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status of aµ = (g − 2)/2

• E821@BNL measurement with an error of 0.54 ppm

aexp
µ = 116592089(63)× 10−11

G.W. Bennet et al. (Muon (g-2)), Phys. Rev. D73 (2006) 072003

• Experimental prospects =⇒ see talk by T. Mibe

• a couple of theoretical predictions

aSM
µ = 116591783(35)× 10−11

F. Jegerlehner, MITP Workshop, 19-23 February 2018, Mainz

aSM
µ = 116591820(36)× 10−11

Keshavarzi, Nomura, Teubner, arXiv:1802.02995

• ∆(Th− Exp) = −306± 72 ∼4σ deviation

Three possible scenarios
• New Physics?

• systematics of the measurement?

• systematics of the theoretical prediction?

Let’s see what are the ingredient to make aµ 6= 0 =⇒
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aSM
µ = aQED

µ + aEW
µ + aHLO

µ + aHHO
µ

• QED perturbative corrections known up to 4 loops plus 5 loops partial calculation:
aQED
µ = 116584718.86(30)× 10−11 ∼ 99.99% of the total

T. Aoyama, M. Hayakawa, T. Kinoshita; S. Laporta, E. Remiddi; M. Passera

• two loop electroweak radiative corrections: aEW
µ = 153.6(1.1)× 10−11

Gnendiger, Stöckinger, Stöckinger-Kim

• aHLO
µ = 6894.6(32.5)× 10−11 =⇒ largest source of uncertainty

F. Jegerlehner, MITP Workshop, 19-23 February 2018, Mainz
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• Hadronic light-by-light: aLxL
µ = 103.4(28.8)× 10−11

F. Jegerlehner, MITP Workshop, 19-23 February 2018, Mainz
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• Hadronic HO vacuum polarization: aHHO
µ = −87.0(0.6)× 10−11
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aHLO
µ

• perturbation theory (PT) reliable for leptons and top−quark
• PT not reliable for light quark
⇒ hadronic contribution from LQCD

⇒ via optical theorem, hadronic contribution from dispersion relation involving the
total hadronic cross section measured experimentally at e+e− machines:

aHLO
µ =

(αmµ

3π

)2
∫ ∞

4m2
π

ds
K(s)R(s)

s2

=
(αmµ

3π

)2
(∫ Ecut

4m2
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ds
K(s)Rdata(s)

s2
+
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cut

ds
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)
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∼ 1
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• due to the 1
s2

in the dispersion relation,

B αQED, eff(s) for precision physics at the FCC-ee/ILC
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Fig. B.8: A comparison of the weights and square uncertainties between ahad
µ and ∆α(5)

had(M2
Z) of

contributions from different regions. It reveals the importance of the different energy regions.
In contrast to the low energy dominated ahad

µ , ∆α(5)
had(M2

Z) is sensitive to data from much higher
energies.
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Fig. B.9: Contributions and square errors from e+e− data ranges and form pQCD to
∆α(5)

had(−M2
0 ) vs. ∆α(5)

had(M2
Z).
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f. Jegerlehner, in arXiv:1905.05078
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Recent results:

l π+π− from BES-III, CMD-3 and CLEOc
l π+π−π0 from Belle
l K+K− from CMD-3 and SND
l ωπ0 → π0π0γ from SND
l KS K±π0π∓, KS K±π∓η, π+π−π0π0, KS KLπ

0,
KS KLη,KS KLπ

0π0 from BaBar

see Simon Eidelman’s Talk
Energy range ahad

µ [%](error) × 1010 rel. err. abs. err.
ρ, ω (E < 1 GeV) 540.98 [78.6](2.80) 0.5 % 50.7 %

1 GeV < E < 2 GeV 96.49 [14.0](2.54) 2.6 % 41.5 %
2 GeV < E < ∞ incl pQCD 51.09 [ 7.4](1.10) 2.2 % 7.8 %

total 688.65 [100.0](3.94) 0.6 % 100.0 %

F. Jegerlehner muonLOHCws@MITP, JGU Mainz, February 19-23, 2018 13

600 650 700 750 800

N f = 2 + 1 + 1

■ RBC/UKQCD 18
692.5 ± 2.67

■ RBC/UKQCD 18
715.4 ± 18.72

■ BMW 17
711 ± 19

■ HPQCD 16
667 ± 13

■ ETM 15
678 ± 29

N f = 2 + 1

▲ RBC/UKQCD 11
641 ± 46

▲ Aubin+Blum 07
748 ± 21

▲ Aubin+Blum 07
713 ± 15

N f = 2

■ Mainz/CLS 17
654 ± 38

▲ Mainz/CLS 11
618 ± 64

❙ ETM 11
572 ± 16

FJ17 e+e−&τ 688.8 ± 3.4
HLMNT11 e+e− 694.4 ± 3.7
BDDJ15 HLS fit 681.9 ± 3.2
DHMZ16 e+e− 692.3 ± 4.2
DHMZ16 e+e−&τ 701.5 ± 4.6

■ HPV adjusted ∆aNP
µ = 0

720.26 ± 7.01

aHVP
µ · 1010

Summary of recent LQCD results for
the leading order aHVP

µ , in units 10−10.
Labels: n marks u, d, s, c, s u, d, s
and y u, d contributions. Individual
flavor contributions from light (u, d)
amount to about 90%, strange about
8% and charm about 2%.
Budapest, Marseille, Wuppertal,
Brookhaven, Zeuthen, Mainz, Ed-
inburgh, ... The gray vertical band
represents my evaluation. The
wheat band represents the HVP
required such that theory matches
the experimental BNL result. The
very precise RBC/UKQCD point is
obtained by supplementing lattice
results by R–data.

F. Jegerlehner muonLOHCws@MITP, JGU Mainz, February 19-23, 2018 24

F. Jegerlehner, MITP Workshop, 19-23 February 2018, Mainz

• Integral over time-like data extremely delicate due to combination of many (∼ 40)
exclusive channels

see talk by S. Eidelman

• several LQCD groups made recent progress, but not yet competitive in precision
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LQCD for HVP Muon g−2 Kohtaroh Miura1,2

4. Comparison and Discussion

This section is devoted to show aLO-HVP
µ reported by various LQCD groups and compare them.

The combined results using the LQCD and the dispersive method are also discussed. The aLO-HVP
µ to

be compared takes account of the extrapolations to the continuum limit and the physical mass point,
and FV/SIB/QED corrections. The uncertainties include a statistical error and systematic errors
from a scale setting, lattice data cuttings, fit model dependences in the extrapolations/interpolations,
IR-cuts in the correlators (C f=ud ,D)(t), and/or UV-cuts in the HVP Π̂(ω2). Both statistical and
total systematic errors are at a few percent level at present.

4.1 Comparing LQCD results
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Figure 7: Compilation of recent results for
the aLO-HVP

µ in units of 10−10. See text for
details and Table 3.

In Fig. 7 and Table 3, we compare aLO-HVP
µ re-

ported by various LQCD groups as well as the one
from the dispersive method. The recently published
results, BMW-18 [21] and RBC/UKQCD-18 [19], are
consistent well to each other and no new physics (green
band in the figure): the value that aLO-HVP

µ would have to
explain the experimental measurement of aµ [3], as-
suming that all other SM contributions are unchanged.
In contrast, HPQCD-17 [16], ETM-14 [54], and ETM-
18 [29] have observed a smaller aLO-HVP

µ than no new
physics. Recently, HPQCD-17 is updated to FHM-
prelim., which becomes closer to the BMW-18 and
RBC/UKQCD-18 estimates. All (updated) results are
consistent with the dispersive estimates where the latter uses Eq. (1.2) to calculate the HVP. Thus,
the present LQCD estimates of aLO-HVP

µ are still premature to confirm or infirm the deviations among
the experimental measurement and the dispersive SM predictions.

As seen in Fig. 7, the LQCD published results are not fully consistent to each other. To see how
the tension comes out, we compare aLO-HVP

µ in flavor-by-flavor in Fig. 8 (see also Table. 4): connected
light/strange/charm contributions (aLO-HVP

µ,ud/s/c, upper-left/lower-left/upper-middle) and disconnected
contributions (aLO-HVP

µ,disc , lower-middle). The aLO-HVP
µ,s/c/disc are already determined with high enough pre-

cision with respect to the requirements from FNAL-E989 and J-PARC-E34 experiments and con-
sistent among all LQCD groups. The tension is on the light connected contribution aLO-HVP

µ,ud in the
published results as shown in the upper-left panel. 8 FHM collaboration has updated their ensem-
bles and improved the multi-exponential fits for the light quark connected correlator Cud(t) at large
distance, which modified their result to aLO-HVP

µ,ud = 630(8) [55]. In turn, aLO-HVP
µ,ud by RBC/UKQCD

tends to become smaller when the higher excitation modes are taken account in the improved
bounding method for Cud(t) at large distance [37]. Thus, the tension in aLO-HVP

µ,ud seems related to the
treatment of the long distance behavior in Cud(t) and relaxed in the updated results.

8It should be noted that the discrepancy in the aLO-HVP
µ,ud between HPQCD-17 and the others (upper-left panel in

Fig. 8) is somewhat overestimated; the FV and taste-breaking corrections from the disconnected pion contributions are
included in HPQCD-17 (due to some methodological reason) while not in the results from the others.

12

K. Miura, arXiv:1901.09052
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The MUonE project

? G. Abbiendi, C.M. Carloni Calame, U. Marconi, C. Matteuzzi, G. Montagna, O. Nicrosini,
M. Passera, F. Piccinini, R. Tenchini, L. Trentadue, G. Venanzoni,
Measuring the leading hadronic contribution to the muon g-2 via µe scattering
Eur. Phys. J. C 77 (2017) no.3, 139 - arXiv:1609.08987 [hep-ph]

? C. M. Carloni Calame, M. Passera, L. Trentadue and G. Venanzoni,
A new approach to evaluate the leading hadronic corrections to the muon g-2
Phys. Lett. B 746 (2015) 325 - arXiv:1504.02228 [hep-ph]
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space-like evaluation of aHLO
µ

aHLO
µ =

(αmµ

3π

)2
∫ ∞

4m2
π

ds
K(s)R(s)

s2
=
α

π

∫ 1

0

dx(1− x)∆αhad(t(x))

Carloni Calame, Passera, Trentadue and Venanzoni, Phys. Lett. B 746 (2015) 325

aHLO
µ = −α

π

∫ 0

−∞

dt

βt

(
1− β
1 + β

)2

∆αhad(t)

where

t(x) =
x2m2

µ

x− 1
β(t) =

√
1−

4m2
µ

t
x(t) =

t (1− β(t))

2m2
µ

t =

{
0− for x→ 0+

−∞ for x→ 1−

∆αhad(t) is the hadronic contribution to the running of αQED(q2) = α
1−∆α(q2)

? aHLO
µ can be obtained by measuring the running of αQED in a space-like process

? ∆αhad(t) in the integrand is evaluated in the space-like region (negative transfer
momenta) where it is a smooth function

? Roughly, to be competitive with current time-like evaluations, ∆αhad(t) needs to be
known at some % level
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General considerations
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• integrand function (1− x)∆αhad(t(x))

xpeak ' 0.914

tpeak ' −0.108 GeV2
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µe→ µe elastic scattering in a fixed target experiment

G. Abbiendi et al., Eur. Phys. J. C 77 (2017) no.3, 139

7→ A ∼150 GeV high-intensity (∼1.3×107 µ’s/s) muon beam available at CERN North
Area

7→ Muon scattering on a low-Z target (µe→ µe) looks an ideal process

? it is a pure t–channel process→

dσ

dt
=
dσ0

dt

∣∣∣∣α(t)

α

∣∣∣∣2
? Assuming a 150 GeV incident µ beam we have

s ' 0.164 GeV2 − 0.143 . t < 0 GeV2 0 < x . 0.93 it spans the peak!

? the region 0.9 ≤ x < 1 can be covered with LQCD + PQCD

M. Marinkovic, MITP Workshop, 19-23 February 2018, Mainz
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• where is the challenge?
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Our signal ≡ dNdata(Oi)

dNMC(Oi)|∆αhad(t)=0
≡ dNdata(Oi)

dN∗
MC(Oi)

=

=
dσdata(Oi)

dσ∗
MC(Oi)

=
dNdata(Oi)

Nnorm
data

× σnormMC

dσ∗
MC(Oi)

'

' 1 + 2 [∆αlep(Oi) + ∆αhad(Oi)] (at LO)
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signal (with LO cross section)

signal←− | −→ normalization

δ(∆αhad(t)) ∼ 0.3% =⇒ σnorm
MC /dσ∗MC ∼ 10−5
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statistics and (main) systematic uncertainties

• statistics: CERN muon beam M2 (E = 150 GeV), 1.3 · 107 µ/s with a target of Be
layers (total thickness 60 cm) =⇒ L ∼ 1.5 · 107nb−1 =⇒ statistical sensitivity
∼ 0.3% on aHLOµ (∼ 20 · 10−11)

Sistematics

• theoretical: higher order radiative corrections modify the shapes
• order of magnitude estimate, barring infrared logs and setting ci,j ∼ 10
• c1,1

(
α
π

)
L ∼ 0.2 c1,0

(
α
π

)
∼ 2.5 · 10−2

• c2,2
(
α
π

)2
L2 ∼ 5 · 10−3 c2,1

(
α
π

)2
L ∼ 5 · 10−4 c2,0

(
α
π

)2 ∼ 5 · 10−5

• c3,3
(
α
π

)3
L3 ∼ 1.5 · 10−4 c3,1

(
α
π

)3
L2 ∼ 1.5 · 10−5 c3,0

(
α
π

)3
L ∼ 1.5 · 10−6

• the most advanced technologies for NNLO calculations and higher order resummation
are needed

• (main) experimental sources
• multiple scattering: Ee in normalization region much lower than in signal region

Effect ∼ 1/E =⇒ it affects signal and normalization in different way
• absolute µ beam energy scale, 5 MeV =⇒ 10−5 effect
• electron pair production
• bremsstrahlung
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Theoretical status

p1 p3

p2 p4

µ− µ−

e− e−

t = t24 = t13

• analytical expression for tree level

dσ

dt
=

4πα2

λ(s,m2
µ,m2

e)

[
(s−m2

µ −m2
e)

2

t2
+
s

t
+

1

2

]
• VP gauge invariant subset of NLO rad. corr.
• factorized over tree-level: α→ α(t)

• NLO virtual diagrams (Van Nieuwenhuizen 1971, D’Ambrosio 1983, Kukhto et al. 1987, Bardin, Kalinovskaya 1997)

p2 p4

e− e−

p1 p3

µ− µ−

leptons

p2 p4

e− e−

p1 p3

µ− µ−

hadrons
+top

p1 p3

p2 p4

µ− µ−

e− e−

p1 p3

p2 p4

µ− µ−

e− e−

p1 p3

p2 p4

µ− µ−

e− e−

p1 p3

p2 p4

µ− µ−

e− e−

• and corresponding real emission diagrams
• NLO matrix elements calculated with finite mµ and me mass effects and a Monte

Carlo program has been developed and taylored to the fixed target kinematics

Alacevich, Carloni Calame, Chiesa, Montagna, Nicrosini, Piccinini, arXiv:1811.06743
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θe-θµ correlation (in the lab. frame)
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EWKology on tee & tµµ
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Alacevich, Carloni Calame, Chiesa, Montagna, Nicrosini, Piccinini, arXiv:1811.06743

• tree-level Z-exchange important at the 10−5 level
• purely weak RCs (in QED NLO units) at a few 10−6 level
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towards NNLO amplitudes
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Figure 1: Two-loop four-point topologies for µe scattering

• For the second two-loop family, which contains topologies T4, T5, T9 and T10 shown

in figure 1,

D1 = k21 −m2, D2 = k22, D3 = (k2 + p2)
2, D4 = (k1 + p2)

2,

D5 = (k2 + p2 − p3)2, D6 = (k1 + p2 − p3)2 −m2, D7 = (k1 − p1)2,
D8 = (k2 − p1)2 −m2, D9 = (k1 − k2)2 −m2 . (3.6)

For all families, k1 and k2 denote the loop momenta. In the following sections, MIs will

be represented by diagrams where thick lines stand for massive particles (muon), whereas

thin lines stand for massless ones (electron, photon).

4 System of differential equations

In order to determine all MIs appearing in the three integral families defined above, we

initially derive their DEQs in the dimensionless variables −s/m2 and −t/m2. Upon the

change of variable,

− s

m2
= x, − t

m2
=

(1− y)2

y
, (4.1)

the coefficients of the DEQs are rational functions of x and y. According to our system

solving strategy, by means of integration-by-parts identities (IBPs), we identify an initial

– 5 –

Mastrolia, Passera, Primo, Schubert, arXiv:1709.07435

Di Vita, Laporta, Mastrolia, Primo, Schubert, arXiv:1806.08241

• same diagrams needed for NNLO QCD tt̄ production at the LHC
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towards NNLO amplitudes

3

of α(t) will not be considered as part of class I (al-
though of the same order), because its effect is com-
monly included in the ratio R(s) as final-state ra-
diation and, therefore, it is already incorporated in
the NLO hadronic corrections in Eq. (13) [50, 51].

II. QED one-loop diagrams in combination with one
hadronic vacuum polarization insertion in the t-
channel photon (Fig. 1c). Their contribution to the
differential cross section is proportional to Πh(t)
and a combination of one-loop QED corrections to
µe scattering.

III. Real photon emission diagrams with a vacuum
polarization insertion in the t-channel photon
(Fig. 1d). They contain terms proportional either
to Πh(te) or to Πh(tµ), where te (tµ) is the square
of the difference of the initial and final electron
(muon) momenta. In general, te 6= tµ because of
the presence of the final-state photon.

All the diagrams in classes I–III are factorizable, since
each of them can be reduced to the product of a QED
amplitude multiplied by the function Πh(q2) evaluated
at some q2 value fixed by the external kinematics. A
fourth class of non-factorizable diagrams must also be
considered:

IV. One-loop QED amplitudes with a hadronic vacuum
polarization insertion in the loop. They can be
further subdivided into vertex and box corrections
(Fig. 1e).

We point out that there are no light-by-light contribu-
tions to the µe cross section at NNLO (order α4) – they
appear at N3LO (order α5). Moreover, we remind the
reader that, at the level of precision addressed in this
letter, the analysis of future µe scattering data will also
require the study of µe scattering processes with final
states containing hadrons. Final states of Bhabha scat-
tering containing hadrons were studied in [35].

We calculated the amplitudes in class IV employing
the dispersion relation in Eq. (10). The factor Πh(q2)/q2

appearing in the loop – where q now stands for the loop
momentum – is replaced by the r.h.s. of Eq. (10), where
q appears only in the denominator of the term 1/(q2−z).
Therefore, the dispersion relation effectively replaces the
dressed propagator with a massive one, where z plays the
role of a fictitious squared photon mass. This allows to
interchange the integration order and evaluate, as a first
step, the one-loop amplitudes with a “massive” photon.
The results obtained for the z-dependent scattering am-
plitudes are then convoluted with the ratio R(s).

All four classes of diagrams were generated using
FeynArts [52] with a modified version of the QED model
that contains, besides leptons and photons, a fictitious
massive gauge boson (the “massive” photon arising from
the dispersion relation). The amplitudes were calculated

and reduced to one-loop tensor integrals with Form [53]
via the FormCalc [54] package, and exported as a Fortran
code for the numerical evaluation of the dispersive and
phase-space integrals. Two independent parametriza-
tions of the 3-body phase space were employed to cross-
check the hard bremsstrahlung cross section. For the nu-
merical evaluation of Πh(q2) in the spacelike region, ap-
pearing in classes I–III, we relied on the native implemen-
tation available in the Fortran libraries alphaQEDc17 and
KNT18VP. The one-loop tensor coefficients were computed
with the library Collier [55], which features dedicated
expansions for the evaluation in numerically unstable re-
gions (small Gram or other kinematical determinants).
We particularly benefited from this library when we con-
voluted the z-dependent amplitudes with the R(s) ratio
provided by alphaQEDc17 or KNT18VP. Indeed, in per-
forming the dispersive integrations in class IV diagrams,
the squared photon “mass” z appearing inside the loop
functions can acquire values which are orders of magni-
tude larger than the typical energy scale of the scatter-
ing process. Collier provides numerically stable results
in this treacherous region and allows the numerical in-
tegration to converge. The dispersive integrations were
performed with the subroutines in QUADPACK [56], while
for the phase space integration we employed the VEGAS

algorithm [57] in the Cuba library [58].

(a) NLO (b) class I (c) class II

(d) class III (e) class IV

FIG. 1. (a) Diagram contributing to the hadronic correction
to µe scattering at NLO. (b–e) Examples of diagrams con-
tributing to the four classes of hadronic corrections at NNLO.
Electrons, muons and photons are depicted with thin, thick
and wavy lines, respectively. The grey blobs indicate hadronic
vacuum polarization insertions.

To check our results, we produced an independent
Mathematica implementation using FeynCalc [59, 60]
and Package-X [61]. The results obtained by FeynCalc

in terms of scalar one-loop functions were then eval-
uated numerically using analytic expressions provided
by Package-X. The use of Mathematica’s arbitrary-
precision numbers, with a large number of digits, allowed
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us to keep track of precision at all steps and avoid insta-
bilities during the numerical dispersive and phase-space
integrations. We found perfect agreement between the
two implementations.

The lepton masses were kept different from zero
throughout the calculation, so that the matrix elements
were free of collinear singularities. Ultraviolet singulari-
ties were regularized via conventional dimensional regu-
larization and UV-finite results were obtained in the on-
shell renormalization scheme. The amplitudes of class II
and the boxes of class IV develop IR poles which are can-
celled by those arising from the phase space integration
of the real emission diagrams of class III. We employed
both the FKS subtraction scheme [62, 63] as well as the
traditional QED procedure to assign a vanishingly small
mass to the photon to remove the soft singularities and
to obtain an IR-finite cross section.

RESULTS

The ratio of the NNLO hadronic corrections to the
µe differential cross section, with respect to the squared
momentum transfer te, and the LO prediction,

KNNLO
h (te) =

dσNNLO
h

dte
/
dσ0
dte

, (15)

is shown in Fig. 2 for the processes µ+e− → µ+e− (up-
per panel) and µ−e− → µ−e− (lower panel) for Eµ =
150 GeV. The black lines indicate the total hadronic con-
tribution arising from classes I–IV, while the blue ones
show the sum of the contributions of classes II, III, and
IV, but not I. The reason for this split is the follow-
ing. The goal of the MUonE experiment is to determine
∆αh(t) = −Πh(t), the leading hadronic contribution to
the running of the effective fine-structure constant in the
spacelike region, from µe scattering data. In order to
extract the NLO hadronic correction to the µe differ-
ential cross section, given by Eq. (13), which contains
Πh(t), the experimental data will have to be subtracted,
via a Monte Carlo event generator, of the total NNLO
hadronic corrections (classes I–IV). If, instead of ∆αh(t),
one wants to extract the hadronic corrections to the re-
summed photon propagator, then the corrections of class
I should not be subtracted from data, as their contri-
bution to the differential cross section accounts for the
second-order reducible hadronic contribution to the run-
ning of α(t).

The difference in KNNLO
h (t) between muon and an-

timuon is due to the box diagrams in classes II and IV,
and to electron-muon interference terms in the real emis-
sion (class III). These contributions to the cross section
are equal in size but with opposite sign for µ+ and µ−.
The same pattern is observed at NLO [17].

Figure 2 shows that, when the muon/antimuon beam
has an energy of 150 GeV, for most of the kinematic re-
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FIG. 2. KNNLO
h (te) factor for a positive (upper panel) and

negative (lower panel) muon beam of energy Eµ = 150 GeV.
The total hadronic NNLO correction are depicted in black,
while the contributions of class I (II-IV) are shown separately
in red (blue).

gion scanned by the squared momentum transfer te the
factor KNNLO

h (te) is of order 10−4–10−5. These correc-
tions are therefore larger than the O(10−5) precision ex-
pected at the MUonE experiment. Moreover, our Fortran
code, available upon request, can calculate the NNLO
hadronic corrections to any µe scattering differential dis-
tribution with arbitrary kinematical cuts and can there-
fore be implemented in future full NNLO µe scattering
Monte Carlo codes.

At NLO, the tiny contribution of the top quark to the
vacuum polarization can be separated from the hadronic
one. At NNLO, these contributions mix with each other.
The plots in Fig. 2 were obtained adding Πtop(q2) to
Πh(q2), so that the full top quark contribution has been
included in the shown NNLO prediction. Its effect is
however totally negligible.

As our calculation of the NNLO hadronic corrections to
the µe differential cross section is based on the hadronic
e+e− annihilation data, the precision of our prediction is
limited by the experimental error on the R(s) ratio. We

Fael, Passera, arXiv:1901.03106

• relevant on the target precision scale
• even larger contributions from lepton (mainly electron) loops

• expected larger cancellation with real part (lepton pair emission)
work in progress
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On the experimental side

• a modular apparatus has been proposed

G. Abbiendi et al., Eur. Phys. J. C 77 (2017) no.3, 139

M. Passera    MITP   Feb 19 2018 7

Muon-electron scattering @ CERN

  Δαhad(t) can also be measured via the elastic scattering μ e ➞ μ e. 

  We propose to scatter a 150 GeV muon beam, available at CERN’s  
North Area, on a fixed electron target (Beryllium). Modular 
apparatus: each module has one layer of  Beryllium (target) followed 
by several thin Silicon strip detectors.

μe

//
μ μ

e

ECAL
Be

Si Si Si

Be
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First Test Beam in 2017 to study multiple scattering

• 27 September - 3 October 2017, CERN, H8 Beam Line
• adapted UA9 apparatus

Target

Granite plane

XY plane 1

XY plane 2

XY plane 3

XY plane 4

XY plane 5

beam line

319 799390 502 408

Figure 1. Test beam detector set-up. Distances are given in mm. The beam direction defines the z axis.

arm of ∼ 1 m. Each silicon tracker is composed of two layers 320 µm thick, with a 3.8 × 3.8 cm2
63

active area, to measure both the x and y coordinates (in the plane orthogonal to the beam, taken64

as z axis), with a hit resolution of 7µm corresponding to 0.02 mrad intrinsic angular resolution.65

Events were triggered on the coincidence of signals from a scintillator slab placed upstream of the66

telescope. Two targets of isostatic graphite (1.83g/cm3 density, 23.32 cm radiation length) of 8 and67

20 mm thickness were tested.68

Beam Target Type N events×106

12 GeV e− 8 mm C 15
20 GeV e− 8 mm C 12
12 GeV e− 20 mm C 15

Table 1. Data runs with target.

Beam N events×106

180 GeV π+ 1
20 GeV e− 1
12 GeV e− 1
160 GeV µ+ 2
180 GeV π+ 1

Table 2. Alignment runs (no target).
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G. Abbiendi et al., arXiv:1905.11677
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Figure 4. Angular deflections in both views: (Left) without and (Right) with fiducial cut.
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Figure 5. Left: (upper) x-projection of the scattering angle from data and GEANT4 for 12 GeV e− with
8 mm C target; (lower) data/MC ratio; Right: (upper) y-projection of the scattering angle from data and
GEANT4 for 12 GeV e− with 8 mm C target; (lower) data/MC.

For simulation of the target ( ftarget(θ) in Eq. 5.1) version 10.4p02 of GEANT4 with Opt4111

electromagnetic physics [9] has been used, with the the following multiple scattering model:112
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• data well described by GEANT in the core region
• some disagreement on the tails but too low statistics
• second testbeam in 2018 analysis in progress
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• International Collaboration has been setup

• Letter of Intent just submitted to CERN SPSC

• schedule
• three week Pilot run towards the end of 2021
• detector assembled during 2022
• run during LHC Run 3
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Summary

• (g − 2)µ discrepancy between E821 result and SM predictions reached the 4σ
level

• HLO vacuum polarization contribution is the dominant source of th. uncertainty

• different methods required to allow independent cross-checks

• time-like dispersive approach: the most precise up to now

• LQCD calculations: not yet competitive but improving

• space-like dispersive approach and MUonE experiment proposal: promising, provided
theoretical and experimental systematics are kept under control at the level of 10−5

• synergic collaboration between theorists and experimentalists
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