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|s there a systematic way to improve the
truncation to approach the full QCD?




Ward-Green-Takahashi identities: Lagrangian symmetries
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The longitudinal and transverse WGTIs express
the vertex divergences and curls, respectively. V-& Vxo




Fermion--gauge-boson coupling: Solution of WGTIs

Define two projection tensors and contract them

with the transverse WGTIs,
1
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one can decouple the WGTlIs and obtain a group
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Qin et. al., PLB 722, 384 (2013)



Fermion--gauge-boson coupling: Solution of WGTIs

Define two projection tensors and contract them
with the transverse WGTls,
1 1
Tlllu = ié‘u/urﬁtu'QﬁID- T/2“ = 55(114 v YaQgp-
one can decouple the WGTlIs and obtain a group
of equations for the vector vertex:

Quily(k, p) = STk — s (p).

q-tt-I'k,p)=Th,[S" (P03, — 05,5 (k)]
+t%q- I (k.p)+ T}, Vi, (k. p).
q-ty -I'k.p)=T2,[ST(proy, — 05,5 (k)]
+y-tq- 'k, 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)



Fermion--gauge-boson coupling: Solution of WGTIs

D_eflne two projection tensors and contract them Quilu(k, p)=S~"0k) — S~ (p).
with the transverse WGTls,
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of equations for the vector vertex: +y-tq-T'k.p)+Tr, Vi, k. p).
They are a group of full-determinant linear equations. Full BC T FP
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Thus, a unique solution for the vector vertex is exposed: | * (h,2) = L7k ) + Ty (o) + 17 (6 2)

¥ The quark propagator contributes to the longitudinal and S(p) =

transverse parts. The DCSB-related terms are highlighted. wep AR + B

1
Yp(x,y) = §[¢(X) +oW],
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+* 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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The quark equation is specified by the scattering kernel:
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As an example, the kernel is written as two parts (anomalous magnetic moment):
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As an example, the kernel is written as two parts (anomalous magnetic moment):




Meson spectrum v.s. AMM strength: mass < 2 GeV

My [GeV]

A[GeV]
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0.6

4 When the AMM is negative, masses
of all states are squeezed together
with increasing the strength.

=

4 When the AMM is positive, with
increasing the strength, the rho-al
and rho-rho” mass splittings are
enhanced.

4 When the AMM is positive, with
increasing the strength, the pi’-rho’
mass ordering is reversed.




Best meson spectrum: comparison with RL approximation
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Summary

4 A novel structure for the fermion—gauge-boson vertex is exposed by solving WGTlIs

4 A new method beyond rainbow-ladder approximation is proposed based on WGTIs

4 A demonstration applying the new method to light meson spectrum is presented.

Outlook

€ The WGTIs exposes more structures of the vertex and thus provides more information
for truncating the DSEs.

€ Using more sophisticated scattering kernels, the new method is potentially useful for
hadron phenomenology.
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Appendix 1: modeling gluon propagator .

06FY Solid for omega=0.5GeV
> Using Oliveira’s scheme, we can < 09| \ dash for omega=0.6GeV
readily parameterize our interaction e 04\ :
model as follows, < 03}
~0 1 1 2,2 o~0 1 1 ) T )
s4) . —— _pk R A Iy T S € 0.2}
() 72w () w2 ad 01k
2 2 0.0:
G(s) = o Doy 2 )
In [+ (1+5/Adep) ]
4o k2 M4 i
Q(k:Q)% 27T RL2( 2) (kz) A2 120 4
k2 +m2(k?) Mg+ Fk 12}
10}
> The infrared scale for the running gluon <
mass increases with increasing omega: &
— |

K

M, = 0.67GeV,w = 0.5GeV
M, = 0.81GeV,w = 0.6GeV
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> |n Landau gauge (a fixed point of the > Modeling the dress function:
renormalization group): gluon mass scale + effective
running coupling constant

9° D, (k) = G(k*) (8, — 52 Gk?) ~ drapy (k?) m? (k?) = Mj
k k2 +m2(k?) " M2 + k2’
J The gluon mass scale is typical lattice QCD values in our parameter range:
Mg in [0.6, 0.8] GeV.
- The gluon mass scale is inversely proportional to the confinement length.
Oq lIll]lfll]llll]ll]l]ll]l[llTllll[l']llIITIIIIIIII
- O. Oliveira et. al., arXiv:1002.4151 Note that the

‘04

6‘ gluon propagator
=03 has to support
202 both confinement
-~

and DCSB.
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Appendix II: Calculated meson properties in Rainbow-Ladder approximation

(Da))l/3

0.8
0.4
0.0034
0.082
2.07
0.62
0.139
0.094
0.49
0.496
0.11

0.55
0.76
0.14
1.09
0.19
0.67
0.53

0.8
0.5
0.0034
0.082
1.70
0.52
0.134
0.093
0.49
0.495
0.11

0.55
0.74
0.15
1.08
0.19
0.65
0.53

0.8
0.6
0.0034
0.082
1.38
0.42
0.136
0.090
0.49
0.497
0.11
0.55
0.72
0.14
1.07
0.19
0.59
0.51
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