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Let’s first clarify what we mean by D**

e Experimentalist:

e What is in MC: 28
e D" =D"(1P) -

> Sometimes D**(2S) 2.6 -

e D™ = D(*) pi non-resonant -
(Goity-Roberts-Model, hep-ph/ s
9406236) = F

. s B 2.2:—

* More Purist definition: -
e Anything that is not in the Lo i
ground-state 1S doublet ' -

» 1P, 2S5, 1F, ... -

1.8 -

» Non-resonant
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What do we know about non-resonant DO)z?

e Little evidence they exist:

Measurements to explicit states

l Disclaimer: not the latest WA, but no new measurements emerge

B(B* — D*(1P)11) x B(D*(1P) — D"r)

—|B(BT = DY rin)| = (~0.1840.18) x 1072,

/

Sum over all resonant & non-resonant
final states
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What do we know about D"(1P)?

100

Bl D.Iv )
N D, lv

[ D;lv

A D* v

[ ] background

e Surprisingly litte:
e All knowledge comes from two
measurements (both tagged):
e BaBar: arXiv:0808.0528
e Belle: arXiv:0711.3252

e \ariable of choice: use MM2 and mass
difference to fit individual contributions

PO R

Decay mode Branching fraction
Bt - D31y (0.3040.04) x 10~
Bt - DYiv (0674+0.05)x10* 4 E TS
Bt - Di%lv  (0.2040.05) x 10~

Bt - D§°lv (0.4440.08) x 10~

Events/(20 MeV/c?)

??

Y (B* — D**(1P)¢p,) = (1.61 £0.11) x 1072 S e =Y 80T
M(D"x)-m(D") [GeV/c?]
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D** (1 P) F O rm F aCtO rS ? Related to heavy quark kinetic energy

. . H H
* Global analysis using HQET muy, =mq+ AT — ;1 + ”; L
. —_ maqg maqg
e LLSW: realized that A shows /
Up n form faCtOrS Of D (1 P) Energy of light degrees of n+ — 2<]:|: ‘I‘ 1
decays freedom in infinite mass limit number of spin states

e LLSW Paper [hep-ph/9703213]
* Full lepton mass effects [arXiv:1606.09300]

E.g
V6 fu, (w) = — [wz — 1+ 8N — N)]r(w) +..., Leading Isgur-Wise function
gy (w) = —g (cc+ &) (A* — N C(w) +..., —> (T(W) =)l +w-1D7(1)+ ? %+
gvi (w) = [w =1+ (ec = 3es) (A"~ A)JC(w) + g“(w) = D[+ w - D)+ L H

+ Sub-Leading Isgur-Wise functions
Ty, 79, €
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Data-driven determination L= =

dw

302 Va2 C2 12 (dl“sl)

[
[\
[\®)
-

Factorisation
relation

[E—
()
—

dT'(B > D,*1v)) / dw [1071° GeV]
(@)

dT(B - D{1v)) / dw [10™5 GeV]
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Fit Results
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Latt i Ce to th e reSC u e ! Study of Intermediate States in the Inclusive

Semi-Leptonic B —» XclV Decay Structure Functions

Gabriela Bailas

On behalf of JLQCD Collaboration

Lattice Calcu IatiOn S. Hashimoto, T. Kaneko, J. Koponen

* P-wave states are much harder to calculate S-wave states. We have large noise for

excited states, then is hard to identify the plateau.

e We use the forward-scattering matrix elements corresponding to inclusive semi-leptonic

B meson decay.

* For the inclusive case, we have: | dI'™! ~ | (X lv|J|B) |? 5 Resu Its

Bernlochner, ngetl, PRD95, 014022 (2017)
T |

—— —
i i ﬂoated
L [ In floated + - % 1+
i i i ; 5 1 ) Approx. A B . floated 2 Approx. A 4
e Our work is based on a calculation of the four-point function ¢ 2 -n3 floated 2 | Z %,
i / m, floated ] i B . floated |
element: By, /n, sk |

~ no chromomag.

0 ' |no chromomag. l

: 1
JJ (. _ 3o QX
i (i) = [ dxe ™o (B(0)1]x. ).

- / , ' ]
All final states contriby 5= L = ——— 1 ————t—— I 15
(1) g(1)
Zero-Recoil:
Normalization of ©) 1
Leading-lsgur-Wise ¢(1) 0.77(13) 7s/2(1) = (757(1)) =040

function compatible with 7(1) 0.69(15) Tf%(U _ <1<(1)> — 0.39(6)

experimental analysis 2

https://indico.cern.ch/event/764552/contributions/3421226/
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Beyond DOz — DO zx [arXiv:1507.08303]

% __ |+ Data
O
n 100 -DTIZJ'IZ|V "
S I D*nthy Channel R;lﬂ_ X 103 B X 105
§ Ny ! B D(*)ehv T —
5 50 .| D) Dntr= 077 |7T14+13+ 8|161+30+ 18£8
g Y Other BB DYntr 07 |58+ 18+ 12127+ 39+ 26 + 7
Efe' — a9 DOt ¢ T |14+ 7T+ 4| 80+40+ 23+ 3
“ D nml v Dt rtr 07|28+ 8+ 6|138+39 + 30 + 3
Drtn 00 |67+10+ 8|152+23+18+7
20 D¥nTn ¢ 7 |19+ 54+ 4108 +28 +23+4
100 " model dependent
iIsospin factor
. (depends on resonance structure)
5
v
(*) ~ N\ _ +0.14+0.27 -2
) BB — DVrrtv,) = (0.521)31047) x 10
40 —
20 |-
0! AN
~0.5 0 0.5

Florian Bernlochner Amplitude Analyses for Flavour Anomalies — Bristol 2019



B(B — X ./ Dg)

15%

15%

S-wave states

} D™ 7 saturated by D**(1P)

}

?

" ™| about half of this
can be assigned to

B — DOgnt U,



Impact on B — D*/v and |V

e Very different for different measurement techniques:
e |.e. Untagged versus Tagged Measurements

~

_|_

Uﬂtagged
DO
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Impact on B — D*/v and |V

e Very different for different measurement techniques:
e |.e. Untagged versus Tagged Measurements

Rest of
Event (ROE)

Can boost into Brest frame
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Untagged Measurements

* Rely more on the kinematic description and the composition of D**
decays

* Example: BaBar Global Fitof B = DX v,

Electron sample Electron sample

_1]
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Untagged Measurements

 Another Example: New Belle Measurement
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Untagged Measurements
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Tagged Measurements
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In Numbers:

e BaBar Global Fit:

CLN Parameters, etc.

Bremsstrahlung —0.298 —0.018 0.089 0.290
D** Slope —1.495 —2.453 —0.075 —0.189
D** FF approximation 0.920 —0.511 0.145 —0.195
Number of BB events —0.123  —0.100 —0.670 —0.669
Off-resonance luminosity 0.059 0.003 —0.019 —0.003
Radiative corrections for B — Dy —0.126 —0.056 —0.289 0.045
Radiative corrections for B — D* [y 1.657 0.056 0.574 1.187
Radiative corrections for B — D**lv; —0.023 0.072 0.111 0.298
Correction to off-resonance —1.057 0.155 —0.236 0.064
D**(28) — D™ x contributions —0.463 —0.998 —0.184 —0.374
B — D™ 7 ly; contributions 0.876  0.364 0.245 0.445
Further background 0.595 0.699 0.354 0.099
Total 4.856 4.515 3.318 3.124
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In Numbers:

* Belle Untagged

TABLE XI. Systematic uncertainty (%) in each bin of the observable w. The bins are defined in Section VIII.

Source 1 2 3 4 5 6 7 8 9 10

B(D° — Kr) 1.02 1.02 1.02 1.01 1.01 1.02 1.02 1.02 1.02 1.02
B(D** — D)) 0.74 074 074 074 074 074 074 074 074 0.71
Lepton ID(e) 1.38 148 1.58 157 1.80 1.89 190 2.02 2.04 205
Lepton ID(u) 223 212 205 201 204 205 204 203 193 1.93
Lepton ID .18  1.21 125 124 135 139 139 143 140 141
Slow track efficiency 5.77 3.01 214 175 153 138 133 1.26 1.12 0.84
e/ fake rate 0.03 001 004 006 012 0.12 0.13 0.17 0.27 0.17
D** branching fraction 0.44 0.15 0.01 041 0.06 0.04 0.08 0.60 0.35 0.22
D** shape 0.02 0.11 0.14 0.01 0.16 030 0.22 0.08 0.35 0.92
f+=/foo 1.0 107 110 1.10 1.09 1.08 1.11 1.08 1.05 1.08
Norm. continuum 0.06 0.06 0.06 006 0.06 0.06 0.06 006 006 0.06
Fast track efficiency 1.0 1.05 1.0 1.0 1.05 1.05 1.05 1.056 1.05 1.05
N(Y(4S)) .37 1.37r 137 137 1.37r 137 137 137 137 1.37
B lifetime 0.26 026 026 026 026 026 026 0.26 0.26 0.26
K/7 1D o.rr o.r7 0.7 077 077 057 077 077 077 0.777
Total 6.42 4.12 355 3.35 3.26 3.22 320 323 3.14 3.16

Florian Bernlochner Amplitude Analyses for Flavour Anomalies — Bristol 2019



In Numbers:

* Belle Tagged:

Error Source AB [%]
Tagging Calibration | 3.6
Tracking Efficiency 1.6

Ngp 1.4
f+o 1.1
PDF shapes 0.9
70 Efficiency 0.5
B(D — Kn(m)(m)) 0.4
B(D* — D) 0.2
B(B — D** L 1y) 0.2
e PID 0.2
p PID 0.1
Tslow AL 0.1
B(B — D (i) <0.1

B — D™**) ¢y, FFs| < 0.1
Lepton Fakerates < 0.1
K PID < 0.1
Total 4.5
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Prel. Sensitivity Plots:

B~ -D%" MC [cdt=711fb1
S mm D
Q *
O 2000} = D
Te} I Div
N *
=) mm D'l ]
Z mm D (-D"nl)y
v 1500 Kk ) + 7
2 /= DY (-DMn*)y |
g B Hadronic Bkg
! mmm B85 Bkg
1000 - [ Continuum
500 |
0 n n
-2 0 2 4 6 8 10
MEss iN GEV?
B~ -D"f~ MC [cdt=711fb?
(:‘\ —T r - - - T - - 1 - - T T T T T T
> 1200}
()] L
O
m L
™~ 1000 f
8 L
\ -
0
£ 8001
)
>
LLl L
600 |
400 |
200 |
A

8 10
mz,.s in GeV?

0.05

Events / (0.05 GeV)

B~ -D%" MC [rdt=711fb?

800
600
400

200

Large cross-feed from

0_6.60 0.25 050 0.75 1.00 1.25 1.50 1.75 2.00- D* into D
p, in GeV
B~ D"~ MC [rdt=711fb? .
""""""""""" | Sizeable D**[x?]
300 2 2 ]
Miyiss > 1.5 GeV [/ D**[ =] bkgS.
= Signal]
/ :
200 1
150
100 |
50
T . e A ..~ — I

0.00 025 050 0.75 1.00 1.25 1.50 1.75 2.00
p, in GeV

Florian Bernlochner Amplitude Analyses for Flavour Anomalies — Bristol 2019




Prel. Sensitivity Plots:
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