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The value of the anomalous magnetic moment of the muon, a, = (g — 2),/2, is a fundamental
quantity in particle physics. Its most precise experimental measurement yields a deviation of 4.2¢0
from the theoretical prediction within the Standard Model. In this context, the recently proposed
MUonE experiment at CERN aims at providing a novel and independent determination of the
main source of theoretical uncertainty on the muon anomaly, namely the leading order hadronic

contribution aELO

, through the study of elastic muon-electron scattering at small momentum
transfer. The anticipated accuracy of the order of 10 ppm demands for high-precision calculations
of the relevant radiative corrections to pe scattering, as well as for robust quantitative estimates of
all possible background processes. The contribution due to the emission of a neutral pion through
the process ue — pen® is here studied as a source of reducible background for the measurement
of the QED running coupling constant at MUonE, and as a background for possible New Physics
searches at MUonE involving 2 — 3 processes, in phase space regions complementary to the
ones characteristic of the elastic pe scattering. Its numerical impact is discussed by means of the

Monte Carlo event generator MESMER.
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1. Introduction

The MUonE project [1-3] aims at providing an independent determination of the main source
of theoretical uncertainty on the muon anomaly a,, namely the leading order hadronic contribution
(HLO), through a space-like approach [4], i.e. via the study of elastic muon-electron scattering at
small momentum transfer, by making use of a dispersion relation between aZ’LO and the hadronic
running of the electromagnetic coupling constant & (see also [5]). In order for this determination of
aﬂ"o to be competitive with the traditional time-like methods, the uncertainty in the measurement
of the differential cross section must be of the order of 10 ppm. Robust quantitative estimates of all
possible background processes to the experiment thus become crucial. Here we focus on hadronic

processes, in particular on the single 7° production in ue scattering at MUonE [6].

2. Methods

The real-emission contributions due to hadronic corrections at MUonE consist of three chan-

979 and p*e — u*ren’

nels: u*e — u*entn, uy*e — uren . While pion-pair production is
extremely constrained for the limited available phase space at MuonE, single pion production de-
serves a more detailed investigation. In fact, single pion production is dynamically enhanced in the
region of small electron and muon scattering angles, where the elastic cross section becomes small
and the sensitivity to the running of « reaches its maximum.

The hadronic background to u — e scattering due to the real emission of a single pion is

represented by the process:

pE(p1) e(pa) — wE(p3) e(pa) + 7n°(ps) (1)

where p; are the four-momenta of the particles. Starting from the 7%y interaction Lagrangian

density
8
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we derived the tree-level scattering amplitude, by exploiting the relation between the coupling g,
the 7¥ decay width and the f, parameter [7]:
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We then multiplied the amplitude for the process ue — uen® by a form factor F to take into

,roy*y* 5
account the extended structure of the pion [8].
For the phase-space parametrisation, we decomposed the three-body Lorentz-invariant phase

space according to the following chain:

dq)glps — (27.[)3/ szdq)z(P — p3+ Q) XdDy(Q — pa+ps). “)

The leading order amplitude and the phase-space have been implemented in the Monte Carlo event
generator MESMER.
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3. Background to elastic pe scattering

The total cross section for the process pe — pen®, with incoming muon energy of 150 GeV
and initial-state electron at rest, is 07, r0 = 6.53589(6) pb. By considering the two event selections:

* basic acceptance cuts: ¥, < 4.84 mrad, E, 2 10.28 GeV, 9}, < 100 mrad and E, > 0.2 GeV,
* basic acceptance cuts, but with E, > 1 GeV,

we obtain aﬁfﬂ%ﬁV = 2.69836(4) pb, and O'Iifg = 1.61597(3) pb, respectively. We notice that
these cross sections are negligible with respect to the elastic ge — e cross sections within the same

cuts. The effects of pion production remain well below 10 ppm for all differential distributions.

4. Background to New Physics searches

The process ue — pen” could represent a source of background for possible New Physics
searches at MUonE in 2 — 3 processes [9, 10], e.g. within the context of a L,, — L, gauge model,
through the production of a light massive Z’ via the process ue — ueZ’ — uevv [10].

The considered event selection in this case is:

e ¥, > 1.5 mrad,
* E, €[1,25] GeV,

complementary to the one of interest for the yue — pe elastic process.

The integrated cross section for 7° production results in Theno = 0.19210(1) pb. Considering
an integrated luminosity for MUonE of about 15 fb~!, the number of expected ue — upen® events
is about 3 x 10°, the same order of magnitude of the predicted Z’ signal [10]. The impact of 7°
production can be reduced through a photon veto strategy, in anticipation of which it can be useful
to analyse distributions involving the photons from 7 decay. For example, from Fig. 1, where the
differential cross section is plotted against the photon angle 1, it is clear that the photons are all
produced in the forward region, below ~ 10 mrad in the laboratory reference frame. In Fig. 2, the
differential cross section versus the minimum of the photon energy E, (in blue) in the laboratory
frame remains constant and then goes to zero approximately at 65 GeV, while the distribution against
the maximum of E,, (red curve) has a peak at 60 GeV.

5. Conclusions

Single 7° production is a completely negligible reducible background to elastic ue scattering,
in view of a target precision of 10 ppm. Since pion pair production is kinematically forbidden for
realistic event selections, we conclude that real hadron production is negligible in ue scattering at
MUonE. Neutral 7° production could represent a background to New Physics searches at MUonE
performed through 2 — 3 processes, e.g. within the context of a L, — L, gauge model. We
characterised some relevant distributions involving the photons from 7 decay, to be considered for
a photon veto analysis strategy.



Neutral pion production in pe scattering at MUonE Clara Lavinia Del Pio et al.

0.12 (o, - 0.005 ; ;
min{vy) —— min(E,) ——
0045 F ) i
0.1 max(dy) —— | 0-0045 max(E,) ——
= —~0.004 - ‘ .
E 008 1 ‘% 0.0035 +
E S 0.003 -
& 006 ] 2 0.0025 -
< c 0.002 F
2 004 . &
< T 00015
= 0.02 i < 0.001 |
0.0005 |
0 ‘ ‘ ‘ ‘ . 0 . .
o 2 4 6 8 10 12 14 16 18 0 20 40 60 80 100 120 140
9, (mrad) E, (GeV)

Figure 1: In blue, the differential cross section for  Figure 2: The same as in Fig. 1 but plotted against
the e — pe+n" — pe+yy process versus the min-  the minimum (blue curve) and the maximum (red
imum photon angle in the laboratory frame min(y)  curve) of the photon energy E,.

is plotted. The red curve represents the same quan-

tity but w.r.t. the maximum photon angle max (<}, ).
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