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• Status of (g-2)μ
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1. Light NP explanations for (g-2)μ 

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

Perturbative Unitarity

Scalar Vector

Contours for g-2

Neutral singlets!

• Singlet scenarios
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Low E Experiments

A 3 TeV Muon Collider 
can probe all Singlet 
explanations for g-2

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

“Singlet scenarios”1. Light NP explanations for (g-2)μ 

BaBar Collaboration, 
Phys. Rev. D 94 (2016) 1, 011102

Kahn, Krnjaic, Tran, Whitbeck, 
JHEP 09 (2018) 153
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• Status of R(K)
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Bordone, Isidori, Pattori, Eur. Phys. J. C 76 (2016) 
8, 440 Capdevila, Crivellin, Descotes-Genon, Matias, 

Virto, JHEP 01 (2018) 093

Alok et al., Phys. Rev. D 96 (2017) 9, 095009

<latexit sha1_base64="cOQoMw9ld+J8NvZb+iW1E24biaE=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgapjRoi6LblxWsA9ox5JJM21okhmSjFKG/ocbF4q49V/c+Tem7Sy09cDlHs65l9ycMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4upn6rUeqNIvlvRknNBB4IFnECDZWeuhqJtC569s+ELhXrniuNwNaJn5OKpCj3it/dfsxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZ7OoJOrFKH0WxsiUNmqm/NzIstB6L0E4KbIZ60ZuK/3md1ERXQcZkkhoqyfyhKOXIxGgaAeozRYnhY0swUczeisgQK0yMDapkQ/AXv7xMmmeuf+F6d9VK7TqPowhHcAyn4MMl1OAW6tAAAgqe4RXenCfnxXl3PuajBSffOYQ/cD5/AGnJkc8=</latexit>⇠ 3.1�



7

2. Vector leptoquark explanation for R(K)
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2. Vector leptoquark explanation for R(K)
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From best fit

• The U1 vector leptoquark
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2. Vector leptoquark explanation for R(K)

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

• The U1 vector leptoquark

Drell-Yan

Single Production

Double Production
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2. Vector leptoquark explanation for R(K)

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

• The U1 vector leptoquark

A 3 TeV Muon Collider 
can probe the parameter 

space for R(K)

“Vector Leptoquarks”
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Thanks!

Rodolfo Capdevilla, Perimeter Institute and University of Toronto
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5. Probing g-2 at a Muon Collider

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

R. Capdevilla et al., e-Print: 2101.10334
R. Capdevilla et al., e-Print: 2006.16277

• Is it possible to discover all BSM solutions to the (g−2)μ anomaly?

“Electroweak scenarios”

EW breaking 
enhancement!

Chiral 
enhancement!

Note that one could in principle consider extensions of the SM Higgs sector with additional
scalar contributing to EWSB. In that case, the  and y1,2 terms in the above Lagrangians
could arise from coupling to these new scalars rather than a SM-like Higgs doublet, which
might change the allowed EW representations of the BSM states. However, current con-
straints already dictate that most of the observed EWSB arises from the VEV of a single
doublet [85, 86], which means that relying only on BSM scalars to generate the required
EWSB insertions in the above Lagrangians would lead to smaller effective mixings and
hence smaller �aµ and BSM masses. We therefore do not have to consider such extended
scenarios to perform the maximization of the lightest new charged particle mass over BSM
theory space.

In both SSF and FFS models, the choices of representations must satisfy

1 ⇢ R
A

⌦ R ⌦ 2 (2.8)
R

B = R̄

Y
A = �

1

2
� Y

Y
B = �1 � Y,

with Y chosen to make the electric charges integer-valued. We will explore all choices of
representations involving SU(2)L singlets, doublets and triplets, and all choices of Y that
ensure that all electric charges satisfy |Q|  2. As we discuss, this is sufficient to perform
the above maximization. The possibility of a high multiplicity of new BSM states is again
taken into account by considering the trivial generalizations where there are NBSM identical
copies of the above fields contributing to �aµ.

The Lagrangians in Eq. (2.5) and Eq. (2.6) only show the interactions necessary to
form new one-loop contributions to (g � 2)µ. Depending on the choice of SU(2)L ⌦ U(1)Y
representations, additional couplings between the new fermions/scalars and the muon or
Higgs may be allowed by gauge invariance. However, these couplings will not contribute
to (g � 2)µ at leading order, at most supplying a small correction to the leading terms
generated by the couplings in Eqns. (2.5) and (2.6), or slightly modifying the mass spectrum
of the fermions/scalars that couple to the Higgs after EWSB by . TeV, which does not
meaningfully affect our results or discussion. We can therefore neglect these additional
couplings in our analysis. We also assume that the new BSM states do not couple to
any other SM fermions (except when discussing leptonic flavour violation bounds). Both of
these assumptions are conservative in that they minimize additional experimental signatures
arising from the new physics responsible for the (g � 2)µ anomaly.

Depending on the choice of representations, some of the EW Scenarios we consider
were previously studied in Refs. [45–48, 87–89]. There have also been previous attempts
to define simplified model dictionaries for generating �a

obs
µ [41, 42, 45, 47, 48, 90–93], but

none took our completely model-exhaustive approach and none aimed to find the highest
possible mass of new BSM charged states that could account for �a

obs
µ . We also make no

assumptions about e.g. the existence of a viable DM candidate, or any couplings of the
new degrees of freedom (dof’s) that are not required for resolving the (g � 2)µ anomaly
(except optionally considering flavour). Other possible simplified models for (g � 2)µ that

– 13 –

SM gauge 
invariance:

can just list off 
all such representations 
up to some maximum Q 

(we take Q <= 2)
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Maximal couplings at 
the perturbativity limit

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

⇠ 100TeV

- EW representations 
up to 3


- Models with charged 
scalars up to Q = 2


- BSM number of 
flavours up to 10

5. Model Exhaustive Approach: EW Scenarios

If only perturbative 
unitarity


Heaviest states at 


<latexit sha1_base64="iIWRhyxsUh1fG9/8fzKJg+IyaUI=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpFy9KRfsBbSyb7aZdutmE3Y1SQv6HFw+KePW/ePPfuGlz0NYHA4/3ZpiZ50WcKW3b31ZhaXllda24XtrY3NreKe/utVQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjS8zv/1IpWKhuNeTiLoBHgrmM4K1kR5u+knSkwGq312naalfrthVewq0SJycVCBHo1/+6g1CEgdUaMKxUl3HjrSbYKkZ4TQt9WJFI0zGeEi7hgocUOUm06tTdGSUAfJDaUpoNFV/TyQ4UGoSeKYzwHqk5r1M/M/rxtq/cBMmolhTQWaL/JgjHaIsAjRgkhLNJ4ZgIpm5FZERlphoE1QWgjP/8iJpnVSds6p9e1qp1fM4inAAh3AMDpxDDa6gAU0gIOEZXuHNerJerHfrY9ZasPKZffgD6/MHnkKR7w==</latexit>

NBSM
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• Naturalness?

�yµ ⇠ y1y2mF

16⇡2M2
A/B

Cloop

�A

H

�B

�B

�A

H

H ⌦
µL

µc

�µ2
H

⇠ 2

16⇡2
C 0

loop

Muon mass technically unnatural

Two calculable 
hierarchy problem!

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

5. Model Exhaustive Approach: EW Scenarios
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• Flavor?

Flavor Specific couplings?

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

B. Batell, A. Freitas, A. Ismail, 
D. Mckeen, e-Print: 1712.10022

5. Model Exhaustive Approach: EW Scenarios
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• Minimal Flavor Violation?

An example

Proportional

to SM


yukawas

Can transform

under the flavour


group 

(y1,2)⌧
(y1,2)µ

⇠ (ySM )⌧
(ySM )µ

- The tauonic coupling reaches the 
perturbativity limit before the muonic one.


- The relevant coupling for g-2 is reduced      
by ~ one order of magnitude!

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

5. Model Exhaustive Approach: EW Scenarios
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Heaviest states at 


5. Model Exhaustive Approach: EW Scenarios

-  Large couplings

-  MFV

- “Empirical” Fine tuning


(Higgs and muon mass)LEP

MBSM
Reasonable assumptions

yBSM ⇠ 1
NBSM < 10 (. 100 ab�1)

~ 20 TeV Muon Collider


