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Introduction

Rusa Mandal, Siegen U.

 Angular distribution of multi-body semileptonic decay is powerful  
tool to access observables in B-physics

 E.g., long-standing discrepancy in 

Local tension
<latexit sha1_base64="RS+Ap3r9rNCr2rUaYy+sbchgXpQ=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sWRaH3VXdOOygn1AO5ZMmmlDk8yQZJQy9D/cuFDErf/izr8xnY6gogcu93DOveTm+BFn2iD04eQWFpeWV/KrhbX1jc2t4vZOS4exIrRJQh6qjo815UzSpmGG006kKBY+p21/fDnz23dUaRbKGzOJqCfwULKAEWysdNvTTMDKUdX2ocD9YgmVT5B7foogKqMUKam5VRe6mVICGRr94ntvEJJYUGkIx1p3XRQZL8HKMMLptNCLNY0wGeMh7VoqsaDaS9Krp/DAKgMYhMqWNDBVv28kWGg9Eb6dFNiM9G9vJv7ldWMT1LyEySg2VJL5Q0HMoQnhLAI4YIoSwyeWYKKYvRWSEVaYGBtUwYbw9VP4P2lVyq7l18el+kUWRx7sgX1wCFxwBurgCjRAExCgwAN4As/OvfPovDiv89Gck+3sgh9w3j4BmZuR7A==</latexit>

B → K*( → Kπ)μμ

ICHEP 2020, Prague 1

q2 [GeV] [CERN seminer E.A. Smith]



Motivation
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 Exciting discrepancies observed in charged current B decays also 
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combined deviation
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Motivates to measure angular observables 
— much cleaner than FCNCs from theory side
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Motivation
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 Full 4-body distribution for 
    with all possible dim-6 operators including   

B̄ → D*( → Dπ)ℓν̄

 Tensor mesons                  provides complementary information 

[RM, Peñuelas, Murgui,  
Pich; 2004.06726]νR

D*2 (2460)

B̄ → D*2 ( → Dπ)ℓν̄ important background 
for 

Rusa Mandal, Siegen U.ICHEP 2020, Prague

D* D*2Properties

Spin

Mass (MeV)

Width (MeV)

1− 2+

2006 2461

< 2 47

[RM;1912.03835]

R(D*)
BR ≃ 𝒪(10−3) [Belle, BaBar ’08]
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 Most general dim-6 BSM Hamiltonian for b → cℓν̄
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Hamiltonian

4

 Most general dim-6 BSM Hamiltonian for b → cℓν̄

All                 in the SM CX
MN = 0

Simple distribution 

BSM physics induce new Wilson coefficients

Wilson coefficients:  
perturbatively calculable

Sandwiched between mesons 
form factors: non-perturbative

Rusa Mandal, Siegen U.ICHEP 2020, Prague
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 Easily distinguishable via uni-angular distribution in  θD
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effective for analysis with low statistics
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ΓD*(2)
f ≡ dΓD*(2) /dq2
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 Difference in inputs: Form factors 

 Easily distinguishable via uni-angular distribution in  θD
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effective for analysis with low statistics

D* D*2Theory

HQET

LCSR

Lattice [HPQCD, 1711.11013]

CNL [hep-ph/9712417]

[1908.00847][1811.00983]

3

4

⇥
FD⇤

T sin2 ✓D + 2FD⇤

L cos2 ✓D
⇤
�D⇤

f

5

8

h
F

D⇤
2

L + 6(F
D⇤

2
T � F

D⇤
2

L ) cos2 ✓D + 3(3F
D⇤

2
L � 2F

D⇤
2

T ) cos4 ✓D
i
�
D⇤

2
f

<latexit sha1_base64="pZhf4hb1MMN0bfQbsUTU0S2wiz0="></latexit><latexit sha1_base64="pZhf4hb1MMN0bfQbsUTU0S2wiz0="></latexit><latexit sha1_base64="pZhf4hb1MMN0bfQbsUTU0S2wiz0="></latexit><latexit sha1_base64="pZhf4hb1MMN0bfQbsUTU0S2wiz0="></latexit>

Rusa Mandal, Siegen U.ICHEP 2020, Prague

ΓD*(2)
f ≡ dΓD*(2) /dq2

[1711.03110]



Observables

7

 CP averaged asymmetries
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    distribution:ϕ
A3,4,5, AFB ∝

A7,8,9 ∝ Imaginary part

Real part of the amplitude

Null tests of SM
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New Physics
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 Fit to all measured observables in                        including 
    differential BR in       & limit from

B → D(*)ℓν̄
ℬ(Bc → τν̄) ≤ 10 − 30 %q2

Mediators Pull Best fit*

2.4

3.3

Operators

𝒪V
LL, 𝒪S,V,T

LR , 𝒪S,V,T
RR

S1(3̄, 1, 1/3)

Uμ
1 (3, 1, 2/3)

R̃2(3, 2, 1/6)

𝒪S,V,T
RR

𝒪V
RR, 𝒪S

LR

𝒪S,T
RR

CV
LR = 1.34+0.25

−0.60,

CV
RR = 0.422+0.071

−0.126

CV
RR = 0.39+0.07

−0.08

CT
RR = 0.054+0.009

−0.011

3.2

2.9

CS
LR = − 0.92+0.22

−0.15, CT
RR = − 0.123+0.069

−0.077

* shown only the non-zero WCs at 1σ
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New physics

Angular observables with new physics operators

Easily distinguishable in various      regionq2
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 4-body angular distribution provides plethora of observables

 Zero-crossings of asymmetries provide relation among form factors 
    — can be tested at experiments

 Charged current transitions are theoretically simpler compared to  
    FCNC modes — sensitive to BSM operators 

 Caution for modes with     due to neutrinos in final state 
— experimentally challenging 
— further decay of      modifies the angular distribution

τ

τ

         &          are easily separable from distributionD* D*2
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Backup



Angular coefficients
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