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1. Summary of  the flavour anomalies



A) Hints for μ vs e universality violation  in b→s transitions

RK(⇤) =
�(B ! K(⇤)µ+µ�)

�(B ! K(⇤)e+e�)
hadronic uncertainties cancel in the ratio

Pre-Moriond 2019:

Post-Moriond 2019:

RK = 0.846 +0.060 +0.016
�0.054 �0.014 0.1 < q2/GeV2 < 6

<latexit sha1_base64="NmUcuwbCZaC8ag7vu+zlCxdmwj8="></latexit>

LHCb:

Belle RK* :



Belle 1904.02440 on RK*

Belle EPS HEP July 2019, talk by S. Choudhury
RK , RK+ and RK 0 results from Belle [New]

RK+ , RK 0 and RK are measured for [0.1 , 4.0], [4.0 , 8.12], [1.0 , 6.0], > 14.18 and > 0.1 q2 bins.

RK is taken as weighted average of RK+ and RK 0 .
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The measurements are found to be consistent with SM prediction as well as LHCb result.
S. Choudhury (IIT Hyderabad, India) Measurement of Lepton Flavor Universality in B decays at Belle July 12 2019 14 / 17



Slide from David Straub’s talk at Moriond 2019:



B) Hint of  non-standard angular observable in B→K*μ+μ-

Note: CMS is consistent with 
SM, and there are hadronic 
uncertainties. 



Slide from Moriond talk of  David Straub

1σ



RD(⇤) ⌘
�(B̄ ! D(⇤)⌧ ⌫̄)

�(B̄ ! D(⇤)`⌫̄)

C) Hints for τ vs μ/e universality violation in b→c transitions

hadronic uncertainties cancel in the ratio
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= approx. Belle II projection 

Pre-Moriond 2019:

RJ/ =
�(B+

c ! J/ ⌧+⌫⌧ )

�(B+
c ! J/ µ+⌫µ)

= 0.71± 0.17± 0.18

SM prediction is 0.25 – 0.28

hadronic uncertainties cancel in the ratio



Post Moriond 2019:

Talk by Giacomo Caria



2. Systematic survey of  radiative neutrino 
mass models

See recent long review article: Cai+ (2017) “From the trees to the forest …”



Restrict to Majorana models with no RH neutrinos.

Early models by Zee and Zee&Babu are quite well known, but there
are actually many, many models …

Systematic classification and model-construction schemes are
needed. There are two complementary approaches based on
opening-up ΔL=2 effective operators systematically.

A connection with radiative neutrino mass models
can be made through scalar leptoquarks whose
interactions with b,s,c,τ,μ could resolve the anomalies
and also generate neutrino masses.

Radiative neutrino mass models are interesting in their
own right, even if  the anomalies go away. 



One approach is based on opening-up the ΔL=2 Weinberg operator and
higher mass dimension generalisations:

1

M
LLHH,

1

M3
LLHH(H†

H),
1

M5
LLHH(H†

H)2, . . .

O1 O1′ O1″

O1 at tree-level ⇒ the Type-I,II,III seesaw models (next slide).

O1 at 1-loop:   Ma (1998); Bonnet, Hirsch, Ota, Winter (2012).

O1 at 2-loops: Aristizabal Sierra, Degee, Dorame, Hirsch (2015).

O1′ at 1-loop: Cepedello, Hirsch, Helo (2017).

See back-up slide for some diagram topologies.



Type-1,2,3 seesaw models:

“Open up” dim-5 LLHH in all minimal,
tree-level ways: get all the minimal
seesaw models systematically.

Type 1

Type 2

Type 3

⌫R ⇠ (1, 1)(0)

fR ⇠ (1, 3)(0)

� ⇠ (1, 3)(2)

The advantage of  this approach to
constructing models is that you
don’t miss any (within the constraints of  
your assumptions about the general nature
of  the new physics).



Another approach is based on opening-up the ΔL=2 non-Weinberg ops. 

Babu & Leung wrote down the operators constructed from
SM fermions (no RH neutrinos) and a single Higgs doublet for mass
dimensions 7, 9 and 11. (Higher-d operators don’t work.)

Babu, Leung (2001)
See also: de Gouvêa, Jenkins (2008)
With gauge fields: Bhattacharya, Wudka (2016)

Henning+ (2015)

L Lc L

Lc

L

Lc

Lc L

Lc
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L L

LL

ec ec

L L

LL

ec ec

L LLL

H H

ec ec

h h

k

O9O9 = LLLe
c
Le

c

Famous example: Zee-Babu model

Effective op Opening it up
at tree-level

2-loop nu mass
diagram

Doubly-charged
scalar k

Singly-charged
scalar h

The exotics (k, h in this case) can be searched for at the LHC. 



O2 = LLLēH, O3 = LLQd̄H, O4 = LLQ
†
ū
†
H, O8 = Ld̄ē

†
ū
†
H

In Cai+ (2015), we finished the job of  constructing all minimal models 
from d = 7 ops:

O
0
1 = LLH̃HHH

Scalar Scalar Operator

(1,2,1/2) (1,1,1) O2,3,4

(3,2,1/6) (3,1,-1/3) O3,8

(3,2,1/6) (3,3,-1/3) O3

Scalar-only extension:

Zee

Babu, Leung, Julio

The LQ scalars highlighted in red are well-known candidates for
explaining the flavour anomalies! (Note: they are not the only ones –
see back-up slide for a list of  other proposals.)



Scalar + fermion extension:

Dirac fermion Scalar Operator

(1,2,-3/2) (1,1,1) O2

(3,2,-5/6) (1,1,1) O3

(3,1,2/3) (1,1,1) O3

(3,1,2/3) (3,2,1/6) O3

(3,2,-5/6) (3,1,-1/3) O3,8

(3,2,-5/6) (3,3,-1/3) O3

(3,3,2/3) (3,2,1/6) O3

(3,2,7/6) (1,1,1) O4

(3,1,-1/3) (1,1,1) O4

(3,2,7/6) (3,2,1/6) O8

(1,2,-1/2) (3,2,1/6) O8

Babu, Julio

Cai, Clarke, Schmidt, RV                   

The LQ scalars highlighted in red are well-known candidates for
explaining the flavour anomalies!



3. Brief  review of  the minimal Bauer-Neubert
proposal

Cai, Gargalionis, Schmidt, RV (2017) – the plots to follow have been updated post Moriond



The Φ~(3,1,-1/3) scalar leptoquark

Proposed by Bauer & Neubert (2016) to explain RD(*) at tree-level and
RK at 1-loop.

W

⌫µ

�

t

µ s

b µ

�

⌫i

�

uj

s µ

b µ

We performed a detailed phenomenological
study of  the BN model per se, and then
examined one rad. nu mass model
containing (3,1,-1/3) LQ to see if  it could
simultaneously explain anomalies & generate
neutrino masses correctly.



Overall: This very simple model improves agreement with
the data, but isn’t perfect.

Simultaneous fit.

0.30 0.32 0.34 0.36 0.38 0.40

0.26

0.28

0.30

0.32

0.34

The (3,1,-1/3) LQ for RD(*) without nu mass connection:

Green points lie in 2σ region
for RK(*).

Calculation performed 
following Bardhan et al
JHEP 01 (2017) 125.
I’ll comment more on this
later.



Case study for adding a neutrino mass connection:

Chose existing model that has 2 copies of  Φ~(3,1,-1/3) and a 
Majorana fermion ξ~(8,1,0).  Generates dim-9 op. 

Angel+ (2013)

2-loop nu mass diagram 0 1 2 3 4 5 6
-4

-2

0

2

4

Casas-Ibarra-type parameter

normal
hierarchy
case

θ ~ 3±nπ req. due to μN→eN constraint.
Resulting x-ratios OK for RD(*) but not for RK(*)

O11 = LLQdcQdc



4. A next-to-minimal model
Bigaran, Gargalionis, RV: 1906.01870



Adding the 𝜑~(3,3,-1/3) scalar leptoquark

Recall from d=7 operator models:

Scalar Scalar Operator

(3,2,1/6) (3,1,-1/3) O3,8

(3,2,1/6) (3,3,-1/3) O3

Fermion Scalar Operator

(3,2,-5/6) (3,1,-1/3) O3,8

(3,2,-5/6) (3,3,-1/3) O3

The simultaneous presence of  the two LQs is not required 
at d=7 for nu mass, but you can put them together.

Are there models where they are required?  Yes!! (See in 
a moment.)



New particles:     ΧL + ΧR ~ (3,2,-5/6) 

vector-like fermion doublet ~   
Χ1: 𝑄 = −1/3
Χ2: 𝑄 = −4/3

Φ ~ (3,1,-1/3)  and 𝜑 ~ (3,3,-1/3)
leptoquark scalars

b→s,c both at tree-level.               1-loop neutrino mass.

PRELIMINARY



Yukawa couplings:

Gauge basis:

Charged-fermion 
mass basis;
neutrino flavour basis:

V = CKM



Parameter dependence of  neutrino mass matrix:

It turns out that having the isotriplet LQ dominate neutrino mass
generation provides significantly larger parameter space that
passes all constraints and permits anomalies to be addressed.

Rank-2 mass matrix at this level of  approximation.

Casas-Ibarra-like parameterisation:
ui are columns of  PMNS matrix, including phases.
Choose k=3 for normal hierarchy.

m0 =
3mb�mbm�1

16⇡2(m2
�1

�m2
')

ln

✓
m�1

m'

◆

<latexit sha1_base64="QTpiHOOlUp5y02RZBt9UcBcNoF4="></latexit>

⌘ = '
<latexit sha1_base64="h6/ybsLKAo682SwUolpkwhtrEJY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EUIevEYwTwgu4bZSW8yZPbBzGwkLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uPxFcadv+tlZW19Y3Ngtbxe2d3b390sFhU8WpZNhgsYhl26cKBY+wobkW2E4k0tAX2PKHt1O/NUKpeBw96HGCXkj7EQ84o9pIjy5qSq6JO6IyGfBuqWxX7BnIMnFyUoYc9W7py+3FLA0x0kxQpTqOnWgvo1JzJnBSdFOFCWVD2seOoRENUXnZ7OoJOTVKjwSxNBVpMlN/T2Q0VGoc+qYzpHqgFr2p+J/XSXVw5WU8SlKNEZsvClJBdEymEZAel8i0GBtCmeTmVsIGVFKmTVBFE4Kz+PIyaVYrznmlen9Rrt3kcRTgGE7gDBy4hBrcQR0awEDCM7zCm/VkvVjv1se8dcXKZ47gD6zPH7pwkgM=</latexit>

xL' = xL'
j3 , y�' = y�'i

<latexit sha1_base64="+QbhRMnSca78Q5KB7fGyHq2hU04="></latexit>

ζ = Casas-Ibarra free complex parameter
Important for pheno.



Relevant parameters for fitting the anomalies:

With 𝜑 solely driving neutrino mass generation: xL�
13 , xL�

23 = 0
<latexit sha1_base64="AiPjopAkjpwyaSO9T2U4NdkGWro=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRcSElaQTdC0Y0LFxXsA5oYJtNJO3QyCTMTsYR8gRt/xY0LRdy6duffOG2zqK0HLhzOuZd77/FjRqWyrB9jaXlldW29sFHc3Nre2TX39lsySgQmTRyxSHR8JAmjnDQVVYx0YkFQ6DPS9odXY7/9QISkEb9To5i4IepzGlCMlJY8s/x4n9448YBmXmrXshMHOnBGqtYyeAEtzyxZFWsCuEjsnJRAjoZnfju9CCch4QozJGXXtmLlpkgoihnJik4iSYzwEPVJV1OOQiLddPJOBsta6cEgErq4ghN1diJFoZSj0NedIVIDOe+Nxf+8bqKCczelPE4U4Xi6KEgYVBEcZwN7VBCs2EgThAXVt0I8QAJhpRMs6hDs+ZcXSatasWuV6u1pqX6Zx1EAh+AIHAMbnIE6uAYN0AQYPIEX8AbejWfj1fgwPqetS0Y+cwD+wPj6BRrKmtc=</latexit>

Flavour symmetry connection? Explain these textures?



Charged lepton flavour
constraints fitting just
to neutrino mass and 
mixing:

m� = 2 TeV
<latexit sha1_base64="EXW0iq5n/NHDTyfkYh8A/cZJuNc=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5JUQS9C0YvHCv2CJoTNdtIu3U3C7kYooeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz88KUM6Ud59taWV1b39gsbZW3d3b39u2Dw7ZKMkmhRROeyG5IFHAWQ0szzaGbSiAi5NAJR3dTv/MIUrEkbupxCr4gg5hFjBJtpMA+FoFHhwzf4JqHc08K3IT2JLArTtWZAS8TtyAVVKAR2F9eP6GZgFhTTpTquU6q/ZxIzSiHSdnLFKSEjsgAeobGRIDy89n5E3xmlD6OEmkq1nim/p7IiVBqLELTKYgeqkVvKv7n9TIdXfs5i9NMQ0zni6KMY53gaRa4zyRQzceGECqZuRXTIZGEapNY2YTgLr68TNq1qntRrT1cVuq3RRwldIJO0Tly0RWqo3vUQC1EUY6e0St6s56sF+vd+pi3rljFzBH6A+vzB0uXlGo=</latexit>

m' = 2 TeV
<latexit sha1_base64="WLP5uqgEAnsiMKMXrjbZPshZJi0=">AAACAXicbVBNS8NAEN34WetX1IvgZbEInkpSBb0IRS8eK/QLmhA222m7dDcJu5tCCfXiX/HiQRGv/gtv/hu3bQ7a+mDg8d4MM/PChDOlHefbWlldW9/YLGwVt3d29/btg8OmilNJoUFjHst2SBRwFkFDM82hnUggIuTQCod3U781AqlYHNX1OAFfkH7EeowSbaTAPhaBNyIyGTB8gysezjwpcB2ak8AuOWVnBrxM3JyUUI5aYH953ZimAiJNOVGq4zqJ9jMiNaMcJkUvVZAQOiR96BgaEQHKz2YfTPCZUbq4F0tTkcYz9fdERoRSYxGaTkH0QC16U/E/r5Pq3rWfsShJNUR0vqiXcqxjPI0Dd5kEqvnYEEIlM7diOiCSUG1CK5oQ3MWXl0mzUnYvypWHy1L1No+jgE7QKTpHLrpCVXSPaqiBKHpEz+gVvVlP1ov1bn3MW1esfOYI/YH1+QPeWJXe</latexit>

Gives indicative range of
10-2 < |ζ| < 102

allowed region

allowed region



Collider bounds:

m�1 > 700 GeV
<latexit sha1_base64="NY31XgLaArXNWYUUaabhkb782BM=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQKdSVFF7qsYB/QhDCZTtqhM5MwMxFKyMKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPmDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYUXEqMWnjmMWyFyJFGBWkralmpJdIgnjISDccX0/97gORisbiXk8S4nM0FDSiGGkjBXaFB5mHRzRwc3gJG47jwcyTHN6QTh7YVafmzACXiVuQKijQCuwvbxDjlBOhMUNK9V0n0X6GpKaYkbzspYokCI/RkPQNFYgT5WezJ3J4YpQBjGJpSmg4U39PZIgrNeGh6eRIj9SiNxX/8/qpji78jIok1UTg+aIoZVDHcJoIHFBJsGYTQxCW1NwK8QhJhLXJrWxCcBdfXiades09q9XvzqvNqyKOEqiAY3AKXNAATXALWqANMHgEz+AVvFlP1ov1bn3MW1esYuYI/IH1+QM0upaH</latexit>

m�2 > 1350 GeV
<latexit sha1_base64="fIjCQ1Zj+t0v7MV3wq+D2aXwrv0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlaRVdSdKHLCvYBTQiT6bQdOjMJMxOhhGzc+CtuXCji1n9w5984bbPQ1gMXDufcy733hDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySnRApwqggTU01I51YEsRDRtrh6Hritx+IVDQS93ocE5+jgaB9ipE2UmAf8iD18JAG1QxeQrd25ngw9SSHN6SVBXbZqThTwEXi5qQMcjQC+8vrRTjhRGjMkFJd14m1nyKpKWYkK3mJIjHCIzQgXUMF4kT56fSLDB4bpQf7kTQlNJyqvydSxJUa89B0cqSHat6biP953UT3L/yUijjRRODZon7CoI7gJBLYo5JgzcaGICypuRXiIZIIaxNcyYTgzr+8SFrVilurVO9Oy/WrPI4iOABH4AS44BzUwS1ogCbA4BE8g1fwZj1ZL9a79TFrLVj5zD74A+vzB65olsQ=</latexit>

In our model LQs must couple 
3rd gen. quarks to muons: 

ttµµ
<latexit sha1_base64="/4LWmiPPaq88uy5KrGz4SuMVOP8=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTIPJaZXiEs+QwvHhTx6td482+cTfagiQUNRVU33V1RIrgF3//21tY3Nre2Szvl3b39g8PK0XHb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO73O88MWO5Vo8wTVgoyUjxmFMCTuoBBtyXaV6DStWv+XPgVRIUpIoKNAeVr/5Q01QyBVQQa3uBn0CYEQOcCjYr91PLEkInZMR6jioimQ2z+ckzfO6UIY61caUAz9XfExmR1k5l5DolgbFd9nLxP6+XQnwTZlwlKTBFF4viVGDQOP8fD7lhFMTUEUINd7diOiaGUHAplV0IwfLLq6RdrwWXtfrDVbVxW8RRQqfoDF2gAF2jBrpHTdRCFGn0jF7Rmwfei/fufSxa17xi5gT9gff5A2oskLA=</latexit>

searches à m > 1.3 TeV

𝜑 must couple s to μ: dimuon+dijet searches à m > 1.5 TeV



List of  all constraints we imposed:



Simultaneous fit to anomalies and nu mass/mixing while obeying all
the preceding constraints:

RD(*) fit same as for minimal model.
Tree level isosinglet LQ.

μàe conversion most important constraint.
COMET and Mu2e experiments will probe
much of  the allowed parameter space!

Fitting RK(*)

Fitting RK(*)

Bardhan
method



Populating theory space by exploding! operators
Gargalionis, RV: manuscript in preparation

My student John Gargalionis has automated the operator-opening 
procedure: exotics are scalars, vector-like fermions, Majorana fermions.

The program generates all minimal tree-level openings at mass dim d,
then filters the models to eliminate those that also generate a 
an operator of  dimension <d that would thus dominate.

This has been completed for d=9,11.

Total number of  models is in the thousands …

Amongst the d=11 models, but not for d=9, there are ~60 candidates 
that require (3,1,-1/3)S and (3,3,-1/3)S for neutrino mass generation!



(j̄, j, ࡈ(1/3 (j̄, R, 1/3) ࣱ ƚʾȩɾǞżɯ ȀƚŏƇǞȘǃ ȩɔƚɟŏɾȩɟɯ Oi
(j, j, 2/3)S 25, 73
(j, 9, 1/6)S 25, 73
(j̄, k, 5/6)S (R, R, 1)S 21, 25, 30, 31, 72, 73
(e, j, 1/3)S (ē, j, 2/3)S 47
(j̄, j, 4/3)S (j̄, k, 5/6)S (R, R, 1)S 21, 31, 72
(ē, j, 2/3)S (ē, k, 1/6)S (e, R, 1/3)S 25, 73

...
...

(ē, j, 2/3)S (j̄, j, 1/3)F 47
(j̄, j, 1/3)F (R, 9, 1/2)F (j̄, 9, 5/6)F 47
(j, j, 2/3)S (j̄, j, 1/3)F (j̄, k, 1/6)F 25
(j, j, 2/3)S (j̄, j, 1/3)F (j̄, R, 1/3)F 47
(ē, j, 2/3)S (j̄, j, 1/3)F (R, j, 1)F 28, 69

...
...

� ɯƚȀƚżɾǞȩȘ ȩǀ ɯżŏȀŏɟࡷȩȘȀʿ ʕɔɔƚɟ ŏȘƇ ɯżŏȀŏɟࡷɔȀʕɯࡷǀƚɟȒǞȩȘ Ȁȩʶƚɟ ȒȩƇƚȀɯ ƇƚɟǞʲƚƇ ǀɟȩȒ
ƇǞȒƚȘɯǞȩȘߧߧࡷ ȩɔƚɟŏɾȩɟɯ ǞȘżȀʕƇǞȘǃ ųȩɾǕ ɯżŏȀŏɟ ȀƚɔɾȩɛʕŏɟǺɯ (j̄, j, 1/3) ŏȘƇ (j̄, R, ࡏ(1/3
÷Ǖƚɟƚ ŏɟƚ ⇠ 60 ɯʕżǕ ȒȩƇƚȀɯ ǞȘ ɾȩɾŏȀࡏ

O25 = LLQd
c
Qu

c
HH O47 = LLQQQ̄Q̄HHO21 = LLLe

c
Qu

c
HH

O30 = LLL̄ec Q̄ucHH O31 = LLQ̄dc Q̄uc HH O72 = LLLe
c
HQu

c
H

Selection of  generated operators. See Babu+Leung (2001) & de Gouvêa+Jenkins (2008) for others.



5. Final remarks

Spectrum of  relevant experiments:
charged-lepton no. violation (COMET/Mu2e especially), 
quark-flavour, LHC, g-2, neutrino oscillation, 
dark matter, …

Radiative neutrino mass models are being studied
systematically by exploding! ΔL=2 effective operators. 

The techniques being invented will be applicable in other
contexts such as SMEFT.

These models are readily connected with the flavour
anomlies.  Let’s hope!



Back-up slides



1- and 2-loop topologies for O1

1-loop topologies for O1′

Classification of  Weinberg operator openings



Mass-basis fields except nu which are flavour-basis.z = xV †
CKM

The b→sμμ box diagrams give the effective operators:

Wilson coefficients

Constraints:

L � xij⌫
i
Ld

j
L�

† � zije
i
Lu

j
L�

† + yij ē
i
Rū

j
R�+H.c.

Effective operators and constraints for Bauer-Neubert model



Role of  α2:

100o < ↵2 < 300o preferred
<latexit sha1_base64="45Ccz1FSiEXgoCaeF3gZLz6Ia3M=">AAACFHicbZDLSsNAFIYnXmu9RV26GSyCIJSkFXThoujGZQV7gSaGyfSkHTq5MDMRSuhDuPFV3LhQxK0Ld76NkzYLbf1h4OM/58zM+f2EM6ks69tYWl5ZXVsvbZQ3t7Z3ds29/baMU0GhRWMei65PJHAWQUsxxaGbCCChz6Hjj67zeucBhGRxdKfGCbghGUQsYJQobXnmqW1Z9zG+xA7hyZB4NY313HKwgzNHhFhfF4AQ0J94ZsWqWlPhRbALqKBCTc/8cvoxTUOIFOVEyp5tJcrNiFCMcpiUnVRCQuiIDKCnMSIhSDebLjXBx9rp4yAW+kQKT93fExkJpRyHvu4MiRrK+Vpu/lfrpSq4cDMWJamCiM4eClKOVYzzhHCfCaCKjzUQKpj+K6ZDIghVOseyDsGeX3kR2rWqXa/Wbs8qjasijhI6REfoBNnoHDXQDWqiFqLoET2jV/RmPBkvxrvxMWtdMoqZA/RHxucPig+cEA==</latexit>

rate for µ ! e conversion / |yL'⇤
11 yL'

21 |2 / |� 1.08906 + sin(↵2 + �CP)|2
<latexit sha1_base64="4J8B4VlUv70OGNCJm+JIQwlO5Vk="></latexit>



ëżŏȀŏɟ �ß ȒȩƇƚȀɯ b ! c b ! s CʾŏȒɔȀƚ áƚǀƚɟƚȘżƚɯ �ȩɾƚɯ

(j̄, j, 1/3)S ÷ɟƚƚ ȀƚʲƚȀ ÷ɟƚƚ ȀƚʲƚȀ R9y3XRekdࡈ R9RkXRdNR
(j̄, R, 1/3)S ÷ɟƚƚ ȀƚʲƚȀ �ȩȩɔ ȀƚʲƚȀ R8RRXyRNyyࡈ Rdy9Xy839N
(j, k, 7/6)S ÷ɟƚƚ ȀƚʲƚȀ �ȩȩɔ ȀƚʲƚȀ RjyNXyjyRࡈ Rdy9Xy83j8 b ! s ǞȘżȩȒɔŏɾǞųȀƚ ʶǞɾǕ b ! c

(j, k, 1/6)S + (1, 1, 0)F ÷ɟƚƚ ȀƚʲƚȀ ÷ɟƚƚ ȀƚʲƚȀ Rey3Xy38yR b ! c ɟƚɛʕǞɟƚɯ żȩȒɔȀƚʾ żȩʕɔȀǞȘǃɯࡏ ÚɟƚƇǞżɾɯ RK ⇤ > 1
(j̄, j, 1/3)S + (j̄, R, 1/3)S ÷ɟƚƚ ȀƚʲƚȀ �ȩȩɔ ȀƚʲƚȀ R3yjXRyNdkࡈ RdyeXyd3y3
(j̄, k, 7/6)S + (j, R, 5/3)V ÷ɟƚƚ ȀƚʲƚȀ �ȩȩɔ ȀƚʲƚȀ R3y8Xy9NRd

(j̄, j, 1/3)S + (j̄, R, 1/3)S + (j, k, 7/6)S ÷ɟƚƚ ȀƚʲƚȀ ÷ɟƚƚ ȀƚʲƚȀ RdyjXyjk8R

� ɯƚȀƚżɾǞȩȘ ȩǀ ȒȩƇƚȀɯ ǀɟȩȒ ɾǕƚ ȀǞɾƚɟŏɾʕɟƚ żȩȘɾŏǞȘǞȘǃ ɯżŏȀŏɟ ȀƚɔɾȩɛʕŏɟǺɯ ƚʾɔȀŏǞȘǞȘǃ ɾǕƚ ˚ŏʲȩʕɟ ŏȘȩȒŏȀǞƚɯࡏ ÷Ǖƚ ɟƚǀƚɟƚȘżƚɯ ŏɟƚ ŏȘ ǞȘżȩȒɔȀƚɾƚ ȀǞɯɾ
ȩǀ ʶȩɟǺɯ ɾǕŏɾ ʕɾǞȀǞɯƚ ɾǕƚ ǃǞʲƚȘ ȀƚɔɾȩɛʕŏɟǺɯࡏ

Some proposed scalar leptoquark models for 
resolving the flavour anomalies.


