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*FNAL muon g-2 run 1 results, runs 2-6 status



Roots of muon g-2 experiments.

1947 — discovery of pion and identification of T — y — e decay chain
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1957 — discovery of muon polarization in m - pv via electron

asymmetry in g —evv decay
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1960 — measurement of muon anomaly a = (1.22 £ 0.08) x10- in accord

with a/21 self-interaction term and a_

e* counts

m - U —e is gift of nature’, a portal to second generation that offers
tools (polarized p’s, analyzing e’s) for a, precision measurements






8 GeV protons to recycler ring for bunching
extract bunches onto Ti-production target

1's decay to polarized ['s in decay beamline
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injection to delivery ring for |,
separation

muons extracted to g-2 storage ring
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Shoulders of BNL E821

Assembly of storage ring




W_, ?Sp frequency concept

1. Store 3.094 GeV/c, polarized muons in uniform B-field

2. measure muon anomalous precession freq W, =W _-w_in B field

3. measure proton Lamor precession freq ﬁp to determine B
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inflector

e

central orbit ——
Injection path

sinflector null's ring’s 1.5T field in
beamline entrance using
superconducting coill.

kicker displaces the injected beam by
~0.8 mrad to place on ring's central
orbit.



Muon storage
- electrostatic quadrupoles &=
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w,, W, measurements
- calorimeters

24 electromagnetic I~
calorimeters
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Twenty four electromagnetic calorimeters
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muon distribution

- vacuum trackers




w,, w frequency
measurements



Positron asymmetry and lab. energy distribution

“self-analyzing'
muons

electrons emitted
In spin direction

* rest—lab frame boost yields higher energy positrons when emitted
along p-direction

* rest—lab frame boost yields lower energy positrons when emitted
opposite u-direction



Positron energy versus time and freq, wa
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Sample fit to time distribution and freq, wa
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Bootstrapping of wy(r,t) determination

384 fixed
muon distribution F NMR probes §
from trackers' around ring F
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w, (r,t) absolute calibration

- 15 ppb absolute calibration uses

spherical H,0 probe absolute probe
‘ 8.500 {
- MRI studies account for sample F-HS W Macor Support Cylinder Induction Col
shape, temp, magnetization A
C O rr e Cti O n S VIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIII{'I_I.IIIIIIIIIIIJlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIA

0.945

| [
- plunging probe used to transfer

calibration to trolley probes —— 3
Tuning Capacitors Macor Spherical Volume

A\
g 1 (f \\
D
\Jy -
% LT R T T T 7T T 7 77 T

I
1 5.305
|

I

plunging probe




relative phase, A@ (mrad)

C. =489+53 ppb, motional B-field

w_corrections Cg, Cp, Cui, Cpa

C,,. = -11+5 ppb, muon loss
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Field (uT)

W corrections Bk, Bo

B, = -27+£37ppb, kicker transients
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Bo = -17+£92ppb, quad transients
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Run 1 statistical, systematics uncertainties
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Published simultaneously with run 1 release

PR-AB
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run 1 was 6% of x20 BNL
goal

run 2+3 has x4 statistics +
Improvements in stored beam,
field stability. Summer 2022
publication target.

run 4 just completed and run
5, 6 planned. Achieved x10
BNL statistics. Goal x20 BNL
statistics and 120 ppb
precision



Conclusion

we’ve reported our run 1 result for the muon anomaly,
a,= 116 592 040 (54) x 10**(0.46 ppm)

our new result & previous BNL result are consistent and
together increase the discrepancy with theory to 4.2 o

we expect ~2x improvement in precision from our run 2
+ 3 data and ~4x improvement fromourrun4 +5 + 6
data



2008 Electron g-factor is now measured to 0.28 ppt!

vacuum isn't empty, it contains foam’ of virtual particles that
contribute to electron’s anomalous magnetism

Gabrielse et al. suspended single electrons in magnetic field to
measure the mag. moment to extraordinary 0.28 ppt precision.
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Present. Standard model and anomaly, a=(g-2)/2

SM __  _QED Strong Weak NP
da T da u +d u +d u +d u
Y Y Y
W W new forces,
new particles
H ' ’ @ dark matter,
‘ V ‘ ’ dark ener
! N
electroweak hadronic new physics
M M M M
116 584 718.9 (0.1) 154 (1) 6939 (40) x 10 -1

dispersion relations, Scale
e*e- — hadrons

for a PO ~m I2 / mx2



Muon g-2 theory initiative

* 6 workshops 2017-2020

*6/10/20 white paper, 132 authors, 82 institutions, 21 countries
* T. Aoyama et al, Phys. Reports 887 (2020) 1-166.
 consortium compiled theoretical inputs & recommend

value ahead of FNAL expt.

The anomalous magnetic moment of the muon in the Standard Model
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Recent lattice QCD developments for hadronic vacuum polarization

10 .
GLWP’LO .10 adapted from [T. Aoyama et al, arXiv:2006.04827]
[ L I I
LM 2020 o
BMW 2020 HO :
ETM 2018/19 ——i e The errors in (all but one of
Mainz/CLS 2019 H the) lattice QCD results are
ENAL-HPQCD-MILC 2019 ——i "
PACS 2019 — still large
RBC/UKQCD 2018 —e—

BMW 2017 ——e—+— .
Mainz/CLS 2017 +— — e All results include

HPQCD 2016 - contributions from
ETM 2013 — © —
connected ud, s,c, b +

NI 201 - disconnected, QED + strong
DHMZ 2019 HH . . b |< d _[_- .
DI 2010 - isospin breaking, and finite
Tegerlehner 2018 . volume corrections.
RBC/UKQCD 2018 HéH
No New Physics e | attice combination:
LD e included results shown with
PhenotlQCP &= o filled circles

a;l;lVP‘LO — GEVP’LO(Md) + GEVP*LO(S) + G;IJ—IVP‘LO(C) + af’l:]\i/glz.]_,o + 561};1VP*LO —711.6 (184) % 10—10
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