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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

BR(B+_)K+MM)[1,6]
BR(B™> K ee)

= 0.745- (1+13%)

Inthe SM R, = 1+
from radiative QED effects
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Motivation:
LHCb's b — s data

il BR(B “>K MM)[LG] -0 745.(1_'_13%) Inthe SM R, =
BR(B+-) K+ee)[1’6] . B from radiative QED effects

B'3K'uuw),q = (1.19£0.07)- 107

VS.

B \sm +0.60 4 17
il K MM)[l,s] = 175 %10
[Bobeth, Hiller, van Dick (2012)]
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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):

BR(B'»K" _
0 & - RB2Kuhy ook (1a139) | e R = 1+000)
BR(B >K ee)[l,G] from radiative QED effects [Isidori et al.]

@ BR(B™ K uu),¢ = (1.19+0.07)- 10"
VS.

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

agrees with the SM
(within large errors)

& BR(B»K ee),

4
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BR(B'>K’
R, - | : f“*)“"” = 0745 (1213%)
BR(B' 2K ee)

@ BR(B™ K uu),¢ = (1.19+0.07)- 10"
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):

Inthe SM R, = 1+ 0(0.01)
from radiative QED effects [Isidori et al.]

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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. LHCb's b—s data

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

BR(B'»K" _
0 & - RB2Kuhy ook (1a139) | e R = 1+000)
BR(B >K ee)[l,G] from radiative QED effects [Isidori et al.]

@ BR(B™ K uu),¢ = (1.19+0.07)- 10"

\
Note
VS.
BR(B+-) K+MM)SM = 1.75"% w107 * muons are among the most reliable
[1.6] =029 objects within LHCb
[Bobeth, Hiller, 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,ﬁ] (within large errors) \_ ¢
Q )
0+0+6 — There seems to. b? 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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Motivation 2

deficit in angular B= K ) uw data [ it occurs also in the

= 0.77£0.20
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Motivation 2

it occurs also in the

eficit in angular B=> K *M U 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

RE——
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

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:

* In the presence of LFNU at a non-SM level, one expects also 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 "
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Basic observation:

* In the presence of LFNU at a non-SM level, one expects also 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: Loq

* 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 :

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,, )

4
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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,, )

Bofttom 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,, )

Bofttom 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,, )

Bofttom 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

4
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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)

4
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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 genera
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 genera
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 201 5)

* 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
(although the initial symmetry had nothing to do with leptons).

|:> 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
(although the initial symmetry had nothing to do with leptons).

|:> BSM LFNU but no BSM LFV

e

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 @ ?

purely vector
lepton current
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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 4G, . Oem [+ _ il
HSM+NP(b_)SMM) i _WF VoV A {bLyst'(Cgu)"' C(fg)]

SM
[Bobeth, Misiak, Urban, 99]
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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
TRSE= 4 GF & m |1 I = —
HSM+NP(b_)SMM) il T 2 VoV 4; {bLY SL'(C(QH) i C(l%) Wy YsUW ]
SM il ||
iliNote: C, (mb) ~ +4.2 SM oM i.e. in the SM
|:> C, (m,) ~ —Cj, (m,) also the lepton current

SM
[Bobeth, Misiak, Urban, 99]

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

»
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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

g 4G, . Ol [+ - il
HSM+Np(b')5MM) i _WF VoV 4—75 {bLnyL : (ng) + C(f:))]

SM I8
Note:  Cj, (mb) ~ +4.2 e M i.e. in the SM
|:> C, (mb) ~ —Cy (mb) also the lepton current

SM
o lim,) ~ —4.4 has nearly V — A structure
[Bobeth, Misiak, Urban, 99]

-
o )
[T
We assume the above V — A structure to hold also beyond the SM, namely o also Hilley g "
7 OC,
(0 0 (0 M, 0N ””gz%f/yg%"c’?’;/tz
Cy' ~ =Cy with  Cq1p = Cg19 + Coyg Nes”af:owfrhmoud’;
Why? Makes theoretical sense. /
\ < )J_ And fits successfully the discussed data (Altmannshofer-Straub, EPJC 2015).
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Model example
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Model example

or effects hierarchical between generations, one may then start
> ‘ 3"-generation interaction (in the gauge basis):

expected e. -H

topcolor 4H:‘ ‘
[see C.T. Hill, PLE

w = G E'LYXbIL T, YT,

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

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

IClel > |CEl  (LFNU, with hierarchical effects)

To account for effects hierarchical between generations, one may then start
from a purely 3*-generation interaction (in the gauge basis):

H _ e B' }”b' = - expected e.g. in
NP LY DTty topcolor models

. 2 [see C.T. Hill, PLB 1995]
with G = 1/A, < G;

Note: primed fields

~ Fields are in the gauge basis (= primed) mass
basis
)
I f— ! d
~ They need to be rotated to the mass eigenbasis &5 b', = (d',), = (UL)31 (d,),
I J— I — f
T, = (f L)S - (UL)Si (fL)i
—
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Model example

In short, our model requirements are: = C(gf) ~ —C (1? (V — A structure)
IClel > |CEl  (LFNU, with hierarchical effects)

To account for effects hierarchical between generations, one may then start
from a purely 3*-generation interaction (in the gauge basis):

H _ e B' }”b' = - expected e.g. in
NP LY DTty topcolor models

. 2 [see C.T. Hill, PLB 1995]
with G = 1/A, < G;

Note: primed fields

~ Fields are in the gauge basis (= primed) mass
basis
)
I —_ ! d
~ They need to be rotated to the mass eigenbasis &5 b', = (d',), = (UL)31 (d,),
I —_ ! J— f)
= This rotation induces LFENU and LFV effects T = (f L)3 B (UL 3i (ﬁL)i
—
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Explaining b — s data
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Explaining b — s data

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

j kSM C'9,SM i (UL)EB(U;;)BZKU?)BZF

&
2
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Explaining b — s data

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

ksy Cosv |+ = (UD)s(UD)xl (U]

&
2

BSM
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Explaining b — s data

ey Eyn + Ol Ey
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. v k,, (SM norm. factor)
Recalling our full Hamiltonian

- 4Gy . O i- ) ]
Hone(BoSu0) = ==LV, Vi By"s,-[CV my,u + Cl wy, yaul]

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

The NP contribution has
) |2] opposite sign than the SM one if
32

G *
€51 =| K o+ S (U200

m Psw + Pup

G (U < 0

On the other hand, in the ee-channel

%

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

e G
Ksm Cg) = kgy Cosm + 5

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

- 4Gy . O i- ) ]
Hone(BoSu0) = ==LV, Vi By"s,-[CV my,u + Cl wy, yaul]

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

The NP contribution has
G * opposite sign than the SM one if
i €81 =| e oo S (020100 d
G (Up)y < 0

m Psw + Pup

* On the other hand, in the ee-channel

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

Ksm CE;) = kgy Cosm + U U£)31|2

(Uf)l < (U

2
32|

112
=
92]
=

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

Approximations

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

2 7 o Y) * phase-space factor is about the same

|C(9u)| +|C(1%)| ; 2'<BSM+BNP) ; :

1 — ) in the uu- and in the ee-channel
K (e))2 (e)2 = - Y02
|C9 | +|C10| 2ﬁSM , An
é « dominance of the |C, , |* contributions

factors of 2: in the concerned q? region
equal contributions from |C |* and |C, |? \_ I

* Note as well

BR(BS_)MM)EXP _ BR<BS_)MM)SM+NP _ (BSM-I-ﬁNP)z
BR(BS_)MM)SM BR(BS_)MM)SM BEM

0.77+£0.20 =
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* The above shifts to the C, ,, Wilson coeffs. imply

_IePHCEE L2 (BautBre )
CSP+HCEE 23w

&

factors of 2:

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

K

* Note as well

0772000 = BRBAUM, _ BR(BA Withsyne

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

(BSM+BNP)2

BR(BS_)MM)SM - BR(BS_)MM)SM

implying (within our model) the correlations

2
Bowm

A
fOZOi/)er Ooq ,,
@ he ys) UfSUe ace, :ason
+ + s Y, £ <V in
BR(BS_)MM>exp ~ R ~ BR(B K Mu)exp measure/nenf
BR(B»un)sy  ° BR(B™K uply, J
¢

4
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LFV model signatures
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LFV model signatures

= 0.159?

)2

according to R

pe &y e*
modes
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LFV model signatures

2
(BSM-I-BNP)
=0.1592
according to R

The current BR(E
limit yields the wee
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LFV model signatures

=0.1592
according to R

The current BR(E
limit yields the wee

(UL)/(U)

BR(B'™>K'ue) < 2.2x107° -

i
> K +u1:) would be even more promising, as it scales with |( U L)33
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4 )
o BR(BDK'we) | B (Wil
BR(B'>K'un) | (BawtBye)” | (UL |
e &ue
= 0.1592 modes
kaccording to R&

t 2
E{) BR(B'»K'ue) < 2.2x107° - (UL

(U

[an B
=
w
) T8
No

I BR(B'»K'ut) would be even more promising, as it scales with (U)o [ T

=

(a potential enhancement factor, actually)

The current BR(B+ — K+ ue)
limit yields the weak bound

(U )a/ (U SIS l

p
Main message
With the measured R, value, and without tuning U-matrix values,
we obtain LFV signals in the 10-® ballpark.
\_

) 4
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LFV model signatures
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LFV model signatures

Analogous considerations hold for purely leptonic LFV decays

|

BR(BS_)Me) BIZ\IP |<U§)31|2

BR(BAun) ~ (BotPf  (UD)f

Again, B, — ut would be even more promising

An interesting signature outside B physics would be K— 1 ¢ ('

/

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

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

\_ BR (K 2me e) [see D'Ambrosio et al., 1998]

\

/
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More quantitative LFV predictions

Reminder:

(UDT Y, U}i = ?t’
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More quantitative LFV predictions

Reminder:

Y, Uf; - ?t’

ist-Bai-Piai ansatz:
avor-SU(3) rotations are not all independent. Choosing 3 to be the inder
 to predict one SM Yukawa in terms of the other two.
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More quantitative LFV predictions

Reminder: '
° More quantitative LFV predictions require knowledge of U,*

: N ¢ 5

(UL> Y Uy = Y,

* One approach: (DG, Lane, PLB 2015 )

= Appelquist-Bai-Piai ansatz:

The 5 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

N 4
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More quantitative LFV predictions

S ",

Reminder:
° More quantitative LFV predictions require knowledge of U,*
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* One approach: (DG, Lane, PLB 2015 )

= Appelquist-Bai-Piai ansatz:
The 5 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, PLB 2015 )

= Appelquist-Bai-Piai ansatz:
The 5 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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* One approach: (DG, Lane, PLB 2015 )

= Appelquist-Bai-Piai ansatz:
The 5 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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More quantitative LFV predictions

B+_)K+IJ1LTI B . Kte*1* B+—>K+eiIJI
1.14 x 108 3.84 x 1010 0.52 x 107
<48 X% 10 <3.0x 10 <9.1x 108

Bs — U* r; BS S errt BS - et ur
1.37 x 108 457 x 1010 1.73 x 1012
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Ty,

More signatures ornz(: nt dscuss:o ...........................
PR Mnstejp, Martin.ca .
................................ Malich
*  Being defined above the EWSB scale, our assumed operator G b', ykb B R 2T —
must actually be made invariant under SU(3)_ x SU(2), x U(1),
See ttacha™y apttaé \«—O“d°“’ — -
Bsrc‘?vasha‘:&f{?:. ..................... SUQ), o Q 'L ny 'L L 'LYK L 'L [neutral-current int's only]
%ttt B'Lyxb'L f’LY)\T'L |:>
inv. J (_? 'iL ny 'i I, 'jL Y, L 'iL [also charged-current int's]
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Ty,

_ Farage. . —
More signatures onso ,Z:dsc"ss'o ..................
PR Stein, Ma"tin-c
.................... amaljcp,
| | L e
* Being defined above the EWSB scale, our assumed operator G b' b' T’ T ... :
L L Lyt .
must actually be made invariant under SU(3)_ x SU(2), x U(1),
................... som
See: a, atta, Lon
gnattach®™™ 51815 L A0 A T : int'
hwasha“kara’ ................ SU(2) o Q LY Q L L Ly}»L p [neutral-current int's only]
‘‘‘‘‘‘‘‘‘‘‘ L
................ T 7 I I 1
B T Y, T |:>
inv. =~ A = i
°Q 'lLy Q 'JL L 'JL Y, L 'IL [also charged-current int's]

* Thus, the generated structures are all of:

I ! I I I
Sy t't't't', b'b'v' v'_, b'b't't", t'b | T
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™
Ty,

- I'a recens oo
More signatures onse r:.)’:dscuSSlo ..................
PR Stein, Martin-C
.................... amallch
! . T e s = e
* Being defined above the EWSB scale, our assumed operator G b' b' T’ T ... :
L LrLdrtr .
must actually be made invariant under SU(3)_ x SU(2), x U(1),
................ don,
See: a, D2 Lon
Bhattachary ser il AT LA T ' int'
\‘\'Nashaﬂ\‘a"a’ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ sU(2) * Q LY Q L L LYKL i [neutral-current int's only]
---------- L
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ iy Mo 1 !
D T Y, T |:>
inv. i A~ T i |
° I I I i) v
Q LY Q : Ly [also chal;ged current int's]

* Thus, the generated structures are all of:

t'tl,\/'t,\/!r, t!t',t',c', b!b',\’lr,\/'r, b'b"'["t', t'b!r!\/';

..........................
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/ § . E i rar .""“""'_ ....................
More signatures  Alons,, rinSt'scuss'° ..................
: PRL 14 €in, Mars:
i "tln-camallch
5 5 10 Ay r e
* Being defined above the EWSB scale, our assumed operator G b',y"'b', T',y,t', e
must actually be made invariant under SU(3) x SU(2), x U(1),
.................. n,
S narya, O Lond®
. ha“aca ,PB/\ ---------- 21 AAyr T r P
Bsh‘\\lasha‘t&i\’i _________________ su(2), ° Q LY Q ; L LYKL i [neutral-current int's only]
:'...‘ """"""""" oy WMl T =0 r
by b' Tyt |:>
nv- . (_2 'IL ka 'JL L 'JL Y, L 'lL [also charged-current int's]
* Thus, the generated structures are all of:
t't'V'TV'T, trtr,cr,cr, b'b'V'IV'T, b'b'T’T’, t'b"l:'\/'té
* After rotation to the mass basis (unprimed), the last structure contributes to I ( b=>ct \_’l-)
.. BR(B»D""t¥
|1:> Can explain BaBar deviations on R(D( )) = (_ op __”)
\ (D* channel confirmed by LHCb) BR(B>D""{'V,) ,
g4 44444441 "
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