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 The anomalous magnetlc moment of the muon Is

connected to spin § via gyromagnetic ratio g: % = g2—S
m

* g - factor quantifies interaction strength
 Dirac predicted g = 2 for spin-1/2 fermions
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Muon g — 2 & LIVERPOOL
* The anomalous magnetic moment of the muon is ,
connected to spin s via gyromagnetic ratio g: 7 = g2—§
m

* g - factor quantifies interaction strength
 Dirac predicted g = 2 for spin-1/2 fermions

* Interactions with virtual particles cause g to deviate from
2 (g > 2). Muon magnetic anomaly is defined as:

_u— 2
Ay = 2 a; = = — +0(a?)

= 0.00116140. 'F {
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* a, receives contribution from QED, EW and QCD effects in the SM

8 Y Y Y Y
- + + - + +
o pnoooHm K R oo [T wooH ‘ I

* A probe to new physics beyond SM:; i
» For possible new physics a)/* o (ﬂ)2 /@\
ANP
m
* Muon is more sensitive by a factor of (m—”)2 ~ 4.3 x 10* 0 0

e
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Experiment at Fermilab

* Fermilab utilizes an approach similar to BNL with the same storage ring

FNAL l Goal = 140 ppb

s BTN 540 ppb
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Experiment at Fermilab

* Fermilab utilizes an approach similar to BNL with the same storage ring

WWweighted & /a9 .= mss

=, @ = =, ==

(l)az(l)s—(i)cz—miua”B
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Muon g — 2

Experiment at Fermilab
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* Run-1 results were released in 2021, with Run-2/3 results following in 2023

BNL (2004)

FNAL Run-1 (2021) +

\

4.20

)

(2020)

—.—

Standard Model
Theory Initiative

——+

Experiment
Average
(2021)

175 18.0
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185 190 195 20.0
a,x10° - 1165900

205 21.0

215

FNAL Run-1 (2021)
confirmed BNL
(Brookhaven, 2004)
measurement

FNAL (2021) + BNL
average in tension with
Theory Initiative White
Paper (2020) at 4.2 o
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Muon g — 2

Experiment at Fermilab

* Run-1 results were released in 2021, with Run-2/3 results following in 2023

« Combined FNAL result

BNL (2004) — A uncertainty: 203 ppb
Combined world
FNAL Run-1 (2021) + 0 average uncertainty is

FNAL Run-2/3 (2023) +——+

FNAL Run-1 + Run-2/3 (2023) +—e—

+—o—

Experiment
Average
(2023)
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175 180 185 190 195 20.0 205 21.0
a,x10° - 1165900

215

190 ppb

Average is dominated
by FNAL value
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Muon g — 2 Puzzle

Discrepancy between experiments & theories

<

5.00 :>

(2020)

+—e—
Significance will likely decrease Fermilab 1+2+3
with an updated SM prediction (2023)
< 510 L
L +—eo—
SM: e+e- HVP World Average
T.l. White Paper (2023)

17.5 18.0 18.5
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190 195 200 205 210
a,x10° - 1165900
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 New experimental average with SM
prediction (WP-2020) gives > 50
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Muon g — 2 Puzzle

Discrepancy between experiments & theories

New results in tension
with White Paper (2020)

5.00 >
< +—e—
Significance will likely decrease Fermilab 1+2+3
with an updated SM prediction (2023)
< 510 >
& +——
SM: e+e- HVP World Average
T.I. White Paper (2023)
(2020)

SM: Lattice HVP
BMW Collab.
(2020)

17.5 18.0 18.5
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 New experimental average with SM
prediction (WP-2020) gives > 50

* Since then, two important
developments on SM prediction:

« Lattice QCD from the BMW (2020)
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Muon g — 2 Puzzle

Discrepancy between experiments & theories

<

5.00 >

Significance will likely decrease
with an updated SM prediction (2023)

e
Fermilab 1+2+3

<

510 >

@
SM: e+e- HVP
T.I. White Paper
(2020)

New results in tension
with White Paper (2020)

+—eo—t
World Average
(2023)

SM: Lattice HVP
BMW Collab.
(2020)

L
SM: e+e- HVP
using only CMD-3
data below 1 GeV
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 New experimental average with SM
prediction (WP-2020) gives > 50

* Since then, two important
developments on SM prediction:

« Lattice QCD from the BMW (2020)

« Newete™ = mtm~ cross section from
CMD-3 (2023)

» Disclaimer:
The CMD-3 point is a visual exercise. It is not a fully updated SM prediction!

17.5 18.0 18.5

19/11/2024

190 195 200 205 210
a,x10° - 1165900

« Tl White Paper result has been substituted by CMD-3 only for 0.33 = 1.0 GeV.
* The NLO HVP has not been updated.

+ Itis purely for demonstration purposes -> should not be taken as final!
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Standard Model (SM) predictions

* The uncertainty in the SM prediction of a, Is entirely limited by our knowledge
of the hadronic leading order contribution a!® (a,""*?)

10—3_

= =
< S
~ w

=
<
o

SM contribution on a,

10—11_

U
e HVP: hadronic vacuum polarization - %m&

QED HVP HLbL e HLbL: hardronic light-by-light

————

Hadronic Leading Order
19/11/2024 14
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Standard Model (SM) predictions

* The uncertainty in the SM prediction of a, Is entirely limited by our knowledge
of the hadronic leading order contrlbutlon allo (a;'"')

» Approaches (at low-E):

1) Lattice QCD Method: Ab-initio calculation on lattice
2) Dispersive Method: using o(e*e™— hadrons) data

'W.M' f':r(s 72) |mw.'"" 2

had.
i @)
2Im < o(ee — hadrons)

Hadrons
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Muon g — 2 Puzzle & LIVERPOOL
Standard Model (SM) predictions

* The uncertainty in the SM prediction of a, Is entirely limited by our knowledge

of the hadronic leading order contribution a!t® (a,""*?)

Approaches (at low-E):

1) Lattice QCD Method: Ab-initio calculation on lattice
2) Dispersive Method: using o(e*e"— hadrons) data

2 oo Rhad(s) K . 47 a(s)

Hadrons
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Muon g — 2 Puzzle

Chaotics in ete™ - wtm™ for a,‘}VP

 ete” - m*mw~ channel is the major source of uncertainty in a;;*"

1 02 | ; T T T T | T | Full hadronic R ratio
] ra E— value (error)2 - Tt
10" F KK —
a0 — mm ninn®
0 Tt E— B Inclusive Channel
107 Kis KL mm KYK-
Y
. K::(rn mm nfno2n®
- 10 B (n*n’n*ﬂ’:tﬁno)m,: I - 2n*2n”
E, +7+71'|:+1'|:7_ -KoKo
10—2 - (nnnnn)nna_ cS)L
on . Ty
3 Al other s(}atzz — | Other Channels
107° (T )m;I:H I— B Other Contributions
4 wnn(:) |
1074 F ot n%n;n*n’ . . _
‘ ren === Contribution of g(e*e” = hadrons) across
-5
10 i i
04 06 08 ) 12 14 16 18 different hadronic channels

Vs [GeV]
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Chaotics in ete™ - wtm™ for a,‘}VP

 ete” - m*mw~ channel is the major source of uncertainty in a;;*"

1 02 ' ' ' ' T ' ' ' ]Full hadronic R ratio -
1 B S -— before CMD2
10" | N S R S - ~ CMD2
o | —_— F T KLOE comb
o _— F | Coe BABAR
102 | - [ de= | BES
108 b —_— F . CLEO
) _— | e ~ SND2k |
107" | - ;
e —e— CMD3 |
10-5 . S TP T BTN B PRI B B
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 360 365 370 375 380 385 390
\/S [GGV] a::.n. ( 0.6 <{S < 0.88 GeV ), 10

« Another puzzle: measurement by CMD-3 (2023) was significantly higher!
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Muon g — 2 Puzzle

More chaos from recent Lattice QCD updates

I I I T I I I I I
BNL 2006 | A I :
- i - Strategy for improvement
FNAL 2023 }—A—

. — [0.,%] fm
Experimental avg. |—&—] o 0.041m |
® New simulations on finer lattice spacing: ool B :::'1':: :: ]

128% x 192w/ a = 0.048 fm A e
: L : g‘T'E 200 — 28] fm
| ThiIS work ® Completely revamped analysis vs BMWc 20 ol
. [
I 1 . i
s ® Break up analysis into optimized set of windows: 0—0.4, DA
BMW 20 0.4-0.6,0.6—1.2,1.2—-2.8fm L . : - . !
< 4.00 > ® Combined fit 10 &0 Gs-06: 8 06120 o 12-28 [plot made w/ KNT '18 data sef]
1 ® 1 Fully blinded analysis:
I - 1 ® Continuum extrapolate / = 0 instead of disconnected o

White paper @ [ndependent blinding by factor £3% on

— reduces statistical uncertainty correlator for each window and

5.20 — reduces a — 0 error component, including data-driven tail

1 o L @ > 2independent analyses of all
| I | b M . - . .
BaBar L . N, @ Data-driven evaluation of tail: 2,237 (proposed and blinded a;>*"*" contributions (and of
LI o 1 used W/ 1 fm — oo [REC/UKQCD “18]) other aspects)
-1 O (| CMD-3 @ Once agreement reached, partial
l KL\bE Y — reduces FV effect 18.5(2.5) — 9.3(9), i.e. cv +2 & err +3 unblinding to allow sum of contributions
— " — — reduces LD noise ) @ Full unblinding on July 12, 2024, w/
Tau — reduces LD taste breaking and a — 0 error automatic script that made appropriate
l | | | L | | L l changes in all figures and text

175 180 185 190 195 200 205 210 215 ® Paper submitied to anXv on uly 15,

a, % 101 — 11659000
Davide Giusti, MPP2024

BMW/DMZ24 (2407.10913) 19



https://indico.ph.liv.ac.uk/event/1666/contributions/8457/attachments/4033/5697/MPP24.pdf

Muon g — 2 Puzzle
Putting all together

_ Current Situation

Experiments - Storage ring measurements are
consistent (BNL + FNAL)

SM predictions - Lattice & e*e data-driven
(HVP contribution) - Within the data-driven:
- BABAR & KLOE
- CMD3 < all previous e*e” data

19/11/2024
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Last update: 2023-07-11 08:26 ; Total = 21.90 (xBNL)

Statistical Error [ppb]
= Muon g-2 (FNAL)--------------------------------------/_,.-4
Z 20 PROPOSAL GOAL Run-6 Run 1 434
e A mini sci-fi
g 15 and sys runs Run 2+3 201
s Run-5
§ T Quad RF Run 4+5+6 110 (est.)
2 Ho F
l l O n g N l l Z Z e " & siilar'Sofiuns AllRun1to6 90 (est.)
2 /
]
& 6 Ruf3 « For weighted e+ in the final w, fit,
- ﬁlrf“? a factor 3.3 more data in Run-4/5/6
Puttin g a| | to g eth er LA than Run-2/3 and 15.7 than Run-1.

WS W® .
\"Nﬁs\'w
<

AD A 0 0 N WA AT 2w 92 %]
BRI RETY XN Ge 2 o 0
AN RO AT LN RS %\_o RE L R<e

;S * All using positive muons.

_ Current Situation Future Updates

Experiments - Storage ring measurements are - Fermilab final result 2025
consistent (BNL + FNAL) - New approach at J-PARC
SM predictions - Lattice © e*e data-driven - Scrutiny on CMD-3 within Theory Initiative
(HVP contribution) - Within the data-driven: - Forthcoming mea./analyses: BaBar, KLOE, ...
- BABAR < KLOE - Lattice: more groups w/ precision similar to BMW

MUonE

- CMD3 < all previous e*e” data

19/11/2024 21



Muon g — 2 Puzzle

Putting all together

_ Current Situation Future Updates

Experiments - Storage ring measurements are
consistent (BNL + FNAL)

SM predictions - Lattice & e*e data-driven

(HVP contribution) - Within the data-driven:

BABAR < KLOE

CMD3 < all previous e*e data

19/11/2024

Proton beam (3 GeV)

Kinetic ener gy Momentu m
Surface muon (3.4 MeV, 27 MeV/c)

Thermal muon (25 meV, 2.3 keV/c)

Reaccelerated muon
(212 MeV, 300 MeV/c)

MLF muon experimental
facility H-line

Thermal muonium
pro_duc.tion. Muon linac
lonization laser 3D spiral injection

Muon storage

magnet(3T)  positron tracking
detector

Fermilab final result 2025
New approach at J-PARC

Scrutiny on CMD-3 within Theory Initiative
Forthcoming mea./analyses: BaBar, KLOE, ...
Lattice: more groups w/ precision similar to BMW
MUonE
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Proton beam (3 GeV)

etic energy Momentum

Kin
Surface muon (3.4 MeV, 27 MeV/c)

Muon g — 2 Puzzle

Thermal muonium
production, Muon linac

Putting all together s

/
magnet(3T)  positron tracking
detector

_ Current Situation Future Updates

Thermal muon (25 meV, 2.3 keV/c)

Reaccelerated muon
(212 MeV, 300 MeV/c)

Experiments - Storage ring measurements are - Fermilab final result 2025
consistent (BNL + FNAL) - New approach at J-PARC
SM predictions - Lattice © e*e data-driven - Scrutiny on CMD-3 within Theory Initiative
(HVP contribution) - Within the data-driven: - Forthcoming mea./analyses: BaBar, KLOE, ...
- BABAR < KLOE - Lattice: more groups w/ precision similar to BMW
- CMD3 < all previous etedata - MUonE

7th Plenary Workshop of the Muon g—2 Theory Initiative ~ V]UON g—z theory Inltlatlve, Seventh WorkShOp at KEK
September 9-13,2024 @ KEK, Tsukuba, Japan
(Sep 9-13, 2024) https://conference-indico.kek.jp/event/257/

EH5E
N
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Proton beam (3 GeV)

etic energy Momentum

Kin
Surface muon (3.4 MeV, 27 MeV/c)

Muon g — 2 Puzzle

Thermal muonium
production, Muon linac

Putting all together s

/
magnet(3T)  positron tracking
detector

_ Current Situation Future Updates

Thermal muon (25 meV, 2.3 keV/c)

Reaccelerated muon
(212 MeV, 300 MeV/c)

Experiments - Storage ring measurements are - Fermilab final result 2025
consistent (BNL + FNAL) - New approach at J-PARC
SM predictions - Lattice & e*e data-driven - Scrutiny on CMD-3 within Theory Initiative
(HVP contribution) - Within the data-driven: - Forthcoming mea./analyses: BaBar, KLOE, ...
- BABAR < KLOE - Lattice: more groups w/ precision similar to BMW

- CMD3 < all previous etedata - MUonE

7th Plenary Workshop of the Muon g—2 Theory Initiative ~ V]UON g—z theory Inltlatlve, Seventh WorkShOp at KEK
September 9-13,2024 @ KEK, Tsukuba, Japan
(Sep 9-13, 2024) https://conference-indico.kek.jp/event/257/

EH5E
N
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The Status of MUonE Experiment:

Understanding Muon g — 2 Puzzle via u — e Scattering

» Muon g — 2 Puzzle

» The MUonE Experiment
* Principle
» Setups — tracker, ECAL, beam, ...

 Test Runs

» Outlook & Summary



MUonE Experiment

A new approach measuring a,, V" with running of Aatpag

pone

» The dispersive approach to compute a,, ' "*° is via the time-like formula:

x%(1—x)
x% + (1 —x)(s/mf)

2 o 1
_ (ﬂ) fmz dSRhad(SZ)K(S)’ K(S):Jodx

0 S

ol Phys. Rev. D 97, 114025 (2018) Jhy
10000 Y(1s-6s]]
—
v(2s)
1000 + Transition point;at 1.937 GeV
100 | 0]
p/w
10
LW/

Exclusive data Inclusive data
1

1 10
19/11/2024 ooV 26



MUonE Experiment

A new approach measuring a,, V" with running of Aatpag

pone

IS via the time-like formula:

» The dispersive approach to compute a, " i

__ (am 2 o Rha (S)K(s) xz(l—x)
_(_“) fmz ds ~had ’ K(s)—J dx 2+(1—x)(s/mﬁ)

70

« Alternatively, exchanging the x and s integrations - space-like formula:
2 2
1Tl

afiV? =2 [ dx (1 = Ddan,a[t(x)], t@) =
t=g2<0

Hadrons

2 <0

* Aap,q IS the hadronic contribution to the
running a

27



MUonE Experiment

pone
Running of Aay.q4: ‘'Time-like’ vs ‘Space-like’

* The electromagnetic coupling constant runs as a function of the momentum
transfer, due to vacuum polarization effects

I Aa(q?) = Aaiep(¢7) + Aanaa(q”) + Aaiop(g?)

, v a(0) ~ 17137
(_};’(q ) — 1 _ Aa(qg) CC(MZZ) ~1/127

19/11/2024 28



MUonE Experiment

Running of Aay.q4: ‘'Time-like’ vs ‘Space-like’

* The electromagnetic coupling constant runs as a function of the momentum
transfer, due to vacuum polarization effects

« Space-like: a very smooth behavior * Time-like: characterized by the

* Inclusive measurement opening of resonances
« Direct interplay with LQCD S
2 | i ——— Hadronic + leptonic < Z:Zz —— Hadronic + leptonic
005 - leptonic 0_15 leptonic

0.04—

0.08—

- 0.06
0.03[ F

0.04—

0.01—




MUONE Experiment I,I§Ne

Aay,q Via Muon-electron scattering

* Aayaq[t(x)] can be extracted from the shape of the differential cross-section of
muon-electron scattering u*e™ - u*e”

do data (A&'llﬂf l)

Rha{l — ~ 1+ 2‘&0"]12“1(??)

dU}IC(A&hﬂd = 0)
To be determined
in this experiment
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MUONE Experiment I,I§Ne

Aay,q Via Muon-electron scattering

* Aayaq[t(x)] can be extracted from the shape of the differential cross-section of
muon-electron scattering u*e™ - u*e”

Shape measurement

T

do data (A&'lmfl)
d{}'}[(j‘ (Aﬂfhﬂd = 0)

Rha{l — ~ 1+ 2‘&0"]12“1(??)

To be determined
in this experiment
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MUonE Experiment

Aay,q Via Muon-electron scattering

* Aayaq[t(x)] can be extracted from the shape of the differential cross-section of
muon-electron scattering u*e™ - u*e”

Shape measurement

T

dg{iata ( AIﬂ'llﬂu:l )
dJHU{AahmT = 0)
The NNLO differential cross

section from theoretical
calculation 32

led — ~ 1+ Q&f}fhad(t}

To be determined
in this experiment



MUonE Experiment

Aay,q Via Muon-electron scattering

* Aayaq[t(x)] can be extracted from the shape of the differential cross-section of
muon-electron scattering u*e™ - u*e”

It] (107% GeV?) It| (107 GeV?)
0.55 2.98 10.5 35.7 50 0 0.55 2.98 10.5 35.7 o0
T T T T T l T 1 T
[ 100 /
2,,2
a vk x m
2O -0 Ay <0

10 f

Aa(t)

X i
~—~ 1¢ :__-,4 -
Shape measurement L £l
T 5 0.1} A
<] 5 9
dg{iata(&&hml) I
Ryaq = ~ 14 200ap,4(t) 0.01 ¢ =l
dJHU(A&hmi — 0)
To be determined  o.001 0 n

The NNLO differential cross 02 04 06 08 1 0 02 04 06 08 !
section from theoretical

calculation 33

in this experiment



MUonE Experiment

Aay,q Via Muon-electron scattering

* Aayaq[t(x)] can be extracted from the shape of the differential cross-section of
muon-electron scattering u*e™ - u*e”

Coverage of a0

L] I
g 8 o x~0.936
H 3 &  E=160GeV
g g _ 0.85-covers ~ 88%
%5 5 |
= E 0.8
) g 0.75
Shape measurement 3 )
t R 07
dg{iata ( AIﬂ'llﬂu:l ) : |
Ryaq = _ ~ 1+ 2&(}:1““1(??) 1 0.65
doyic(Aapag = 0) o o
' 0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1 60 80 100 120 140 160 180 200
The NNLO differential cross To be determined X E, [GeV]

- - In this experimen
section from theoretical this experiment

calculation 34



MUonE Experiment

Aay,q Via Muon-electron scattering

* Aayaq[t(x)] can be extracted from the shape of the differential cross-section of
muon-electron scattering u*e™ - u*e”

5F r r r v 1+ 1 1+ v 1 [ 1t v 1 ¥ 1 T T 7

: Muon beam momentum = 150 GeV :

~ 3L i’I ﬁ " ill i ]

© L J
[13

E I ¢ :

Shape measurement s 2f 2 -

t : wel N\
; I we
l'-'L'Jufiata (A&hml) I _ o

R]l-‘dd — ~ 1+ E&f}flmd(ﬂ T o31® v _

dUHC{A&hﬂd = 0) I * ]

: : To be determined okl ]

The N'N LO differential Cross in this experiment 0 s 10 e 20 o 30
section from theoretical
Be (mrad) 35

calculation



MUonE Experiment

Setup overview

M2 u beam > 7/ B
160 GeV/e /

station #1 #2 #3 /

19/11/2024 36



MUonE Experiment

Setup overview

/| e muon filter
M2y beam == L] w chamber
160 GeV/e / U
station #1 ~ #2  #3 [/ #k #N

~100 cm divided into 40 slices

’ 1 module (2 sensors)
it L] SRR =
‘ & W

layer 3 layer 1 layer 2 layer3  layer1

Tar}et k Target k+1 * Graphite (or Be) target

with a few cm thickness

e :
| * Tracking system:
W -> 3 pairs of silicon strip
H | detectors

 ECAL: energy and PID

=

19/11/2024 37



Apparatus

The tracking station

« Two (X, y) layers and (u, v) layer
* (X, V) layers tilted for better resolution

* (u, v) layer rotated to solve
reconstruction ambiguities.

« Relative position between
stations must be stable at 10 um
-> a super precise experiment!

« Low-CTE material (INVAR, carbon)
« Well-controlled temperature

« Laser system to monitor stability

19/11/2024 38



Apparatus
The tracker (CMS 2S Module)

« Silicon strip sensors currently in production for the
CMS-Phase 2 upgrade (HL-LHC).

« Each module is divided in two independent halves.

A single half:

* 1016 strips

* 5cmlong

* Divided into 8 sectors

e Binary readout with a
~26 um resolution

TDR CMS Phase 2 Tracker Upgrade
|. Zoi, POS 448 (VERTEX2023), 021 39



https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://pos.sissa.it/448/021

Apparatus
The tracker DAQ system

5 Imperial College | AW ity
London e

MTP/LC

10GUDP 10G UDP
from FF to SFP

Raw data
files, 1.1 GB

Serenity

condor batch o
submission .
. Skims

40 MHz domain

«+es«ex  Asynchronous

40


https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://pos.sissa.it/448/021
https://serenity.web.cern.ch/serenity/

Apparatus

The tracker DAQ system

* Triggerless readout @40MHz

MTP/LC

10GUDP 10G UDP
from FF to SFP

 The CMS Serenity platform,
with two FPGA
daughtercards mounted

Event aggregator on FPGA
with online event filtering in
2025)

Serenity

condor batch ;

submission <
Skims

40 MHz domain

......... Asynchronous

41
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Apparatus

Calorimeter

« Aforward ECAL covering part of the total scattering acceptance

« Useful for PID & systematic study (an independent kinematic measurement)
« Considering recycling FNAL muon g-2 ECAL

5x5 PbWO4 crystals:

* Area: 2.85x2.85 cm?
* Length: 22 cm (~25 XO0).

\!E

Performance of the CMS
Calo Crystals

: — ] B 2 o
 Total area: ~14x14 cm?2. " "'5'.-!
“ i
e Readout: APD sensors. E< \
» Aram Hayrapetyan et al. | n » _ -
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Test Runs
Joint test with CMS tracker group from 2021 to 2024

Oct — Nov 2021

First test of the 2S module with tracker DAQ system
Also confirmed thermal stability of the mechanical structure

yone

July and Oct 2022

« 1 full station (6 modules) + ECAL in the proposed MUonE location
Beam intensity and profile measured in the real beam conditions

19/11/2024 46



Test Runs y§|\]e

Joint test with CMS tracker group from 2021 to 2024

Oct — Nov 2021

» First test of the 2S module with tracker DAQ system
« Also confirmed thermal stability of the mechanical structure

July and Oct 2022

« 1 full station (6 modules) + ECAL in the proposed MUonE location
« Beam intensity and profile measured in the real beam conditions

Aug - Sep 2023

 First physics data taking to for the Aa,, measurement

Sep — Oct 2024

» Dedicated ECAL test and its synchronization with tracker DAQ system

19/11/2024 47



Test Run 2023 l,lg\]e

2 stations (beam telescope + target + tracker) + ECAL

« Expected luminosity: ~ 1pb*
« ~10%? y accumulated on target with ~2.5x108 elastic events with E, > 1 GeV

 Goal: demonstration measurement of AaEPwith a few % precision
ECAL

Station 0 Station 1

| B | i

10em Ta rget

100 cm
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Test Run 2023

2 stations (beam telescope + target + tracker) + ECAL
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Test Run 2023

2 stations (beam telescope + target + tracker) + ECAL
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Test Run 2023 l"@\‘e

Tracking system performance

Module synchronization were checked computing ﬂ T ﬂl
T <N

the fraction of events normalized to the first module, if U | T
a hit is found in the the module under test. el - cv o

CMS Tracker Preliminary Joint CMS-MUonE Beam-Test CMS Tracker Preliminary Joint CMS-MUonE Beam-Test
[ Maximum in time fraction at an offset of 10.8ns

/\ » Determine the relative
: , timing of the modules (i.e.

~0.1 ns for #2 and #3).

Maximum in time fraction at an offset of 10.7ns

ot
w -
||I

e ¢
~J
TTTTTT I

Ratio of matched events
o
4]

Ratio of matched events
o
w
|

o
o
T

(=]
(41
IIIIIII TTTT[TT
"
(=]
o
|

e Best time offset ~10-15 ns

Module 3, Upstream station

& o
B
|III

0.4° Module 2, Upstream station
: =+ .50ns +-25ns -+ Intime : e .50ns +-25ns = Intime
0.31 +25ns ~ +50ns  Any time 0.3 +25ns * +50ns  Any time
0.2F o 0.2
0.1— 0.1—
OE"""""g.‘:A e OL—I-I T S-S 2, o £ S S S SRR |
0 5 10 15 20 25 0 5 10 15 20 25

Time offset [ns] Time offset [ns] 5 1



Test Run 2023 QNE

Tracking system performance

« Module efficiency and angular resolution |
were checked by selecting single-passing \ | d L\l e
muon events for two stations separately.

efficiency

1.2 .
- . . . . MUonE prelimina Data 2023 imil
" Consistent with combinatorial g p o gingle passing muons (160 GeV)| = 0.06M2OnER regr."mfry . ?g;aéof/a
" result from the 2S5 modules S 220000 Gommee | & F ingle passing muons (160 GeV)
11— efficiency (~98%). 200001 n-tdued || E T 3 cm target
- (o=489urad|| %0055 2 om target
A L 180001 2 cm target r no target
- L 16000F- p =23 prad r
B .| L o =46.8 prad 005, L
I .|t 14000 L —+—
- o t t E e
09 §H+++++HH++HHHHH }l sHTHTITUITTTT 12000 n T]‘ -E;r?'?ad 0.045]- T ——t :':
- THIT + + . o = 40.0 prad TR —+
B 1 10000f— i
08 1 8000 0.04——
- L T e
5 6000 i — .
0.7+ r
- 4000} 0.035/-
B 20001 ! i
0.6 1 1 1 | 1 I 1 | 1 1 1 | I 1 1 | I r . H _ -
0 0.002 0.004 0.006 0.008 0.01 ol \_82 _01L L \0| Ll |0{1\ ~ 10|21 L 0.030|\|6|51H|‘JI\lt‘;léll|é11j12|éu\3|||u3|é1|\Alu£l‘|5|1115
TraCk angle 6T‘.l [rad] A8 = 9sta'cioni ) 9s;tation2 [mrad] estaniom [mrad]



Analysis for Test Run 2023 yone

Software framework

« NNLO Monte Carlo generator: MESMER

 ‘MuE’ fast simulation

* (6, 6,) up to the NNLO generator as well
 Limited detector effects (multiple scattering) included

« ‘FairMUonE’ dedicatedly developed for this project

 Full detector effects and track reconstruction

* Event selection & weighted (0., 6,,) for template fits

« ‘Combine’ tool for analysing systematic effects

19/11/2024

Theory for muon-electron scattering @ 10 ppm
A report of the MUonE theory initiative
P. Banerjee', C. M. Carloni Calame?, M. Chiesa®, S. Di Vita®, T. Engel-5, M. Fael®, S. Laporta’ ¥, P. Mastrolia”-%,

G. Montagna®?, O. Nicrosini?, G. Ossola'?, M. Passera®, F. Piccinini?, A. Primo®, J. Ronca'’, A. Signer'~+,
W. J. Torres Bobadilla'!, L. Trentadue!>!3, Y, Ulrich!~, G. Venanzoni'*

First NNLO prediction!
Eur. Phys. J. C (2020) 80:591

T T
109? MUoONE simuiation det:Spb’1 E
F no cu ]

10°5 E

10° E



https://github.com/cm-cc/mesmer/
fast%20simulation%20to%20include%20detector%20effects
https://gitlab.cern.ch/mgoncerz/fairmuone
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/

Analysis for Test Run 2023 pone

Event reconstruction & selections

. . . . MUonE preliminary Data 2023
« Some basic criteria T Target  2om targe!
o 1 Migrger=211-75: Oy =0-81 cm
* Vertex position in the target g L 3om target
S : Mo 11:27. G0, =0.88 €
« Track vertex fit quality (y?) 08
© L
« Acoplanarity 8
" . c B
» Boosted kinematics: 3
@)
. 0.4
 Single detector to cover full acceptance -
= First 2S dul
* 8, <5 mrad, 6, <32 mrad. 02  Lastpairo .rl’itat.oﬁ"‘z’ we
B 2S modules
B in station-1 \\
O_l Ll L | | I -

890 895 900 905 910 915 920 925 930 935 940
Vertex z position [cm]

19/11/2024 24



Analysis for Test Run 2023

First elastic scattering results

Min angle [mrad]
N

N

S
5
4
3.5
3

5

2
9

O —
O O .

MUonE preliminar _

—
—

Data 2023

A

10 20 30 40 50

T

3000

2500

2000

1500

1000

500

60 70 80 90 100"

Max angle [mrad]

- Making selections:

Angles from the best vertex fit in
FairMUonE

3 tracks (1 incoming & 2 out)
Acoplanarity cut (<=1)

Vertex reconstructed +/- 3 cm of the target
mean position

Angles: 6,> 0.2 mrad; 8, < 32 mrad
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Analysis for Test Run 2023

First elastic scattering results

Min angle [mrad]
A

o - N w
g N W s o O

MUonE

TTTTTT IIITlIIIIlIIII

e

preliminar

10 20

30 40

Data 2023

3000

2500

2000

1500
1000

500

50 60 70 80 90 100"
Max angle [mrad]

Min angle [mrad]

~

— N 0
a N W g~ oy

o
[ -

Uq_nE prqlim{pary_

Data 2023
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M O
- S0, o 7 7| After selection cuts |— 260
:__-'..‘ _:._; f':-' T oo
F . T LIt —220
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Elastic Scattering Analysis I,I§Ne

Extraction of a;,* "-" from the template fit

* Extracting Aayp,q(t) through a template fit to the (6., 6,,) distribution

4 M
1 — /1 —4M

}

. o . 5 4AM  (4M* M 1 2
* Aay,,q parameterization (K, M): Aau(t) = KM {9 33 T (gf—.g+3—f— 5) — "

| +4/1 =24

t

* ‘Lepton-like’ parameterization
« K: related to ay and the electric charge of the lepton in the loop

- M: related to the squared mass of the particle in the loop (m?, mﬁ, m?)

* In the hadronic parameterization, K & M don’t really have physical meaning

19/11/2024 57



Elastic Scattering Analysis

Extraction of a;,* " from the template fit

* Extracting Aayp,q(t) through a template fit to the (6., 6,,) distribution

1 — /1 —4M

. . . 5 4M AM2 M 1 2
* Aa,,4 parameterization (K, M): Aawa(t) = KM {—S —37 t (5 R g) — In

Elusliclpelecllxlmcr:lerl‘a‘ ) I ‘ | I ' b ]
foo i o Z (dataq-, — templ(K, M)f,)?
NN - data '
‘MUonE data ! % ; —
LT s 4400 161 16
L ) EC I(bestl IVlbest <.l
= 3 4300 élo
Max angl‘e rad] > 1 e ! % 5 |
frac] o - afLO — C;] / da:(l — x)Aa}md[t(I)] = : |
Tt -
0 w | Padé J
-i: : Templates | = i (210 0.1 ()“’ ()“i ()‘1 0.5 0.6 0.7 (]8[/"0(‘)‘)_ d
MC + Actyoq(t; K, ML) JonE kinematic region (x<
( had(t; Kiv 1)’ E _ - Dominant behaviour in the MUonE kinematic region (x<0.936)
G S o R et The lepton like function that allows us to extrapolate the
v vul remaining 12%

An alternative approach (‘derivative’) covering 99%:

19/11/2024 - Phys. Lett. B 848 (2024) 138344



Systematic Effects IJ§N9

Achievable accuracy

* The main challenge of the MUonE Is the control of systematic
effects at the same level of the statistical precision

« 40 stations + 3 years of data-taking with full stations - 4E12 events

- ~0.3% statistical accuracy on a;, ' *"*°

« Competitive with dispersive data-driven method
« Estimated 10 ppm systematic uncertainty

« Requires a uniform detection efficiency (modules, across all angular range)
* Precise alignment (10 um longitudinally)

19/11/2024 59



Systematic Effects  dog(Baw

. . had = F Ao ~ 0 ~ 1+ 2.&&}13(1@)
General considerations & strategy o (A = 0)

* Theory input: MC generator of radiative contributions at NNLO level

* Main experimental sources:

* Multiple-scattering (accuracy of 1%)
« Angular resolution (a few %)
 Knowledge of the beam energy (a few MeV)

19/11/2024 60



Systematic Effects

General considerations & strategy

« Main systematics have large effects in the normalization region.

 Large statistics but not sensitivity to Aa,,4

— B = 108 o ]
g=] = — A, (8, 20

o = a-gﬂ-“ﬂ” —daf'-}i'ﬁi } E
E . . < | 18
o s 10 0.0012 ;16
o . 0.001 -
Normalization region ! 2
0.0008 L T 510

10 L f

0.0006 statistics 8

6

10° 0.0004 |

4

0.0002 sensitivity :

_ 10° A/ 52

(] S —r— - ————— ——— = = T o v L e s e T —— ]
0 5 10 15 20 25 30 % 5 10 15 20 25 30 35 ad

B, [mrad] 8, [mrad]
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Timeline I"§Ne

« An experimental proposal submitted to SPSC on May 2024

* The first physics run in 2025 before LHC Long Shutdown
« 3 stations; 4 weeks data-taking; about 20% precision of Aay .4

 Full run with 40 stations after LS3 with final goal ~0.3% stat and similar syst.

2023 2024 2025 2026 2027 2028 2029
L [FMAM 3 [3]AISIOIND[3[FMAIM 3|3 ]AlS[OINID] 3 [FIMAIM 3 3 [AISIGIND| 3 [FMIAIM 3 |3 TAISIOINID! 3 [FIMAM 3 3 JA'SIOINID] 3 TFMIAM 3 [3 JAISIOINID]3 [FMAM[3 [ JAISIOIND
H ‘ Run 3 Long Shutdown 3 (LS3)V ﬂ
| ? —
o | T
Test Run  Test Run  Physics Full run
2023 2024 run 40 stations

19/11/2024 2025 62



Run 2025

’&'d UNIVERSITY OF

LIVERPOOL

W e AN e W

Controlled environment iron shield
u a : \ L‘L\ IJ ‘JHL T
T
station-1 T1 station-2 T2 station-3

ECAL muon ID

Goals: « Systematic error studies:

« Exploit data from all the
sub-detectors to study
backgrounds and systematics.

« Study uniformity of tracking
efficiency, PID, backgrounds,
detector modelization, beam control.

- Demonstrate control of the
systematic errors at O(500ppm).
19/11/2024

 Physics results:

- Preliminary measurement of Aa,_(t)
with O(20%) statistical accuracy.

- Measure Aalep(t) with a few percent

precision, and compare with the
measurement currently being
performed with 2023 data.
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BMS (Beam Momentum Spectrometer)

Scraper Quadrupole

3x Bend Magnets Scraper

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

* Determine the muon momentum
event by event.

 Goal: < 0.5% momentum resolution.

P&d UNIVERSITY OF

& LIVERPOOL

* Mechanics.
« Simulation and analysis.

Longer term tasks:

 Magnetic field measurement.
19/11/2024

=

o - =

\ MUonE statlons Quadrupole

F lgnatov
G. Venanzoni

I
0.4

I
0.6 0.8 1
hit resolution, mm

Intrinsic resolution only
But also we have:

- Mag field uncert

- Alignment

0.5% - 10ppm
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The Collaboration IJ§N9

* 50+ people from over 9 countries

° https //CdS cern. Ch/re CO rd/2 89 62 93 EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
MUonE Phase 1 Experiment Proposal y

Group Senior | post-doc | PhD | students o
Bologna 5 1
Cornell University 1 April 25,2024
Erng:;l;l College(*) 3 1 3 Proposal for phase 1 of the MUonE Experiment
Milano-Bicocca 1 The MUonE Collaboration
Northwestern U. 1 1 1
Padova 5 2
Perugia 3 2 In the UK
Pisa 3 2 2 o
Trieste 2 2 |2 - Imperial College (CMS tracker group): tracker module
Shanghai 1 |1 - Liverpool: Analysis, BMS, theory, etc.
Regis U. 1 3
U. of Virginia 2 2
U. of Liverpool >3 3 | New collaborators are always welcome!

Total 28 |13 |14 |5
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https://cds.cern.ch/record/2896293

Conclusion M§Ne

* Muon g — 2 puzzles:

« Conflict between Muon g — 2 SM predictions and experimental measurement;

. aEVP’LO represents a major uncertainty in the e*e- data-driven method for SM prediction.
. HVP,LO | : -
* MUonE: a new approach for a, via u — e scattering

* A new, alternative, and independent way to measure Aay,q4 for the first time;

« Main challenge: a very precise measurement on the shapes of differential
distributions at the 10ppm level of systematic uncertainty;

* Planning a 4 weeks of the data taking in 2025, making a preliminary
measurement of Aa,4(t); A full run for 2029+ after LS3.
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Backup

19/11/2024
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Elastic Scattering Analysis

Extraction of a;, ' *° from the template fit

» Another approach computing Aa,4(t) using MUonE data

Low energy integral

/S() @K(S)M =

5 S T
.ds ImITqq4(s) ods . Imllea(s)
/ ,, ZIK(s) - Ki(s) 2 4 / ()T
3 K,(s) approximates K(s) fors < s.
Ky(s) = aps + Yy _ — Meromorphic function:
it 2 no cuts, poles ins = 0.

Two different techniques to get K (s):
1) Least squares minimization
2) Minimize /M%u\-'(s) — K\(s)|R(s)

Phys. Lett. B 848 (2024) 138344

Contents lists available at ScienceDirect
Physics Letters B
ELSEVIER journal homepage: www.slsevier.comocate/physleth

Letter

An alternative evaluation of the leading-order hadronic contribution to the %55
muon g—2 with MUonE

Fedor Ignatov*", Riccardo Nunzio Pilato*”, Thomas Teubner*?, Graziano Venanzoni ~%-

Untversity of Liverpoo, Liverpool L69 38X, United Kingdom
" INFN Sezione di Pisa, Larga Bruno Pontecarvo 3, S6127, Pisa, ialy

ARTICLE INFO ABSTRACT

Editor: G.F. Glud

comy

eval
regi

Phys. Lett. B 848 (2024) 138344

Low energy integral

%0 ds ImIT;,,4(s
e e

¢
th

Kl(s) 1
. l_I 1 T mee
fes l : d(S) ]s 0 2mi

Res [Hllnd(S)Klg(S)] . Z ! ds II
. s=0 ‘ e

Use Cauchy’s theorem

—Kl(s)nhad(s)
pQCD
3
Cn d(n)
” had(s) - _TAallad(t)
0 nzz:l n! dt t=0
From MUonE

10
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Phys. Lett. B 848 (2024) 138344

Contents lists available at 5 Direct

- - - fais * Physics Letters B
Ll
EISEVIER journal homepage: www.slsevier.comocate/physleth
Letter
An alternative evaluation of the leading-order hadronic contribution to the
.0 ®, Grazic anzoni @

Extraction of a;, ' *° from the template fit S

* Another approach computing Aay,,4(t) using MUonE data Phys. Lett, B 848 (2024) 138344

99% HLO - — Z C»,, th.ad(t) MUO”E

,u. ' Tl
“— n dt =0
| a 1 ds
aELO (IT) _ 2_ —CpS Hh,ad(s)
T 2T Jis|=s, S pQCD

1% | 00 _ o’ [*0ds 95 ke (s) — Ky (s)]R(s) T|m6-|l_||_(e data
Iz 3722 o S 1 pQCD

v > ds
aELO (v) _ 32 q ?[K(S)—KI(S)]R(S)
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I l I I IBNL 20(;6 k l A I II
FNAL 2023 |—2&—
Experimental avg., —&—
This work
I = i
___________________________ BMW 20 U
<‘ 1.00 >
White paper
5.20 >
H——o——H
BaBar
| " CMD-3
KLOE
“. .. at the required precision to match the eTe™ . : . e . ! \ 1
data, the present understanding of the IB [isospin o ff]x e e
breaking] corrections to 7 data is unfortunately A. Boccaletti et al, High precision calculation of
not yet at a level allowing their use for the HVP the hadronic vacuum polarisation contribution to
dispersion integrals.” - Tl White Paper, 2020 the muon anomaly, Figure 3 (arXiv:2407.10913).

e Historically data from hadronic tau decays used to supplement lacking or
low accuracy cross section data.

@ Poor understanding of the scale of systematic uncertainties associated
with IB corrections meant these data was no longer to be included.

@ More accurate calculations of IB corrections are in process, supplemented
by lattice QCD and ChPT.

@ DHMZ argue for the re-inclusion of 7 data due to the existence of greater
discrepancies among the cross section datasets.

Aidan Wright Status of Dispersive HVP for g — 2
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e Particularly on the p, CMD-3 27 significantly in excess of all previous data.

0.20 T

I CMD-3 loBand
KLOE
| BaBar

0.15 1

0.10 1+

0.05

Ul
CMD -3

-3)/0

‘ ’ilf?ﬂ ' lzi I i
_',]f ikl

| e i VI |
LR M il ] II!l R
1 ’ [ fiel ‘ 3 el 4 & ! i
—-0.05 | R AR SR EE I ‘ SRR S s BLars My ‘l
, P f ,

L
I | ! [‘ X% | l |

0.00

_
Ocmp

(Oexp

—-0.10

—0.15 1

-0.20

0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2
Vs (GeV)

@ A potential KLOE-CMD-3 systematic is too large for aﬂvp to be useable.

@ Similarity at low energy used to motivate hybrid approaches...

@ Belle-Il see a similar excess on the 37 resonances but there are potential

(
L issues with the data.

Aidan Wright Status of Dispersive HVP for g
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Experimental Principle at J-PARC

Muon Precession in the Magnetic Field

R e — _.XE - = E
=——|a,B—-| a, == P W1 BxB+—
w, m| y'—-1) c 2 c )]
Cyclotron spin ¢ Magic “y”: a, = yzl_ 1

Wc Wg BNL E821 approach

FNAL E989

N



Experimental Principle at J-PARC

Muon Precession in the Magnetic Field

Cyclotron Spin "

wc Wg

N



Experimental Principle at J-PARC

Muon Precession in the Magnetic Field

Cyclotron

wc

7' —-1) c

Directly remove E field

J-PARC approach
E=zoatanyy

el e

J-PARC E34

N



Experimental Principle at J-PARC

Low-emittance muons needed

”éé emittance
® ® ~1000t mm * mrad
%
Muon
cooling
iy _
emittance
Thermal It mm - mrad

muon beam
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Experimental Principle at J-PARC

Low-emittance muons needed

P ol w@ ® w@ - emittance
% - ® ~1000mt mm * mrad
¢ ov g0

F

Ordinary flashlight

-
pion decay -
Muon
cooling
N )
emittance
Thermal It mm - mrad

muon beam



Experimental Principle at J-PARC

Low-emittance muons needed

roton | LS t - .
p IJ — emittance
e " e >® _ © ~1000t mm * mrad
| v _ oY
pion decay d
Fermilab Muon g-2 J-PARC Muon g-2/EDM
Focusing field Electric quadrupole E = 0, very weak magnetic
3.09 GeV/c 300 MeV/c
Cyclotron period 149 ns 7.4ns
Muon orbit diameter 14 m 66 cm
Storage Field B=145T B = 3 T (Solenoidal)

Polarization 100% 50%

"7



Thermal Muon Source

« Surface muon cooling by laser ionization of muonium (Mu) to thermal
muon

Surfagganiuaasns ——>  Thermakmuons — Re-accelasaéanounens

\ e T~ R
"‘-‘ f'-_- ——_—— =y — - — - e-
S -==1" | Thermal" " — . = —,
Surface muons > . =—..— .. —gecelerated
M+ .....-r_.,,‘:'-----i-—--mm.upns__. —
/#’ [‘:’ID‘--*'“-E.__ ,...-"-'-... muons
te-
/ (e’ Muon LINAC
H-line Mu production Electrodes
from siliga aenogel (Soa)

lonization lasers

/8



Test Run 2023

Muon beam profile & intensity

« Silicon strip helps us ‘'see’ the beam profile at the target position

Beam profile from high intensity run

h_InTre_Tol ¥
Eniries 1805640 0

[+ ]

g Means  —{.3989 Oy = 1.34 cm
— @ Mean y 0.58102 (o
> Sid Deve 1342 gy = 0.68 cm

Sid Devy  DEHEES b
1800

e Confirmed the beam profile fits our
detector dimensions

)
"’III|III|III|III|III|III|III|III
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Test Run 2023 IJ§N€

Muon beam profile & intensity

« Silicon strip helps us ‘'see’ the beam profile at the target position

h2_CIC0_module_0_stat_1 h2_CIC0_module_0_stat_1
CICO_module_0_stat_1; stnp: MHzZ h_CICO_module_0_stat_1; strip; MHz
N L Enfries  6.5148136+07 N — Enties  1.121026e+07
L C . . . o M 532.7 L 0.0045— . . ! ' Mean 546.8
S [ Highintensityrun / % heen el = Low intensity run o .. o
025 k¥ 0.004 = M"ﬁ\\
C s 5 =
= i A 0.0035— . : '
02— : = . . : .
C s 0.003 — '
- / \ = ;.‘-V'
0.15— ;‘;' 4 0.0025 f . I\
- r,-" &\ 0.002 F— A
C g kY = ' "
0.1 _/! , 0.0015—
n * = .
L 7 *, 0.001 —
0.05— # Y =
_ e . 0.0005 —
0 C _.——"r/ | L | \I\\N_‘ | 0 - 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0 200 400 600 800 1000 0 200 400 600 800 1000
Strip # Strip #
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Test run 2023

Muon (M2) beam-line at CERN Prévessin site

 CERN North Area M2: upstream of the COMPASS detector
« Maximum 50 MHz (2-3x108 uy*/spill) for 1012 400 GeV/c incident protons

= Mean 158.7 £ *or

C Std Dev 7.216

" | Constant 1.1980:04 _ E [ o, ~13mm

- Mean 159.3 T

- S = - 0, ~22mm

__ 100:— y

~ p~160GeV/c . °

- 0,/p~3.75% J .

- \“ ;

B 201

-I ., b —_— : llllllllllllll | S0 T S T T WA I Y W |

0 20 40 60 80 100 120 140 160 180 200 2 M4 r 00 0 0 20 0
P {GEWC X (mm)
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Test run 2023

Module alignment, resolution and efficiency

* It Is extremely challenging for MUoNE to achieve precise alignment of less than
1 um transversely and ~10 um longitudinally for the modules and stations.

« Hardware level: metrology measurements using laser survey

« Software level: implemented with FairMUonE

a 60000 | Residual before alignment

a laser @50000;' Residual after alignment
holographic 40000

system |
developed at |
INEN 20000 |

10000 |

30000 |

%00 T a0 200 o 200 400

1 1
00
Xirack - Xnidurm) &
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Analysis for test run 2023 yone

Event reconstruction & selections

« Some basic criteria

4
(=]
1

- Track candidate quality (y? T f
quality (x*) = Ideal angular
 Vertex position in the target g % resolution
7
* Acoplanarity Gi Blue: correct PID
. . : : (T5 Green: wrong PID
* Kinematic considerations \ :wrong
3l
* E 0,, 0, : ] .
u(beam)r Yur» Ve 2
* 0, :tune background of e*e pairs 1— \
* 6, : tune acceptance N R e S A
Oright [mrad]

* E,eam) IS in principle described by two angles

« PID: muons can be distinguished from electrons using solely the angular information
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Elastic Scattering Analysis I,I§Ne

‘FairMUonE’
» The package developed dedicated to MUonE [ — } [pro duction] [ — ] Lcer
- Both simulation and track reconstruction in the _ = config input

same package

o simulation
X projection Y projection

FairMUonE
- Digitization of tracker & calo are implemented —
- | event filter \ ntuple \

T B ——1_(1‘- - ww
o of- — digiti-
4 : zation
T N “r recon-
T :ﬂ::mgms _a[Fsovaceims struction
—— TLine — TLine
— TLine A N B B T
<5 2 4 3 B 10 £7n1m9 PR R R R
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Muon g-2 theory initiative; Seventh workshop at KEK (Sep 9-13, 2024)

https://conference-indico.kek.jp/event/257/

Data-driven HVP: discussions

Goal

Produce the best determination possible of af'?

for ad-hoc systematic errors:

including all old, updated or new data, without the need

SM

—_—
Data-driven HVP
{2020 T1 WP)
We can do SM
better than (attice 8CD HVP
th|5| (BMW 2024)
| SM
Data-driven HVP
| 4 (sub CMD-3 data)
SM

Data-driven HVP
Rough avg: 2020 TI WP & CMD-3 data
w/ KLOE-BaBar style systematic

176 180 185 1s§.09 195 200 205
au*'lO -1165900

21.0

Keshavarzi @ KEK
@ Consensus that an average does not make sense at this time
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Ncosmic(CMD3)_Ncosmic(CMDz)

Ncosmic(CMD3)

— origin of the tensions needs to be understood

for CMD-3 data

Logashenko @ KEK

19/11/2024

Review slides by
Martin Hoferichter
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https://conference-indico.kek.jp/event/257/

Towards the ultimate muon anomaly test

Slides by T. Mibe, inspired by K. Jungmann’s slide

“u/ / \m

MuSEUM(J-PARC)

V34 — Vg & MU m% I N - I N

MASS(PSI), J-PARC

8 ppb 120 ppb 0.3 ppt

b S-S

3a? m,
Avis-tirs = ?a, Reo Up ( m#) Avisas = gp Me ec?(1 +m_) !
u
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Precision comparison

J-PARC E34
BNL-E821 Fermilab-E989 Our Experiment

Muon momentum 3.09 GeV/c 300 MeV /¢
Lorentz ~y 29.3 3
Polarization 100% 50%
Storage field B=145T B =g8 T
Focusing field Electric quadrupole Very weak magnetic
Cyclotron period 149 ns 7.4 ns
Spin precession period 4.37 us 2.11 us
Number of detected e 5.0x10? 1.6x10'! 5.7 x 101
Number of detected e~ 3.6x10" — —
a, precision (stat.) 460 ppb 100 ppb 450 ppb (Phase

(syst.) 280 ppb 100 ppb <70 ppb
EDM precision (stat.) | 0.2 x 107 e-cm — 1.5x 1072 ¢.cm

(syst.) | 0.9 x 107 e-cm — 0.36 x 107%! ¢ - cm

1)
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