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Motivation

Motivation

(to study static potentials
for hybrids and glueballs)



Motivation

, Static potentials have been studied in Lattice QCD to
* be applied in constituent quark-gluon models
 understand confinement
*mostly for mesons, some for 2-gluon glueballs,

|

baryons, for tetraquarks, pentaquarks, see many
Suganuma papers including F. Okiharu, H. Suganuma,
T. T. Takahashi, P. R. D 72, 014505 (2005)

. for GQQ hybrids and GGG glueballs

\\///\/



The experiments BESIII at IHEP in Beijin, LHC at CERN, GLUEX at JLab
and PANDA at GSI in Darmstadt, will scan the mass range of GQQ hybrids
and GGG glueballs. The odderon might also depend on GGG glueballs...

Oddball Chew-Frautschi plot
C=P= -1 pure glue states

F. Llanes-Estrada, P. Bicudo
and S. Cotanch,
Phys.Rev.Lett.96, 081601(2006).
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The computations of GQQ hybrids 12 =
and GGG glueballs are performed,
- in Lattice QCD, 10 t , 0" w3 [ |
) R — 2 e
C. Morningstar and M. Peardon, 3 — 1 |
Phys. Rev. D 60, 034509 (1999) g I
- or with constituent quark-gluon models, A 2 17—
V. Mathieu, C. Semay, B. Silvestre-Brac £ 6 _;.5. ________________ 07" me—
Phys.Rev. D74, 054002 (2006) S
4 | o —
2 L
0
++ —+ +— ——
mass spectrum of glueballs in the pure SU(3) PC
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In what concerns
excitations of the
static quark potential,
they are studied in

in lattice QCD

K.J. Juge, J. Kuti,
C.J. Morningstar
Nucl.Phys.Proc.Suppl.

63, 326 (1998)

[En(r) - Exro)lrg

hybrid potentials (Juge et al., 2003) at a lattice spacing a, ~ 0.2 fm
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The hybrid excitations may either be undestood with string fluctuations
M. LUscher, Nucl. Phys. B190, 317 (1981)

or with an extra constituent gluon
F. Buisseret, V. Mathieu Eur.Phys.J.A29, 343 (2006)

g string

Q2|
—0
o |
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Motivation

and possibly the excited meson spectrum Large Degeneracy Problem can only
be understood including

, P. Bicudo, arXiv:0904.0030, P. Bicudo, M. Cardoso, T. Van
Cauteren, F. Llanes-Estrada, P.R. L. 103, 092003 (2009)

M2/27mo
43 7
+2 T =1 =igtig2  or 2n,=2 or ¢ N =2
1 T+ =l =gtig1, 1=1
Aj=1 or Al =1
j — ] I jt=j=jq+jg’ |g=0 nq=0, ng=0
i, P=+ il P=



Motivation

and finally we would like to understand confinement, in analogy with type II
superconductors M. Cardoso, P. Bicudo, P. Sacramento A. Phys. 323, 337 (2008)

IBI 107 10 10 1

Fig. 3. Density plot for the total magnetic field |B = B**' + B*"P| when the monopole and the antimonopole are
separated by a distance d = 2z, =480. The panels correspond from left to right to: no superconductor,
superconductor with topological charge n = 1 and superconductor with topological charge n = 0, respectively.



Confinement in Static Exotic Potentials for GQQ and GGG

Confinement in Static
Exotic Potentials
for QGQ and GGG



Utilizing Wilson Loops, we study the static potentials of QGQ and GGG

q N g g

P. Bicudo, M. Cardoso and O. OIiveiré, Phys. Rev. D 77, 091504 (2008)
M. Cardoso, P. Bicudo Phys. Rev. D 78:074508 (2008)
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Confinement in Static Exotic Potentials for GQQ and GGG

We utilize to measure the potentials in Lattice QCD.

The positions of the quarks are connected by gauge paths composed of
fundamental links, to maintain gauge invariance, while the positions of
gluons are connected by adjoint paths,

Oab = A2 U‘__T—_» AP

U

The Fierz relation can be used to re-write the adjoint paths with
fundamental paths.

5, 7“\/ _ 2 -(2/3)\/
“N\ A



Confinement in Static Exotic Potentials for GQQ and GGG

For instance, for the
Wilson loop we get, /Tt‘ \
28 + 4 | JT
NN X
7l A \ / \
| " % )ﬁ = /\
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Confinement in Static Exotic Potentials for GQQ and GGG

Whereas for the glueball GGG, we have two possible wavefunctions,
antisymmetric or , with Wilson loops,

antisym.




Confinement in Static Exotic Potentials for GQQ and GGG

The two GGG Wilson loops can be rewritten with the Fierz relation,

A\C /’
\ AS AP
! i?»b

A2

xaA
T RS

NN
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antisymmetric










Confinement in Static Exotic Potentials for GQQ and GGG

les,

tr

-axis geome

we use for the GQQ include of

The

|
\
_ _ _ _ _ |
_ _ _ _ _ RN
s S e s T
_ _ _ _ _ _ -
_ _ _ _ _ _ A\
YN
(R DU NV ISR NN SRR BN
r _ _ _ | _ v N
_ _ _ _ [ _ NEAWAN
_ _ _ _ _ [ by
e it e bl e U N W
_ _ _ _ [ I //v ANAN
A
_ _ _ _ _ _ 3/_/ A
R met L e WL TR U TR
| | | | | | \ N _/ _/ '\
_ _ _ _ _ _ NANANAYAN
_ _ _ _ [ [ J A \l / \
F——d———F——t—————t——
. _ _ | _ VROV NN
SN R T R R NAYAARR
| | | |
T R +/ N __//_/J_
_ [ [ _ [ _ SIANANAYRNAN
_|||_|| _||I._ _ _|||_ _ /¢ /#, /% /—/ \l \
T T VIVIVNN
_ | | _ NAVARNRYAY
L | + “ i NN YN
_||4|||ﬂ||_||J|||_||| N\ ¢ Aon K
- | _/ I\ _/ _/ |
_ _ _ _ _ | He AANRYRNRY
|1 / % YOV
r [ _ _ _ _ N /v/7/_
_ _ _ _ _ " \ N _ \ /“ N
_ NN \
b——t =t —— - —— — — \
_ _ _ _ _ | O\ N 7_/4/_
I | I I I | N _/_ //_ Y
A e R SR AN
_ " _ _ | _ NN
\
_ | _ _ _ _ IRV //r /4 \
N iminh ity it il N A OO W W N
_ _ _ _ _ _ \ N
[a\} \ _/_ | \ N
_ _ _ _ _ _ A
L | | | | /h /+ N / J_
: _ N
\ \ \ \ \ RN BYRYRN
\ \ \ \ \ \l LYy \
— SN VUL VS —— \ N
\ \ \ \ \ AN AR I
\ \ \ \ \ 1\ | \ /_
RS A /||/||b4|| # N 4
\ \ \ \ \ I\ \ _/ |
\ \ \ \ \ Y YR
\ \ \ \ \ Ny
At St b U A
\ \ \ \ \ | _/_
\ \ \ \ \ AVRY
NN NN - \
N \ \ \ \ \ |
\ \ \ \ \ \ |
\ \ \ \ \ \ |
| WP VUL G VS VN y
\ // / / \ \ |
\ \ \
\ \ \ \ \ \ " |
| VDD, W VPP VI WD



Confinement in Static Exotic Potentials for GQQ and GGG

we first use the simplest

In what concerns the spatial geometry of the

spatial paths




Then the static potential V is obtained fitting the exponential euclidian

time t decay of the Wilson loop W, W=cst. Exop(-V t)
3T T T T T T T ]
e e |
= B symmetric ]
i o
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We compute the static potentials as a function of the variables,

for the hybrid GQQ for the glueball GGG
distance r, , distance r, and angle 6 perimeter p
g
g
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Comparing different paradigms of confinement, the fundamental string
dominance is the best model

Casimir Type - |

adjoint

The potentials g
are a sum of | _
q

2- body potentials,

Vi A A startis /

«Q

Triangle g
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The hybrid Q6Q flux tube in lattice QCD

The hybrid
QGQ flux tube
in lattice QCD



For a confirmation of the fundamental string picture of confinement in
exotic hadrons, we proceed with the study of the flux tubes in the static
hybrid system QGQ .

plaquette

Wilson loop
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This is performed simply computing the =i and 2i chromoelectric and
chromomagnetic fields with the plaquetie, who discretizes the -+

component plaquette
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The hybrid flux tube QGQ in lattice QCD

Static Confining Potentials and the SDE



Ex

The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD

0.029
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0.023

0.020
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Ex

The hybrid Q6Q flux tube in lattice QCD

0.029
0.026
0.023

0.020
0.018
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Ex

The hybrid Q6Q flux tube in lattice QCD

0.015
0.013
0.012
0.010
0.0088
0.0073
0.0039
0.0044
0.0029
0.0014
=0.000043
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The hybrid Q6Q flux tube in lattice QCD

0.015
0.013
0.012

0.010
0.0087

0.0072
0.0058
0.0043
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= 0.0000406

Static Confining Potentials and the SDE



Ex

The hybrid Q6Q flux tube in lattice QCD

0.014
0.013
0.011
0.010
0.0086
0.0071
0.0057
0.0043
0.0028
0.0014
= 0.000049
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The hybrid Q6Q flux tube in lattice QCD

0.014
0.013
0.011

0.010
0.0085

0.0071
0.0057
0.0042
0.0028
0.0014
= 0.000087
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The hybrid Q6Q flux tube in lattice QCD

Ey

0.0069
0.0062
0.0055
0.0048
0.0041
0.0034
0.0027
0.0020
0.0013
0.00065
= 0.000044
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The hybrid Q6Q flux tube in lattice QCD

Ey

0.014
0.013
0.011

0.0098
0.0084

0.0070
0.0056
0.0041
0.0027
0.0013
= 0.000070
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The hybrid Q6Q flux tube in lattice QCD

Ey

0.029
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The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD

0.015
0.013
0.012

0.010
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= 0.000046

Static Confining Potentials and the SDE



The hybrid Q6Q flux tube in lattice QCD

0.015
0.013
0.012

0.010
0.0089

0.0074
0.0039
0.0044
0.0029
0.0014
= 0.000040
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The hybrid Q6Q flux tube in lattice QCD

0.015
0.013
0.012

0.010
0.0089

0.0074
0.0039
0.0044
0.0030
0.0015
=0.000043
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The hybrid Q6Q flux tube in lattice QCD

0.015
0.014
0.012

0.011
0.0090

0.0075
0.0060
0.0045
0.0030
0.0014
= 0.000072

Static Confining Potentials and the SDE



The hybrid Q6Q flux tube in lattice QCD

0.0065
0.0039
0.0052

0.0045
0.0039

0.0032
0.0026
0.0019
0.0013
0.00061
=0.000044
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The hybrid Q6Q flux tube in lattice QCD

0.014
0.012
0.011

0.0095
0.0082

0.0068
0.0034
0.0040
0.0027
0.0013
= 0.000060
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The hybrid Q6Q flux tube in lattice QCD
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Ez

The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD
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Ez

The hybrid Q6Q flux tube in lattice QCD
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Static Confining Potentials and the SDE



The hybrid Q6Q flux tube in lattice QCD

0.014
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=0.000044
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The hybrid Q6Q flux tube in lattice QCD

0.014
0.013
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0.010
0.0086

0.0071
0.0057
0.0042
0.0028
0.0014
= 0.000060
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The hybrid Q6Q flux tube in lattice QCD

0.000026
—0.000083
—0.00019

= 0.00030
—0.00041
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The hybrid Q6Q flux tube in lattice QCD
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= 0.00060
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=0.0017
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=0.0021
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Bx

The hybrid Q6Q flux tube in lattice QCD
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= 0.00039
= 0.00084

=0.0013
=0.0017
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0.00011
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—=0.00078
-0.00112
=0.0017
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=0.0043
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Bx

The hybrid Q6Q flux tube in lattice QCD
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Bx

The hybrid Q6Q flux tube in lattice QCD
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Bx

The hybrid Q6Q flux tube in lattice QCD
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Bx

The hybrid Q6Q flux tube in lattice QCD

0.000040
=0.00019
- 0.00042

= 0.00065
—0.00088

=0.0011
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—0.0016
-0.0018
=0.0020
—0.0023
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The hybrid Q6Q flux tube in lattice QCD

BY 0.000041
—0.000065
—0.00017

—0.00028
—0.00038

—0.00049
= 0.00039
= 0.00070
= 0.00081
= 0.00091
= 0.0010
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The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD

0.000059
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The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD

0.000024
= 0.000084
=0.00019
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The hybrid Q6Q flux tube in lattice QCD
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=0.00067
=10.00091

=0.0011
—0.0014
—0.0016
=0.0019
=0.0021
=0.0023

Static Confining Potentials and the SDE



The hybrid Q6Q flux tube in lattice QCD
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= 0.00036
—0.00082
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The hybrid Q6Q flux tube in lattice QCD

0.000038
=0.00019
=0.00041
= 0.00064
= 0.00086
=0.0011
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—0.0018
= 0.0020
= 0.0022

Static Confining Potentials and the SDE



The hybrid Q6Q flux tube in lattice QCD
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- 0.00019
= 0.00041
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The hybrid Q6Q flux tube in lattice QCD

0.000041
=0.00019
= 0.00042

= 0.00065
= 0.00088

=0.0011
—0.0013
—0.0016
=0.0018
=0.0020
=0.0022
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The hybrid Q6Q flux tube in lattice QCD

0.000060
= 0.00017
= 0.00040

—0.00064
- 0.00087
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—0.0013
—0.0016
—0.0018
—0.0020
=0.0023
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The hybrid Q6Q flux tube in lattice QCD

0.0168
0.00070

0.00062
0.00034
0.00045
0.00037
0.00029
0.00021
0.000112
0.000041
= 0.000041
=0.00012
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The hybrid Q6Q flux tube in lattice QCD

0.0375
0.00070

0.00061
0.00033
0.00044
0.00036
0.00027
0.00019
0.00010
0.000019
= 0.000066
= 0.00015
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The hybrid Q6Q flux tube in lattice QCD

0.0369
0.00070

0.00061
0.00033
0.00044
0.00036
0.00027
0.00018
0.000098
0.000012
= 0.000074
=0.00016
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The hybrid Q6Q flux tube in lattice QCD

0.0370
0.00070
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0.00032
0.00043
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=0.000018
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The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD
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The hybrid Q6Q flux tube in lattice QCD

0.0185
0.00070

0.00062
0.00054
0.00046
0.00038
0.00030
0.00022
0.00014
0.000061
=0.000019
= 0.000099
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The hybrid Q6Q flux tube in lattice QCD

Moreover we can fit the decay, or penetration lenght, of the
chromofields in the vacumm.

For instance with a fit of the field energy in the quark-antiquark
system,

0.0168
0.00070

0.00062
0.00054
0.00045

ith a cut
at the mid

. 0.00037
distance @ = @0oa - — - - ' 00029

quark-antiquark -2 .. 0.00021
| 0.00012

b, 0.000041
-6 . =0.000041

-6 -4 -2 0 2 4 6 000012
we find a scale similar of ~1.7 GeV similar to the confinement
scale of Hideo Suganuma or the mass,,npole ~2 MAss,,, of Mike
Cornwall and to the monopole size used by Claudia Ratti.
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The hybrid Q6Q flux tube in lattice QCD

we get for
u=A Exp[ -m r]
A penetration
length of

m ~0.63 a

where

0=0.19 GeV?
al=2.710 GeV
comparing with the
London photon mass
in superconductors,
this provides a scale
for a mass of

m~1.7 GeV

Energy Density

0.00060 -
D.DDDSS—.
D.DDDED:
D.DD[MS—-
D.DD[M[I:
D.DDDBE-
D_DDDBD:
D.DDDZE-
{]_DDDZD:
D.DDD’IE-
D.DDD’ID—.
D_DDDDE:
D.DDDDD—-

-0.00005 -

Model Exp2PMod 1
Equiation y = a"exp(b"x)
Reduced Chi-5 0.TEETS
qr
Adj. R-Square 0.BE31T
Value Standard Ermor
B a 5.12300E-4 1.008E-4
B b -0.82525 0.oaB01




Scalar confinement in Schwinger Dyson Equations

Scalar confinement in
Schwinger Dyson equations



The confinement picture in Lattice QCD exhibits a flux tube, or string ,

with tensionc ~16GeV / Fm .

M ~2M

monopole gluon  Current of color magnetic monopoles

aYaY AT A

Anti-quark

Quark Flux of electric color ﬁeld\?

Current of color magnetic monopoles
~ 800 MeV ° g

M

gluon
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The confinement picture in Lattice QCD exhibits a flux tube, or string ,

with tensionc ~16GeV / Fm .

mOﬂOlPOle 9'“°“ Current of color magnetlc monopoles

Quark Flux of electric color ﬁeld\? Anti- -quark

u of color magnetic monopoles
~ 0.5 GeV toq Ge D\t7 5 P

Although different perspectives of confinement exist, the string dynamics
suggests that the groundstate of a thin string should be a scalar object,
only higher energy excitations would gain angular momentum.

gluon
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The groundstate of
the static potential

IS suggested to be
produced by a scalar
string (or flux tube)
while the excitations
may have all different
quantums numbers

Pedro Bicudo @ Trento 09

[En(r) - Ext(ro)lrg
LN

r’rg

hybrid potentials (Juge et al., 2003) at a lattice spacing a, ~ 0.2 fm

Static Confining Potentials and the SDE



Indeed the confining potential for constituent quarks is probably scalar!

M [MeV]
fz i fZ
ax, f B."
2000t L2 =
_ —Q Kz, Kz«
—fD- W, Q 'y P ﬂ:i Wz , 93 E
a f _ftz_ .
1500 r D—C;-‘—Umgp £ K K g K
n.n h,, I erf £ 22 Fi1
spin-orbit+
tensor 1000 | 7 20, fr?- "
—f pw
hyperfine + 500 | —% Ko Ko
chiral symmetry
breaking =
_ _ _ _ _ - JPC
0t 0T 1 1= 177 27 277 3 47 ot 1 1T 27 2 3 [

Pedro Bicudo @ Trento 09

u, d and s mesons in Part. Data Group
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Indeed the confining potential for constituent quarks is probably scalar!

M [MeV]
fz Fi fZ
f =4 f4 K; -
2000 -
_ —Q Kz, Kz«
—fD- m:m: P ™ Wz , 93 E
— f,—z—
1500 F  qp-22cfoap (T E" g oy, K"
_ fo — —
. . J’_R h 1 =] f_L_L Fi1
spin-orbit+
tensor 1000 | a0, fr2 "
fo_p.o
hyperfine + 500 | —% Ko Ko
chiral symmetry
breaking x
) _ __ ) ) - JPC
0t 0T 1 1= 177 27 277 3 47 ot 1 17 27 2 3 [

u, d and s mesons in Part. Data Group

The suppression of the Spin-Orbit potential happens in all families of
hadrons. This is an evidence of non-pertubative QCD. A short-range

vector potential plus a long-range scalar potential cancel the S.L .
A. Henriques, B. Kellett, R. Moorhouse, Phys.Lett.B 64, 85 (1976)
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And the NNNNLO .
study of the static
quark potential
suggest that many
gluon exchange is
needed for the
linear confinement

ro(Ves(r) — Vs (1) + Bpage (r')) ==

-
-
-

/70

FIG. 14 Plot of ro(Vrs(r)—Vrs (1) + Ejae. (")) versus r at tree (dashed line), one-loop (dash-dotted
line), two-loop (dotted line) and three-loop level (estimate) plus the RG expression for the US loga-
rithms (solid line) compared with the lattice simulations Ejgu. (r) (Necco and Sommer, 2002). For
the scale of as(v), we set v = 1/r. Further, vy = vy,s = 2.575 ", Ay = 0.60275 " (Capitani et al.,
1999). and v' = 0.15399 ro. From (Pineda, 2003b).

Pedro Bicudo @ Trento 09 stqatic Confining Potentials and the SDE




We illustrate this with a toy model for SD Scalar Confinement

Quark
line

Vector
coupling

L

Vector
coupling

Scalar
coupling

Vector
coupling
Scalar flux tube Quark
line
Scalar
coupling
Vector
coupling

We would like to couple a quark line in a Feynman diagram with a scalar string,
using the vector coupling of QCD. This can be performed with a double vertex,
similar to the vertices that couple a quark to a gluon ladder in pomeron models.

Pedro Bicudo @ Trento 09
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We remark that in the limit of a vanishing quark mass the double vertex
remains a vector coupling, however

o o

and we expect that the dynamical generation of a quark mass will
also generate a scalar coupling.
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Scalar confinement in Schwinger Dyson Equations

We remark that in the limit of a vanishing quark mass the double vertex
remains a vector coupling, however

The scalar coupling is
W (prm)y, = -2p+4m generated by the mass
o o

and we expect that the dynamical generation of a quark mass will
also generate a scalar coupling.

I Vs I

A dynamical
\ Symmetry  pseudo scalar
axis condensate qual'k mass

is generated

Vacuum
energy
density

False vacuum

/

Scalar condensate
of quark-antiquark
pairs

—

— Vacuum




More precisely, we use the vertex, -
that stmulates the coupling of a quark p S(Tq )

q

line with a scalar string mediated by ~
two vector couplings, Yo A /2

Yo A2 /2

in the colour coupling we choose the abe
symmetric structure function

dabc V= |87t (;-
and we reproduce a linear confinement, pq
_ 8mo
- Ip-ql4

Yo

A2 /2
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The Y, symmetry problem Vector, chiral

Scalar, chiral

The QCD Lagrangian, N /

1 a T TR - W ] 4

Locp = _ILF}EF) Flasv i WA (Du)si ¢l =D mgdh dgs

q 7
Fi®) — 8, AZ — 8, AZ — g, fupe AL AZ,

A2,

- 3f

(Du)ig = 855 Ou+igs ) — A
Lr

is chiral invariant in the limit of vanishing quark masses.

m, , My << My < A 5cp < My/3
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The Y, symmetry problem Vector, chiral

Scalar, chiral
The QCD Lagrangian, /
1 a T TR - W ] 4
Locp = —;lF;EJ FUORY L3 gt ¥ D)y ¢ =D mg @yt
q q
q rs ! B aAc
FPEV} — 3# AF o 5'1,— A,u: — s fﬂ.bc Ap, Ay 1
A2
(Du)ig = 855 Ou+igs ) AL

L1

is chiral invariant in the limit of vanishing quark masses. This is crucial
because spontaneous chiral symmetry breaking 1s accepted to occur in
low energy hadronic physics, for the light flavors u, d and s, where,

m, , My << My < A 5cp < My/3

This results for instance in the several successful theorems of PCAC.
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This is solved with the Mass gap equation

We solve the mass gap equation using the Schwinger-Dyson formalism,

S1=Sy1-X, S=i/(pm,))
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This is solved with the Mass gap equation
We now solve the mass gap equation using the Schwinger-Dyson formalism,
S1=Sy1-X, S=i/(pm,))

usually the self energy 1s computed with a 1 loop diagram, using an effective
one gluon exchange model (first cumulant),

P S(q)
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This is solved with the Mass gap equation

We now solve the mass gap equation using the Schwinger-Dyson formalism,
S1=Sy1-X, S=i/(pm,))

but here the self energy is,

dabc B Ip-ql4 d

abc

Yo A2 /2

' S(*3)
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The mass gap equation is a difficult non-linear integral equation,

2qm, =% f {533 DiD,D, Vilp-— gl [{kg — m2mgp + 2kmypmamk - B —
(%2 +m£)¢i“mp§' . f— 2kmgpk - g+ E,I;Eqmp.ﬂ; § k- ‘ﬁ-‘]
De = 1 P+ 4
J i , o =2

that does not converge with the usual methods.
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The mass gap equation is a difficult non-linear integral equation,

dg =,
2qm, =% f (2w )3 DD, D, Vilp—gl) [[kg — miimep + 2kmpmgmgk - p—
(% +m2)qmpq - — rmeapk - g+ 22k - g k- Bl
1
= P+ 4

T /R tmE j k = >
that does not converge with the usual methods. We develop a method to solve
it with a differential equation, using a convergence parameter A — 0 .

<yy> / 25 :
We test the convergence of the 0.ef m
method computing the quark 0.5
condensate, 0.4}
__3 i
<yy>— -0.17 \/%o :1




We find the solution to the mass gap equation,
P. Bicudo, 6. Marques
o Phys.Rev. D70, 094047 (2004)
™/

present model

single vertex
model
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Partial conclusion and Outlook

Partial conclusion
and Outlook



The large M limit of our toy model remains to be checked

- S(*3)
In the Salpeter equation for hadrons D 2
in the large m, limit, which 1s N
relevant for charmed and bottomed Yo A2 /2

bound states of quarks, we expand
the double vertex potential in

. : d,p.
spin-tensor potentials,
_8no
~ Ip-qi4
1, (S,+S,).L,,, b4
S,.S,, T, (5,S,).T5(ry,) d,.
and we check that the spin-orbit
potential 1s actually suppressed. . jJ
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Partial conclusion and Outlook

+The GQQ and GGG are confined by fundamental strings, as in a Type-II
superconductors. We also confirm a scale of ~ 2 M., in the transverse
direction of the confining string.

+ although simple, this result matters for constituent quark-gluon models,
and for our understanding of confinement, where fundamental strings are
scalar objects.

« In the Schwinger Dyson approach, the One Gluon Exchange, even with
dressed vertices and propagator, will not reproduce the confinement as we
see in the lattice. So the SDE still has some way to go before explaining
the static quark confining potential. We illustrate this with a toy model.

+ A different way for the SD approach would be to derive the confining
scale (with the nexus, or the monopole?), and the gluon mass scale.



