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LFUV in b Ñ c semileptonic decays

RHc “
ΓpHb Ñ Hcτ ν̄τ q

ΓpHb Ñ Hc`ν̄`q

RD “ 0.340˘ 0.027˘ 0.013, RSM
D “ 0.299˘ 0.003

RD˚ “ 0.295˘ 0.011˘ 0.008, RSM
D˚ “ 0.258˘ 0.05

RJ{ψ “ 0.71˘ 0.17˘ 0.18, RSM
J{ψ « 0.25´ 0.28

Hbppq
Hcpp

1q

W

`pk 1q

ν̄`pkq

Discrepancies observed in b Ñ c
semileptonic decays (3.1σ)
NP affecting 3th quark and lepton
generations
LFU Violation signature?
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New physics effects
NP effects are studied in a phenomenological way.

Heff “
4GFVcb
?

2
rp1` CVL

qOVL
` CVR

OVR
looooooooooomooooooooooon

paxial´qvector

`CSLOSL ` CSROSR
loooooooooomoooooooooon

ppseudo´qscalar

`CTOT
loomoon

tensor

s

Wilson coeff. are fitted to experimental data. Ñ Different models
give same results for RHc .

Other observables
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-RΛc

- angular distribution
- asymmetries AFB , Aλτ , . . .
- τ -polarization vector components

ë
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Polarization vector definition

It can be seen that for a τ in a state uS
h pk

1q

ÿ

rr 1

|M|
2
“

1
2
Tr

“

p {k 1 `mτ qO
‰

p1` hP ¨ Sq ; h “ ˘1
ë
"

¨ contains the physics of the decay
¨ depends on themomenta of the particles

The polarization vector, Pµ, satisfies
Pµ˚

“ Pµ, k 1 ¨ P “ 0,

Pµ
“ Trrρ̄γ5γµs “

Trrp {k 1 `mτ qOp {k 1 `mτ qγ5γ
µs

Trrp {k 1 `mτ qOp {k 1 `mτ qs
,
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Pµ vector

With the previous definition, we get:

Pµ “
1

N pω, k ¨ pq

„

pµK
M

NH1pω, k ¨ pq `
qµK
M

NH2pω, k ¨ pq `
εµk

1qp

M3 NH3pω, k ¨ pq



,

It depends on 8 p`2q independent functions

N “
1
2

”

Apωq ` Bpωq pk ¨ pq
M2 ` Cpωq pk ¨ pq

2

M4

ı

,

NH1 “ AHpωq ` CHpωq
pk ¨ pq

M2 ,

NH2 “ BHpωq `DHpωq
pk ¨ pq

M2 ` EHpωq
pk ¨ pq2

M4 ,

NH3 “ FHpωq ` GHpωq
pk ¨ pq

M2 .

with k the neutrino momentum and p the initial hadron momentum.
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Pµ components

We choose an orthogonal basis of the
four-vector Minkowski space

Nµ
0 “

k 1µ

mτ
, Nµ

T “

˜

0,
p~k 1 ˆ ~p 1q ˆ ~k 1

|p~k 1 ˆ ~p 1q ˆ ~k 1|

¸

,

Nµ
L “ s̃µ “

˜

|~k 1|

mτ
,
k 10~k 1

mτ |~k 1|

¸

, Nµ
TT “

˜

0,
~k 1 ˆ ~p 1

|~k 1 ˆ ~p 1|

¸

.

Since P ¨ k 1 “ 0, we will have that in a given reference system

Pµ
“ PL N

µ
L ` PT Nµ

T ` PTT Nµ
TT ,

P2
“ ´pP2

T ` P2
TT ` P2

Lq ñ

"

Lorentz scalar
´1 ď P2 ď 0.
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Pa in the CM system (τ ν̄τ at rest)
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(CM system) for the
B̄ Ñ Dτ ν̄τ decay.

The NP scenarios are
Fits 6 and 7 of
Murgui et al.
JHEP 09 (2019) 103
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Pa in the LAB system (Hb at rest)
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(LAB system) for the
B̄ Ñ Dτ ν̄τ decay.

The NP scenarios are
Fits 6 and 7 of
Murgui et al.
JHEP 09 (2019) 103

M pMω ´ Eτ q “ k ¨ p “
M

2

ˆ

1´
m2
τ

q2

˙

´

Mω `M 1
a

ω2 ´ 1 cos θτ

¯

,
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Pa averages

xPCM
a ypωq “

1
Nθpωq

ż `1

´1
d cos θτ N pω, k ¨ pqPCM

a pω, k ¨ pq,

xPLAB
a ypωq “

1
NE pωq

ż E`τ pωq

E´τ pωq
dEτN pω, k ¨ pqPLAB

a pω, k ¨ pq,

Same result for ă P2 ą pωq in both frames

xP2
ypωq “

ż pk¨pq`

pk¨pq´

dpk ¨ pq

N pωq N pω, k ¨ pqP2
pω, k ¨ pq
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Polarization averages: CM results
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NP scenarios are Fits 6 and 7 of Murgui et al. JHEP 09 (2019) 103.

Neus Penalva (IFIC (CSIC-UV)) NP and tau polarization vector July 28, 2021 10 / 16

https://link.springer.com/article/10.1007%2FJHEP09%282019%29103


PTT

PTT ‰ 0 indicates CP violation ñ PSM
TT “ 0

FH and GH are not zero when (some of) the Wilson coefficients are
complex.

PTT is the same in both frames.

xPCM
TT ypωq “ xPLAB

TT ypωq “

´
πM 1

Nθpωq

?
ω2 ´ 1
8
a

q2

ˆ

1´
m2
τ

q2

˙„

2q2

M2FHpωq `
Mωpq

2 ´m2
τ q

M3 GHpωq


,
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Complex Wilson coeff.
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Im[Ĉ(1 TeV)] > 0

ω

F H

1 1.05 1.1 1.15 1.2 1.25 1.3
−0.15

−0.1

−0.05

0

0.05

0.1

0.15
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Pol. and other asymmetries in 4-body decays

The Hb Ñ HcτpÑ dντ qν̄τ differential amplitude:

d3Γd

dωdξdd cos θd
“ Bd

dΓSL

dω

!

F d
0 pω, ξdq ` F d

1 pω, ξdq cos θd

`F d
2 pω, ξdqP2pcos θdq

)

,

where

F0pω, ξdq “ Cnpω, ξdq ` CPL
pω, ξdqxP

CM
L y

F1pω, ξdq “ CAFB
pω, ξdqAFB ` CZL

pω, ξdqZL ` CPT
pω, ξdqxP

CM
T y

F2pω, ξdq “ CAQ
pω, ξdqAQ ` CZQ

pω, ξdqZQ ` CZKpω, ξdqZK.

The Ci functions are kinematical factors that depend on the tau
decay mode (π, ρ or µν̄µ)
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Independent functions

Those observables are linear combinations of the 8 independent
functions that are giving us all the information about the decay.

independent functions observables

unpolarized τ´ A, B, C n, AFB, AQ

polarized τ´ AH, BH, CH, DH, EH xPCM
L y, xPCM

T y, ZL, ZQ , ZK

complex WC’s FH, GH xPTT y, ZT

The CP-violating contributions disappear after integrating over the
azimuthal angle pφdq
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Full additional information from polarized τ
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Conclusions

The meson 0´ Ñ 0´ and the baryon Λb Ñ Λc decays are the
best for distinguishing among NP models.

We have 5 WC’s (9 parameters if they are complex) Ñ It’s
necessary to combine different decays.

Subsequent decays of the produced τ´ give most of the
information which can be extracted from Hb Ñ Hcτ ν̄τ .

In particular, we have shown the different components of the Pµ

are a new source of information.
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