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Hints of new physics and EFT:
a νR solution to (g − 2)? 1

ECFA WG1 (July 2022)
University of Zoom, Madrid Campus

Richard E. Ruiz

Institute of Nuclear Physics – Polish Academy of Science (IFJ PAN)

1 July 2022

1Based on work w/ Cirigliano, Dekens, de Vries, Fuyuto, and Mereghetti [2105.11462]
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thank you for the invitation!
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two experimental motivations for new physics
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g-2

R. Ruiz - IFJ PAN A νR solution to (g − 2) – ECFA WG1 (July 2022) 4 / 23



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Anomalous magnetic moment of the µ at the LHC2

FNAL’s (gµ − 2) expt. confirms aµ = (gµ − 2)/2 is *a bit* large [2104.03281]

2Perhaps less compelling in light of recent updates from the lattice community:

Bern, Mainz, et al [2206.06582], and Cyprus, Bonn, et al [2206.15084]
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mν
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Problem: according to the SM, mν = 0. (The data disagree, obviously.)

Neutrino masses (’15) =⇒ many open questions:
ν have mass. What is generating mν?
ν masses are tiny. What sets the scale of mν?
mν are nearly degenerate. What sets the pattern of mν?
ν carry no QCD/QED charge. Are ν, ν the same (Majorana)?

Neutrino mass models give some answers to these questions
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Core ideas can be realized in many ways!3
Minkowski (’77); Yanagida (’79); Glashow & Levy (’80); Gell-Mann et al., (’80); Mohapatra & Senjanović (’82); + many others

mνk
6= 0

νR

∆I

Majorana
Dirac

Low scale Type I

High scale Type I

Singlet (Scoto.)

LRSM

U(1)B−L

TypeII

Higgs Doublet Ext.
DM

SO(10)

PS

SU(5)
24F

Colored S
±1/3
LQ

ΣI
SMEFT

Weinberg d = 5

LFV d = 6

d ≥ 7

νSMEFT TypeIII

RPV SUSY

ZB@1 loop
rruiz(‘22)

ZB@n loop

SU(5)

3For a reviews, see Cai, et al [1706.08524]; Cai, RR, et al [1711.02180]
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what is and why νSMEFT?

R. Ruiz - IFJ PAN A νR solution to (g − 2) – ECFA WG1 (July 2022) 9 / 23



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

νSMEFT: the what

νSMEFT (or sometimes Heavy N EFT) is the Standard Model Effective
Field Theory extended by right-handed (RH) neutrinos νR

del Aguila, Bar-Shalom, Soni, Wudka [0806.0876]; Liao, et al [1612.04527]; + others + more recent activity

Start with Lagrangian for Type I Seesaw at d = 4:

LType I = LSM +
1
2νR i ̸∂νR −

[
1
2ν

c
R µ̄RνR + yνLΦ̃νR + H.c.

]

Following SMEFT rules for building d > 4:

LνSMEFT = LType I +
∑

i ,n
c(n)

i
Λ(n−4)O

(n)
i
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νSMEFT: the why
– Absence of Nk (mass eigenstates!) in high- and low-energy searches may be
suggesting picture is richer than low-scale Type I Seesaw model(s)

– Conceivable that mass hierarchies also exist in UV model (easy in some!)

– collider-scale LNV and LFV still accessible in semi-decoupled limits
e.g., RR [1703.04669]

LνSMEFT = LType I +
∑

i ,n
c(n)

i
Λn−4O

(n)
i , where at d = 6, the new O(n)

i are:

R. Ruiz - IFJ PAN A νR solution to (g − 2) – ECFA WG1 (July 2022) 11 / 23

https://arxiv.org/abs/1703.04669


.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

connecting g-2 and neutrino masses
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Active-sterile mixing for the non-experts (1 slide)
Generically paramerize active-sterile mixing via Atre, et al [0901.3589], Han, et al [1211.6447]

νℓL︸︷︷︸
flavor basis

≈
3∑

m=1
Uℓmνm + Vℓ4N4︸ ︷︷ ︸

mass basis

νℓR︸︷︷︸
flavor basis

≈
3∑

m=1
Xℓmνm + Yℓ4N4︸ ︷︷ ︸

mass basis

The SM W coupling to leptons in the flavor basis is

LInt. = −gW√
2 W−

µ

∑τ
ℓ=e [ℓγµPLνℓ] + H.c., where PL = 1

2(1 − γ5)

=⇒ W coupling to N in the mass basis is

LInt. = −gW√
2 W−

µ

∑τ
ℓ=e

[
ℓγµPL

(∑3
m=1 Uℓmνm + VℓNN

)]
+ H.c.

=⇒ N is accessible through W /Z/h bosons
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g − 2 in νSMEFT
Parameterize corrections to g − 2 by ∆aℓ = aExpt.

ℓ − aThry.
ℓ and

L =dipole= Lℓγ
pr ℓLp σµν ℓRr Fµν + H.c.

in this language, Ci = (v2Ci) = (c(6)
i v2/Λ2) is the Wilson coeff., and

∆aℓ = 4mℓ√
4παEM

ℜ
[
Lℓγ

pr
]
= 4mℓ

v ℜ
[
bi v2Ci

]
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operators that fail
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operators that do not immediately fail
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Many operators just do not work (tiny Yukawas, etc.) and some almost work
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but one operator seems to work
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Unexpectedly, only one operator at d = 6 can generate “right” ∆aµ

LHνe ≈ gv2

2
√

2Λ2

∑3
k=1

[
C̄Hνe

]
kℓ (Nkγ

µPR ℓR)W+
µ

(
1 + h

v
)2

+ H.c.

This generates ∆aµ of the form

∆aµ ∼ − 2mµmN
(4π)2Λ2 Re

(
VµN

[
C̄Hνe

]
Nµ

)
(see [2105.11462] for exact formula!)

R. Ruiz - IFJ PAN A νR solution to (g − 2) – ECFA WG1 (July 2022) 19 / 23

https://arxiv.org/abs/2105.11462


.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

can we have fun with this operator? yes!
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Anomalous magnetic moment of the µ at the LHC

Plotted: σ13TeV vs mass for d = 4, 6 (L) separated and (R) combined
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UFO with some O(6) at NLO in QCD publicly available [feynrules.irmp.ucl.ac.be/wiki/HeavyN]

Take away: Even with realistic active-sterile mixing, σ13TeV not terrible
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Anomalous magnetic moment of the µ at the LHC

Uμ4=0.01

Δaμ

h→
μμ

h→
μ
μ
(H
L-
LH
C
)

pp→μν4 +X (HL-LHC)pp→μν4+X

m4>Λ
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)

Punchline: If N are involved in generating ∆aµ, then expect something in

pp → Nµ± + X and H → µ+µ−

during Run III data and at the HL-LHC Cirigliano, de Vries, RR, et al (JHEP’21)

R. Ruiz - IFJ PAN A νR solution to (g − 2) – ECFA WG1 (July 2022) 22 / 23

https://arxiv.org/abs/2105.11462


.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Thank you.
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Backup
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Validity of EFT at the LHC

Are N4 light enough to justify using an EFT?

µ−

L

ν4
W−∗

dL

uR µ−

R

ν4
dL

uR

W−∗

Yes, since for Drell-Yan Qmax ∼ mN
√

1 +
√

3 ≈ mN × 1.65 ≪ 1 TeV
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