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Motivation for MUonE
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The running of ais parameterized by Aa and can be measured by MUonE,
which can be expressed in a leptonic and a hadronic part: Aa = Adtep + AQthad

MUonE

MUonE aims to provide an independent
measurement of the contribution from hadronic We then extract the hadronic vacuum polarization leading order using :
vacuum polarization at leading order to the muon's 1
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The final goal of MUonE is to get afm with ~0.3%
statistical error and comparable systematics.
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MUonE test run 2023

A three-week test run has been conducted in 2023 with:
- A muon beam provided by the M2 beamline at CERN
- 2 tracking station
- A 2 or 3cm target in Beryllium
- An Electromagnetic Calorimeter
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Studies of the systematics




Definition of Ry,

* Aa,is defined by the equation below, from the theoretical calculation of the leptonic vacuum polarization

at 1 loop
Aayep(t) = k[f(me)+f(my)+f(mzr)]
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We use Aa, as input in MESMER, our Monte Carlo event generator, and a fast simulation for the
modelisation of the detector effects.
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The ratio R, Is used to visualize easily the effect of an error in the estimation of a systematic, on the
extraction of the leptonic running of «
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Mean Beam Energy shift + 1GeV

« For the beam energy, a shift (here £1 GeV) can be easily identified from the data
In both Rye,(6,) and Ryen(Ormuon)
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Data — MC comparison




Procedure

/We produce histograms from data (test run summer 2023) and Monte Carlo samples, and apply some selection cuts:\

Golden event (1 track in, 2 tracks out)
Vertex x2 < 150

0e <32 mrad

Ou > 0.2 mrad

|Zvertex - Ztargetl < 3 Cm
|Acoplanarity| < 1 rad (the cut is needed because the elastic events are expected to be planar)

.

0.0045 —

TTT

0.004}

B

0.0035}

TTTT

TTTITTT

Data

Ll ol

Run 6 all - defaulth ang|e Run 6 all - default_gold_thmu0.2_the32_aco_zvtxh_angle

h_angle 0 0.005 ———— ; 1 __h_angle 2
s i ae a T Enies 4951699 )C E s i Entries 428282
2 . o 1 Masanix 0.032385 0‘0045:_ S e E Mean x 0.02075 0
e 2 - |Meany  o.0001681 c T Meany  0.000401
i2:, % | spevx 001937 0.004F, DL OD0TIe
=2, .. ¥, . |SudDevy 0000288 JC E - & 2Davy 09002608 Jo
o 0.00
i
H0.00
0.00
0.00
0.00
W RS A N 0

[

o o o

008 009 01

0 0.07

0.01

0.02

003 004 005 006 007 008 009 041
Electron theta [rad]

Electron theta [rad]




Comparison

We then compare the ratio R = MC/data for some quantities,

We are doing a shape analysis, to do so we use the intergral of the histograms and normalize them

Muon angle
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Comparison

We then compare the ratio R = MC/data for some quantities,

We are doing a shape analysis, to do so we use the Intergral of the histograms and renormalise them
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Drop around 2.5mrad for both muon and electron angle (5 for opening angle) because
we don't have a proper particle identification.

Here we assume the track with the biggest scattered angle is always the electron
and the smallest the muon. This is not true for this region
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Comparison

We then compare the ratio R = MC/data for some quantities,

We are doing a shape analysis, to do so we use the Intergral of the histograms and renormalise them

Muon angle Electron Angle Opening Angle
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The large slopes at the very low muon angle and large electron angle B
are compatible with some systematics effect. 101

Here we compare with a shift in the Energy beam from fastSim (care
the black slope in fastSim is due to the running of alpha leptonic, not
in ourdata)
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Comparison

We then compare the ratio R = MC/data for some quantities,

We are doing a shape analysis, to do so we use the Intergral of the histograms and renormalise them
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But there is some unexplain behavior:
« what is the downward slope for muon angle in ~[0.25 ; 2.5] mrad ?
« what is this large upward slope for electron in ~[2.5 ; 7] mrad ?
» what is the slight downward slope for electron in ~[7 ; 25] mrad ?




Conclusion

- The data-Monte Carlo comparison needs improvement and progress
are made:
= Adding background to Monte Carlo
" |mproving the reconstruction algorithm
= Analysis on the selection criteria

- I am currently working on the selection criteria
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