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5> Main line of argument based on Glashow, DG, Lane, PRL 2015



Motivation:
LHCb's b — s data
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Motivation:

LHCb's b — s data

- M = 0.745 - (1+13%)
BR(B+')K+36)[1,6]

B 2K up), ¢ = (1.19+0.07)- 107
VS.

B+')K+MM)SM — 1.75+0'60X10_7

[1,6] -0.29
[Bobeth, Hiller, van Dick (2012)]
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any foreseeable e:
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Motivation:
LHCb's b — s data
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Renewed interest in B-decay LFV is motivated by the following pieces of exp info (LHCb):

o ) [ BR(B+—)K+MM)[1,6] = 0.745 - <1+ 13(V) whereas the SM predicts unity within
S BR(B+-) K+ee)[1’6] - N 0 any foreseeable exp accuracy

@ BR(B' K un),q = (1.19+0.07)- 107
VS.

BR(B K uu)ls = 1.75705x107

[1,6]
[Bobeth, Hiller, van Dick (2012)]

+ ¥ agrees with the SM
© BR (B 2Ke e)[l,G] (within large errors)
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Renewed interest in B-decay LFV is motivated by the following pieces of exp info (LHCb):

o

BR(B™>K uu),,

BR(B'»K ee)

BR(B' K un),q = (1.19+0.07)- 107

VS.

BR(B'>K'uu) g = 1.75755x10
[Bobeth, Hiller, van Dick (2012)]

agrees with the SM
(within large errors)

BR(B»K ee),

RK Ll [1L6] _ 0.745 - (li 13%) [whereas the SM predicts unity within]

any foreseeable exp accuracy

Note

e muons are among the most reliable
objects within LHCb

4
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BR(B'+K'
R, = | : f“‘)“"” = 0745 (1+13%)
BR(B'™»K ee)

BR(B' K un),q = (1.19+0.07)- 107
VS.

BR(B'> K uu)s = 1.757050Xx107
[Bobeth, Hiller, van Dick (2012)]

agrees with the SM
(within large errors)

BR(B"»K ee)

Renewed interest in B-decay LFV is motivated by the following pieces of exp info (LHCb):

whereas the SM predicts unity within
any foreseeable exp accuracy

Note

e muons are among the most reliable
objects within LHCb

e the electron channel would be an
obvious culprit (brems + low stats).

But there is no disagreement

4
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Renewed interest in B-decay LFV is motivated by the following pieces of exp info (LHCb):

BR(B'»K'uu),,

any foreseeable exp accuracy

@ RK . [1L6] _ 0.745 - <li 13%) [whereas the SM predicts unity within]

BR(B™» K ee)

@ BR(B' K un),q = (1.19+0.07)- 107

\
9. Note
SM +0.60 -7 . h i
BR(B'SK iy = 1755510 AR
[Bobeth, Hlller, van Dick (2012)]
e the electron channel would be an
obvious culprit (brems + low stats).
. + agrees with the SM But there is no disagreement
© BR (B 2Ke e)[l,G] (within large errors) )
Q )
0+0+6 — There seems to be BSM LFNU
\ and the effect is in uu, not ee /
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Motivation 2

deficit in angular B -)K*u W data [ it occurs also in the
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= 0.77%0.20
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Motivation 2

it occurs also in the

eficit in angular B= K UW data

= 0.77%0.20

Each of the above points, taken singly, is at best a 3 o effect

—> Early to get excited
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Motivation 2

it occurs also in the Ic

' deficit in angular B-)K*upt data

RS——
w [

= 0.77%0.20

Each of the above points, taken singly, is at best a 3 o effect

—> Early to get excited

= Q1: Can we (easily) make sense of @ to @ ?

Q2: What are the most immediate signatures to expect ?
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Concerning Q2: most immediate signatures to expect
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Concerning Q2: most immediate signatures to expect
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Concerning Q2: most immediate signatures to expect

r a new, LFNU interaction above the EWSB scale, e.g. with

sctor bosons: £ Z'C or leptoquarks: £ ¢ q
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Basic observation:

* IfR, is signaling LFNU at a non-SM level, we may also expect LFV at a non-SM level.

In fact:

* Consider a new, LFNU interaction above the EWSB scale, e.g. with

new vector bosons: L Z'C or leptoquarks: £ ¢ q

* In what basis are quarks and leptons in the above interaction?

Generically, it's not the mass eigenbasis.
(This basis doesn't yet even exist. We are above the EWSB scale.)

4
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Concerning Q2: most immediate signatures to expect

L7 \J
(3 "
0aaa iR R LR RS

Basic observation:

* IfR, is signaling LFNU at a non-SM level, we may also expect LFV at a non-SM level.

In fact:

* Consider a new, LFNU interaction above the EWSB scale, e.g. with

new vector bosons: rz'¢ or leptoquarks: ¢ q

* In what basis are quarks and leptons in the above interaction?

Generically, it's not the mass eigenbasis.
(This basis doesn't yet even exist. We are above the EWSB scale.)

* Rotating q and ¢ to the mass eigenbasis generates LFV interactions.
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Frequently made objection:
what about the SM? It has LFNU, but no LFV
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Frequently made objection:
what about the SM? It has LFNU, but no LFV
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: Frequently made objection:
what about the SM? It has LFNU, but no LFV :

v,
e v
CORa AR E A R AR LAY X

Take the SM with zero v masses.

* Charged-lepton Yukawa couplings are LFNU, but they are diagonal in the mass eigenbasis
(hence no LFV)

Or more generally, take the SM plus a minimal mechanism for v masses.

* Physical LFV will appear in W couplings, but it's suppressed by powers of (m_/m,, )
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: Frequently made objection:
what about the SM? It has LFNU, but no LFV :

v,
e v
CORa AR E A R AR LAY X

Take the SM with zero v masses.

* Charged-lepton Yukawa couplings are LFNU, but they are diagonal in the mass eigenbasis
(hence no LFV)

Or more generally, take the SM plus a minimal mechanism for v masses.

* Physical LFV will appear in W couplings, but it's suppressed by powers of (m_/m,, )

Bottom line: in the SM+v there is LFNU, but LFV is nowhere to be seen (in decays)
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:‘ Frequently made objection:
- what about the SM? It has LFNU, but no LFV
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Take the SM with zero v masses.

* Charged-lepton Yukawa couplings are LFNU, but they are diagonal in the mass eigenbasis
(hence no LFV)

Or more generally, take the SM plus a minimal mechanism for v masses.

* Physical LFV will appear in W couplings, but it's suppressed by powers of (m_/m,, )

Bottom line: in the SM+v there is LFNU, but LFV is nowhere to be seen (in decays)

° But nobody ordered that the reason (=tiny m ) behind the above conclusion
be at work also beyond the SM
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: Frequently made objection:
what about the SM? It has LFNU, but no LFV :

v,
e v
CORa AR E A R AR LAY X

Take the SM with zero v masses.

* Charged-lepton Yukawa couplings are LFNU, but they are diagonal in the mass eigenbasis
(hence no LFV)

Or more generally, take the SM plus a minimal mechanism for v masses.

* Physical LFV will appear in W couplings, but it's suppressed by powers of (m_/m,, )

Bottom line: in the SM+v there is LFNU, but LFV is nowhere to be seen (in decays)

° But nobody ordered that the reason (=tiny m ) behind the above conclusion
be at work also beyond the SM

Q )

So, BSMLFNU = BSM LFV (i.e. not suppressed by m )

4
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Some Exceptions

al Flavor Violation (MFV) in the lepton sector

lef, in MFV the only sources of flavor violation are the SM ones, i.e. the S
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( Alonso, Grinstein, Martin-Camalich, 1505.05164 )

* Take Minimal Flavor Violation (MFV) in the lepton sector

- By def, in MFV the only sources of flavor violation are the SM ones, i.e. the SM Yukawas

- Tricky to define MFV in the lepton sector:

we don't know whether LH v are Dirac or Majorana and whether RH v exist at all.

Must-read ref: Cirigliano-Grinstein-Isidori-Wise, NPB 2005
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o

( Alonso, Grinstein, Martin-Camalich, 1505.05164 )

* Take Minimal Flavor Violation (MFV) in the lepton sector

- By def, in MFV the only sources of flavor violation are the SM ones, i.e. the SM Yukawas

- Tricky to define MFV in the lepton sector:

we don't know whether LH v are Dirac or Majorana and whether RH v exist at all.

Must-read ref: Cirigliano-Grinstein-Isidori-Wise, NPB 2005

* Bottom line: In such scenarios, LFV couplings are related to LH v masses.
(Neglecting CPV in the LH v mass matrix, the above statement is generic within MLFV.)
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( Alonso, Grinstein, Martin-Camalich, 1505.05164 )

* Take Minimal Flavor Violation (MFV) in the lepton sector

- By def, in MFV the only sources of flavor violation are the SM ones, i.e. the SM Yukawas

- Tricky to define MFV in the lepton sector:
we don't know whether LH v are Dirac or Majorana and whether RH v exist at all.

Must-read ref: Cirigliano-Grinstein-Isidori-Wise, NPB 2005
* Bottom line: In such scenarios, LFV couplings are related to LH v masses.
(Neglecting CPV in the LH v mass matrix, the above statement is generic within MLFV.)

Low-energy LFV processes are generally small, being suppressed by LH v masses.
(This brings back to the previous slide)
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( Alonso, Grinstein, Martin-Camalich, 1505.05164 )

* Take Minimal Flavor Violation (MFV) in the lepton sector

- By def, in MFV the only sources of flavor violation are the SM ones, i.e. the SM Yukawas

— Tricky to define MFV in the lepton sector:
we don't know whether LH v are Dirac or Majorana and whether RH v exist at all.
Must-read ref: Cirigliano-Grinstein-Isidori-Wise, NPB 2005

* Bottom line: In such scenarios, LFV couplings are related to LH v masses.
(Neglecting CPV in the LH v mass matrix, the above statement is generic within MLFV.)

Low-energy LFV processes are generally small, being suppressed by LH v masses.
(This brings back to the previous slide)

« “Generally small” means:

Barring MFV models where sizable LFV and small LH v masses can be engineered to be so
by tuning a dimensionful parameter to be small. (Back to fine tuning.)
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Some Exceptions

Branco-Grimus-Lavoura (BGL) global symmetry.

3C ‘ models are a proposal to solve the monstrous flavor problem of genere
2HDM (tree-level FCNCs)
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Some Exceptions

Branco-Grimus-Lavoura (BGL) global symmetry.

3C H models are a proposal to solve the monstrous flavor problem of genere
DM (tree-level FCNCs)

2y engineer an Abelian global symmetry that relates all Higgs-quark fla
plings to CKM entries
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( Celis et al., PRD 2015)

* Take a Branco-Grimus-Lavoura (BGL) global symmetry.

— BGL models are a proposal to solve the monstrous flavor problem of general

2HDM (tree-level FCNCs)

-~ They engineer an Abelian global symmetry that relates all Higgs-quark flavor-changing

couplings to CKM entries

* Gauge this symmetry, and require anomaly cancellation.

4
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( Celis et al., PRD 2015)

* Take a Branco-Grimus-Lavoura (BGL) global symmetry.

— BGL models are a proposal to solve the monstrous flavor problem of general
2HDM (tree-level FCNCs)

-~ They engineer an Abelian global symmetry that relates all Higgs-quark flavor-changing
couplings to CKM entries

* Gauge this symmetry, and require anomaly cancellation.

* This requirement yields diagonal charged-lepton Yukawa couplings.

|:> BSM LFNU but no BSM LFV

4
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( Celis et al., PRD 2015)

* Take a Branco-Grimus-Lavoura (BGL) global symmetry.

— BGL models are a proposal to solve the monstrous flavor problem of general
2HDM (tree-level FCNCs)

-  They engineer an Abelian global symmetry that relates all Higgs-quark flavor-changing
couplings to CKM entries

* Gauge this symmetry, and require anomaly cancellation.

* This requirement yields diagonal charged-lepton Yukawa couplings.

|:> BSM LFNU but no BSM LFV

Q )

Plausible mechanism?

4
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Let's now turn to Q1:
Can we (easily) make sense of data @ to @ ?
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Let's now turn to Q1:
Can we (easily) make sense of data @ to @ ?

Zen (B yts, - [C iy + C By,
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Let's now turn to Q1:
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Let's now turn to Q1:
Can we (easily) make sense of data @ to @ ?

It is highly non-trivial that a simple consistent BSM picture exists to describe the above data © to ©

* Consider the following Hamiltonian
purely vector purely axial

lepton current / lepton current

i 4Gy _ . o [+ e i
HSM+NP(b_)§MM) i _WF Vo Vi Ve [bLykSL'(Cg) [ C(l%)MYAYSM”

M C. (m,) ~ +4.2

Cy(m,) ~ —4.4

IBobeth, Misiak, Urban, 99]
[Khodjamirian ef al., 10]
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Let's now turn to Q1:
Can we (easily) make sense of data @ to @ ?

It is highly non-trivial that a simple consistent BSM picture exists to describe the above data © to ©

* Consider the following Hamiltonian

purely vector purely axial
lepton current lepton current
TN = 4GF g m |1 A = =
HSM+NP(b_)SMM) il T 2 VoV 4; {bLY St (C(&)u) i C(l%) Wy YsUW ]
HiliiNote: C;M(mb) ~ +4.2 SM oM i.e. in the SM
|:> C, (mb) ~ —C,, (mb) also the lepton current

Cy(m,) ~ —4.4

IBobeth, Misiak, Urban, 99]
[Khodjamirian ef al., 10]

has nearly V — A structure
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Let's now turn to Q1:
Can we (easily) make sense of data @ o ® ?  :

»
ARARARARERRRARERERERERERERERER AR R EREREEA »

It is highly non-trivial that a simple consistent BSM picture exists to describe the above data © to ©

Consider the following Hamiltonian
purely vector purely axial
lepton current lepton current

HSM+NP<E_)§M“> i _W thvts % [BLY}\SL' (CE;) i Cg%)]

NG (m,) ~ +4.2 i.e. in the SM
C?gd(mb) ~ |:> CSM(mb) ~ _Cil)v[(mb) also the lepton current

has nearly V — A structure
[Bobeth, Misiak, Urban, 99]
[Khodjamirian et al., 10]

-
o )
[T
We assume the above V — A structure to hold also beyond the SM, namely Cf also Hiller o .
» OC,

nngf.‘jf’/ Naryg, cc//?/g/tz
() _ () . () _ SM (¢),NP » Fureh, an
Cy ~ —Cy with — Cgp = Cgjp + Cyyp Neshatpop 10U

Such an hypothesis provides a successful fit to the discussed data. /

\ < )J_ See Altmannshofer-Straub, EPJC 2015.
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Model example

> can be generated from a purely 3°-generation interaction of the kind

expected e.
topcolor model:

7 GE'Lykb’Lf'LYKT’L

with G = 1/A}, < G,
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Model example

> can be generated from a purely 3°-generation interaction of the kind

expected e. .‘
topcolor model:

el = GE'Lykb’Lﬁi'LykT’L

with G = 1/A}, < G,

5 are in the gauge basis (= primed)
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Model example

In short, our model requirements are: = C (gf) ~ —C (1? (V — A structure)

Coxel > [Csel — (LFNU)

This structure can be generated from a purely 3°-generation interaction of the kind

expected e.qg. in
topcolor models
[see C.T. Hill, PLB 1995]

Hy = G B'Lyxb'L T YT,

with G = 1/A}, < G,

Note: primed fields

~ Fields are in the gauge basis (= primed) mass

Il
—

Q.
L“*‘
~—
o

I
hqﬂ..
o
—

Q
h
-

- They need to be rotated to the mass eigenbasis %5 = b',
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Model example

In short, our model requirements are: = C (gf) ~ —C (1? (V — A structure)

Coxel > [Csel — (LFNU)

This structure can be generated from a purely 3°-generation interaction of the kind

expected e.qg. in
topcolor models
[see C.T. Hill, PLB 1995]

Hy = G B'Lyxb'L T YT,

with G = 1/A}, < G,

Note: primed fields

~ Fields are in the gauge basis (= primed) mass

Il
—

Q.
L“*‘
~—
o

I
hqﬂ..
o
—

Q
h
—

- They need to be rotated to the mass eigenbasis %5 = b',

= This rotation induces LFNU and LFV effects
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Explaining b — s data

> C, Wilson coeff. in the uu-channel becomes

d

= (UL>;3(UZ)32|(U2)32|2
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Explaining b — s data

> C, Wilson coeff. in the uu-channel becomes

d

L);B ( Ug)BZ |( Ui,)32|2
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Explaining b — s data

d
L

)5 (U

d
L

)32|( Ui,)32|2
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Explaining b — s data

1e C, Wilson coeff. in the uu-channel becomes

The NP contn w

d)32|( )32|
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. v k,, (SM norm. factor)
* Recalling our full Hamiltonian

A 4G * em = =
Hovne(DoS01) = |-V, Vi 72 5,y's, [Cliy,u + Cl iy, youl|

the shift to the C, Wilson coeff. in the uu-channel becomes

The NP contribution has
G dv* d ¢ opposite sign than the SM one if
kSM C(gu) [kSM C9,SM]+[E (UL)33(UL)32|(UL)32|2] I
G (Up)y, < 0

T BSM + Byp
* On the other hand, in the ee-channel

e G
Ksm Cg) = kgy Cosm + 5

(UL)a(UL)al(UL)sl

4
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. v k,, (SM norm. factor)
* Recalling our full Hamiltonian

A 4G * em = =
Hovne(DoS01) = |-V, Vi 72 5,y's, [Cliy,u + Cl iy, youl|

the shift to the C, Wilson coeff. in the uu-channel becomes

The NP contribution has
G dv* d ¢ opposite sign than the SM one if
kSM C(gu) [kSM C9,SM]+[E (UL)33(UL)32|(UL)32|2] I
G (Up)y, < 0

m Bsw + Pp

* On the other hand, in the ee-channel

The NP contrib. in the ee-
channel is negligible, provided

U U,)sl
. (Ul)f < [Uf)f

4
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. v k,, (SM norm. factor)
Recalling our full Hamiltonian

4G,

H5M+NP<B_)§MM) = _W th ts 4em [bLy St (Cgu)QYAM + C(f(k))g.YAY5M”

the shift to the C, Wilson coeff. in the uu-channel becomes

[kSM cg,SMH% <U2’)§3(UZ>32|(U2>32|2]

m Bsw + Pp

x‘
wn
=
SN
CE
I

On the other hand, in the ee-channel

The NP contrib. in the ee-
channel is negligible, provided

(UL < (Ul

e G
Ksm Cg) = kgy Cosm + — (U U£)31|2

112

BSM

The NP contribution has
opposite sign than the SM one if

G (U lisil

4
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Explaining b — s data
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Explaining b — s data

factors of 2:
equal contributions from |C |* and |C, |?
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Explaining b — s data

phase-space factor is ab
in the pu- and in the ee-

dominance of the |

factors of 2: in the concerned q?
equal contributions from |C |* and |C, |?
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Explaining b — s data

. , , ~ I
* The above shifts to the C, ,, Wilson coeffs. imply RBIoxIatons
| C(u)|2+ | C(M)|2 2( ﬁ +f) )2 o phase-space factor is about the same
1 9 UL SM " MNP in the uu- and in the ee-channel
K ) ) ‘\ r 32
|Cée)| +|C(1i))| ‘~~.2_3'BSM
« dominance of the |C, , |? contributions
factors of 2: in the concerned q? region
equal contributions from |C |* and |C, |? \_ I

* Note as well

R(Bs_)uu)eXp — BR(BS_)MM)SM+NP — (BSM+BNP>2
BR(BS-)MM)SM BR(BS-)MM)SM BgM

0.77+£0.20 =
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e Il

* The above shifts to the C, ,, Wilson coeffs. imply s TR e

(w)p2 (w)2 2 » phase-space factor is about the same
I |CgM | +|C1%| . \‘2'(ﬁSM+BNP)

in the pu- and in the ee-channel

B2~ S A2
|C9 | +|C10| ‘~~.2_?BSM , il
é « dominance of the |C, , |? contributions
factors of 2: in the concerned q? region
equal contributions from |C |* and |C, |? \_ I

* Note as well

2
W0 20 = BR(BS_)MM)EXP — BR(BS-)MM)SM+NP _ (BSM-:BNP)
BR(B,»uu )y, BR(B,~uul, B2,

implying (within our model) the correlations

(@ )
BR(B,>uu),, _— BR(B'>K uu)
BR(BYuulsy " BR(B'K'up)gy

N 4

exp
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* The above shifts to the C, ,, Wilson coeffs. imply e

E e 2 (Rt Be)
CTP+ICEF . 23w

&

factors of 2:

equal contributions from |C |* and |C, |? \_

K

* Note as well

Approximations

e phase-space factor is about the same
in the pu- and in the ee-channel

» dominance of the |C, , |* contributions

in the concerned q? region

0.770.20 = BR(BA Wy _ BR(BAUWwwe _ (Pou*Pue)

BR(B,”uu)y,  BR(B,uujy,

implying (within our model) the correlations

2
B

A
) fogfj/)er o o
Q e g Sue acc, racjon
+ + S A n
BR(B,»uu),,, R . BR(B K uu),,, S oy
i BR(B,?uu)gy, © BR(B™K upg, J

4
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LFV model signatures
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BR(B'»K'ue) < 2.2x107° -
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( N\
o BR(B'» K ue) _ ﬁ?\]p |(U{£)31I2 .
BR(B+')K+MM) (BSM-I-BNP)z |(Ui)32‘2 o
H'e & e
= 0.1592 modes
\according to Rw

The current BR(B+ — K+ ue)
|l:> ( ) 8 |(U£>31|2 limit yields the weak bound
BR(B'>K'pe) < 22x10° - L3
|(UL)32 |(U£)31/(Uf];>32| | 3.7

- i

¢ £ lE
M BR (B+ >K'u t) would be even more promising, as it scales with (U7 )aad (I
A reliable prediction of the BR requires some more work:

- phase-space factors are substantially different
than in the uu and ee cases
(but can easily be accounted for)
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7 BR(BS')MQ) _ ﬁsz . |(Uf)31|2
BR(B,Aun)  (Boy+Byf  |(UDnf

. - . AW
vl  Again, B, — ut would be even more promising, because it scales as |(UL>33 (UL)32|

(a potential enhancement factor, actually)

vl  An interesting signature outside B physics would be K— m ¢ '

il )

Note, instead, that the “K-physics analogue” of R,

less interesting
_)
BR (K s M) as it is long-distance dominated

& BR(K=mee)  [see D'Ambrosio et al., 1998] Y,
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T — Y

H juist-Bai-Piai ansatz:

3 n ~-SU(3) rotations are not all independent. Choosing 3 to be the indepe
‘ . predict one SM Yukawa in terms of the other two.
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Reminder:
* More quantitative LFV predictions require knowledge of the U, *

* One approach: (DG, Lane, 1507.0141 2)

= Appelquist-Bai-Piai ansatz:

the flavor-SU(3) rotations are not all independent. Choosing 3 to be the independent ones
allows to predict one SM Yukawa in terms of the other two.

= One can thereby determine Y ,in terms of Y and Y
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Reminder:
* More quantitative LFV predictions require knowledge of the U, *

e ¥
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* One approach: (DG, Lane, 1507.01 412)

= Appelquist-Bai-Piai ansatz:
the flavor-SU(3) rotations are not all independent. Choosing 3 to be the independent ones
allows to predict one SM Yukawa in terms of the other two.

= One can thereby determine Y ,in terms of Y and Y

= Butwe don't know Y and Y, entirely, so we take an (independently motivated) model for them,
reproducing quark masses and the CKM matrix [Martin-Lane, PRD 20085].
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* One approach: (DG, Lane, 1507.0141 2)

= Appelquist-Bai-Piai ansatz:
the flavor-SU(3) rotations are not all independent. Choosing 3 to be the independent ones
allows to predict one SM Yukawa in terms of the other two.

= One can thereby determine Y ,in terms of Y and Y

= Butwe don't know Y and Y, entirely, so we take an (independently motivated) model for them,
reproducing quark masses and the CKM matrix [Martin-Lane, PRD 20085].

* Another approach: (Boucenna, Valle, Vicente, PLB 2015 )
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* One approach: (DG, Lane, 1507.0141 2)

= Appelquist-Bai-Piai ansatz:
the flavor-SU(3) rotations are not all independent. Choosing 3 to be the independent ones
allows to predict one SM Yukawa in terms of the other two.

= One can thereby determine Y ,in terms of Y and Y

= Butwe don't know Y and Y, entirely, so we take an (independently motivated) model for them,
reproducing quark masses and the CKM matrix [Martin-Lane, PRD 20085].

* Another approach: (Boucenna, Valle, Vicente, PLB 2015 )

= One has (U)" U = PMNS matrix
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Reminder:
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* More quantitative LFV predictions require knowledge of the U, *
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* One approach: (DG, Lane, 1507.0141 2)

= Appelquist-Bai-Piai ansatz:
the flavor-SU(3) rotations are not all independent. Choosing 3 to be the independent ones
allows to predict one SM Yukawa in terms of the other two.

= One can thereby determine Y ,in terms of Y and Y

= Butwe don't know Y and Y, entirely, so we take an (independently motivated) model for them,
reproducing quark masses and the CKM matrix [Martin-Lane, PRD 20085].

* Another approach: (Boucenna, Valle, Vicente, PLB 2015 )

= One has (U)" U = PMNS matrix

= Taking U = 1, U, can be univocally predicted
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B'—Krety”
1.14 x 108 3.84 x 1010 0.52 x 107
<48 X% 10 <3.0x 10 <9.1x 108
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More quantitative LFV predictions

M\m
B - Ktuy*tw B*- K'e*tr B - Ktefu*

1.14 x 108 3.84 x 1010 0.52 x 107
<48 X% 10 <3.0x 10 <9.1x 108

1.37 X 108 457 x 10710 1.73 X 1012
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* Thus, the generated structures are all of:
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* After rotation to the mass basis (unprimed), the last structure contributes to I ( b->c T\_’,-)
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......
¥
llllll
Trey
........
.....
L

Fo'- aram. . e
recems .. Tttt
“‘I()',s;() i t C1’3;<:l'!;€;'<) ...................
F) 'TITS;tGE'
RL n, Mal'tin

.,
4nn,
e
----------
tiny
2

LITH
LI
Yua,
LT
Laa,
LITYS
LETH
Taay
Tag,
N

[neutral-current int's only]

[also charged-current int's]
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..........................

...........................

|1:> Can explain BaBar deviations on R( D(*)) =
(D* channel confirmed by LHCb)
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