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Motivation for the Front Form (FF)

e Relativistic scattering (EIC)

e Rise of quantum computing
Motivation for my work

e Develop FF framework for quantum comput-
ers

e F'F QCD Hamiltonian needs to be renormal-
ized



Outline

e Wick’s diagrams

e Canonical Hamiltonian

e Zeromodes, pT > €' cutoff

e UV renormalization (¢, cutoff)
e [R structure (gluon mass m,)

e Self-adjoint extensions
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Canonical Hamiltonian of QCD
Lagrangian density
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Hamiltonian density

H=Hy2ya2 +Hja t’HAzx + Hypaay +Hjj

Canonical Hamiltonian

H anonical = / d3$H



Canonical Hamiltonian of QCD
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Canonical Hamiltonian of QCD
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Canonical Hamiltonian of QCD
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Canonical Hamiltonian of QCD
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Regulators

n n
e Momentum cutoffet: |q7| > €

e UV cutoff ¢, e—trlay +tay)?

__my+ ()

o IR regulator my: q n
q



Regulators

n n
e Momentum cutoffet: |q7| > €

(g7 +L.....q—)2 Regulates
e UV cutoff ¢,: e trlo +tan) changes of g~

J_)Q

__my+ (g

o IR regulator my: q m
q



Small momentum cutoff p* > €t

o Cutoff removes zero-mode interactions

e Zero-mode counterterms (in the future)
What to expect?

— Shifts of bare masses and coupling constants
[Burkardt, Nucl.Phys. (2000)]

— Large effective quark masses (ySB)
— Spin-flip terms, etc.



Canonical Hamiltonian is ill defined
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Canonical Hamiltonian is ill defined

(l¢) <00 — |JH[¢)| =00 GH

Domain of H is trivial!  [Introduce UV cutoft:
H — H(A)
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Unlimited energy!
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Triangle of renormalization
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Triangle of renormalization
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RGPEP

Renormalization group procedure for effective particles

Ht H bare

ay = L[tathT, CL;r :L{taTL{tT
Hy = U Hpweldy, Uy =1



RGPEP

Renormalization group procedure for effective particles

ay = L[taZ/ltT, aI:UtaTL{J

Hy = U Hpweldy, Uy =1



RGPEP

Renormalization group procedure for effective particles

4,
dt

= [[Hf?%t]a%t] )

HO H bare

U

Hbare(A) = Hcanonical + X(A)

Counterterm
Matrix elements
(Observables) t=0 >0
Unrenormalized | Finite (Infinite) | Infinite (Infinite)
Renormalized | Infinite (Finite) | Finite (Finite)




Effective Hamiltonians perturbatively
Step 1: Hy = Ht,() + Ht,l + Ht72 +...
Step 2: Use Wick’s diagrams.
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Counterterms

e Need to check all matrix elements, but...

e the Hamiltonian is unbounded
— define its domain:

Fy = { ) :
supp(|¥)) in finitely many Fock sectors

and wave functions compactly supported}

Fp is dense in the Fock space



Counterterms
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Counterterms
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Infrared structure of front-form QCD

o Gluon mass m, to regulate IR singularities
e m, transforms IR into UV (front form!)

e Result: as (m, — 07)

Color singlets:  (¢| H |¢) = finite
Color nonsinglets: (| H |¢) ~ log(my)

e Serafin, Gustin, Love, arXiv:2606.24699.
e Serafin, Gémez-Rocha, More, Glazek, Phys. Rev. D 109 (2024),
016017.



Casimir operators in QCD
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Casimir operators in QCD
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Casimir operators in QCD
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Casimir operators in QCD
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Casimir operators in QCD

TaTa _ N (TaTa)
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Casimir operators in QCD
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Casimir operators in QCD
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Casimir operators in QCD
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Casimir operators in QCD
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Casimir operators in QCD
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Casimir operators in QCD
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Casimir operators in QCD
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Logarithmic confining potential
A =59 GeV, mg =47 GeV

p, z [GeV7]
K.Serafin et al. Phys.Rev.D (2024)
R.Perry (1994)



Self-adjoint extensions

e Effective Hamiltonian is a form on Fy,.

e The form likely corresponds to a symmetric
operator.

e Need to extend to a self-adjoint operator.



Self-adjoint extensions

e Effective Hamiltonian is a form on Fy,.

e The form likely corresponds to a symmetric
operator.

e Need to extend to a self-adjoint operator.

e Hypothesis: different self-adjoint exten-
sions correspond to different vacuum physics.



Conclusion

Result: effective renormalized Hamiltonian of QCD

— Well-defined quadratic form (symmetric operator)
in the color-singlet subspace.

— We found a Casimir operator times log mi
g9

— No divergences due to the gluon mass and omission
of zero-mode counterterms at the level of matrix ele-
ments (color singlet).

— Suitable for nonperturbative diagonalization.

Thank you for attention!
arXiv:2606.24699
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