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Motivation
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BNL E821

FNAL E989 Run 1

World Average

• First 3 runs of FNAL is completed and the 4th is underway. Finally aiming at 16 × 10−11.
• Muon g-2 proposal at J-PARC: Phase-1 with ~ BNL precision

WP20 = White paper of the Muon g-2 Theory Initiative: arXiv:2006.04822

[WP20]
Theory:
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Types of corrections that goes inside SM prediction

[WP20]

WP20 = White paper of the Muon g-2 Theory Initiative: arXiv:2006.04822
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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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Abbendi, Carloni Calame, Marconi, Matteuzzi, Montagna, 
Nicrosini, Passera, Piccinini, Tenchini, Trentadue, Venanzoni

EPJC 2017 – arXiv:1609.08987
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-> Systematic effects must be known
at ≤ 10 ppm
-> Test run approved for 2022.
> Hopefully full run from 2023-25.

-> 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.

Abbendi, Carloni Calame, Marconi, Matteuzzi, Montagna, Nicrosini, Passera, 
Piccinini, Tenchini, Trentadue, Venanzoni

EPJC 2017 – arXiv:1609.08987
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The ratio of
the SM cross
section in the 
signal and the
normalization
region must be 
known at 
≤ 10 ppm

• Fully differential fixed-order MC@NLO (Pavia & PSI 2018-19)
• NNLO QED: MI for 2 loop box are computed.

Amplitude for 4 fermion 2 loop process is computed. (Padova 2017-2021)
• Two MC is built including partial subsets of the NNLO QED corrections

due to electron and muon radiation. (Pavia & PSI 2020) 
• NNLO hadronic effect is computed. (Padova & KIT 2019)
• Extraction of the leading electron mass effects from the massless

muon-electron scattering amplitudes (PSI 2019-present)
• New physics extracting Δ𝛼ℎ𝑎𝑑 𝑡 at MUonE (Padova & Heidelberg)
• and so on…

A report of the MUonE theory initiative:  arXiv:2004.13663
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[Alacevic, Calame, Chiesa, Montagna,
Nicrosini, Piccinini, ’18]   
(arXiv:2004.13663)

• It has been found that the muon-electron scattering
in the context of MUonE experiment is dominated by QED
effects.

• The tree level Z exchange has to be accounted since the
leading order effect is non-negligible.

• The NLO weak corrections are negligible.
• The NLO and NNLO QED corrections are needed to be accounted. 
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NNLO Photonic 
Corrections

Published in --
JHEP 11 (2020) 028
arXiv:2007.01586



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.
Partial results are available. 

There is significant progress
in calculation of MIs and
4-fermion amplitudes 
keeping the muon 
mass and neglecting
electron mass. 

[Mastrolia et. al.,2021 
arXiv:2106.13179]

Massification

[Heller, 2021.
arXiv:2105.08046]
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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 Leptonic 
Corrections

(Work in progress)



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



NNLO virtual Leptonic Corrections 
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[Actis, Czakon, Gluza, Reimann. 2008]
[Actis, Gluza, Reimann. 2008]
[Kuhn, Uccirati. 2009]

Replace photon
propagator to
capture bubble 
insertion

Two loop bubble
inserted diagrams 
can be calculated
using one loop
technologies 

Modified Dispersion 
relation

Dispersion Relation 
Technique



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

Bubble inserted double virtual box diagrams are checked using two 
independent calculation based on dispersion relation technique. 

Feyncalc

PackageX

Collier

Numerical
Intergrator
in Mathematica



NNLO Leptonic Corrections 

27

Bubble inserted vertex diagrams are checked against analytic result and dispersion
relation technique. 

Ettore Budassi, Carlo M. Carloni Calame, 
Mauro Chiesa, Clara Del Pio, Syed Mehedi Hasan, 
Guido Montagna, Oreste Nicrosini, 
Fulvio Picinini. (Work in progress)



- MUonE is on track. It aims to provide an independent determination of 𝑎𝜇
𝐻𝐿𝑂.

- From theory perspective high precision is needed for the simulation of muon-

electron scattering.

- NNLO Photonic corrections 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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● Extra Slides
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Vertex with
two different
mass:
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MIs:

Boundary Constants
are fixed using PSLQ

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

[Carlo Calame et. Al. ‘20]


