From gluons to glue-lumps and hybrids
adventures in Coulomb gauge

- Coulomb gauge and
the “decouple vs conformal” conundrum

- Some phenomenology of heavy QQ
systems (with glue)
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Summation of all planar diagrams
can be expressed in
terms of two Dyson equation
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the full set of coupled Dyson
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Coulomb form factors : Need to
match “pre-factors” not only
powers
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Dyson-Schwinger approximation

Rainbow-ladder (i.e. no vertex

- .
corrections)

® \What is the role of the Gribov horizon
(when w(0) = finite, which is the only

Use lattice to check ! Lattice
“Lite”




Lattice “Lite”

Discretize the spatial dimensions and use Monte- Carlo method to
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functional integral using model wavefunction.
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Gluon Propagator

Discrete form:
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Faddeev-Popov
® Discrete form: O pe rato r
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real and symmetric.
S Check for positivity of lowest eigenvalues.
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Seems like lattice also prefers IR “decoupled” solutions : unable to
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“To decouple or to not decouple this is the

From the poirq %@M%henomenology of

confinement
° Temporal Wilson loop : static
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Gluonic excitations in
presence of static sources
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Glue-lumps : ("R=0" static hybrids)

(our V¢ is good for small R: so lets do static quarks and not too many
gluons)
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Single gluon hybrids (with static

sources)
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Glue-lumps : ("R=0" static hybrids)
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Real Heavy Hybrids via Foldy -
Wouthuysen Hamiltonian
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expected degeneracies

Hiw = m f Pz (x) 80 (x) + ; f d’z(E> + B: + p"Af)

1 . , .
+ = [ 207 (x)5D%¥(x) o
2 0 AT
™ ' ! ™
6 s by POma POm POmu ]
- 5250l 8V, 87V [ B9 o -
B 1+ sono |- [ .
e T onlom 1440MoV ]
| I!ii u
JPC glue o 5[0, ol gy, suo =
— +5 04 T
S Pl - —_—
T -
TR S T :
i 3500 — ]
— = azs0 |- ]
T S0 I
e o Ti T2 E Az
I 0 4. 1,3, 4. 2,3,4.. 24.. 3
S0 - o
4750 |- -
ool Coulombs geiape : 4440 eV A 7
#-Eﬁ.'-':— S=====1 : -
4000 — _ 1
a?ﬁ}:—_ m—— a 25
00 N
sos |- J.Dudek, etal.
., ]

o i Fa T i



Where iS the Stri ng FIG. 1: Energy gaps AE above E;’ are shown in string units

for quantum numbers in continuum and lattice notation. The

I i m it ? Nambu-Goto string is discussed in the text.
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FIG. 8: Splittings between the excited energies of quasi-
Morninastar et al. 2 fm glions and the ground state Q) energy. The values N ex-

g pected from the string model are, N =1 for I1,, N = 2 for
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Towards the gluons chain (Thorn, Greensite)
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Summary :

® Coulomb gauge perfect for QCD inspired
hadron phenomenology

® Center vortices coming soon so stay tuned




w(|E|) plays the role of average
one-gluon kinetic energy in  w(0) = 0.6 GeV
a color singlet state

Quasi-gluons
and glueballs

Not to be confused with a dk =~ -
one-gluon energy which is | f Ep x / ms LUkl

IR unstable e

Egiucball

sum is IR finite (for color singlet)




lattice

Glueball Spectrum
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RPA corrections
Completed for 0 T
D.Whittington,APS




Gluon degrees of freedom
Alternatives to lattice

Quasi-
particles
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gluons in the bag
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Excited states without 3-body interactions

rgoo0000 E;
P S S—
— e
5IIII||||||||||||"'|""'-III B Tl U L |III||II!

r (V(r)-V(2r,))

5

Swanson (Morningstar et al.)

Szczepaniak,Krupins



QED Coulomb QCD Coulomb
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With 3-body
Interactions
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Coulomb energy vs “True” (Wilson)
energy

led) = o (R/22)4"(—R/22)[0)  Ve(R)= (7| H|qq)

Zwanziger

Ve(R) > E(R)

“No confinement without Coulomb confinement”
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Constituent gluon models : low lying states
should reproduce JPC = 1+- (Lg =1)not JPC=1-
- (Lg=0) for the lowest gluon state
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Choose a physical

QCD Quasi-particles: gauge, e.g. Coulomb
gauge
Compute the QCD AR (x) — AT (x)
Hamiltonian
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Soft gluonslead to :Confinement
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V(R4)
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Discretization Errors

Handles:

Transformation to “lattice” momenta

M- V?
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2

®=_ sin(ka/2)
Momentum cut along “diagonal” direction

Vary lattice volume
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