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The closer you look the more there is to see pammigex Hracts i Maders Feysics 1274

"It seems to be a strange enterprise to
attempt write a physics book about a Friedrich Jegerlehner
single number. It was not my idea to
do so, but why not. In mathematics,

maybe, one would write a book about The Ano.malous
m. Certainly, the muon’s anomalous Magneuc Moment

magnetic moment is a very special
number and today reflects almost Of the Muon
the full spectrum of effects Socond Editoh

incorporated in today’s Standard
Model (SM) of fundamental
interactions, including the
electromagnetic, the weak and the
strong forces...."”

@ Springer

693 pages book on muon (g-2)!
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* The magnetic moment of the particle relates to its spin angular
momentum via the gyromagnetic factor, g:

> e§
#S—gzm

* In Dirac theory, point-like, spin V2 particle has g = 2 exactly

GermagnetIC e Experimental values:
faCtor PHYSICAL REVIEW VOLUME 74, NUMBER 3 AUGUST 1, 1948

The Magnetic Moment of the Electronf

P. Kusca aNnp H. M. FoLEY

gS ~ 2(1_00119 i 0_00005) nent of Physics, Columbia University, New York, New York

(Received April 19, 1948)

A comparison of the g7 values of Ga in the 2Py, and 2Pj 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 g7 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 gg=2(1.0011940.00005). 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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Anomalous magnetic moment: a = (g — 2)/2

* Schwinger correction

Schwinger(1948), Feynman(1949)

ge—2 _ « B é _
Anomalous Zat, a==~1/137 |
: i .

magnetic 7
moment e Experimental values:

g. = 2.002 } point-like a4~ 10-3

g,~ 2.002 particles

g,~ 9.586 } compound

g, ~—3.826 particles
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Anomalous
magnetic

moment of
electron
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The best precision is

achieved for electrons (g-2).
The value of a,, is used to
get the determination of
fine-structure constant a.

X. Fan, T. G. Myers,

B. A. D. Sukra, G. Gabrielse,

Phys.Rev.Lett.
130 (2023) 7, 071801

dilution
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| rigid
1| joint n=1
(c) 3
f"i = VC - 55
n=0
n=1 Vg = Vs —V,
n=0 —

mg=-1/2  mg=+1/2

a, = 1159652 180 59 (13) x 10~1* (0.11 ppb)
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1 05 _oPP 05 1
g/2 2022 | —— | |
g/2 2008 | .
SM with a(Rb)  —C4, |
SM with a(Cs) | 3
1795 180 1805 181 _ 1815
(-w/u - 1.001 159 652 000) x10"?



From electron

to muon

Ivan Logashenko (BINP)

The muon was discovered in a cosmic-rays in 1936 by Carl D. Anderson

and Seth Neddermeyer.

Eventually understood as heavy “electron”

|.Rabi: “Who ordered that?”

Why not to measure (g-2)
for muon?

Berestetskii et al. (1956):
since the muon is heavy, it
Is more sensitive to
massive fields than the
electron.

Muon anomalous magnetic moment (MISP-2024)

Concerning the Radiative Correction to the
p-Meson Magnetic Moment

V. B. BEREsTETSKII, O. N. KROKHIN
AND
A. K. KHLEBNIKOV
(Submitted to JETP editor January 7, 1956)
J. Exptl. Theoret. Phys. (U.S.S.R.) 30, 788-789
( April, 1956 )




(g-2) of muon
as a test of

Standard
Model

Ivan Logashenko (BINP)

Idea of experiment: by comparing measured value of a with the theory
prediction we probe extra contributions beyond theory expectations

_ L,QED Had Weak New Physics
ﬂ_aﬂ —I—alu —I—alu +aﬂ ,

1,000,000 : 60 : 13 : oc(m,/my]

a

High precision is absolutely required:
a,(strong)/a,(QED) = 6 x 107> a,(weak)/a,(QED) ~ 107°
Unique combination for u: able to measure to high precision, able to

calculate to high accuracy, sensitive to potential BSM contribution

T lepton: able to calculate to high accuracy, even more sensitive to potential
BSM contribution, but cannot measure to high precision

Electron: able to measure to high precision, able to calculate to high
accuracy, but not sensitive to potential BSM contribution

Muon anomalous magnetic moment (MISP-2024)



Muon — unique

physics
laboratory
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|.Rabi: "Who ordered that?”
Muon was invented so that physicists can understand the world

Heavy: ~200 electron mass
Sensitivity to heavy fields
Compact wave function

Does not have strong charge
No QCD complications

Perfect lifetime: ~2.2 us
Long enough to store and
manipulate
Short enough to use decays

Born polarized and decays keeps

polarization information

Forms muonium (pure QED atom)

and muonic atoms

Muon anomalous magnetic moment (MISP-2024)

i Muon

7, (Gp), V-A structure, (g — 2),,, EDM,
ultra rare decays u — ey, uN - eN

Muon

electron

@) positive
muon

Muonic atom

Muonium

my /Mg, W, /Uy, lamb shift, proton
radius, bound QED test, muon capture



History of muon (g-2)
measurements




Generations of

Ay
measurements
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R.L. Garwin, L.M. Lederman, M. Weinrich, Observations of the Failure
of Conservation of Parity and Charge Conjugation in Meson Decays:
85 MEV the Magnetic Moment of a Free Muon, Phys. Rev. 105, 1415 (1957).
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1957
Muon is heavy electron! Parity is not conserved!

g,(excn) = 2.00 (10)

| QED

v

| Strong  Contributions of known

Weak  interactions
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July: preprint of Lee, Yang "Is Parity Conserved in
Weak Interactions?”. Suggested several possible

- _ experimental tests, including f decay and  decay.
April: first discussions

about parity violation October: paper published

May: Lee (of Lee and Yang) and Wu Nobel prize to Lee and Yang
discuss possible experimental tests

of parity conservation/violation

Case study:

1957

how to get
Nobel prize

Wou started to develop ~January 1: Wu result

Co-60 experiment January 4, 1957: Lederman learned about Wu

result and realized they can do  decay test

January 8, 1957: NEVIS (Garwin et al.)

_ experiment showed parity nonconservation
August: Telegdi started

analysis of m decays in
emulsion.

January 15, 1957: Wu and Garwin papers
submitted

January 17, 1957: Friedman/Telegdi paper on
m decay in emulsion submitted. Had great
chance to be the first!
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From muons at

rest to muons
at flight

Ivan Logashenko (BINP)

- Store polarized muons in the uniform

* Momentum rotates with cyclotron

frequency:
w. = eB/ymc —
spin
* Spin rotates with Larmor+Thomas momentum

magnetic field B

frequency:
ws = geB/2mc + (1 —y)eB/ymc

* Spin precesses relative to momentum Wg
with frequency w,: a
_ _ U
w, = ws — W, = ageB/mc B

Muons at flight allow to measure a,, directly!
Factor 2000 improvement in precision “for free”.

Muon anomalous magnetic moment (MISP-2024)

13



Generations of

Ay

nEENEnE S
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CERNI
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() ()
1957 1965

a,(axcm) = 0.001162 (5)

4300 ppm 'Iheﬁrst'CERNg—zteam:Sens,Charpak,Muller,

Farley, Zichichi (CERN/1959)

| QED

[
»

| Strong  Contributions of known

Weak interactions
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Generations of

Ay

nEENEnE S
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1957 1965
1968

a,(3xcn) = 0.001 166 16 (31)
270 ppm
| QED

| Strong  Contributions of known

Weak  interactions

Muon anomalous magnetic moment (MISP-2024) 15




Anomalous magnetic moment is independent of y. The larger y, the longer muon

lifetime, the more g-2 circles observed — good! But there is a problem: particles are
not stored in the uniform magnetic field.

Solution: introduce gradient with electric field to build a trap.

Magicy

(CERN-IIT)

. —203 Contribution from
Ymagic potential EDM
Pmagic = 3.-09 GeV/c

Magic y completely determines the size of the CERN-type
experiment.

Ivan Logashenko (BINP) Muon anomalous magnetic moment (MISP-2024)
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Generations of

Ay

nEENEnE S
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Pion  beam line T
|06 2 3
16-59 usec
10° k- < se02 o
T 102-146 E
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. 275-318
318-362
10° 362-405
405-448 1
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1957 1965 1976 “CERN-III-type experiments”

1968

a,(axcm) = 0.001165924 (8.5)
7 ppm

| QED

v

| Strong  Contributions of known

Weak  interactions
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Countsper 150 ns

Generations of
Ay
1957 1965 1976 1997 2006

nEENEnE S

1968

a,(3xcm) = 0.001 165920 89 (63)
0.54 ppm

| QED

[
»

| Strong  Contributions of known

Weak  interactions
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Generations of

Ay

nEENEnE S

Ivan Logashenko (BINP)
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NEVIS CERN 1-3 BNL FNAL
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1968 2023

a,(3xcr) = 0.001 165920 55 (24) FNAL2023

0.21 ppm

| QED

[
»

| Strong  Contributions of known

Weak interactions
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BNL 2006

vy)
Z
r
L

FNAL Run-1 1 3

FNAL Run-2/3 —0— <«— 2023 result

FNAL Run-1 + Run-2/3 +——¢

Muon G-2 2023

result

FNAL 2021, 2023 World Average

175 180 185  19.0 195 200 205 210 215
a,x10° - 1165900

a, (Exp) = 0.00 116 592 059(22) [190 ppb]
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Measurement of muon
(g-2) at Fermilab




Fermilab
Muon G-2

collaboration
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USA

— Boston

— Cornell

— lllinois

— James Madison

— Kentucky

— Massachusetts

— Michigan

— Michigan State

— Mississippi

— North Central

— Northern lllinois

— Regis

— Virginia

— Washington
USA National Labs

— Argonne
— Brookhaven
— Fermilab

181 collaborators
33 Institutions
7 countries

N
/N

Muon anomalous magnetic moment (MISP-2024)

China

Shanghai Jiao Tong

Germany

ltaly

Dresden
Mainz

Frascati

Molise

Naples

Pisa

Roma Tor Vergata
Trieste

Udine

Korea

CAPP/IBS
KAIST

Russia

Budker/Novosibirsk
JINR Dubna

United Kingdom

Lancaster/Cockcroft
Liverpool

Manchester

University College London

Muon g-2 Colla

7 countries, 35 institutions,

Muon g-2 Collaboration Meeting @ Elba, May 2019
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Muon G-2 Ring

@FNAL

Ivan Logashenko (BINP) Muon anomalous magnetic moment (MISP-2024)




Principles of

measurement
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a = oc —2
g 2 B
Beam of polarized Polarized muons are obtained from pion decay
muons T—> W+ Vv,
I:creceSSion i”t. Muons are stored in the ring with ultra-uniform
un! Orr?i;? dagne c magnetic field, measured using NMR
Measure direction Spin direction is measured using anisotropy of
of spin at the electrons produced in muon decay
moment of decay L—>€+Ve+V,

Muon anomalous magnetic moment (MISP-2024)
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Generation of

Muons
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Protons

Pions Muons
q ——»
3.11 GeVic

* Protons hit the target

* Pions with energy of 3.11 GeV
are selected and transferred to
long decay channel

« Muons from forward decay are
selected — almost complete
polarization (>95%)

« Muons with energy of 3.09 GeV
are selected (“magic y”)

Muon anomalous magnetic moment (MISP-2024)
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Injecting

Muons
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Muons Inflector
—_—

Muons have to move

from region of no field Storage ring
toregion of 1.45T -> | M
inflector magnet s

Muons have to be
kicked to get to
storage orbid -> fast
kicker magnets

R=711.2cm

Muon anomalous magnetic moment (MISP-2024)
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Storing muons

Ivan Logashenko (BINP)

Muons are stored in
orbit with the help of
electrostatic
guadrupoles. They
provide weak vertical
focusing

Muon anomalous magnetic moment (MISP-2024)

B=145T

Muons Inflector

Kicker AN

R=711.2cm
Jd=9cm /
\ R

Electrostatic quadrupoles

Storage ring \ \
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Muon
Campus

at
Fermilab

Ivan Logashenko (BINP)

Muon anomalous magnetic moment (MISP-2024)
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Moving
the ring

from BNL
to FNAL
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In order to save $, the most expensive piece from the BNL experiment —the storage
ring itself, is reused. The steel, pole pieces etc. are disassembled and moved by trucks.
But there are three coils inside the cryostats... - 15 m diameter, they cannot be broken
in pieces, flexed >3 mm

FEN & P

Moved in 2013 by truck and the sea

Muon anomalous magnetic moment (MISP-2024) 29



5000 km
journey

Alabama

F
Mississippi

} ﬁNassa

o The Bahamas.
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Arriving at

FNAL

Ivan Logashenko (BINP)

Sdyon Dq‘

)
ol ol
'

Muon anomalous magnetic moment (MISP-2024)

|
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The storage ring is a 14 m diameter, 1.45 T C-shaped magnet

e thermal )
2 =i msulatlon
top hat = "

inner c0|l

..............................

pole piece "\ outer coil
edge >

? / fixed NMR probes
€ ;surface outer coil
corr ction coil L/

I
@ N—p =7112mm

B field is measured in terms of proton
NMR frequency w,

The ring

magnet

Muon anomalous magnetic moment (MISP-2024)
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 In-vacuum NMR trolley maps field every ~3 days

al \

" Horizontal position [mm) X (mm)
MOn ItOI’I ng 17 petroleum jelly 2D field maps Azimuthally-Averaged
B fl@ld NMR probes (~8000 points) Variation < 1 ppm

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

S 3 &<

<A Ay L
9.0 %) 840
N -2 i 5 Trolley Runs
]
p £ 839, \
e)
— 838
£
o
2837 /
]
236 Interpolated
Fixed probes # e Field
above/below muon g 8351

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

storage region

Field map is convoluted with muon spatial distribution to get an average field

Ivan Logashenko (BINP) Muon anomalous magnetic moment (MISP-2024)
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Absolute

calibration

Ivan Logashenko (BINP)

« Cross-calibrate using a cylindrical plunging H,O probe which
repeatedly changes places with trolley (petroleum jelly probes)

/ Calibration Volume

Trolley 4mmmp

Plunging Probe

probe using an MRI magnet at ANL

« Both also cross-checked against a 3He

probe (different systematics)

AB/B ~5-1078

Muon anomalous magnetic moment (MISP-2024)

This probe is checked against a spherical

PT1000 macor support  aluminum shield

|

electronics RF coil support

macor support

£
£
<
re]

RF coil  water sample plastic support

254 mm

H,O Probe 3He Probe
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Generation of

MmMuons
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10ms
-—

197 ms

4 Booster batchs — 16 muon fills
» 1.4 sec repetition rate

Vii = T =
P(_._)l_ﬁ

Select ~3.1 GeV 1* (magic p)
« Parity violation — 95% polarized
muons

Muon anomalous magnetic moment (MISP-2024)

Recycler
Ring

Muon g-2 '
Target Station \

T
A

e
/
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Injection

of muons
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Muons are injected into the storage ring with uniform field. After one turn they hit the wall,
unless...

Muon anomalous magnetic moment (MISP-2024)
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Fast kicker magnet briefly reduces field at 9go° and puts beam to standard orbit

)
g

T T LA B B

—Kicker Pulse from Magnetometer Data 7
—T0 Pulse 7
----Cyclotron Period

3
©
~

1 >
=
w
C100
]
=
£

S

—

‘ ‘0.‘5' o8
Time (us)

Ivan Logashenko (BINP)
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Ivan Logashenko (BINP)

« Electrostatic quadrupoles vertically contain the beam

Muon anomalous magnetic moment (MISP-2024)
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Calorimeters

Ivan Logashenko (BINP)

 Time & energy of decay e* are measured by 24 calorimeters

O

Each calorimeter: array of gx6 PbF, crystals (2.5 x 2.5 cm? x 14 cm, 15X_), readout by SiPMs

Muon anomalous magnetic moment (MISP-2024)
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The energy distribution of positrons depends on spin direction, thus number of high
energy positrons is modulated by precession frequency

8 P —> et
Vp — =

Positron energy is
correlated to spin

2 30001:_,1»{1
. 8 2500f \Q —
Measurlng 5 2000F Si—> =% /]
o 1500 < \\/
i ’ T 1000 —
a)a Calorimeter Decay positron 3 so0f 21w,
showers into the i 2 er e s oy
calorimeters. i e
gﬂ)a -
. . . o~ ¥?/n.d.f. = 3981/4127
Counting rate of high energy positrons G0
“Wiggle plot” 2
100
2

3

dN(et > 1 GeV)/dt

3

i L i i L n | i " | i " | " i |
0 20 40 60 80 100
Time after injection modulo 102.5 us [us]
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The potential
nightmare:

Early-to-late
systematics

Ivan
Logashenko
(BINP)

cos(w t+ 1)
Leading systematics come from time dependence in the phase

Taylor expansion: f(t) = fO + at+ btz e ) fO + at

cos(w,t + (t)) » cos((w, +a)t+ r;)

Things that change “early to late” in the fill typically lead to a
time dependence in the phase of the accepted sample that
directly biases the extracted value of m,

Muon G-2 measurement and data analysis is built to avoid or
measure and compensate early-to-late effects

Muon anomalous magnetic moment (MISP-2024)
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Highly tunable, precise laser system sends pulses to all crystals

L B S S S I S

1.004 N I—
- Recovery after beam splash
1.002 | 3
Z - Pt 4 i
o 1
s F t
Té D.Qgﬁ_— =
: I ]
2 ool gty=10-ae E
™ c o = 0.062 = 6.2% ]
© 0.904F 3
C T=6.28 us N
0.002 - -
0995 B0 i00 180 200
Laser Time [us]
. . Recovery between two
1.08——— . .
Cd4 | | bratlon 1 0oE- consecutive hits
S 10af
te LI DL LI IR IR B BN 5§ 102F git)=1.- et
SyS m a00f Templates tuned for | . 2
. each crystal ' ] S ose-
£ 3001 ] 5 0.04F
2 N . - 0.92F n=0.113=11.3%
8 200F E £ oof 1=12.38 ot = 15.47 ns
8 N ] 0.88
< B ] P B BRI B R R
- - 0 10 20 30 40 50 60
100 E .
C ] At [clock ticks, c.t.]
l'.}: — — -
S P R R S S R Pileup and gain systematics reduced

59940 59960 59980 60000 60020 60040 60060
sample number

from 180 ppb at BNL to 41 ppb
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Trackers
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Two trackers allow to see muon beam dynamics in real time by reconstruction of muon
decay vertex

Muon anomalous magnetic moment (MISP-2024)
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Distribution

of stored
muons
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—@h T

N/149.2 ns

|
|

A=

Time after injection modulo 102.5 [us]

E 1.0 e
€ 40 SRR RAORE
> 3

£ o é s

-0 -20 o r(;)\ » 20 40 mmmm—

*All plots actual Run 1 data ————
In vacuo straw trackers tell us the spatial distribution and
many other muon beam properties (CBO, p-dist)

Muon anomalous magnetic moment (MISP-2024) IAA



Counts/149.2 ns

Ivan Logashenko (BINP)

Simple model: exponential decay and precession

N(t) = NoeCY/D[1 + Acos(wyt — P)]

2 _ Fourier transform of residuals
X Indf = 51530/4150 o
oL J‘MVV\NV\/\/\/\/W\M 5" Coherent betatron oscillation (*CBO")
- E 12
108

e
o

ML“ o Aokt At e fethhon ettt
2

x10° 0 25 3
Freq [MHz]

60 100 0 0.5 1 1.5
Time modulo 102.5 ps [ns]

o
N
[=]
'S
o

L

Realistic model must account for detector effects, beam oscillations that
couple to acceptance, and lost muons that disrupt pure exponential

Muon anomalous magnetic moment (MISP-2024)

45



Full fit

function

Ivan Logashenko (BINP)

Fit function is extended to cover all extra effects

Noe V(1 4+ Acos(wat + ¢))
!
f(t) = Noe /™ A(t) Nepo(t) Nocoo(t) (1 + Acpo(t)cos(wat + depo(t))

 Muons that are lost from storage ring before they decay:

t
A(t) =1 — Kioss / L(te /D ay

to
 Beam oscillations that modulate decay rate:

e.g. Ncbo(t) — (1 + Acbo—N . e_t/TCbo . Cos(wcbo(t) -1+ ¢cbo—N))

Muon anomalous magnetic moment (MISP-2024)
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Full fit

Ivan Logashenko (BINP)

Counts/149.2 ns

Realistic model allows to reach good fit quality.
These effect are important! w, shifts by 1-2 ppm.

)(Z/ndf - 4,086/4138 E?urler transform of residuals

A = L

C [l B

- £ 12 _ : .
maW\MAN\/\/WV\A/\/\/\/\/\A/\W B S|mp|e F|t Funct|on

= 10— . .

N - Full Fit Function
105;/\/\/\AN\/\/V\/\A/\A/\/v\/m/\w\m‘ 8f-

E/M\NV\M/\/\N\A/\MMW o
10* £ C

WAWNWNV\WAAW o

E | | | | | . | | , , | | X103 0 st b A e i i st AT ol AU At A s el ottt

0 20 40 60 i 80 100 0 0.5 1 1.5 2 25 3

Time modulo 102.5 us [ns] Freq [MHz]

Data from calorimeters and trackers are used to get parameters/confirm model

Muon anomalous magnetic moment (MISP-2024)
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Corrections due to beam dynamics

A

We W1+,

Cp Cpa Cd d

m
wp wp X
Measured Values

Obtaining

Ay

L+ Bk + By

Corrections due to

transient magnetic fields

(TT) MB(H) mlJf Je

/
Wa | My
au p— — | X
wp He
—__

(H) p, m, 2

Metrological constants known to ~25 ppb

Total correction is about 622 ppb

Ivan Logashenko (BINP) Muon anomalous magnetic moment (MISP-2024)
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Wq (" Fetock Wa(1+ C.+C,+C,+C.) o

(.Up dl + Bor + Beygy) Stield Ck)p X p(r)J

foock IS the frequency that our clock ticks

— Precision timepiece, stable at ppt level

« Throughout the entire analysis the clock
frequency is kept secret from all collaborators

— Joe Lykken and Greg Bock (FNAL Directorate)
stop in each week to check on the clock

— Secret envelopes kept until physics analysis is
complete and ready to be revealed

analysis

Ivan Logashenko (BINP) Muon anomalous magnetic moment (MISP-2024)
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100 1000
\1 Muon g-2 (FNAL)

Weighted e* in g 80 /L 800
our final fit after 3 \ /
quality control & 60 \ :“”'3/ 600
E>1GeV g 40 \ / 400
t>30us & RUM
Run-1vs Run-2/3 £ / T
- - Run-1
L . :
A® “® A9 W9 o 10
o o e o o
Statistics e Factor 4.7 more data in Run-2/3 than Run-1
Dataset Statistical Error [ppb]
Run-1 434
Run-2/3 201
Run-1 + Run-2/3 185

Improvement by factor 2.2

Ivan Logashenko (BINP) Muon anomalous magnetic moment (MISP-2024)

w, statistical precision [ppb]



Analysis

Wj syst.
Improvements
Ce
Cp &:w;n1+0e+0p+cpa+cdd+cml
wp Wit 1+ B + By
Run-1vs Con
Running
= . C
Run 2/3 Conditions &
Cad
. Wp SYst.
Systematics
B
Improved { q BN Run-1
Measurements B, BN Run-2/3
0 20 40 60 80

Ivan Logashenko (BINP) Muon anomalous magnetic moment (MISP-2024)

uncertainty / ppb

Overall improvement by factor 2.2
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* Run-1 had damaged resistors in 2/32 quad
plates leading to unstable beam storage

13.7 -

Y,y (]

13.6/—

* Resistors replaced before Run-2

13.4f

13.3F

= Vertical beam width change |

Improvements !
§ 222 S

C = : w, phase change ]
pa N Y gl ———— A o 2,25/ b

_ B + w+ 1

_22_3;— **‘—**:',:‘t‘*,‘} 13 = :: +."+‘ :

TR : L :

* (., uncertainty is reduced (75 ppb — 23 ppb) 22~ -

thanks to a more stable beam o E

T * Run-id |-

* Beam oscillation frequencies are also more .| . Run-3a |-

stable e 0 0 200 280

Time [ps]
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Improvements

Ivan Logashenko (BINP)

« Pulsing quads vibrate = oscillating magnetic fields

* Measured with a new NMR probe housed in insulator

400

200

-200

v\'\

-400 1 I 1 1 1 I 1 Mulonl fillls 1

Field Change [ppb]
o

_Illlllllllllllllll-

40 60 80

700

Time (ms)

Transient (ppb)

400 n
200 Run-1 Measurement |
B Locations |
-200F u
-400 n
C |, NWBR BB 0 -
-100 0 100 200

Azimuth (degq)

* For Run-1 analysis, we had limited measurement positions

« Largest Run-1 systematic: 92 ppb

* For Run-2/3 the field was fully mapped and uncertainty is reduced to 20 ppb

Muon anomalous magnetic moment (MISP-2024)
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Other
Improvements

Ivan Logashenko (BINP)

°* Running conditions:

* Improved cooling of the hall and added insulation of the
magnet which made the magnetic field more stable

* Improved kicker strength which made the orbit more
centered and reduced the E-field correction

° Improved measurements:

- Reduced vibration noise for kicker transient field
measurement

* Analysis improvements:
* Improved treatment of the pileup for w, analysis

* Improved analysis of E-field correction including correlations
between momentum & time of injection.
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: Correction  Uncertainty
t1t
Quantity [ppb) (ppb]
wq' (statistical) - 201
wg' (systematic) - 25
Ce 451 32
Cp 170 10
Cpa -27 13
Cad -15 17
le 0 3
. Featin {wy (7) x M(7)) - 46
Final error B, 21 13
B, -21 20
table 1 (34.7°) /e - 11
Qe/ 2 - 0
Total systematic — 70
Total external parameters — 25
Totals 622 215

The Run-2/3 result is statistically dominated
70 ppb systematic uncertainty surpasses the proposal goal of 100 ppb!

Ivan Logashenko (BINP) Muon anomalous magnetic moment (MISP-2024)



Total collected

statistics

Ivan Logashenko (BINP)

- Muon g-2 (FNAL) //
Z 201 Run-6 |
Z
2
© 157 Run-5
>
=
S
2 10 - Run-4
+
(0]
=
T
hd 5- A’]-B
_/Fan-2
0- J/R-Uﬂ-1
AD AD AQ A 0 0 A 9N ATRA l al ad
SRR O RSSO U W e T T W 0
0’\»‘\ W 3 Q’\’\“ o 3 g‘\'b‘ag‘\'\“ Q'\'ya QN'PQ N 50’\’0 © 0‘\'\“ 0’\'5 0’\'? ©

21.9 BNL datasets have been collected in FNAL (proposal —21 BNL)

Run 4/5/6 statistics is x3 Run-1/2/3

Muon anomalous magnetic moment (MISP-2024)
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J-PARC g-2 experiment (E34)

3 GeV proton beam —

Production (1MW,.double pulses, 25Hz) fd Full tracking

arget 1 = ™ silicon tracker
Q* —— ‘_ M|

Muonium production target

£~1000 Temiy

ompact storage magnet

Ultra slow p* proc (3T, ~1ppm local)

Res6nant Laser lonization ©
uonium (~ 106 p*/s)
Laser (~ 200G

122nm, 355nm e~1 € MM %

- / l‘
Surface muons 'Q

Mu production |
target

Target precision
A(g-2) = 0.1 ppm
AEDM = 1021 e - cm
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FNAL Run-1 4 0 :
FNAL Run-2/3 —O— <—— 202]
Muon G-2 2023 FNAL Run-1 + Run-2/3 +—@—
result | S ——
—eo—i
World Average

3 result

175 180 185  19.0 195 200 205 210 215
a,x10° - 1165900

What about theory?
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