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The muon g — 2 & Spacelike
approach



Starting point: g, — 2 & Theoretical Approaches
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Timelike & Spacelike approaches

Timelike approach:
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Spacelike approach:
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Going spacelike

+ Aanag: measured in a single pe scattering on a low Z target is an
experiment with a spacelike ideal process:
process. - pure t-channel process
- A high-precision experiment - M2 muon beam (F,, ~ 160 GeV)
is needed: 10 ppm. is available at CERN
lt] (103 Gev?) - /s~ 0.4 GeVand
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Towards muon-electron
scattering at NNLO in QED



Photonic NNLO corrections: exact co

- Virtual NNLO photonic contributions are
included exactly for electron or muon :
leg emission. 2-loop QED vertex from R
factors taken from Mastrolia and o :
Remiddi.

"

- 1-loop corrections to real
photon emission exactly
included: e.g. pentagon
diagrams.

- Double real emission
included exactly.

M. Alacevich, C. M. Carloni Calame, M. Chiesa, G. Montagna, O. Nicrosini, and F. Piccinini, JHEP 02 (2019) 155
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Photonic NNLO corrections: approximated contributions

- Of the 2-loop virtual diagrams

—p— AANANANAN—P— -
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NN

with a virtual photon insertion
on top of NLO boxes, only the IR
part is included exactly (YFS).

- The non-IR remnants are

approximate.

- All photonic NNLO effects weigh

at most some % at the Phase
Space boundaries.

Work is in progress for the full
e — pe at NNLO (Padova&Psl).

C. M. Carloni Calame, M. Chiesa, S. M. Hasan, G. Montagna, O. Nicrosini, and F. Piccinini, JHEP 11 (2020) 028.



NNLO Lepton Pair Contributions: Virtual

2 2 o o
dg,‘g‘f =do{iy + doS + dofa - Integration over z is
performed numerically

WQHE with MC techniques.
T - Master Integral
techniques for a subset
of such diagrams to
cross-check results.
- Interplay between real
L photon radiation and
leptonic loop insertions.

—iGuy ; ( e ) "o dz o
T Juv (3 Ju, 2 - IR divergences are
' cancelled by a sub-set of
1 4mj 4m? . I
X ——— [T+ =L )4/1—- —£. the virtual contributions.
g2 —2z+ie 2z z
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NNLO Lepton Pair Contributions: Virtual
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pton Pair Contributions: Real

2 2 2 2
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doy, = doj + doy + dog,

« 2— 4 LIPS.

- The QED matrix elements have
been calculated with FORM and
cross-checked with RECOLA.

- Cuts: a set of elasticity cuts must
be imposed to reduce a
potentially large background
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Real NNLO Lepton Pair Contributions: Results
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Take-Home Message and Outlook

- Important efforts to develop NNLO fixed-order Monte Carlo
event generators for pe scattering.

- We studied NNLO Photonic corrections exactly except for a
subset (YFS). Effects weigh some % at PS boundaries (small ¥,
large |teel).

- NNLO Virtual Lepton Pair contributions weigh 10=* to 1073, e*e
emission is dominant w.rt. p*u.

- NNLO e*e~ Real pair production could be a potential
background: effects are controlled if cuts are applied.

- e — pemy has been studied as a possible background process
(C. L. Del Pio’s poster).

- Higher-order QED corrections must be included to reach the
required precision, e.g. by matching a QED Parton Shower with
exact NNLO matrix elements.
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Backup: NLO EW corrections
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Backup: Photonic NNLO corrections: Results
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Backup: YFS approximation

At NLO for virtual box diagrams, YFS misses terms of order:

m2
Zin—£ ~ 0.025.
T m2
Therefore, for NNLO boxes YFS is expected to be accurate up to terms
of order: ,
2 .m
(£) 2k =6 x 107

T m2
Improving the accuracy requires the inclusion of exact NNLO boxes,
at least their leading terms in me.

17



Backup: YFS @ NLO
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Backup: pe — pemg
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Backup: Real NNLO Lepton Pair Contributions: More Results
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Backup: Muon pair production
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Backup: elasticity cut

Elasticity curve can be parametrised as follows:

2 .
0,.(6.) = arctan [ Mer cos B sin B, ] |

El, — r (rE}, +2m¢) cos? 6,
where r is defined as:
(EL)? —m2

El, +me

and EL isthe incident muon energy in the laboratory reference frame.
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Backup: Event selection criteria

- Basic acceptance cuts
- When we have 4 particles in the final state we require that only 2
are detected (E; > 200 MeV and ¥; < 100 mrad).

On top of it, we added 3 selection cuts to select elastic events:

- cut 1 Jo > 0.2 mrad and 9, > 0.2 mrad
ceut2 =1 — |pe — @] < & =3.5mrad

- cut 3: Elasticity distance 6 < 6. = 0.2 mrad. 4 is defined as the
distance from the elastic curve:

5= min /(0 — 02 + (6,(6) — 62

E. Budassi, C. M. Carloni Calame, M. Chiesa, C. L. Del Pio, S. M. Hasan, G. Montagna, O. Nicrosini, F. Piccinini. JHEP 11 (2021), 098.
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Backup: Photonic NNLO corrections:
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Backup: Virtual NNLO Lepton Pair Contributions
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arXiv:2109.14606, doi:10.1007/JHEP11(2021)098.
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Backup: Real NNLO Lepton Pair Contributions:
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Backup: Sketch of the NLO calculation

NLO contributions:

ONLO = 022 + 0233

- Leading Order and NLO virtual contributions::

0252 = 010 + oo = /dd>2 |MLO| +2Re [MLOMNLO( )]}

- NLO Real contributions:

1 .
0253 = F </ d¢3’MNLO| / d¢3{M’NYLO|2>
JA<E,<AE E,>AE

- Same strategy used at NNLO
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Backup: Virtual NNLO Lepton Pair Contributions: More Results
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Backup: Virtual NNLO Lepton Pair Contributions: Results
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Backup: MUonE Apparatus

- Measure i and e angles with very high precision.

- Modular: 40 tracking stations with silicon detectors built for
HL-LHC upgrade. ” e

- ECAL and . filter downstream.

- Precision required on the differential cross sections: 10 ppm (!)

ECAL  MUON

MUonE Collaboration, G. Abbiendi et al, Letter of Intent: the MUonE project, Tech. Rep.CERN-SPSC-2019-026, SPSC-1-252, CERN, Geneva, Jun
2019.
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