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Muon g-2 Experiment at Fermilab
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Experimental Principle

The name of game: measure frequency gis 2

« Put (polarized) muons in a magnetic
field and measure precession f.qg.

« Get muon spin direction from
decayed electrons

* a, ~ difference between precession
frequency and cyclotron frequency
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Frequency Measurements

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

* @, Is the proton precession frequency (o, ~ |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
5%, BTREHBEEEELREEZR? @FEMNERARRZRMERD
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Experimental Setup
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Experlmental Setup
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Detector. System

Beam Direction C .______Ef.
23 24

00

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

* 15 meter wide dipole
Q1 superconducting magnet
» Inflector, kickers,
guadrupoles, collimators for
beam insertion
ki ¢ 386 NMR probes
 Moving trolley with 17 probes
» 24 calorimeters
» Laser calibration system
« 2tracker stations
K3« Auxiliary detectors:
T0, IBMs, Fiber harps

Trolley Garage
NMR Calibration

Collecting data from all
detector components

FR%, BTREPUEEREXEAZIE? @ PEMERAKRERMERD 20234104130 9



Data Collection

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

PROPOSAL GOAL:
o0] Muon g-2 (FNAL) ----------ooeoeoooe oo / 21 x BNL statistics

15 %

101

51 A]%
S/ Fan-2
0. C Run-1 '

AD WD AD A 0 0 A
Y, 0 oY, e e
0’\'“\ Q’\ Q‘\’\‘\ Q'\ Q’\’5 0’\"‘\ 0’\

Raw e */ cumulative (x BNL)

Apr. 2021: Run-1 Result (2018 data) Stat. 434ppb
Aug. 2023: Run-2/3 Result (2019-20 data) Stat. 201ppb
Circa 2025: Run-4/5/6 Result (2021-23 data) Stat. ~100ppb
Run-2/3 ~ 4 times larger than Run-1

Run-4/5/6 ~ 4 times larger than Run-2/3
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o, Measurement
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Time after injection modulo 102.5 us [us]

o

Energetic e+ oscillates as p+ spin direction aligns or anti-
aligns with momentum direction

Count e+ hitting calos above threshold (or weight the hits)
Extract the oscillation frequency o, via fitting time spectrum

1
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17 petroleum jelly
NMR probes

®, Me@ment
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2D field maps
(~8000 points)

X (mm)

Azimuthally-Averaged
Variation < 1 ppm

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

* Cross-calibrate using a cylindrical plunging H,O probe

840

Dipole [ppm] (blinded)

835

04/22 04/22 04/23 04/23 04/24 04/24 04/25
00:00 12:00 00:00 12:00 00:00 12:00 00:00

Trolley Runs

.

/

Interpolated
Field

1. g / Calibration Volume

Trolley <mmmp

_|" Plunging Probe
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Full Measurement with Corrections
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Vertical Position [mm]
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Muon Distribution Measurement

Time since injection: 5.0 us

¢ » Trackers can measure beam
oscillations directly
 Beam-dynamics corrections

e Tuning simulations

« Optimizing experiment running

oof- conditions
I T L U N « Use muon distribution to weight
Bl 10 homogenetty [ppr) | field maps by where the muons live
| °'6'§ ¢ _‘;" LRV
£ , Storage\ | M| L
-20 0'4§ v té” |

-;10 —'20 6 2'0 4'0
Radial Position [mm]
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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_wg” 1—|—‘Bk+Bq'

/

Measured Values

Transient Magnetic Fields:
Quad Vibrations,
Kicker Eddy Current

« Total correction 622 ppb, dominated by E-field & Pitch
« Corrections are small, but dominated Run-1 systematics
« How/where to improve?

=z, 27REMBEE R T LT @ P ERNERAKERBERD R 20234108 13F 15



E-Field and Pitch Correction

« Muons make horizontal circular movement under influence of
magnetic field B, what about vertical movement?

« Use electrostatic quadruples to confine muons vertically, this
brings additional complication

Minimized if y = 29.3
(magic momentum, P

» Pitch Correction: muons oscillate vertically (pitch)

magic)

 Residual Electric field correction: Not all muons at P

1,

maaic

e Data
—— Amplitude Fit

Vertical
position

) — Particle trajectory
-40 -20 0 20 40 10 20 30 40

[l -

Azimuthal (ring) B

position 2000~
Vertical Decay Position [mm] Equilibrium Radius [mm]
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Improving Systematic Uncertainties

Analysis |, ot
wsst [mprovements

e

Run-1

Systematics N Cp

&_wzlnl-FCe-i-Cp-i-Cpa-FCdd—l-le
1+ By + B,

Running _ ¢ wp Wy
Conditions ~ G

Ba Caa

Wp Syst.

Improved Sys.{ B,

Wa SYSt. Measurements W Run-l

I Run-2/3

k

B 0 20 40 60 80
Bq uncertainty / ppb

Wp Syst.
Major improvements came from:
* Repaired damaged resistors: improved beam storage, C,, 75ppb->13ppb
Stronger kicker: centered muon distribution, C_ 53ppb->32ppb
Beam effects: smaller oscillations, o, .5, 40ppb = 20ppb
Quad vibrations: more measurement positions, B, 92ppb - 20ppb
Pileup background: improved reconstruction/algorithm, o, , 30ppb = 7ppb

T, BTREHEEREREAZR? OTERMFEAXRZABZAD R 20234104130 17



Improving Systematic Uncertainties

Quantity Coreeion Uncertainty Total uncertainty: 215 ppb

Pp p
wy' (statistical) - 201 ]
e (systematic) — %;) [ppb] Run-1 Run-2/3 Ratio
e g 5 || Stat. 434 201 2.2
Cad -15 17
Coni 0 3| | Syst. 157 70 2.2
Featib (wp (7) x M (7)) - 46
By, -21 13
By -21 20 ]
4T : i1 |» Near-equal Improvement
2 - 0 : — .
Total systomatic - émi - Still statistically dominated
Total external parameters -
Totals 622

« Total systematic uncertainty: 70 ppb
« Surpasses the proposal goal of 100 ppb!
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Blind Analysis

* Perform analysis with software & hardware blinding
- Hardware blind comes from altering our clock frequency
« Clock is locked and value kept secret until analysis completed
 Non-collaborators set frequency to (40 — 6) MHz

« Unblinding meeting (on July 24t 2023)

* Unanimous vote from all collaborators to unblind

« Secret envelopes were finally opened to reveal the hidden clock
frequencies and the result...

M — — S =~ ]
| AN - m— Tl e —————
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Data Consistency Check

'Wp' and 'Average ring
temperature' against 'w, MIDAS run number'

.-“ / 27.0
: J =' 26.58
L ____ e |
LA ! 26.0 &
§ 7 A 1 5
i I|;§ ‘l.\' l | g\
_\;-‘\‘7#_______%- d___zss'§
/' \ ,‘; 25.0
]
¥ 4 ¥ w, MIDAS rufnumber ¥ i
Run 2
ol pom H 26.6
=75 - - 26.4
—_——
- 26.2
_76 -
- 26.0
=77 7 L 258
-78 4 + | - 25.6
I~ _ 25.4
_79 - Y —
I | 25.2
I I
823.2 823.4
Wp /[ ppm

/

Variable

. O
Average ring
*  temperature

temperature / °C

ring

Sliced dataset 1

Sliced dataset 2

R - cB [ppm]

—-889

—B890

-891

-892

-893

—894

—B95

Perform-sliced
dataset analysis

Blinded w,/®, vs Temperature (Run2)

_ %2 / ndf 7.39/4
= Prob 0.1167
C p0 —-893.8 + 0.3385
= + :
1 } T
__" 1 I L1 1 | L1 1 | L1 1 | 11 I L1 | | L1 1 I L 11 I L1 1 11 I 1

25 252 254 256 258 26 26.2 264 6 26.8
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Data Consistency Check
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Dataset

« 2G and 2H are small datasets
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Run2/3 Result & New World Average

a,(FNAL) = 0.00 116 592 055(24) [203 ppb]

BNL - ®

FNAL Run-1 1 |

FNAL Run-2/3 —1—

FNAL Run-1 + Run-2/3 +—@—%

World Average

175 180 185 190 195 200 205 210 215
a,x10° - 1165900

a,(Exp) = 0.00 116 592 059(22) [190 ppb]
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Data Consistency Check

—1165900
N
N
U

9
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R N
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,/.,,.

RO1 .+
_+R00
p+:'

R99
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QL/Zn[kHz]

Cross checked with BNL results as well
Datasets taken with slightly different fields
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Paper Submission on August 10t

Measurement of the Positive Muon Anomalous Magnetic Moment to 0.20 ppm

D. P. Aguillard,* T. Albahri,* D. Allspach,” A. Anisenkov,? ®* K. Badgley,” S. Baefler,?5: b 1. Bailey,17:¢

L. Bailey,”” V. A. Baranov,'®> 9 E. Barlas-Yucel,?® T. Barrett,® E. Barzi,” F. Bedeschi,'” M. Berz,'®
M. Bhattacharya,” H. P. Binney,*® P. Bloom,'® I. Bono,” E. Bottalico,®® T. Bowcock,™ S. Braun,®® M. Bressler,*?
G. Cantatore,’2:¢ R. M. Carey,2 B. C. K. Casey,” D. Cauz,26: T R. Chakraborty,2? A. Chapelain,® S. Chappa,”
S. Charity,* C. Chen,***? M. Cheng,*® R. Chislett,®” Z. Chu,?2-2 T. E. Chupp,®® C. Claessens,*®
M. E. Convery,” S. Corrodi,' L. Cotrozzi,'"™ " J. D. Crnkovic,” S. Dabagov,®! P. T. Debevec,?®

S. Di Falco,'® G. Di Sciascio,'' B. Drendel,” A. Driutti,'®® V. N. Duginov,'®:4 M. Eads,?® A. Edmonds,?
J. Esquivel,” M. Farooq,™ R. Fatemi,>® C. Ferrari,'®-3 M. Fert],'* A. T. Fienberg,*® A. Fioretti,'®]

D. Flay,*? S. B. Foster,2 H. Friedsam,” N. S. Froemming,?® C. Gabbanini,'?-1 I. Gaines,” M. D. Galati,*-?
S. Ganguly,” A. Carcia,®® J. George,?2:¥ L. K. Gibbons,® A. Gioiosa,2%:! K. L. Giovanetti,'® P. Girotti,!?
W. Gohn,? L. Goodenough,” T. Gorringe,?® J. Grange,® 8. Grant,"?" F. Gray,?! 5. Haciomeroglu,® ™

T. Halewood-Leagas,® D. Hampai,®* F. Han,?® J. Hempstead,?® D. W. Hertzog,*® G. Hesketh,”” E. Hess,'®

A. Hibbert,*® Z. Hodge,*® K. W. Hong,*® R. Hong,” T. Hu,?*?? Y. Hu.?> & M. Iacovacei,” ™ M. Incagli,'®

P. Kammel ** M. Kargiantoulakis,” M. Karuza,'?:-® J. Kaspar,®® D). Kawall,*? L. Kelton,>® A. Keshavarzi,*!

D. 8. Kessler,?? K. 8. Khaw,?*2? Z. Khechadoorian,® N. V. Khomutov,'* B. Kiburg,” M. Kiburg,™!?

0. Kim,* N. Kinnaird,? E. Kraegeloh,™ V. A. Krylov,'® N. A. Kuchinskiy,'® K. R. Labe,® J. LaBounty,*®
M. Lancaster,” S. Lee,® B. Li,*> P D. Li,**-9 L. Li,** & 1. Logashenko,™* A. Lorente Campos,®® Z. Lu,**-&
A. Luca,” G. Lukicov,®™ A, Lusiani,'®-* A. L. Lyon,” B. MacCoy,* R. Madrak,” K. Makino,'* S. Mastroianni,?
J. P. Miller,?2 5. Miozzi,!' B. Mitra,?* J. P. Morgan,” W. M. Morse,® J. Mott,”? A. Nath,% " J. K. Ng,22
H. Nguyen,” Y. Oksuzian,! Z. Omarov,'® " R. Osofsky,*® S. Park,® G. Pauletta,®® * G. M. Piacentino,***
R. N. Pilate,*® K. T. Pitts,?®-® B. Plaster,”® D. Poéanié¢,*® N. Pohlman,”® C. C. Polly,” J. Price,® B. Quinn,*
M. U. H. Qureshi,'* 8. Ramachandran,"* E. Ramberg,” R. Reimann,'* B. L. Roberts,? D. L. Rubin,®
L. Santi, 26 f C. Schlesier,2®: v A. Schreckenberger,” Y. K. Semertzidis,® 1% D. Shemyakin,*:® M. Sorbara,!1:¥
D. Stockinger,?* J. Stapleton,” D, Still,” C. Stoughton,” D. Stratakis,” H. E. Swanson,*® G. Sweetmore,*!

D. A. Sweigart,® M. J. Syphers,”® D. A. Tarazona,% 3%'® T, Teubner,>® A. E. Tewsley-Booth,?*-*? V. Tishchenko,?
N. H. Tran,®* W. Turner,*® E. Valetov,'® D. Vasilkova,*™3" G. Venanzoni,a'"'] V. P. Volnykh,'® T. Walton,”
A. Weisskopf,'® L. Welty-Rieger,” P. Winter,! ¥. Wi,' B. Yu,* M. Yucel,” Y. Zeng,**?? and C. Zhang™®
(The Muon g—2 Collaboration)

™
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https://journals.aps.org/prl/accepted/16073Y14U6f1e88e14144d72571973346b1402a44

Media ReaclMB Audience

€he New York Times

Scientists at Fermilab close in on Ei100FRMIESE, BFIWRLSMAIZER? FhH
Physicists Move One Step Closer to a fifth force of nature MhBREMT?
Theoretical Showdown O dorsage '

The deviance of a tiny particle called the muon might prove that
one of the most well-tested theories in physics is incomplete.

5 Bif, RERKEREREEEFo2NBREITS S, TREETRRMFR
F, tOLERSTMEAERL,
Fsweriance A [ Claso 53 =
Muon g-2 INABFTURDE, REKRNTML IR
Qs Qe Qs
L)
&
hu findings come ho the US muon g-2 experiment
By Pallab Ghosh
The Muon g-2 ring at the Fermilab particle accelerator complex in Batavia, Ill. Reidar
Hahn/Fermilab, via US Department of Energy
Q By Katrina Miller » - .
E‘;."J:ZE’!?"C F g reporter, recently eamed a Ph.D, in particle physics from the NeW measurements Of a tlny partlcle
deepen a big mystery in physics
NEWS INFN By Michael Greshio
August 10, 2023 at 11:43 a.m. EDT
SOtAto[RIA
¢ 23
MUON g-2 RADDOPPIA LA PRECISIONE E SI PREPARA AL [rt]

CONFRONTO FINALE CON LA TEORIA JIEeIR B e | st KfElol - ESES SleH EEDS
Una nuova

\ eancora ﬂ
pil precisa misura di
una particolare

" proprieta magnetica

. del muone, il
cosiddetto momento

nmagnetico anomalo
(indicato con la lettera

| 0= H20|FEHTL

g), & stata presentata
0ggi, 10 agosto, nel
corso di un seminario,
dalla Collaborazione scientifica dell'esperimento Muon g-2 del Fermi National
Accelerator Laboratory (FermiLab) di Batavia, vicino Chicago, Stati Uniti. La nuova
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Muon g-2 Theory Prediction

\fa p = a,(QED) + a, (Weak) + a p_(Hndmnic: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 10~ 0.37 ppm
2 A
“ o .pc)://(_;’\‘\“\ﬁ +' t [0-6%]
...Light-by-Light (HLbL)
g:& /S 92 (18) x 1071 0.15 ppm
{13 %9."_ 5 '.',2% + ' [20%]

¥ a,(SM) = 0.00 116 591 810(43) [370 ppb]
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Muon g-2 Theory Prediction: HVP

SM _ _QED EW A\ haan, % o K(s)
a/?? — a/ﬂ + a/ﬂ a, 2£ﬂds < R(s)
B 0{¢+e_ —>hadr0ns\)

byt R(S) - o{e”e" —>muons)

Hadronic Vacuum

Polarization (HVP) ’

had.

@ BESII(1998)
@ BESII(1999)
A CrystaiBall

Includes quark and gluon loops l]< e

Small contribution with dominant

source of theoretical uncertainties” = | HH ),H | i Ay
Ww il

Hadronic Vacuum Polarization 3
Two approaches =
« Dispersion relationships B :
« Lattice @
1/s weights low energy strongly: 73%
from 1 + 1T — channel
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Muon g-2 Theory Prediction: HVP

K(s)

LO

ghad R(s)

U
0{6 e —>hadr0ns)

O’{e e —>muonsJ

Lo

N |
=

had. R(s) =

/
L

* Dispersion relation connects rate of ete"=>hadrons to HVP
* More experimental data across the energy spectrum, better
understanding of the data determines the uncertainty.

« Lattice HVP determinations improving with
L X more computing time

« Fast progress but only intermediate window
L il « Still need full HVP calculations

n
aﬂdd LOVE _ — dg”w (q° }HI’{; )
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<

5.00 >

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

17.5 18.0 18.5

190 195 200 205 210
a,x10° — 1165900

Experiment vs. Theory Saga

Large discrepancy between
experiment results and theory
calculations (WP) from 2020

>5 sigma discovery?!
Nobel prize?!

But there are new
developments ...

R, BTREUERBELEAELZE? @ PEMEERRELMZERD R
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Hadronic Vacuum Polarization Update

' I
compiled by M. Hoferichter

—o— RBC/UKQCD 2022
—e— ETMC 2022
- . ETMC 2021
—e— BMW 2020
H—— RBC/UKQCD 2018
® R-ratio data [Colangelo et al, arXiv:2205:12963]
2‘30 2é5 ZJLO 24‘5
allVP, win 5 1010
KNT19 n*n~ combination
—_— CMD-2 (03-06)
SND (04)
—_— KLOE combination
—_—— BaBar (09)
BESIII (15)
o CLEO-c (17)
+ notincluded in KNT19 }
—_— SND2k (20)
—_— CMD-3 (23)

360

365 370 375

380

385 390

an’" (0.6 = Vs =0.88 GeV) x 101°

LQCD Intermediate window: BMW 2020
claimed 0.8% precision, closer to
experimental value but 2.1c with data-
driven HVP

Need full LQCD HVP calculations for all
windows

Data-driven results from SND2k and
CMD-3 since 2020 White Paper

SND2k agrees with 2020 results
CMD-3 deviates from all others >3c

New paper from Babar
. [SJTU contributions]

 Possible explanation for tensions with
other experiments

MuonE: a, y,4from experiment!

R, BTREUERBELEAELZE? @ PEMEERRELMZERD R
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https://arxiv.org/abs/2308.05233

5.00
< Y
Significance will likely decrease Fermilab 1+2+3
with an updated SM prediction (2023)
C 510 >
L +—e—
SM: e+e- HVP World Average
T.I. White Paper (2023)
(2020)
i 250 |
New results in tension < >
with White Paper (2020)
17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0

a,x10° - 1165900

Experiment vs. Theory Saga

Expect to solve theoretical
ambiguity in the next 1-2 years

Muon g-2 Theory Initiative latest
summary

More results from BaBar, KLOE,
SND, BESIII, Belle Il to come soon

a,(Exp) Runl-6 uncertainty:
« <120ppb 50% reduction
a,(SM) 2025 uncertainty:
 <120-150ppb? 50% reduction?

R, BTREUERBELEAELZE? @ PEMEERRELMZERD R
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https://muon-gm2-theory.illinois.edu/

Muon g-2 Collaboration

US Universities China Muon g-2 Collaboration
— Boston — Shanghai Jiao Tong , e
3 Cornell 7 countries, 33 institutions, 181 collaborators
 UIuC Germany
— James Madison — Dresden
—  Kentucky Iltaly
— Massachusetts — Frascati
— Michigan — Molise
— Michigan State — Pisa
— Mississippi — Roma Tor Vergata
— North Central College — Trieste
— Northern lllinois —  Udine
- Redis .+ Korea
— Virginia Yt
— Washington .‘ - CAPP/ISB

. N KAIST
US National Labs .
— Argonne ° Russia
_  Brookhaven i — Budker/Novosibirsk
—  Eermilab — JINR Dubna
[ )

United Kingdom

— Lancaster/Cockcroft

va
181 collaborators %I _ Liverpool
33 Institutions

M hest Muon g-2 Collaboration Meeting @ Elba
— anchester May 2019

— University College

7 countries London
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BEMRE

Run4 Rund>, Run6 _ _, o ey J-PARC

2021 2022 2023 2024 2025 2026 2027
* *

1 Rur.ResuIts /{un-S

x1|BNL statistics P

d
104 2" Run.R ults |
x5 BNL istics

3rd Run .6 Results
Run-3

x16 BNL statistics

‘_/-’ﬁun{ﬁ;] 2 Final Rur' Results

" W ad Q‘ q_.\' ,L.\' N 3}2 B,ﬂLsta!ystlcs ‘,Lq,'

2
\; N W e e et X O e ot \ 0
\\‘\a \\Na o3 o ya S\ o .\ oV Y oV 30\ Qe 0\\4\ e W o\q,e.

v?ﬂiﬁi#%ﬁﬁﬂlz?ﬁ%ﬁmﬁ}'ﬂla. Th32= (0.20ppm)

v BRIRRIRENELRNITIET 202588
v ERNEETRCTENEERSIES, AT SR SRS EE RS !

v EZNS RS B{EIREEDM, W EECPT/LVIA RSB S 1
v BAFERYI-PARCEF R EMHEEESCIGTRIT 2028 FHNEN
v AENEMERSFRIEERS (FRE) . Fit2030F AR5
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BS CS

Arxiv: 2104.03691

Which models can still accommodate large deviation?

SUSY: MSSM, MRSSM
@ MSugra. .. many other generic scenarios
@ Bino-dark matter+some coannihil.+mass splittings

@ Wino-LSP+specific mass patterns

Two-Higgs doublet model
@ Type |, Il,'Y, Type X(lepton-specific), flavour-aligned

Lepto-quarks, vector-like leptons

@ scenarios with muon-specific couplings to 11y and pg

Simple models (one or two new fields)

@ Mostly excluded
Y | ight N . P (A I_ PS, D a rk P h OtOn , ngh t Llu o LT) [Alhron,Bz\azs,Jacob‘:i‘(otilzrski.‘[l;;S‘,“‘;téck‘mger—Kim, preliminary]

Dominik Stockinger Muon (g — 2) 8/8
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Data Cc n ency Check:

Run 2 Run 3a Run 3b

Ring temperature

Time since magnet
ramp up

Inflector current

Magnet current

Vacuum pressure

Day/Night split

0.80

0.76
0.05
0.11
0.85

0.97

0.82

0.38
0.27
0.93
0.48

0.47

0.59
0.16
0.91
0.82

Blinded w,/w, vs Magnet_current (Run3a)

Magnet_current [A]

04

06
pvalue

Blinded w,/m, vs Magnet_current (Run3b)

Blinded w,/m, vs Magnet_current (Run2) _ T ol 514874 _ Ey GE05/ 4
%2 / ndf 9.473/4 |E L4 z - %
T ol . ) Prob 0.2724 | § _ssof- Prob 0.1583
R 00 8935 +0.3304 |3 asal po 88602912 | 3 | PO 8852 +0.4684
& 890 o« C « 881
-891 E— _sadl— -8821—
B -883
a2 C F
E ~885— -884—
-893— I E l
C . Fo] I -885|— I
-804 886 - F l l
r N -886—
-895— - E
E 8871~ -887[
= P I BTN R AN BF RV B L F
P AP I TN I BT AP AP BT T I Ev v
51735 51736 51737 51738 51739 EH:QH . ci‘rz;{:m] 5173.245173.26173.285173.35173.35173.36173.36173.385173.45173 42 5173.25 51733 5173.35 51734 5173.45

Magnet_current [A]
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J-PARCEZ/EDM

- Proton beam (3 GeV)

Kinetic energy Momentum

Surface muon (3.4 MeV, 27 MeV/c)

MLF muon experimental
facility H-line

Thermal muonium
production,

: Muon linac
lonization laser

3D spiral injection

Muon storage

,
magnet(3T)  positron tracking
detector
en — > —
—— A + [ X B)
EDM
3, BTREMEEESELEASL? @+ BRERAKELMERD R
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J-PARC g-2/EDM

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

Parameter Fermilab E989 J-PARC E24 N : : ]
Statistical goal 100 ppb 400 ppb 0 magic mome.n um:
Magnetic field 1.45T 30T * No strong focusmg
Radius 711cm 33.3cm ° Super-|0W emittance
Cyclotron period 149.1 ns 7.4ns
Precession frequency, wq 1.43 MHz 2.96 MHz muon beam .
Lifetime, 7, 64.4 us 6.6 us  Compact storage ring
Typical asymmetry, A 0.4 0.4  Full tracking detector
Beam polarization 0.97 0.50
Events in final fit 1.8 x 1011 8.1 x 101!
Aim to have comparable
—= | precision with FNAL Run-1 result
—e—| e « Statistical uncertainty dominated
Standard Model } - | . .
(2020) FAL Gz * 6w, = 0.45 ppm including dw, s <
O0.1ppm
« 8EDM = 1.5-10%%e-cm
-------- -
J=-PARC

WRTANE o FEETANEEEARENEANY . FEWEAEEeT TDR: 2017

17 Ml7.5 18 I1845 19 t.I9.5 20 t 20.; lo 21 ]]65:(5)0 22 K EK ap p roval : 2021
uon anomaious magnetic moment Q, 9= .
¢ Data taking: 20287
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