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Main motivations

Lepton pair

Hadrons

B0
s −→ D∗

s µ νµ

We have tensions in Vub, Vcb andR(D)-R(D∗)measurements, semileptonic decays could help usbecause:
• tree-level diagram, EW and QCD
• sensitivity to New Physics

Additionally:
• simpler theoretical computations with respect to

B0 and B+ (due to s quark)
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Main motivations

• Previous analysis, see JHEP12(2020)144,published four years ago
• That was a 1-d analysis ⇒ this is a full angularanalysis
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Measurement of the shape
of the B0

s → D∗−s µ+νµ
differential decay rate
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Abstract

The shape of the B0
s → D∗−s µ+νµ differential decay rate is obtained as a function of

the hadron recoil parameter using proton-proton collision data at a centre-of-mass
energy of 13 TeV, corresponding to an integrated luminosity of 1.7 fb−1 collected by
the LHCb detector. The B0

s → D∗−s µ+νµ decay is reconstructed through the decays
D∗−s → D−s γ and D−s → K−K+π−. The differential decay rate is fitted with the
Caprini-Lellouch-Neubert (CLN) and Boyd-Grinstein-Lebed (BGL) parametrisations
of the form factors, and the relevant quantities for both are extracted.
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The decay kinematics

These processes are fully describedby four variables:
q2, θℓ, θd, χ

q2 = (pB0
s
− pD∗

s )
2

θℓ and θd are helicity angles
χ angle between decay planes

dΓ
dq2d cos θℓd cos θddχ

∝
∑

i=1s,...

Ii(q
2) Ξi(θℓ, θd, χ)

ẑ = p⃗D∗
s /|⃗pD∗

s |

B0
s −→ D∗∓

s ℓ± νℓ

D∓
s γ

K+ K− π∓

(−)

Hadronic interaction (models) + NP
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First steps of the analysis

The events are selected:
• lepton and hadron with opposite charges
• D±

s → K+K−π± selection, ϕ and K∗ resonances
• D∗

s → Dsγ reconstruction, soft γ selection
Then, backgrounds are rejected with:
• sP lot to evaluate combinatorial background for thephoton emitted by D∗

s• cut on dedicated variable to suppress thedoubly-charmed decays (Hb → HcD∗
s )

Templates
B0

s → D∗−
s µ+νµ

B0
s → D∗−

s τ+ντ

B0
s → Ds1µνµ

B0
s → Ds1τντ

B0 → D∗+
s D(∗−)

B0
s → D∗+

s D(∗−)
s

B+ → D∗+
s D∗0

Λb → D∗−
s Λ

(∗+)
c

Combinatorial + misID
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Number of signal events

Extract signal yields using
Mcorr =

√
m2

D∗
s µ

+ |p⊥
miss|2 + |p⊥

miss|

Template binned fit over 4-d space,extrapolation in two steps:
• Simultaneous fit over q2 bins,integrating the angles
• Second fit over all bins, fixingbackground templates
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LHCb Simulation
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Number of signal events

Extract signal yields using
Mcorr =

√
m2

D∗
s µ

+ |p⊥
miss|2 + |p⊥

miss|

Template binned fit over 4-d space,extrapolation in two steps:
• Simultaneous fit over q2 bins,integrating the angles
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Signal yields distribution
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• Create migration matrix + efficiencyvector to account for detector effects
• Fit CLN/BGL parameters using foldedand unfolded distributions
• Compare the unfolded distributionwith theory/other experiments
• Use the unfolded distribution toperform a model-independent fit
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Model-independent approach

We can explicitly fit the Ii(q2) functions integrated over the q2 bins, without anyassumption on the hadronic model:

Npred
k,l ∝

∑
i

∫
∆q2,true

k

(
1 − m2

µ/q2)2 |⃗pD∗
s (q

2)|Ii(q2) dq2 ·
∫
∆Ωtrue

l

Ξi(θℓ, θd, χ) dΩ

∝
∑

i

Ji,k(q
2) · ζi,l(θℓ, θd, χ)

where ζi,l(θℓ, θd, χ) are analytically computable. We have∼ 6 × 10 free parameters.After the fit we can extract CLN/BGL parameters from the Ji(q2) shapes.
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Model-independent approach
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We could extract information aboutNP, because we expect some Ii(q2)functions to be zero in SM picture.

LHCb Simulation
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Final thoughts

• In terms of statistics Simulations≥ Dataset, hence we expect to be able to performthis analysis with data successfully
• First measurement of B0

s → D∗
sµνµ differential distributions

• It is possible to directly test different New Physics scenarios, with both amodel-dependent and a model-independent approach
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The differential width

dΓ
dq2d cos θℓd cos θddχ

= K(q2)
∑

i

Ii(q2)Ξi(θℓ, θd, χ)

= Nγ |⃗pD∗
s
(q2)|

(
1 − m2

µ

q2

)2

·
[

I1s sin
2 θd + I1c(3 + cos 2θd)

+ I2s sin
2 θd cos 2θℓ + I2c(3 + cos 2θd) cos 2θℓ

+ I3 sin
2 θd sin

2 θℓ cos 2χ+ I4 sin 2θd sin 2θℓ cosχ+ I5 sin 2θd sin θℓ cosχ

+ I6s sin
2 θd cos θℓ + I6c(3 + cos 2θd) cos θℓ

+ I7 sin 2θd sin θℓ sinχ+ I8 sin 2θd sin 2θℓ sinχ+ I9 sin
2 θd sin

2 θℓ sin 2χ
]

Nγ =
3G2

F|Vcb|2B(D∗
s → Dsγ)

128(2π)4m2
B0

s

|⃗pD∗
s
(q2)| =

λ1/2(m2
B0

s
,m2

D∗
s
, q2)

2
√

q2
λ(x, y, z) = x2+y2+z2−2xy−2xz−2yz

Ii(q2) = Ii(q2;H0,H±,Ht)and Hi are written usingCLN/BGL models

arXiv:1801.10468

https://arxiv.org/abs/1801.10468


CLN model

H0 =
(mB0

s
+ mD∗

s
)2λ1/2(m2

B0
s
,m2

D∗
s
, q2)A1(q2)− λ(m2

B0
s
,m2

D∗
s
, q2)A2(q2)

2mD∗
s
(mB0

s
+ mD∗

s
)
√

q2

H± =
(mB0

s
+ mD∗

s
)2A1(q2)∓ λ1/2(m2

B0
s
,m2

D∗
s
, q2)V(q2)

mB0
s
+ mD∗

s

Ht = −
λ1/2(m2

B0
s
,m2

D∗
s
, q2)√

q2
A0(q2) w =

m2
B0

s
+ m2

D∗
s
− q2

2mB0
s
mD∗

s

V(w) =
R1(w)

R∗
hA1

(w)

A0(w) =
R0(w)

R∗
hA1

(w)

A1(w) =
w + 1

2
R∗hA1

(w)

A2(w) =
R2(w)

R∗
hA1

(w)

hA1(w) = hA1(1)[1 − 8ρ2z(w) + (53ρ2 − 15)z(w)2

− (231ρ2 − 91)z(w)3]

R1(w) = R1(1)− 0.12(w − 1) + 0.05(w − 1)2

R2(w) = R2(1) + 0.11(w − 1)− 0.06(w − 1)2



BGL model

H0(w) =
F1(w)√

q2

H±(w) = f (w)∓ mB0
s
mD∗

s

√
w2 − 1g(w) z(w) =

√
w + 1 −

√
2√

w − 1 +
√

2

Ht(w) = mB0
s

√
r(1 + r)

√
w2 − 1√

1 + r2 − 2wr
F2(w)

f (z) =
1

P1+(z)ϕf (z)

N∑
n=0

af
nzn F1(z) =

1
P1+(z)ϕF1(z)

N∑
n=0

aF1
n zn

g(z) =
1

P1−(z)ϕg(z)

N∑
n=0

ag
nzn F2(z) =

√
r

(1 + r)P0−(z)ϕF2(z)

N∑
n=0

aF2
n zn



New Physics tensor

H
′
eff = HSM

eff +
GF√

2
Vcb

[
ϵℓTcσµν(1 − γ5)bℓσµν(1 − γ5)νℓ + h.c.

]
σµν =

i
2
[γµ, γν ]

A(B0
s → D∗

s ℓνℓ) =
GF√

2
Vcb

[
HSM
µ Lµ,SM + ϵℓTHNP

µνLµν,NP]
H j

m = ⟨D∗
s (pD∗

s , ϵm)| cO j(1 − γ5)b |B0
s (pB0

s
)⟩ L j = ℓO j(1 − γ5)νℓ

⇒ HNP
m = HNP

m (T0,T1,T2) INPj = INPj (HNP
m )



Kinematic variables reconstruction

We assume there is only one missing particle in thefinal state and that mB0
s
is known (see JHEP02(2017)021)

⇒ Two fold ambiguity

p± = p∥
vis − a ±

√
r

a =
(m2

B0
s
− m2

vis − 2(p⊥
vis)

2) · p∥
vis

2 ·
(
(p∥

vis)
2 − E2

vis

)
r =

(m2
B0

s
− m2

vis − 2(p⊥
vis)

2) · E2
vis

4 ·
(
(p∥

vis)
2 − E2

vis

)2 +
(Evis · p⊥

vis)
2

(p∥
vis)

2 − E2
vis

⇓
Regression algorithm gives a roughestimate of pB0

s
, we resolve theambiguity using

∆± = (preg − p±)

https://link.springer.com/article/10.1007/JHEP02(2017)021


Two symmetric approaches

Folded fit χ2 =
(

N⃗meas − N⃗pred)T 1
C(Nmeas)

(
N⃗meas − N⃗pred)

where Npred
i = k ·∑t

j=1 mij · (∆Γ(⃗p) · E)j (∆Γ(⃗p) · E)j = ∆Γj(⃗p) · Ej

∆Γ = expected yields distribution p⃗ = CLN/BGL parameters

Unfolded fit χ2 =
(

N⃗unf/E − k ·∆Γ(⃗p)
)T 1

C(Nunf)
(

N⃗unf/E − k ·∆Γ(⃗p)
)

where N⃗unf is obtained using Bayesian unfolding



Expected true yields

∆Γj(⃗p) =
∫∫

∆true
j

d4Γ

dq2dΩ
(⃗p) dq2dΩ

= Nγ

∫
∆q2,true

a

∫
∆Ωtrue

b

(
1 −

m2
µ

q2

)2∑
i

|⃗pD∗
s (q

2)|Ii(q2) Ξi(θℓ, θd, χ) dq2dΩ

= Nγ

∑
i

∫
∆q2,true

a

(
1 −

m2
µ

q2

)2

|⃗pD∗
s (q

2)|Ii(q2) dq2
∫
∆Ωtrue

b

Ξi(θℓ, θd, χ) dΩ

The integrals over the angular space are easy to compute, while the integrals over q2 arecomputed using Bode’s rule (or Simpson’s 3/8 rule).



Belle and HPQCD

arXiv:2304.03137
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