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Beyond-the-Standard-Model physics

The Standard Model of particle physics works, but fails to
account for some remarkable exceptions:
• the neutrino oscillation;
• the abundance of matter;
• dark matter;
• gravity.

So far, no experimental hints.

This seems to indicate that any new physics should either:
• exist at our energy scales, but be rather weakly connected;
• exist at some energy scale that has not yet been reached;
• exist in a combination of both scenarios.



Intro SMEFT µ+e− → µ+e− µ+e− → ll Conclusion

New Physics and µe scattering

µe scattering as a precision tool at (rather) high energy.

IMHO we shouldn’t talk about top-down structured approaches.

New-physics studies can be approached by:
• exploiting effective-field-theory technologies;
• plugging ’dark portals’.

Effective interactions unconstrained by other experiments.
Dark particles surviving direct and indirect searches.
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Extending the interactions of the SM

Assumptions: SM is merely an effective theory, valid up to
some scale Λ. It can be extended to a field theory that satisfies
the following requirements:
• its gauge group should contain SU(3)C × SU(2)L × U(1)Y ;
• all the SM degrees of freedom must be incorporated;
• at low energies (i.e. when Λ→∞), it should reduce to SM.

Assuming that such reduction proceeds via decoupling of New
Physics (NP), the Appelquist-Carazzone theorem allows us to
write such theory in the form:
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Dimension-six operators
2-leptons

QeW = (l̄pσ
µνer)τ

IϕW I
µν ;

QeB = (l̄pσ
µνer)ϕBµν .

Q
(1)
ϕl = (ϕ†i

↔
Dµ ϕ)(l̄pγ
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Q
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ϕl = (ϕ†i
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D I
µ ϕ)(l̄pτ

Iγµlr)

Qϕe = (ϕ†i
↔
Dµ ϕ)(ēpγ

µer)

Qeϕ = (ϕ†ϕ)(l̄perϕ)

4-leptons

Qll = (l̄pγµlr)(l̄sγ
µlt)

Qee = (ēpγµer)(ēsγ
µet)

Qle = (l̄pγµlr)(ēsγ
µet)

4-fermions

Q
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µqt)

Q
(3)
lq = (l̄pγµτ

I lr)(q̄sγ
µτ Iqt)

Qeu = (ēpγµer)(ūsγ
µut)

Qed = (ēpγµer)(d̄sγ
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Qlu = (l̄pγµlr)(ūsγ
µut)

Qld = (l̄pγµlr)(d̄sγ
µdt)

Qqe = (q̄pγµqr)(ēsγ
µet)

Qledq = (l̄jper)(d̄sq
j
t )

Q
(1)
lequ = (l̄jper)εjk(q̄ksut)

Q
(3)
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Relevant coefficients for µe scattering at the tree-level

Ciieγ , with i = 1, 2

CiieZ , with i = 1, 2

Ciieϕ, with i = 1, 2

Ciiϕe, with i = 1, 2

Ciiϕl(1), with i = 1, 2

Ciiϕl(3), with i = 1, 2

C1122
ee

C1122
le , C1221

le , C2211
le

C1122
ll

Severely constrained by low-energy experiments!



Intro SMEFT µ+e− → µ+e− µ+e− → ll Conclusion

Dimension-six operators: lepton current at one loop
From a point-like interaction. . .

. . . to quantum fluctuations!
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No correlation: limits from muonic cLFV

GMP and A. Signer
JHEP 1410 (2014) 014

GMP and A. Signer
EPJWC 118 (2016) 01031

Similar limits for the
flavour-conserving
couplings from the
ae,µ and de,µ
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No correlation: limits from EDM

Improving on dτ : M. Fael et al., JHEP 1603 (2016) 140
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Below the EWSB scale

Leff = LQED + LQCD +
1

Λ2

∑
i

CiQi,

and the explicit structure of the operators is given by
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In absence of interplay at the EWSB scale
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Relevant coefficients for µ+e− → µ−e+ at the tree-level

No three-point operators!

No three-point operators!

C1212
ee , C1212

le , C1212
ll

Interesting rearrangement of the flavour indexes!
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Same interaction in muon-antimuon conversion

Effective Hamiltonian:

H1 =
GMM√

2

[
uγλ (1 + γ5) e

]2
+ h.c.

H2 =
G′
MM√

2

[
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]2
+ h.c.

H3 =
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MM√

2

[
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] [
uγλ (1− γ5) e

]
+ h.c.

For example, H1 produces a transition described by
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An explicit BSM realisation

The doubly charged scalar (SU(2)L-singlet) is a perfect
candidate for the neutrino mass generation mechanism.

Effective Majorana mass term at the tree-loop level.

LUV = LSM + (DµS
++)

†
(DµS++)

+
(
λab (`R)ca`Rb S

++ + h.c.
)
.

7 new parameters: the mass of the doubly charged scalar mφ,
and the 6 complex parameters λab.

What happens to the muon-antimuon oscillation?
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Matching BSM physics to the EFT

Cpreγ (mW ) = 1
24m2

φπ
2

∑3
w=1(λrwλ

∗
pw) CprstV RR (mW ) = −λrtλ

∗
ps
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Phenomenology at lower scales

This is the only observable constraining such combination of
couplings:

P
(
M
)

=
18(8π)4α6m6

e |λ11|2 |λ22|2

G4
Fm

10
µ m

4
φ

≤ 10−10
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Exploring the high energy scale at colliders

Same-charge e pair final states in pp collisions at the LHC.

ATLAS & CMS (7-13 TeV)

Right-handed coupling:

mφ > 460 GeV

Left-handed coupling:

mφ > 570 GeV

BR(φ± → e±e±) ' 100%
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Conclusion

√
More questions than answers

• light New Physics in the µe scattering?
• light/heavy New Physics associated to different final states?

√
Thinking about a different set-up for BSM searches

• spin-off experimental project?
• maybe a joint pheno effort with atomic physics and the

muon-antimuon oscillation guys?
• complementarity with searches at present and future

colliders?

√
Our theoretical set-up is (basically) ready.
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