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Motivation for  decaysΛb → Λ

❖ (ground state ) has b quark and light di-quark system, 

❖  decay has the same underlying quark decay( ) as of the golden mode 
 decay

❖ In contrast to  ,  has spin-half , so the  decay can have different helicity structure 
of the underlying same hamiltonian

❖ unlike  decay which is strong , the subsequent  decay is weak decay, which 
provides more information in and distribution with the asymmetry parameter 

❖ because of the spin of  , polarised  decay can give many more observables than unpolarised 
one.

Λb

Λb → Λℓ+ℓ− b → sℓ+ℓ−

B → K(*)ℓ+ℓ−

B Λb Λb → Λℓ+ℓ−

K* → Kπ Λ → pπ
αΛ

Λb Λb
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Hamiltonian for Λb → Λ( → pπ)ℓ+ℓ−
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The Wilson Coefficients (WCs )  for the operators  ’s 
are 

𝒪i
C7,9,10

The most general effective Hamiltonian for  decay 
is

b → sℓ+ℓ−



Full angular distribution:

❖  ’s are ruction of WC’s and form factors(ffs) and kin. variable:   and masses

❖ defined by ,  ,  ,  

❖ gives us  ,  ,  ,  and  where 

the hat quantities are normalised by 

Ki q2

q2 θℓ θΛ ϕ
dΓ
dq2 = 2K1 + K2 Aℓ

FB = 3
2

̂K3 Alh
FB = 3

4
̂K6 Ah

FB = 1
2 (2 ̂K1 + ̂K2) fL = 2 ̂K1 − ̂K2

dΓ
dq2
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JHEP 01 (2015) 155, Boer et. al.



’s and  for AFB RΛ Λb → Λℓ+ℓ−

❖ subsequent decay  is weak decay

❖ 3 FB asymmetries :  coming 
from  co-efficients

❖  has zero-crossing point : 

❖

❖ if  then  can be used to identify 

❖ estimated  ratios of BR and ’s

Λ → pπ

Aℓ
FB, Ah

FB, Ahℓ
FB

cos θℓ, cos θΛ, cos θΛcosθℓ

Aℓ
FB, Ahℓ

FB q0

q2
0 ≈ −

2mbmΛb
C7

C9

Cμ
9 ≠ Ce

9 q0

μ/e AFB

S Roy, RS, Rahul Sinha,
Phys.Rev.D 96 (2017) 11, 116005
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Soumitra Nandi, RS et. al. Phys.Rev.D 101 (2020) 7, 073006

Taking the Polarisation of  in ang. dist and fitting 
the SM form factor parameters from exp. data from 

LHCb

Λb
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Kinematics of Pol  decay:Λb
❖ when polarization of the initial  is considered, define a normal vector 

 where  are unit vectors in the lab frame.

❖ The polarisation angle  between the  and the direction of , in the  
rest frame is defined as 

❖ The polarisation density matrix which is defined as 

❖  is the pol. of the parent baryon 

Λb
̂n = ̂p{lab}

beam × ̂p{lab}
Λb

̂p{lab}
beam, ̂p{lab}

Λb

θ ̂n Λ Λb
cos θ = ̂n . ̂p{Λb}

Λ

ρλ,λ′ =
1
2 (

1 + PΛb
cos θ PΛb

sin θ
PΛb

sin θ 1 − PΛb
cos θ)

PΛb
Λb
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Form Factors parametrization:
❖  ’s are total 10 form-factors

❖                                                       

❖ with ; 

❖ , 

❖ So with form-factor parameters upto 1st 
order (N=1) and with N=2 are called N1 
and N2 hereon

❖ With N=1 form-factor params and : 19 
params 

fi, gi, hi

fi(q2) = 1
1 − q2/(mfi

pole)2
∑N

k=0 afi
k [z(q2)]k = 1

1 − q2/(mfi
pole)2

(afi
0 + afi

1z + afi
2z2 + . . . )

z(q2) =
t+ − q2 − t+ − t0

t+ − q2 + t+ − t0

t0 = (mΛb
− mΛ)2 t+ = (mB + mK)2

PΛb
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Lattice results:
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Phys.Rev.D 93 (2016) 7, 074501,William 
Detmold and  Stefan Meinel

N=1 lattice parameter results 
N=2 lattice parameter results 

https://inspirehep.net/authors/1019639
https://inspirehep.net/authors/1019639
https://inspirehep.net/authors/1049792


LHCb results for the ang dist

LHCb paper, JHEP 09 (2018) 146

LHCb paper, JHEP 06 (2015) 115
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Fitting these data 

❖ Most of these data have large errors   will be premature to assume NP and constrain NP from data

❖ First we test whether exp. data, lattice and other theory inputs from QCD modelling of form factors are consistant with each 
other

❖ we fit 19 SM parameters(18 ff params + )  with these data

❖ We consider 2 different ways to fit parameters. First, a  statistic is defined by considering each of the form factor parapets as a 
free parameter as:

❖

❖  is the theoretical expression(functions of ff) and : central value of exp. result,

❖ This fit values turns out far away from the lattice and the p-value

❖ So, we try to find the outliers in the data-set by calculating pull distribution

⟹

PΛb

χ2

χ2 =
data

∑
i,j=1

(Oexp
i − Oth

i ) (Vstat + Vsyst)−1
ij (Oexp

j − Oth
j )

Oth
p Oexp

p

∼ 0.3 %
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Outliers in the data

❖ drop all 4 outliers  (  ,  , , and )

❖ From hereon, we would refer to this fit as ` ’

❖ the angular observables only dependent on the imaginary parts of Wilson 
coefficients are essentially zero in SM and are insensitive to the parameters

❖  will also perform the fit by dropping those and will call it ` ’

❖

̂K6
̂K20 dℬ/dq2(4 − 6) 𝒜bin

FB(11.0 − 12.5)

N1-Drop1

N1-Drop212



Adding the Lattice data as nuisance param.
❖  the definition of  is modified as:

❖
 Here  is defined as : 

❖  and  are the  input parameters and their values, respectively.

❖ In our case, their values are constrained by means of the previous lattice fit 
results.

χ2

χ2 = ∑data
i,j=1 (Oexp

i − Oth
i ) (Vstat + Vsyst)−1

ij (Oexp
j − Oth

j ) + χ2
Nuis

χ2
Nuis χ2

Nuis =
params

∑
i,j=1

(IP
i − vp

i ) (VNuis)−1
ij

(Ip
j − vp

j )

IP
k vP

k kth
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Fit results: I

❖ showing the fit results for dropping 4 outlier points (drop1 )

❖ dropping the WC’s that are zero in SM

❖  is consistently zero PΛb
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Relation between form-factors

❖ In HQET followings are approx. relations in small recoil limit i.e.  

❖ In SCET, in large recoil i.e.  limit

q2 = q2
max

q2 = 0
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Fit results II
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comparison of the SM estimate from fit results with lattice and exp.
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comparison of the SM estimate from fit and lattice and exp. results of   and  :AFB fL
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Latest SM estimate of RΛ

❖ after pointing out the problematic data we had done the fits 

❖ also used HQET and SCET relations between form-factors.

❖ above we have given SM estimates for  is various bins.RΛ
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Diganta Das and RS, Phys.Rev.D 104 (2021) 1, 013002 

Adding NP operators 
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Adding scalar operators

❖ Adding chorally flipped SM operators and Scalar-pseudoscalar operators:

❖ introduces 2 new angular co-efficients which are zero in the absence of SP 
operators
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Null tests for SM 

❖ this ratio is equal to  with  is the aym. param. for  decay

❖ the  ’s are fun. of WCs with  are fun. of NP scalar operators.

❖ the ratio is independent of short distance physics but are modified by SP op.

Re(ρ2)/αΛRe(ρ4) αΛ Λ

ρi ρS1
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Null tests for SM
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Future directions:

❖ LHCb will update these measurements of angular distributions 

❖ In FCC-ee,  will produce the quarks highly polarised (Grossman and 
Ligeti, arxiv:2106.12168)

❖ We can expect  fraction of it retained by  and large sample of pol. 

❖ This decay will continue to give complementary information than the B-
meson FCNC decays.

Z → bb̄

O(1) Λb Λb
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Eur.Phys.J.C 79 (2019) 7, 634 : RS, Arantza 
Oyanguren (LHCb) , Rahul Sinha et. al. 

https://inspirehep.net/authors/1028348
https://inspirehep.net/authors/1028348
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Thank YouThank You!
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Back up slides
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Pull dist.
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Backup : sensitivity in future LHCb
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