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Motivation
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Semileptonic B —» D™ £v decay -
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e V., puzzle
Inclusive decay B - X.#v (X, = D,D"*, D, ...)
HQE, Optical theorem, OPE
exclusive decay B —» D™ v

form factor calcualtion: lattice, LCSR

n. 42.16(50) vs ex. 39.70(60) -, ametrization: CLN(-like)/BGL

~ 30 deviation
[M. Bordone et al. ‘21] [S. Iguro et al. "20]
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Relation between the R.H. vector current and the V., puzzle

e
V2

Ov, = Y*br)(ryuvr), Ovy = (CrY"br)(CryuvL) -

4.4

Heg = Ve [Cv,, O, + Cy.Oyz] + h.c.

42
©40

838 -
Cy, # 0 in the Left-Right symmetric model
from W, — Wy mixing [E. Kou etal. "13] )

3.6

3.4 _
-0.10  -0.05 0.00 0.05 0.10
c® [A. Crivellin et al. '15]

Considerable ex. uncertainties.
B = D*#vvs B — X £v: Cy.~— 5% Theo. uncertainty from lattice QCD input.
B = D&v vs B — X fv: Cy N 504 More measurements needed!

Cc * R



Theoretical Framework

Differential decay rate (m, , — 0): J; functions:

dl'(B — D*(— Dr) £~ ) Jis = g(H?, + H2)(|Ov, |* + |Cvi|*) — 6H, H_Re[Cy, CY,]
d6uT)nd (7:7(;2 Oy dcos G, dy Jie = 2H2(|Cv, > + |2 — 2Re[Cy, C.])

= gt VW 10 -20r+r")GE [Vaf BD' = Dr) e = 2H((Cia* + Cral? — 2RelC O3y )

1
Jos = E(H-?- + HE)( CVL|2 + |CVR|2) - 2H+H—Re[CVLC‘*’R]

Joc = —2H§(|CVL|2 + |CVR|2 - 2R’e[O""LO"*}R])

Js = —2H, H_(|Cy, |* + |Cv,|*) + 2(H3 + H2)Re[Cy, Cy,]
Jy = (HyHo + H_Hy)(|Ov; |* + |Cvi|* — 2Re[Cy, CF,))

Js = —2(HyHo — H_Ho)(ICv, |* — |Cv[*)

X {Jls sin® By + Ji. cos? Oy + (Jg sin® by

+ Ja cos® fy) cos 26,
+ Ja sin? 8y sin? 6, cos 2x
+ Jy sin 260y sin 26, cos x + J5 sin 20y sin 6, cos ¥

) 2
+ (Jes.sm 0V.+ JGC.cos 0v) C(.)s 6, | | Jos = —2(H2 — H2)(|Cv, | — |Cval?)
+ Jy sin 260y sin 6, sin x + Jg sin 26y sin 26, sin x Joo =0
+ Jy sin? By sin? 6, sin 2x} : Jr=0

J; experimentally measurable, includes H, Jy = 2(H+12{0 - Ii—HO)Im[CYLCI"}R]
H_, Hy, Cy, and Gy (SM and BSM). Jo = —2(Hy — HZ)Im|Cy, Cy, ]



Kinematic variables in B - D*(—» Dm){v

6, the angle between the lepton and
the direction opposite the B-meson
In the virtual W-boson rest frame;

B, the angle between the D meson and
the direction opposite the B meson in
the D* rest frame;

X the tilting angle between the two
decay planes spanned by the W and D
systems in the B meson rest frame;

W the dimensionless four-momentum
transfer.

[A. Abdesselam et al, Belle Collaboration '17]



Helicity amplitudes in CLN and BGL parametrizations

H(w) = mpv/r(w + 1)y, (w) Hy(w) = f(w) F malpp-lg(w)
/ —1
X |1 + w+ 1 Rl(w) H()(’w) — 'F\l/(qzz)
l1—r1r
Hy(w) = mgv/r(w + 1) 7z ha, (w) X BGL parametrization (analyticity based)
w—1
1+ ———(1— Rz(w))] g,
[ 1-r 9(e) = F (z)¢g(z) nz_% n® Blaschke factors:
CLN parametrization (HQE based) f(2) = Zafz e funlc):i]i’oig: Pp,
Pf(2)¢f Z) n=0 ¢g’ ¢f’ ¢F1

ha,(w) = ha, (1)(1 — 8p%.2 + (53p%. — 15)2?

— (23103, — 91)2%) (2 1 i
Ri(w) = Ri(1) — 0.121()w — 1) +0.05(w — 1)? Fil#) = Pr,(2)¢5,(2) nz_;
Ry(w) = Ry(1) + 0.11(w — 1) — 0.06(w — 1)?




Un-binned Angular Analysis

] Exsiting binned analysis
Normalised PDF: (projected x? fit): ()
Belle 17 '18; BaBar ‘19 ;) = L
g (Bele Bar 19 ) {90) = Gy T 3L — 2Ly — ()

f@ (cos by, cos0y,x) = —

8w

1 . J = Jivw? — 1(1 — 2wr + %)
X {6(1 — 3(g1c) + 2(g2s) + (92c)) sin’ Oy + (g1c) cos* Oy
fThe experimental determination of < g; >\

. 2 2
T ((928>, 81211 OV,-'; (92c) cos” by ) cos 20 can be pursued by the maximum
+ (gs) sin® Oy sin® 6, cos 2 likelihood method :
+ (94) sin 26y sin 260, cos x + (gs) sin 260y sin 6, cos x B N
+ ({ges) sin® Oy + (gec) cos By) cos b, L({9:)) = Z In f, - (e:)
+ {g7) sin 260y sin 6, sin 'y + (gg) sin 26y sin 26, sin y - =1 J
+ (go) sin By sin? 4, sin 2x} , Angular observables allow to

determine Cy, without the
Intervention of the V., puzzle!



Pseudo data generation

Pseudo data generated using CLN parameters
fitted by Belle [E. Waheed et al, '18]

Nopent = (5306,8934,10525,11241, 11392,
11132,10555,9726,8693,7497)

Pseudo data generated using BGL parameters
fitted by Belle [E. Waheed et al, "18]

Nopent = (5306,8934,10525,11241, 11392,
11132,10555,9726,8693,7497)

< g; > generated in 10 bins with covariance
matrices by toy Monte-Carlo method

Total event number: 95k as in Belle analysis

including Cy, (on top of form factors). Note

V.p 1S not possible to fit any more because it
\_cancelsin g;!

(" Using pseudo data we fit theoretical formula
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< g; > generated in 10 w-bins




x?2 utilized in the CLN/BGL fit
Xz(’l-f) = Xﬁngle(’l-f) + Xlzattice('ﬁ) motes: \

1.) Cy, and V., are correlated in
Z ZN the fit using only w-dependence as
event the changes in both parameters

directly impact Br(B — D*fv)

Xa.ngle
w—bin=1

Vi (g)™ — (g} ) (™ (g@)]

We include the lattice input by introducing

w—bin
2.) the angular fit does not
converge as Cy,, Is not independent

2 ylattice _ 4.\ 2 w‘ the vector form factor /
Xlattice (’02) = ( )

lattice
(0) Vi

Lattice input of the vector form factor

with hy, (1) = 0.906 + 0.013 Is crucial for determining Cy !
by Fermilab/MILC R{(1) ~4% error hy(1) ~7% error

[J.A. Bailey et al, '14] [T. Kaneko et al, "19]



Fitof Cy,

CLN fit: By (1) BGL fit: - mayf
R1(1) = ha. (D) Py(0)4(0) %
U= (pD* ,@ R2(1 CVR) (a‘07 a’la a’l 70’2 7‘CVR)
_ (1.106, 1.229,0.852, 0) = (0.0132,0.0169, 0.0070, —0.0852, 0.0241, 0.0024)

— :;.1 i i , ° , ° 1

1. —-0.016 —0.763 0.095 0.022 1. 0.860 —0.351 0.000 0.316
| —0.016 1. 0006 —0.973 | 003 o080 1. —0.762 0.000 0.283
PE=1 _o763 0006 1. —0.117 Pi=1 _0.035 —0.351 —0.762 1.  0.000 —0.119
0.095 —0.973 —0.117 1. 0.000 0.000 0.000 0.000 1. —0.923

\ 0.189 0316 0.283 —0.119 —0.923 1. }
Cy, can be determined to a
precision of ~2 (4)% in CLN
(BGL) parametrization.

Central value of Cy, Is ~0 because of Belle measurement.
Cy, and the vector form factor are highly correlated!



Contour Plots
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If new lattice results turn out to be different from the
experimental fitted value (assuming SM), non-zero
Cy, can be hinted.



Fit of Cy, using forward-backward asymmetry (FBA) only

FBA~ < g¢¢ >

Advantage: one angle measurement [ 1. 0.008 —0.873 0.262 \
0.008 1. —0.040 -—-0.931
Pi= | _ _ —0.206
B oty — [0 2 d cost 0873 —0.040 1. —0.296

\ 0.262 —0931 —0296 1.

= rl 4ar 0 4r
0 —dcosotdcosé?g+f_1 —dcosoldcoseg

= 3(ges) Cy, can be determined at a precision of
2.2% using FBA alone! Almost as good
. >
7 = (05, R1(1), Ry(1), Cy2) as the full set of < g; >
= (1.106, 1.229, 0.852, 0.000) I'm(Cy,) can also be determined at
oz = (2.200,0.049, 0.031, precision of 0.79% for both CLN and

BGL!



Summary & Conclusions

e The normalized angular observables < g; > for B - D*(Dm){v determined in
the un-binned analysis are useful for the precision measurement of Cy, by

circumventing the V., puzzle.

* Cy, Is highly dependent on the vector form factor, thus it can only be
determined with the vector form factor calculated by lattice.

 The real (imaginary) part of Cy, can be determined at precision of 2-4 (1) %
using the full set of < g; >.

* FBA(< g6s > ) can determine Cy, at almost equally good precision, thus it is
highly proposed to be measured in the near future.



Thank you!



Backup

SM flt iﬂClUding Vcb @I\/I fit results in CLN parametrization \
XZ(’U) — Xg.ngle(ﬁ) + Xlzattice(ﬁ) + X'zzu—bin(’l_)’) v = (hAl(]')’ P%)*, Rl(l)’ Rz(].), VCb)
= (0.906, 1.106, 1.229, 0.852, 0.0387)
w dependence in x?: \ o7 = (0.013,0.019,0.011,0.011, 0.0006) ,
10
X2 . (1‘;’) _ Z ([N]w—bin - 0-’<P>'w—bin)2 KSM fit results in BGL parametrization \
w—bin [N]'w—bin f A A .9

U= (ag’al’al ) 7a0’Vcb)
= (0.0132, 0.0169, 0.0070, —0.0853, 0.0242, 0.0384)

w—bin=1

The factor a is a constant, which relates the number

of events and the decay rate: \0’17 = (0.0002, 0.0028, 0.0011, 0.0199, 0.0004, 0.0006)
__» number of BB pairs produced from Y (4S)
AN g _
a = —BB 15 x eB(D° — K™n*) a = 6.616(6.613) x 1018 in CLN (BGL)
+ f+0 TS 0 [ .
BY lifetime parametrization

- . . . _ -2
B*/B® production ratio at Belle Experimental efficiency: € = ~ 4.8 X 10 .



