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Introduction

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

2 E.g., long-standing discrepancy in B — K*( — Kr)uu
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Motivation

2 Exciting discrepancies observed in charged current B decays also
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Motivation

2 Exciting discrepancies observed in charged current B decays also
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b C
Motivates to measure angular observables
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Motivation

Properties D* Dy
Spin 1~ 27
Mass (MeV) 2006 2461
Width (MeV) | <2 47
2 Full 4-body distribution for B — D*( — Dn){v [RM, Pefiuelas, Murgui,
with all possible dim-6 operators including v Pich; 2004.067.26]

2 Tensor mesons D§(2460) provides complementary information
[RM: 1912.03835]
B — D¥(— Dn)tv important

; for R(D¥*)
BR ~ O(1077)[Belle, BaBar '08]
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Hamiltonian

2 Most general dim-6 BSM Hamiltonian for b — ¢£D
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Hamiltonian
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Heff

AGRVy

V2

2 Most general dim-6 BSM Hamiltonian for b — ¢£D

1% X ~X
{OLL+ E CMNOMN}
X=S,V,T
M,N=L.R

O]%[N — (EPMb) (ZPNV) ,
Oyn = (6y*Pub) ({4, Pyv) ,
Oun = (¢t Pyb) (Lo, Pyv) .

Sandwiched between mesons
form factors:
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Hamiltonian

& Most general dim-6 BSM Hamiltonian for b — ¢£D

OV, + Cx O
\/5 { LL X:S;/,T MN MN}

M,N=L,R/

Wilson coefficients:

¢ - _
perturbatively calculable O = (ePub) (UDNV) ;

Oyn = (6y*Pub) ({4, Pyv) ,
Oun = (¢t Pyb) (Lo, Pyv) .

All Cyy = 0 in the SM

~_~ Simple distribution Sandwiched between mesons

. form factors:

BSM physics induce new Wilson coefficients
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Distribution
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Framework

> Easlily distinguishable via uni-angular distribution In 49D

3 * . * *
dZFDEk | 1 [Fjp sin?0p + 2 le,) cos? QD}F]?
2
— 5 * * * * * *
dqg? dcosfp 3 {Ff2 — 6(le32 — F52) cos® Op + S(BFIIJ)2 — QFZPQ) cos* 0p I‘??
rj?f’% = dTP5/dq?

effective for analysis with low statistics|
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Framework

2 Easily distinguishable via uni-angular distribution in @,

3 " " "
d2FD* 1 [Fjp sin? 0p + 2 Fll? cos? QD}F]?
(2)
— 5 * * * * * *
dqg? dcosfp 3 {Ff2 — 6(le32 — F52) cos® Op + S(BFIIJ)2 — QFZPQ) cos* Op F%
rj?f’% = dTP5/dq>
effective for analysis with low statistics|
2 Difference in inputs: Form factors
@ %
Theory D D2
HQET CNL [hep-ph/9712417] [1711.03110]
| CSR [1811.00983] [1908.00847]
Lattice [HPQCD, 1711.11013]
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Observables

» CP averaged asymmetries

2(
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A7,8,9 X . Null tests of SI\/I|
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New Physics

> Fit to all measured observables in B — DY¢D including
differential BR in ¢* & limit from %B(B. — t0) < 10 —30%

Mediators Operators Pull Best fit*
oV @SVT @SV.T Crr = 134505
12 O Oy 2.4 CSp = —0.92022, €T = — 0,123+0.069
Sl(ga 1,1/3) @}gg}‘g/j 3.3 Cpp = 04227097
U*(3,1,2/3) Orr O 3.2 Crr = 0397558
s S, T _ :

* shown only the non-zero WCs at 10
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New physics

W all RHN +
- SM-like
operators
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Angular observables with new physics operators
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summary
2> 4-body angular distribution provides plethora of observables

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

2> D* & Dzk are easily separable from distribution

2> /ero-crossings of asymmetries provide relation among form factors
— can be tested at experiments

2 Caution for modes with T due to neutrinos in final state
— experimentally challenging

— further decay of 7 modifies the angular distribution
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summary

2> 4-body angular distribution provides plethora of observables

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

> D* & Dik are easily separable from distribution

2> /ero-crossings of asymmetries provide relation among form factors
— can be tested at experiments

2 Caution for modes with 7 due to neutrinos in final state

-

— experimentally challenging
— further decay of 7 modifies the angular distribution

(ot ”
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Backup
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Angular ooefﬁcients

1 = N [2 (14 55 ) (B + 41Ako) = T RelAb Ak + o 14fo 4 (L )]

It = Ne[5(3+ qz)(m 2+ 1AF2) + 2 3;23>(|A%L|2+|A%”|2) —S\T/n—qizRe[AﬁA%HAﬁAﬂH(L%R)},
15 = ~2Np (1= 1) (LA - 1145 + (L - B))

13 = 3 N (1= 1) (AP + AR — 4 (4K P + AR ) + (2 - ),

Iy = Np (1= "5) (MAEP — LARP — 4 (kP - LR ) + (2 B) )

L = \/§NF< —q—Q)Re[AOA — 4 Ak AL+ (L = R)),

T Akg) (AL =2 5T AR — (L — R)

v Vi

2
T Re[ALS (Ag —2 \T/nq_A%o) +(L = R)],

Is = 2V2 Ng [Re[(Aé -2

AT||) (A" - QﬁA:[F*L) — (L — R)],

f Ve
I; = —2v2 Np |Tm[(AL — 2 T AL ) (AL A
7 F[ [( 0 \/q— TO)( I \/q— T||)
2
Is = V2 Np (1- ZL) Tm[AY ALY — 4 ALy AL |+ (L > R),
m2 L AL* L 4L*
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