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1.0verview of Muon g-2 Experiment___

Solving a Long Mystery

g—2
2

A precision of ~10~7
(140 ppb)

* Probe Standard
Model (SM)
predictions for new
physics effects




1.0verview of Muon g-2 Experiment___

The Physics of g-2

H=9g--5
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The Physics of g-2
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1.0verview of Muon g-2 Experiment___

The Physics of g-2
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1.0verview of Muon g-2 Experiment___

The Physics of g-2

Comparison of SM
& BNL Measurement
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= The beyond standard model contribution may
come from SUSY, dark photons and/or
unknown new phenomena




1.0verview of Muon g-2 Experiment___

Measure a,

Momentum

O for y=29.3

Wa /Wy

w,. Measure muon precession frequency
(next talk given by Dikai Li)

w,: Measure the magnetic field the muon experiences

1,/ 1y Hyperfine muonium structure experiment



1.0verview of Muon g-2 Experiment___

How Does g-2 work

g-2
4 |storage

Recycler

Generating and
delivering the
muon beam

connect
Recycler
to P1




1.0verview of Muon g-2 Experiment___

How Does g-2 work e
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Storing muon beams, |
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2.Magnetic Field Shimming

aaS—1 Bl

= Uncertainty Goal: §a, = 140ppb (6w, = 70ppb , 6w, = 70ppb)

= The field (~1.45T) need to be uniform to ~1 ppm when averaged over azimuth

w, systematics

_“

Absolute probe calibration

Trolley probe calibration 90
Trolley measurement 50
Fixed probe interpolation 70
Muon distribution 30

Time dependent external -
magnetic field

Others* 100

total 170

30

30

30
10

30

70

More uniform field for calibration

Better alignment between trolley and the
plunging probe

More uniform field, less position uncertainty

More stable temperature

More uniform field, better understanding of
muon distribution

Direct measurement of external field, active
feedback

More uniform field, trolley temperature
monitor, etc



2.Magnetic Field Shimming

aaS—1 Bl

= Uncertainty Goal: 6a, = 140ppb (6w, = 70ppb , 5w, = 70ppb)

= The field (~1.45T) need to be uniform to ~1 ppm when averaged over azimuth

= Field Shimming:
minimizing higher-order mutlipoles
dipole moment ~ 1.45T

= Passive shim method (geometry)
v' top hats, wedges, edge shim
iron foil laminations
= Active shim method (current)
v" Surface correction coil
v Power supply feedback

_therma]
izer COII top hat msulahon)
wedge CC——m—,

pole piece "\ outer coil
edge
shim
muon

region é p : fixed NMR probes
surface outer coil
correction coil L/

T —

]

i<—p = 7112 mm

inner coil

top hat

g-2 Magnet in Cross Section




2.Magnetic Field Shimming
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2.Magnetic Field Shimming e

Dipole Vs Azimuth
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2.Magnetic Field Shimming

aaS—1 Bl

Oct 2015 === Aug 2016
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3.Magnetic Field Measurement System

Method: Pulsed Nuclear Magnetic Resonance B
= Apply RF pulse to the petroleum jelly sample at Larmor frequency T_»
= The proton spins precess coherently in the external field RF
= The precess induces an EMF (Electromotive Force) in the pickup coil



3.Magnetic Field Measurement System

Method: Pulsed Nuclear Magnetic Resonance

B
Apply RF pulse to the petroleum jelly sample at Larmor frequency ‘ RE
The proton spins precess coherently in the external field

The precess induces an EMF (Electromotive Force) in the pickup coil

After amplified and mixed down, theFID (Free Inductlo@&gnal

can be obtained
Extracted frequency precision: 10 ppb/FID
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3.Magnetic Field Measurement System

= Fixed Probe System: Monitoring the field when Wmﬂ
muon data are being collected and supplying a
feedback to shim the field
e , I i 378 probes on
| ' i - i % top or bottom of
| _ - 12 vacuum
' ‘ chambers
%

=]
]




3.Magnetic Field Measurement System

= Trolley System: Mapping the storage ring field when the beam is off. When the
beam is on, the trolley parks in the garage, out of the muon storage region




SHANGHAI JTAO TONG UNIVERSITY

3.Magnetic Field Measurement System

= Calibration System: Providing an absolute calibration chain relating field
measurements to the Larmor frequency of a free proton

o | Specially
Plunging Prob: Used at FNAL it shimmed
to calibrate trolley probes |~ region

- Plunging Probe

Absolute probe: Used at
ANL for cross calibration
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4.Summary and Recent Status
-’ Trf?':ill?l’bi'::ld Dis:':]bczlr::ion
I Convolution

Readout Interpolation

Plunging Probe
Readout

Wp

70 ppb!

Calibrations

= The Muon g-2 Experiment at Fermilab is a sensitive way to explore physics that
may beyond SM

= High Precision q, result relies on both muon precession frequency and the
magnetic field measurement

= The experiment is taking data and the magnetic field measurement systems
work stable

= Data analysis is going on (both w, and w,)

= The 18t Publication: ~early 2019
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