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AnomalousMagnetic Dipole Moment

Magnetic moment: −→µ µ = gµ
Qe
2m

~S

From the Dirac equation: gµ = 2

Adding quantum corrections: gµ > 2

Anomalous magnetic moment:

aSM
µ =

gµ − 2
2

= aµ(QED) + aµ(EW) + aµ(Had) = (116591802 ± 49) × 10−11

Measurement of aµ allows for a precise test of the StandardModel and
to look for new physics.
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Muon g-2 Experiment at Fermilab

BNL g − 2 experiment (E821) found a
discrepancy > 3σ w.r.t. theoretical
prediction.
Fermilab g − 2 experiment (E989)
aims for a reduction of the
experimental uncertainty by a
factor of 4 with respect to BNL result:

δ(aµ)exp. : 540 ppb→ 140 ppb

If aµ value is confirmed (using current
aSMµ ):

aFNAL
µ − aSM

µ ∼ 7σ

Same experimental technique but improved:
Muon beam (more statistics and fewer pions thanks to FNAL
accelerator)
Magnetic field uniformity and measurement, detectors and calibration
procedures
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Experimental Technique
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Measurement of ωa

Injected polarized muons decay: µ+ → e+ + νe + νµ :

⇒ high energy e+ are emitted preferentially with electron momentum
direction strongly correlated with µ+ spin (parity violation of the weak
decay)

Counting the number of e+ with
Ee+ > Ethreshold as a function of time
(wiggle plot) leads to ωa:

N(t) = N0e
−t/τ[1 + A cos(ωat + φ)]

Ee+ and t are themeasured observables.
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Detectors for ωa Measurement
The energy and hit time of the e+ from
the µ decay are measured by the 24
calorimeters positioned inside the ring.
Each calorimeter is composed of 6×9
PbF2 crystals read out individually by
large-area SiPMs
Calibration, time alignment and gain
stability for each of 1296 channels is
provided by the laser calibration system
Systematic budget for ωa:
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Requirements of the Calibration System

Absolute calibration of the
SiPMs response

Provide gain stability at
sub-per-mil in the short term
(during the 700 µs after
injections) and at the
sub-percent-level in the long
term (days)

Time synchronization of the
1296 calorimeters’ channels.

⇓
Laser based Calibration System

with light intensity monitored at 10−4

and time resolution at the ps level
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Laser Based Calibration System
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Laser Control System
Synchronized with the clock,
control and command system
(CCC) of the experiment
Provides the laser pulse trains
at programmable frequencies
Generates physics event
simulation (“flight simulator”)

typical calibrationmode:
Sync pulse: before beam
injection provides time
synchronization for the 1296
calorimeters’ channels
In-Fill pulses: for calorimeter
gain function
Out-of-Fill pulses: for
long-term gain variations
(temperature , bias voltage)
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Light Distribution System

70% of the light from each laser is equally
distributed
between 4 calorimeters by means of
optical elements;

Remotely controlled filter wheels vary the light
intensity during calibration;

Light transported to each calorimeter by single
quartz fiber and distributed by diffuser
and PMMA fiber bundle to crystals via coupling
prisms.
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6 SourceMonitors (SMs)

Designed to monitor pulse by pulse the
laser light intensity
30% of the laser light distributed to 3
photo-detectors: 2 fast PIN diodes and 1
PMT
PMT also views an Am/NaI light pulser
for long term absolute stability.
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24 Local Monitors (LMs)

Each LM consists of a PMT which views
light pulses from the SM (P1, before
distribution) and from the diffuser (P2,
after distribution).
Stability of the light distribution to each
calorimeter is monitored by the ratio
P2/P1.
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Example of “Very Short-Term” (order of ns) Gain Correction

By using movable mirrors the
light of two lasers can be sent to
the same 4 calorimeters
This configuration permits tests
of the SiPMs’ gain variation;

Example: measurement of
pile up effect:
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Example of “Short-Term” (order of µs) Gain Correction

For each SiPM the gain function is determined by pulsing the laser
during muon fills;
The gain variation is caused by the positron rate (higher at early-time
and in the calorimeter’s side near the ring) and by the power supply
recovery time
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Example of “Long-Term” (order of hours) Gain Correction

Laser gain correction of SIPMs demonstrated using mono-energetic
electron beams at the Frascati and SLAC test beam facilities:
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Summary and Conclusions
The g − 2 experiment at Fermilab has the goal to
measure aµ with a systematic uncertainty of 140 ppb

The main purpose of the laser calibration system is to
provide calibration and time alignement to all the 1296
calorimeters’ channels and to guarantee their gain
stability with the challenging precision of 20 ppb!

The experiment is taking data: 1×BNL statistics (raw
data) has already been collected!
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