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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

- l[“ L} L} L) L} ' L} L) L} T l 1) L) T 1} l Ll L) L)
QL 1 =
[LHCb i
+Run | 2016 :
0.5 * Combined -
i SM from DHMV i
of
|_ocal tension 052 i
~ 2 — 30 - i EE E’E E’EEE
1 . ‘

0 5 10 15

g>[GeV] [CERN seminer E.A. Smith]

FSP-meeting 20, Bonn 1 Rusa Mandal, Siegen U.



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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_ Motivates to measure angular observables
5 — much cleaner than FCNCs from theory side
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Hamiltonian

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

Heff
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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

— ~ oimple dynamics Sandwiched between mesons

. form factors:

BSM physics induce new Wilson coefficients
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Distribution

dT' (B — D{i)

= Jo+J 0, + Jo cos® 6
102 dcos 0, o+ J1 cost; + Jo cos” 0

2 Simpler for D:
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Distribution

dT(B — DI7)
dg? d cos 0,

2 Simpler for D: = Jo+ J;

Sy

> D* — Dgm induces two more angles:

d*T(B— D*(— Dn)¢p)
dg2dcos8 dcosOpdp

J s & NP + FF measurable |
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cosO; + Jy cos? 6,

[RM, Penuelas, Murgui,
Pich; 2004.06726]

9

327
+ (IQC cos® 0p + I sin? HD) cos 20,
+15sin? O p sin? 6, cos 20
+1, sin 260 sin 26, cos ¢
+15 sin 260 sin 6; cos ¢
+ (IéS sin® 0p + I cos? QD) cos 0,
+17 sin 260 sin 0; sin ¢
+1g sin 260 sin 260, sin ¢

{If cos® Op + Iy sin? 6 p

41y sin® @p sin? 6; sin ng}
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Observables

2 Helicity fractions

dg? d cosfp T4

[FT sin® 0p + 2 FL " cos? HD} FD FfD(*) = dFD(*)/dqz

> ¢ distribution:
d*T 1 | .
dq2d¢ :% [1+A3COSQ¢—|—AQSIHZ¢}F]¢

> Lepton polarisation:

(+) ()
dI’D_l/Q/dq2 — dFi:_yz/dQQ

(*)
PD o
drD™ /dg?
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Observables

> CP averaged asymmetries

AD( = Fjl,?l( y / / dcos 0, dl;;;cosl;?(*))
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=0

A7,8,9 X | Null tests of SM
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Form factors

2z HQET parametrization with leading Isgur-wise function

(@) = 1-p°w(g?) 1]+ clw(@®) — 1° + dw(g®) — 1P° + O(lw — 1]*)
= 1—8p%2(¢%) + (64c — 16p?) 2%(¢*) + (256¢ — 24p* + 512d) 2°(¢?) + O(2*)

. parameters p*,c,d olqd) = Bt Mo ~ @
2MmBm p(x)

| | Vol @) +1- V2

- )(2(?39 ’70’ l1,2

2 Updated fit to inputs from Lattice QCD, LCSR & QCD SR
fixes the parametrization of FFs [Jung, Straub; 1801.01712]

No data used to extract the FFs . independent of NP
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Status with LHN

Obs Expt Deviation
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Status with LHN

Obs Expt Deviation Y, (Y,
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Status with RHN
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Details of new physics scenarios with LHN operators in
[Murgui, Pefuelas, Jung, Pich; 1904.09311]
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New Physics

& Fit to all measured observables in B — DO#D including
differential BR in g*in EFT approach motivated by UV mediators

Mediators Operators Pull R, Ry FP* P¥

61, 67T, O3V 2.4 v / v v

O3 O 2.5 v v X Vv

$i3,1,1/3) OO 3.3 v v X v
R,(3,2,1/6) 651 29 X
Uh(3.1,23) O Olu0l0h |26 ¥ /X
V43,2, —1/6) o5, 1.9 v X X V
v,a1,1,-1) oY, 3.7 v v X Vv
$(1,2,1/2) Oxy 2.5 v v Vv
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New physics

W all RHN +
SM-like
operators

¢ [GeV]?

" Different zero-crossings

I5 -

Easily distinguishable in various q2 region|

— Crucial to identify NP mediators
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Higher spin states

Properties D* Df
Spin 17 27"
Mass (MeV) 2006 2461
Width (MeV) <2 47

&> Tensor mesons D¥(2460) provides complementary information
[RM: 1912.03835]

B —» D¥(— Dm)¢v important

5 for R(D¥*)
BR ~ O(107°)[Belle, BaBar '08]
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Higher spin states

D>I<

i [If cos® 0p + I7 sin? 6 p
327

-+ (I2C cos® 0p + 15 sin? QD) cos 20,
+ 15 sin® O sin? ) cos 2¢

+1, sin 260 sin 26, cos ¢

+15 sin 20 sin 0; cos ¢

-+ (Ig sin? 0p + I cos? HD) cos 0
+17 sin 260 sin 0; sin ¢

+1g sin 260 sin 26; sin ¢

+1g sin® fp sin® 6; sin Q(b}
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d*T
dg?d cos Opd cos 0,dp
K
D2
15 [16(3 cos” Op — 1)? + 3I% sin® 20
1287 L' P ! P

+ (I5(3cos* Op — 1)* + 313 sin” 20 ) cos 26,
+315 sin? 26 p sin? 6 cos 20

+2\/§I4(3 cos® Op — 1) sin 20 sin 26; cos ¢
+2\/§I5(3 cos®fp — 1) sin 20p sin 6; cos ¢

+ (31 sin” 20p + I§(3 cos® Op — 1)7) cos b
+2v/317(3cos? Op — 1) sin 20 p sin 6; sin ¢
+2v/3Ig(3 cos? Op — 1) sin 20 p sin 26, sin ¢

4314 sin” 26 sin? 6; sin 2@5]
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Higher spin states

2 Easily distinguishable via uni-angular distribution in @,

3 " " "
42T p- 1 [Fjp sin0p + 2 F cos” QD} F?
(2)
) 2[pDs D _ D3 D _ opDs D;
dq? dcosfp g[FL +6(F; 2 — F;?)cos*Op + 3(3F; 2 —2F; %) cos” 0p I
. - Y 20 = qrP/dg?
effective for analysis with low statistics foT 1
2 Difference in inputs: Form factors
Theory D* D3
BGL [hep-ph/9705252]
| CSR [1811.00983] [1908.00847]
Lattice [HPQCD, 1711.11013]
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Higher spin states

2 Easily distinguishable via uni-angular distribution in &p

3 * . * *
dZFDEk | 1 [Fjp sin 0p + 2 le,) cos? QD} F?
2
=\ 2 [pDs D; _ 1Dj D} D; D3
dq? dcosfp 3 {FL +6(F; 2 — F;?)cos*Op + 3(3F; 2 —2F; %) cos” 0p I
: ; . . Dy — 31vDE, 1 7,2
effective for analysis with low statistics W =dl™0/dg

2 Difference in inputs: Form factors

Theory | D* D;k

HQE Sarﬁe NP should show up here as well 0]

LCSR [1811.00983] [1908.00847]

Lattice [HPQCD, 1711.11013]
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summary

> Charged current B-anomalies can be addressed with BSM
operators with light RHN

> FP" data is not easily achievable in NP scenarios

2> 4-body angular distribution provides plethora of observables
— important to identity the underlying NP dynamics

2> Higher spin states provide complimentary information
— D* & D;k are easily separable from distributions

2 Caution for modes with T due to neutrinos in final state
— experimentally challenging
— further decay of T modities the angular distribution
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summary

> Charged current B-anomalies can be addressed with BSM
operators with light RHN

Ff data is not easily achievable in NP scenarios

2> 4-body angular distribution provides plethora of observables
— important to identity the underlying NP dynamics

2 Higher spin states provide complimentary information
— D* & D;k are easily separable from distributions

> Caution for modes with 7 due to neutrinos in final state
— experimentally challenging
— further decay of T modities the angular distribution

P
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Backup
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Angular ooefﬁcients

m?2 16m,

I¢ = Np |2 (1
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|2 q
2
I5 = —2Np (1- 7;7’) (5P = 414k o? + (L > R) ),
5= 1N (1 gA2A? A7 P+ AP + (L= R
3= 5 Ve (177 ) (MAEP + 1AFP — 4 (4R LP + 148 P) + (L= R) )
2
mr L L
Iy = Np (1= 7 ) (MEP = JAFP =4 (AR P~ AR ) + (L= B)).
2
_ \/§NF< - q—) Re[AF AL" — 4 AL AL + (L — R)].,

T Akg) (AL =2 5T AR — (L — R)

V& NCE
8m2

N 2
RN (4= VP ko) + (L R

Is = 2V2 Ng [Re[(.Aé -2

I = Np

Ig = ANpRe[(AF —2 22 AL ) (AL - 22 AF") — (L - R)].

f vV
L*
I; = —=2V2 Np [Im[(Ao 2\/q—ATO) (A \/q—‘ATH)
m2 * *
Is = V2 Np (1- q—) T A} AL — 4 A AR+ (L — R)],
m2 * *
Iy = 2Np (1 q—z) Tm[AF AL — 4 AL AE + (L — R)).
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TE) (1A + 41 AR ) - T RelAAfo] + 5 A 4+ (L )],

= Re[Ar AR T + AF AL + (L — R)] ,

g Mo
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