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Motivation: LFUV in b Ñ c decays?

RΛc latest result from LHCb˚ + other observables measured˚˚:

RHc “
ΓpHb Ñ Hcτ ν̄τ q

ΓpHb Ñ Hcℓν̄ℓq
, Pτ pD˚q, FD˚

L . Hbppq

Hcpp1q

W

ℓpk 1q

ν̄ℓpkq

ñ NP affecting 3th quark and lepton generations.
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˚ LHCb collab. Phys.Rev.Lett. 128, 191803
˚˚Results from BaBar, Belle and LHCb combined in:
HFLAV group. Eur.Phys.J.C 81(2021) 3, 226

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-020-8156-7


b Ñ c decays

NP effects introduced using a effective Hamiltonian:

Heff “
4GFVcb

?
2

”

p1 ` CV
LLqOV

LL ` CV
RLOV

RL
looooooooooomooooooooooon

paxial´qvector

`CS
LLOS

LL ` CS
RLOS

RL
loooooooooomoooooooooon

ppseudo´qscalar

`CT
LLOT

LL
loomoon

tensor

` CV
LROV

LR ` CV
RROV

RR ` CS
LROS

LR ` CS
RROS

RR ` CT
RROT

RR
looooooooooooooooooooooooooooooooooomooooooooooooooooooooooooooooooooooon

right´handed neutrinos

ı

` h.c .,

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

We will use:
Fit 6 and 7 from Murgui et al. JHEP 09 (2019) 103
S7a from Mandal et al. JHEP 08 (2020) 08, 022

We will present results for:
Λb Ñ Λc in all ω range
Λb Ñ Λ˚

c only for ω “ r1, 1.1s
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https://link.springer.com/article/10.1007%2FJHEP09%282019%29103
https://link.springer.com/article/10.1007/JHEP08(2020)022


Available information

All the physics is encoded in 10 independent functions of ω and the Wilson coefficients.

observables
unpolarized τ´ n0, AFB, AQ

polarized τ´ xPCM
L y, xPCM

T y, ZL, ZQ , ZK

complex WC’s xPTT y, ZT

n0: contains all the dynamical effects
ˆ

dΓSL

dω
9n0

˙

AFB,Q: τ angular asymmetries

xPCM
L,T ,TT y: τ spin asymmetries

ZL,T ,K: τ angular-spin asymmetries
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N.P. et al. JHEP 10 (2021) 122

https://link.springer.com/article/10.1007/JHEP10(2021)122


Approach

PROBLEM: The τ´ particle decays very fast and has to be reconstructed.

τ´ decay modes:

$

’

’

’

’

’

&

’

’

’

’

’

%

Ż µ´ν̄µντ
Ż π´ντ
Ż ρ´ντ
Ż π´π`π´pπ0qντ Ñ used for the LHCb result˚

Ż . . .

Figure: Kinematics in the τ ν̄τ CM reference system.

In the decay, neutrinos are always involved.
Solution: Using variables that are related
to the visible decay products instead of the
τ´ energy or direction.
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˚ LHCb collab. Phys.Rev.Lett. 128, 191803

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803


Starting point

The Hb Ñ HcτpÑ dντ qν̄τ differential decay rate:

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, ξdqxPCM

L y

F1pω, ξdq “ CAFB
pω, ξdqAFB ` CZL

pω, ξdqZL ` CPT
pω, ξdqxPCM

T y

F2pω, ξdq “ CAQ
pω, ξdqAQ ` CZQ

pω, ξdqZQ ` CZK
pω, ξdqZK.

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

The CP-violating contributions disappear after
integrating over the azimuthal angle pϕdq.
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Asadi et al. Phys.Rev.D 102 (2020) 9, 095028
N.P. et al. JHEP 10 (2021) 122

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.095028
https://link.springer.com/article/10.1007/JHEP10(2021)122


ω distribution

We can follow different paths:

dΓd
d cos θd

d2Γd
dωd cos θd

d3Γd
dωdξdd cos θd

dΓd
dω

“ Bd
dΓSL
dω

d2Γd
dωdξd

dΓd
dEd

˚
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˚ We make the change of
variables ξd “ Ed {pγmτ q.
N.P. et al. JHEP 04 (2022) 026

https://link.springer.com/article/10.1007/JHEP04(2022)026


The d2Γ{pdωd cos θdq distribution

d3Γd
dωdξdd cos θd

Ñ
d2Γd

dωd cos θd

We get,

d2Γd
dωd cos θd

“ Bd
dΓSL

dω

”

rF d
0 pωq ` rF d

1 pωq cos θd ` rF d
2 pωqP2pcos θdq

ı

,

For all τ decay modes:

rF0pωq “

ż ξ2

ξ1

Cnpω, ξdqdξd
looooooooomooooooooon

1{2

`xPCM
L ypωq

ż ξ2

ξ1

CPL
pω, ξdqdξd

loooooooooomoooooooooon

0
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We loose information on xPCM
L y



The d2Γ{pdωd cos θdq distribution (II)
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Figure: n0F̃
µν̄µ

0,1,2pωq for

Λb Ñ Λ
p˚q
c decays in SM and

different NP fits.

The limit y “
md
mτ

“ 0 works fine
for τ Ñ µν̄µντ .
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Λb Ñ Λ˚
c results in

Du et al. Phys.Rev.D 106 (2022) 5, 055039

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.055039


The d2Γ{pdωd cos θdq distribution (III)
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Figure: n0F̃
πpρq

1 pωq for Λb Ñ Λc decays .

Moreover, for τ Ñ πντ , where the limit is also good:

Cπ
AFB ,AQ

pωq “ C
µν̄µ
AFB ,AQ

pωq ` Opy2q,

Cπ
PT ,ZL,ZQ ,ZK

pωq “ ´3Cµν̄µ
PT ,ZL,ZQ ,ZK

pωq ` Opy2q
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More discriminating power for
τ Ñ πντ

Analytical expressions for Ci pωq in
N.P. et al. JHEP 04 (2022) 026

https://link.springer.com/article/10.1007/JHEP04(2022)026


The dΓ{pd cos θdq distribution

d3Γd
dωdξdd cos θd

Ñ
d2Γd

dωd cos θd
Ñ

dΓd
d cos θd

And we get,

dΓd
d cos θd

“ BdΓSL

”1
2

` pF d
1 cos θd ` pF d

2 P2pcos θdq

ı

.
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Figure: Angular dΓ{d cos θd distribution for the Λb Ñ Λc decays. Same NP scenarios as before.
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The dΓ{pdωdξdq distribution

d3Γd
dωdξdd cos θd

Ñ
d2Γd
dωdξd

The F1pω, ξdq and F2pω, ξdq contributions disappear.

The distribution looks like:

d2Γd
dωdξd

“ 2Bd
dΓSL

dω

´

Cd
n pω, ξdq ` Cd

PL
pω, ξdqxPCM

L ypωq

¯

As Cd
n and Cd

PL
are known, xPCM

L ypωq can be extracted.
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xPCM
L y
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Figure: xPCM
L y for the Λb Ñ Λ˚

c p2595q, Λb Ñ Λ˚
c p2625q and Λb Ñ Λc decays.

Using that result:

Pτ “
´1
ΓSL

ż

dω
dΓSL

dω
xPCM

L ypωq
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Already measured in B Ñ D˚

decays. S. Hirose et al. (Belle)
Phys. Rev. Lett. 118, 211801 (2017)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.211801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.211801


The dΓ{pdEdq distribution

d3Γd
dωdξdd cos θd

Ñ
d2Γd
dωdξd

Ñ
dΓd
dEd

pF d
0 pEdq “

1
ΓSL

ż ωsuppEd q

1

1
γ

dΓSL

dω

!

Cd
n pω,Edq ` Cd

PL
pω,Edq xPCM

L ypωq

)

dω,
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Figure: pF d
0 pEdq for the Λb Ñ Λc decays.
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Conclusions

Using visible final-state kinematics helps to avoid using τ variables that are difficult to
reconstruct.

d3Γ

dωdξdd cos θd
Ñ n0, AFB,Q , ZL,Q,K, xPCM

L y, xPCM
T y

One can increase statistics by integrating in some of the variables.

d2Γ

dωdξd
Ñ xPCM

L y,
d2Γ

dωd cos θd
Ñ all other angular ´ spin asymmetries

dΓ

d cos θd
,
dΓ

dEd
and

dΓ

dω
are also useful.

In general, the hadronic τ -decay modes have more discriminating power.
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