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I. Background: New physics
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DM SM

New physics

Precise test

Loops

Tool

New phenomena/principle – new physics itself



I. Background: UV divergences of loops
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Paradigm procedure

Angel

Devil or Angel? 

RenormalizationNot well-defined Loop road

Physical input 

Physical output 

DevilUV divergence！

Log divergence is OK, 

power-law divergence 

is problematic

Renormalization 
Two devils over the renormalization building

Huge Devil (Gravity)

QFT (SM)

Renormalization
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Large Devil (Higgs mass)

Next

Devil

Regularization
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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?!

The physical contributions of loops are finite with 
contributions from UV regions 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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除非 …

A conceptual 

breakthrough：

Derivative 
method

P-V

𝑓(x)=𝑒. 𝑔.

or
(Similar to 𝐸𝑝 = −

𝐺𝑀𝑚

𝑟
+C)



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 
UV physics being freeAn illustration: 

…
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LHC

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

In  Feynman-’t Hooft gauge (𝚲𝟐)

Power-law divergences ( 𝚲𝟐 , 𝚲𝟒 ）

Fine-tuning!

For W,  Z

Supersymmetry?√Accentuate 

Large Devil 

(Higgs mass)

In unitarity gauge (𝚲𝟒)
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A real problem for renormalization!

×



Power-law divergences ( 𝚲𝟐 , 𝚲𝟒 ）

Higgs in the first diagram

In UV-free scheme unitary gauge 
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Higgs in the third diagram

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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Power-law divergences ( 𝚲𝟐 , 𝚲𝟒 ）



Huge Devil (Gravity)

Renormalization × Non-renormalizable 

Einstein Gravity

0
.

Einstein Gravity 

cannot be quantized!?

Another alternative method

      UV-free scheme
Plan B:

IV. Graviton loop in Einstein gravity

Loops:
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arXiv: 2403.09487
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21 pages

(𝑙 = 𝑝 + 𝑞)
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Why does the UV-free scheme still hold 

for power-law divergences?

Finite input                  UV divergence input (continuation)

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

UV-free scheme

The 
hierarchy 
problem

(a) New particles (TeV) needed to 

cancel out UV contributions of loops 

to the Higgs mass 

(b) An  interpretation within SM

Two alternative routes of concern

To be verifiedVerifiedOriginally well-defined
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P. A. M. Dirac

Gravity

QFT

Both loops of the renormalizable Standard Model and non-renormalizable Einstein gravity being OK!

As expected by Dirac!

Physical output 

UV-free scheme

Physical input 
Loop road
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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



V. Summary and outlook
A. An alternative method --- UV-free scheme: 
Finite loop results obtained without UV 

divergences, the original 𝜸𝟓 matrix,  and 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. It is possible to incorporate Einstein gravity 
into the framework of QFT.
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Outlook:  

  It is the beginning of a new alternative method.

Thank you!
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