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Latest Experiment Values

Muon g-2 Discrepancy

Brookhaven Value

𝑎𝜇
𝐵𝑁𝐿 = 116592089 54 𝑠𝑡𝑎𝑡 33 𝑠𝑦𝑠 × 10−11

Brookhaven Value

𝚫𝑎𝜇
𝐵𝑁𝐿 = 279 ± 76 × 10−11

Deviation:

3.7𝜎

SM Prediction
𝑎𝜇
𝑆𝑀 = 116591810 1 𝐸𝑊 40 𝐻𝑉𝑃 18 𝐻𝑙𝑏𝑙 × 10−11
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What is the Muon g-2?

Magnetic Moment: 𝑀 = 𝑔
𝑞

2𝑚
𝐿

Quantum Mechanics Quantum Field Theory

=

+

+

+ +⋯

Anomalous Magnetic Moment: 𝑎 = Τ(𝑔 − 2) 2
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Simple Explanations of Muon g-2

Single Field Extensions
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BSM Models

Chirality Flip

Contributions from diagrams with an internal chirality flip 
enhanced by a factor: 

𝜆𝐵𝑆𝑀
2

𝜆𝜇
2
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Leptoquark 𝑆𝑈(3)𝐶 × 𝑆𝑈(2)𝐿 × 𝑈(1)𝑌 Electric

Charge

𝑆1 (ഥ𝟑, 𝟏, 1/3) 1/3

Interacts with the standard model through:
ℒ𝐵𝑆𝑀 = 𝜆𝑄𝐿𝑄. 𝐿𝑆1 + 𝜆𝑡𝜇𝑡𝜇𝑆1

∗ + ℎ. 𝑐.

−𝑀𝑆1
2 |𝑆1|

2 − 𝑔𝐻𝑃|𝐻|
2|𝑆1|

2 −
𝜆𝜙

2
𝑆1

4

Single Scalar Leptoquark

Scalar Leptoquark Singlet

𝑆1
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Single Scalar Leptoquark

Scalar Leptoquark Singlet

arXiv:2104.03691

𝜆𝑄𝐿𝜆𝑡𝜇 ≳ 0.003
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Simple Explanations of Muon g-2

Two Field Extensions

Z2 Symmetry

Z2-odd fields interact 
only in pairs:

𝜓𝑒𝑣𝑒𝑛 → 𝜓𝑒𝑣𝑒𝑛
𝜓𝑜𝑑𝑑 → 𝜓𝑜𝑑𝑑𝑒

𝑖 𝜋
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New Fields 𝑆𝑈(3)𝐶 × 𝑆𝑈(2)𝐿 × 𝑈(1)𝑌 Electric 

Charge

𝜓𝑑 = (𝜓𝑑
+, 𝜓𝑑

0) (𝟏, 𝟐, 1/2) 1,0

𝜙 (𝟏, 𝟏, 0) 0

Interacts with the standard model through:

ℒ𝐵𝑆𝑀 = (𝜆𝐿𝐿𝐿. 𝜓𝑑 𝜙 −𝑀𝜓𝜓𝑑
𝑐𝜓𝑑 + ℎ. 𝑐. ) −

𝑀𝜙
2

2
𝜙2

New Fermion and Scalar Coupling to Left-Handed Muon

Two Fields with Dark Matter

Source: 1804.00009

𝜓𝑑

𝜙
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Interacts with the standard model through:

ℒ𝐵𝑆𝑀 = (𝑎𝐻𝐻.𝜙𝑑𝜙𝑠 + 𝜆𝐿𝐿𝐿 . 𝜙𝑑𝜓𝑠 + 𝜆𝑅𝜙𝑠𝜇𝑅
†𝜓𝑠

𝑐

−𝑀𝜓𝜓𝑠
𝑐𝜓𝑠 + ℎ. 𝑐. ) −

𝑀𝜙𝑑

2
|𝜙𝑑|

2 −𝑀𝜙𝑠
2 |𝜙𝑠|

2

Pair of New Scalars + Fermion

Three Fields with Dark Matter

New Fields 𝑆𝑈(3)𝐶 × 𝑆𝑈(2)𝐿 × 𝑈(1)𝑌 Electric 

Charge

𝜓𝑠 = 𝜓𝑠
−† (𝟏, 𝟏, 1) 1

𝜙𝑠 = 𝜙𝑠
0 (𝟏, 𝟏, 0) 0

𝜙𝑑 = (𝜙𝑑
0 , 𝜙𝑑

−) (𝟏, 𝟐, −1/2) 0,−1

𝜓𝑠

𝜙𝑠

𝜙𝑑
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Three Fields with Dark Matter

Pair of New Fermions + Scalar
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Three Fields with Dark Matter

Pair of New Fermions + Scalar

arXiv:2104.03691

|𝜆𝐿𝜆𝑅| ≳ 0.22
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The anomalous muon magnetic moment, muon g-2

Conclusions

• Current state of muon g-2 

• New muon g-2 value from Fermilab disagrees with SM prediction by 4.2σ.

• Many simple BSM theories cannot produce a contribution that is both 
positive and large.  

• Outlook

• Upcoming muon g-2 experiments are set to further increase the 
precision, and if the measured value stays the same or increases, then 
disagreement between the SM and experiment will increase.
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Thank you for Listening!
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