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Flavour Problem




Yukawa couplings
Yij Hpi);

H VVhy so small

s = ¢ (apart from
—?'J—J top quark)?
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Effective
Yukawa couplings
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cffective Z' couplings
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Tz couplings
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Mp Flavour scales can be
1 from the Planck scale

to electroweak scale
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Main conclusion
of this talk

Phenomenological
hints from B physics
may suggest low
scale theory of flavour




B—-K+I1T™+1[
Anomalies

Here we focus
exclusively on these
decays

® b—s|*|" transitions are rare in the SM (no tree level
contributions: GIM, CKM, in some cases helicity suppressed)

® ideally suited for indirect New Physics searches
(indirectly sensitive to energy scales O(100TeV))



LFU tests with B2 K(*)UH and B2 K(*)ee
decays: R(K) and R(K¥*) See Next Talk

® Theoretical uncertainties on the exclusive B—K(*)lI
branching fractions are reduced to a per-mille level
in ratios (hadronic effects cancel): A/ 2.50 deviations

BR(B — K /
R — BR<(B a Kig — 0.846 10080 10016 7 /p 1 Gy < 2 < 6 GeV?

o BR(B = K'up) <’0.66t8;5$ +0.03, /  for 0.045GeV? < ¢® < 1.1 GeV?,
" BR(B— Kree) | 0.691544£0.05,  for 1.1GeV? < ¢2 < 6GeV?,

® SM, R(K) and R(K*) expected to be close to unity.

® Sensitive to new neutral and heavy gauge bosons,
lepto-quarks, Z' models.> See later LQ+Z" model




Possible operators for Ri, R+
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SFK 1706.06100, 1806.06780 De Medeiros Varzielas, SFK 1807.06023, 1902.09266

Rk and the origin of Yukawa couplings

SFK 1905.02660 7 Basic idea of model:
Field SU@3). SU(2)p U(l)y U(1)’
7 3 2 1/6 0 ’ .
% 3 2 _2//3 0 ® () breaks U(l) give Z’ mass
ds 3 1 1/3 0
L; 1 2 —1/2 0
ef 1 1 1 0
z/ic 1 1 0 0
Q4 3 2 1/6 1 . .
> g 3 1 —2/3 1 ® Vector-like 4th family
§ 7 2 : 7 charged under U(1)’
AF A
NV v of o )
= Q% 3 > 6 -1 | ® SMfamilies neutral under U(l)
o | u¢ 3 1 2/3 —1
© | T _ — . ’
§’>, I : - 11/23 ~ | ® Higgs charged under U(1)’ so
| € 1 1 —1 ~1 usual Yukawas forbidden
# vy 1 1 0 —1
H,, 1 2 1/2 —1 . ’
H, 1 2 —1/2 —1 o Effective Yukawa, Z’ and
VEVI(¢) 1 ! 0 L leptoquark couplings via mixin
LQ | Ss 3 3 1/3 —2 Pteq PINS 5

w/vector-like 4th family



Effective Yukawa couplings

Only generated via mixing with fourth family
Ferretti, SFK, Romanino hep-ph/0609047
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Yukawa matrices
in a certain basis

Rank 2 matrices
- hence first
family massless

gij <K Y33, assuming Mf’Q < Mfauc,dc

L Q Q
x5 (¢ z5 (¢ T3 (P)
%%953”923<3<>>7 yt%yg3“923<3<>>, yb%y§ls%2/23<3 )

My



New Weinberg operator for neutrino mass

Hernandez-Garcia and SFK 1903.01474

H, _io,H;  Type Ib seesaw

(usual Type la
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Effective Leptogquark couplings

Only generated via mixing with fourth family
De Medeiros Varzielas, SFK 1902.09266

(4 Qs Ly Ly

L Q
A4 (:1:3 <¢>) (ZBS <¢>> S53Q3L3 ~ yry1S3Q3L3

> yr53Q3L3, Yy VisS3QaLls,  yr05353Q3L2,  yr053Vis53Q2 Lo,

S:b7 ARy S;bp ARRYZ



Rk Bs mixing
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O Rkesuggests Mss ~ TeV
O Bs mixing is OK



Effective Z' couplings

Only generated via mixing with fourth family
SFK 1706.06100, 1806.06780
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In the chosen basis LH couplings are (RH couplings suppressed)

Mf)Q << MZ 7uc’dc

vig' Z!,Q5" Qs + y2g' Z) Liy" Ls
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M%, (35 TeV)2 MZ’ o (140 TGV) Moy — (16 TGV)
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TenSiOn Gup  Gbs < (953)1/2

Mg Mz = (47 TeV)?2

O Rk requires Mz ~ TeV since gos~Vis



Falkowski, SFK, Perdomo, Pierre

Simplified Model 1803.04430

/ 1 P\K, R gobGpp ~ 1
Z,u (gbbbLﬁ)ﬂubL T g,u\,u ) fixes M?, (6.4 TeV)?
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Conclusion

Rk may be related to the origin of Yukawa couplings

The Yukawa, Z’ and leptoquark S3 couplings may all be
generated via mixing with vector-like 4th family

Need Z’ and Sz masses ~ TeV (or so) to explain Ri
Z’ mass ~ (¢)~TeV implies low scale origin of Yukawas
But such Z’ is in tension with Bs mixing and 7 — uuu

S3 mass ~ TeV no problem for Bs mixing but does not
imply low scale origin of Yukawas (S3 mass is free)



