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(Some) SM’s Problems/Puzzles
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Sterile Neutrinos?
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Seesaw Mechanism?

In the SMEFT, only 1-operator at dimension 5 that can describe r-masses: “Weinberg-Operator”

o= () () ()

ISteven Weinberg, PRL 43, 1566 (1979)
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Seesaw Mechanism?

In the SMEFT, only 1-operator at dimension 5 that can describe r-masses: “Weinberg-Operator”

o= () () ()

Could we use a very large scale to justify
the smallness of r-masses?

Steven Weinberg, PRL 43, 1566 (1979)

Diagrammatically:

T L L

Mou & o
A

M, = ( /\NUO/\@ /\5%\6 )

P. Minkowski, P.L. B 67 (1977).

'M. Gell-Mann, P. Ramond, and R. Slansky, Conf. Proc. C 790927 (1979).
'T. Yanagida, C.P.C 7902131 (1979).

[ R. N. Mohapatra and G. Senjanovic, PRL 44 (1980).

Ay~ O(1) — M, ~ 10'* GeVv
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Seesaw Mechanism?

In the SMEFT, only 1-operator at dimension 5 that can describe r-masses: “Weinberg-Operator”

o= () () ()

Could we use a very large scale to justify
the smallness of r-masses?

Steven Weinberg, PRL 43, 1566 (1979)

Diagrammatically:

y - g Ry

- o
A = N

M, = ( S O/\@ /\%%x/i ) Av(H)?

P. Minkowski, P.L. B 67 (1977).

'M. Gell-Mann, P. Ramond, and R. Slansky, Conf. Proc. C 790927 (1979).
'T. Yanagida, C.P.C 7902131 (1979).

[ R. N. Mohapatra and G. Senjanovic, PRL 44 (1980).

Ay ~ O(1) — My ~ 10 GeV
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Low-scale Seesaws: a global symmetry?

Small Symmetry Breaking Parameters

1\ )

(LHY up + E HYyNg +¢C HYsSR + # NgNg + 51 S3Sk + AN Sk

D Wyler and L. Wolfenstein, Nucl. Phys. B 218 (1983) 205-214.
'R. N. Mohapatra and J. W. F. Valle, Phys. Rev. D 34 (1986) 1642.
J Bernabeu et al., Phys. Lett. B 187 (1987) 303-308.
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HNLs cannot account for all
problems/puzzles of the SM

What extra “piece” could
make a difference?
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Anomalies?
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g-2 Collaboration, arXiv: 2308.06230

~ CDF Collaboration, Science 376 (2022), no. 6589 170-176.
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Anomalies?
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A Minimal Extension

* Only sterile neutrinos?
*m,?
¢ My, ?
+(g—2),?X

oa 1
(1% ) ~ Tamsl@unPGrmd ~ O() 1B

K. Kannike et al., JHEP 02 (2012) 106. [Erratum: JHEP 10, 136 (2012)].
'R. Dermisek and A. Raval, Phys. Rev. D 88 (2013) 013017.

| G. Arcadi et al., Phys. Rev. Lett. 127 (2021), no. 6 061802.

C.-T. Lu et al., JHEP 08 (2021) 073.

G. Guedes and P. Olgoso, JHEP 09 (2022) 181.
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A Minimal Extension

* Only sterile neutrinos?
*m,?
¢ My, ?
+(g—2),?X

oa 1
(1% ) ~ Tamsl@unPGrmd ~ O() 1B

Minimal 2 Vector-Like
extension in the =) Leptons _
leptonic sector? coupling to u
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Extended Seesaw

Small Symmetry Breaking Parameters

o \ >
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My, is computed from three input parameters: G, a,,, , M,

m ?

i
'U Mor — M 1_|_ 1 WOé(l—Ag)
SN2 Ve vaG M- A
Ag ~ D X 10~°
Muon Decay €

M. Blennow et al., Phys. Rev. D 106 (2022), no. 7 073005.
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(& —2),

1 Db ) I Dimension-5 LR Operator
2my v — mass insertion
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(8 —2),

1 Db ) I Dimension-5 LR Operator
2my v — mass insertion

ZZ_

|Chirally enhanced contribution
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(& —2),

What to expect?

Y3 m V2 v? 2
) ~ 7 M O O / .
au 167’(‘2 (Y (M¢A> u (M¢A> | w—
i i R O S | >
vy Ny Y Y Y P, + Y,.Pp

+ specular + specular

Arturo de Giorgi - 2211.03797 13



(& —2),

What to expect?

w__
>

vy Ny Y Y M | Y P, + Y,.Pp

+ specular + specular

My, A ~ O(10) TeV
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(& —2),

What to expect?

o N

N/NR\¢ M
>6>6>><>

O

Yy Vg Y0 Y, % Yy

+ specular \ + specular

Accidental cancellation of the LO - |
. . . . N. Arkani-Hamed and K. Harigaya, JHEP 09 (2021) 025.
—> violation of Wilsonian naturalness 'N. Craig et al., JHEP 05 (2022) 079.

L. Delle Rose et al., JHEP 05 (2022) 120.
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Lepton masses radiatively?

Could this type of models be used for “charged seesaws” and generate
the lepton masses radiatively?
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Parameter Space and Summary
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Summary

 New particles: SU(2), U(ly UL
Ng 1 1 1
2 HNLs + Sgr 1 1 1
Vector-Like UL 2 —~1/2 1
EW-Doublet VR 2 —~1/2 1

- Possible simultaneous explanation of m,,, (g — 2),
and My,

« NP at ~ O(1) TeV, or even lower!
* \ery rich phenomenology accessible at collider
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Summary
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Vector-Like UL 2 —~1/2 1
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- Possible simultaneous explanation of m,,, (g — 2),
and My,

« NP at ~ O(1) TeV, or even lower!
* \ery rich phenomenology accessible at collider

Stay tuned!
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