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I.  Angel or Devil?--- Free flow of ideas on UV divergences 

UV divergence！
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The ultraviolet catastrophe

Devil



Loop road

I.  Angel or Devil?--- Free flow of ideas on UV divergences 

- =

Renormalization 
(counterterm)

Based on: BPHZ scheme

Regularization & 
renormalization

Regularization Renormalization
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Devil Devil

Paradigm procedure



Issues/puzzles in Regularization and
Renormalization (BPHZ):
a. Infinity  (UV divergences )
b. Log divergence is OK, power-law 

divergence is not
c. ૞ࢽ issue (DR)
d. Unitarity gauge vs Feynman-’t Hooft 

gauge

Free flow of ideas 

P.A.M. Dirac
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Go forward in the direction pointed 
by Dirac:

a. No UV divergence (mathematically 
well-defined).

b. A general method with both Log and 
power-law divergences being OK!

Is it possible in a method?

P.A.M. Dirac
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II. New perspective --- UV-free scheme 

Low-energy 
corrections

Loop Loop

UV regions 
(Planck scale)

UV-free scheme: 

Jia, arXiv:2305.18104
Regularization & 
renormalization
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Negligible
Negligible?!



UV-free scheme: 

a. Tree-level:
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b. Loop-level Log:

No troublesome UV divergence in loop calculations!

An explanation why universal constant parts (γ_E, log(4π)) 
should be subtracted along with infinity in renormalization.
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Log divergences are OK

the original form
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coincidence, or correlation? 
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LHC

III. The hierarchy problem（c. Loop-level ઩૛, ઩૝）

In  Feynman-’t Hooft gauge (઩૛)

power-law divergences (઩૛, ઩૝）

Fine-tuning!

In unitarity gauge (઩૝)

For W,  Z

Supersymmetry?√
×

A real problem for renormalization!
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Accentuate



power-law divergences (઩૛, ઩૝）

Higgs in the first diagram

In UV-free scheme unitary gauge
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power-law divergences (઩૛, ઩૝）

Higgs in the third diagram
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power-law divergences (઩૛, ઩૝）

in the third diagram

125 GeV Higgs can be obtained without fine-tuning,  
i.e., an alternative interpretation within SM. 

power-law 
divergences are OK 
in UV-free scheme!
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Loop ઩૛, ઩૝Loop LogTree levelSchemes

OKRegularization & renormalization(BPHZ)

OKOKOKUV-free scheme

Different schemes

P.A.M. Dirac

An alternative scheme for loops

Regularization & 
renormalization

Physical input

Physical output

UV-free scheme

As expected by Dirac!

Loop road

UV-free scheme
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IV. Summary and outlook
A. An alternative scheme --- UV-free scheme for loops was introduced, and
finite loop results can be obtained without UV divergences. The ࢽ૞ matrix 
remains the original form, and the unitary gauge can be adopted for gauge 
bosons with masses.
B. UV-free scheme can be adopted to describe tree-level transitions and 
Loop Log and power−law (ࢫ૛, ࢫ૝) divergences.
C. To the hierarchy problem, 125 GeV Higgs can be obtained in UV-free 
scheme without fine-tuning,  i.e., an alternative interpretation within SM.

Outlook:  It is the beginning of a new method.

Thank you!
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