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The Muon g — 2 In the Post-Fermilab Era:

Status and Experimental Outlook

« Why muon g-27?
* (Some) Lessons learned from Fermilab

» Next-generation experimental ideas?



g The gyromagnetic ratio relates a particle’s magnetic moment to
Its spin, and determines its precession in a magnetic field.

Torque in B-field Magnetic Moment ’Y§
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A g =2 g > 2

» For a pure Dirac spin-¥2 charged fermion, g is exactly 2

 Interactions between the lepton and virtual particles
drive g>2. X & Y particles could be SM or new physics
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A comparison of the gy values of Ga in the 2Py, and 2P; states, In in the 2P; state, and Na in
the 25; state has been made by a measurement of the frequencies of lines in the kfs spectra in a
constant magnetic field. The ratios of the gs values depart from the values obtained on the basis
of the assumption that the electron spin gyromagnetic ratio is 2 and that the orbital electron
gyromagnetic ratio is 1. Except for small residual effects, the results can be described by the

statement that gr=1 and

gs=2(1.001190.00005).

The possibility that the observed effects

may be explained by perturbations is precluded by the consistency of the result as obtained by
various comparisons and also on the basis of theoretical considerations.
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1948: Schwinger calculated higher order QED, giving g>2 for electron
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1948: Schwinger calculated higher order QED, giving g>2 for electron

2 27T
Y
This explained the discrepancy and was a
crucial step in the development of
K y perturbative QFT and QED

a/2m is universal for all spin % fermions
(electron, muon).
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1948: Schwinger calculated higher order QED, giving g>2 for electron
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Magnetic anomaly
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This explained the discrepancy and was a
crucial step in the development of
K y perturbative QFT and QED

a/2m is universal for all spin % fermions
(electron, muon).
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» Within the Standard Model, a>™ receives contributions
from QED, electroweak interactions, and hadronic effects:

gSM — QED  ,EW | ,QCD

QED EW QCD (HVP) QCD (%
u/::’f:c\ &g /:::Ei:::\ '
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« Within the Standard Model, a°M receives contributions
from QED, electroweak interactions, and hadronic effects:

qSM — gQED | 4EW 4 ,QCD

4300ppm

o, la, = 12.4% 11



« Compare experimental & predicted values:

* If the SM is correctly predicted, and we match their value -
Important confirmation; rules out a lot

Experiment

« If the SM is correctly predicted, and we don’t agree with it =2

hint of new physics; opens up a lot

(%)3 + hadronic 2025 FNAL
+weak + ?

[ FNAL  BNL'  CERN-III | CERN.II ' CERN-I | Nevis
2004 BNL (2025) (2004) (1979) (1968) (1962) (1960)
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J—2 of the muon

« Both electron and muon magnetic moments can be measured and calculated
to extraordinary precision

« But, sensitivity to New Physics scales (A) as mass ratio squared.:

2

Aa, ~ g> B o g Aa ~2.5%10~° > 0(10-100 TeV)
a A2 v Aa, ’ ho

 Muon with (mu/me)zfv 43000 enhanced sensitivity to new physics particles.

Precision becomes a high-energy probe, reaching energy scales beyond
current collider limits (e.g. ~TeV for LHC).

a.= 1159652 180.73 (0.28) 1012 [0.24ppb ~
e ( ) [ Ppb] < 3,~70.13 ppm
Hanneke et al., PRL 100(2008)120801 @ Harvard

(currently the most precisely measured particle physics observable )
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. . . [Refs: Athron et al, 2104.03691; Buen-Abad et al, 2104.03267;
NeW p hys ICS | nte rpretatl ons Krnjaic et al, 1902.07715; Dermisek et al, 2103.05645]

e
) (W*x1)

}A*:' = h~0
Supersymmetry b ) 200~500 GeV XaXi = (P v
AAAN pp — vy — L4
. < 20~100 GeV, Z -1t
Scalar extensions i
! 150~250 GeV h— AA
Axion-like particle e, “L-': 40 MeV~6 GeV ete” = ya,a =y
o/
U(1) . 10~200 MeV e 2 utue s
Lu-Lt ﬁ ~ € K™ —»u vz
e I .O
i pp — LQLQ
¥ 1.5~2 TeV
Leptoquark o S 5 e 7 — uty
\\“\W fJ
Vector-like lepton ot <7TeV h,Z — utp~

courtesy: slides from Teppei Kitahara



After BNL (2001), the theory evolved and sharpened such that in 2020 when the
first Muon g-2 Theory Initiative published, the deviation was 3.7 ¢ =2 Tempting!

o 40
| BNL E821 Value
S BNL was the only precision measurement
x 30 - Was it t?
= Expected FNAL Muon g-2 precision A as It correct:
~
~ 20 >
= ¢
n =
S 10 5
) x C
2 * H U At this time, the theory had
§ 0] |‘ , |‘ + been nicely converging
[ ]
~ SM 2020
=1
s —107 o Previous SM Estimat
revious s Estimates 1 What 7160 Theorists recommended in 2020
-20

ot °
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https://muon-gm2-theory.illinois.edu/

Progression of a, Since the 2021 Fermilab Result

16

BNL E821 : : :

T e e

Run-2/3 it

Run-4/5/6 —o—t

Run-1-6 +— 2025: Fermilab concludes

Exp. average —— Experiment
Theory,

17 18 19 20 21 22 23

a,+10% — 1165900

Plots courtesy Josh LaBounty



The 2020 Theory Initiative value relies on Data-Driven HVP

BNL E821 ; . :

T R e e e e

Run-2/3 $——t

Run-4/5/6 ot

Run-1-6 ] B o1 I A N

Exp. average —— Experiment
——+—— TI WP (2020) Theory

. ' SNDO6
Date Driven HVP . CMD-2

(ete = hadrons) y BaBar
y KLOE
BESIII

The KLOE—BaBar tension was previously the dominant issue

17 18 19 20 21 22 23
a,-10°— 1165900
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Progression of a, In 2021, two things shake the confidence
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CMD-2

BaBar

KLOE
BESIII

SND20
CMD-3 —@—
BMW-20 ()

First sub-percent Lattice Calculation
The story made worldwide news together with
Fermilab Run-1 result

Lattice

Theory,

17 18 19 20 21 22
a,-10°— 1165900
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Progression of a, In 2021, two things shake the confidence
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Progression of a, In 2021, two things shake the confidence
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The SM recommendation 2025: pure Lattice approach
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Recently, new Hybrid Lattice and BaBar data
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The long-standing recipe: data-driven approach

1.
2.

Cut diagram down middle
It now looks like y = ntrt (and all allowed intermediate states)
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The long-standing recipe: data-driven approach

Cut diagram down middle

It now looks like y = ntrt (and all allowed intermediate states)

Dispersion relation connects e*e- = ©w Cross section
measurement to anomaly contribution of 1st-order
Hadronic Vacuum Polarization (HVP)

oo

2(0 K
Lo — 0;;2) ds ES)R(S) R(s) =

2
4mz

o(eTe”™ — hadrons)

o(ete~ — muons)

24



recipe: data-driven approach

100

10

0.1 -
0.01 |

0.001

0.0001

1e-05

0.4

Cut diagram down middle
It now looks like y = ntrt (and all allowed intermediate states)

Dispersion relation connects e*e- = ©w Cross section
measurement to anomaly contribution of 1st-order
Hadronic Vacuum Polarization (HVP)

oo

 had Lo _ a*(0) K (s)

B o(eTe”™ — hadrons)

RGs) |R(s) =

® 372 s
4m?2

o(ete~ — muons)

0.6 0.8 1
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Full hadronic R ratio
+ -

o

T
Bl
Bl
Bl
:a
.
3
3
2

¥

+ 00y

ERRRE AT

~ 250 measurements in > 50 hadronic channels
Uncertainties are “all” experimental
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1. Cut diagram down middle
It now looks like y = ntrt (and all allowed intermediate states)

Dispersion relation connects e*e- = ©w Cross section
measurement to anomaly contribution of 1st-order
Hadronic Vacuum Polarization (HVP)
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~ 250 measurements in > 50 hadronic channels
Uncertainties are “all” experimental
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The lattice ... eventually the most precise HVP method?

The 2021 BMW HVP publication: First full lattice prediction with errors matching
the datadriven approach.

Since then, more lattice groups have improved their precision and are also
exploring alternative approaches to understand the tension:

 Use windows in Euclidean time to consider the different time

regions separately. f,= 04fm, & = 1.0fm
Short Distance (SD) t:0—1{, °'“:‘ — Ow
Intermediate (W) t:— L T — ol

Long Distance (LD) t :z; — i A = 0.15fm]

0.2

1 L L | " | L h | L L
0 05 1 15 2
t [fm]



... and, then?

1) Data-driven approach needs clarification
* Ongoing work in experimental inputs: Babar, KLOE, SND
« MC Generators...

2) The Lattice approach could take the HVP uncertainty down to the 0.1% -
push for next-generation measurements

CMD-3 spectrum much higher
PRD 109(2024)11,112002 PRL 132(2024)23,231903 than all other previous data
o 50— el * tensions with BaBar (~2.50) and ‘
w C * CMD-2 KLOE (~50) g
C o BABAR 3
5 i .
- .L:i,}.i_’_ SND * no errors found despite 5
- s o SND2k significant efforts 5 1]
— 4t ‘ - BES iy
L 4= + KLOE10 WP20
I » , .1 5
- = KLOE12 SND06 1 (93.8%) ~ ———4——1 -+ CHKLS
35— A _F y ) a +  DHMZ
- ¥ I 1 5 * + CMD3 CMD-21 (88.6%) — = KNTW =
L —— F oA N 2
30— : }r}ﬁ? BaBar { (99.9%)
in A;_z' kﬂﬁ#ﬁizl —a—
I AL o KLOE 1 (97.2%) [ 1
- gg;a -A’ﬁ_
25— i | _#{\ BESIII { (72:8%)
.4 T &% SND20{(803%) T e
2
8.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 CMD-3{ (98.9%) T 'i\
\s, GeV

490 500 510 520 530 540
10 3 oHVP, LO +eo—



... and, then?

1) Data-driven approach needs clarification
* Ongoing work in experimental inputs: Babar, KLOE, SND

 MC Generators...

2) The Lattice approach could take the HVP uncertainty down to the 0.1% -
push for next-generation measurements

Theory is advancing, but no experiment approved today can surpass the
Fermilab record - a next-generation g-2 experiment?



The Muon g — 2 In the Post-Fermilab Era:

Status and Experimental Outlook

* (Some) Lessons learned from Fermilab

» Next-generation experimental ideas?



_il}.,\; Determine difference between
O? * spin precession frequency wg and
::I\S/I;r:entum _A & « cyclotron frequency W,
Sdik. for a (polarized) muon moving in a B field
Remember: a,, = 22
w— 18 [9_'7—1] ~ (B, w, =¥
m |2 Y m Y Ym

*  Spin rotates ahead of momentum as muon orbits the ring

 if pure spin precession (ws ) = MuUuSR (Lamor precession, ' g' rather than 'g-2")

« Muons have intrinsic properties enabling a spin measurement:

— They are born polarized
— Their decay is self analyzing to the spin direction

31



Determine difference between

S

O™

= Momentum e % '
- Spin , :

ik

* sSpin precession frequency wg and
« cyclotron frequency W,

for a (polarized) muon moving in a B field

w_qB[g 7_1]__20,4_1]3 wzﬁ
S m ) y ) C ~m

32



R, Determine difference between
o™

‘j\
== Momentum e

- Spin : |
&)

* sSpin precession frequency wg and
« cyclotron frequency W,

for a (polarized) muon moving in a B field

g 107 \/\\/\/\/\/\/\/\/\/\/\/\J/\/\/\ V\\/

3
Q
© \6

Measure these . :
1.Measure w, :modulation of  « /"YW rrnann s,

i i decay positron time SPectrum sy,
qB

2. Measure B: proton nuclear & v e e

100
Time modulo 102.5 us [ns]

Wge ch Wa= , % magnetic resonance (NMR)

t > 24’ (H20,T,)B = ho',y(H,0,T,)
3. Extract a,
Extract 33



The Full Recipe

The motion is very nearly planar and the momentum is very nearly the ideal one,
but both effects are not perfect and require corrections

_ . o oo 1 IxE
(a)a:_g auB—%(#)(ﬁ'BW—(%— )BX




The Full Recipe

The motion is very nearly planar and the momentum is very nearly the ideal one,
but both effects are not perfect and require corrections

—

(

)9/

0 if “in plane”

B

—

)5 —

We have electric quadrupoles!
- Term cancels at 3.094 GeV/c, the “Magic y”
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The Full Recipe

The motion is very nearly planar and the momentum is very nearly the ideal one,
but both effects are not perfect and require corrections

g =L ouB =0, (1) /B -

0 if “in plane” We have electric quadrupoles!

- Term cancels at 3.094 GeV/c, the “Magic y”




The Full Recipe - a real-world equation

Corrections from Beam Dynamics
A

(1+C + +Cpa+Cdd-I—le)

l_'_l
Corrections from Magnetic

Field Transient

1 (T,) p(H) m

% ; R«...I Prodchin 4 [m v, vE6] ff" Rs u Wron
v
bQCm As'ra!
oTﬁ ,,,,, %E'
o) I( £

N Vi Pesd ™
o *Plhysics Shdis P m o }

| Ha = 14 pph
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After 6 years of running

Statistics

€z, Aep
€z, 1dy
€z, Jep
€2, 994
€z, uef
2¢, 230

Run-6

zz, unf
zz, Rep
22, Jdy

cc e
¢, 9°4

zz, uef
12, 22Q

T2, unf
12, Ael
12, 1dy
12, 18
12, 94
1z, uef
0z, 1el
02, 994

0¢. ue[
61, 22(

6T, un(
61, Ae

61T, Jdy

8T, un(
8T, Ae
8T, Jdy

Run-5

Run-4

[ —

Run-3

2023

- 2021

1
o o
o o
™~ —

l
o o o o o
o o o o o
(s} o < () m

(suol||ig) .8 pazAjeuy

O_'I'I'I'I'I LI L DL B DL
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1000
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fclockc‘)ZLneaS(1 + C, + Cp + Cpy + Cpa + Cdd)

fcalib(f(x; Y, $) X wy(x,y, ¢)>(1 + By + By)
Bq

Final uncertainty budget

W,

Run-4/5/6
: Correction  Uncertainty
uantit
“ Y (ppb) (ppb) c.
wg' (statistical) 114
wg' (systematic) 30 ,
Ce  Electric Field 347 27 C; b W
Cp  Pitch 175 9 |
Cpa  Phase Acceptance -33 15 o
Cada  Differential Decay 26 27
Cmi Muon Loss 0 2 w, calib
(wp X M) (mapping, tracking) 34 Cas & e
(wp, X M) (calibration) 34
Br  Transient Kicker -37 22 « TDR goal: 100 ppb v
B Transient ES -21 20 : y e s
,q/ 2 . - Systematics are “evenly” distributed:
IJ' I—‘l’B “ .. )
T,fp /me 29 * No dominant source
Total systematic for R, 76  Further improving would require to
Total for a, 572 139 reduce in many categories

e How?
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How might we do better: more muons

Aw, 1
0. ¢
w;  yBP+\/N

Momentum at Ring Entrance

* Fermilab g-2 only stores 2% of incoming muons

« Avery tight momentum acceptance and time spread -
required by the magic momentum condition.

« A better muon beam (e.g. lower emittance muon beam)

- All Muons

| Sretens would release the current acceptance requirement and also
gLl give smaller beam oscillations (smaller C, & C)

o 157 me 100 « Curent bunch structure:
11 Hz operation with 1 ms data-taking

Uity ~ . * Limited room for further improvement,

Bl given the accelerator constraints

M
k4
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How might we do better: linear improvement with y & B

Aw, 1
0. ¢
w;  yBP+\/N

* A higher y factor - also require relaxing the magic momentum condition,
It could be very effective

41



How might we do better: linear improvement with y & B

Aw, 1
0. ¢
w;  yBP+\/N

* A higher y factor - also require relaxing the magic momentum condition,
It could be very effective

* Ahigher B-field = compact solenoid;
— €.g. X10 improvement = 15T field & 1.4 m diameter for p,qic
— but many challeges: bunch width < cyclotron period; hard injection, ...

/Uoo ns

1.45T & 14 m diameter
149 ns @ Fermilab

42



Lessons learned 1) the magic momentum constraint

Aw, 1
0. ¢
w;  yBP+\N

« Therefore, it all comes down to the magic momentum:

— It used to be a miracle, but now a limiting factor for boosting muon numbers (N)
and operating at higher energy y

— Even for a higher B-field, a higher energy y is needed to keep the cyclotron
period T, and storage radius within a reaonable range

43



Lessons learned 2) systematics improvement

Replace calos with in-vacuo silicon trackers
 Removes/reduces gain & pile-up issues

« Azimuthal coverage reduces beam systematics

Improve field extraction
 Better calibration chain, mapping & use of SHe

* o(m /m,) of 22 ppb will decrease with MUSEUM
experiment

Design out transient fields

 Remove pulsed electrostatic quadrupoles

« Redesign vacuum chambers to control kicker
SSISIE eddy currents

44 slides courtesy: James Mott




Lessons learned 2) systematics improvement

arXiv:2512.16980v2 [hep-ph] 18 Feb 2026

https://arxiv.org/abs/2512.16980

Ann. Rev. Nucl. Part. Sci. 2026. 76:1-27

https:/ /doi.org/10.1146 /annurev-nucl-
102422-040841

Copyright (@ 2026 by the author(s).
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2 Albert Einstein Center for Fundamental Physics, Institute for Theoretical
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Keywords

anomalous magnetic moment, muon
Abstract

‘We review the status of the anomalous magnetic moment of the muon
as a precision probe of physics beyond the Standard Model (SM) after
the release of the final results from the Fermi National Accelerator
Laboratory (FNAL) Muon g — 2 experiment and the second White
Paper of the Muon g — 2 Theory Initiative. While the SM prediction
requires further improvements by a factor of four to fully leverage the
sensitivity achieved in experiment, the FNAL measurement will set the
standard for many years to come, and we discuss a variety of features
of the experimental campaign that made this achievement possible. In
going forward, we discuss current efforts to improve the SM prediction,
and imagine how an experiment would have to be devised to surpass
124 ppb in precision.

5.2. Can an experiment go beyond 124 ppb?

5.2.2. At FNAL. Inevitably, the question arises: Can one do better at FNAL? Despite the
present limitations of the SM prediction, we describe a thought exercise that illustrates a
potential path toward an improved experimental precision by roughly a factor of three—to
the level of ~ 40 ppb—should future developments warrant it.'* The concept envisions a
ten-fold increase in statistics (30 ppb) combined with a three-fold reduction in systematics
(25ppb). The external constant uncertainties should decrease to about 10 ppb because of
anticipated future muonium experiments (200).

In this discussion, the existing FNAL SR, beamlines, and supporting infrastructure are
largely retained. The PIP-II LINAC upgrade (201) is expected to deliver a 30% higher
proton flux at a 33% faster repetition cycle. It will be necessary to upgrade the Recycler
RF system to better rebunch the injected proton batches into shorter pulses. This will
both improve the kicker efficiency and largely eliminate the systematic uncertainty from
differential decay (see Fig. 2(C)). Current g — 2 simulations indicate that 25 ns-long bunches
are stored 1.7 times more efficiently and another multiplicative factor of 1.3 can be realized
by installing the built, but never used, open-ended inflector. Additional nearly two-fold
storage efficiency is expected if the ESQ voltages can be raised to their design values, a

rhallence that remaing nwino tn enarke that limited the mavxvimiim valtace in FORQ Thece



Yet another limitation:
only positive muons measured @ Fermilab

« Fermilab measured the positive muon (u*) with a precision of 0.14 ppm;

* The most recent measurement of the negative muon (u") still dates back to the
BNL era, with a precision of 0.7 ppm — about five times worse.

&
BML Megative Muon

BML Paositive Muon | o

FHAL Positive Muon +—e—

Positive Muon Average 4—e—f

- SM 2020 (Data-driven)
18 19 20 21 2
a, - 10 - 1165900
Muon g-2
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CPT and Lorentz-violation test with negative muon (g — 2)

* In the Standard Model, u* and u~ g—2 should be the same - any difference
would be direct evidence of CPT violation and new physics.

« A precise u~ g—-2 alongside u*would greatly improves sensitivity to new physics
In the muon sector and tightens constraints on many models.

week ending

PHYSICAL REVIEW LETTERS 7 MARCH 2008

PRL 100, 091602 (2008)

Search for Lorentz and CPT Violation Effects in Muon Spin Precession

G.W. Be,nne,tt,2 B. Bousque,t,10 H.N. Brown,2 G. Bun{:e,2 R.M. Cau’ey,l P. Cushman,10 GT. Danby,2 P.T. De,be,\e'ec,3
M. Deile,'* H. Deng,13 W. De,ningcr,8 S.K. Dhawan,'® V. P. Druzhinin,> L. Duong,10 E. Efstathiadis,' F.J. M. Farley,13
G. V. Fedotovich,> S. Giron,'° F. E. Gray,g D. ('jrigoricv,3 M. Grosse-Perdekamp,13 A. Grossmann,’ M. F. Hare,'
D.W. He,rt.zcrg,8 X. Huang,l V. W. Hughcs,ls’* M. Iwasakj,12 K. Jungmann,ﬁ'." D. Kawall,l3 M. l(awamura,12 B.I. Khaz,in,3
J. Kindem,!° F. Krienen,! I. Kronkvist,'® A. Lam,! R. Larsen,” Y. Y. Lee,? L Logashe,nl«),l'3 R. McNabb, %10 w. Me,ng,2
J. Mi,2 J.P. Mille,r,1 Y. Mizurnachi,g'll W. M. Morse,2 D. I\Iikas,2 C.I.G. Onde,rvi«uancar,6'8 Y. Orlov,4 C.S. f)zbe,n,z'8
J.M. Palf:y,l Q. Peng,1 C.C. Polly,8 J. Pretz,® R. Prigl,2 G. zu Putlitz,” T. Qian,lo S.1 Redin,>'? O. Rind,' B. L. Roberts,’
N. Ryskulov,3 S. Sedykh,8 Y.K. Sf:mf:rtzidis,2 P. Shatg:,!in,10 Yu. M. Shamnov,3 E.P. Sicht;ermarm,13 E. Solodov,3
M. Sossong,g A. Steinmetz, ' L. R. Sulak,! C. Timmermans,'® A. Trofimov,! D. Urner,® P. von Walter,” D. Warburton,>
D. Winn,? A. Yamamoto,’ and D. Zimmerman'°

(Muon g — 2 Collaboration)

In 2008, BNL set stringent limits on the parameters
of CPT-violating Standard-Model Extension (SME):

_1..

4b,,
Awg = (wy ) — =—2

(wh ) =
Y

by = —(1.0+£1.1) x 10723 GeV

COS X

bz is a parameter characterizing the potential for
CPT-odd (CPT-violating) effects.
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CPT and Lorentz-violation test with negative muon (g — 2)

* In the Standard Model, u* and u~ g—2 should be the same - any difference
would be direct evidence of CPT violation and new physics.

« A precise u~ g—2 alongside u*would greatly improves sensitivity to new physics
In the muon sector and tightens constraints on many models.

: . Table D21. Muon sector, d = 3
®
SME Lagrangian: 1 - p— - —
/ . =g I{,)\ ombination esult System of.
E = _a’{w,‘y 170 eid 75,.)/ w = EHH)\wO- w |Re H““ 08) |th\I o8 , |Re¢ \'1““"[4 |I1ng),rr:'lli"(‘“ < 1022 GeV  Muonium speetroscopy  [20]*
[Re H““ 4B m AN . [ReghlZ(B)|  (y JNRUB « 102 GeV =~ 20]*
K )\ K A bT' n (7.3 +£5.0) x 107 Muon decay [184]*
—%C D —Ld b D [ : Muon decs :
+ Rxl’bfy ¥+ ’%/\l’ 8) ¥ bz —(1.0+1.1) x 10-2 GeV BNL g, — 2 185]
V:‘”R‘ )2+ (by )2 <14 x10~* GeV » [185]
- All terms violate Lorentz invariance N <26x10-%CeV  * 185
- aK, bK are CPT—Odd’ Others are CPT—even \';":f)x )2+ (by)2 < 2x 10~ GeV  Muonium spectroscopy  [186]
bz — 1.19(m,dzo + Hxy) (-1.4+1.0) x 10-?* GeV BNL, CERN g, — 2 data [187]
by (—2.3£14) x 10-22 GeV CERN g, — 2 data [187], [188]*
Re HIOB) | mm g8 < 5% 10~2 GeV [20]*
228 (16417 %1022 GV BNL_CEBN g 2 data [201*
[ ReHSY|, Tm HSY) <20x10-2 GeV BNL g, — 2 [20]* ]
iy + Hxy (1.8 £ 6.0) x 102 GeV > [185]

Courtesy: Breese Quinn 48



The g-2 experiment at J-PARC

A (a,) ~ 0.46 ppm
EDM ~ 1021 e - cm

Surface ’/
muon .

Positron
detector

Many new technologies:

* muon coolling
* |low-emittance beam = NO E-field and NO magic momentum constraint!

* but it only reaccelerates (positive) muon up to 210 MeV...
49



The g-2 experiment at J-PARC

Surface -
muon :

be?ﬂ’\

~ T e - -
b :_:_,
+ Ly ==l ==
e
H-line Mu production Electrodes
(G-~ e target (Soa)

lonization lasers
(122 nm, 355 nm)

A (a,) ~ 0.46 ppm
EDM ~ 1021 e - cm

Negative muons cannot be
cooled using this technique.

Positron
detector
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The g-2 experiment at J-PARC

Remember: Fermilab achieved 0.13 ppm

A (a,) ~ 0.46 ppm
EDM ~ 1021 e - cm

¢\\<

Surface

—
muon
beaN
“(4
MeV CO

Acceleration' b

Also, the very low final muon energy (only 210 MeV!)
limits the achievable muon statistics (N), making
higher-precision measurements difficult.

Positron
detector

In this sense, | would not call J-PARC g-2 a real ‘next-generation experiment’, but it is a good platform
for technological development.

Probably another lesson learned: plan ahead and avoid rapid technology changes...
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A Next-generation muon g-27?

1) Precision goals match or surpass FNAL precision (0.1 ppm)
2) A new approach as an independent cross-check of the Fermilab result

3) If feasible, prioritize negative u for additional physics reach
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A Next-generation muon g-27?

1) Precision goals match or surpass FNAL precision (0.1 ppm)
2) A new approach as an independent cross-check of the Fermilab result

3) If feasible, prioritize negative u for additional physics reach

Lessons learned suggest considering relaxing the magic momentum constraint:

- Increase statistical precision (via higher y, B, VN, ...)

* Reduce E-field—related systematics (C,, By, ...)

This naturally points to a novel focusing scheme

*Prerequisite for sufficient statistics: a high-intensity GeV-scale muon source
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Concept 1) Hybrid weak focusing

A hybrid focusing system with E-quadrupoles and B-quadrupoles,

using higher-order B fields to compensate for higher-order E-fields:

1 BxE
C

) ]

w beam Inflector N q — q
Wg=—a,— (Bg+-)+—[(a, —

my, my, y? —1

PHYSICAL REVIEW ACCELERATORS AND BEAMS 25, 024001 (2022)

Kicker

Analytical estimations of the chromaticity and corrections to the spin
precession frequency in weak focusing magnetic storage rings

Magnetic
Quadrupoles

On Kim®"" and Yannis K. Semertzidis®'"”
LCenter for Axion and Precision Physics Research, Institute for Basic Science,
Daejeon 34051, Republic of Korea
ZDeparrment of Physics, Korea Advanced Institute for Science and Technology,
Daejeon 34141, Republic of Korea

® (Received 18 October 2021; accepted 8 February 2022; published 18 February 2022)
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Concept 1) Hybrid weak focusing
Detailed configs for E and B field

T I T [ T I

—— 1.0 GeV/c e Continuous ot
R 31Gevic(magic) ) 4f 4 8fold } all hybrid focusing,5 GeV/c muons
-- 5.0 GeV/c = 40-fold |
—— 10.0 GeV/c 1+ i .

i § Now all are analytic -

£ O 1 will need to
s . .

I | demonstrate it works
3 with a more realistic
<

Magnetic field index (ng)
o
o
T

beam dynamics

#*

¢ C, is supressed to ﬁa few ppm wrt

-0.4} . . ‘ .
1. 100+ ppm with normal focusing i
| | | | | ] |
0.0 0.1 0.2 0{3 014 0.5 0.3 0.2 0.1 0.0 0.1 0.2 0.3
Electric field index (ng) Ap/po [%]

* In principle it's straightforward to recycle the magnet from FNAL

 If Concept A turns to be too challenging, one could start with a more traditional version here.
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Concept 2) Proton beam comagnetometer

« A segmented sector magnet
structure with fringe fields to focus
the muons, removing the need for

Y additional E field focusing.

\ icker

- = Polarimeter

w bunch

HFRS (HIRIBL)

g‘;‘é‘&% Nuclear Instruments and Methods in Physics e
‘ﬁfgﬁ- Research Section A: Accelerators, Spectrometers, ==

Detectors and Associated Equipment
Volume 523, Tssue 3, 11 May 2004, Pages 251-255

A new ring structure for muon (g-2)
measurements

e detector

\

Edge
focusing

FlM.Farley & &

Show more

+ Add to Mendeley o Share 9% Cite

Z&?h @i » Polarized protons experience
Saeed . the same maaqnetic field as the
nE S Bt Polarized proton g. . )
% f Q, g P muons for a direct calibration of

4 "l | : .
St the magnetic field.

/ 'j’ : \\]LT/’T/
courtes(: —

Chris Rogers 56




Concept 2) Proton beam Comagnetometer
A bit more ideas

« Given the magic momentum, a B-field of 3—6 T yields ring radii of
approximately 7-3 m

« Challenging due to the limit of upstream bunch width; §
: _ P3
« A strict momentum acceptance is relaxed .~
« Muons of different momenta experience exactly the same spin evolution after one full turn
In the magnetic field,

* The injection efficiency could be greatly improved (from FNAL's 2-3%)
* No inflector needed - only need to design kicker(s)
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Concept 2) Proton beam Comagnetometer
B-field calibration sytematics

« Forseenably, one big challenge is the segment magnets and the calibration
of its edge field calibration

* Polarized proton beam: essentially a 1 .
'denser form' of the NMR probe. A NMR

10 ¢

fluxmeter

* Fringe fields with large gradients confined to
limited regions where NMR falls;

« The proton approach could be combined with
conventional methods — EPR probes or 10000 ~—magnetoresistance

100 ¢
AC Hall DC Hall

accuracy (ppm)

1000
& magnetoinductance

machine-learning-based fitting — to further 100000 f magneto optical
improve the precision. 10 10" 107 10 10° 10* 10° 107 107 1 10

Field (T)
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Proposal at China's HIAF

a I‘M(lv > hep-ex > arXiv:2512.11486

High Energy Physics - Experiment

[Submitted on 12 Dec 2025]

CANTON-u Proposal: A Next-Generation Muon g—2 Measurement at Sub-0.1 ppm Precision
Ce Zhang, Yu Xu, On Kim, Bingzhi Li, Guodong Shen, Liangwen Chen, Fedor Ignatov, Liang Li, Qiang Li, Xueheng Zhang, Zhiyu Sun

We propose a next-generation precision measurement of the muon anomalous magnetic moment (g — 2) at the High Intensity Heavy-lon Accelerator Facility (HIAF) in
Huizhou, China. The project, named CANTON-p (Coherent Anomalous magNetic momenT ObservatioN with muon), describes novel experimental approaches based on
HIAF's unique capability to produce intense pulsed muon beams at the GeV scale, particularly for negative-muon polarity. These approaches incorporate innovative
focusing concepts such as the sector-magnet and weak-focusing ring designs, complemented by advanced magnetic-field calibration methods including a polarized-
proton co-magnetometer. This independent measurement with distinct systematics is designed to achieve a precision of 0.1 ppm in Phase 1, matching the latest Fermilab

result for u*, and 0.05 ppm in Phase 2 with the HIAF upgrade. Such precision will provide an exceptionally sensitive test of the Standard Model and a powerful probe of
New Physics and CPT symmetry.

Comments: 25 pages, 7 figures
Subjects: High Energy Physics — Experiment (hep-ex)
Cite as: arXiv:2512.11486 [hep-ex]
(or arXiv:2512.11486v1 [hep-ex] for this version)
https://doi.org/10.48550/arXiv.2512.11486 @




Proposal at China's HIAF
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HIAF

High Intensity heavy-ion Accelerator Facility

Two modes : Fast extraction: High-intensity pulsed p/ion

e Fast operation: 400 ns bunch length with a repetition raF’g‘e.gﬁ,‘B Hz 3s )l 1735

&idd

* Slow extraction: 3 sec extraction time with a repetiti

e N
o BANE R

f13s
Slow extraction: Quasi-continuous p/ion

< 35_’“‘_
1/3s

Particle per  Energy(Ge

pulse (ppp) Viu)

o 1.0x10" 0.84
20027+ 1.2x10" 0.85
3.0x10" 1.7
6.0x10" 2.6

iLINAC

12
2.0x10 93 61




HIAF

High Intensity heavy-ion Accelerator Facility




First beam commissioning on 28th October 2025
First muon beam expected this year (2026)!

HIAF:BR:BD42DCCTO1

{EIRFEAIRI100HZ) | PIMFTA0RI1 kHz) | ARl OkHz)
B
(1.4

E
3

) ’ ‘ ‘
8 L
[] 0 20 T &b

the first signal 30 at B-ring

HIAF:SR:BD81DCCTO1

EE SR 00H;) [FEIRERLTRHE) 218 %351 OkH)

R ARt

the first signal 80 at S-ring 63



HFRS (HIRIBL)

For pion & muon production and extraction

HFRS (HIRIBL)

306*@2.6GeV,

BOS*@2.6GeV

proton

7 -

4+ Protonlions target, generating w/pwand
other secondary particles v
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HFRS (HIRIBL)

For pion & muon production and extraction

HFRS (HIRIBL) 7 9000 X10°

e
> 8000

=)
=

3
— 5000 {*
o,

p* flux —s— proton, 9.3 GeV
—— "%, 1.7 GeVlu
—— 0™ 26 GeV/u

w flux —s— proton, 9.3 GeV
—— "% 1.7 GeV/u
—— %0%, 2.6 GeV/u

a4
> 4500

7000 4000

proton

6000 3500

3000 proton

5000

2500
4000

2000
3000
1500
2000
1000

1000
500

0

|

e by |
2000 3000

L L |
4000

1
I5000 1 Il 1 \6000
Pz [MeV/c]

T | v |
5000 6000 0=

T R
4000 . —
Pz [MeV/c] 1000

T B
3000

positve muon negative muon

* Maximum p* flux: 8.2x10%/s + Maximum p~ flux: 4.2x10%/s
* projectile : proton * projectile: 130%
* Pz: 3.5GeV/c * Pz: 15 GeV/c

w/ purification: 2.4 x 10°/s w/ purification: 3.7 X 10°/s
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HIAF-U

« An upgrade planned for the second phase of HIAF, aims to increase the proton
energy from 9 to 25 GeV, with a dedicated muon beamline in the design.

YIS N\
7 _ HFRS r <Ring] 2\

d

.// \.:“ ‘—m
S - SRing-
Vi 9
. \ High Energy
Y/ 5 Density Terminal

| > dual-ring configuration
. \“\ iLinac SECR

i
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HIAF-U

« An upgrade planned for the second phase of HIAF, aims to increase the proton
energy from 9 to 25 GeV, with a dedicated muon beamline in the design.

L & Z =
4 x HFRS r SRing- 2\
/ \unﬂa
/ ing- 1
7 A High Energy
Z % Density Terminal

BRing-N/S \

o or s
\J iLinac

SECR

Deg |cated Muon Term_i‘rlgxls

# BRing N/S\\W

* with a higher proton power, the proton &
muon intensities are expected to go an
order higher than Phase-|
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Muon beams comparison

a GeV-scale high-intensity pulsed u~

TABLE I. Comparison of muon beam parameters at Fermilab and HIAF

Fermilab HIAF HIAF-U
Proton Intensity (/s) 6.8 x 1013 5% 1013 4% 10
Proton energy (GeV/u) 8.0 9.1 25
Repetition frequency (Hz) 15 3 10
Proton bunch time width (ns) 100 100-400 (TBD) TBD
Muon intensity [/s] 5%10° ~ 4 x 10° ~ 4 %107 (?)
Muon energy (for g — 2) 3.1 GeV/c 2-4GeV/c 10 - 20 GeV/c
Muon momentum spread (%) 2% 2%-3% TBD

— Currently intensity at HIAF is
comparable to FNAL, while
HIAF-U would very likely
surpass it.
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Aw, 1

Muon beam for g — 2 o < EPTR
_

20 — 40 (2-4 GeV) 150 (15 GeV)

B 15T 3T 3 T or higher 6-15T?
P 100% 50% 100% 100%
N required to achieve the same N 100 N N/4 N/500
precision in Aw,/w,
T T
In reality J-PARC is better than this The statistical sensitivity won't be
due to high intensity of surface a problem at all. Purely

muons (1078/s) systematics-limited;



HIAF-U with 10-20 GeV muon

« Being free from statistical limits opens a new window:

« Both positive and negative muons

« Low-emittance beam with a simple collimator: a better systematics related to beam
dynamics — CBO, field mapping etc.
« clock/counter-clock wise measurements

« Others: a dedicated muon beam-line with a delivery ring (like Fermilab)?

Delivery

" — 70

MI-8 Line



Precisions for g — 2

Muon 2-4 GeV (HIAF)
3.1 GeV/c 300 MeV/c
momentum 10-20 GeV (HIAF-U)
Magnet Full-ring magnet Full-ring magnet Sector magnet
Storage B-field & E-field B-field Edge B-field
Fle_ld _ NMR calibration NMR calibration Calibration via polarized proton and
calibration other methods

ut:0.14 ppm (FNAL)

+. ) — 1, +-
42 0.7 ppm (BNL) put:0.46 ppm 2> 0.1ppm (?) u/u*: 0.1 ppm > 0.05 ppm

Precision
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Physics and technical synergies

 Polarized protons: synergy with the Electron-ion collider project (EIC or EicC)

« Neutrino factory (NvStorm)

 Muon collider?

p- e +v,+u,

v from STORed Muons (nuSTORM)

z

-

atou

= i

Return Straight

T‘iiifg:eitr:ﬁ
Return
Arc

O
M ut —etv.y, Detector
Production Straight Return
Arc

1

nuSTORM, arXiv:2203.07545

courtesy: Xianguo LU

» nuPlIL: an improved version of
nuSTORM production straight, a
standalone beam line for DUNE

T Proton

Target absorber N
—B £
protons

. ) z (vertical)
5.8° vertical bending |
magnet: momentum & T
charge selection , ,tunnel
Pion¥ g
beam line &N; .

FIG. 1: Scheme of the nuPIL concept.
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Summary

 The muon g-2 puzzles have triggered extensive experimental and theoretical
activity over the past 60 years—and will continue to do so.

* The current puzzles will eventually be clarified and resolved. Theory precision
will again match (and surpass) the Fermilab precision, as history has shown.

« The time will come for a next-generation muon g-2 experiment. Currently, none
exists. In this talk, | have taken a step in that direction with a new proposal,
featuring novel focusing schemes and targeting 0.05 ppm precision — x3 Fermilab.

* The concept is not limited to HIAF but adaptable to muon facilities worldwide, and
also offers potential synergies with neutrino and muon collider programs.
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‘The closer you look the more there is to see’ (Fred Jegerlehner)

SNDO6 e —
CMD-2 e =———
BaBar + =fe—
KLOE ~e—

---------------------------------------------------------------

Lattice HVP Avg. 1
WP25

—40 —30 —20 ~10

1010 x (alslM - aﬁxP)

----------------------------------------

FNAL-25

| FNAL-23

4 FNAL-21
BNL-06

0 10 20
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Backup
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/\@_/J; (g —2), Prospects at PSI

 Statistics as in muEDM phase 2
(one year data)
- blue: single muon
- red: 3 muons —how?
* Same magnet, same detector,
no electric field
* Prospects with new beamline
solenoidto gotop = 140 MeV/c

Sensitivity: ~ 0.1 ppm statistically
(4 years)

* Collaboration on magnet with JPARC
and transport between institutes?

35

0.25

S
[N

o
-
o

AMM rel sensitivity / ppm
o

o
=)
o

3 4 5 6 7

Magnetic field strength / T

Search for a muon EDM using the frozen-spin D Ps

x
®
7
B
©,

Z

o
2
-
x \‘(J’z
()

Superconducting
Injection Chanel

Entrance Detector
(t=0 & trigger signal)

Z

Pulse Coils
(pulsed Bfield)

Electrodes
(static E field)

o

Weakly-focusing Coil

(static B field

technique with longitudinal injection

u* from Pion-decay »
high polarization p = 95%
Injection through
superconducting channel

* Fast scintillator triggers pulse

Magnetic pulse stops
longitudinal motion of u*
Weakly focusing field for
storage

Thin electrodes provide
electric field for frozen spin
Scintillating fiber detector
(CHET)

for e*-tracking
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Courtesy of Mikio Sakurai

_ Electron Muon

BSM Searches (Ongoing) EXP *

-18 -18
* Electric Dipole Moment (EDM) gg gg ' FNAL

o The spin precession plane is tilted in the presence -24 24
o Run-1/2/3 results are expected soon. Eo= 26

. s 28 Mu/Me-28 ...
o Current limit (BNL): 1.8 x 107%e - cm — = -s0ll_— 30
Projected limit: <3 x 107%% e - cm o  -32 -32
, 3 -34 -34
. —  -36 -36
e -38 -38
-40 -40
& ¢ 42 42
I -44 -44

/ o 46 46

g SM



Normalized Lomb Power

BSM Searches (Ongoing)

« CPT and Lorentz Invariance Violation » Ultralight Scalar Dark Matter
o w, modulated at the sidereal motion. o w, modulated at the DM Compton frequency.
o Run-2/3in review. o Run-2/3 analysis in progress.
o Current limit (BNL): 1.4 x 1072* GeV — . o
PrO_jeCted limit (FNAL Run-2/3): 0(10—25) GeV PrOJeCted sensitivity PRD 102, 115018 (2020)
. e muon g2 (virtual) _ _ __ __ e ————
007+~ o e 1074}
- | - —— 4 ppm injected signal -
0.06 — - —— noise —
] | | | ] 108 _____________SNeoolng -~ -
005F MC simulation E
0.04~ (Courtesy of Baisakhi Mitra) | - > 10-12 X
C ! ] ‘-,o\wk
003 -t A O OO ——S Y OY AT [ ol
= i | . ™
A S S S S— 5 99.7%C.L. -
002 & AR N M B ey 2y 1070
TR —— A S —— SRR T—— - 1
001 r P —— Neutron Star ™ force | ___________ |

10-24 10-21 | 10'-18 10-1° 10-12
Frequency [Hz] 1e-5 mgy[eV]




CPTLV: SME and Muon g-2 AN

* SME Lagrangian:
L= —axpy .Wm (G —Hﬁwo“@/}

+= @cﬁ;wqf” D> W + —sdﬁwm“ D> ¢

- All terms violate Lorentz invariance
-a_, b,_are CPT-odd; others are CPT-even

* Predicts two CPT/Lorentz Violating signatures for muon g-2:
omes, Kostelecky. Vargas, Phys.Rev.D90:076009.2014
- Sidereal (or annual) variation in w,
- Difference in w_ between u* / i

- Use frame where Z is the orientation of the earth’s
axis relative to the fixed, distant stars,
and y is the colatitude (earth’s precession negligible in our case)

5/7/24 Breese Quinn | University of Mississippi | Searches for CPT and Lorentz Invariance Violation with Muon g-2 40



SME Muon Sector Current Limits (Kostelecky et.al.)

Table D21. Muon sector, d = 3

Combination Result System Ref.
Re HSIIT(OB” In H(:Ill} OB)l Re 3111}(03) |Im .‘7011 )I < 2x 10722 GeV  Muonium spectroscopy  [20]*
IRe HonUB) | 1im Hon B |Re g0 5B |Tm g B <Tx107B GeV 7 [20]*
l;T/m,, (7.3 £5.0) x 1007  Muon decay [184]*
b, —(1.0+1.1) x 1023 GeV  BNL g, — 2 [185]
Jd (B )2+ (Bh")? <14x10"2 GeV 7 [185]
V (Vx )2+ (b5 )? < 2.6 x 1072 GeV [185]
\/ (bx)? + (by )2 < 2x 1072 GeV  Muonium spectroscopy  [186]
bz — 1.19(m,dzo + Hxy ) (—1.441.0) x 10722 GeV  BNL, CERN g,, — 2 data [187]
bz (—2.3+ 1.4) x 10722 GeV  CERN g, — 2 data [187], [188]*
[Re Hgp) ™). |In H3)B) < 5x 10~ GeV [20]*
HS) (=164 1.7) x 10722 GeV__ BNL, CERN g, — 2 data [20]*
[Re Hy|. [Tm H, <2.0x 10-2 GeV BNL g, —2 [20]*
m,dzo + Hxy (1.8+6.0) x 102 GeV [185]

5/7/24 Breese Quinn | University of Mississippi | Searches for CPT and Lorentz Invariance Violation with Muon g-2
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Concept 2) Proton beam Comagnetometer
More general sytematics

Quantity

Correction

Uncertainty

(ppb) (ppb)
wg' (statistical) 114
wq' (systematic) 30
C. Electric Field 347 27
Cp,  Pitch 175 9
Cpa  Phase Acceptance -33 15
Caa  Differential Decay 26 27
Cmi Muon Loss 0 2
(wp X M) (mapping, tracking) . 34
(wp X M) (calibration) 34
Bx  Transient Kicker -37 22
B, Transient ESQ -21 20
fip/ BB 1
My /Me 22
Total systematic for R, fe 76
Total for a,, 572 139

 Removing the E-field would improve the
systematics for both w,and w,

* For both it stands as one of the largest
uncertainty sources

* New systematics at B-field (protons,
calibration etc)
* Remove the dominant part currently and
distribute the new systematic effects to the

magnetic field part, which has more 'buffer'
In the systematics chart
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Muon sources In China
HIAF and CIADS

« Two neibourhood facilities managed by Institute of Modern Physics (IMP)

High-Intensity heavy-ion Accelerator Facility

(HIAF) \.
. o l}adioa('i\'e bean[l;“ﬁﬁ} station

 hilia ,';",,n WA b5
HFRS: Radioactive beam line r"ﬁ“ % o H%WM spectrometer ring
BT b 5 -~ :\‘/‘tk S R . g ;e ';Nj:/‘» 3‘ & A
e Al AN L
High energy ¥ g 1 AN aia o e ‘/r\\n_ y “wﬁﬁ 3‘
experiment station e & 5417 al ‘ E-ion m‘onlb’!lylaﬂ\i)n‘pectroscopy

L AN
‘& '~ SRing:
N (ATORER  Ply \" Spectrometer ring
; . N % =N&  Circumference: 273m —
\ ~

Nl it 1 Rigidity: 13-15 T S ‘
A \}n \ s = .
\ v & 2 £ et N .
| Fast cycle ring A\ i (2 SECR:
| Circumference: 590 m G | % Superconducting
i Rigidity: 34 Tm ’g ECR source

iLinac:
Superconducting linac

Low energy nuclear structure
and irradiation terminal

https://english.imp.cas.cn/research/facilities/HIAF/

China-initiative Accelerator-Driven Subcritical
CiADS)

> ®Cryogenic center equipment hall
—‘ @Linac debugging and process experiment hall

R b ®Superconducting comprehensive debugging and accelerator mamtenance hall
" “:‘M @Chilled water equipment hall

‘e

o
‘e
‘" -
'''''''
) .
‘e
‘e
‘e

®Superconducting linac
@Target coupling section
@Reactor and spallation target area
@linac equipment hall

®Beam collection terminal and thermal experimental region of spallation target

https://english.imp.cas.cn/research/facilities/CIADS/ 33


https://english.imp.cas.cn/research/facilities/CIADS/
https://english.imp.cas.cn/research/facilities/HIAF/

Muon sources In China
HIAF and CIADS

« Two neibourhood facilities managed by Institute of Modern Physics (IMP)

High-Intensity heavy-ion Accelerator Facility China-initiative Accelerator-Driven Subcritical
(HIAF) system (CiADS)
* Heavy-ion acceleration and nuclear physics: * Nuclear energy and waste transmutation;

nuclear structure, nuclear astrophysics, and

) : * To demonstrate the Accelerator-Driven
high-energy-density matter;

System (ADS) concept for sustainable nuclear
* High-current ion sources, superconducting energy and minimal radioactive waste;

linacs, and large storage rings; . ;
’ 8 & & * High-power proton linear accelerator coupled

 Comparable to GSI/FAIR in capability; to a subcritical lead-bismuth reactor;

* Planning a high-energy muon (1-20 GeV). * Planning a low-energy muon (e.g. surface

muon beam).
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Concept of lithium jet target O Design parameters:
> éMW proton beam on target: 600MeV & SmA

Conditioning Section Downstream Target
of the Lithium Loop or Dump » Muon rate from target of ~10!! u*/s

N

1012

Nozzle
=~ 10"
T
e 3
| e =
Muon Muon = Ju
o
Capture Solenoid Capture Solenoid £
8 1 —— u*_Lithium
2 > —— u*_Graphite
| Li target VS C target 3 T ki _
Proton Beam Free-Surface > higher muon rate 10° n*_Graphite 4
Lithium Sheet 5 |ess radioactive nuclide and e’_Lithium :
- e’_Graphite
H.-J Cai et al, PRAB 27, 023703,2024  POsitrons background sl Eewenmels
» supporting higher beam power, 0 20 40 60 80 100 120 140 160 180 200

free of irradiation damage Momentum (MeV/c)




MUonE Experiment pone

A New Approach towards a;; " with running of Adayaq

HVP,LO .

* The dispersive approach to compute a,, IS via the time-like formula:

_ (®¥mu\? (. Rha (s)K(s) x*(1—x)
_(_“) fmz ds had ’ K(s) = de 2+(1—x)(s/mﬁ)

70

* Alternatively, exchanging the x and s integrations - space-like formula:
2m2
-1

* Aayp,q IS the hadronic contribution to the
running a (electromagnetic coupling constant)

L <0

a,Vt = f dx (1 — x)Aapq[t(x)], t(x) =

t=q2<0 Hadrons
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MUonE Experiment pone

Running of Aay.4: Time-like vs Space-like

®,n_ % o[, R()
Aogaa(q’) = —5 4 / ds,s’(s’—q2)
2

« Time-like: characterized by the « Space-like: very smooth behaviour
opening of resonances t<0
s>0
2 0:125_ — Hadronic 2 I — Hadronic
oiE leptonic E leptonic
0.02 ;j,\J 0.02|-

L [ Lo T N B | [
=30 -25 -20 -15

o
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MUonE Experiment pone

Aay,q Via Muon-electron Scattering

* Aaypaq[t(x)] can be extracted from the shape of the differential cross-section of
muon-electron scattering ute™ -» ute~

It| (107* GeV?) 1t (107% GeV?)
055 298 105 357 0 0 055 298 105 357 o
T T T T T L T T T
100 /
2,02
. o 6 x*mg
| (1 _x)'Aa”“"x—1<0
0 ]

Aa(t)

1k

(—L"_',ff',") % 104

Shape of this is measured

T - 0.1 F

A0 gatal AOhad . 2
Rhad = ta Al ~ 1+ 2A0p,q(t) 001 | Al
donic(Aonad = 0)
' ‘ . : . 0 - ‘ ‘ :
The NNLO differential cross To be determined o 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

section from theoretical In this experiment ! )

calculation



MUonE Experiment

Setup Overview

M2 u beam

160 GeV/e

pone

muon filter

station #1

## /

ly chamber

ECAL

Ta r}et k i em Target k+1
’ 1 module (2 sensors) )‘“ l | e #‘»
------------ I ] SRS 1 i : ‘
layer 3 layer 1 layer 2 layer 3 layer 1

Be (or C) target divided
into 40 slices with a few
cm thickness

Tracking system:
3 pairs of silicon strip
detectors

ECAL: energy and PID
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MUonE Experiment pone

Setup Overview

/ e muon filter
M2 y beam > 7// — 1 | | p chamber
160 GeVy/e // u
station #1 ~ #2  #3 I #k #N
ECAL
« Correlation between muon and electron B e
angles allows to select elastic events and 9
reject background (u N — u N e*e). 1 e
« Boosted kinematics: F
 Single detector to cover full acceptance 15;;:’?;5 : "
- 8, <5 mrad, 6, < 32 mrad. s l , G

Electron scattering angle (mrad)
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