Relativistically Invariant
Regularization and
Renormalization of

Poin Particle Field Theories
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. Charge Mass Am/!
Particle (electronic) (MeV) [(MeV)

n (neutron) 0 939.5

p (proton) +1 938.2 |—1.3
7 (7T-meson) 0 135.0

+1 139.6 |+4.6

L A( Negative
IAm = (mass of charged)

— (mass of neutral).

NI T PROTON



Outline

Issue of Infinities in Point Particle Theories
Proposition due to Bopp and Podolsky
Interpretation as Pauli-Villars Regularization
Renormalization Program in QFTs.



The field energy of a point charge
2

electric field is q/4meqr
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It 1s all fine until we set @ equal to zero for a point charge



Annalen der Physik. 5. Folge. Band 38. 1940
Fine lineare Theorie des Elekirons*)

Von Fritz Bopp

Inhalt: § 1. Feldgleichungen, Energie-Impuls-Tensor. — § 2. Punkt-
ladung und Bewegungsgleichungen. — § 3. Strahlungskraft. — § 4, Ent-

wicklung der Hamiltonfunktion.
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[ .et’s now focus on the static case
(1 —a’V*)V?p = —4mp



P, = (1 —a’V>)V? P,¢p=—4np
a fixed unity point charge localized at r
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Coulomb, Podolsky and Yukawa Potentials for a = 0.5
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The BP potential from ordinary electrostatics
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Exchange of the role between

the length scale parameter a introduced
in the BP model for a point charge and
the length scale parameter b for a
specific charge distribution in the
ordinary electrostatics.

Physical meaning of charge
renormalization as the charge

screening due to the Dirac vacuum
in QED,



Reinterpret the BP’'s generalized
electrodynamic action as a natural
way of providing Pauli—Villars
regularization in ordinary QED.
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axial Lorenz (AL) gauge-fixing
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At =0, 9-A- +9,A,C=0 (C=cos25)
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A =0,V-A=0 A+ = 0
Coulomb Gauge Light-front Gauge
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C.Ji, Z. Li, B.Ma and A. T. Suzuki, PRD98, 036017(2018)
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Application — the electron self-energy
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CP-Even Electromagnetic Form
Factors of W™ Gauge Bosons
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One-loop Contributions in
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Vector Anomaly
iIn Fermion Triangle Loop

“Sidewise” channel “Direct” channel
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(AQ) "Sidewise" (AQ) "Direct"
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Vector Anomaly Revisited

Dimensional Regularization (DR4,DR2) Smearing of charge (SMR)

q=p'-p
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Manifestly Covariant Results
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LFD Results

G =<h',p'\J+ |h,p> in q" =0 frame with n=0°/4M; (Q° =-q°),
G:, =2p"(F +nF,),G}, = p* 2 QF, + F, + 2F,),G!_ = -2p™F,,G;, = 2p* (F, - 2nF, -2n’F,)

q’ q"
— YaN | 8 pr k? +m —x(1-x)Q°
{r@é% ;ﬁl&i‘« * I (GOO)ZM_ 3M2 fdfdk k2+m1+x(1 x)Q

valence non- valence
(7, +25)" = | w6y | (5 2R) =[0Gy, - Gy v s anGr
P [\2n 4pm -

2
(F, + 2} = (Fy +2F,) +g4ﬁ(é)

(F, +2F) % = (Fy +2F,) s - & Qf( )(—+2—")
47* |\ 2n



LFD Results for Other
Regularizations
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Conclusion

» This work demonstrated that the BP model solution

for a point charge in classical electrodynamics corresponds

to an ordinary classical electrodynamic solution

for a specific charge distribution.

« We further elucidate the BP model as a natural way of
providing Pauli—Villars regularization in ordinary QED.

« \We note that the weakening of the divergence in QED as
logarithmic, in contrast to the classical linear divergence,

Is a consequence of the non-trivial Dirac vacuum in cooperation
with the UV cutoff parameter which is combined with another
unmeasurable quantity, i.e., the bare mass, to yield the physically
measurable renormalized mass of the electron.

« The BP parameter corresponding to the UV cutoff parameter is
thus as unmeasurable as the bare mass but essential to regulate
the loop divergence in QED and renormalize the mass of the
electron as the physically measurable quantity.



