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A nice LQ classification: Dorsner et al., Phys.Rept. 641 (2016)
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Minimal potentially realistic gauge theory with leptoquarks

- With RH neutrinos B — L is gaugeable A.D. Smirnov Phys. Lett. 412 B346 (1995) 297-302
-U(l)y cUMr® U 5L P. Fileviez Perez and M. B.Wise, PRD 88,057703 (2013)

- SU(S)C &) U(l)BL C SU(4)C

SU4)e @ SU(2), @ U(1)g
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scalar gluons RQ RQ
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Light leptoquarks in the 421 model?

U1 vector leptoquark:

- couplings are strongly constrained by the gauge structure (unitarity of the CC)
(can be cheated a bit if heavy extra vector-like matter was employed)
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Light leptoquarks in the 421 model?

U1 vector leptoquark:

- couplings are strongly constrained by the gauge structure (unitarity of the CC)
(can be cheated a bit if heavy extra vector-like matter was employed)
- mass is strongly constrained by LFV suchas K; — pue, B — 00, ...

MU1 > 1000 TeV for CKM-like mixing Valencia, Willenbrock, Phys.Rev. D50 (1994) 6843

Y

MU1 2 80 TeV  for general unitary mixing  A.D. Smirnov, Mod.Phys.Lett.A33 (2018)
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Light leptoquarks in the 421 model?

U1 vector leptoquark:

- couplings are strongly constrained by the gauge structure (unitarity of the CC)
(can be cheated a bit if heavy extra vector-like matter was employed)

- mass is strongly constrained by LFV suchas K; — pue, B — 00, ...

MU1 > 1000 TeV for CKM-like mixing Valencia, Willenbrock, Phys.Rev. D50 (1994) 6843

Y

Myl z 80 TeV  for general unitary mixing  A.D. Smirnov, Mod.Phys.Lett.A33 (2018)

NB Compare this to the ~ TeV scale limit of direct collider searches!

Not really suitable for the B anomalies in the minimal LQ model!

(even for maximal couplings allowed by the 421 symmetry)
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Light scalar leptoquarks in the 421 model?

Can one perhaps do better with scalars?

- Unitarity constraints do not apply to scalar (Yukawa) couplings!

T. Faber at al., Phys.Lett. B787 (2018) 159-166

Michal Malinsky, IPNP Prague LNU in B-decays in minimal LQ models



Light scalar leptoquarks in the 421 model?

Can one perhaps do better with scalars?

- Unitarity constraints do not apply to scalar (Yukawa) couplings!

- Why complete gauge framework when only a light scalar is needed???

- Doesn’t heavy vector imply heavy scalars???

T. Faber at al., Phys.Lett. B787 (2018) 159-166

Michal Malinsky, IPNP Prague LNU in B-decays in minimal LQ models



Light scalar leptoquarks in the 421 model?

Can one perhaps do better with scalars?

- Unitarity constraints do not apply to scalar (Yukawa) couplings!

- Why complete gauge framework when only a light scalar is needed???

- Doesn’t heavy vector imply heavy scalars???

Ad |) Complete gauge structure gives correlations among Yukawas too
- less freedom, smoking gun signals(?)

T. Faber at al., Phys.Lett. B787 (2018) 159-166

Michal Malinsky, IPNP Prague LNU in B-decays in minimal LQ models



Light scalar leptoquarks in the 421 model?

Can one perhaps do better with scalars?

- Unitarity constraints do not apply to scalar (Yukawa) couplings!

- Why complete gauge framework when only a light scalar is needed???

- Doesn’t heavy vector imply heavy scalars???

Ad |) Complete gauge structure gives correlations among Yukawas too
- less freedom, smoking gun signals(?)

Ad 2) Scalar masses are subject to way weaker constraints than gauge

3

2 AR
mg + 2me% sin® B ~ —
G H 2

(m, +m%, )

T. Faber at al., Phys.Lett. B787 (2018) 159-166
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Light scalar leptoquarks in the 421 model?

Can one perhaps do better with scalars?

- Unitarity constraints do not apply to scalar (Yukawa) couplings!

- Why complete gauge framework when only a light scalar is needed???

- Doesn’t heavy vector imply heavy scalars???

Ad |) Complete gauge structure gives correlations among Yukawas too
- less freedom, smoking gun signals(?)

Ad 2) Scalar masses are subject to way weaker constraints than gauge

3
mg + 2m?, sin® § ~ §(m§22 + m%z)
Only one of the R-LQs can be light, Rp(*) can not be addressed at all...

T. Faber at al., Phys.Lett. B787 (2018) 159-166
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Rk from light scalar leptoquarks in the 421 model?

R; scalar:
- Known to be problematic - single coupling, Rz« > 1 (+nucleon decays)

A.Angelescu et al.,JHEP 1810 (2018) 183
Becirevic, Fajfer, Kosnik, Phys.Rev. D92,014016

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Rk from light scalar leptoquarks in the 421 model?

R; scalar:
- Known to be problematic - single coupling, Rz« > 1 (+nucleon decays)

A.Angelescu et al.,JHEP 1810 (2018) 183
Becirevic, Fajfer, Kosnik, Phys.Rev. D92,014016

Rs scalar:

- Richer set of possible couplings, BNV safe
- Known to be problematic if coupled to muons (the usual strategy)

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Rk from light scalar leptoquarks in the 421 model?

R; scalar:
- Known to be problematic - single coupling, Rz« > 1 (+nucleon decays)

A.Angelescu et al.,JHEP 1810 (2018) 183
Becirevic, Fajfer, Kosnik, Phys.Rev. D92,014016

Rs scalar:

- Richer set of possible couplings, BNV safe
- Known to be problematic if coupled to muons (the usual strategy)

How about enhancing the denominator rather than arranging
subtle negative interference effects in the numerator?

['(B— K" putu")
(B — K®ete)

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar

Lr, = dp Y er BF*P 4 81 VoV 3 6a B + hee.

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar

Y o +2/3 |, = Ade +5/3
Lr,=drY, éprR;™" +4r VoxmY, érR,'" + h.c.

Yukawa couplings in the “physical” basis:

Yde Ydp Ydr

Y = | the You Ysor
Yve Ybu Yor

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar

TORE . a " +2 3 —— A - +5 3
L. =dji 4deeRR2 / + ur, Voxkwm 4deeRR2 / + h.c.

Yukawa couplings in the “physical” basis:

Yde Ydp Ydr

Y = | Yse You Ysr
Yve You Yor

Constraints:

- LFV if different columns combine

- LFUV if any two columns differ

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar

TORE . a " +2 3 —— A - +5 3
L. =dji 4deeRR2 / + ur, Voxkwm 4deeRR2 / + h.c.

Yukawa couplings in the “physical” basis:

B K. — pe, B

Constraints:

- LFV if different columns combine

- LFUV if any two columns differ

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar

TORE . a " +2 3 —— A - +5 3
L. =dji 4deeRR2 / + ur, Voxkwm 4deeRR2 / + h.c.

Yukawa couplings in the “physical” basis:

yde ydll' yd‘r - KL%MQB—)KK/

?4(162 y - U — ey, i — 3e
8T
@ve Yo Yor

Constraints:

- LFV if different columns combine

- LFUV if any two columns differ

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar

TORE . a " +2 3 —— A - +5 3
L. =dji 4deeRR2 / + ur, Voxkwm 4deeRR2 / + h.c.

Yukawa couplings in the “physical” basis:

yde ydll' yd‘r - K; — e, B — o
?de_ B ey, u— 3
4 — WfYse\Ysy Yst
- RK(*) <1
Yvef You Yor

Constraints:

- LFV if different columns combine

- LFUV if any two columns differ

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar

Lr, = d Y ér RTY® + G VoxmV2 ér RFY® + hec.

Yukawa couplings in the “physical” basis:

ydll' yd‘r - KL%MQB—)KK/

rde __ B ey, u— 3
Y4 " Yse ys;z Ysr
- RK(*) <1
Yve You Yor B atomic parity violation

Constraints:

- LFV if different columns combine

- LFUV if any two columns differ

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar

Lh, = Ci Yde ER R+2/3 '&_L VCKMYde ER R+5/3 + h.c.

Yukawa couplings in the “physical” basis:

yde ydp, yd‘r - K; — e, B — o
?de_ B ey, u— 3
4 — | Yse Ysu Ysr
- RK(*) <1
Yoe You Yor B atomic parity violation
Constraints:
: []
- LFV if different columns combine ( o [] )
P []

- LFUV if any two columns differ
Safest to have zero muon column!

T. Faber at al., Phys.Lett. B787 (2018) 159-166, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar in the 421 model

The 421 gauge structure:

2 3 1 A A
Ve = \ﬁ (W40, — Vall, )
. 2 Vsco8 ala = Va

T. Faber at al., Phys.Lett. B787 (2018) 159-166
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Phenomenology of a light R; scalar in the 421 model

The 421 gauge structure:
s 3 1 A A
Yde=\ﬁ (W40, — Vall, )
. 2 Vsco8 &= ¢

Example (for symmetric Yukawa couplings a la SO(10),i.e., U = V*):

Vi1 (mg—me) Vig (ma—my,) Viz (mgq—m.;)

Vo1 (ms—me) Voo (ms—my,) Vag (ms—m;)

Va1 (mp—me) Vag (mp—my,) Vi (mp—m;)

YON2 s

T. Faber at al., Phys.Lett. B787 (2018) 159-166
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Phenomenology of a light R; scalar in the 421 model

The 421 gauge structure:
s 3 1 A A
Yde=\ﬁ (WU — Vait, )
. 2 Vsco8 &= ¢

Example (for symmetric Yukawa couplings a la SO(10),i.e., U = V*):

Vi1 (mg—me) Vi (mg—my,) Viz (mq—m;)

~ 311+ tan?p
Y= \/ 5\/ - Vo1 (ms—me) Voo (ms—my,) Vag (ms—m,;)

Va1 (my—me) Vaa (mp—my,) Vaz (mp—m,)

Impossible to suppress entirely the 2nd column!

- issues with K; — ue, Ry, 4 — ey, etc.
T. Faber at al., Phys.Lett. B787 (2018) 159-166
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Phenomenology of a light R; scalar in the 421 model

Asymmetric Yukawas: 0 1 0 —cos¢ 0 —sing
Us=|1/vV20 1/vV2 |, Vi=| sing 0 —cos¢
1/v/2 0 —1/v/2 i & B
0 0 m;sing
A - T |
de =
Ve S ve—— ms/V2 0 m, cos ¢

my/vV2 0 —my/+/2

T. Faber at al.,, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar in the 421 model

Asymmetric Yukawas: 0 1 0 —cos¢ 0 —sing
Us=|1/vV/20 1/vV2 |, Vi=| sing 0 —coso
1/v2 0 —1/v/2 6 & 0
0 0 m;sing
A S T |
de =
Ve v ms/V2 0 m, cos ¢

my/vV2 0 —my/+/2

- Muon number can be exactly conserved in LQ interactions!

T. Faber at al.,, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar in the 421 model

Asymmetric Yukawas: 0 1 0 —cos¢ 0 —sing
Us=|1/vV/20 1/vV2 |, Vi=| sing 0 —coso
1/v/2 0 —1/v/2 i 1 0
0 0 m;sing
A < TR |
de =
o 2 Ve COS B 2 1. T comeh

my/vV2 0 —my/V/2

- Muon number can be exactly conserved in LQ interactions!

-Very tight flavour structure, @ is the only quasi-free parameter

T. Faber at al.,, arXiv:1902.04470 [hep-ph]
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Phenomenology of a light R; scalar in the 421 model

Asymmetric Yukawas: 0 1 0 —cos¢ 0 —sing
Us=|1/vV/20 1/vV2 |, Vi=| sing 0 —coso
1/v2 0 —1/v/2 1 P
0 0 m;sing
A < T |
g T
. 2UsxC0B Ms/V2 0 m, cosg

my/vV2 0 —my/V/2

- Muon number can be exactly conserved in LQ interactions!
-Very tight flavour structure, @ is the only quasi-free parameter

- Besides Rk and Rx+ we expect large residual effects in the tau sector!

T. Faber at al.,, arXiv:1902.04470 [hep-ph]
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A smoking gun in the LFV tau decays!

BR(T —» efltl™) <2.7x107° BR(T — en®) < 8x107°
BR(T — ey) < 3.3x1078 BR(T wertn™) <23 x10"°
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A smoking gun in the LFV tau decays!

BR(T = eft4™) <2.7x10°8 BR(r — en?) < 8x10-8
BR(7 — ey) < 3.3x107%® BR(r — enn7)
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BR(t~ = efee™)
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A smoking gun in the LFV tau decays!

BR(T —» efltl™) <2.7x107° BR(T — en®) < 8x107°
BR(T — ey) < 3.3x1078 BR(T wertn™) <23 x10"°
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Conclusions, outlook

The minimal potentially realistic leptoquark model
can account for the Ri¢) anomalies and be
compatible with all other SM pre/post-dictions

Smoking-gun signals in LFV tau decays!

Thank you for your kind attention!



