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IV.- Rare decays. Flavor anom
alies.
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R
are decays

The key here is to find decays suppressed in the SM
 (so that N

P effects that do not share their dynam
ical suppression can 

be enhanced) that are short-distance dom
inated (to reduce the theory uncertainties). There are som

e ideal K&
B decays. 

EFTs (C
hPT &

 H
Q

ET m
ainly), together w

ith lattice Q
C

D
 provide the needed non-perturbative inform

ation w
ith a precision 

that can be im
proved system

atically.

~68%
 + 29%

 + 3%

G
IM

At low
-E, in very good approx., only Q

13   contributes:

K ->   
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R
are decays

The key here is to find decays suppressed in the SM
 (so that N

P effects that do not share their dynam
ical suppression can 

be enhanced) that are short-distance dom
inated (to reduce the theory uncertainties). There are som

e ideal K&
B decays. 

EFTs (C
hPT &

 H
Q

ET m
ainly), together w

ith lattice Q
C

D
 provide the needed non-perturbative inform

ation w
ith a precision 

that can be im
proved system

atically.

~68%
 + 29%

 + 3%

G
IM

At low
-E, in very good approx., only Q

13   contributes:

Its coefficient, C
13 , is determ

ined at M
W   by com

puting 
the penguin anb box SD

contributions (w
ith Q

C
D

/EW
 

corrections) and integrating the W
,Z,t fields. Then, 

C
13 (

t ,x
t )  is run dow

n to a hadronic scale (c is still 
active, w

hich generates λ
c x

c  log x
c  dependence)  again 

including R
adC

ors. Integrating the charm
 out gives 

corrections in the param
eter~M

K 2/m
c 2∼

15%
. Finally 

hadron m
atrix elem

ents (that can be related to K
l3  FFs) 

are com
puted at ~1 G

eV.

K ->   
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R
are decays

The key here is to find decays suppressed in the SM
 (so that N

P effects that do not share their dynam
ical suppression can 

be enhanced) that are short-distance dom
inated (to reduce the theory uncertainties). There are som

e ideal K&
B decays. 

EFTs (C
hPT &

 H
Q

ET m
ainly), together w

ith lattice Q
C

D
 provide the needed non-perturbative inform

ation w
ith a precision 

that can be im
proved system

atically.

W
hile the current experim

ental lim
it/M

EASU
R

EM
EN

T are
B

R(K
L ->

0  )<3.0x10
-9, KO

TO
B

R(K
+->

+)=(1.14
+0.40-0.33 )x10

-10 N
A62(B949), 2.2

It happens sim
ilarly w

ith an additional , w
here the m

atrix 
elem

ents can be obtained from
 K

l4 , but the SM
 predictions 

are 4/5 orders of m
agnitude sm

aller and the experim
ental 

lim
its are ~10

-5/6.

These processes im
ply  very stringent lim

its on N
P, even if 

the C
KM

 suppression (~
5) is inherited.

K ->   
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R
are decays

The key here is to find decays suppressed in the SM
 (so that N

P effects that do not share their dynam
ical suppression can 

be enhanced) that are short-distance dom
inated (to reduce the theory uncertainties). There are som

e ideal K&
B decays. 

EFTs (C
hPT &

 H
Q

ET m
ainly), together w

ith lattice Q
C

D
 provide the needed non-perturbative inform

ation w
ith a precision 

that can be im
proved system

atically.

B
(d/s) -> decays are excellent N

P probes, dom
inated by short-distance effects.

H
elicity-suppression. Q

10 l dom
inates, does 

not m
ix w

ith 4q ops., does not get Q
C

D
 

corrections. C
10  is FU

.

B
(d/s) ->
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R
are decays

The key here is to find decays suppressed in the SM
 (so that N

P effects that do not share their dynam
ical suppression can 

be enhanced) that are short-distance dom
inated (to reduce the theory uncertainties). There are som

e ideal K&
B decays. 

EFTs (C
hPT &

 H
Q

ET m
ainly), together w

ith lattice Q
C

D
 provide the needed non-perturbative inform

ation w
ith a precision 

that can be im
proved system

atically.

/e LFU
 ratios in B->X decays (b-> s/d) are also dom

inated by short-distance effects (resonances) &
 test stringently N

P.

H
olds exactly in Q

C
D

 and is 
m

ildly violated by Q
ED

 C
orrs.

LC
SRs &

 Lattice Q
C

D

D
ilepton spectrum

 
in B → K ∗μ

+μ
−(LH

C
b) 

B
(d/s) ->X
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R
are decays

The key here is to find decays suppressed in the SM
 (so that N

P effects that do not share their dynam
ical suppression can 

be enhanced) that are short-distance dom
inated (to reduce the theory uncertainties). There are som

e ideal K&
B decays. 

EFTs (C
hPT &

 H
Q

ET m
ainly), together w

ith lattice Q
C

D
 provide the needed non-perturbative inform

ation w
ith a precision 

that can be im
proved system

atically.

/e LFU
 ratios in B->X decays (b-> s/d) are also dom

inated by short-distance effects (resonances) &
 test stringently N

P.

D
ilepton spectrum

 
in B → K ∗μ

+μ
−(LH

C
b) 


b  decay

B
s  decay B

(d/s) /
b ->X
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R
are decays. Flavor anom

alies.
The key here is to find decays suppressed in the SM

 (so that N
P effects that do not share their dynam

ical suppression can 
be enhanced) that are short-distance dom

inated (to reduce the theory uncertainties). There are som
e ideal K&

B decays. 
EFTs (C

hPT &
 H

Q
ET m

ainly), together w
ith lattice Q

C
D

 provide the needed non-perturbative inform
ation w

ith a precision 
that can be im

proved system
atically.

/e LFU
 ratios in B->X decays (b-> s/d) are also dom

inated by short-distance effects (resonances) &
 test stringently N

P.


b  decay

B
s  decay B

(d/s) /
b ->X

M
ore room

 for N
P 

is less clean 
observables (not 
taking the ratio):

Preferred N
P 

scenarios:
C

9, ~-1 or
C

9, =-C
10, ~-½

Large com
pared to 

SM
 values~+4.
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V.- C
onstraints on N

ew
 Physics (EFT approach).

(M
ore) Flavor anom

alies.



Lepton decays: Lorentz structure of the charged current

It depends on 4S, 4V &
 2T com

plex couplings labelled also by charged lepton chiralities.
cos=sl ·p

l'

Five additional param
eters if the l' polarization is also m

easured.
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cos=sl ·p
l'

SM3/4013/41
0.22±0.94±0.42

Lepton decays: Lorentz structure of the charged current



C
onstraints on N

P. EFT approach.
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LEFT

(+D
=5 W

einberg op.)
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C
onstraints on N

P. EFT approach.
Let us, for sim

plicity, definiteness and representativity pick the exam
ple of b->s :

C
om

patibility w
ith data requires

Sim
ilar bounds can be obtained for m

eson-antim
eson m

ixing, other FC
N

C
 transitions, etc.

Exercise: W
ork out (som

e) of these
estim

ates.

B
R(B->X

s ) H
FLAV=3.49(19)x10

-4

B
R(B->X

s ) SM=3.40(17)x10
-4,

[for E
 >1.6 G

eV]

LH
C
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C
onstraints on N

P. EFT approach.
Exam

ple of b->s :

C
om

patibility w
ith data requires

Sim
ilar bounds can be obtained for m

eson-antim
eson m

ixing, other 
FC

N
C

 transitions, etc.

Exercise: W
ork out (som

e) of these
estim

ates.

C
onstraints are m

uch w
eaker if the C

KM
 

suppression is inherited by the N
P (M

FV 
achieves this by flavor sym

m
etry 

breaking), w
hich w

ould then be FU

|V
ts | -1~0.04

-1~25=> N
P could be at ~3 TeV w

ithin M
FV!!

LxL

LH
C
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C
onstraints on N

P. EFT approach.

b->(c/u) l 
l  transitions are allow

ed at tree level in the SM
 (FC

C
C

, W
-exchange). Thus, 

you w
ouldn't naturally expect big N

P contributions (on top of a large SM
 bkg).

R
(

c +)=B
r(

b ->
c +

 )/Br(
b ->

c +
 )
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C
onstraints on N

P. EFT approach.

b->(c/u) l 
l  transitions are allow

ed at tree level in the SM
 (FC

C
C

, W
-exchange). Thus, 

you w
ouldn't naturally expect big N

P contributions (on top of a large SM
 bkg).

R
(

c +)=B
r(

b ->
c +

 )/Br(
b ->

c +
 )

(Thanks to Belle data)
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W
hy 3 fam

ilies?

W
hat explains 

the m
f values?

W
hat explains the C

KM
 

values? W
hat is the origin 

of C
PV?

The answ
er to these 

questions is related to 
the scalar sector of the 

SM
. W

e cannot forget the 
hierarchy problem

 ('EW
').

The SM
 

w
orks 

am
azingly 

w
ell!!!!


