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ANOMALOUS MAGNETIC MOMENT OF THE MUON
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1. Reduce the experimental error — Fermilab g-2 goal (0.54 ppm (BNL) = 0.20 ppm — 0.14 ppm)

2. Improve theoretical precision —> Dominant contribution: LO hadronic vacuum polarization term
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EXPERIMENTAL APPARATUS

40 tracking stations + Electromagnetic calorimeter + Muon chambers

e muon filter
/1 T
M2 u beam > 7//%_ — 1 | # chamber
160 GeV/c 7,
station #1 ~ #2  #3 I #Kk 40
ECAL

1 beryllium or carbon target (1.5 cm)
Each tracking station behaves as an

independent detector 6 silicon strip modules (CMS 2S modules)

Muon beam momentum = 150 GeV
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x=0.928,E =130.7 GeV

Modular layout to achieve the necessary interaction rate nmunimizing
systematic eftects (e.g. MCS)

k ~ 100 cm i
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https://cds.cern.ch/record/2677471
https://link.springer.com/article/10.1140/epjc/s10052-017-4633-z

The experimental apparatus: tracker and ECAL

Thickness: 2 X 320 um
Pitch: 90 um (ox~ 26 um)
Readout rate: 40 MHz
Active area: 10x10 cm?

1 CMS 28 module = 2 coupled silicon
strip sensors (CMS-Phase2 upgrade)

Target Be/C

(low Z to reduce

Actually in a for the future Test Run aimed at
the validation of the experimental proposal:
25 cells in PbW O, (22 xo)

Surface ~ 14x14 cm?
* Readout: APDs read by 2 FEBs connected to a FC7 board

(u, v)

6 modules pairs

Laser pulse system (at 450 nm) for APD calibration



MC GENERATORS AND RECONSTRUCTION TOOLS

# Dedicated MC generator (MESMER) for main background and elastic signal:

 Background p*N - pu*NI'l™ withl=e,u - Opkg & A

(G. Abbiendi, E. Budassi, C. M. Carloni Calame, A. Gurgone, F. Piccinini; Phys. Lett. B 854 (2024) 138720)

- Signal pTe” - puteT - oy xZ

Developed at NNLO (Carloni Calame, C.M. et al; ]. High Energ. Phys. 2020, 28)

# Detector description for full simulation: GEANT4;

# Tool for offline reconstruction: FairMUonkE software (FairR oot frameworks based on FairSoft library)

Min angle [mrad]

Figure: Skimmed events of a run from Test Run 2023 (left), remaining reconstructed events after a basic elastic selection (right).
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https://arxiv.org/abs/1811.06743
https://www.sciencedirect.com/science/article/pii/S0370269324002788?via%3Dihub
https://doi.org/10.1007/JHEP11(2020)028
https://github.com/FairRootGroup/FairRoot
https://github.com/FairRootGroup/FairSoft

MC PERFORMANCE: EFFICIENCIES AND ANGULAR

Tests on reconstruction algorithm:

RESOLUTIONS

1. Single particles (1, e™) and elastic event reconstruction efficiencies with different reconstruction parameters
(# shared hits allowed between tracks)
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MC PERFORMANCE: EFFICIENCIES AND ANGULAR

RESOLUTIONS

2. Angular resolutionVS scattering angle (one of the most important feature for the experiment)

No degradation increasing
the number of hit shared
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Most important signal region:
6, > 1.5mrad:o(6) ~ 40 — 100 urad
0, < 5mrad :0(60) ~ 40 — 100 urad

Hall G.; Marconi U.; Matteuzzi C.; Pocanic D.; CERN-SPSC-2024-015



https://cds.cern.ch/record/2896293

see poster by R.Pilato TEST RUN 2 O 2 3
160 GeV muons of M2 beam line at CERN North Area; ‘

Max asynchronous rate at 50 MHz (2)(108;1 per spill);

Setup: ECAL + 2 tracking stations;

Triggerless DAQ — Large data volumes processed offline.

Plan is to have data filter on FPGA; now an offline skimming algorithm has been implemented to

preselect candidate events from target interaction: base on #hit in the two stations

MUonE preliminary Data 2023
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https://indico.cern.ch/event/1291157/contributions/5908794/

RESULTS WITH DATA COLLECTED IN 2023

Tracking efticiency as a function of selected golden muon’s angle :

- Average module efficiency ~ 98%;

- Given passing muons with 6 hits in first station, look for reconstructed muon in the second station.

Result: flat efficiency at ~ 90% — consistent with combinatorial result of individual module efficiency.

Angular resolution as a function of selected golden muon’s angle for different target sizes:

- AO = O — B9 — Sensitive to: intrinsic resolution, residual misalignment, multiple scattering (MS)
— Estimate of MS consistent with calculation with PDG MS prediction.
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https://pdg.lbl.gov/2023/reviews/rpp2023-rev-passage-particles-matter.pdf

CONCLUSIONS

uone

« MUonE proposes an innovative and independent method for the evaluation of the

hadronic vacuum polarization term at LO aﬁILO which is alternative with the previous

ones. Great possibility to shade some light on this intriguing puzzle!

« Data analysis on 2023 Test Run data is ongoing to determine and
with ;

« Next important steps:

- 2024 October test run to keep on validating the DAQ and synchronization of
ECAL+tracker and validating the reconstruction and analysis tool;

- 2025 Phase 1: we presented a technical proposal to the SPSC in June for 4 weeks of
running time in 2025 to study the expected systematic errors and background under
realistic conditions and make preliminary measurements of Aay 4 (t).

Thank you for the attention!


https://web.infn.it/MUonE/

BACKUP



ANOMALOUS MAGNETIC MOMENT OF THE MUON
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Precise estimates
from perturbation ’

theory

R eference approach (WP before BMW) is data-driven:
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H 37
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Alternative methods
are needed!

had

measurements

HLO _ (amM)Z JOO s K($)Rnaa(s) == Ry,q(s) « o(e~et > had)
4m2

Main contribution: region of low energies,
highly fluctuating because of hadronic
resonances and threshold eftects

New aﬁLO with data from CMD-3 g(e"et = had) and with

LQCD (BMW) weaken Aa, (th — exp) discrepancy, introducing some
tensions with the reference theoretical estimate.

Hadronic contribution to the LO vacuum

polarization term aﬁ"‘ois not calculable through

pQCD

Dominates theoretical
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uncertainty
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https://www.epj-conferences.org/articles/epjconf/pdf/2016/13/epjconf_fccp2016_01016.pdf

U —e ELASTIC SCATTERING

Simple kinematics

Ao,y relations (t © 6;) Ao,y :—_('L> Measuring the leptons

< > scattering angles

dt ao, l

0<6, <5mrad
0<86, <50mrad

e — Precise correlation

ELASTIC CURVE

14

Muon beam momentum = 150 GeV

Helps in the selection
of purely elastic events
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https://link.springer.com/article/10.1140/epjc/s10052-017-4633-z

Achievable precision

To be competitive with previous theoretical estimates:

precision on aﬁlw <1%

40 stations + 3y ‘?‘WS of data tak?ng With e Error statistical on
(tot: 60 cm Beryllium) an integrated ];Jmmoimy of cmmm aﬁLo < 0.5%
1.5 X10" nb™
Main systematics effect: The challenge 1s to

keep precision on

1. Multiple scattering; systematic effects at

2. Beam energy knowledge (few MeV); the same level
3. Longitudinal alignment;
4

Intrinsic angular resolution.

15



1.

Analysis: Aay ;4 parametrization and a

HLO
U

estimate

Inspired to the 1 loop

QED calculation of
the leptonic and tt
pair vacuum
polarization term

Template fit: generation of a grid of points in the parameters space (K, M);

| (

Adpgq(t) = KM{—g—37

Parametrization with two variables K e M:

=

= = = = == e,

5 4M

3¢

2. Rpaq distribution as a function of the leptons scattering angle for different templates;

3.

x? of the data/pseudo-data and templates.

do(Adpga)

R, . =
"t do (Apqq = 0)

G. Abbiendi,_
Phys. Scr. 97 (2022) 054007;
[arXiv: 2201.13177]

®i -
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https://arxiv.org/abs/2201.13177
https://arxiv.org/abs/2201.13177

. . . . . G. Abbiendi,_
Analysis: Ay, 44 parametrization and aﬁ' LO" estimation Phys.Scr. 97 (2022) 054007

[arXiv: 2201.13177]

Aapqq extraction in the final experiment
computed using 2D (8,, 6, )

The value would be inserted in the master integral for aﬁ”‘o

Example of a pseudo-experiment:
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https://arxiv.org/abs/2201.13177
https://arxiv.org/abs/2201.13177

Strategy for systematic eftects
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1) Larger systematic effects (intrinsic angular resolution, beam energy): use normalization region -many

events there- to calibrate them;
2) Other systematics: included as nuisance parameters in a combined fit with signal (CMS Combine tool).
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TESTS SINCE 2018

(TB: test beam, TR test run)

— 0.004

T

— MUItlple Scattering aHQIYSiS (MUonE collaboration, arXiv:l905.11677) %o.ooas

and first selection of elastic events (MUonE collaboration, //NST 16 (2021) P06005);

« Tracker TB — demonstrate that the entire
DAQ chain works properly with asynchronous muon beam;

« Calorimeter — Detect, amplity
end read signals + calibration of APDs;

— ECAL++Tracker (1 station) :Test all the chain with
a partial setup;

D

0.003

0.0025
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0.0015]

0.001

0.0005!

0 1

MUonE collaboration

, JINST 16 (2021) P0O6005

DATA (3235 events)
sample 1

(@)

blue: E<1 GeV
turquoise: 1<E<2 GeV
cyan: 2<E<5 GeV
green: 5<E<10 GeV
yellow: 10<E<20 GeV
red: E>20 GeV

=

« TR August-September 2023 - ECAL+ Tracker (2 stations): Synchronization of the detectors and collect

good statistics for data analysis (see poster by R.Pilato).

Foreseen tests:

: > ECAL+Tracker (2 station)

« Sent proposal for phase 1 of the experiment to the SPSC in 2025 with a small scale setup: 3 stations +
ECAL+muon filter+ BMS. Expected to collect data to do the measurement with a 20% statistical

uncertainty.
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https://arxiv.org/pdf/1905.11677.pdf
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https://indico.cern.ch/event/1291157/contributions/5908794/
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