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First anomaly: muon g-2

3

7

Run !a/2⇡ [Hz] !̃
0
p/2⇡ [Hz] R0

µ ⇥ 1000
1a 229081.06(28) 61791871.2(7.1) 3.7073009(45)
1b 229081.40(24) 61791937.8(7.9) 3.7073024(38)
1c 229081.26(19) 61791845.4(7.7) 3.7073057(31)
1d 229081.23(16) 61792003.4(6.6) 3.7072957(26)
Run-1 3.7073003(17)

TABLE I. Run-1 group measurements of !a, !̃
0
p, and their

ratios R0
µ multiplied by 1000. See also Supplemental Mate-

rial [66].

COMPUTING aµ AND CONCLUSIONS

Table I lists the individual measurements of !a and
!̃
0
p, inclusive of all correction terms in Eq. 4, for the four

run groups, as well as their ratios, R0
µ (the latter multi-

plied by 1000). The measurements are largely uncorre-
lated because the run-group uncertainties are dominated
by the statistical uncertainty on !a. However, most sys-
tematic uncertainties for both !a and !̃

0
p measurements,

and hence for the ratios R0
µ, are fully correlated across

run groups. The net computed uncertainties (and cor-
rections) are listed in Table II. The fit of the four run-
group results has a �

2
/n.d.f. = 6.8/3, corresponding to

P (�2) = 7.8%; we consider the P (�2) to be a plausible
statistical outcome and not indicative of incorrectly esti-
mated uncertainties. The weighted-average value is R0

µ

= 0.0037073003(16)(6), where the first error is statistical
and the second is systematic [67]. From Eq. 2, we arrive
at a determination of the muon anomaly

aµ(FNAL) = 116 592 040(54)⇥ 10�11 (0.46 ppm),

where the statistical, systematic, and fundamental con-
stant uncertainties that are listed in Table II are com-
bined in quadrature. Our result di↵ers from the SM value
by 3.3� and agrees with the BNL E821 result. The com-
bined experimental (Exp) average[68] is

aµ(Exp) = 116 592 061(41)⇥ 10�11 (0.35 ppm).

The di↵erence, aµ(Exp)� aµ(SM) = (251± 59)⇥ 10�11,
has a significance of 4.2�. These results are displayed in
Fig. 4.

In summary, the findings here confirm the BNL exper-
imental result and the corresponding experimental aver-
age increases the significance of the discrepancy between
the measured and SM predicted aµ to 4.2�. This result
will further motivate the development of SM extensions,
including those having new couplings to leptons.

Following the Run-1 measurements, improvements to
the temperature in the experimental hall have led to
greater magnetic field and detector gain stability. An
upgrade to the kicker enables the incoming beam to be
stored in the center of the storage aperture, thus reducing
various beam dynamics e↵ects. These changes, amongst
others, will lead to higher precision in future publications.

Quantity Correction terms Uncertainty
(ppb) (ppb)

!
m
a (statistical) – 434

!
m
a (systematic) – 56

Ce 489 53
Cp 180 13
Cml -11 5
Cpa -158 75
fcalibh!0

p(x, y,�)⇥M(x, y,�)i – 56
Bk -27 37
Bq -17 92

µ
0
p(34.7

�)/µe – 10
mµ/me – 22
ge/2 – 0
Total systematic – 157
Total fundamental factors – 25
Totals 544 462

TABLE II. Values and uncertainties of the R0
µ correction

terms in Eq. 4, and uncertainties due to the constants in Eq. 2
for aµ. Positive Ci increase aµ and positive Bi decrease aµ.

FIG. 4. From top to bottom: experimental values of aµ

from BNL E821, this measurement, and the combined aver-
age. The inner tick marks indicate the statistical contribution
to the total uncertainties. The Muon g � 2 Theory Initiative
recommended value [13] for the standard model is also shown.
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for aµ. Positive Ci increase aµ and positive Bi decrease aµ.

FIG. 4. From top to bottom: experimental values of aµ

from BNL E821, this measurement, and the combined aver-
age. The inner tick marks indicate the statistical contribution
to the total uncertainties. The Muon g � 2 Theory Initiative
recommended value [13] for the standard model is also shown.

ACKNOWLEDGMENTS

We thank the Fermilab management and sta↵ for their
strong support of this experiment, as well as the tremen-
dous support from our university and national laboratory
engineers, technicians, and workshops. We are indebted
to Akira Yamamoto, Lou Snydstrup and Chien Pai who
provided critical advice and engineering about the stor-
age ring magnet and helped shepherd its transfer from
Brookhaven to Fermilab. Greg Bock and Joe Lykken set
the blinding clock and diligently monitored its stability.
This result could not be interpreted without the world-

Phys. Rev. Lett. 126, 141801 (2021)

“Spin” of a muon in a magnetic field very 
precisely predicted

Measured value is significantly different

(magnetic field)

μ μ

γ Z

A’

New boson?



Second anomaly: the “X17”

4

Phys. Rev. D 95, 035017 (2017)



Second anomaly: the “X17”

4

Phys. Rev. Lett. 116, 042501 (2016)



Second anomaly: the “X17”

4

Phys. Rev. Lett. 116, 042501 (2016) Phys. Rev. D 95, 035017 (2017)



Second anomaly: the “X17”

4

Phys. Rev. Lett. 116, 042501 (2016) Phys. Rev. D 95, 035017 (2017)

X17 
preferred



What new boson would these motivate?

5

This plot: new boson limits from e+e- interactions only

10�8

10�7

10�6

10�5

101 102

✏2

mA0 [MeV]

visible w/ leptonic coupling

10�8

10�7

10�6

10�5

101 102

(gµ � 2)-preferred

5th force (8Be)

BABAR

NA64

E141

This will likely move 
down a little with new 

g-2 result



What new boson would these motivate?

5

This plot: new boson limits from e+e- interactions only

X17 and muon g-2 anomalies both appear in lepton interactions. 
“Protophobic” boson would avoid constraints from pion interactions 

but can be cleanly probed at e- machine. 
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30 MeV e- beam

Nucleus
e-

e+

e-

X

Dense target optimised 
for minimum multiple 

scattering

Moderate energy, 
intense electron beam 

from ARIEL e-linac

Radiative 
production of 
new particle

Broad opening 
angle: measure 

e+ and e- in 
spectrometers 
on opposite 

sides of 
beamline

Reconstruct invariant 
mass of e+e- pair and 
do a resonance search
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Preliminary design shown

30 MeV 
e- beam

Target chamber 
with foil targets

GEM tracking 
detectors to measure 
in-plane and out-of-

plane angles

Spectrometer arms at 
adjustable angles to select 

outgoing leptons

Pair of spectrometers: 
one for e+, one for e-

Plastic scintillator 
based triggers
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The ARIEL e-linac is a 
great site for DarkLight!

First beam tests 
beginning in August

Preliminary test 
experiment next spring 

to understand 
backgrounds

Planning full experiment 
for fall/winter 2023!
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* expect this 
to move 
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To 
ARIEL

Beam pipes
Beamline magnets

Dipole magnet
Solid state amplifier

New cryomodule

DarkLight experiment 
location

New beam dump

Collimator

Septum magnet
RF deflector

Running at 50 MeV
Alternating bunches 
sent to ARIEL, 
DarkLight

New experiments can run at 
dump after DarkLight ends



Roadmap
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Feb 2022: 
Passed next 

stage of TRIUMF 
approvals

Spring 
2021: 

beam time 
approved

@ TRIUMF

Dec 2021: 
test chamber 

installed in 
beamline

April 2022:

First funding 

awarded

May 2022: 
workshop at 
TRIUMF, first 
collaboration 

meeting

August 2022: 
First beam on 

targets, 
background 

tests

Late 2023: 
Install and 

run full 
experiment 
@ 30 MEV

2024/2025: 
energy 

upgrade; 
first run @ 
50 MeV

Today 2025+: long 
term data 

taking, plan 
next 

experiments!

Winter 22/23: 
install existing 

magnets, more 
measurements
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This would lead to additional new scientific opportunities:

DarkLight experimental run ends ~ 2026; 
new infrastructure stays forever

Use site to host more experiments in the future

The e-linac is a unique machine with potential for real 
scientific discovery

We’re excited for new science results and 
opportunities here at TRIUMF!

DarkLight will search for new particles 
at TRIUMF starting next year

Long-term goals include energy upgrade for e-linac
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