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e  Several puzzling observations: N3 E
inclusive vs. exclusive puzzles, ) R : ) S A P S
the gap, ... . . ol ) V| [107]
(see Talks by Luiz Vale Silva .
vesterday, Keri Vos today) ) — B 55
® pha"e_nges n m“‘_le"'“g of 05 B—D( y, (24+0.1) x 1072 (2.24+0.1) x 1072
inclusive decay width through Bo D'y, (5520.1)x 107 (51£0.1)x 1072
exclusive states B D fty, (66+01)x10~° (6:2+0.1)x 1073
— Many analyses svstematlca"y T 11 12 . 13 14 15 B~ Dé f: vy (2.9+0.3) x 10:3 (2.7+£0.3) x 10~ :
Fricfia B—>D9€+ v, (42+08) x 107 (3.9+0.7) x 10~
Taken from: arXiv:2301.07529 B-Difty, (42409 x107° (39+0.8)x107°
(e.g. R(X), see Talks by Bob B Drntty, (06£0.9)x107 (0.6409) x 107
Kowalewskis vesterday & B D'nrtty, (22+1.0)x107° (2.0+1.0) x 107
Markus Prim today)
e Tensions in B — D* form factors

; B — Xy, (10.8 +0.4) x 1072 (10.1£0.4) x 1072
from Lattice & Belle
Taken from Raynette van Tonder’s talk at Challenges in 2
Semileptonic B decays
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Proceed through B — D*, D,*, D*
w-spectra from Belle &

Events/(20 MeV/c?)

mass-spectra from Belle + BaBar
[Liventsev et al. (Belle) PRD 77 (2008) 091503,
Aubert et al. (BaBar) PRL 101 (2008) 261802]

In most Belle (I1) analyses the fit
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Motivation

/

Problems

~

Recent LLSW fit points out that
virtual B —D* component

should be included
[Le Yaouanc, Leroy, Roudeau PRD 99 (2019)
1. 073010; PRD 105 (2022) 1, 013004]

(Orsay)

New Belle measurement finds

significantly lower B —D* BF
but a large falling component

[Meier et al. (Belle) PRD 107 (2023) 9.
092003]

(see Christoph Schwandas Talk
earlier)

D," found to be a two-pole
structure with masses of 2.1 &
2.45 GeV instead of 2.3 GeV,
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compatible with LHCh data

[Du, Kubis, Hanhart, MeiBner PRL 126 (2021)
19, 192001]
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Formalism

Taken from: arXiv:2301.07529

Form Factor decomposition \

We perform a partial wave decomposition in the D-1t system

2 FEs for 1 = 0, 4 for every higher partial wave

Setting the D-m invariant mass to a resonances mass, picking a specific partial
wave and replacing L by the polarization tensors yields the standard

expressions for the D* and D,,*

In general, the FFs are complex /
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Formalism
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Formalism

/ Unitarity bounds \

e Derivation of BGL ([Boyd, Grinstein, Lebed PRL
74 (1995) 4603-4606;PRD 56 (1997) 6895-6911:..])
can be generalized to multi-hadron
final states

e However, a z-expansion is not
straightforward, due to the
dependence of the FFs on 2 variables

e Weak interaction and final state
interactions can be factorized
([watson PR_88 (1952) 1163-1171])

e Approximate weak interaction

dependence on invariant mass
Corrections can he systematically
incorporated
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Formalism

-~

Unitarity bounds \

For the q>-dependent remainder, a
standard z-expansion can be derived
Invariant mass dependent terms can
be treated in the same way

QOuter functions more complicated
Recent developments concerning
states above the first branch cut can

be straightforwardly included
[Blake, Meinel, Rahimi, van Dyk arXiv:2205.06041;
Flynn, Jiittner, Tsang arXiv:2303.11285]
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D K scattering has been obtained using NLO 0= &l i
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S-Wave
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le—-16 B - (Dn)stv
S-Wave 2 —— This work
4.0
3.5 1
/ Results \ 0]
;3' 2.5 1
. %5 2.0 1
o Peak near 2.14 GeV in the Drt spectrum 5 .
e  B—Dnév S-Wave contribution il
significantly smaller than previously ]
determmed . Preliminary
= . 0.0 T T T T T
e B—Dn/v S-Wave contribution T
negligibly small -
° B—>DsKl’v S-Wave contribution does le-17 B - (Dn)sADsK)stv
not saturate Belle measurement 141 N
[Stypula et al. (Belle) PRD 86 (2012) 072007] il
—> either D,* or D, *(2600) likely
contribute remainder P =
E 0.8 A
£
S 061 .
Channel | Prediction (Preliminary) 1 Measured 4 -
Br(B — (Dr)stv) 199500 % 4G~ (4.20 £ 0.75):% 1073 02
Br(B — (DsK)stv) (0.75 4+ 0.08) x 104 3.0 58 % 1074 - ! Prafimirasy. . . :
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P & D-Wave Br(D* — Dr d*r
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/ Treatment \

Recently, it was pointed out that virtual

(V)

1 o= 2
1+ 2-

<O

X(l) (Z, Z()) =

\V]

D* contributions should be taken into e
account in semileptonic decays

[Le Yaouanc, Leroy, Roudeau PRD 99 (2019) 7. 073010;
PRD 105 (2022) 1. 013004]
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P & D-Wave

-

Treatment

The D,* FFs are fitted to the spectra

~

measured by Belle, with a loose constraint

on the B —D,*(—Dm)¢v decay rate, as

well as to the Bo—D,*(—Dm)n/K BFs
[Liventsev et al. (Belle) PRD 77 (2008) 091503]
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https://inspirehep.net/literature/768236

B - D,* (- Dm)v

P & D-Wave o —— This work

0354 + Phys.Rev.D77,

091503 (2008)

=] , \
/ Results for the D-Wave \ Sm:

0.15
0.10
e The gZspectrum we obtain is harder 0.05 1 reliminary
than the one obtained by BLR 000 ==
e Possible reason: model independent w

- D" (- Dm)ty

o
&)

Ansatz in our approach

o We obtain R(D,) = 0.11:0.06, —a +
compared to RiDz*) = 0.07x0.01 (BLR) sl |l e
e Uncertainties could be decreased by ~
implementing the HQET constraints £ P4
present in the LLSW parametrization on s |
\ our more general FFs / - =R
14 e 02 0.4 06 0.8 1.0

|cos 6]




Putting everything together

-

Fit to Belle (2007) \

Combined fit to both charge modes

Do not include data above 2.55 GeV
PDG averages for D,* mass and width
Overall good agreement with data:
»2/dof = 1.2 (20 dof)

Largest tension on left flank of D,*, can
be resolved by increasing uncertainty in

mass by 10-20 MeV /

Events/(50 MeV)

50 -

40 -

30 -

20 A

10 +

B D% ¢ *tv

—— Combined
—— B-DJ v

- B=(Dm)stv
~—— B-Dy* v

Belle
<+ Phys. Rev. D 77,
091503 (2008)

P — - Preliminary
I~ e —— -'——r=* T T
2.1 2.2 2.3 2.4 25
Mpr (GeV)

15




Putting everything together

-

Fit to Belle (2007) \

Combined fit to both charge modes

Do not include data above 2.55 GeV
PDG averages for D,* mass and width
Overall good agreement with data:
»2/dof = 1.2 (20 dof)

Largest tension on left flank of D,*, can
be resolved by increasing uncertainty in

mass by 10-20 MeV /

Events/(50 MeV)

70
—— Combined
—— B-DJ v
60
- B-(Dm)stv
50 1
Belle
<+ Phys. Rev. D 77,
40 1 091503 (2008)
30 4
20 4
\ + ‘
10 1= :’>|.< A
oo '
S . e Preliminary ™
0 T T -——-—'l T T
221 2.2 2:3 2.4 2:5
Mpr (GeV)

BY ->D n*itv
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Putting everything together B® D¢ *v

sod ™ Combined Preljminary
—— B-DJiv
- B - (Dm)sfv
/ \ 01— BDs1v
Fit to Belle (2022) T | R - —
E 40 092003 (2023)
o  Gombined fit to both charge modes B g
e Do not include data above 2.55 GeV )
o  PDG averages for D,* mass and width g
o Excellent agreement with data: =
x2/dof = 1.0 (134 dof)

e (Compared to Belle, our D*+S-Wave
contribution drops off faster than the
falling exponential in the analysis .

o larger D," yield than PDG and Belle : 2.9 2'5'3' . 2.4 55
Mpr (GeV)
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Putting everything together B+ >D-m*+v

100
—— Combined Preliminary
—— B-DJiv
80 B - (Dm)stv
/ \ —— B-Df{v
Fit to Belle (2022) % + Eﬁui Rev. D 107,
g 60 A 092003 (2023)

e Combined fit to both charge modes E

e Do not include data above 2.55 GeV £ 40

o  PDG averages for D,* mass and width 2

o Excellent agreement with data:
x2/dof = 1.0 (134 dof) ool {

e Gompared to Belle, our D*+S-Wave I Pﬁj[ ]l
contribution drops off faster than the L L ; M
falling exponential in the analysis I LB s = 1.

2.1 2.2

\ Larger D, * yield than PDG and Belle / 253 2.4 2.5
Mpr (GeV)

18



Putting everything together [ ! * ' . [

B+l—l—1

BO — .

Belle (2008)

Theory —— ! = 1 PRD 77 (2008) 091503

i BaBar (2008).,
/ Fit to Belle (2022) \

BaBar (2009)

Pt 5
PRL 103 (2009) 051803

e Combined fit to both charge modes

e Do not include data above 2.55 GeV — Belle(2023)

o PDGaverages for D,* massandwidth | _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ T

e Excellent agreement with data: — Orsay (2022)
21dof =10 (134 dof) L Thio work

e (Compared to Belle, our D*+S-Wave

contribution drops off faster than the . 0*5 . 115 ) 2.5 3 3\5
falling exponential in the analysis ' : : !

\. Larger D,* yield than PDG and Belle / 10° x Br(B — Da(— Dr*)(*v,)
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Putting everything together

BO — Belle (2008)

Theory —e——i PRD 77 (2008) 091503

. , BRBan 08
/ Fit to Belle (2022) \

Belle (2023)

PRD 107 (2023) 9, 092003

e (Combined fit to both charge modes |- - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ |

e Do not include data above 2.55 GeV - Sy (2002

o  PDG averages for D,* mass and width - This work

o  Excellent agreement with data: | | | | o T
x2/dof = 1.0 (134 dof) 0 1 9 3 4 5 6 7

e Gompared to Belle, our D*+S-Wave 103 x Br(B — Do(— Dr¥)tty,)

contribution drops off faster than the
falling exponential in the analysis

\o Larger D,* yield than PDG and Belle /
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Putting everything together

/Possible impact on inclusi\h

analyses

e Harder g%spectrum in the narrow
& broad components

e  Possibly resolves the small tension
seen in the inclusive g2-spectrum

e S-Wave B—Dn/v decays can not
account for the gap — B—D*n/v
decays will also be subdominant

e N.B.: Endpoint of BLR will be

K washed out by MC generator /

1/rdr/dg? (Gev—2)

0.35

0.30 1
0.25 A
0.20 A
0.15 A

0.10 A

0.05

0.00

B - (Dm)glv

Preliminary

= This work

—— B-DJ v
B - (Dm)sty

—— BLR D¢

0 2 4 6
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Putting everything together

/Possible impact on inclusi\h

analyses

e Harder g%spectrum in the narrow
& broad components

e  Possibly resolves the small tension
seen in the inclusive g2-spectrum

e S-Wave B—Dn/v decays can not
account for the gap — B—D*n/v
decays will also be subdominant

e N.B.: Endpoint of BLR will be

K washed out by MC generator /

1/rdr/dg? (Gev—2)

0.30

0.254 ™

0.20 -

0.15 1

0.10 -

0.05 A

0.00

B - Dntv
—— This work
— BLR
Preliminary
0 2
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Putting everything together

/Possible impact on inclusi\h

analyses

Harder q2-spectrum in the narrow
& broad components

Possibly resolves the small tension
seen in the inclusive g2-spectrum
S-Wave B—Dn/v decays can not
account for the gap — B—D*n/v
decays will also be subdominant
N.B.: Endpoint of BLR will be

washed out by MC generator /
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Future work

Candidates / ( 0.006 GeV/c?)
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Pull
Pull

B—D*nlv & B—Dy/v obvious next
targets, but richer angular structure and

5 ‘ . w5k . . ‘
less data 02 03 04 05 06 07 08 02 03 04 05 06 07 08

B—D*nlv 1* S-Wave expected to show el s o el (e BB (GAvE)

similar features to B—Dn/v S-Wave, ——
but complicated by the presence of
mixing with narrow D-Wave state

— More input from Hadron
spectroscopy Lattice calculations would
be helpful

Inclusion of B —B*(—D{v)m and
corresponding interference effects

Apply to B —»nm/v S-Wave
[Kang, Kubis, MeiBner PRD 89 (2014) 053015]

S-wave

P-waves
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https://inspirehep.net/literature/1267509

Outlook

How can the experiments
improve the situation?

~

Releasing data including correlations...
Partial-wave analysis of B—D™m/v
decays, large invariant mass bins
sufficient to distinguish between BLR,
Orsay & our work

Measurements of B—D™n/v g2 and
E-spectra in bins of D™ invariant
mass, especially around the D, and the
narrow D, *

Measurements of B"— D™, BO—D™

B*->Dn*ttv

45 —
Preliminary

40 —
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30 1 %

Events/(7.5 MeV/c?)

- B-(Dm)stv

Combined
B-DJ v

B-Dj v

Belle
Phys. Rev. D 107,
092003 (2023)
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K & B'—D™nD_ decays
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pure S-Wave
50/50, this work

pure P-Wave
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/o We developed a model-independent\

description of B—Dm{v
e By combining meson-meson scattering
phase-shifts with B—D/v in the

e
=]
L

o
)

P

soft-Goldstone limit we obtained 00} Pre“m':ary : - - »

predictions for the S-Wave B— D/, 2 Gev) PrSs—

B—>Dr][v & B—)D Kév decays gl = Preliminary
o  We re-analyzed B—»Dz*l’v decays and | S

found discrepancies with the literature — B-Djw
o The framework developed is extendable |+ T e 0107,

to other final states, as well as

\ Cabibbo-suppressed decays /
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