
LoopTransport: a library to solve differential equation

systems using generalized series expansions

Tobias Neumann (BNL)


1



2



Numerical solution of diff. eq. systems
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Numerical solution of diff. eq. systems
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∂
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Numerical solution of diff. eq. systems

Use one-dimensional contour parametrization Bonciani, Del Duca, Frellesvig, Henn, Moriello '16; Moriello '19

DiffExp, a Mathematica package for computing Feynman integrals in terms of one-

dimensional series expansions M. Hidding '20
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∂
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f(t, ϵ) = (t, ϵ)f(t, ϵ)
∂

∂t
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Numerical solution of diff. eq. systems

Introduce  in propagators;  as boundary condition X. Liu, Y.-Q. Ma, C.-Y. Wang '17; Z.-F. Liu, Z.-Q. Ma '22

AMFlow: a Mathematica package for Feynman integrals computation


via Auxiliary Mass Flow X. Liu, Y.-Q. Ma '22

+iη η = ∞

f(η, ϵ) = (η, ϵ)f(η, ϵ)
∂

∂η
Aη
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LoopTransport goals

cluster deployable

using free and open-source code

embeddable into other codes ("Monte Carlos")

tool for the community
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Advertising for LoopTransport

SeaSyde: Evaluation of Feynman integrals with arbitrary complex masses
via series expansions

Armadillo, Bonciani, Devoto, Rana, Vicini '22

 Given the time performances of our package, and in general of

packages implementing the
series expansion approach, a direct

implementation in Monte Carlo generators is out of question.

“
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Numerical solution of diff. eq. systems

f(t, ϵ) = (t, ϵ)f(t, ϵ)
∂

∂t
At

9



Numerical solution of diff. eq. systems

Canonical sectors

Iterated integration

f(t, ϵ) = (t, ϵ)f(t, ϵ)
∂

∂t
At

(t, ϵ) → ϵ (t)At A
~

f( ; t) = ∫ dt (t)f( ; t) + boundary cond.ϵk A
~

ϵk−1
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Numerical solution of diff. eq. systems

Canonical sectors

Iterated integration

Otherwise method of Frobenius, inserting series expansion ansatz

Über die Integration der linearen Differentialgleichungen durch Reihen. Frobenius 1873

f(t, ϵ) = (t, ϵ)f(t, ϵ)
∂

∂t
At

(t, ϵ) → ϵ (t)At A
~

f( ; t) = ∫ dt (t)f( ; t) + boundary cond.ϵk A
~

ϵk−1
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s₀,t₀,mₜ=∞

sₜ,tₜ,mₜ=173

LoopTransport

(t, ϵ) = A(t, ϵ) ⋅ (t, ϵ)
∂

∂t
f ⃗  f ⃗ 
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Implementation in FriCAS
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LoopTransport: How does it compare to DiffExp?

Series expansions as infinite stream
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LoopTransport: How does it compare to DiffExp?

Series expansions as infinite stream

Mapping of closest singularities:


conformap map of complex plane: Möbius

transformation

Accelerate series convergence:
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LoopTransport: How does it compare to DiffExp?

Series expansions as infinite stream

Mapping of closest singularities:


conformap map of complex plane: Möbius

transformation

Accelerate series convergence:

Shanks sequence transformation:


assume for partial sum ,n

= A + α , |x| < 1An x
n
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Higgs+jet production at NLO
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�gure: 1609.06685

Higgs+jet 2-loop planar topologies

Four planar families A, B, C, D Bonciani, Del Duca, Frellesvig, Henn, Moriello '16

Non-planar family F Frellesvig, Hidding, Maestri, Moriello, Salvatori '19

Non-planar family G Frellesvig, Hidding, Maestri, Morielli, Salvatori '19

24



compile library

de�ne diff. eq. matrices

de�ne contour

set phase space points to evaluate
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set boundary conditions
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get result
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1/ε⁴

1/ε³

1/ε²

....

result vectors for master integrals
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One loop, 9 integrals, 4 segmentsTwo loop family C, 45 integrals, 7 segments

Two loop family A, 72 integrals, 12 segments
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Summary and outlook

LoopTransport library for solving loop integral diff. eq. systems

cluster deployable, can be bundled with codes,


implemented in FriCAS, free and open source




To do: Implement caching, improve user interface

perform benchmarks, eventually extend to auxiliary mass flow method







Implementation of all six 2-loop families for H+jet production

efficient evaluation of full top and bottom quark-mass dependence

Any wishes, comments, suggestions?

30


