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Motivation
•  decays are being studied theoretically and experimentally for the last 

decade extensively and shows anomaly in Lepton Universality(LU) ratios 

•  To ensure if any New Physics (NP) shows in these mesonic decays we need some 
complimentary decays too 

• One such decay is    

• Belle and Babar has B decay results but they cannot measure b-baryons 

• LHCb can and recently measured the BR for  

• Using DELPHI result for , LHCb provided  LU ratio  

• so high time to analyse the current status of NP operators taking all the semileptonic 
b-decays

B → D(*)ℓν̄

Λ0
b → Λ+

c ( → Λ+π)ℓν̄τ

Λ0
b → Λ+

c τν̄τ

Λ0
b → Λ+

c μν̄μ RΛc



Hamiltonian 
• The full hamiltonian for underlying b → cτν̄
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• So we have   as new physics operators 

• taken the  as left-handed for all the operators

CV1
, CV2

, CS1
, CS2

, CT

ν



angular distribution
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Angular distribution
• the decay is constructed as 

consecutive 2-body decays: 
 then  

and   

• the 4-fold decay distribution is 
given by the kinematic 
variables ,  and azimuthal 
angle   and di-lepton mass  

• 1o observables: 8 survives in SM

Λb → ΛcW* W* → τν̄
Λc → Λπ

θℓ θΛ
ϕ q2
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important angular observables
• decay rate  

• leptonic  forward-backward(FB) asymmetry:  

• FB asymmetry coming from the daughter  decay:   

• FB asymmetry coming from the coefficient of :     

• the -polarization asymmetry:  

•   spin polarization asymmetry:  

• convexity parameter  

• other normalised ang. observables  (independent of ) 

dΓ
dq2 = 2K1ss + K1cc

Aℓ
FB = 3

2
K1c

2K1ss + K1cc

Λc AΛc
FB = 1

2
2K2ss + K2cc

2K1ss + K1cc

cos θℓ cos θΛ AΛcℓ
FB = 3

4
K2c

2K1ss + K1cc

τ P(Λc)τ (q2) = dΓλτ=1/2/dq2 − dΓλτ=−1/2/dq2

dΓ/dq2

Λc PΛc
(q2) =

dΓλΛc=1/2/dq2 − dΓλΛc=−1/2/dq2

dΓ/dq2
.

Cℓ
F(q2) = 1

dΓ/dq2 ( d
d(cos θl) )

2

( d2Γ
dq2d cos θl ) .

K̂i =
Ki

2K1ss + K1cc
|Vcb |
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Experiment results

LHCb[2311.05224]

[1]HFLAV Collab 
2023

more than  taking correlation 2σ

compatible with SM
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LHCb[2201.03497]

using DELPHI[2004] results on  mode LHCb predicts :μ

and   has opposite 
dirctions  

 

R(D(*)) R(Λc)



Fit procedure
• To perform a model-independent analysis, we did the -fit to the data with different NP Wilson 

coefficients  (all taken real):  

•   is the corresponding measured (theoretical) covariance matrix.  

• the theory correlations will be between  and and between  and . 

χ2

Ck

Vexp(th)
i,j

R(D*) FD*
L R(Λc) ℬ(Λb → Λcτν)

• when we say 1-parameter scenario it means we take ,  etc one at a time in addition to SM current , 
there are such 5 scenarios for 5 NP operators  

• we have also taken 2 parameter scenario i.e. taking 2 parameter at a time. 

• we defined 

CV1
CV2

σdev =
𝒪exp

i − 𝒪NP
i

σ2
i |exp + σ2

i |NP
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One parameter fit
tension b/w observable from fit and 

experimental data 

none of the one-operator scenarios could 
explain all three data within 1  σ

for  , none of the 3 data could 

 be explained within 1   

CV2

σ

 and  can be  

 explained comfortably in 1 
Fl(D*) Pτ(D*)

σ
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Correlation plot in 1 param. scenario

these 2 scenario can 
only explain all data 

within 3 σ
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Two parameter scenario 
mass effects for  ?τ

• as  

• in the decay rate terms the interference 
terms between the NP are coming 
proportional to   

• so when we take only one  these terms 
are neglected 

• for  these terms contribute much 
significantly

dΓ
dq2 = 2K1ss + K1cc

mℓ

Ci

mℓ = mτ
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Two parameter scenario fit results
• all the 2 operator scenarios we can 

explain  observables 

• the scenario with  is the 
only 2-op. scenario which could 
accommodate the data on  
alongside , , within 
their 1  . 

• also the best-fit scenario with largest 
p-value(67 %) among all others. 

B → D(*)τ−ν̄

[𝒪S2
, 𝒪T]

R(Λc)
R(D) R(D*) FD*

L
σ
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Prediction of Observables 
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Correlation b/w observables
• the correlation plots indicates that 

we can comfortably explain , 
,  and  along with 

R(D)
R(D*) RΛc

FD*
L

Pτ(D*)
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deviation for observables of  Λb → Λc

• apart from  all 
the observable show 
significant deviation 
for  
scenario 

• in  
scenario significant 
deviation can be 
seen

AΛcℓ
FB

[𝒪S2
, 𝒪T]

[𝒪V1
, 𝒪V2

]
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 prediction in full AΛcℓ
FB q2

• very important observable but not discussed 
in literature 

• in SM, zero crossing is there 

• for  the  integrated  are 
consistent with the SM. 

• due to a relative cancellation in high and low 
 region , the integrated value becomes 

very small and consistent with the respective 
NP prediction. 

• in both the high and low  regions, NP 
predictions have discrepancies with SM.  

• so only  integrated value is  not sufficient: 
bin predictions are needed

[𝒪S2
, 𝒪T] q2 AΛcτ

FB

q2 q2

q2

q2
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                     Angular obs for Λb → Λcτν̄
• In the scenario , the 

predictions for , , , 
and have opposite sign 

of the respective SM predictions 
different  

• for  they show deviation

[𝒪V1
, 𝒪V2

]
AΛc

FB PΛc
K̂2ss

K̂2cc K̂3sc

[𝒪S2
, 𝒪T]
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Observable predictions
• If the measurements show deviations only in

,  and  this could be an indication 
for contributions from .
Cτ

F K̂1cc K̂1ss
[𝒪S2

, 𝒪T]
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Summary
• We discussed the full 4-body angular distribution for the decay  

• various asymmetric and angular observables from the angular analysis   decay 

• Using the available data on  decays and , we have extracted the new Wilson coefficients 
and noticed that only the   one operator scenario can explain all these data simultaneously within 3   

• We have done the fits to data using two different operator scenarios and found that scenario  is the 
only two operator scenarios which could accommodate comfortably all the measured data simultaneously 

•  In the other two operator scenarios, apart from  , we are able to explain all the other data 
simultaneously if we take the uncertainties of our predictions at the 3  level. 

• We have studied the interesting correlations between the observables in different NP scenarios. 

• we have also discussed the NP sensitivities of all the angular and asymmetric observables in all the two 
operator scenarios and found that many of them show distinguishable sensitivity to the operators ,  

,  .

Λb → Λ+
c ( → Λ+π)τ−ν̄

B → D(*)ℓ−ν̄ R(Λc)
CS2

, CV2
σ

[𝒪S2
, 𝒪T]

R(D*)
σ

[𝒪S2
, 𝒪T]

[𝒪V1
𝒪V2

]

Thank You!
Ria Sain, IIT Guwahati                                              ICHEP 2024


