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DBSl\«“I in EFT
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Effective Field Theory (EFT): Heavy dynamics in € ~ My
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DBSl\«“I in EFT

D =~ kpIm[er(l + €]) + 0.4(ese’ + €5&%) — €Re]]

\\ u
"o N >r:a
2 —_ 4
s d
W

H

AN u
s 4
—_— €R
/}' d

H

> ol

P
e — <

Scenario |

Scenario 11,111

Scenario IV

Antonio Rodriguez Sénchez CP violation and precise D-measurement



Leptoquarks

@ SM: no vertices with both quarks and leptons

@ Leptoquark: BSM boson with quark-lepton vertices

@ Taking into account symmetries, limited possibilities

Name | Representation | Name | Representation | SM | Representation
S (3,1,1/3) Uy (3,1,2/3) q (3,2,1/6)
S (3,1,-2/3) Uy (3,1,-1/3) u (3,1,2/3)
S (3,1,4/3) U (3,1,5/3) d | (3,1,-1/3)
R» (3,2,7/6) Vs (3,2,5/6) I (1,2,-1/2)
R, (3,2,1/6) Vo (3,2,-1/6) | e (1,1,-1)
Ss (3,3,1/3) Us (3,3,2/3) H (1,2,1/2)
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Scalar Leptoquarks

Name | Spin | Representation Currents
S 0 (3,1,1/3) | ql, ucec, due
S 0 (3,1,-2/3) ueoe
S 0 (3,1,4/3) d<ec
R> 0 (3,2,7/6) ucl, gec
R 0 (3,2,1/6) del, gi*

Some can mix after symmetry breaking

A'Cleptoquark = ARR(R; H)(I:IT R2)
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Vector Leptoquarks

Name | Spin | Representation Currents
U 1 (3,1,2/3) | go*l, d°otec, ua"v°
U 1 | (3,1,-1/3) deorie
Uy 1 (3,1,5/3) ueores
Vs 1 (3,2,5/6) lotde, qotec
v, 1 | (3,2,-1/6) lo"T€, qotDe
Us 1 (3,3,2/3) gokarl

Some can mix after symmetry breaking

A‘Cleptoquark = VV( VZT H)(F/T \72)
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Motivations for leptoquarks

Original motivations. Elegance, simplicity.
@ Grand unification
@ Supersymmetry
@ Technicolor

Modern motivations: |’:|avor anomalies H
Model R R Ry & R
K(*) D(*) K(*) D(*)
e B— KITI~ =
S3 (3,3,1/3) v X X
e B | sarym | o« v X
_ R, (3,2,7/6 X v X
e B— Drv 2 ( /9
Ur (3,1,2/3) v v v
b C
T ‘-& Us (3,3,2/3) v X X
vr = Phys.Rev.D 104 (2021) 5, 055017

@ Muon g-2 JHEP 06 (2020) 089
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Leptoquarks for D

Models that explain flavor anomalies are related to different families

Scalars: {51,§1,:9~17 Ra, R’Nz; 53}
Vectors: {Uy, Uy, U, Vo, Vo, V3}

Only blue leptoquarks can generate (CP-violating) D
D~ rkpIm[er(l + € ) + 0.4(ese’ + Esé%) — €rE}]
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Leptoquarks contributing to D

D ~ rpIm[er(l + €f) + 0.4(esel + Es&%) — ErE}]
Scenario Ib: Imeg from D = 8 SMEFT
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e Cg = 2M3, M Similar result for V,-V,
"o, H D ~ %Im[v“cs] Prog. Part. Nucl. Phys. 46, 413
! u
Limited by

o EDM & g

o I_HC 107{ prell-van _ epm
Phys.Rev.D 85 (2012) 033001 * Maten” ’
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Leptoquarks contributing to D

D~ rkpIm[er(l + €] ) + 0.4(ese’ + Esé%) — €RE}]
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Simple mechanism, many models
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Scenario 11

51-R2, U1-51, U1—R2, V2—51, V2—R2. Example
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D~ 0‘]-/43D/\45:7M’2?1m YSsueYSqlYRqeYRul
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But EDM sets D < |10]7** for any HEP 01 (2019) 069, JHEP 07 (2021) 107
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Leptoquarks contributing to D

D~ rkpIm[er(l + € ) + 0.4(ese’ + Esé%) — €RE}]
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Simple mechanism, many models
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Scenario 111

Si-Ry Ui-Si, Ui-R,, Vo-Si, or Vo-Ry. Example

V4 \/ \/
D =~ 0.1xp Wlm [)’Sdu}/SquRqV}/Rdl]
1 2

Y

But again D < |10~ (pion decay)
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Leptoquarks contributing to D

Scenario IV: Im[éRé]]
@ ¢g induced by e.g. Sor U
@ ¢, = 0 in tree-level leptoquarks at D = 6 SMEFT level.
@ Yet induced by R, — R, and as in Scenario Ib.

q e

VRQ Limited by
- -- e EDM
g, A o LHC

v q
Phys Rev.D 85 (2012) 033001 Yet suppressed by l/MEQ

ID| < 105
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CP conserving Dgsy: EFT

@ Extra contributions to D arise from Coulomb re-scattering

Couplings receive phase shift C — Cxe

Ay = g%me is not very small for Z = 11

Dgy = 0 yet at this level (extra recoil suppression)
But D # 0 if nonstandard currents are there Treiman ‘57

i 6E

ZN’ KpQ me

er P 8T 1o | 2
D~ F — |:gs€5+ ;€T+g$5$(6R — &)+ f(€R+6L)ET}
A

2 Pe 8A

@ AD ~ 107 could test €5 and e at the level of the most precise
CP conserving probes
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CP conserving Dpsyi: from EFT to leptoquarks

@ AD ~ 107° could test €5 and et at the level of the most precise
CP conserving 3 probes

@ In practice bound in e+ more interesting
@ Similar bounds from LHC, slightly worse from electron g — 2
@ A minimal leptoquark model inducing it could contain $;-R»

L=y (519 £ Rouc) T+ y, (S1u T Rg) & + he.,

so that e = {%}’2 v . Leptoquark with masses of ~ 10 TeV would be
tested
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Conclusions

Systematic study of T-odd Dggy from EFT to leptoquarks

Many possible ways of generating D with leptoquarks

But realistic leptoquark models always predict |D| < 10°

On the other hand there are recoil-enhanced CP-even

contributions for BSM interactions
ZN/ND me[

Dcpoeven ~ F gses + Eher + gsés(fr — &) + £ (er + é)er]

@ Dy, ~ 107° may be competitive to test es 7 ~ 1073
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