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Fermilab
2026 Breakthrough Prize in Fundamental Physics

For multi-decade, groundbreaking contributions to the
measurement of the muon's anomalous magnetic
moment, pushing the boundaries of experimental
precision and igniting a new era in the quest for physics
beyond the Standard Model.

The prizewinners are the living co-authors of the
publications that reported the results from the
measurement campaigns at CERN, BNL, and Fermilab.
The names are listed below.
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Fermilab
2026 Breakthrough Prize in Fundamental Physics
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2026 Breakthrough Prize

= For multi-decade, groundbreaking contributions to the in Fundamental Physics
measurement of the muon's anomalous magnetic

moment, pushing the boundaries of experimental
precision and igniting a new era in the quest for physics
beyond the Standard Model.

Fermilab Muon g-2

The prizewinners are the living co-authors of the S —— K"'S'a““ et
publications that reported the results from the
measurement campaigns at CERN, BNL, and Fermilab.

The names are IISted bE|OW, Dr. Dikai Li Dr. BingzhiLi  Dr. Slew Yan Hoh Dr. Yusuke Takeuchi Dr. Cheng Chen Dr. Eremey Valetov

© O € ; Y

Yonghao Zeng Zejia Lu Jun Kai Ng Dr. Tiangi Hu Zhaolin Chu Yuekai Hu

April 18, 2026: $3M prize shared by 368 collaborators world wide
SJTU Muon g-2 team: 14 laureates
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What is Muon g-2?

'me

Magnetic Field B

In the quantum world, particles have spin
« Fermions have half integer spins, bosons have integer spins

 Muon’s magnetic moment is closely related to spin and internal structure

 Muon’s intrinsic magnet interacts with external magnetic field: precess!
 Muon’s precession frequency can be influenced by (virtual) particles
« Anomalous magnetic moment can be measured and calculated

Discrepancy between experiment and theory leads to new physics

fIfM L U!EEDJr ahad+ Grﬂ i aﬁPg

« New particles, fifth force, or new structure?
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Experimental Principle
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w, :g-2term w, : EDM term

o

L.Li, Muon g-2 and EDM: Precision Probes of TeV-Scale New Physics@ SCNU, Guangzhou (CHEP 2026) July 16, 2026 4



Experimental Principle
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w, :g-2term w,, : EDM term
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Approachi :a“_y2—1 ~ 0 Approach2 : E =0
e =g =» —_— E — — - —
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m, 2 c m, 2

* Adopted at BNL/FNAL

* Electric field is used for
beam focusing

* Adopted at J-PARC

* Magnetic field is used for beam focusing
(Weak beam focusing)

(Strong beam focusing) ; - = A - EDM term is orthogonal to g-2 term
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Muon g-2 Experimental Measurement

Frequency measurements can be done in very high precision
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Muon g-2 Experimental Measurement

Frequency measurements can be done in very high precision

 Measure frequency ratio and extract from several measurements
Q. ~ Wq _ ge Wg My Up
L <B> 2 Wy, me e

* @, Is proton Larmor precession frequency in water sample (@, ~ |B|)
* @, is the weighted magnetic field folded with muon distribution

 All other values from Committee on Data for Science and
Technology (CODATA), uncertainty < 25 ppb

 E.g. muon-to-electron mass ratio by muonium hyperfine structure experiment
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Muon g-2 Experimental Measurement

Frequency measurements can be done in very high precision
 Measure frequency ratio and extract from several measurements
au'\' Wq _ ge Wg My Up
<B> 2 Wy me Y

* @, Is proton Larmor precession frequency in water sample (@, ~ |B|)
* @, is the weighted magnetic field folded with muon distribution

 All other values from Committee on Data for Science and
Technology (CODATA), uncertainty < 25 ppb

 E.g. muon-to-electron mass ratio by muonium hyperfine structure experiment

* Final measurements done in three steps
* Inject muons into a ring with uniform magnetic field
« Measure muon frequency difference o,
* Measure proton precession frequency @, and muon distribution

« Blind analyses: measurements and correction factors done
*Independently* before final answer
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Fermilab Muon g-2 Detector System

Beam Direction C \Inf.
23 24

00

Quadrupoles
24 Calorimeters
Trackers
Kickers
Collimators
=== [nflector
Fiber Harps

15 meter wide dipole
superconducting magnet
* Inflector, kickers,
guadrupoles, collimators for
beam insertion
« 386 NMR probes
« Moving trolley with 17 probes
K1 « 24 calorimeters
« Laser calibration system
K2 °* 2tracker stations
« Auxiliary detectors:
TO, IBMs, Fiber harps

Trolley Garage
NMR Calibration
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« 386 NMR probes
« Moving trolley with 17 probes
K1 « 24 calorimeters
« Laser calibration system
K2 °* 2tracker stations
« Auxiliary detectors:
TO, IBMs, Fiber harps

Trolley Garage
NMR Calibration

MiniSciFi added in Run6
QuadRF added in Runb5
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Fermilab Muon g-2 Detector System

Beam Direction C \Inf.
23 24

00

Quadrupoles
24 Calorimeters

Trackers
Kickers
Collimators
=== [nflector
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15 meter wide dipole
superconducting magnet
* Inflector, kickers,
guadrupoles, collimators for
beam insertion
« 386 NMR probes
« Moving trolley with 17 probes
K1 « 24 calorimeters
« Laser calibration system
K2 °* 2tracker stations
« Auxiliary detectors:
TO, IBMs, Fiber harps

Trolley Garage
NMR Calibration

MiniSciFi added in Run6
QuadRF added in Runb5

c O PB of Raw Datal
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-2 Experiment

End of Data Taking
Second Run2/3 Result

MUON g-2 DATA TIMELINE

Muon g-2
Critical Decision-0

Proposal First Runl Result

The New (g - 2) Experiment:
BHL g-2

A Proposal to Measure the Muon Anomalous

Final Runl-6 Result

(2025)
1

Magnetic Moment to +0.14 ppm Precision FHAL g2

4 420 i
R R .
Standard Model Experimant
m - fractional
Ibuti
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Data Flow

Run Status

Start: Sun Nov 14 10:43:44 2021

mem | [ ]

1636912252 11.50:32.219 202714114 n.m-Loc] File dataSSDLigmz2igm2_run46241_00270.mid' CRC32C
checksum: Dx316b1f1c. 2029

Running time: 1h0BmS2s

Data dir: /dataSSD1/gm2

-

Fraction of data | E:ﬂ:i:g &E’:‘gef?”n?%;'
Instantaneous plots

DAQ and DQM

MIDAS

E i PILIOY

T Method, all calos

allCalowiggle
|"Entries 4282437

Full data analyzed and plotted
Standard calibration

8
8

Useful for quick physics analysi

2000

Results in ~ 30 min

&”r

ROOT

Data Analysis Framework

bukeh

ol | | Wpasmapanancien L |x10°
0 50 100 150 200 250 300
- - time [clock ticks]
N H . a

Complete and fully calibrated reconstruction
Involves pre- and full- productions

Multiple reconstruction techniques
Version-controlled, produced with POMS on grid
Full results with DQC in ~ 1 year

(L a
bart

_*Production
Operations

Management

System
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o, Measurement
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o, Measurement
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 Energetic e+ oscillates as p+ spin direction aligns or anti-aligns
with momentum direction

« Count e+ hitting calorimeters above threshold (or weight the hits)

« Extract the oscillation frequency ®, via fitting time spectrum
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o, Measurement
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 Energetic e+ oscillates as p+ spin direction aligns or anti-aligns
with momentum direction

« Count e+ hitting calorimeters above threshold (or weight the hits)

« Extract the oscillation frequency w, via fitting time spectrum
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0, M ent

Simplest fit model captures exponential decay & g-2 oscillation
N(t) = Ny e V" [1 + Acos(wat — ¢Py)]
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frequency components.

Larger statistics reveal even more prominent
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o, Measurement

Simplest fit model captures exponential decay & g-2 oscillation
N(t) =Nye /" [1 + Acos(wyt — ¢Py)]
Must account for beam oscillations, muons losses, and detector effects
« Final fit functions include 40+ additional parameters to model these effects!

. Time since injection: 5.0 us . Time since injection: 5.0 us

(=2}
(=] o
TT LI

B
(=]
T

Vertical Position [mm]
[e2]
Vertical Position [mm]

n
(=]
T T TT

Beam dynamics modeling: CBO

* If not accounted for: ~800 ppb
without the additional RF

* If not accounted for: ~80 ppb _F- B L T N S
with the additional RF b S
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17 petroleum jelly
NMR probes
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2D field maps
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Variation < 1 ppm

« 378 fixed probes monitor field during muon storage at 72 locations

* Cross-calibrate using a cylindrical plunging H,O probe
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Full Measurement with Corrections

Je Wa My fhp

2 @, me e

a“:
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Full Measurement with Corrections

Je Wa My, [l

2 @, me e

aM:

Muon
-6
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Full Measurement with Corrections
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Full Measurement with Corrections

Wa, w14+ Ce +Cp + Cpy + Cgq + Cha

wp Wy 1+ By + B,
/

Measured Values
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Full Measurement with Corrections

E-field & Up/Down motion:
Spin precesses slower than
In basic equation

Wa _ WP 14 Co+ Cp+ Cpo + Cag + Crui

wp Wy 1+ By + B,

/

Measured Values
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Full Measurement with Corrections

E-field & Up/Down motion:
Spin precesses slower than
In basic equation

Phase changes over each fill:
Phase-Acceptance, Differential
Decay, Muon Losses

Wa _ WP 14 Co+Cp+ Cpa + Cag + Crui

wp W 1+ By + B,

p

/

Measured Values

L.Li, Muon g-2 and EDM: Precision Probes of TeV-Scale New Physics@ SCNU, Guangzhou (CHEP 2026) July 16, 2026

14



Full Measurement with Corrections

E-field & Up/Down motion: Phase changes over each fill:
Spin precesses slower than | | Phase-Acceptance, Differential
In basic equation Decay, Muon Losses

Wa _ WP 14 Co+Cp+ Cpa + Cag + Crui

wp Wy 1+ ‘B’f -+ Bq'
/‘ Y

Measured Values

Transient Magnetic Fields:
Quad Vibrations,
Kicker Eddy Current
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Full Measurement with Corrections

E-field & Up/Down motion:
Spin precesses slower than
In basic equation

Phase changes over each fill:
Phase-Acceptance, Differential
Decay, Muon Losses

Wa, w14+ Ce +Cp + Cpy + Cgq + Cha

p

wp W 1+ ‘B’f -+ Bq'

/

Measured Values

Transient Magnetic Fields:
Quad Vibrations,
Kicker Eddy Current

« Total correction 572 ppb, dominated by E-field & Pitch
* ~350 ppb & 170 ppb, other o, correction ~ 30ppb

* By~ 30 ppb, B,~ 20 ppb
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Total

W,

. Correction Uncertainty
uantit
@ Y (ppb) (ppb)
wg' (statistical) e 114 C
wg' (systematic) e 30
Ce 347 27 m’p map.
C, 175 9 S
Cra -33 15
Cyd 26 27 Cpa
le 0 2 i
(w, x M) e 43 Cu w, calib.
By -37 22 Cri
B, -21 20
s 1 TDR goal : 100 ppb v
My /Me 22 . Evenly distributed
Total systematic for R}, e 76 _
Total for a,, 572 139 « No dominant source

* Further improving would
require reducing in many
categories
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Total Uncertainties

Stat. Syst. Total

Uncertainty Uncertainty Uncertainty
(Ppb) (pPpb) (pPpb)
Run-1 434 159* 462
Run-2/3 201 /8% 216
Run-4/5/6 114 76 137
Run-1-6 98 78 125

TDR goal TDR goal: TDR goal:

100 ppb 100 ppb 140 ppb
v v v
*corrected

A good example of precision measurements that
actually exceeds the TDR design goal!

L.Li, Muon g-2 and EDM: Precision Probes of TeV-Scale New Physics@ SCNU, Guangzhou (CHEP 2026) July 16, 2026 16



Final Results

BNL E82 | : I 2 I :I

e —— .

Run-2/3 | O |

Run-4/5/6 +—0—+

Run-1-6 F—o—F

Expaverage ................................................................................................................................

[N SRR T SN (NSNS NN SN NN SRR N SO S NN TN NN TR N TR S
20.0 20.5 21.0 21.5

a,- 10° — 1165900

a,(Run-1-6) = 0.001165920710(162)

Total uncertainty: 127 ppb

a,(Exp. Average) = 0.001165920705(148)

Total uncertainty: 124 ppb
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Final Results

« Excellent agreement with
Run-1/2/3 and BNL E821

 Uncertainty reduced by 1.8
times over Run-1/2/3

« Combined Run-1-6 reduces the
uncertainty by a factor of 4.3
(compared to BNL E821)

«  New world average reduces the

uncertainty by a factor of 4.4
(compared to BNL E821)

BNL E82 : A :

e —— .

Run-2/3 : O |

Run-4/5/6 +—0—+

Run-1-6 F—o—F

Expaverage ................................................................................................................................

[N SRR T SN (NSNS NN SN NN SRR N SO S NN TN NN TR N TR S
20.0 20.5 21.0 21.5

a,- 10° — 1165900

a,(Run-1-6) = 0.001165920710(162)
Total uncertainty: 127 ppb

a,(Exp. Average) = 0.001165920705(148)
Total uncertainty: 124 ppb

L.Li, Muon g-2 and EDM: Precision Probes of TeV-Scale New Physics@ SCNU, Guangzhou (CHEP 2026)

July 16t, 2026

17



Final Results

« Excellent agreement with
Run-1/2/3 and BNL E821

 Uncertainty reduced by 1.8
times over Run-1/2/3

« Combined Run-1-6 reduces the
uncertainty by a factor of 4.3
(compared to BNL E821)

«  New world average reduces the
uncertainty by a factor of 4.4
(compared to BNL E821)
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Final Results

rrr|rrrr
BNL E821 +——+ BNL

Run-1 —o—
Run-2/3 HH
RUN-4/5/6  toi FNAL
Run-1-6 tot
_Exp.average W Experiment
Theory
SNDO6 ———4—
CMD-2 ——
BaBar09 —— Theory(2020)
KLOE —4—
BESI| ———
SND20 ——
CMD-3 —(—
HVP ete~
HVP lattice
—e— Theory(2025)
BMW-20 —————
Mainz/CLS-24 —_—

RBC/UKQCD-24 °

L I 1 L L 1 L L L 1 I L L 1 L L I L 1 L L I 1 L L
17 18 19 20 21 22 23
Arxiv: 2606.17323 a,-10°— 1165900

a,(Run-1-6) = 0.001165920710(162)

* Most precise determination of
a, for many years to come

« 0.12 ppm measurement tests all
Standard Model contributions

QED {a/2m)
QED (higher)
HVP

HLBL
fractional

contribution

EW

mEm uncertainty

L 1 L 1 1 L | |
1077 10-% 107% 107* 10-% 10-2 107t 10
Fraction of (g,— 21

. Benchmark for models with new
particles or forces
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Final Results

Arxiv: 2606.17323
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* Most precise determination of
a, for many years to come

« 0.12 ppm measurement tests all
Standard Model contributions

QED {a/2m)
QED (higher)
HVP

HLBL
fractional
contribution
mEm uncertainty

EW

L 1 L 1 1 L | |
1077 10-% 107% 107* 10-% 10-2 107t 10

Fraction of (g,— 21

. Benchmark for models with new
particles or forces

« WP2025: LQCD LO HVP brings the SM prediction in agreement with experiment
 Unresolved puzzle: discrepancy between dispersive e*fe” method and LQCD HVP
« WP2020 theory uncertainty: 0.37ppm vs. WP2025 theory uncertainty: 0.53ppm
* Interesting contrast: ~1% agreement between LQCD LO HVP and e*e™ results in tau
and electron g-2!
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Muon Electric Dipole Moment (EDM)

1E-18 5 2 .. .
: BennetterafPRozoogl 1 « SM prediction for muon EDM is
: e > :
e SXISHNGHIMIC 1 almost0: d, < 1038 e-cm
1E20 1 * Unambiguous new physics signal
; i 1 * Muon is the best option
18219 Expected limit === o 3 « Direct measurement
4 cubic 1
1E29 ' * Free of nuclear / molecular effects
E : 5 1 * Note thatd,~ 10%° e-cm
S :
~. -
o 1E-23 4 g E * Current best resultd, ~ 10 e-cm
2 t: :
E % & = o  10-102 improvement expected
1E-244 & @ 7R 3
is - § S B E
| E - ]
] 2 3 ]
1E-25 - 8 = E
1E263 § 28 g = E E
12 I 3B : 5 &
—= z £
1E-27 - = == = -
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‘IE—18—§
1E—19—%
1E—20—;
1E—21—;

1E-22 5

d (ecm)

= 1E-23 -
1E-24
1E-25

1E-26

Muon Electric Dipole Moment (EDM)

1E-27 -

Bennett ef a/l PRD2009 l
Existing limit > 1
E
E
J-PARC / FNALl
Expected limit =——— --oooteee -
4 cubic
E|
Y ;
o
>
g ?
dFuture limit ? =—
L —4 r m i
- 23 = o :
s e s 2
5 o E .
2 3
s A
= =) =) E 'é 2
s g8 s & =
] =11 g & X
o o (v - —
5 = oo a S = E
1= % 3s T EE
= 2% 5 S
o o m = 6

SM prediction for muon EDM is
almost 0: d, < 10-% e-cm
Unambiguous new physics signal
Muon is the best option

 Direct measurement
* Free of nuclear / molecular effects

Note that d, ~ 10-2° e-cm
* Current best resultd, ~ 10 e-cm
« 10-10%2 improvement expected

Big discovery potential
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Muon EDM Searches

° a,| [
8 - e 5 (7
& == {aB+1(pxB)]
B m 2([X )
a8 \@{e\dm
N\ ~ .
3 ° ) = a)a + a)edm

taIl 9 — a)edm

a

L.Li, Muon g-2 and EDM: Precision Probes of TeV-Scale New Physics@ SCNU, Guangzhou (CHEP 2026) July 16, 2026 20



Muon EDM Searches

Calorimeter-based
 Phase asymmetry and

vertical position oscillation
« Systematically limited

OUTWARD DECAYS

‘ DECAY CONE

INWARD DECAYS

ASE

DETECTION

NOILO313a

> a8l [o
I -2 {aB1(jxB))
- m 2
a8 \@f\g\hn v _ x10°
s - C?) — C?) + C?) E B BNL EDM ﬁmz/:‘(’:.:oz::;;/::?gsse-os
3 a edm %0.4— ::iz ==1z.>;:1;9:-o? 5.617e-06
< 8 s Abgin _ =-45450-08: D.ADS#-0
tan @ = —<= : { | ’ MMWWHI |
, RSP R AT
. ki
Tracker-based l l M
« Vertical angle oscillation ° J
measurement -0.1 ; | ! (I L
0 500 1000 1500 2000 2500 3000 3500 4000

« Statistically limited at BNL

Time modulo precession period [ns]
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Muon EDM Searches

. po & ndf 7334713 | ¢ U )gni;dl 6817715
i T T g 42 E_ PRELIMINARY N 41320406 + 318 | N LIMINARY A, 0011712000332
* Blind analysis with large £ b ORI | ) R
1 3 Ayo 005594 00008782 | £ F \
fake Slgnal L .y 1677001832 | & F

 Fit the w, oscillation
* Fit the average vertical
angle oscillation

N I ! AR i =S S B BN B
o 0.5 1 15 2 25 0 05 1 15 2 25

{5e [us] oo 1]

©
©
|

T
& =3 3
I | ]

EDM Signal  (a) 750 < p < 1000 MeV (a) 750 < p < 1000 MeV

6.)(t) Ao cos(wat + ¢a) sin(wet + ¢q) O
y (1 + Ay cos(wgt + ¢h)) (1 + Agpo cos(wepot + ¢cpo)) " "

Fixed Term

22_![!IIIIIIIIHIIIIIIIIlJIIIIIIIIIIIIIIIIIIItIIlI—
i © i| Combination=11.54+ 0.19 (stat) + 0.73 (sys) x 10 e.cm [} : :
20_’ y2/d.of.=53.3/47=1.13

| Probabli 246

d, [10™ e.cm]

« Assuming central value at O after
unblinding =2 limit 0f 9.2 x 1072% e - cm

« 2x improvement compared to BNL with _ FI ¥ e¥e gt et 1l
Run-2/3 data

« ~107%! e - cm goal with Run1-6 data oF i
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Canton-u Proposal: Muon g-2 at HIAF

= I‘;\s(\lv > hep-ex > arXiv:2512.11486

High Energy Physics - Experiment

[Submitted on 12 Dec 2025]

CANTON-pu 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 o

Main-Separator

~
O Collimator
Production target

PKMuon DREAMuS CANTON-p LUNE
J-e scattering, KN fixed target, negative-y g-2 M-p scattering
imaging algorithms flavor violation for SM precision
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Canton-u Proposal: Muon g-2 at HIAF

w bunch

HFRS (HIRIBL)

ZEE Nuclear Instruments and Methads in Physics

.T‘.EI‘ esearch Section A: Accelerators, Spectrometers, :';-":
Detectors and Associated Equipment i,
Wolume 523, Issue 3, 11 May 2004, Pages 251-255
= Polarimeter
A new ring structure for muon (g-2)
measurements Edge e-detector
ELM. Forley focusing \

Show more W

+ Add toMendeley o Shore 99 Cite

Get rights and content 2
!&? UHIVERSITY OF
7oy 193 g LIVERPOOL
= & =
‘eq‘-:ti’p

g o
7% R4 L*J_

N LIS
courtesf:-Chris Rogers “777[/

« Segmented sector magnet structure with fringe fields to focus the muons,
no need for additional E field focusing.

 No restriction on magic muon momentum. Polarized protons experience the
same magnetic field as muons for a direct calibration of the magnetic field.

https:/jdol.org/10.1016/] nimo 2003 12.016 »

Polarized proton
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Canton-u Proposal: Muon g-2 at HIAF

8

Muon g-2 theory and experiment |~ mzzis /

| — FNAL vs SM2025 (0.1 ppm)
—— FNAL vs SM2020 (0.1 ppm)

comparison continues: e gl

—— BNL (™) vs SM2020 (0.1 ppm)

Agy®~WP2020 — 96.2(4.5) x 10717,

Significance [o]

Aa, P~ WP — 3.8(6.3) x 1071°

Canton-p Phase-1 goal: 0.12ppm
(FNAL precision) i .
Theory precision matches FNAL: o - R
O. 1ppm Experimental precision [ppm]
Canton-p Phase-2 goal: 0.05ppm

| CANTON-p Phase Il

« Canton-p Phase-1 reaches 5¢ in case of BNL central (™) vs. WP2025
« Canton-p Phase-2 reaches 3¢ in case of FNAL central (u*) vs. WP2025
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Conclusion and Outlook

v Breakthrough Prize for 3 generations of Muon g-2 exp.
v"Most precise measurement at 0.12ppm

v Puzzles remain to be solved and many new potentials

v Tension between different methods to evaluate HVP contribution

v Muon EDM (0(10721) e - cm) , CPT/LV and Dark Matter searches
v J-PARC Muon g-2/EDM to take data in ca. 2030: 1.5 x 10™%1 e - cm EDM
v PSI MUEDM Phase | to take data from 2027: 3 x 107?1 e - cm EDM
v Canton-u Proposal: u= 0.05 ppm precision potential

v' More exciting results from Muon g-2 and EDM sector underway!
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Muon g-2 Theory Prediction

\fa p = a,(QED) + a, (Weak) + a p_(Hzldmnic-.ﬂ
QED/}\\ . 1165847189 (1) x 107 0,001 ppm
Weak :
AL e 153.6 (1.0) x 10~ 0.01 ppm
N,

Hadronic... Muon g-2 Theory Initiative: Phys. Rept. 887 (2020) 1-166 (WP2020)

...Vacgum Polarization (HVP) 6845 (40) x 1011 0@
2 A
G e, 0071

...Light-by-Light (HLbL)

92 (18) x 10~ 1 0.15 ppm
ad e+l [20%]
’ a,(SM) = 0.00 116 591 810(43) [370 ppb]

L.Li, Muon g-2 and EDM: Precision Probes of TeV-Scale New Physics@ SCNU, Guangzhou (CHEP 2026) July 16, 2026 47



What makes them so different?

+ 3 x B)

EDM

« “Ultra-cold” muon source: low P+ muons
 Not constrained to run at the “magic momentum?”
«  Smaller magnet, Compact design
 Low emittance beam, Intrinsically more uniform
« Challenges

« Produce, accelerate and inject cold muons into storage ring
Overall low muon efficiency

Energy 4 MeV 25 meV 4.5 MeV 40 MeV 212 MeV
Emittance (7mm - mrad) 1,000 - 1 1 1
Intensity (per sec) 3x10% 9x10° 4x10°% 4x10° 4x10°

Laser | ] Spiral injection
beam transport

s ionization L ’J*’

Storag
e BB, masner

1st stage 2nd stage 3 stage \_Q :
< > RFQ Disk-And-Washer Disk-loaded ST
rmal muonium N nitial accelerating e
Lr:gduclllon wget & clectiodes (S IH-DTL structure structure “~~--.§-—-—",
Surface 3x10%/sec
miton Room temperature Muon LINAC
(H-Iine) muon source
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Data Collection

Apr. 2021: Run-1 Result (2018 data)

Run-2/3 ~ 4 times larger than Run-1
Run-4/5/6 ~ 4 times larger than Run-2/3

NN N XX

iy |

S 300- Run-4 Run-5

) [

2 200 =

S i

o B

_-I;J »

8 [ /

S 100 =

o | /

&) -

> Ow||||||||||||||||||||||||||||||||| ' | | ] ]

© WO OO O OO0 "I Hd HHH AN ANNNNAN NN MM MMM
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>N\ C - > C UC O- C oY Y >C U C O = Y- > C U C O =~ = >
Qo> Q@ @ 5350w o©® o o 0® &S o> Oooo® Qo S O o 0o O Q@ ©

Stat. 434ppb
Aug. 2023: Run-2/3 Result (2019-20 data) Stat. 201ppb
Jun. 2025: Run-4/5/6 Result (2021-23 data) Stat. 114ppb
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Time since injection: 5.0 us

Muon Distribution Measurement

Vertical Position [mm]
o

-80

—20[

[l [ 1
_40 e

B0 -

MLt e e e .
" -
1 | 1 I'L .\.I 1 | L | [l | 11 | L1

 Trackers can measure beam
oscillations directly

 Beam-dynamics corrections

150

e Tuning simulations

100

« Optimizing experiment running
* conditions

Vertical position (mm)

1 1 | | 1 o | | 1
-80 -60 40 -20 0 20 40 60 80

0

Racia Poiion ] « Use muon distribution to weight
———— --1-o 2 field maps by where the muons live
1dos ‘2 -

i : - i
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& . Storage\ " '}

'

Radial position (mm)
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Unblinding Ceremony

The Muon g-2 Collaboration:
176 collaborators, 34 institutes, 7 countries

Particle-, Nuclear-, Atomic-, Optical-, Accelerator-, and Theoretical-
Physicists and Engineers

51
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Improving Systematic Uncertainties

ldentified an Intensity- Improved spatial-model Identified and corrected
Dependent Gain Sag of Kicker-Transients a sign error
with a magnitude below our Additional, dedicated in one (of three)
stability design goal (104) measurement after muon contribution to the
storage periods Differential Decay

however, phase-shifted ) .
b Correction (Chsamine)

oscillation at w, leads to similar cross-checks for

larger sensitivity than orig. transient fields from ESQ Run-2/3: magnitude of
estimated (By), confirmed used cbeamline. 12 npb to 20 ppb
Resolved puzzle of residual model

slow terms in w,-fits Run-2/3: +32 ppb +17 ppb
Run-2/3: +47 ppb + 24 ppb Run-2/3: +19 ppb + 23 ppb *uncertainty due to

*on q,, correction on By has opposite

(Run-1: +50 ppb + 29 ppb) method not sign error

sign

Simulation efforts allowed for many cross-checks and gain new insights

Use Run-4/5/6 knowledge for Run-1/2/3:

Run-2/3 central value: +89 ppb
Run-2/3 uncertainty: from 70 ppb to 78 ppb
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BSM searches (EDM, CPT/LV, DM)

Muon Electric Dipole Moment (EDM) CPT and Lorentz Invariance Violation

. Spin precession plane is tilted in the - w, modulated at sidereal motion freq.
presence of the EDM * Run-2/3 analysis in review

o Run-2/3 analysis to be announced soon! « BNL limit: 1.4 x 107%* GeV -

. BNL limit- 1.8 x 10~ e - cm - FNAL Projected limit: 0(10725) GeV

FNAL Projected limit: ~ 0(107%% e - cm)

Ultralight Muonic Dark Matter (scalar)

wal / 8 ~ mrad for *  wg, modulated at the DM Compton
—~ ' dy~10"%ecm
5/ : o frequency: wpy= c®my,/h
: £ d=tan"" | — ..
e (2%) * Run-2/3 analysis in progress

[MC data] w, time series data

1.44 x 10°
—_ 1.43975 x 10°
yt

(48 27 47 [L 5 T % w17l 1
N 14305 x 10° :&;J%@E (.',;_‘ 7 },:"l#ﬁ;: ‘_“ii i ~'.(-;' Bil. :?. g J ,‘1..7‘ i ’Iv i
ool [HURHE I IR a%i‘:”‘:“f‘%%%ﬁi@ ;}w Rl i 4
:;143925 10 3’,?;":1’_{;: ‘i ;{_,; il I‘?ﬁ i ‘tﬁig g ’. i‘{j j&f&‘{‘?‘. iE‘: i fif‘
i { ' e 1 l tHl]4 2ISLY T £

1.439 x 10
3 143875 x 10°
1.4385 x 10°

1.43825 x 10°
1.58283x10° 1.58283x10° 1.58284x10° 1.58284x10° 1.58284x10° 1.58284x10°  1.58284 x 10°

Time [s]
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J-PARC g-ZIEﬁ/I EXperiment

Aiming for data taking
from 2030

J-PARC MLF

Constructed in 2021

RF Acc. Test at S2 area (May 2023)

.

Shields, area control (2022)
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J-PARC g-2/EDM EXpectation

Comparison of various parameters for the Fermilab and J-PARC (g —2) Experim

Parameter Fermilab E989 J-PARC E24

Statistical goal
Magnetic field

Radius

Cyclotron period
Precession frequency, wq
Lifetime, y7,

Typical asymmetry, A
Beam polarization
Events in final fit

Subsystem

100 ppb 400 ppb
L 1.45T 3.0T
ﬁll < mcm muon orpit
149.1 ns 7.4ns = ;
1.43 MHz 2.96 MHz - «:-’
644 H’S 66 L‘LS neutrino
0.4 0.4
0.97 0.50
1.8 x 10 8.1 x 101!
Efficiency .
oo Aim to have comparable

Surface muon transportation

Thermal muon generation 0.19%
Thermal muon transportation 72%
Acceleration 71%
Injection 78%
Energy window 12%
Detector acceptance 100%
Reconstruction 90%
Total 0.0013%

precision with FNAL Run-1 result

« Assuming 1 year operation

« Statistical uncertainty dominated
* 0w, =0.45 ppm, 6, s = 0.07 ppm
« 8EDM = 1.5-10%%e-cm
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