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Motivation for studying meson structure

| Meson properties are measured at many experimental facilities: #
LHC, BABAR, Belle, BES lll, GlueX (JLab); in the future PANDA (GSI)!

| Trying to find exotic mesons (hybrids, glueballs, ... but maybe §@ in disguise?) !
| We also need to understand “conventional” gg-mesons in more detail!

| Study production mechanisms, transition form factors#
(e.g., important for hadronic contributions to light-by-light scattering)

Theory: a very large amount of work has already been done on meson structure!
|

Many di" erent approaches:!

- Lattice QCD !

Bethe-Salpeter/Dyson-Schwinger Equations !

Relativistic Quantum Mechanics (point form, front form, instant form) !

BLFQ (Basis Light-Front Quantization) !

Chiral quark models!

- Constrained dynamics two-body Dirac equation !

- Relativized Schrédinger equation, ...
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Our approach

CST - Covariant Spectator Theory

Main goals and features of our approach:

® Find ¢q interaction that can be used in all mesons # Huge mass variation:!
(unified model)! \from pions (~0.14 GeV)!
to bottomonium (> 10 GeV)

Relativistic covariance (work in Minkowski space)!

Confinement through a confining interaction kernel, which#
should reduce to linear+Coulomb in the nonrelativistic limit!

Learn about the Lorentz structure of the confining interaction!

Quark masses are dynamic: self-interaction should be <
consistent with ¢¢q interaction! LRt

® Chiral symmetry: massless pion in chiral limit, satisfy the # . >
axialvector Ward-Takahashi identity

cp==-=[&
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CST equation for two-body bound states

Bethe-Salpeter equation for q¢ bound-state with mass u

D2

Integration over relative energy Fo:

D1
P
r
——

2P| diagrams

| Keep only pole contributions from constituent particle
propagators!

| Poles from particle exchanges appear in higher-order

> Re ko kernels (usually neglected — tend to cancel)!

I Reduction to 3D loop integrations, but covariant!

I Correct one-body limit

If bound-state mass p is small:!
both poles are close together (both important)

Symmetrize pole contributions from both half planes: charge conjugation symmetry

BS vertex (approx.)

]

S —

1

2

CST vertices

RN TN

g

D 1.D~]

Once the four CST vertices (with one quark on-shell) are all known, one can use this equation

to get the vertex function for arbitrary four-momenta.
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CST equations

Closed set of equations when external legs are systematically placed on-shell

------------------------------------------------------------------

A D= D D T D T D
ST /ot W) oD iVt M)
Do DT TP T

Solutions: bound state masses : and corresponding vertex functions §

T

One-channel spectator equation (1CSE): %rticularly appropriate for unequal masses!
Offmerical solutions easier (fewer singularities)
%Jt not charge-conjugation symmetric

Two-channel spectator equation (2CSE): %stores charge-conjugation symmetry!
%ditional singularities in the kernel

Four-channel spectator equation (4CSE): O/P@pcessary for light bound states (pion!)

All have smooth one-body limit (Dirac equation) and nonrelativistic limit (Schrédinger equation).
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The covariant kernel

a K(M)
3 F7
Our kernel: V(p, k; P) = ZFl an @K (p, k; P}@)K(u)l @2(0 r >
Fo = 1
a — L+ a
9 — .
color SU(3) 1/for qq color singlets drgorennednet;l;ne Lorentz structure 3
P S
generators (u) - 1 | H 2 7 2w

O/épnfining interaction: Lorentz (scalar + pseudoscalar) mixed with vector#
Coupling strength o, mixing parameter y y = 0! pure S+PS!

y=1 pureV

// for correct nonrelativistic limit
5 -

Vi(p,k;P)= (L' y) 11" Lo+ 12" 13 1Mytt 157V (p,k; P)

\/ " E.P. Biernat et al., PRD 90, 096008 (2014)

equal weight (constraint from chiral symmetry)

%e—gluon exchange with constant coupling strength#o

+ Constant interaction (in r-space) with strength C } Lorentz vector

Voce (0, k; P)+ Ve(p, k; P)= ' 11 " voulVoce (. k; P) + Ve(p, k; P)]

O/l@pnrelativistic limit: Cornell type potential V(r)="!r! C! TS
(for any value of y)
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Covariant conPning kernel in CST

%nrelativistic linear potential in momentum space: FTof V. (r)=!r

R o & s Bk (k) # T (p) Cauchy principal
MP) = Grg (P E KK = #8F s T w k) Me singularity

any regular function highly singular J automatic subtraction
| o ] p Kk initial state:
%varlant generalization: q° ! - E—»: either quark or !
This leads to a kernel that acts like antiquark onshell
: 3 . : 3 (R # 1 (K .
IVL!"(p) = d"k3 VL (. R)! (R) = #8# d,,k3 m ! (R)# ! (Re) R=(Ey k)
(2" )° Ex (2")°Ex  (p# R)* on mass shell
Complication: Singularity not only when k = p value of k at which kernel
Pr = ( By, kr) kr = Kr(Po. P) becomes singular

%es it still confine? ——]
=0
Yes: the vertex function vanishes if both quarks are on-shell! sen

More details: Savkli, Gross, PRC 63, 035208 (2001)
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The One-Channel Spectator Equation (1CSE)

We solve the 1CSE for heavy and heavy-light systems

ol b R
—
%muld work well for bound states with at least one , ’ _ Vv | g
heavy quark! | |

—— —> >

%uch easier to solve numerically than 2CSE or 4CSE! P2 P2 Ko
O,(éparity splitting small in heavy quarkonia!
%r now with constant constituent quark masses #

(quark self-energies will be included later) Ey = | m2 + k2
. _ d3k m1 ) K (H) my + Ql 2 T kZ n K
L (P1,p2) = ! (213 Eqe ) Vi (Pr, R1)" 1 2m, | (Ry, ko) %| k21 " 2w

%actical solution: solve equation for relativistic wave functions in a basis of
eigenstates of total orbital angular momentum L and of total spin S (not necessary, but

useful for spectroscopic identification of solutions) L
Relativistic components

P _ t ", 2 | 2 Normalization of radial wave functions!
] 0 0 dpp” ! S(p)+ probabilities of partial waves
9 . "
P o1t P LA LB E M A R) =1

(No problem with parity: relativistic components also have opposite intrinsic parity factor!)
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Data sets used In least-square bts of meson masses

Data set Data set

State JP(E) Mass (MeV) S1 S2 S3 State J?(©) Mass (MeV) S1 S2 S3
Y (4S) 1" 10579.4- 1.2 o ¥ X (3915) 0" 3918.4:1.9 ¥ ¥
| 41(3P) 1" 10512.% 2.3 ¥ #(3770) 1" 3773.13: 0.35 ¥ ¥
T(3S) 1" 10355.2 0.5 ¥ ¥ #(2S) 1" 3686.09% 0.010 ¥ ¥
"»(3S) o' * 10337 ":(2S) 0" 3639.21.2 ¥ ¥ ¥
hy,(2P) 1*'  10259.8:1.2 ¥ CC h(1P) 1*'  3525.38:0.11 ¥
1 41 (2P) 1**  10255.46 0.22+ 0.50 ¥ l c1(1P) 1**  3510.66£ 0.07 ¥
! 40 (2P) 0™  10232.5 0.4+ 0.5 ¥ ¥ | co(1P) 0" 3414.75:0.31 ¥ ¥

g Y(@D) 1" 10155 " @as)y 1* 3096.90G 0.006 ¥ ¥
T(2S) 1" 10023.26- 0.31 ¥ ¥ ":(19) 0'* 2983.4:0.5 ¥ ¥ ¥
"5(2S) 0' " 9999 4 ¥ ¥ ¥ _ { D.1(2536)F 1°  2535.1Gt 0.06 ¥
ho(1P) 1*'  9899.3:0.8 ¥ CS\ D1 (2460 1*  2459.5:0.6 ¥
1 41 (1P) 1** 9892.78 0.26x+ 0.31 ¥ - D1(2420)° 1  2421.4 ¥
! 40 (1P) 0™  9859.44t 0.42+0.31 ¥ ¥ q{ D,(2400° 0"  2318:29 ¥ ¥
T(1S) 1" 9460.30: 0.26 ¥ ¥ o5/ Dso(2317)° O 2317. 7% 0.6 ¥ ¥
"5(1S) 0' " 9399.0-2.3 ¥ ¥ ¥ { D.* 1 2112.10.4 ¥ ¥

ha { B.(2S)* o: 6842+ 6 ¥ cq D (2007)° 1 2008.62 ¥
B! 0 6275.1+ 1.0 ¥ ¥ ¥ cCS D! 0 1968.27 0.10 ¥ ¥ ¥

S B.:1(5830) 1°  5828.630.27 ¥ cg D*° o' 1867.23 ¥ ¥ ¥

bg Bi(5721)"° 1* 5725.85 1.3 ¥

b§{ B. 1 5415.8 1.5 ¥ ¥
B, 0'  5366.82£0.22 ¥ ¥ ¥ on. I

b { B 1 5324.650.25 ¥ ¥ S1: 9 PS mesons
B*0 0 5279.45 ¥ ¥ ¥

S2: 25 PS+V+S mesons

: 39 PS+V+S+AV
q represents a light quark (u or d) \83 £ HEPRHS mesons)

Weuse my = Mg ! Mg
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Global bts with Pxed quark masses ang=0

S. Leitao, A. S., M. T. Pefia, E. Biernat, Phys. Lett. B 764 (2017) 38

First step: we perform global fits to the heavy + heavy-light meson spectrum

@djustable model parameters: s C )

Model parameters not adjusted in the fits:

Constituent quark masses (in GeV) Mp=4.892, mc=1.600, ms=0.448, mg=0.346

Scalar + pseudoscalar confinement y=0

Linear and OGE kernels need to be regularized#
We chose Pauli-Villars regularizations with parameter | =2m,

O/r@odel MOs+: fitted to 9 pseudoscalar meson masses only!
Ojﬁodel MOs2: fitted to 25 pseudoscalar, vector, and scalar meson masses

(Previously called models P1 and PSV1)
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Global bts with bxed quark masses and scalar conbnemegt()

Pseudoscalar Vector Scalar Axialvector
11
| o
——————————————————————— 3 ————:———ﬂm————————————————————————Q——ﬂ———%(—gp)——— BB
I (R SR T &N : Y (39) R o hyv(2P)
B|Ue. I - T b(2S) _____ R ¥g§))) w Xvo(2P) o Cil(bll(f)P)
model MO0s1| [ = o o o——a—— x10(IP) o——m—_ Xt;(l(]}’)
fitted to 9! - -
O_(P) Only I @ = Ub(]S) O = Y(]S) |
e e m used in fit! [ |sD
o] 1 u
Be29) o o predicted
=> ' | B,
O 6 -
O ——_.—_—,,,,|""|"S"S"S""S"——_S—S————S—TLTLTLTLTL o—F——Bu(5830) { pg
@ f-oc-g--p- Bl----- zezli& ““““““““““““““““““““““““ | B
© B B
S5l il
4r o Xeo(2P) l
R bl e C LY =" pOI0) . - - < - - 1DD
I . 2 7:(285) ¥ (25) ho(1P) ]
I o—=n Xeo(IP) — o .(P) |
Al .~ wllS) o = J/u(1S) )
I ;); ———————— o m - P23t - o w2460 —:DF
| D T Jdpr
- D
JP— 0 1 0" It

EFB24 University of Surrey, Guildford, September 2, 2019

Red: !
model MQOs2
fitted to 25!
P+S+V

Alfred Stadler




Global bts with Pxed quark masses ang=0

The results of the two fits are remarkably similar!
rms di" erences to experimental masses (set S3):

Model | ! [GeV?] " C [GeV] Model | ! /ms [GeV]
MOgq 0.2493 0.3643  0.349] i MOg1 0.037
MOs> 0.2247 0.3614 0.3377 MOg» 0.036

%rnel parameters are already well determined through pseudoscalar states (JP = 0)

Almost 100% L=0, S=0! 10 ILaS|O "=0 Spin-orbit force vanishes
(S-wave, spin singlet) .
107 |S12[07" =0 Tensor force vanishes
(0" |S1 8S,|0° ) = —3/4 Spin-spin force acts in singlet only

Ol@ood test for a covariant kernel:

Pseudoscalar states do not constrain spin-orbit and tensor forces, and cannot separate
spin-spin from central force.

But they should be determined through covariance.

Model MOs+ indeed predicts spin-dependent forces correctly!

Leitao, AS, Pena, Biernat, Phys. Lett. B 764 (2017) 38
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Fits with variable quark masses and conbnement (S+PS)-V mixigg

In a new series of fits we treat quark masses and mixing parameter y as adjustable parameters.

Model Symbol|! [GeV?] "s C [GeV] y my [GeV] m¢ [GeV] ms [GeV] mq [GeV]|N #ms [GeV] ! s [GeV]
MOs; 0.2493 0.3643 0.34910.0000 4.892 1.600 0.4478 0.3455 9 0.017 0.037
Mls; ! 0.2235 0.3941 0.0591 0.0000 4.768 1.398  0.2547 0.12309  0.006 0.041
MOs: 0.2247 0.3614 0.33770.0000 4.892 1.600 0.4478 0.3455 |25 0.028 0.036
M1s2 0.1893 0.4126 0.1085 0.2537 4.825 1.470  0.2349 0.100@5 0.022 0.033
Mlgy " 0.2017 0.4013 0.1311 0.2677 4.822 1.464  0.2365 0.100@4 0.018 0.033
Mlss 0.2022 0.4129 0.2145 0.2002 4.875 1.553 0.3679 0.24939 0.030 0.030
Q{MOS?, 0 0.2058 0.4172 0.28210.0000 4.917 1.624  0.4616  0.3514(39 0.031 0.031
include AV states in fit Parameters in bold were not varied during the fit
y held fixed, other parameters refitted %Jality of fits not much improved!
rms di" erence to fitted masses %St model M1s3 has y=0.20, but
0.035F « + - v : minimum is very shallow
ON0K]0]. = SRR Wloeoeemeeeeeneeees N |
I fale ]
~ 0.025! 398 Lo M
: : I M1y
y and quark masses are not much
Y Ml constrained by the mass spectrum.
O MOg
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Mass spectra of heavy and heavy-light mesons

11
- O A p o _
2B B Yy - © Ao -m - .3p;--|BB
O Aegenepe - (3S) —8428 8 ya3s »p hOP)
: @ rarmeeme VD) —Oo—t——a—yo(2P) O op)
10 —o—a—m—m—n(29) —O0—t—o—a— Y (25) Ip h(IP) -
_ —O—t—a——a— Y0 (/P) _°_A_"_“<Xbl(1p)
—O0—t——r— 1 (IS) —0 A o g Y(]IS)
———————————————————————————————————————————————————————————————————————— BD
7_ ]
—O0—A—DO——O— — —
- B(29) o Mls; y=0.00 = Mlgs y=0.20
< i : s B A Mlgy y=0.27 s MOgs3 Yy =0.0C
O 6+ .
SB_, P m — — — — —m m m e m e m e e m e m——————— - - - TS O -A —n———u——B&1(583-0l0—- BK
} | =ggg—g R j B
S | il
4r —O—t——— Y c0(2P) ]
e VG770 T T T o 105
—o—t—o—a—77.(25) ¢(25) hc(l(fg)) .
—O0—t—o0——8— Y 0(/ P) ¢ & o = :)(cl
sl —oan m gy oS ]
R R E R oo O pn- B posry - ST E o Dul2400) - DK
ol - = o= — E:_gs _____ :g:tE:KDi _______________________________________ — Drx
jP— 0 1 0 17
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Bottomonium ground-state wave functions

Calculated with model M1s3

&$ (" Pseudoscalar '!(S" & ( Scalar xr (IP"
" Partial waves
— S
— P
) g 7 -' . g n ,. (
&"§ (1 ' | | g} N | . .
e Vector — #(IS" | :&0/' e Axialvector  yu (1P" Partial waves
&M |) — S
S g o — D
~. . !"( I . .
g} ol — Pt (spin triplet)
"4} - ..
" " —— Ps (spin singlet)
O & # ( ! & # (
pIg $ 113

Relativistic wave function components are very small
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Radial excitations Iin vector bottomonium

Wave functions of excited states look reasonable

1.5}
1.2}
10}
S8t
0.5}
0.2}

N

0.0

1.0
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0

Model M1s3

Partial waves

S

D

P: (spin triplet)
Ps (spin singlet)
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Importance of relativistic components

Ground-state wave functions of model M1ss.

3.0 — 3.0 — 3.0 -
L@ bh | 550 be | 5sNo bs
2.0 2.0 2.0

15 1.5 1.5
S 1.0 1.0
0.5 0.5
0.0 === 0.0k=======
0 2 3 1 2 3
3.0
e cc
251 (© Lowest positive energy
qq — state with J* =0~
— S—wave
— P-wave
L5} (a) bh | 151(b) bc
1.0

],

- 05

N
0.0 =

-0.5 —0.5
0 2 3 4 0 1 2 3 4

\p)

p(Gel)

Lowest positive energy
q q — state with J* =0

- P—wave

- S—wave
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Importance of relativistic components

Ground-state wave functions of model M1ss.

3.5 — 3.5 — 3.5 — 3.5
3.0} (@) bb | 3.0} bt | 30l bs | 30
2.5 2.5 2.5 2.5
32.0 2.0 2.0 2.0
I IS 1.5 1.5 1.5 vectol
1.0 1.0 1.0 1.0
0.5 0.5 0.5 0.5
0.0 0.0 === = 0.0 - 0.0
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 4
3.5 — 3.5 — 3.5
3.04 (€) cc Lowest positive energy 3.0L(8) cs 3.0N
2.5 q q — state with JP=1" 2.5 2.5
32.0 2.0 2.0
N — S—wave 1.5 1.5
1.0 — D-wave 1.0 1.0
0.5 — Ps—wave 0.5 0.5
0.0 = = —_— Pt —wave 0.0 ' 0.0
0 1 2 3 4 0 1 2 3 4 4
p(Gel) p(Gel) (GeV)
1.5} (a) bb 1.5} (b) bc 1.5} (c) b3 1.5} (
1.2 1.2 1.2 1.2
. 1.0 1.0 1.0 1.0
5 08 0.8 0.8 0.8 axial vector
N 05 0.5 0.5 0.5
0.2 0.2 0.2 0.2
0.0 0.0 0.0 0.0
-0.2 -0.2 -0.2 —0.2
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
i; (e) cc Lowest positive energy i; (g cs i;
_ qq — state with J' =1" 10 L0
] 0. o 0.8 0.8
S o S-wave 0.5 0.5
. — D-wave 0.2 0.2 *
OF e | — Ps—wave 0.0 0.0 wp
. — Pt—wave -0.2 —0.2
0 1 2 3 4
p(Gel) p(Gel) (GeV)
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Regularization of the kernel

P1

P1 k],
r = % I Loop integration needs to be regularized
D2 kg_

D2

%irst models used Pauli-Villars regularization, with & = 2my (for simplicity)#
(equivalent to rational form factor with i, = 1 and i = 1)!

O/@eneralize to other form factors (higher powers or exponential form)#
This is needed for convergence in calculations of decays constants

Linear OGE
n n
| _8s At _ A A-nmg O
Rational: Var(p, K) = — P (G A Vea(p, K) = -2 ( A=)
" 4" # 4/ n4
4724 = —q°/A
Exponential: Var(p, K) = — 8q—fe‘q A Vea(p:K) m2 — qze

(we used mostly ), = 0)

O/@Ie considered models with Ny, Ng) = (1,3) or §2,5), or with exponential form!
%/e use global model parameters. But how to scale \? #
Is & o< M, really the best choice?
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Scaling of the cutoff A

Test di" erent scaling rules for &\ with the quark masses in bottomonium and charmonium:

A= Agny A = Agmi2 A= A3 A= AM° (independent of k)

%0, (GeV) of fits to 22 experimental Bl and &€ states

Form factor |! = !smy|! =1 smi’?|l =1 smy >l =1 sm?
Na =1,nc =3| 0.0287 0.0184 0.0148 0.0252
Na=2,nc =5| 0.0347 0.0166 0.0148 0.0221

Exponential | 0.0216 0.0146 0.0126 0.0197

For comparison: M1sshad %, = 0.024 GeV

O/Qlearly, a linear scaling of & with #i), is not the best choice to reproduce the spectrum!

0/f scaling $ o m’* works best!

%his improved scaling leads to excellent combined fits to heavy quarkonia#
(essentially as good as fits to BB and $€ separately)
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Heavy quarkonium decay constants

Very precise measurements!
Vector for some charmonium and !
meson bottomonium V and PS states!
(no data for S and AV)

Nonrelativistic: depend on ¥ (r = 0) ($> only S-waves contribute)

Relativistic: all partial waves can contribute

Pseudoscalar mesons

& NC O | & /1 m ( " B ) %

dkk2 14 g M2y Rk k) + (k; + K k
2QMp Eq E o ( 1K2)bs (K) + (K1 + Ka)p (K)

Vector mesons

2 1~ -~ 24/2 -
\/;/ Ak K \/ L+ E—lk 1 T E—%) (1+ §k1k2>¢s< ) — Tlﬂkﬂbd( )+
1 - ~ 2 . -
X ;| ﬁ(kl + k), (k) + \/;(kg — kl)wpt(k)]
i = Eir +m;
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Quarkonium decay constants (preliminary results)

MOdeIMQ@AOGE: ﬁA: 1,nG — 3,A — 151‘]1

86, = 0.04¢ GeV

Very di&cult to get a
good fit! (especially in $€)

CST fits indicate trade-o0"
between descriptions of
mass spectrum and decay
constants. bb

Lattice: HPQCD Collaboration. Phys. Rev.
D 86,074503 (2012); Phys. Rev. D 82,
114504 (2010); Phys. Rev. D 86,094501
(2012); Phys. Rev. D 91,074514 (2015).

DSE: A. Krassnigg, M. Gomez-Rocha, and
T. Hilger, Journal of Physics: Conference
Series 742,012032 (2016). cc

BLFQ: Y. Li, P. Maris, and J. P. Vary, Phys.
Rev. D 96,016022 (2017).

CST
Quark content n Meson J"“)  PDG |Lattice DSEI ~ DSEIl BLFQ|M,5Aoce (this work)

1 n(1S) 07T —  |e667TS 773 756 589 795

2 np(25) 07 F - |- 419(8) 285 427 596

3 m(39) 07T - |- 534(57) 333 331 536

4 np(4S) 0T - |- — 40(15) — 503

1 Y(1S) 17~ 68912 |64973! 768 707 689 703

b 2 YT(25) 17~  479%; |481757 467(17) 393 484 573
3 1°D; 17~ - |- 41(7) 371(2) 4.2 26

4 Y(3S) 17— 41475 |- - 9(5) 366 536

5 2°D; 17~ - |- — 165(50) — 38

6 Y(4S) 17— 328T1%|— — 20(15) — 518

1 n.(18) 0~* 3307339375 401 378 368 547

2 n.(25) 0t 211735 | - 244(12) 82 280 461

3 n.(38) 0~ F — |- 145(145) 206 — 417

C 4 n.(48) 0t - |- — 87 - 387
1 J/y 17~ 40772 |405%% 450 411 404 525

2 (2S) 177 29073 | - 30(3) 155 290 531

3 ¢(3770) 17—  97.713 | - 118(91) 45 0.9 98
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Spectrum of mesons with b-quarks

Quark content Meson JP©) Exp. Mass Mlss MssAoce MggAoce

ns(1.5) 0-"  9399.0 +£2.3 9363 9402 9474
n(29) 0-" 9999 £+ 4 9963 9991 9992
76 (3.9) 0-" 10337 10321 10356 10346
T(15) 17~ 9460.30 & 0.26 9472 9460 9505
T(25) 17~ 10023.26 + 0.31 10009 10015 10008
Y(1D)? 1=~ 10155 10150 10134 10096
T(35) 17~  10355.2+0.5 10356 10373 10357

bb T(4S) 17~ 10579.4+1.2 10647 10668 10650
x0(1P) 0TT 9859.444+0.42+0.31 [9853 9838 9834
xv0(2P) 0T"  10232.54+0.44+0.5 10219 10227 10211
b1 (1P) 17T 9892.78 £0.26 £ 0.31 | 9894 9871 9850
hy(1P) 17~ 9899.3+0.8 9901 9876 9852
b1 (2P) 17+ 10255.46 4+ 0.22 4 0.50 | 10250 10247 10221
hy(2P) 177 10259.8 £1.2 10256 10251 10222
Y1 (3P) 17t 10512.1 +£2.3 10543 10553 10527

bc Br 0~ 6275.1 = 1.0 6284 6264 —
B.(289)* 0~  6842+6 6846 6845 —
BY 0~ 5366.82 + 0.22 5366 5344 —

bs B 1~ 5415.8 + 1.5 5452 5423 —
Bs1(5830) 17 5828.63 £ 0.27 5787 5767 —
B*Y 0~ 5279.45 5292 5274 —

bq B* 1~ 5324.65 + 0.25 5373 5352 —
By (5721)T° 17 5725.85 + 1.3 5703 5690 -

Model Mg\ oce: ¥ns = 0.04¢ GeV
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Spectrum of mesons with c-quarks

Quark content Meson JF©) Exp. Mass Mlss MssAoge MQ@AOGE

ne(1S) 0" 2983.440.5 3021 3058 3079
ne(29) 0"  3639.241.2 3636 3670 3647
J/U(18) 17~ 3096.900 + 0.006 3132 3125 3131
Y(29) 17~ 3686.097 £0.010 3697 3703 3701

cc (3770) 17~ 3773.13£0.35 3782 3719 3709
xeo(1P) 0tt  3414.75+0.31 3416 3431 3436
X (3915) 0t 391844 1.9 3905 3936 3941
Xe1(1P) 1Tt 3510.66 £ 0.07 3478 3443 3426
h.(1P) 17~ 3525.38 £0.11 3488 3459 3447
DT 0~ 1968.27 £ 0.10 1959 1993 —
D+ 1= 21121404 2137 2117 —

c5 H(2317)F 0t 2317.7+£0.6 2381 2411 —
D.1(2460) 17 2459.5+0.6 2457 2425 -
D.1(2536) 1T 2535.10 4 0.06 2469 2447 —
D+’ 0~ 1867.23 1870 1905 —
D*(2007)° 1~ 2008.62 2055 2038 —

cq D}(2400)° 0ot 2318429 2294 2329 —
D;(2420)%° 1T 24214 2368 2342 —

Model Mg\ oce: ¥ns = 0.04¢ GeV
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Running coupling#(Q?) versus bxed couplingx

#S(O) = #O

P ocr is determined through #(M2) = 0.118:

#(QH AZ-nmg
mg—q° ( A2-0%)

Vea(P, K) =

001 1 100 10°
@ (GeV?)
(QZ) = 4174
Vea(p, K) = mgs P ain

%irst results do not show an overall improvement over fixed 8!

%eavy quarkonia decay constants are smaller, but $g,,. of mass spectrum increases
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Summary

| With the simplest, one-channel CST equation and a few global parameters, we get
a very nice description of the heavy and heavy-light meson spectrum!

| (S+PS) confining kernel with ~ 0% —30% admixture of Lorentz-vector coupling is
compatible with the data !

I A more careful scaling of form factor cuto" s with quark masses can significantly
improve the description of the mass spectra!

| Decay constants are very sensitive to details — place stronger constraints on the
kernel. Further improvements are needed!!

| We have generalized our OGE kernel for a running coupling #,(Q?).#
So far no positive impact on the results, but many more tests are still to be done.
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Outlook

Next steps:#

| Further exploration of cuto" scaling!

I Comprehensive study of the e" ect of a running quark-gluon coupling !
I Dynamical quark mass (mass function) from quark self-interaction!

| Tensor mesons (spin' 2)!

| Extension to the light-quark sector (4-channel CSE)!

| Parton distribution functions!

| Relativistic quark-antiquark states with exotic JPC
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