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Muon g-2: current status

A HLO
0 i
< 5.00 > ap,
Significance will likely decrease Fermilab 1+2+3
with an updated SM prediction (2023) CO m pa I’iSO n
S 510 ) with WP20
SM: e+e- HVP World Average @
T.I. White Paper (2023) L [
(2020)
1 Main source of uncertainty
b X ol
e e (o3 P Sy of the theoretical prediction
BMW Collab.
] New results
SM: e+e- HVP after WP20
using only CMD-3
data below 1 GeV v
175 18.0 18.5 19.0 19.5 20.0 20.5 21.0
G.Venanzoni, EPS 2023 a,x10° - 1165900
A clarification of the
Disclaimer on new results after WP20: theoretical P rediction
» Plot is purely for demonstration purposes. 1
It does not represent an update from the g-2 Theory Initiative. IS need ed *

e Lattice HVP taken from A. Keshavarzi, Lattice 2023 talk.

* Prediction from CMD3: subsitute Tl White Paper by CMD3
only for [0.33-1] GeV (see A. Keshavarzi, Lattice 2023).



https://indico.fnal.gov/event/57249/contributions/271581/
https://indico.fnal.gov/event/57249/contributions/271581/
https://indico.desy.de/event/34916/contributions/150287/

The MUonE experiment

New independent evaluation of ¢ "', based on the measurement of Aa,_(t):
hadronic contribution to the running of the electromagnetic coupling constant

Phys. Lett. B 746 (2015), 325
Eur. Phys. J. C 77.3 (2017), 139

Letter of Intent CERN-SPSC-2019-026 t(z) = v’m;, <0
o 1 r—1
HLO __ %0
a0 == / dz(1 — ) Acpag[t()]

0 Phys. Rep. C 3 (1972), 193

Extraction of Aa_(t) from the shape
of the ue = ue differential cross section

+ radiative corrections
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https://www.sciencedirect.com/science/article/pii/S0370269315003573?via%3Dihub
https://link.springer.com/article/10.1140/epjc/s10052-017-4633-z
https://cds.cern.ch/record/2677471
https://www.sciencedirect.com/science/article/pii/0370157372900117

« Angular measurement:
extract Aa, (t) from the

2D distribution (eu, 0.

e Correlation between
GLl and O_allows to select

elastic events and reject
background
(main source: uN = u N

» Boosted kinematics:

0, <5 mrad, 6, < 32 mrad. I

/ do_data(Aahad)
dUMc(AOzhad = 0)
From theoretical calculation
(>NNLO needed)

L Great effort of the
theory community

~ 1+ QAClzhad(t)

To be
measured
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Muon beam momentum = 150 GeV
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~ 100 cm

BMS
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station #1 ~ #2  #3 /#k 40
ECAL
After LS3: Final goal:

full apparatus
with 40 stations

provide a measurement of apHLO competitive
with the current results (~0.6% precision)




Extraction of q,HL0

Aa, (t) parameterization:
inspired from the 1 loop QED contribution of lepton pairs and t-quark at g?<0

5 AM  (AM2 M 1) 2 1—y/1-7 2 ters:
Aot (t) = BM 4= s o e oo e =2 | parameters:
) {9 3t+(3t2+3t 6) T PO Py K M
t

Extraction of Aa, ,(t) through a template fit to the 2D (6, 6 ) distribution:
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Alternative method to compute g Lo

from MUonE data

HLO (I) 4 ,HLO (II) 4 ,HLO (IIl) , ,HLO (IV)

Mo = ol : M ; %4 UNIVERSITY OF
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3 & LIVERPOOL
HLO (1) o ¢, d™ MUonE
a, - T - aﬁﬂahad(t) - 9909 F. Ignatov, RP, T. Teubner, G. Venanzoni
= Phys. Lett. B 848 (2024) 138344
groa _ @ 1 @c()s T jaa(s) . . LL ——
# 7270 Jig)=sy S QCD Time-like !
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https://www.sciencedirect.com/science/article/pii/S0370269323006780?via%3Dihub

The M2 beamline

Beam momentum

$12000—
= » Mean 158.7
= C Std Dev 7.216
W aa00[— Constant 1.198e+04
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8000—
-  p~ 160 GeV/c
4000|— (y
- o /p~3.75%
2000;
_ | [ [T A

Ol L L L L | I AT
0 20 40 60 80 100 120 140 160 180 200 220
P (GeV/c)

Y [cm]

.-:=-_ o, ~ 13 mm

MUonE location:
upstream of the AMBER detector (EHN2).

Low divergence muon beam: o, o,<1 mrad.

q~7mm

Spill duration ~5 s. Duty cycle ~ 25%. _ PR
Maximum rate: 50 MHz (~ 2x108 p*/spill). e ] 8




Tracker: CMS 2S modules

Silicon strip sensors developed for the CMS-Phase2 upgrade.
Pre-production started in 2024.
TDR CMS Tracker Phase2 Upgrade

l. Zoi, POS 448 (VERTEX2023), 021
M. Delcourt, BTTB12

Two close-by strip sensors reading
the same coordinate and read out
by the same electronics

Readout rate: 40 MHz.
Adequate to sustain the
maximum beam rate of ~50 MHz.

Area;: 10x10 cm?(~90 cm? active).

Digital readout, 90 um pitch:
~26 um resolution.

Thickness: 2 x 320 pum.



https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://pos.sissa.it/448/021
https://indico.cern.ch/event/1323113/contributions/5823586/attachments/2837209/4958237/240415_TBBT_2S_commissioning_delcourt.pdf

Tracking station

Stringent request:
relative position within a station
must be stable < 10 pum.

|

Low CTE material: INVAR

- Alloy: 65% Fe + 35% Ni
. CTE ~ 1.2 ppm/K

(u, v) layer

Tilted
(x, y) layers

10



Tracking station

Stringent request:
relative position within a station
must be stable < 10 pum.

|

Low CTE material: INVAR

- Alloy: 65% Fe + 35% Ni
. CTE ~ 1.2 ppm/K

(u, v) layer

IIIIIIIIIIII

G. Cacciola

K. Ferraby New layout under development
T. Bowcock | at Liverpool: Carbon fiber

T. Jones i

 Light material

« CTE < 1 ppm/K
e Lower cost

« Easy to machine

10



Test Beam 2023 (3 weeks Aug/Sep)

2 tracking stations;
* 1 graphite target

Controlled environment

H
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(2-3 cm thickness);
- ECAL.

Wl
Wl

\
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e

station-1

™

station-2

> ECAL

100 cm

Achievements:

« Demonstrated continuous
readout @40 MHz.

« 350 TB raw data recorded to disk:

« 3cm (2 cm) target:
~1(2) % 108 elastic events;

« ECAL integrated in the DAQ

@40 MHz in the final part of the run.

Data analysis:
Liverpool is the leading group!

» Test the detector performance,
reconstruction algorithms and
event selection.

e Study background and main
sources of systematic error.

« Goal: measure Aalep(t) with
O(5%) stat. accuracy.

11



nangle [rad]

Mi

TB 2023 SNE

H-e elastic scattering event selection

Pre-selection Initial selection
. . 2 . _
. Single . candidate. e X cutlz, -z, | <3cm
* 2 outgoing tracks * Acoplanarity cut
(b, . e, candidates). (elastic events are planar).
0.005¢ 3 y BAAF FOARE RARDE RARES ?0-005: """ RN R b LI AL R B B R LR I = 1400
0.0045 = =0.0045F 3
= = =) - = 1200
- =] = = % -
0.0035f =| s - - || 1000
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Max angle [rad] Max angle [rad]

0.01

(&4 UNIVERSITY OF

& 1 IVERPOOL Liverpool Analysis Group:
G. Cacciola, S. Charity, C. Devanne, K. Ferraby, F. Ignatov, RP, G. Venanzoni, C. Zhang
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Run 2025

« MUonE recently submitted a proposal for a phase 1 of the
experiment to the SPSC, concerning a small scale version

of the final apparatus.

 |f approved, MUonE will request 4 weeks of data taking in 2025.

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

MUonE Phase 1 Experiment Proposal y

April 25, 2024

Proposal for phase 1 of the MUonE Experiment

The MUonE Collaboration 13


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

Run 2025: the apparatus

Controlled environment

u

\
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U

Wl A ]
AL \\I\\ n

1\

e

station-1 T station-2

T2

station-3

ECAL

» 3 tracking stations.

» 2 graphite targets
(2 cm thickness each).

 ECAL:
» Full acceptance
for interactions in both targets.
* Provide independent measurements
of the process kinematics.

14



Run 2025: the apparatus

Controlled environment Iron shield

W e B
SRR I\\ LI i VI

» 3 tracking stations. e Muon ID:

: * Iron shield + tracking station.
* 2 graphite targets e Full PID (in combination with ECAL).
(2 cm thickness each).
 ECAL:

» Full acceptance
for interactions in both targets.
* Provide independent measurements
of the process kinematics.
14



Run 2025: the apparatus

Controlled environment Iron shield
W 0 R e P B
SRR I AT i VI
station-1 T1 station-2 T2 station-3 ECAL muon ID
» 3 tracking stations. e Muon ID:
: * Iron shield + tracking station.
* 2 graphite targets « Full PID (in combination with ECAL).
(2 cm thickness each).
 ECAL:
» Full acceptance « BMS:
for interactions in both targets. « Event-by-event p, measurement:
* Provide independent measurements reduce systematics related to the
of the process kinematics. beam energy scale.

14



BMS (Beam Momentum Spectrometer) /ONE

Scraper Quudrupole
‘ i N 3x Bend Magnets Sc;aper
i — E z —=p \-4 -
- \ = om— N -
MUonE statlons Quadrupole

N

Bending power:
16 T*m (30 mrad @160 GeV).

* Determine the muon momentum 7 = ||
event by event. Fr &y - -

Goal: < 0.5% momentum resolution.

4 UNIVERSITY OF

P T Bowcock Wl

& LIVERPOOL S Charity | AR

. F. Ignatov
Mechanics. G. Venanzoni

Simulation and analysis. . /

Longer term tasks:
Magnetic field measurement.

Development of new Si sensors. taki;gG the picture



Run 2025: goals

* Detector operations:
« Assemble a system containing all the basic elements of the final system.

» Prove the capability of the DAQ to synchronize
all the sub-detectors and operate efficiently in the 4 weeks run.

» Systematic error studies: * Physics results:
* Exploit data from all the « Preliminary measurement of Aa,__(t)
sub-detectors to study with O(20%) statistical accuracy.

backgrounds and systematics.

« Measure Aalep(t) with a few percent

. Z%:gié#Q;,fo|3r|let»b/aocfktgrraocLll<%gs precision, and compare Wi’gh the
detector modelization, beam control. measurement currently being
performed with 2023 data.

¢ Demonstrate control of the
systematic errors at O(500ppm).
16



Conclusions M

Exciting times for MUonE:

« Test beam 2023 analysis:
first opportunity to study elastic scattering with a minimal setup.

» Recently submitted a proposal for MUonE phase 1
(4 weeks of data taking in 2025).

* Great contribution of the Liverpool group:

PhD students: G. Cacciola, C. Devanne, K. Ferraby.

Staff: T. Bowcock, J. Carroll, S. Charity, A. Greenall, F. Ignatov,
T. Jones, R. Pilato, T. Smith, G. Venanzoni, J. Vossebeld, C. Zhang.

Theory:

PhD students: T. Dave, P. Petit Rosas.
Staff: T. Teubner, W. Torres Bobadilla. .


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

BACKUP
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* 160 GeV muon beam
on atomic electrons.

100 |
Vs ~ 420 MeV ‘

0.55

] (1073 GeV?)
2.98 10.5 35:7

pa
—0.153 GeV? < t < 0GeV? =
— 1
NEiH
Apaa(t) $107° sle
< (.1
3
<]
0.01 |
0.001 7 ! ! ' '
0.2 0.4 5 0.6 0.8 1



DAQ system

Frontend control and readout via Serenity board
(developed for the CMS-Phase2 upgrade).

« M2 beam asynchronous to the reference clock.
 Triggerless readout @40MHz.

e Event aggregator F
on FPGA (+ online
event filtering in 2025).

* Further data
aggregation on the PC.

40 MHz domain

e Transmissionto EOS -~ EEHCHETIENS
into ~1GB files.




Calorimeter

« 5x5 PbWO, crystals,
used in the CMS ECAL:
e area: 2.85%2.85 cm?;
e length: 23 cm (~25 X)).

e Total area: ~14x14 cm>.
e Readout: 10x10 mm? APD.

e —

e his_SyncData

. | Entries 170150
: | Mean 0.01365
| StdDev _ 0.3427

e Integration in the main DAQ o n
@40 MHz achieved at the end = L
of Test Beam 2023. e

« ECAL commissioning in high
muon rate environment must
be completed. ¢

= ""I""I"'l o o e el i o o e ik e s bkl el e i ' ikl ol o ko s I
-10 -8 -6 —4 -2 0 2 4 6 8

t__ . [25ns per bin]

ECAL  ‘“track



Extraction of a”HLO
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aMHLO = 688.6 101



TB 2023



Rate [MHZ]

0.5

04

0.3

Beam rate

~2%108 u/spill
(1 spill = ~55)

02

0.1

3 Max '
-0.5 MHz/strip/




Alignment - TB 202

Events.
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TB 2023 - tracking performance:

efficiency and angular resolution

Station 1 Target Station 2

Select events with
single passing muons.

0.06

N(T2 . Tl) g 2 Ae = e . e Run 6 - 3cm target
Tracking efficiency = E 0.058 T2 "T1| Run17 - 20m target
N (Tl) = E
> 121 ® 0.056/
¢ [ Consistent with combinatorial = s
& [ result from the 25 modules 0.054|
© 11 efficiency (~98%). a
- 0052, —— , —
1_— - - » IS —'—
: - 0-05_=1—
B T 4™ : S
09 +++++++++++HHHHH+W[HM m biiiatitithe 0.048] i
C T 0.046[
08— B
C 0.044F .
N - Angular resolution ~0.02 mrad
o 0.042- after MS subtraction.
: 1 I L 1 L L 1 L 1 N L i EIJ_AJJ_A_UJJ_A_UJJ_AJJJ_LU_U_'J_LU_LLLU_LLLU_LLLU_LUJ_L
069 5002 0.004 0.006 ~5.008" 0.01 004% 05 1 15 2 25 3 35 4 45 5

Track angle 6., [rad] Track angle 6., [mrad]



Vertexing

Counts (peak normalised)

0.8

0.6

0.4

0.2

Simple selection: events with 2 outgoing tracks within geometrical
acceptance (0.2 - 32 mrad).

Target m

1 ] T 1 | L I

| Last 2 silicons
- before target

III |||||||||||||| I|||||I|||

Target 2cm
1=911.753, 6=0.807 cm

Target 3cm
u=911.275, ¢=0.879 cm

1st silicon
after target

I|III|IIIJIII|EIII

\__

)

. . A
QQO 895 900 905 910

915 920 925 930 935 940
Z [cm]

» The target center is shifted
by 0.5 cm by changing between
3cm and 2cm target (OK!).

* Vertex resolution: ~0.8 cm.
(Slightly worse for 3cm
target due to MS).



T — e S S S S e
New Background MC generator

Main background: e+e- pair production
Implemented in MESMER

f< and interfaced with the MUonE detector simulation
i Numerical results for u*C — p*Cete™ (3)
5 102
f}< —— Elasticity curve
_ _ i
100
7 ¥ s
H Ll
Cbi 2_ :ﬁ’
I =
A _10—1 c:]g
i
1
> -10—2

0 [mrad ]




TB 2023 - extraction of Ao, (t):

expectations

O(10%?) p on target, expected ~2.5% 108 elastic events E_ > 1 GeV

Not enough for Aa, (t),
but we can measure A, (t)

10_2 \
- Aq, (t) ~ 10°

Ao

- [ | | || || [ | | [ | |
0 5 10 15 20 25 30
0, [mrad]

1 loop QED contribution of lepton pairs:
Aayey(t) =k [f(me) + f(my) + f(m;)]

o3 ()2 o
T 9 3+ 342 BT 2 2

1 parameter template fit:
Fix lepton masses and fit k

Expected precision: ~5%

Studied on fast simulation
neglecting background.




Production of Monte Carlo templates

FairMUONE e 2 Reweighting (Gu,ee)&wﬁw(ki)

 Geant4 simulation

 Track reconstruction . Templates for
different values of k

o 1.012

(eu,ee) & w (weight)

1.01

1.008

1.006

0.005 0.01 0.015 0.02 0.025 0.03 05 1 15 2 25 3 35 4 45 5
Bmax [rad] 0, [mrad]



Analysis workflow

e

5 0005

& B ST .
< 0.0045}

Data

@ 1.012

Monte
Carlo o
templatesr s

1.004
1.002
1

0.998

I‘I\\‘\I\l\l\‘l\l‘l\\\\

ﬂ;l;’ T T

1

T
05 1

O ST O P T W VO VO [
15 2 25 3 35 4 45 5
6, [mrad]

. Take into account
SNl oy stematic effects

Data vs
each template



Test using pseudodata (Monte Carlo)

Pseudo_

Monte
Carlo
templates

o 1.012

0.06 0.07 0.08 0.09 0.1
Max angle [rad]

1.01—
1.008]-
1.006

1.004-

1002 -

1

;IIJIIIII
0.998-5'

L

O ST O P T W VO VO [
115 2 25 3 35 4 45 5
6, [mrad]

-

3 : Take into account
| systematic effects

Likelihood/x?
fit

-

Data vs
each template

best

input

o, 1686

16845
1682
1680| -
1678F-
1676|
16741
1672F
1670

1668
_\\‘\\\\‘\\I\‘\I\\l\\\I‘\\I\‘I\\\l\\l\‘\l\\‘l\\l‘
0.0019 0.002 0.00210.00220.0023 0.0024 0.00250.0026 0.0027 0.0028

k

0.00232(10) = ~5%
= 0.00232



ECAL — spatial resolution

Sub-mm peak resolution in good agreement with simulations.

dr = TECAL — TTracker dx dy = YECAL — YTracker dy
- ‘ Entries w1 8ok ! | Entries a1
- 40:GeV e” in M2 Mean  0.05344 C - © |Mean 05185
B0 SdDev 1212 - 40GeV e” in M2 5 . |StdDev 1.269
[ _peak 70 Lt
oy o 2~ 0.8mm -~ peak
- | Y (W oy = 0.8mm
40__ [T R N K S 50: SRS SRS SO SR i ......
B 40— i . ......
30 A - -
S - 30/
L I r
20r T -
: 20F
10: | Lm 10F
0-_‘”\ 10 H—r’—l—h_h HI—W || | ] 1 1 -ITIH”\I"I\ ni H-J-I || O:I I Nl niriiig1r1n 111 | 1 1| 11 H_H_LHH_IH_FLHI
-5 -4 -3 -2 - 0 1 2 3 4 5 -5 -4 -3 -2 - 0 1 2 3 4 5
dx[cm] dy[cm]

» Small sample (ECAL integrated in the main DAQ only at the end of the run).

» Technical issues limited ECAL data quality (now solved).



Ratio of matched events
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2S modules synchronization

DLL =12 DLL being scanned, all modules simultaneously
" #1| | #2 #3 #4  #5 #6 #7  #8 #9 #10 #11 #12
X \ \ \

ol e

i Z
’Sf Y
Strips alignment: y y X y X y
Tilt around strip axis:| 13° 132 13° 13° 13° 13° 13 13°

CMS Tracker Preliminary

Joint CMS-MUonE Beam-Test
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Compute the fraction of
events with a hit in #1,

— Maximum in time fraction at an offset of 10.7ns

2
c
2
o 0.9
k]
2
c 08
©
13
5 0.7
2
©
.- S 06
\Q
ke 0.5
Module 2, Upstream station 0.4
+-50ns *-25ns -+ Intime
= +25ns = +50ns ~ Anytime 0.3
-
0.2

O SR |
25
Time offset [ns]

if a hit is found in the DUT.

d

CMS Tracker Preliminary

Joint CMS-MUonE Beam-Test

Maximum in time fraction at an offset of 10.8ns

Module 3, Upstream station
-+ .50ns -=-25ns -+ Intime

+ +25 ns +50ns Any time

,‘.//-
25

2
Time offset [ns]

The relative timing of the modules
can be determined (here ~0.1 ns

between #2 and #3).



Expected event yield: ~10? elastic events within acceptance
(one order of magnitude larger than 2023)

Rnag = — ( A(a _)0) ~ 1+ 20,4 (t) Template fit procedure
MC\=had — &/ to extract Aa,_(t)

) N N RN AR AR R R AR RRRRN A SR RRRRR RRRAS
9—6 1.005— MUO“E ] JAL dt=5 pb'1_— 60 B
& - fast simulation ] w, | 1
1.004= no background E T Apeq(t) ~ ——Kt
= . 50— 15
1.003 = - _
003t . - K=0.136 £ 0.026
- - - (o)
1002 b 40| (20% stat error)
1.001 — — B
- 3 30—
1e = B
0.999F = 201
0.998 E -
0.997 E 19 MuonE
n ] -~ fast simulation J‘ Ldt=5pb"
0996 1y L bl b b i b LT — o background
1 1 2 2_ 4 4 | ‘ | | | | ‘ | | 1 | ‘ 1 | | 1 ‘ | 1 1 | | 1 | 1 1 ‘
0 08 > > 3 3% N 01 0 0.1 0.2 0.3 0.4

6, (mrad) K



Systematic effects

Promising strategy:

 Study the main systematics in the
normalization region
(no sensitivity to Aa,_ (t) here).

¢ Include residual systematics as nuisance
parameters in a combined fit with signal.

° —
g B 1 — Aa.4(60c) —420 B
g 0.0014— | — do/db, 4 E
0.0012|— : - 16_8“®m
L . — ©
s0iN Signal : =W
P region | -
L 1 —12
0.0008 — . -
B 1 ] 10
0.0006| ! s
- I =
0.0004| : o 6
- : Normalization -,
0.0002 — 1 region -
- [ —2
» L1 ‘ L1 L1 ‘ 1 | - 1 1 L1 1 ; 1 T T 1  — | ‘:
% 5 10 15 20 25 30 35 2

0, [mrad

[ Sa—

Iqhad

1.4 : - : n
- |— Nominal model | Normalization region
- | — Glntr -10% <
13__ _— Glntr + 100/0
N 0, > 0.4 mrad
12 MUonE [
- fast simulation [
- no background :
1.1 ; 1
B J.L dt=5pb 1
- 1
1_ -—I_'—l_
B _;—'—I_
B [
- 1
0.9 1
i 1
B 1
0.8 [
B [
- | | : I | |
0'?0 5 10 15 20 25

Example:
+10% systematic error
on the intrinsic resolution

30
8, [mrad]



The need of including systematic

effects in the analysis

What if systematic effects are not included in the template fit?

Simplified situation: £ 700 6, > 0.2 mrad
- 0, < 32 mrad
» 1 fit parameter (K). | 600 5 .
AOéhad(t) i —%Kt 500;— / input
. L=5pbe -
~109 elastic events 300
(~4000 times less than -
the final statistics) 200 —
. - ';gsl;g?nl::lulation
° Example: shift the 100:— no background
pseudo-data sample by = |

0 0.1 0.2 03 04

|
©
-

0
Ointr — Ointr + 5%.



Systematic error ONE

on the angular intrinsic resolution

+10% error on the
angular intrinsic resolution.

& 1*F" [— Nominal model| Normalization region ,IE ! p Nominal model
= L | — 0y - 10% 1.03[- : Jl dt=5pb’ | — g, . -10%
1.3__ I Glntro"'qh'loo/od : 1 MUonE - Glntr + 100/0
B 0 4 mr HNIL
B e 2 - 1.02 | fast simulation ee < 20 mrad
1.2 :— .[L dt =5 pb” : E : no background
B [ (1 (!
[ MUonE . 1.01p
1.1 fast simulation [ B L
- no background : 1: A |
1_ ._|—I—|_ 5 ‘[_l_l_lu
B _:—'—|_ B
- ' 0.99F |!
| I - 1
09__ 1 : I
- |
- : 0.98f |
0.8 1 L7 1
B [ NIk
B ! 097 |
0.? I T | | [ I | I | ' 1 1 1 | [ I | I T | | 1 B 1
0 5 10 15 20 25 30 '|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
6, [mrad] 0 05 1 15 2 25 3 35 4 45 5

Normalization region 9, [mrad]



Systematic error

on the muon beam energy

= 1.06

5 0.0 T —— Exact model
Accelerator division O [P M =
provides E, ®104) 1) — E...+1GeV
: o 30 w® 0, < 32 mrad
with O(1%) precision :

t:io'(Eb

[
G
b
—
]

(~ 1 GeV). 5 oot r_ﬂﬂqﬁmf 1l
(s W

0.98 | Iullf 1 J lf J“11T
: 2 il
This effect can be seen | MUonE
from our data in 1h 0981~ 1o background
of data taking per station. L
094 L1 1 1 L1 | 1 I 1 1 | | | 1L 1 | | 1L 11 | 1L 1 1 | L 1 1 | | 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

0, [mrad]



Systematic error

on the multiple scattering

Expected precision on the
multiple scattering model: £ 1%

G. Abbiendi et al JINST (2020) 15 PO1017

1.006

—— Nominal model

I ' B
- - a - 1 o L MUonE J. — -1
" 1004 e .l. “HE=2 PR ! —— Oys - 1% - : fast simulation L= pb
_ MUonE : Oys + 1% 10041, no background
1.003 fast simulation : 6, > 0.2 mrad 1] !
no background ' 1.002[1| 1 |
1.002ff 1 1l
h : L _|I ﬁ:_: ! I |
1.001{f
! I s
[ 1 = J !
1f : ]!
2 s :
[ 0.9981-| —— Nominal model
0.999| IR —— Oy - 1%
E ! ! - UMS + 10/0
0.998 0996 T | 0, < 32 mrad
- - 1
D_I Iél Ogg4ﬂ| | II|IIII|IIII|IIII|IIII|II |III

1111 IIII|II 1 1 |
0 05 1 1.5 2 25 3 3.5 4 61-5[

L . d
Normalization region w mrad]


https://iopscience.iop.org/article/10.1088/1748-0221/15/01/P01017

Combined fit

sighal + systematics

* Include residual systematics - K_=0.137  shiftintr. res: +5%

as nuisance parameters in the fit. .
P o shift MS: +0.5%  « shift Ebeam: +6 MeV

e Simultaneous likelihood fit to K
and systematics using the Combine tool. Selection cuts Fit results

K =0.133 £ 0.028

EI 70: 0, 2 0.2 mrad 0 HMs = (0.47 + 0.03)%
SN 6, <32 mrad e < 32mrad _
Y 60— 0. > 0.2mrad fimmee = (5.02 £ 0.02)%
- J.Ldt —5pb’ [Bpem = (6.5 £ 0.5) MeV
50— v = —0.001 + 0.003
- MUonE
40— fast simulation Similar results also for different selection cuts.
— no background
30
20—
10—
O ;\ I \ I I \

01 02 03 04

|
o
l
o



Ao,.s parameterization

5 4M 4M? M )
Roctpailt) = BEM S = = o et Bl 2 parameters:
haa?) { 9 3t+(3t2+3t K, M
Allows to calculate i
16 |
the full value of aMHLO =
EIQ L
3
. . . <l g
Dominant behaviour in the ;

MUonE kinematic region:

&
T

108 x

o [ =~ (=] o.¢]
T T T T

1
A()éhad(i) ~ _EKt




Backgrounds
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GEANT4 simulations

TB2017 (resolution ~7um) TB2018 (resolution ~40um)
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Multiple scattering:

results from TB2017

{ 1 (562 —w)?
(00Y=N|1—a)——e ¥& +a
f ( ) {( )\/%UG
(73] = [ | I | | =
c - =
g,) = .
- YC/ndf=237.9/194 3
10°E E
10° =
10 &
1 ;— ol =

I R
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L P W N T
-0.004 -0.002 0

Results show a ~1%
agreement between data and
MC for the Gaussian core
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