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QED Strong + aWeak +a NP

: SM __
Interest In muon anomaly, a,” =a, ~+a, 0 "

magnetic moment is dressed by quantum fluctuations from
all known and unknown interactions
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Penning trap for 3.094 GeV/c,
polarized muons.

Cyclotron
y\ Period,
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Self-analyzing muons, p* = e'v v,

muons

 relativistic boost from M to lab frame yields
energy positrons when emitted along p-direction

“self-analyzing'

Ve u
< *Zl-
A%

higher

e relativistic boost from M to lab frame yields lower energy

positrons when emitted opposite p-direction



Self-analyzing muons, p* = e*v,v,

Entries 1e+11
Mean x 37.58
Mean'y 1.602
Std Dev x 27.05 )
Std Dev y 0.6701
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Extracting the anomaly a from w , w_
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Magnet shimming
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w_ Is determined by average magnetic field

seen by stored muon distribution so work
hard to minimize longitudinal / transverse
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Campus
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» 8 GeV protons to recycler ring for
rebunching

» extracted bunch and strike the m-
production target

» decay of m's to polarized H's in
decay line

> Injection into delivery ring for p,
T, p separation

> Muons extracted to g-2 storage
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inflector

central orbit ———
Injection path-----

_ Inflector

sinflector null's storage ring 1.5T
field in beamline entrance using
superconducting double cosine
theta coil.

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



Scintillating-fiber beam profile monitor
— June 2017 commissioning run

IBMS 2 X Profile (0 radially out)
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Twenty four, segmented PbF, calorimeters
— June 2017 commissioning run
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Magnitude

Horizontal / vertical, in-vacuum scintillating fiber arrays
— June 2017 commissioning run
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In-vacuum, straw tube arrays for positron detection
— June 2017 commissionind run
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First fill — May 23, 2017 commissioning run
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Wiggle plot — June 2017 commissioning run
Number of high energy positrons as a function of time
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Schedule
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Extras.



Physical frequency ~ Variable Expression Frequency Period

Anomalous precession f, s—a, B 0.23 MHz 4.37 ps
Cyclotron f. T 6.71 MHz 149 ns

Horizontal betatron  f, VI-nf. 623 MHz 160 ns
Vertical betatron  f, vnf. 2.48 MHz 402 ns
Horizontal CBO feoeo  fo—fr 048 MHz 2.10 s
Vertical waist fvw  fe=2f, 174 MHz 0.57 ps




Statistics

Item Estimate
Protons per fill on target 10 p
Positive-charged secondaries with dp/p = +£2% 4.8 x 107
7 fraction of secondaries 0.48
77 flux entering FODO decay line > 2 x 107
Pion decay to muons in 220 m of M2/M3 line 0.72
Muon capture fraction with dp/p < £0.5% 0.0036
Muon survive decay 1800 m to storage ring 0.90
Muons flux at inflector entrance (per fill) 4.7 x 10*
Transmission and storage using (dp/p), = £0.5% 0.10 £ 0.04
Stored muons per fill (4.7+1.9) x 103
Positrons accepted per fill (factors 0.15 x 0.63) 444 + 180

Number of fills for 1.8 %10 events
Time to collect statistics

(414 1.7) x 10° fills
(13 + 5) months

Beam-on commissioning 2 months
Dedicated systematic studies periods 2 months
Net running time required 17 & 5 months




o, systematics.

E821 Error Size | Plan for the E989 ¢ — 2 Experiment Goal
ppm ppm)

Gain changes (.12 | Better laser calibration; low-energy threshold;

temperature stability; segmentation to lower rates;

no hadronic flash 0.02
Lost muons ~ 0.09 | Running at higher n-value to reduce losses; less

scattering due to material at injection; muons

reconstructed by calorimeters; tracking simulation 0.02
Pileup 0.08 | Low-energy samples recorded; calorimeter segmentation;

Cherenkov; improved analysis techniques; straw trackers

cross-calibrate pileup efficiency 0.04
CBO 0.07 | Higher n-value; straw trackers determine parameters 0.03
E-Field/Pitch  0.06 | Straw trackers reconstruct muon distribution; better

collimator alignment; tracking simulation; better kick 0.03
Diff. Decay ~ 0.05' | better kicker; tracking simulation; apply correction 0.02

Total 0.20 0.07




™ systematics.

E821 Error Size | Plan for the E989 g — 2 Experiment Goal
[ppm] [ppm]

Absolute field 0.05 | Special 1.45 T calibration magnet with thermal
calibrations enclosure; additional probes; better electronics 0.035
Trolley probe 0.09 | Absolute cal probes that can calibrate off-central
calibrations probes; better position accuracy by physical stops

and/or optical survey; more frequent calibrations 0.03
Trolley measure- 0.05 | Reduced rail irregularities; reduced position uncer-
ments of By tainty by factor of 2; stabilized magnet field during

measurements; smaller field gradients 0.03
Fixed probe 0.07 | More frequent trolley runs; more fixed probes;
interpolation better temperature stability of the magnet 0.03
Muon distribution 0.03 | Additional probes at larger radii; improved field

uniformity; improved muon tracking 0.01
Time-dependent — | Direct measurement of external fields;
external B fields simulations of impact; active feedback 0.005
Others 0.10 | Improved trolley power supply; trolley probes

extended to larger radii; reduced temperature

effects on trolley; measure kicker field transients 0.05
Total 0.17 0.07
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