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Direct Numerical evaluation of weighted sum of loop integrals ,

with the new “sum_package”

Introduced to pySecDec in  arXiv:2108.10807

Optimised to reach given accuracy goal on the sum rather

than on individual integrals

Quantities like F ~ Form

factor can be directly

evaluated :

3.



Evaluation of loop integrals with “Expansion by regions” * method

Integrals expressed as series expansion in terms of a

‘smallness parameter’

Ideal to apply when large scale differences are present

between the invariants of the Integral

Introduced to pySecDec in  arXiv:2108.10807

Hard region : k ~ p >> m

Soft region : k ~ m << p

4.

* hep-ph/9711391

https://arxiv.org/abs/hep-ph/9711391


Various partonic channels contribute to

Higgs+jet production amplitude

5.



Complete analytical treatment in  arXiv:1711.09875

would be to express each physical form factor as

. Thereby making it

ready to evaluate with the “sum_package”.

The consist of and

. Let us quickly review these integrals.

F= σ𝑛=1
14 𝑃𝑛𝐼𝑛

6.

Form factors



αi =0

7.



There are form factors :

Because of the of the amplitude :

Thus only of them . We take them to be .

Calculate them in terms of linear combinations of 14 master integrals

8.

𝐹212 = 

𝑛=1

14

𝑃𝑛𝐼𝑛 𝐹312 = 

𝑛=1

14

𝑀𝑛𝐼𝑛



Each can have , we have 23 =

of them are , as a result of

and of the amplitude.

Amplitude squared in terms of helicity amplitudes (We use this equation

for final numerical evaluation)

9.



The for in terms of Lorentz

invariants.

10.

(This is the analytic result

in Heavy Top Limit)



First, define all the 14 integrals and corresponding coefficients in a

separate file. (One for each form factor)

11.

Invoke the to evaluate the . Define

necessary parameters for integration and .

Monday 29/11 : “Expansion by regions & Monte Carlo

integration with pySecDec” ~

For our example ~ weighted sum of 14 one-loop integrals,

CPU @ 1.6 GHz : Relative precision ~ 10-4

computing time ~ 10 s

More information ~



Integrator = Qmc verbose = True epsrel = 1e-4 epsabs = 1e-14

Integration results!
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Express the integral as series expansion in

For the of our amplitude, we can expand them in

, considering we will evaluate them in heavy top

limit

First order expansion for I2 integral is expressed :

13.

Define loop integral regularly, but multiply all invariants and masses

(except mt) with .



[s12,s13,s23,m2
t, m2

H] = [0.0009,-0.0003,-0.000442,1.0,0.000157]

Integrator = Qmc

Integration results! (Only for the I2 integral, others can be verified similarly)

Z = 1 expansion_by_regions_order = 1
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Latest version : pySecDec 1.5.2 (arXiv:2108.10807)

Demonstrated the application of two new features with three gluon

Higgs amplitude at 1-loop through

15.

Direct numerical evaluation of

Numerical evaluation of loop Integrals with method of







The final 14 Integrals are as follows. We maintain the same convention of

order throughout this project.



This integral needs an additional regulator while evaluating with

expansion by regions. (pySecDec will notify)

Modified conditions for I6 integral are as follows : (remaining

conditions similar to others)

Introduce the extra regulator n1 in the powers of the propagators,

by consequently dividing it with prime numbers.



Stays constant :




