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The muon magnetic dipole moment

A charged fermion will react to an external magnetic field
e Spin will precess about an external field

* The rate of precession depends on the size of the magnetic dipole
moment, u
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* udepends on the dimensionless ‘g-factor’
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* Dirac found that g = 2 at leading order
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The magnetic anomaly

Loop contributions from all particles modify the magnetic moment, so that g > 2

* Together, these amount to the muon magnetic anomaly, a,,

g— 2

2

» Standard model (SM) contributions are split in four categories

¥ X Y. Contribution (x1071%)
QED 11 658 471.8971(75)
Weak 15.36(10)
H H HVP 684.7(2.4)
> HLbL 9.8(2.6)
\ Y ) \ J L Y I‘l ]

Total SM 11 659 182.04(3.56)
QED Weak Hadronic: (1) vacuum

polarisation and (2) light-by-
light scattering 30f11




Theory vs experiment

Any deviation between theory and experiment would indicate new physics contributions to the

anomaly
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The Fermilab g — 2 experiment (E989)

Build on the magnetic storage ring experiment at BNL, and measure the anomaly to > 50

Reuse BNL's storage ring:
* Power it with Fermilab’s cleaner, more
intense muon beam
* Improvements to instrumentation

* 100 ppb statistical uncertainty (21x collected
positrons as BNL!)

* 100 ppb systematic uncertainty

* 4xthe precision of BNL (540 ppb = 140 ppb)




E989 anatomy

14 m diameter, 1.45 T
superconducting magnet

Electrostatic quadrupoles

Magnetic kickers
24 PbF, calorimeters
Straw tracking stations

ime since injection: 5.0 us




Measuring a,,
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wa, (anomaly) = ws, (spin) — (_,(_)07 (Cyclotron) Time after injection modulo 102.5 [us] —
N(t) = Noel/T[1 — Acos(wat — ¢)] K

w,, is the Larmor precession frequency of a free proton




Measuring a,,

a,M: —

What we measure

f')\
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Constants
Contribution Relative error [ppb] Experiment Reference
ge/2 0.00026 Quantum cyclotron spectroscopy D. Hanneke et al. (2011).
P/ the 3.0 Hydrogren spectroscopy P. Mohr et al. (2016).
M/ Me 22 Muonium spectroscopy P. Mohr et al. (2016).

W,/ Wy 140 Fermilab g — 2 J. Grange et al. (2015).




First results for a”!

Run-1 result!

BNL g-2 ; o—
FNAL g-2 + ©
< 420 >
O f——+
Standard Model Experiment
Average
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a,(FNAL) = 116592 040(54) x 107" (0.46 ppm)

a,(Exp) = 116592061(41) x 10~ (0.35 ppm)
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Status and outlook

° First result Comprises a Sma” Last update: 2021-06-27 07:51 ; Total = 12.89 (xBNL)
subset of the total projected =
dataset (Run-1) M 12; Muon g-2 (FNAL)
2101
* Run-2/3 analysis underway = Run-4
g¥
* Run-4running recently completed 3 6.
ha Run-3
e Run-5/6to come O 4-
=
| 3 /FJ{TJ:Z
e > 5¢ result in future X 2.
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Summary

*  First result from Fermilab g — 2 is consistent with BNL
* FNAL and BNL together present a 4.2 sigma tension with the SM at a precision of 350 ppb

*  Much more data to be folded into a,,, 140 ppb precision on the horizon!

Thanks & stay tuned!
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Extra slides



BNL to FNAL: the big move (2013)
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by 2015




More physics potential: the muon EDM search

Fermilab will improve on the current u* electric dipole
momentum (EDM) limit by two orders of magnitude! o, Way = J“’az + w,?
1)
* The EDM has a similar formulism to the MDM s
)
h = x
d= n—q @y
dmce
Z
* Manifests as a tilted spin precession plane )
°‘4§ Simulation N 1.5x107
03 2indf 1.02

e Detected by measuring a vertical oscillation W
m/2 out of phase with w,

AEIISI’\I:D [mrad] 0-187+0.006

oif ¢ [mrad] -0.001x0.005

(ey) [mrad] / 50 ns
o

O 200< p [MeV] < 2400

-042; 0 <t [us] < 300
Run-1 analysis underway! e Dot
% us]
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Muon delivery
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Full treatment of w,

The full treatment of w, goes like this:

Goes to zero if the momentum is set to the
magic momentum (3.094 GeV, y=29.3)

Goes to zero if the momentum vector is
perpendicular to the field (the pitch)
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More on w,

eB
If g=2, we can see that the cyclotron and We = — ,
spin precession frequencies would be equal my~y
Radiative corrections cause the spin to Ws = —g eB . (1 . ’Y) eB
rotate slightly faster & M
gntly 2m, my,”y

We can therefore access the anomaly
directly!

eB
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