HOW DOES SUCH A MEASUREMENT LOOK?
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FLECTRONS - PENNING TRAP The movement the electron

_ makes in the trap tells us
Electrons are stable — study in a cold trap about its magnetic moment
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...implies higher sensitivity than for Aa, since:

The muon is 207 times heavier than the electron, ?

—£ &~ 42000

particularly sensitive to new types of virtual particles m?
Can we do a trap with a muon? — No, it decays, we need longer lifetime
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MUONS - G-2 EXPERIMENT

Already used in the 90’s in Brookhaven BNL: a;® = 116592023(151) x 10~
Theory prediction: a}" = a?*” + a)°** + all*¥omic = 116591802 (42) (26) (2) — (49,5 ) X 107"
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SM _ _Ex SM _ -9
Aa,” =a,” —a;" =2.90(90)x107" — 350

We all know you need 5 sigma is a magical number, so how do you make
this better?
Increase the intensity of muons to reach a higher precision!
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MUON DECAY

'\ Muon Decay
Muons travel around the ring v,
.
And then... WL -
/s

Neutrinos have negative helicity, antineutrinos positive.
An ultrarelativistic positron behaves like an antineutrino.
Thus the positron tends to be emitted along the muon spin

when v, and ¥ go of f together (highest energy ¢”).

The number of high-energy positrons are detected as a function of time
High-energy positrons are selected — they are aligned with spin
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TH E ANALYS I S Overview of the Idealized Measurement Technique ,,

e Inject polarized muons into magnetic storage ring 1.45 T 7 N
Qcyclotron = ’YiB‘ ~ 21 X 6.7 MHz H H
m
Wpin = giB —(1- )ié 21 x 6.9 MHz N _ 4
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e Difference between spin and cyclotron frequencies: w, proportional to a,
e Difference sensitive to a, ~ 0.00116..., not g, ~ 2.00232...

= Experiment measures two quantities:

(1) Muon anomalous precession frequency w, to 4100 ppb (stat) =+ 70 ppb (syst)
(2) Magnetic field B in terms of proton NMR frequency wy to £ 70 ppb (syst)
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HOW ARE THE MUONS MEASURED?

Calorimeters:
54 (6x9 array) lead fluoride (PbF2) crystals
Crystals read-out by Silicon Photomultiplier T

Traceback
Chambers

Calorimeter
Detector —

Stations\

Vacuum
Chamber
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BUT FIRST.. MOVING THE EXPERIMENT

In the summer of 2013:
From Brookhaven to Fermilab for
more intense muons beams

Keshavarzi, Nomura and Teubner, Phys. Rev. D. 97, 114025 (2018)
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THE SUPERCONDUCTING MAGNET

The 1.45T superconducting magnet
Is the actual thing that got transported
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Backup (I). The LHCb Upgrade

Collect ~50fb™?, 5x luminosity in Run 1 and Run2 combined (9fb™!)!

New scintillating fibre tracker New electronics

New pixel vector
detector
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New silicon upstream tracker \ o
New optics and photodetectors



