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I. Background: UV problems
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Physics thrives 

on crisis 

The ultraviolet catastrophe

UV divergences of loops

- =

Paradigm procedure

Angel

Devil or Angel? 

RenormalizationNot well-defined Loop road

Physical input 

Physical output 

UV divergence！

Regularization

DevilDevil

e.g. the electron g-2  𝒪(10−12)



Renormalization 
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Log divergence is OK 

I. Background: UV problems

So far so good. But …

Three devils over the renormalization building

QFT (SM)
Renormalization

-

Large Devil (Higgs mass) Huge Devil (Gravity)
Big Devil (Dark energy)

Step out of the 
log zone

Power-lawdivergences are problematic

The cost: making infinite bare parameters 
as the foundation of the theory to cancel 
out UV divergences of loops.

A post-hoc approach 
for UV divergences



Next
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I. Background:

P.A.M. Dirac

Is it possible to have a method where UV 
divergences are absent by construction?

Pioneers' Vision

The shell game that we play is technically called 'renormalization'. 

But no matter how clever the word, it is still what I would call a 

dippy process! Having to resort to such hocus-pocus has 

prevented us from proving that the theory of quantum 

electrodynamics is mathematically self-consistent. It's surprising 

that the theory still hasn't been proved self-consistent one way or 

the other by now; I suspect that renormalization is not 
mathematically legitimate.Feynman

Dyson Schwinger

They envisioned a self-consistent 

quantum theory whose physical 

predictions were inherently finite, 

rendering the subtraction of 

infinities fundamentally 

unnecessary.

QED - The Strange Theory of Light and Matter

先贤愿景



UV-free scheme
arXiv:2305.18104

Regularization & 
renormalization 

II. Free flow of ideas   
--- UV-free scheme 

Negligible

（ primary antiderivative       +  boundary constant) 

Low-energy 
corrections

Loop

Loop

UV regions 
(Planck scale)

Negligible?!

Physical contributions of loops are finite with contributions 
from UV regions of momenta being insignificant. 

To  obtain the physical results of loops, an equation is introduced

我带走紫外发散

𝝃的自白
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A conceptual 

breakthrough：

Derivative 
method

P-V

𝑓(x)=𝑒. 𝑔.

or (Similar to 𝐸𝑝 = −
𝐺𝑀𝑚

𝑟
+C)

Local

Commun. Theor. Phys. 78, 015201

arXiv:2403.09487

Starting point：physical 

laws evolve locally.

Analytic continuation



To a new route: It first reproduces the successful 
renormalization results, and then gives an explanation 
to the three UV problems. 

or

Mathematical beauty

P.A.M. Dirac

arXiv:2305.18104
Commun. Theor. Phys. 78, 015201

arXiv:2403.09487
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Here



UV-free scheme: 

a. Tree-level:

b. Loop-level Log:

No troublesome UV divergence 
in loop calculations!
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In massless limit
the original 

form

coincidence, or correlation? 

𝛾5

Log divergences are OK 
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Two-loop calculation 

by hand

𝜇 running in a finite picture =0



The transition: 

Regularization & 
renormalization 

UV-free scheme

Interpretation: 
 An integral with logarithmic divergence 

bridge

In the dimensional regularization 

The momentum integration and 
the antiderivative are exchanged 

UV-free scheme

Renormalization is required

Non-commutation 

生硬
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A natural transition



An illustration: 

UV physics being free

Top-down structure Bottom-up structure

Regularization & renormalization UV-free scheme

Top

Down Bottom

Up

e = 𝑒𝜇 + Δ𝑒𝜇

UV physics 

being free!

Locally finite

UV region 

Low-energy 

region 

UV divergences 
and 𝝁 

Only 𝝁 
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LHC

The hierarchy problem（c. Loop-level 𝚲𝟐, 𝚲𝟒）

Fine-tuning!

Accentuate 
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A real problem for renormalization!

Higgs in the first diagram

125 GeV Higgs can be obtained 

without fine-tuning,  i.e., an 

alternative interpretation within SM. 

Large Devil 

(Higgs mass)



Huge Devil (Gravity)

Renormalization × Non-renormalizable 

Einstein Gravity

0
.

Einstein Gravity 

cannot be quantized!?

Another alternative method

      UV-free scheme
Plan B:

III. Graviton loop in Einstein gravity

Loops:
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arXiv: 2403.09487



arXiv: 2403.09487
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21 pages

(𝑙 = 𝑝 + 𝑞)
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IV. Dark energy in QFT
Big Devil (Dark energy)

Λ + CDM

10120

Vacuum energy
New ultraviolet catastrophe
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The vacuum energy density 

An effective active degrees of 
freedom 

Neutrino fields play a major role 
17

arXiv:2410.06604

The ripple description 

No longer a problem caused by the UV region

If dark energy comes from the vacuum 
energy, then the contributions of 
heavy fields should be suppressed by 
some unknown mechanisms. 

Gaussian distribution

μΛ likes ΛQCD and the 

electroweak scale v 

Naturalness



Neutrino mass and dark energy density

Hubble tension

The nearby universe 

H0 = (67.4 ± 0.5) km /(s∙Mpc)

The early universe 

H0 = (73.04 ± 1.04) km /(s∙Mpc)

H0 ≈ 70 km /(s∙ Mpc)

µΛ   has a slow-running behavior 
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Naturalness



Why does the UV-free scheme still hold 

for power-law divergences?

Tree level Loop finite Loop Log Loop 𝚲𝟐, 𝚲𝟒, 𝚲𝟔, …

Two alternative routes

Finite input                  UV divergence input (continuation)

UV-free scheme

Originally well-defined

The 
hierarchy 

problem of 
Higgs mass

(a) New particles (TeV) needed to 

cancel out UV contributions of loops 

to the Higgs mass 

(b) An  interpretation within SM
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A test 

LHC



P. A. M. Dirac

Both loops of the renormalizable Standard Model and non-renormalizable Einstein gravity being OK!
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Schemes Tree level Loop finite Loop Log Loop 𝚲𝟐, 𝚲𝟒, 𝚲𝟔, …

Regularization & renormalization（∞-∞） OK Problematic

UV-free scheme （𝐓𝑭 ->𝐓𝑷） OK OK OK OK

As expected by Dirac

Physical output 

UV-free scheme

Physical input 
Loop road



UV region

UV-free scheme

Devil

The UV-free scheme applies wherever the 
Standard Model holds as a low-energy effective 
theory. Deviations are signatures of new physics.

In an inherently finite framework, 
loop diagram calculations become 
substantially simpler.

负重爬山

终南捷径

From the handling of UV divergences to their preclusion by design.

UV divergences
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Finite parameters

Input Output

Bare parameters

UV-free scheme

微信公众号

物原其理



V. Summary and outlook

A. An alternative method --- UV-free scheme: Finite loop results 
obtained without UV divergences, and this is effective for loop Log and 
power−law divergence inputs.

B. To the hierarchy problem of the 125 GeV Higgs,  an alternative 
interpretation without fine-tuning within SM.

C. Applications to Einstein gravity and dark energy.

Outlook:  

  The beginning of a new method.

前方瀚海星辰，邀您同行共探！
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紫外自由方案
质本洁来去无痕，
解析延拓局域根。
紫外散尽星河阔，
有限参量见本真。

打油诗一首

使用新方法时别忘了引用噢！



恭祝李老师：耄耋新竹，风华更茂！

Thank you!
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