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* Use momentum conservation at
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Feynman rules = Feynman integrals

Internal lines get propagators
1/D,

Use momentum conservation at
each vertex

Integrate over loop momenta /,
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WHAT ARE FEYNMAN INTEGRALS? %

Loop Feynman diagram + Feynman rules = Feynman integrals

* Internal lines get propagators
1/D,

* Use momentum conservation at
each vertex

- Integrate over loop momenta /;

“ , dd0—2€ ll dd0—2€ l2 1
= e — €
Dis = —(ly + p1 + P2 + p3 + pa + p5)? Io(v;dy) = e yEJ i (do=2€) D;...Dq;

« Mandelstam invariants

= 2 2
v = {812,8237834, 845, S56, S61, S123, 5234, 8345} Sij = (pz' +pj) ; Sijk = (pz’ + P +Pk)

3



WHAT APPROACHES CAN WE USE? %

The ultimate goal is to compare the result with the experiment = we need
numbers



WHAT APPROACHES CAN WE USE? %

The ultimate goal is to compare the result with the experiment = we need
numbers

s

y

Numerical computation

| Sector decomposition [pySecDec] |
r
> Auxiliary mass flow [AMFlow]

» Monte Carlo methods [feyntrop]




WHAT APPROACHES CAN WE USE? %

- The ultimate goal is to compare the result with the experiment = we need
numbers

=

y

Numerical computation Analytic computation

| Sector decomposition [pySecDec] |

lﬂ

Direct integration

> Auxiliary mass flow [AMFlow] Bootstrap methods

» Monte Carlo methods [feyntrop] Differential equation method




WHAT APPROACHES CAN WE USE?

- The ultimate goal is to compare the result with the experiment = we need
numbers
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Numerical computation Analytic computation

| Sector decomposition [pySecDec] |

lﬂ

Direct integration

> Auxiliary mass flow [AMFlow] Bootstrap methods

» Monte Carlo methods [feyntrop]
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Differential equation method

Method of choice /
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Special functions, numerical evaluation J
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dd0—2€ ll dd0—2€ 12 1

F(dy—2€¢ ap as
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,a13 € Z p; =0, 1=1, , 0
6
D pi= p; € RPe
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Pé K> D1y = —(lo +p1 +p2 + 3 + ps + ps)?
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<§ [CHETYRKIN, TKACHOQOV '81]

, « Vanishing of total derivatives in dimensional

{ Master integrals j regularization

| | - Relations between integrals with different
i powers of propagators

15/ . . .
lL Uniform transcendentality (UT) basis j - A finite number of independent integrals —

integral basis

= 45 master integrals

[FiniteFlow, LiteRed]
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{\ Canonical differential equations j

[Henn ’13]

- By choosing a UT basis, we find canonical

differential equations

dl =€ [Z c?kdlog(Wa)] I

\ W, €A

vector of N /
basis integrals algebraic functions

constant N X N

. of kinematics
matrices

The alphabet A encodes the singularity structure and
characterizes types of functions that can appear
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L Uniform transcendentality (UT) basis J

L Canonical differential equationsj
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We can solve the canonical differential equation

order by order in €

Y?‘

I®)(7) =

.....
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order by order in €
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- We can solve the canonical differential equation

A;:-A7>;'7f‘

order by order in €

®) () = Z > ™l (W, W, ] (@)

Chen iterated
integrals

L Boundary values J k
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Vo
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L Master integrals j

{L Uniform transcendentality (UT) basis j

{\ Canonical differential equations ]
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k Special functions, numerical evaluation J Five-point one-mass subtopologies
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