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Coupled Few-body Equations
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Similarity Renormalization Group

Glazek,Wilson --> Phys. Rev. D 48, 5863 (1993); Phys. Rev. D 49, 4214 (1994).

Coupling-coherence

Perry --> Nuc. Phys. B 403, 587 (1993); Ann. PhyS. 232, 116 (1994).

Perry --> Proc. of 'Hadrons 94', Gramado, Brasil (1994).
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Two-body Logarithmic Confining Interaction

- Incomplete cancelation between the instantaneous interaction
and tha affantiva hinh_.anarmvy nna Aaliinn averhanna intaracntinn
ainG e clieCuve rugn-encigy One givon exinange ineracuon.

- acts in e‘very Fock sector and confines quarks and gluons
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Hy : leading order --> no

V :corrections --> pertur

Constituent Picture

HO --> dominant interactions
that conserve particle number

emission and absorption of low-energy gluons

\' -> Hn => BSPT converge
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Gluon energy can be dynamically lifted up

Perry --> V4 confine gluons

a mass gap develops

Non-perturbative problem in
Fock-sectors containing gluons
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Brisudova, Perry, Wilson --> Phys. Rev. Lett. 78, 1227 (1997).

- Heavy Quarkonia

leading order -> Heavy Mesons

- constituent quark masses

corrections -> BSPT

How to improve :

-> higher orders in similarity




How to set up the bound-state calculation more effectively

H. : better approximation
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V : smaller corrections

Phenomenology

H incorporates non-perturbative effects
from intermediate and low-energy gluons
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Assign an Effective Mass to Gluons at
Intermediate and Low-Energy Scales




Renormalized LF Hamiltonian with Constituent Gluons

- bare QCD Hamiltonian in LF gauge (A, = 0) -> Hg(A)

A 2 ,/CP+ . cutoff on free energy chan ge a
the interaction vertlces
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- Similarity Transformation : lower the cutoff A —> A

- Coupling-Coherence ( fix counterterms )
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Gluon Dispersion Relation (< A)

qﬁ - q_l_2 qi= + Vi (qj_,q
q* q*

- higher Fock-sectors
- 'Vlg(ql,Q*) -> mg '_(Xg)
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l1l) Second Similarity Transformation

- lower the cutoff to a scale [L < A where we expect mesons
can be approximated by qgq-component.
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- effects of gluons with energy L < E < A 'integrated out'

and replaced by effective interactions

- does not generate new divergences

no need for new counterterms
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Iso runs the cutoff perturbatively
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around a different free Hamiltonian
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Brisudova, Perry, Wilson --> Phys. Rev. Lett. 78, 1227 (1997).

Veont(rzr,) = Vo(r) + k%‘ Vi (r) Ri(cos 6)
angular average rotationally non-invariant

leading order :
HO =< Hfree >4+ 2+ Vo(r) + VCOU|(I’)

|

corrections in BSP
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An important piece of the Physics is missing in Hg




Charmonium (massless gluons)
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Rotational symmetry is dynamical in the LF

and is broken by the cutoff
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Exact restoration --> states with arbitrarily large number of gluons

Approximated restoration for the low-lying states
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including the corrections from Vo

H (Z)R(u) —>effective interactions that replace the effects of
| emission/absorption of gluons with |1 < E < A

|

Y
reduce the corrections due to the o
—_— r lg r\xg )
violation of rotational symmetry I
F(xg) =| xg |
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Charmonium
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Q = Veonfl(r.L » 12=0) - Veonf{r1=0 , r2)i / Vo(r)
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- Renormalized Light-Front QCD Hamiltonian O(gz)

- Similarity Transformation
- Coupling-Coherence
- Effective Gluon Mass One-Body Operator

- Effective Quark-Antiquark Potential for Charmonium
- Veons l€SS rotationally non-invariant at
intermediate range -> Mg I Xg l

- useful to gain intuition about the O(gz) results

Next step:

- Solve for the low-lying bound-states
- evaluate the corrections from rotationally non-invariant part
- spin dependent interactions

- choice of M(q™, q.)




