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BSM physics: how to

SUSY, Leptoquarks,

Fundamental Physics Composite Higgs, ...

This talk
Effective Field Theory

Meson physics, EDMs, nuclear and

LOW(er) energy atomic physics, ...
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We study CP violation in the extension of the SM to an Effective Field Theory (SMEFT)

LsmerT = Loy + Z N O(”)

n>>5

The EFT has enough structure to give us nontrivial information

Non-interference theorem: a lot of Some of the remaining ones
possible sources of CPV are more (primary coefficients) could be
suppresses than expected larger than the SM CPV (with
(secondary coefficients) caveat)
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Why CPV?

In the Standard Model, only one source of CPV (assuming HQCD = ()), from the weak

sector

Delicate structure, could be broken by New Physics

Low energy observables can be used to probe high energy NP scales
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CPV in the SM

In the electroweak sector, CP violation is encoded in the CKM matrix

Loix = : -ﬂLVW+dL + CZLVTW_UL-
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So V* #£ Vimplies CPV (?)
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CPV in the SM

Vxy €an be parametrized in various ways

We stick to the Wolfenstein parametrization (1983)

Y, = diag(a,\®, a.\*, a:\’) CP violating coefficients

Yd — VCKMdiag(ad)\77 CLC)\47 CLb>\3)
1 A AN (p —in
1

VekM = — A AN?

AN (1 — p — in‘l —AN? 1
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Flavor invariant CPV

Parametrizations are done after picking a basis, but we know physics is

basis invariant

Q — Ug-Q
d — Ud°d

For the most unambiguous parametrization, use an invariant

Jarlskog (1985) Js = ImTIr

2 4.2 2 4 36
Jy ~ A%ajaala, A
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Yu — UQ-YU-UJ
Yd — UQYuU:lr

_Yu YJ y Yd YdT_

3

CP conserved iff
J4 — O

Collective breaking!



Do we need flavor invariants for SMEFT?

Yes!
C., .
L= Lsn AQH H|*QrurH
urp — €
Electron EDM ﬁ
% ~m Im(C’uH)
e “ A2
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Do we need flavor invariants for SMEFT?

Yes!

CuH

L= Lsn A2

‘H‘ZQLURI:I

Rephasing invariant!

Electron EDM
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1
Oty =

(1)
HQQ) mn

What about three flavors?

Hermitian 3x3 matrix: 3
Imaginary coefficients

) e =
(AT W H) Q" Q
P = ImTu (v, YV, v, Ch))
Ly @Y = ImTe((V,Y,)?(V,Y,))?Cll)
Ly Y = ImTe(Y, VY,V (V,Y.)* (VY] Clyl)
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What can you do with them?

Non interference theorem (in lepton sector)

Y. = diag(Ye, Y, Yr ) —l U(1)° symmetry of observables

(m,, = 0) Charged under

v ¥

1 Ci11 Ci12 (13
<~ o *
Ore = PCHe,mn (H'i D ,H) é,y"en CHe = | €12 €22 €23

k k
Ci3 Ca3 €33

Primary

If we stop at 1/A2, ## of imaginary coefficients: 1143 — 699 coefficients
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How large are the invariants (compared to J,)?

In the SM, CPV is
accidentally small

5(9(}})\/ ”UQ L
Ocpv A2 Jy
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Assuming

3

Jy=ImTr |V, Y], VY| ~ A%

Less flavor suppression!

<

L Aajay I]fmCé%’Qg)\8
Lo | = () -+ O()\g)
L3 0

L[~ J, = A~ 10° TeV
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Opportunistic CPV

Since J, # 0, CPV from imaginary coefficients (minimal basis) and from interference of real

ones and J, (maximal basis) at 1/A?. We call the latter Opportunistic CPV.
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Flavor scenarios

Making some assumption on the flavor structure can help understand the relation between

difference scenarios
N\ [GeV]

10 Al L) L) l L) L) L) L) l Al Al ' Al
3

independent ===l

Invariants
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Conclusions and open questions

The study of SMEFTs properties can bring additional information on
CPV

We developed theoretical tools to unambiguously map the parameter space

Connection to observables is crucial to link theoretical tools to experiments:
the invariants are the correct objects to constrain

Connections to UV models to be explored

Thank you!
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