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Directions

Master Integrals

1L 2 diagrams 2L 12 diagrams 3L 108 diagrams
Form factors sums of O (10°) scalar integrals J
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System of linear relations among Fls

Master Integrals

Basis of loop integrals for the amplitude

1L 5 Mls 2L 23 [3] Mls 3L 345 [5] Mls
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The roadmap

Amplitude construction
@ ggraf: Feynman diagram generation
@ Reduze: sector mapping
@ FORM: Dirac algebra, diagram summation

@ kira: symbolic reduction to Master Integrals

Evaluation of the Master Integrals

o Differential Equations

Finite remainder
@ UV & IR subtraction
@ Refinement of the form factors
o Helicity amplitudes, [M|?
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Closed system of linear PDEs
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Directions

Differential equations for Master Integrals

@ Mls are functions of kinematics
@ A is shaped by the Mls

Canonical form

A(x,€) = ¢ Z B, dlog Ry(x)
a

e e-homogeneous
e B, contain rational numbers only
o dlog of algebraic functions in the kinematics
s—+/s(s—4m?
m? s ‘ u s Vsls Z4m)
s+ v/s(s — 4m?)

: ut- /o am)

4 2
m — tu 4dm” —s m-—t m- —u
u—t+/s(s —4m?)
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Directions

Differential equations for Master Integrals

@ Mls are functions of kinematics
@ A is shaped by the Mls
© Chen iterated integrals on d logs

Uniform weight
Fxe) = Fy) +2 [ /B(sl)da FE,°>+FE}’] +

{/B D) deda /B &) d&FY +FP | + ...

e Only specific functions and constants at each order in €

o Singularities and discontinuities from kernels

e Analytic cancellations in the amplitude

Marco Bonetti (IAP/ITP KIT) MUonE @ N3LO MPP2024 12-14.11.2024 10/12



Directions

Differential equations for Master Integrals

@ Mls are functions of kinematics

@ A is shaped by the Mls

© Chen iterated integrals on d logs
@ Integration constants & evaluation

Marco Bonetti (IAP/ITP KIT) MUonE @ N3LO MPP2024 12-14.11.2024

10/12



Directions

Differential equations for Master Integrals

@ Mls are functions of kinematics

@ A is shaped by the Mls

© Chen iterated integrals on d logs
@ Integration constants & evaluation

Thresholds & expansion-by-regions

No pseudo-thresholds
MUonE @ N3LO MPP2024 12-14.11.2024 10/12




Directions

Differential equations for Master Integrals

@ Mls are functions of kinematics

@ A is shaped by the Mls

© Chen iterated integrals on d logs
@ Integration constants & evaluation

Thresholds & expansion-by-regions

No pseudo-thresholds

4

Marco Bonetti (IAP/ITP KIT) MUonE @ N3LO MPP2024 12-14.11.2024 10/12




Directions

Differential equations for Master Integrals

@ Mls are functions of kinematics

@ A is shaped by the Mls

© Chen iterated integrals on d logs
@ Integration constants & evaluation

Thresholds & expansion-by-regions

p2—sm? :
No pseudo-thresholds Z

Marco Bonetti (IAP/ITP KIT) MUonE @ N3LO MPP2024 12-14.11.2024 10/12




Directions

Differential equations for Master Integrals

@ Mls are functions of kinematics

@ A is shaped by the Mls

© Chen iterated integrals on d logs
@ Integration constants & evaluation
© Numerical evaluation

Marco Bonetti (IAP/ITP KIT) MUonE @ N3LO MPP2024 12-14.11.2024 10/12



Directions

Differential equations for Master Integrals

@ Mls are functions of kinematics

@ A is shaped by the Mls

© Chen iterated integrals on d logs
@ Integration constants & evaluation
© Numerical evaluation

Power series expansion
o Freeze integration path, expand either at DEs or at direct integration

o Code implementation or expanded amplitue
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3-loop, one massive line (GPLs, NNLO complexity)
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Wrap-up

HVP to clarify < MUonE for independent result <= Theory beyond NNLO
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@ The goal

@ Interesting math
o Chen iterated integrals o Elliptic sectors e N3LO UV & IR

@ Challenging implementation

Where do we stand now?

3-loop, one massive line (GPLs, NNLO complexity)
STAY TUNED! )
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