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Motivation
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See M. Passera’s talk
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Types of corrections that goes inside SM prediction

[WP20]



6

Types of corrections that goes inside SM prediction

[WP20]
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Types of corrections that goes inside SM prediction

[WP20]
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[Borsanyi et. al. (BMWC),
Nature 2021]



9From Carlo’s talk, INFN Roma Tre, 2019
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-> Systematic effects must be known
at ≤ 10 ppm
-> Test run approved for 2021.
> Hopefully full run from 2022-24.

-> 150 GeV muon beam on a fixed 
electron target.
->Each module consists of a low-Z target 
(Berillium) and two silicon 
tracking stations located at a distance 
of one meter.
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M. Passera’s talk

The ratio of
the SM cross
section in the 
signal and the
normalization
region must be 
known at 
≤ 10 ppm
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NNLO Photonic 
Corrections

Published in --
JHEP 11 (2020) 028



Sample topologies for NNLO QED corrections on electron/muon line

[Carlo Calame et. Al. ‘20]
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Sample topologies for NNLO photonic corrections on electron/muon line

[Carlo Calame et. Al. ‘20]
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Nf=1 subset
is removed 

Exact
calculation

Two loop 
Formfactors are
taken from 
Mastrolia et. al. 
arXiv:hep-
ph/0302162
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Sample topologies for one loop boxes

All relevant one loop 
boxes and pentagons are 
calculated exactly
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Sample topologies for NNLO photonic corrections to box like structure

Yennie-
Frautschi-
Suura (YFS)
approximation used
including full mass
dependence

Not known exactly
with full mass effect.
Recent progress
in calculation of MIs
keeping the muon 
mass and neglecting
electron mass 

[Mastrolia et. al. ’17]

Massification
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NNLO photonic corrections

[Carlo Calame et. Al. ‘20]

Only non-IR remnant of
the two loop boxes 
are approximated
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NNLO photonic corrections

[Carlo Calame et. Al. ‘20]

• Phenomenological results are obtained by using fully differential MC code, MESMER.
• Structure of the code is completely general. YFS can be replaced by exact calculation.
• We adopt the typical running condition of the MUonE experiment. Energy of the 

incoming muon beam is taken to be 150 GeV. 
• The electron is assumed to be in rest inside a bulk target and thus 

[Carlo Calame et. al. ‘19]
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NNLO photonic corrections

[Carlo Calame et. Al. ‘20]
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NNLO photonic corrections

[Carlo Calame et. Al. ‘20]
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NNLO photonic corrections

[Carlo Calame et. Al. ‘20]
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NNLO Leptonic 
Corrections

(Work in progress)



NNLO Leptonic Corrections 
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Ettore Budassi, Carlo M. Carloni Calame, 
Mauro Chiesa, Syed Mehedi Hasan, 
Guido Montagna, Oreste Nicrosini, 
Fulvio Picinini. (Work in progress)
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MIs for Leptonic 

corrections on 

Vertices  
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Vertex with
two different
mass:
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-> Amplitude given by Feynman diagrams

𝐴 =

𝑖

𝑎𝑖𝐼𝑖
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-> Amplitude given by Feynman diagrams

𝐴 =

𝑖

𝑎𝑖𝐼𝑖

-> Project onto basis using Integration by Parts identities
(Tkachov; Chetyrkin, Tkachov)

𝐴 =

𝑖

𝑐𝑖𝑓𝑖
Implemented in public codes

LiteRed (Lee)

REDUZE (Studerus, von Manteuffel)

Fire (Smirnov)

Air (Anastasiou, Lazopolus)

Kira (Maierhoefer, Usovitsch, Uwer)
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-> Amplitude given by Feynman diagrams

𝐴 =

𝑖

𝑎𝑖𝐼𝑖

Implemented in public codes

LiteRed (Lee)

REDUZE (Studerus, von Manteuffel)

Fire (Smirnov)

Air (Anastasiou, Lazopolus)

Kira (Maierhoefer, Usovitsch, Uwer)

-> Project onto basis using Integration by Parts identities
(Tkachov; Chetyrkin, Tkachov)

𝐴 =

𝑖

𝑐𝑖𝑓𝑖

-> Calculate basis elements via differential equations
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-> Kinematic derivative in space spanned by MIs

𝜕𝑥 ҧ𝑓 = 𝐴𝑥 ҧ𝑓

Method
Differential Equation
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-> Kinematic derivative in space spanned by MIs

𝜕𝑥 ҧ𝑓 = 𝐴𝑥 ҧ𝑓

-> Conjecture: There is a basis such that:

𝜕𝑥 ҧ𝑔 = 𝜖 ሚ𝐴𝑥 ҧ𝑔 (Henn)

->There are many strategies to get the epsilon factorized form

• Magnus Theorem                                            (Ageri, Di Vita, Mastrolia, Mirabella, Schlenk, Tancredi, US)

• Unit leading Singularity                                  (Henn)

• Reduction to fuchsian form and
Eigenvalue normalization                               (Lee, Smirnov)

• Factorization of Picard-Fuchs operator        (Adams, Chaubey, Weinzierl)

Method
Differential Equation



Canonical form

• Kinematic dependence encoded in η

• η’s form the alphabet

Solution given by

(Goncharov)

(Chen)

Solving Canonical Differential Equation

Algebraic 𝜼s : Chen Iterated Integrals Rational 𝜼s : Generalized Polylogarithms



-> Solution given by

Pseudo-thresholds

• Solution has unphysical divergences

• Demanding absence of unphysical 

divergences gives relations between 

boundary constant 

⚫ Leftover constants must be provided

-> Two general ways to fix the boundary

Known Limit

• Taking the limit x to x0  

• Fix boundary constant by matching the 

solution to known function

Boundary Conditions
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MIs:

Boundary Constants
are fixed using PSLQ

Numerically
Checked against
SecDec 3
(Borowka et. al
arXiv:1502.06595)



- MUonE is on track

- NNLO Photonic corrections to muon-electron scattering are presented

- NNLO Leptonic corrections are in progress

- New multi scale Master integrals are calculated 

Outlook
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● Thank you
for the attention
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