@ 1.0- ) My > My > My, > My > My, > M
S | P s al o P ™
08 % . i
06 | | | | |
p o a, 11y p'
_<qq>1/3 f‘ﬂ' Mo mp May Myt my
this work 0.220 0.092 0.84 0.83 1.24 1.28 1.40
PDG - 0.093 0.50 0.78 1.26 1.30 1.45

TABLE I: The fitted spectrum and its comparison with PDG data (Full vertex, (Dw)/? = 0.484 GeV, w = 0.55
GeV, n =0.5 and £ = 1.15, in the chiral limit where pion is always massless).
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Summary

4 Based on LQCD and WGTIs, a systematic and self-consistent method to construct the
gluon propagator, the quark-gluon vertex, the scattering kernel, and the form factor
beyond the simplest approximation is proposed.

4 A demonstration applying the method to light meson spectroscopy, including ground
and radially excited states, is presented: The new method is powerful.

Outlook

€ With the sophisticated method to solve the DSEs, we can push the DSE approach to a
much wider range of applications in hadron physics, e.g., baryon in diquark picture.

€ Hopefully, after more and more successful applications are presented, the DSE
approach may provide a path to understand QCD.

23



Backups



Sketching scattering kernel: with elements of quark gap equation

Rearranging the scattering kernel as the left- and right-hand forms

Kaar,pr(qe, k£)[S(q+) O S(g-)]ap == Dpu(k — @)7u5(q+) O S(g-)Tw(g—, k-)

N—

+ Dy (kB = @)vuS (g4
+ Dy (k — @) vuS(q4)

we have the solution as

L -1
ICI/ :BE FV’

%(QJr% O9s)

%(Q — 75 O 75)

KE = (ByAp) 1 (BsTS — BATS).

K (qs, k)
Kf(Qi? k:i:)a

For a given Dirac structure, only one of KAL and K*R can survive, e.g.,

O =% 5 O v = —O

O=1 Y5 O s = O

KAR
KAL
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Meson spectroscopy: From ground to radial excitation states

Let the quark-gluon vertex includes both longitudinal and transverse parts:

Cu(p.q) =T3(p.q) + Th(p. q)

4+ The longitudinal part is the Ball-Chiu vertex—an exact piece from symmetries.
4+ The transverse part is the Anomalous Chromomagnetic Moment (ACM) vertex.

- En(q)
— B(Q)/fy

M(p) [GeV]

q[GeV]

To generate the quark mass scale which is comparable to that of LQCD, the coupling
strength can be so small that the Rainbow-ladder approximation has NO DCSB at all.
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