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The |V | puzzle

He may look cute, but that ... Long-standing discrepancy since
might be deceiving... about a decade
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Maybe some change of perspective helps?

For global CKM fits we care about
[ Vi 171 Vep |

(Well, a little. But still troublesome.)
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“red thread”
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State-of-the-Art

- x 0(100) more abundant

- Very similar signature:
- high momentum lepton, hadronic system

Measuring | Vub | iS - Clear separation only in corners of phase space
hard dueto B — X .70, - high E, low My
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Theory error gets large
Experimental uncert. small
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Hadronic Tagging

Tag Side




Hadronic Tagging

Tag Side

Candidates reconstructed with
hierarchical approach & neural
networks in hadronic modes

1104 decay cascades used with
an efficiency of 0.28% / 0.18% for

B* and BY/B°




Hadronic Tagging

Charged Tracks Neutral Clusters
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Hadronic Tagging

Tag Side
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Multivariate Sledgehammer

Can exploit that there are
differences:

X - - X

Uu C

Direct cuts on my, £, problematic
(i.e. direct shape-function dependence)
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Higher multiplicity

Often come with charged
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Can reject 98.7% of Xc

Selection B — X, A v, B— X, A v, Data
M, > 5.27GeV 84.8% 83.8% 80.2%
OgppT > 0.85 18.5% 1.3% 1.6%
Oppt > 0.83 21.9% 1.7% 2.1%
Ogpr > 0.87 14.5% 0.9% 1.1%

... and retain 18.5% of X,
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reduced
to an acceptable level

Ok, but what’s the problem? ‘

x10°

Events / (0.04 GeV)
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Abstract E7 [GeV]
We present the partial branching fraction for inclusive charmless semileptonic B decays and the
corresponding value of the CKM matrix element |V,;|, using a multivariate analysis method to
access ~90% of the B — X, /v phase space. This approach dramatically reduces the theoretical
uncertainties from the b—quark mass and non-perturbative QCD compared to all previous inclusive
measurements. The results are based on a sample of 657 million BB pairs collected with the Belle
detector. We find that AB(B — Xufz/;p;B > 1.0 GeV/c) = 1.963 x (1£0.088tat. £0.081ys.) X 1073,
Corresponding values of |V,,;| are extracted using several theoretical calculations.

We report measurements of partial branching fractions for inclusive charmless semileptonic B
decays B — X.{p, and the determination of the CKM matrix element |Vub|. The analysis is based
on a sample of 467 million 7'(4S) — BB decays recorded with the BABAR detector at the PEP-II
ee” storage rings. We select events in which the decay of one of the B mesons is fully reconstructed
and an electron or a muon signals the semileptonic decay of the other B meson. We measure partial
branching fractions AB in several restricted regions of phase space and determine the CKM element
|Vus| based on different QCD predictions. For decays with a charged lepton momentum p; > 1.0 GeV
in the B meson rest frame, we obtain AB = (1.80 % 0.13stat. = 0.15sys. & 0.02¢he0.) X 1072 from a
fit to the two-dimensional Mx — ¢ distribution. Here, Mx refers to the invariant mass of the final
state hadron X and ¢ is the invariant mass squared of the charged lepton and neutrino. From this
measurement we extract |Vip| = (4.33 £0.24¢xp. £0.15¢heo.) X 1072 as the arithmetic average of four
results obtained from four different QCD predictions of the partial rate. We separately determine
partial branching fractions for B° and B~ decays and derive a limit on the isospin breaking in
B — X, ¢v decays.

Entries/0.1 GeV Entries/0.1 GeV

Comes at a cost



The Cost

Shaping in efficiencies, so some model dependence
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B — X, v, MC: Going Hybrid

Many measurements target inclusive decays
» B — X (U, with X, € [, p, w,n,n’, non-resonant decays, . . . ]
» B — X ;yor B— X./¢ with X; € [K*, Kx, non-resonant, . . . |

ot Simulated as mix of exclusive & inclusive processes
W+ ” Inclusive: Simulate X system with kinematic properties following
(N)NLO calculation w/ non-perturbative QCD input (e.g. from auxiliary
- measurements)
R o
BO | X Hadronizied with Pythia / JETSET
d d| ”
) Hybrid Approach: Originally proposed by Phys. Rev. D 41, 1496
><']'QS"|'"'|"'z|!'!'|""|""|""|""
L :] Resonafnces |
— 2.0F I:I Non—resf;onant i
el 1 o %) I P 3 Hybrid model |
1nc exc 1nc i L_J1 DFN
AB;ji; = ABjji 4wy, X ABjjy, o o BLF
o | e
9; -:-Fl_r‘ :
2 2 — 1.0} o
q- =10,2.5,5,7.5,10,12.5,15, 20, 25| GeV~ , o HE
c I .::‘
Ef =10,0.5,1,1.25,1.5,1.75,2,2.25, 3] GeV , Q oslh i
: L . ¥
My =10,1.4,1.6,1.8,2,2.5,3,3.5] GeV . [ A e > 2% m,
05 =05 10 15 20 25 30 3570
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B — X /v, MC: Going Hybrid

Markus Prim, Lu Cao, FB

Many measurements target inclusive decays

Assessment of uncertainties:

* Change excl. FFs and incl. admixture
* Changes to underlying model parameters
*Vary Pythia / JETSET parameters that affect e.g.

mesonUDvector, | for the relative production ratio vec-

mesonSvector, tor/pseudoscalar for light (u, d), s and ¢

mesonCvector mesons

probStoUD the suppression of s quark production rela-
tive to u or d production.

probQQtoQ parameter for the suppression of diquark
production relative to quark production, i.e.
of baryon relative to meson production

etaSup the n-meson suppression

#17



Phase-space region

Estimated by variations of underlying

EP >1Gev

theory assumptions and Hybrid model Fit variable(s) (My : ¢ fit)
parameters used to determine (and 5 N
. .. ) Additive uncertainties
correct for) selection efficiencies B = X, 0" v, modeling
B — nlt vy, FFs 0.4
B — ptt v, FFs 0.7
B — wlt vy, FFs 0.8
B —ntt v, FFs 0.3
B —n' 0Ty, FFs 1.6
B(B — ntv,) 0.2
Phase space restriction Mx - ¢ sz > 1.0 GeV AB/B (%) B(B — pt*u,) 0.4
B(B — wlv,) 0.1
Data statistical uncertainty 7.1 B(D(*) fl/) 1.9 B(B — 1t v,) <0.1
MC statistical uncertainty 1.1 BB —n' ") <0.1
(D(*)&/) form factors 1.2 BB — X, (" v) 2.1
- DFN parameters 5.0
Track efficiency 0.7 B(D**ev) & form factors 0.2 Hybrid model 3.1
Photon efficiency 1.0 B — X, ¢ v, modeling
7° efficiency 0.9 B — XuEV (SF) 3.6 B — D!y, FFs <0.1
Particle identification 2.3 B < B — D" (" v, FFs 1.1
— X v (g — ss 1.5 o
K, production/detection 1.6 utv (g ) B—=D EiW s 0.4
K production/detection 1.2 B(B — W/p/wfv) 2.3 ggg : gfﬁyi)) 8;
Z .
B(B — v 3.2 B(B — D** (" v,) 0.5
Shape function parameters 5.4 ( n, M) Gap modeling ‘ 1.0
Shape function form 1.5 B(B — X,/v) un-meas. 2.9 MC statistics 1.6
: — N Tracking efficiency 0.4
EXCIUSIVG B _> Xu‘el/ 1.9 Cont./COmb. 1'8 ‘C’ZID Shape 12
s§ production 2.7 ) Ly /x1p shape 1.0
Sec./Fakes/Fit. 1.0 b ?ﬂii(iigéy 0
B semileptonic branching ratic 1.0 PID/Reconstruction 3.1 )
D decays 1.1 : Multiplicatjrive uncerjtainties
B — D{¢v form factor 0.4 BDT 3.1 B — X, £ v, modeling
" B — 7wl v, FFs 0.2
B — D*¢v form factor 0.7 3 B o0t FF 0.6
B — D** v form fact 0.9 Systematics 8.1 pL venrs -
. ¥ 10T SACLOr : B —wl' v, FFs 1.1
B — D™ reweighting 1.9 Statistics 8.8 B — 0" v, FFs 0.2
B —n't" v, FFs 0.2
mps background subtraction 1.9 B(B—m Ei ve) 0.3
combinatorial backg. 1.0 ggg : pife)) <8“11
w Vy s
- - B(B = nt"v,) <0.1
Total semileptonic BF 1.4 B(B — 1 € v,) 0.1
Total systematic uncertainty 8.4 BB — X, 0" v) 3.8
: : DFN parameters 3.6
Total experimental uncertainty 11.0 Hybrid moddl 5
at multiplicity 1.7
vs (88 fragmentation) 0.8
Lo efficiency 1.5
Ly 71 efficiency 0.7
5 1.3
Tr];gking efficiency 0.9
Tables from Phys. Rev. Lett. 104:021801,2010, Tagging calibration 3.6
Phys.Rev. D86 (2012) 032004, Phys. Rev. D e — -

104, 012008 (2021)




Can we do better?

Can data teach us more?
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Going differential

Focus on experimental most sensitive region (e.g. high Ef) = < O NNNNNNN

Determine Shape-Function in a data-driven way

Note: this is still not the
NNVub Logo :-)

NNVub

P. Gambino, K. Healey, C. Mondino,
Phys. Rev. D 94, 014031 (2016),
[arXiv:1604.07598]

Fy(k,,q* = 0 GeV?)

3.0
1 3
. 3
2.5} : ENERGIE //
' ANTI-MUDE
Vitamin C tragt zu einem
2.0+
sowie zur
\ erringerung von Midigkeit
1.5+ und Ermiidung bei.
\
= ENERGIE //
I ANTI-MODE
1.0 3
Mit Power voran
gehen und Ziele
erreichen.
0.5
0.0

~2.0
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Going differential

Focus on experimental most sensitive region (e.g. high Efj) = < O NNNNNNN

Determine Shape-Function in a data-driven way

Note: this is still not the

NNVub Logo :-)
NNVub
P. Gambino, K. Healey, C. Mondino, F. Bernlochner, H. Lacker, Z. Ligeti, I.
Phys. Rev. D 94, 014031 (2016), Stewart, F. Tackmann, K. Tackmann
[arXiv:1604.07598] Phys. Rev. Lett. 127, 102001 (2021)
[arXiv:2007.04320]
Fy(k,,q% = 0 GeV?)
3.0 : 2.0_\ T I I T L T T ;\M;A ™
| 15 :
| L
2.0} i — Ax? =1 ]
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" o5 >
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~ Momentum Distribution of b-Quark in B Meson



Going differential

Raynette Van Tonder’s talk

Differential Spectra of B — X, /v,

# 20

arXiv:2107.13855,
accepted by PRL
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- Convert unfolded yield to A% in each bin considering reco. efficiency & acceptance
- First measurement of differential branching fractions in the EeB > 1 GeV region of phase space

- Necessary input for future model-independent determinations of [Vus| (e.g. NNVub, SIMBA)
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P_ [GeV]

EP [GeV] P, [GeV]

q® [GeV?]

My [GeV] M2 [GeV?]

Full experimental correlations
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My

Total correction factor

X

Lose much ]
of the high mX signal / high ]
multiplicity signal

PS acceptance [%]

| ‘1.5‘ B 20 B 25 | 3.0 3.5
MX [GeV]

Total correction factor

Mx [GeV] 0-0.3 0.3-0.6 0.6-0.9 0.9-1.2 1.2-1.5 1.5-1.8 1.8-2.1 2.1-4.0
Tracking efficiency 0.55 0.56 0.82 0.8 095 1.05 1.15 1.19
Tagging calibration 3.69 369 365 364 364 357 379 3.66
Slow pion efficiency 0.00 0.07 0.04 0.05 0.04 0.04 0.06 0.04
K2 0.04 0.05 0.04 0.02 004 0.03 0.02 0.05
elD 0.72 083 074 069 073 074 094 1.22
wID 1.59 125 134 129 144 135 1.09 0.70
K/m ID 0.39 0.67 068 074 081 1.02 127 1.24
B(B — X, tv) 0.18 0.44 0.07 059 082 069 0.73 0.46
B(B — mlv) 0.42 045 045 0.14 005 0.04 0.05 0.05
B(B — ptv) 0.42 1.00 061 056 033 0.16 0.22 0.15
B(B — wlv) 0.42 039 065 0.12 011 0.06 0.11 0.10
B(B — nlv) 0.41 1.16 046 0.11 0.06 0.03 0.03 0.14
B(B — n'tv) 0.42 039 046 024 030 0.03 0.14 0.11
B — nlv FF 098 3.08 152 053 1.05 037 036 0.38
B — plv FF 277 854 396 294 165 059 083 0.89
B — wlv FF 2.40 9.71 1.10 0.90 1.41 0.70 0.65 1.32
B — nlv FF 0.71 3.58 0.09 0.09 051 028 027 0.07
B — n'lv FF 0.69 3.65 0.16 027 048 029 0.32 0.15
Hybrid model 0.21 586 5.08 4.01 050 197 202 6.13
DFN parameters 0.18 3.66 1.01 138 164 087 050 1.35
s 0.47 4.17 236 398 3.08 4.10 9.31 3.60
7" multiplicity modeling 0.57 0.42 045 4.15 798 478 398 2.34
Ng5 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Background subtraction 5.97 26.93 8.23 25.15 29.65 16.80 73.36 126.64
MC stat. (migration matrix) 4.04 11.22 3.54 6.85 430 4.71 6.85 ,8.22
Total syst. uncertainty 9.36 33.77 12.32 27.56 31.62 19.21 74.557]127.23
Total stat. uncertainty 11.11 32.64 10.77 24.99 21.88 16.54 46.24 | 66.76
Total uncertainty 14.53 46.97 16.36 37.20 38.45 25.35 87.73 | 143.68
background

dominated region

It will be exciting to get first fits with these done..

PS acceptance [%]
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» Systematic covariances of inputs
» Theory correlations
> Role of lattice QCD

Florian Bernlochner | CKM 2021 — Incl. and Excl. |V, | Discrepancies
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New results from Belle (soon also from Belle I)

Preliminary Results

# 31

arXiv:2109.01685,
submitted to PRD

Measured (q2") for n =1 - 4 as a progression of increasing threshold selections on q2

Simulated X, cocktail

110

Simulated X, cocktail
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) ’ q? (GeV;) g2 (GeV?)
Experiment | Hadron moments <M"x> | Lepton moments <E";> References
BaBar n=2¢=09,1.1,1.3,1.5 n=0c=0.6,1.2,1.5 [1] Phys.Rev. D81 (2010) 032003
n=4¢=0.8,1.0,1.2,1.4 n=1¢=0.6,0.8,1.0,1.2,1.5|[2] Phys.Rev. D69 (2004) 111104
n=6 ¢c=0.9,1.3 [1] n=2¢=0.6,10,1.5
n=3 ¢=0.8,1.2 [1,2]
Belle n=2¢=0.7,1.1,1.3,1.5 n=0 c=0.6,1.4 [3] Phys.Rev. D75 (2007) 032005
n=4 ¢=0.7,0.9,1.3 [3] n=1¢=10,14 [4] Phys.Rev. D75 (2007).032001
n=2 c¢=0.6,14
n=3 c=0.8,1.2 [4]
CDF n=2 ¢=0.7 [5] Phys.Rev. D71 (2005) 051103
n=4 c=0.7 [5]
CLEO n=2c¢=10,1.5 [6] Phys.Rev. D70 (2004) 032002
n=4 c=1.0,1.5 [6]
DELPHI n=2 c=0.0 n=1c¢=0.0 [7] Eur.Phys.J. C45 (2006) 35-59
n=4 c=0.0 n=2 c¢=0.0
n=6 c=0.0 [7] n=3 ¢=0.0 [7]

Subset of currently used measurements in global fits from HFLAV

With Belle Il (& LHCb via SEM-techniques?) we
should systematically remeasure properties
& actively investigate if other observables could
be helpful

We learnt a fair bit in the last decade and should evaluate,
how this propagates into our measurements, e.g.

» B — X £, composition and modeling

» Revisit most important systematic uncertainties,
e.g. modelling of detector resolution

» New experimental techniques
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Let’s get ambitious

Figure right: Lukas Reinarz, FB

OmniFold: A Method to Simultaneously
Unfold All Observables

6D Example:

Phys. Rev. Lett. 124, 182001 (2020) (8D Gaussian, 2D beta distribution
1 exponential, all smeared with gaussian resolution)
Detector-level Particle-level
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based on training a deep network to unfold
detector distortions and effects
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Let’s get ambitious

Figure right: Lukas Reinarz, FB

OmniFold: A Method to Simultaneously
Unfold All Observables

6D Example:

Phys. Rev. Lett. 124, 182001 (2020) (8D Gaussian, 2D beta distribution
1 exponential, all smeared with gaussian resolution)
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based on training a deep network to unfold
detector distortions and effects



Theory Correlations
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& I .
| V., | “extraction formula”: C = Coxp +Core
Introduce theory correlations
measured predicted between moments of various
moments moments cuts and orders
( \ / v )

PV, Frge) = (M~ P (W) ) € (M = P(Fge))

2
+ (99 1V, [P F(VHQE)> /62
— »

P. Gambino, C. Schwanda
Phys. Rev. D 89, 014022 (2014)

Precise choice of correlations entering
introduce a large dependence on HQE parameters

| V., | seems not to care so much

e Flexible theory covariance matrix:

- Vcb rather insensitive dominated by B — Xc£v branchingratio
- HQE parameters sensitive
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Theory Correlations

_ 2\2 Theory errors .
-(q°) 4

Could e.g. theory nuisance R
parameters help? é Predictions |

1.05————T———T———T——— T

The data is so precise, it can tell us which
theory variations are too conservative

1L00F, o o o o o o o W . .1

Obs. / Fit

0.95.l....l..AAl“..I...nl....l

) ’ 6q2 Cut (c7-1ev2) ° ’
Can we parametrize our Usually we fix the size of theory errors,
ignorance? but are we certain we know them as precisely

as we think we do? l.e. are they themselves uncertain?

Size or errors are

Glen Cowan, Eur. Phys. J. C (2019) 79:133 , ,
constrained, but floating

= 25 — 5 parameter in the average
n=12.00 +£0.63 * data (b) 1=10.75+0.78 e data (d)
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Experimental correlations

Phys. Rev. D81:032003, 2010

C

exp

Many of the measurement
are systematically limited

(with the notable exception of some high cut moments)

i.e. systematic correlations are important

Sum over independent
uncertainties / eigendirections

\ Source
Cexp = Lstat + Z Ci
i

Independent error source has a
fully correlated effect over all
measured quantities

Note that there are other
experimental errors that need a more
careful treatment, e.g. Lepton ID
(one can use replicas as there might
be decorrelation effects across
measured quantities)

(Cim = (01 (6D Picm

BABAR-PUB-09/004
SLAC-PUB-13735

Measurement and Interpretation of Moments in Inclusive Semileptonic Decays

B> XAtT

B. Aubert, Y. Karyotakis, J. P. Lees, V. Poireau, E. Prencipe, X. Prudent, and V. Tisserand
Laboratoire d’Annecy-le-Vieur de Physique des Particules (LAPP),
Université de Savoie, CNRS/IN2P3, F-74941 Annecy-Le-Vieuz, France

"L 6fslope = 1.002:+ 0.009 HEN Eslope = 0.974 £ 0.021 ,
§ spoffset =-0.015£0.013 o & 2.5foffset = 0.020 £ 0.026 -€
~ o | é19/1) 'n
i ,‘m i o o
SN S o
& 2. D.,l \7 1- ’,ID

Hw.. D -

1y (a) o5t o (b)

%1 2734 5 6 5 1 15 2 25 3

<0l > [GeV?] <n},, > [GeV?]

FIG. 7: Example of the calibration verification procedure for
different minimum lepton momenta (a) p; ;. = 0.8 GeV/e
and (b) p} min = 1.7 GeV/e. Moments (n% ) of exclusive modes
on simulated events before ((J) and after (e) calibration are
plotted against the true moments for each mode. The dotted
line shows the result of a fit to the calibrated moments, the
resulting parameters are given.

The bias correction factors C(p},k), depending on the
minimum lepton momentum and the order of the ex-
tracted moments, are determined by MC simulations;
they combine the two factors C.oi and Cyrue as described
in Section IV B.

Varying the branching fractions of the exclusive signal
modes in the MC simulation has, in agreement with the
mass-moment studies, a very small impact on the mea-
sured combined moments. Also, no significant variations
of the results are observed when splitting the data sample
into the same subsamples as for the mass moments.

D. Results

Figure 8 shows the results for the moments (n%), (n}),
and (n) as a function of the minimum lepton momen-
tum pj ;.. The moments are highly correlated due to the
overlapping data samples. The full numerical results and
the statistical and the estimated systematic uncertain-
ties are given in Table A.IIl. The systematic covariance
matrix for the moments of different order and with differ-
ent cuts on p; .. is built using statistical correlations.
This correlation matrix for the moments is given in the
EPAPS document [43].

A clear dependence on the minimum lepton momen-
tum is observed for all moments, due to the increasing
contributions from higher-mass final states with decreas-
ing lepton momentum. In most cases we obtain system-
atic uncertainties slightly exceeding the statistical uncer-
tainty.

We should check the impact of alternative approaches
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» 4 x 1D: Beware
» Recent Lattice QCD results E}”?*
» New from LHCb & Belle I

Florian Bernlochner | CKM 2021 — Incl. and Excl. |V, | Discrepancies
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4 X 1 D FltS See also Bordone, Jung, Van Dyk [arXiv:1908.09398]

— T _
B — D*[ = Dnlfv, i N ICaoua0l” = Cay

Statistical correlation HHHHH
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Markus Prim, FB
Toy example:

Exact Correlation Bootstrap Correlation
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Toy example:

Elegant Solution: Fit the total rate and 4 shapes

See also Bordone, Jung, Van Dyk [arXiv:1908.09398] (!)
Markus Prim, FB
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4 x 1D or 1D or 4D?

Chaoyi Lyu, FB
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The future might be unbinned...

Un-binned Angular Analysis of B — D*/v, and the Right-handed Current

Z.R. Huang* and E. Kouf
Université Paris-Saclay, CNRS/IN2P3, IJCLab, 91405 Orsay, France

C.D. Lii* and R.Y. Tang®
Institute of High FEnergy Physics,
Chinese Academy of Sciences, Beijing 100049, China
and
School of Physics, University of Chinese Academy of Sciences, Beijing 100049, China
(Dated: June 29, 2021)

Experimentally challenging (solved e.g. by Phys. Rev. Lett. 123, 091801 (2019) )

BABAR-PUB-19/001
SLAC-PUB-17420

Extraction of form factors from a four-dimensional angular analysis of B — D*¢ 7,

J. P. Lees,1 V. Poireau,1 V. Tisserand,1 E. Grauges,2 A. Palano,3 G. Eigen,4 D. N. Brown,5 Yu. G. Kolomensky,5
M. Fritsch,6 H. Koch,6 T. Schroeder,6 C. Heartyab,7 T. S. Mattisonb,7 J. A. McKennab,7 R. Y. Sob,7
V. E. Blinovabc,8 A.R. Buzykaeva,8 V. P. Druzhininab,8 V. B. Golubevab,8 E. A. Kozyrevab,8 E. A. Kravchenkoab,8
A. P. Onuchin®®® S. 1. Serednyakov®,® Yu. I. Skovpen®.® E. P. Solodov®®,® K. Yu. Todyshev®®,® A. J. Lankford,’
B. Dey,m J. W. Gabry,10 0. Long,m A. M. Eisner,11 W. S. Lockma,n,11 W. Panduro Vazquez,11 D. S. Chao,12
C. H. Cheng,'? B. Echenard,”” K. T. Flood,"” D. G. Hitlin,"” J. Kim,"” Y. Li,"* T. S. Miyashita, "
P. Ongmongkoll‘iul,12 F. C. Porter,12 M. Rt')hrken,12 Z. Huard,13 B. T. Meadows,13 B. G. Pushpawela,13

2 M. D. quoloff,13 L. Sun,l3_’ *J. G. Smith,14 S. R. Wagner,14 D. Bernard,15 M. Verderi,15 D. Bettonia,16 _
C. Bozzia,lb R. Calabreseab,16 G. Cibinettoab,lb E. Fioravantiab,lb I. Garziaab,lb E. Luppiab,lb V. Sa.ntoroa,lb
-
&\ A. Calcaterra,17 R. de Sangro,17 G. Finocchia.ro,17 S. Ma.rtellotti,17 P. Patteri,17 I. M. Peruzzi,17 M. Piccolo,17
17 17 12 18 4+ 1Q 2() 21 )

Largest challenge: how to make this data accessible to others?
(also cf. Omnifold)



Slow pions
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Normalized entries

Experimentally very challenging region:
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w

To determine |V, | we extrapolate to rate near w ~ 1

We see many of these events as down-feed in e.g. BT — DOeDe

Events / ( 0.09 GeV?)

= data

Bl B - Dv

+ [ other background o 300~

oI
1.00=w<1.06 2501~

o C
1B —Div % 350~

= data
1B —Dlv
Il B — D*lv
[ other background

1.36=w<1.42

= data
1B —Dlv
Il B — D*lv
[ other background

1.54=w<1.60
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This has been exploited e.g. by the BaBar #

Slow PIONS global analysis | V., | [Phys. Rev. D79:012002, 2009]

We see many of these events as down-feed in e.g. BT — DOeDe

Can we use these B — D*/1, events to
obtain complementary information forw ~ 1 ?

Since the slow pions are so soft here,
2 D
(PB = PD) ~ (PB = PD*)

T T

What is reconstructed What you want



FNAL D* Lattice Results

results from FNAL/MILC on B — D* form factors [FNAL/MILC: arXiv:2105.14019]

1.3
_ _ BGL BGL SR o
fsto latice eta & gy oy v e Intriguing deviation
0.9 . -
¢ Lattice QCD Data ¢ Lattice QCD Data frOm HQET expectatlonl
1.2 )
0.8 / B
h 1 A 21 Belle un+tagged + BGL (Gambino et al. *19)—
Al 1.1 L — — - Belle tagged + CLN (Bernlochner et al. *17) |
< - i . —.— HQET + QCDSR |
< 0.7 & *
B+ 227 g, f
1.0 A3 T My, ? -
R, = z . z
2 h 1|
06|  matches old Al v
FNAL/MILC result 0.9 |
f JLQCD: arXiv:1912.11770 |
0.5 | FNAL/MILC: arXiv:2105.14019
0.8 FNAL/MILC: arXiv:2105.14019 different lattice spacings and physical masses
1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 1.5 q.O 1.1 1.2 1.3
w w w
BGL

CLN
¢ Lattice QCD Data

HQET prediction: (
R,(1) =134 -0.12x¢9(1) = 1.35 £ 0.05
Ry(1) =0.98 —0.425n(1) — 0.547,(1) =~ 0.89 = 0.03

To explain FNAL/MILC need negative 77(1), ¥,(1)
n(H~—-05 iH~-04

0.9

1.0 1.1 1.2 1.3 1.4 1.5
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FNAL D* Lattice Results

?
Belle Untagged < » BaBar tagged

S L B e e L ' ! ! | ' ' ! | '
1.0F b 12' | R2 gy
T (¢ ¢ ¢ FNALMILC |
. 1.1p] | ;
> 0.9- B | BGL Fit BaBar
~ " (Fit from D. Ferlewicz, .P.-Urquijo, E. ] 1F .
mN 0.8F Waheed, Phys. Rev. D 103, 073005 N
i (2021) 1 0.9 civua _-
07k BGL(1,0,2) . = =]
- soL(1,1,2) 1 0.8 ]

- o oo oo by o By B 1 ] ] | ] ] ] | ]

: . . . . 1.
1.0 1.1 12W13 1.4 5 1 12 14

Phys. Rev. Lett. 123, W
091801 (2019)

Also see Martin’s talk
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G reat results from LH C D Phys. Rev. D 101, 072004 (2020)

x10° x10°
L 9"1""1""1'(;"1""_ \Q_)18:"I""I""I""*I_"":
> 3 LHCDb B;—=Ds;u*v, 3 > 16£ LHCD BY—D, utv, 3
L ~+-Data - CLLN L P : L - e ] Parameter Value
O 7 i 3 O 14F 3
v ~+ Data - BGL 1o E Vio| [1073] 414 +£0.6 (stat)£1.2 (ext)
— 6f-Fit-CLN ERRRE: : G(0) 1.102 £ 0.034 (stat) £ 0.004 (ext)
o S5p—Fit-BGL 3 o 10f E p? (D7) 1.27 £0.05 (stat) =0.00 (ext)
E 4 3 g 8 . p* (D) 1.23 +0.17 (stat) £0.01 (ext)
o3 E IR oalPe: E Ri(1) 1.34 +0.25 (stat) £0.02 (ext)
g T g E Ry(1) 0.83 +0.16 (stat) = 0.01 (ext)
) ] B : 1
o) 1 ' —_ o) 2: 7
g OBl ] g | R P RPN R
O 0.5 1 1.5 2 25 O 0.5 1 1.5 2 2.5

pL(D;) [GeV/c] pL(D;) [GeV/c]
R | L | . CLN fi
= L i

3” - LHCb N t

S, 3 - l B Unfolded fit p* =1.16 £ 0.05 + 0.07

qg § 75 :_ I _: Unfolded fit with massless leptons p? = 1.17 £ 0.05 £ 0.07

= - + ,_{,__. ’ Folded fit p? =1.14 4 0.04 %+ 0.07

Z - — ’

~ 2F - BGL fit

unf
corr
——

- . f_
3 1.5 — — data — Unfolded fit a; = —0.005 £ 0.034 + 0.046
N n L . 3 of — 1.00+000+0.00
e K Fit with BGL parametrisation . 2 YV -0.19-0.38

I - a] = 0.039 & 0.029 & 0.046
N Fit with CLN parametrisation 3 Folded fit !
N . al = 1.0070:00+0.00
O 5 B 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 |_ 2 —0.13-0.34
1 I.1 1.2 1.3 1.4
w

unf



Inclusive |V | Inclusive |V |

B — X,y B — X Ly
p- i
[l ! (¢ 100 Nep + Qg 4 J] /)
Exclusive |V | Exclusive Vg | /
B> mling, Ay > pui, B — Dfiy, B— D*{i,

Florian Bernlochner | CKM 2021 — Incl. and Excl. |V, | Discrepancies



Likelihood combination with
systematic Nuisance Parameters
of all measurements

# 44

State-of-the-Art

& — T T T T T T T T T T T T T T T T T T T T [ C}'l_' | T T T | T T T [ T L T I L T T [ T
: — Input Measurements: ] > B —— ]
%J 1 4 - ¢ B Belle untagged , Phys. Rev. D83, 071101 (2011) ] O 1 0 I |Vub|= [3.67 = 0.09 (exp) Average Belle + BaBar ]
Q) - V B° Belle had. tag, Phys. Rev. D88, 032005 (2013) - O - 4— LCSR (Bharucha) 7]
S 1o 2 B’ Belle had. Tag, Phys. Rev. D88, 032005 (2013) ] S ~  Fitprob.: 47% BCLfit (3 + 1 parameter) 77
— - & B°& B* BaBar untagged, Phys. Rev. D86, 092004 (2012) - = g B Data & LQCD (FLAG) & LCSR
o B O B°& B* BaBar untagged, Phys. Rev. D83, 032007 (2011) N o - |
-8- 10=L_ @ Likelihood fit average ] _8' B r —+— .
= B - p = o —— -
> I _
2 s - £ 8 l -
B = — B L i
b 8L I + [ New results soon -
@D . o 4 N
2 F N m L from Belle Il i
S A0 E 3 T j
of m N 2r- Fm Plus Sergi gave us -
N 2021 - 2021 interesting ideas... =
0 L L L L L | L L L L | L L L L | L L L L | L B | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | I_
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g [GeV7] q2 [Gevz]
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Plan to release public code for all of these
12 12
1 B-p(=nmw .- B*°, Phys. Rev. D 83, 032007 (2011) 1 B-w(-3m)v ___ LCSR,J. High En<3_r39. Phys. (2016)
— - B*, Phys. Rev. D 88, 032005 (2013) — . Vil =3.67x10
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BSZ: J. High Energ. Phys. (2016) 2016: 98

(\'l_| | T T T T | T T T T | T T T T | T T T T | T T T T | T
%J 10— v I=[3.67 = 0.09 (exp) = 0.12 (theo) ] x 10 —$— Average Belle + BaBar  _
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B - mfv, HFLAV i > i
— — B X,{v, arXiv:2102.00020 et & -
................................................................................................................................ e 0 -
Average |Vip| = 2.99+ 0.35 e @ e l o o 4 -
| l — -
I € X -
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(103) |Vub|

See also FB, Markus Prim, Dean Robinson, Phys. Rev. D 104, 034032 (2021)




Again: Great results from LHCDb

Phys. Rev. Lett. 126, 081804 (2021)
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» Where should and where
can we go?

B e W .1

-

Florian Bernlochner | CKM 2021 — Incl. and Excl. |V, | Discrepancies
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Some closing thoughts

Number of exciting developments are happening:

e N
Belle || has many exciting results in the making (stay tuned for Spring / Summer 2022)

— Will revisit all inclusive and exclusive results of the B-factory era
- We need to start anera |——
a : : . : i

LHCD has evolved into a semileptonic results machine of more accessible data

— Adds new perspectives and results form baryons, maybe also inclusive

determinations?
_ Y,

J

" Lattice QCD made impressive leaps forward

— Some are puzzling and need to be understood; lattice role in
understanding inclusive decays has just started and is exciting

~
-

~
J

for many decays available

— Interesting orthogonal information for phase-space regions plus only input
for decays for which we have no lattice information
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Some closing thoughts

Number of exciting developments are happening:

He may look cute, but that
might be deceiving...

... but we are hot on his trail
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|Vup| Measurements over Time
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EPS 2019 PDG CKM Review Phys.Rev.D 92 (2015) 5, 051102
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Implementation by D. Weyland

# 52

Future directions: ="

Avoid Efficiency shaping
Deep Continuum Suppression (0.2013)
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E e input features classifier output / M1
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o s © el A <
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https://indico.cern.ch/event/655447/contributions/2742185/attachments/1552413/2439489/adversarial_networks_in_belle2-iml.pdf
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B — X.£v, modelling

Raynette Van Tonder’s talk

# 5

* Update excl. branching ratios to PDG 2020 and the masses and widths of D** decays

* Generate additional MC samples to fill the gap between the exclusive & inclusive

measurement (assign 100% BR uncertainty in systematics covariance matrix)

BR

B+

BO

B> X 0y,
B Dty
B D* ¢y,
B = Dyt y,

(— D)
B Dty
(= D)
B — D, tty,
(= D)
B— D30Ty,
(= D7)
B3 D6,
(— D)

p(D3 — D*m, D3 — Dr) = 0.693

D, D*

(2.5+0.1) x 10~
(5.440.1) x 107>
(0.420 + 0.075) x 102
(0.423 4+ 0.083) x 102
(0.422 +0.027) x 1072

(0.116 £+ 0.011) x 102

(0.178 +0.024) x 10~

(2.34+0.1) x 107>
(5.14£0.1) x 1072
(0.390 & 0.069) x 10~2
(0.394 4 0.077) x 10~ *
(0.392 4+ 0.025) x 10~2

(0.107 + 0.010) x 102

(0.165 + 0.022) x 10~

BR

B+

BO

B Dty
(— Dn)

Gap

(0.242 4+ 0.100) x 10>

(0.225 + 0.093) x 10~ *

B — Drnd" vy
B> D'rnty,
B — Dntty,
B — D*ntt vy,

(0.06 + 0.06) x 10~°
(0.216 + 0.102) x 10>
(0.396 + 0.396) x 10>
(0.396 + 0.396) x 10~2

(0.06 & 0.06) x 10~°
(0.201 + 0.095) x 10>
(0.399 + 0.399) x 10>
(0.399 + 0.399) x 102

B— X 0Ty,

(10.8 +0.4) x 102

(10.1 +0.4) x 102

B - Dy (" v,
(= Dnm)

B = D (" y,
(= D7)

B - Dynm €T v,
(= D*rr)

B = Dirn (v,
(= D*rr)

B = Dyt v,
(<= Dn)

B Di €y,
(= D"n)

(0.03 + 0.03) x 1072
(0.03 + 0.03) x 1072
(0.108 £ 0.051) x 1072
(0.108 + 0.051) x 1072
(0.396 + 0.396) x 10~

(0.396 + 0.396) x 102

(0.03 £0.03) x 1072
(0.03 £ 0.03) x 1072
(0.101 £ 0.048) x 10~
(0.101 £ 0.048) x 1072
(0.399 £ 0.399) x 10~

(0.399 + 0.399) x 102




Fit for partial BFs

Subtraction of bkg in fit with coarse binning

Projections of 2D fit in mx : g2

to minimize Xy modelling dependence 5000 |- B8 Background i
. | B Signal ]
(low mx, high g?) sooo | 1 Data ]
= r /7. MC uncertainty
o [
iy [
. 7 nonres. X, w 3000 ¢ _
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] [ ][ | o 9 2000 }
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) k / 51‘5’ 23 1000
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g -45 150 | { Data .
Phase-space region 5 :..__' = - /777 MC uncertainty |
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2 L c
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AB(B — X, (" v,

V,,| =
Vo \/TB-AI‘(B—>Xu€+V£)

Fit kinematic distributions and

measure partial BF

4 predictions of the partial rate
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Into the tool shed: EviGen & Pythia8

Many analyses need generic B-Meson decay samples

* Pythia8 hadronized modes make up ca. 48% (!) of all simulated decays

1594
1595
1596
1597
1598
1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
1621
1622

# Lam c X / Sigma_c X 4.0 %

#

0.010520663 anti-cd_0 ud 0 PYTHIA
0.021041421 anti-cd_1 ud_1 PYTHIA
# Xi_c X 2.5%

#

0.002869298 anti-cs_0 ud_0 PYTHIA
0.005738595 anti-cs_1 ud_1 PYTHIA
0.258091538 u anti-d anti-c d PYTHIA
0.043995612 u anti-d anti-c d PYTHIA
0.020084989 u anti-s anti-c d PYTHIA
0.017215691 u anti-c anti-d d PYTHIA
0.000860770 u anti-c anti-s d PYTHIA
#lange - try to crank up the psi production....

0.070775534 c anti-s anti-c d PYTHIA
0.005738595 ¢ anti-d anti-c d PYTHIA
0.002869298 u anti-d anti-u d PYTHIA
0.003825730 c anti-s anti-u d PYTHIA
# JGS 11/5/02 This and similar a few lines above have been divided
# to solve a double-counting problem for this channel

0.001960649 u anti-u anti-d d PYTHIA
0.000066973 d anti-d anti-d d PYTHIA
0.000086068 s anti-s anti-d d PYTHIA
0.002104095 u anti-u anti-s d PYTHIA
0.001721541 d anti-d anti-s d PYTHIA
0.001434649 s anti-s anti-s d PYTHIA
0.004782163 anti-s d PYTHIA

23;
23;

48;
13;
13;
48;
48;

by two

48;
48;
48;
48;
48;
48;
32;

Modes for Matrix Element Processing

Some decays can be treated better than what pure phase space allows, by reweighting with appropriate matrix e
signaled by a nonvanishing meMode ( ) value for a decay mode in the particle data table. The list of allowed poss
introduced, and most have been moved for better consistency. Here is the list of currently allowed meMode () cot

» 0 : pure phase space of produced particles ("default"); input of partons is allowed and then the partonic con

1: omega and phi — pi+ pi- pi0

2 : polarization in V — PS + PS (V = vector, PS = pseudoscalar), when Vis produced by PS — PS + Vor F

1"

12:
13:

21

22:
23:

31

: Dalitz decay into one particle, in addition to the lepton pair (also allowed to specify a quark-antiquark pi

Dalitz decay into two or more particles in addition to the lepton pair

double Dalitz decay into two lepton pairs

: decay to phase space, but weight up neutrino_tau spectrum in tau decay

weak decay; if there is a quark spectator system it collapses to one hadron; for leptonic/semileptonic d

as 22, but require at least three particles in decay

: decays of type B — gamma X, very primitive simulation where X is given in terms of its flavour content

spectrum is weighted up relative to pure phase space

42 -

50 : turn partons into a random number of hadrons, picked according to a Poissonian with average val

new try with another multiplicity if the sum of daughter masses exceed the mother one

52 -
62 -
72 -

91

92:
93:

94

60 : as 42 - 50, with multiplicity between code - 50 and 10, but avoid already explicitly listed non-parto
70 : as 42 - 50, but fixed multiplicity code - 60
80 : as 42 - 50, but fixed multiplicity code - 70, and avoid already explicitly listed non-partonic channel:

: decay to g gbar or g g, which should shower and hadronize

decay onium to g g g or g g gamma (with matrix element), which should shower and hadronize

decay of colour singlet to g gbar plus another singlet, flat in phase space (and arbitrarily ordered), whe

: same as 93, but weighted with V-A weak matrix element if the decay chain is of the type neutrino \rarr;

100 - : reserved for the description of partial widths of resonances
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Can we measure incl. and excl. |V, .| at the same time?

At low My, ) Bonlv

2 B-p%%v
B B-omtiy
mEm B-nv
Il Non-reso. B-X v

"/ 4+ MCunc.

1 2 3
- T Number of m*

other X,

BCL constraints from
Fermilab/MILC
Phys. Rev. D 92, 014024 (2015)

arXiv:1503.07839

0 5 10 15 20 25
g% [GeV?]

ABB — X i,) = ABB — nti,) + ABB — XM¢p)

| Ve[);cl.

u

\ \/ B(B — 1£7,)

F(B - ﬂf}jf)

| Vbilr];cl. | \/
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|
— Ajobs MC Fermilab/MILC
It Hpo =N 70 IN 70 Phys. Rev. D 92, 014024 (2015)
arXiv:1503.07839

>
23
3
O
<
it

|

2
|
-
2
|
2
|
)
=2
'V
o8

T /. v/ T
= = : 2 2 2
I I I I I I I I I I I I I I I I I I I I . _—
: : Fit Setup:  ¥* = Xéxp + YenAL
__ __ ..]ll'l]lllllllllll‘llllllllllll]llllllllllllllll’l‘l'l‘l_.
: i : Hesse / Minos Errors {4 = NObS'/NeXp'
i ] =
— = i + 0
- ] i b0—3 b0—3 :
[ ’ 2| B
- _ | Mo Hx, |
i ] # § = o -
- - ™ . . -
B i Nk M= IMXC -
i ] o[ « ‘
| ] _"''-rlllllllllllllllllllllllllllllllllllllllllllllllllllllll-I
L1 % A J o 1 2 3 4 5 6 7 8 9 10 11
0 ‘ 5 ‘ 10 | 15 parameter
0
/ O i th X luyz'() lun'i ”Xu IMXC bJ_3 by_3
]Z- ]Z. O er U 1.00 0.51 039 061 013 055 063 057 023 054 064 043
0.51 1.00 010  -040 017 058 058 051 022 052 062 041
g° =1[0,5,10,15,20,26.4] GeV*
0.39 0.10 1.00 - 003 035 053 049 018 040 050 0.34
-0.61 040 089 100 -0.09 054 -070 -065 025 -057 -069 -0.46
0.13 017 003 009 100 035 -0.10 -0.16 024 020 010 0.04
. 0.55 0.58 035 054 035 100 044 029 021 060 065 044
Individual componeqts . 0.63 0.58 0.53 -0.70‘ -0.10 044 1.00 - 029 0.66 0.62
seem to separate well in Asimov with 0.57 0.51 049  -065 -0.16 0.29 - 100 030 065 080 047
made-up (but seml-reahstlc) distributions 0.23 0.22 018  -025 024 021 029 030 100 024 007 -0.10
0.54 0.52 040  -057 020 060 066 065 024 100 060 0.08

0.64 0.62 050 -069 010 065 -E 007 060 1.00 070

0.43 0.41 0.34 -046 004 044 062 047 -0.10 0.08 0.70 1.00




Combined Extractions

# 60

Interesting if heavy quark symmetry
iInspired Form Factors are used:

h(w) = h(w) [§(w) «— e

S
= - ) w+ 1 A
E h+ — 1+CYS[CV1+T(CV2+CV3>} +<5c+5b) Ll,
A w1 2
T he =&, —— (Cv, = Cw) + (ec — &) La,
m A A~ A A A
“ hy =14 6, Cy; +ec(La — Ls) +ep(L1 — Ls)
I
.. w1 .. w1
2 ha =14 a,Cu, +eo(lo—Ls— NI O ,
Q 1 w—+ 1
T BAQ — éfs CAQ + gc(f/i% + 2;6) )
hag =14 a5(Ca, + Ca,) +€c(Lo — Ly + Lo — Ls) +ep(L1 — L4) ,
This links dynamics of [Vl x 107 | 38812
_ % O G(1) 1.055 + 0.008
B — Dl’ﬂyf & B — D l’ﬂybﬂ F(1) 0.904 +0.012
P2 1.174+0.12
. . Xa2(1) —0.26 £ 0.26
Example fit for Ieadlng IW o) | ossoss
function and sub-leading GO | 0024007
parameters n(1) | 0304004
7'(1) 0 (fixed)

miS [GeV] | 4.70 £ 0.05

Smpe [GeV]|  3.40 £ 0.02

dF(B—)D/V/)

o

o O

- DD WO b O OO N O
o O O O

o

dIr(B- D Iv)/dw[107"° GeV]
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LHCb Systematics

B, — Kuv,

Uncertainty All ¢? Low ¢? High ¢°
Tracking 2.0 2.0 2.0
Trigger 1.4 1.2 1.6
Particle identification 1.0 1.0 1.0
6(Meorr) 0.5 0.5 0.5
Isolation 0.2 0.2 0.2
Charged BDT 0.6 0.6 0.6
Neutral BDT 1.1 1.1 1.1
g*> migration e 2.0 2.0
Efficiency 1.2 1.6 1.6
1 +2.3 +1.8 +3.0
Fit template e o ARy
+4.0 +4.3 +5.0
Total 243 45 53
>l<) —_
Y
B, —» DOy,
Uncertainty
Source CLN parametrization BGL parametrization
Vol p*(D7)  G(0) p*(Di7) Ri(1) Ro(1) [Ve| dq d  G0) b a ao @ R R
[1073] [1071] [107?] [1071] [107Y [107Y] [1073] [1072] [107Y] [1072] [107Y [107%] [1072] [107}] [1071] [107]
fo)fax B(D — K*K=77)(x7) 0.8 0.0 0.0 0.0 00 00 08 00 00 00 00 00 00 01 04 04
B(D~ — K- K*™n™) 0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.3
B(D*~ — D~ X) 0.2 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.1 0.0 0.2 0.0 0.3 — 0.2
B(BO — D’/ﬁl/#) 0.4 0.0 0.3 0.1 0.2 0.1 0.5 0.1 0.0 0.1 0.1 0.4 0.1 0.7 - -
B(BO — D*’,uﬂ/#) 0.3 0.0 0.2 0.1 0.1 0.1 0.2 0.0 0.0 0.1 0.1 0.3 0.1 0.4 - -
m(BY), m(D*") 0.0 0.0 0.0 0.0 00 0.0 00 00 00 00 00 00 00 01 - -
NEW 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 — -
ha, (1) 0.3 0.0 0.2 0.1 01 01 03 00 00 01 01 03 01 05
External inputs (ext) 1.2 0.0 0.4 0.1 0.2 0.1 1.2 0.1 0.0 0.1 0.1 0.6 0.1 0.8 0.5 0.5
D<_5> — KTK -7 model 0.8 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.4
Background 0.4 0.3 2.2 0.5 0.9 0.7 0.1 0.5 0.2 2.3 0.7 2.0 0.5 2.0 0.4 0.6
Fit bias 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.2 0.4 0.2 0.4 0.0 0.0
Corrections to simulation 0.0 0.0 0.5 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0
Form-factor parametrization - - - - - - - - - - - - - - 0.0 0.1
Experimental (syst) 0.9 0.3 2.2 0.5 0.9 0.7 0.9 0.5 0.2 2.3 0.7 2.1 0.5 2.0 0.6 0.7

Statistical (stat) 0.6 0.5 3.4 1.7 2.5 1.6 0.8 0.7 0.5 3.4 0.7 2.2 0.9 2.6 0.5 0.5




