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Background:

In high-energy physics, calculating loop diagrams 
/Feynman Integral is always an inevitable challenge. 

①Studying the analytical structure of Feynman integrals;

② Finding efficient methods for computing loop 
diagrams.



Background:

For a general one loop tensor Feynman Integral: 

Reduction: Example:

Master Integrals/Basis

约化系数



Background:

Reduction methods:
Passarino-Veltman (PV),

Ossola-Papadopoulos-Pittau (OPP),

Integration by Part (IBP),

Unitarity Cut,

Intersection Number,

Computational Algebraic Geometry...etc.

Package: 

Neat IBP;               FIRE;

Kira;                       LiteRed;

FIESTA;                 Blade;

...etc.



Generating Function:

(arxiv:2209.09517)
Ex: Hermite Polynomial Hn(x):

Motivation:



Feynman parametrization in the projective space:

(arxiv:2204.03190)

Multiply both sides by �� and sum 

over r from � → ∞.  We can have a 

differential function for the 

generating function



Notations:



……



Generating function of n-gon to n-gon:

Not a Taylor series of t

The final result:



Derivative formula: 

Integral formula:



Generating function of n-gon to (n-k)-gon:

相当于对动量q，质量m等
参数进行层层“打包”。这些
打包后的参数在数值计算
的时候可以并行计算出，
从而加快计算效率。
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Examples:
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由Building blocks生成的“基”

PV的基：

1 in total

5 in total
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       k
   r box triangle bubble tadpole

1 1 1 0 0

2 2 3 1 0

3 2 7 5 1

4 3 13 16 7

5 3 22 40 29

6 4 34 86 91

7 4 50 166 239

8 5 70 296 533

与传统PV约化基个数的对比：（Box约化）

       k
   r box triangle bubble tadpole

1 1 2 0 0

2 3 5 6 0

3 4 9 10 9

4 8 16 20 16

5 10 25 30 25

6 17 39 50 39

7 21 56 70 56

8 32 80 105 80
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计算时间测试

Kira:
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主积分 主积
分个
数

计算单
个系数
时间
（秒）

总时间（秒）

Tadpole 4 83 332

Bubble 6 54 324

Triangle 4 18 72

Box 1 1 1

总时间 729

Kira 3859



Generating function for higher poles: arxiv: 2403.16040



IBP relations:







Advantage of Generating Function:

①More concise expression;

②Understand the analytical structure;

③Accelerate the computation.




