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Recently: new calculations of FFs by several lattice collaborations and with light-
cone sum rules, new perturbative calculations, all facing the challenges of a precision
measurements. .. and several new measurements as well!



The importance of |Vep

An important CKM unitarity test is the
Unitarrty Triangle (UT) formed by
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Ve plays an important role in UT
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and In the prediction of FCNC:
o [VisVisl? = Ve 21+ O(2?)
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where it often dominates the
theoretical uncertainty.
Vub/Veb constrains directly the UT
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Our ability to determine precisely Ve is crucial for indirect NP searches
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Jung & Straub, 1801.01112
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Differential distributions constrain NP strongly, SMEFT interpretation
incompatible with LEP data: Crivellin, Pokorski, Jung, Straub. ..



VIOLATION of LFU with TAUS
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L EUSIVE SEMILERTOINIC B LIEL AT

Inclusive observables are double series in A/mp and as
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Global shape parameters (first moments of the distributions, with various lower
cuts on £y tell us about mp, mc and the B structure, total rate about |V

OPE parameters describe universal properties of the B meson and of the quarks:
they are useful in many applications (rare decays, V...

Reliability of the method depends on our control of higher order effects. Quark-
hadron duality violation would manifest rtself as inconsistency in the fit.

Kinetic scheme fit includes all corrections O(a?, S/mb,llmb) M constraint from

sum rules/lattice, and recent 0(053) contribution to width.
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Fael, Schoenwald, Steinhauser; 201 1.1 1655, 201 1.13654,2205.03410

3loop and 2loop charm mass effects in relation between kinetic and MS b mass

mkin(1GeV) = [4163 $259. 4780+ 26, ] MeV = (4526 + 15) MeV
Using FLAG 7,(,) = 4.198(12)GeV one gets m"(1GeV) = 4.565(19) GeV

3loop correction to total semileptonic width

=T ) [0.9255 G 00350 0.0097%3]

in the kin scheme with 4 = 1GeV and m.(3GeV) = 0.987 GeV,,ua = m,f’” ,_(g_)\
e 1T D) [o 9255 — 0.1140, — 0.0011, + 0.0103 ] W
in the kin scheme with u = 1GeV and m.(2GeV) = 1.091GeV, u, = mb”’/2 ()

3loop correction tends to lower I'; and therefore pushes |V, |slightly up (~0.5%)
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Similar reduction in y,;, dependence. Purely perturbative uncertainty £0.7 %
(max spread), central values at p, = 2GeV, p, = my,/2.

O(O(S/mg, as/mlf) effects in the width are known. Additional uncertainty from
hisher power corrections, soft charm effects of O(as/mgmc), dualrty violation.

Conservatively: 1.2% overall theory uncertainty in I"_, (a ~50% reduction
y y y sl

Interplay with fit to semileptonic moments, known only to O(a?, a,A*/m})
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Bordone, Capdevila, PG, 2107.00604
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Higher power corrections see a proliferation of parameters but Wilson
coefficients are known at LO.We use the Lowest Lying State Saturation
Approximation (Mannel, Turczyk,Uraltsev 1009.4622) as loose constraint or priors

(60% gaussian uncertainty, dimensional estimate for vanishing matrix elements) in a
fit including higher powers.

I v : | o 4200(53) < 10_3 Update of 1606.061 74

similar results in 1S scheme Bauer et al.
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New measurements of the g2 moments by Belle (2109.01685) and Belle Il (2205.06372)
not yet included in our fit (In progress).

Reparametrisation invariance implies that g2 moments and total width depend on a
smaller set of HOQE parameters (Fael, Mannel,Vos), 8 at O(l/mg), but using only the g2
moments_|Ve|= 41.99(65) 103 using the same BR input we employ (Bernlochner et al.
2205.10274)

't would be useful to measure also the FB asymmetry as proposed by Turzcyk


https://arxiv.org/abs/2205.10274
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In the presence of photons, OPE valid only for total
width and moments that do not resolve lepton ——
properties (£, g?). Expect mass singularities and \ s
O(a/\/my) corrections.

Leading logs o 1n m,/m,, can be easily computed for

simple observables using structure function
approach, for ex the lepton energy spectrum

(1) 2 ¢l (0)
ar =iln@[ ooy (A
dy 2 mzl, x 2088 dx

0) IS ;
P (@) = P Electron energy spectrum
+
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Typically exp measurements are completely inclusive, B = X_.£v(y), but QED
radiation is subtracted by experiments using PHOTOS (soft-collinear photon radiation

to MC final states).

BaBar hep-ex/0403030 provides both uncorrected and corrected lepton moments,
allowing for comparison with our inclusive LL calculation. Shifts are 0.2-0.76,,,, but

NLO logs and power corrections can be also included further reducing the gap.
Complete O(a) calculation checks subleading terms and other moments.
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Inclusive processes impractical to treat directly on the lattice. Vacuum current
correlators computed in euclidean space-time are related to ete™ — hadrons or 7
decay via analyticity. In our case the correlators have to be computed in the B meson,
but analytic continuation more complicated: two cuts, decay occurs only on a portion

of the physical cut.

While the lattice calculation of the spectral density of hadronic correlators is an ill-
posed problem, the spectral density Is accessible after smearing, as provided by
phase—space integration Hansen, Meyer; Robaina, Hansen, Lupo, Tantalo, Bailas, Hashimoto, Ishikawa

A Physical spectral function A Inabox
needs smearing!

M w V] w

W. Jay @Snowmass workshop



A N EW A P P ROAC H Hashimoto, PG 2005. 13730

4-point functions on the lattice are related to the hadronic tensor in euclidean

/
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smearing kernel f(w) = 2 a,e

n

e 0] to tsnk
The necessary smearing is provided by phase space integration over the hadronic energy, which Is

cut by a @ with a sharp hedge: sigmoid 1/(1 + %) can be used to replace kinematic 8(x) for ¢ — 0.
Larger number of polynomials needed for small &

6 ]

Two methods based on
Chebyshev polynomials and
Backus-Gilbert. Important:

Iim Iim X_

c—0 V>0




PG, Hashimoto, Maechler, Panero, Sanfilippo, Simula, Smecca, Tantalo, 2203.1 1762
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https://arxiv.org/abs/1704.06105
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PG, Hashimoto, Maechler, Panero, Sanfilippo, Simula, Smecca, Tantalo, 2203.1 1762
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smaller errors, cleaner comparison with OPE, individual channels AA, VYV, parallel
and perpendicular polarization, could help extracting its parameters



First results at the physical b mass

Relativistic heavy quark
effective action for b

)
ViVi

.BS decays, | Sl
domain wall fermions, ¢
improved implementation ()
: Ap4;

of Chebychev polynomials _0)
; VoV

and Backus-Gilbert &5
ApAo

T 70
qualitative study VY,
~5% statistical uncertainty X,
on total width 0

¢ 0)

A A;

possibly better to compare

: : . =2)
with partial width at low g Barone, Hashimoto, Juttner, Kaneko, Kellermann, 2305. 14092

Ongoing work on semileptonic Ds decays by two collaborations
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There are |(2) and 3(4) FFs for D and D* for light (heavy) leptons, for instance

M2 o M2 1 M2 s M2
qu Dq,u f—)D(QQ) 4+ Bq2 Dq,u é%—)D(qQ)

(D(k)|&v*b|B(p)) = |(p+ k)" —

Information on FFs from LOQCD (at high g2), LCSR (at low g2), HQE, exp, extrapolation,
unrtarity constraints, ...

A model independent parametrization is very useful
Boyd, Grinstein, Lebed (BGL) and many others



| ATTICE + EXP BGL FIT for B - D¢v
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form factors f.(z) (upper plot) and fy(z) (lower plot)

R(D)=0.299(3)

|.30 from exp

FLAG has
very similar
results

CLN cannot
fit both ff



w DISTRIBUTION for B — DZv
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Belle 2015 consider 4 channels (BY*, e, ) for each bin.

Average (red points) usually lower than all central values. D’Agostini bias?
Blue points are average of normalised bins.

Standard fit to Belle| 5+FNAL+HPQCD: | V,, | = 40.9(1.2) 1073 Jung PG
Fit to normalised bins+width Belle | 5+FNAL+HPQCD: |V, | = 41.9(1.2) 1077




FRUINC ATION AN UINCER FAINTY

Fits with BGL parametrisation: model

independence vs overfitting. VWhere do we
truncate the series! How can we include unitarity

constraints! These questions are related.

1.0 1.1 1.2 1.3 1.4 1.5
w

Different options with various pro/cons:

. Frequentist fits with strong ¥? penalty outside unitarity; increase BGL

T 200 2l
order tl.”. Kmin 1S stable. anertam’ues from Ay:.. = 1 do not have
probabllistic interpretation. Bigi, PG, 1606.08030, Jung Schacht,PG 1905.08209

2. Frequentist fit with Nested Hypothesis Test to determine optimal
truncation order: go to order N 4 1 if Ay? =)(nz,linN —)(nz,lin e
Check unitarity a posteriori Bernlochner et al, 1902.09553

3. Bayesian inference using unitarity constraints as prior with BGL Flynn,

Juttner; Tsang 2303.11285 or In the Dispersive Matrix approach, Martinell, Simula,
Vittorio et al. 2105.02497



Vep| tfrom B—=D7lv

More complicated: 4 FFs, angular spectra, D™ unstable. Present status unclear.

|. Parametrisations matter and the related uncertainties require careful
consideration. Belle 20|/ dataset analysed with BGL or CLN leads to 6-8%
difference iﬂ |Vcb|- Bigi, PG, Schacht, Grinstein, Kobach

Discard old exp results obtained with CLN and provide data in a parametrisation
iIndependent way.

2. Despite recent progress, lattice calculations are indecisive. lension between
Fermilab/ MILC 202 | and HPQCD 2023 results at non-zero recoil and Belle
untagged 2018 data, while JLQCD preliminary results give a consistent picture.

3. Most precise data from Belle 2018 untagged (although u/e 4o tension in the FB
asymmetry) Bobeth, Bordone, van Dyk, Gubernari, Jung

Belle 2023 (2301.0/529) tagged consistent with Belle 2018, other recent exp
analyses (Babar 1903.10002, Belle Il presented at Moriond 2023, LHCb 2001.03225) have
conflicting results for Ve, see next talk, but data not yet avallable for independent fits.
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Joint fit

|[ON

Separate fits

0.0014 0.0014
Lattice QCD x|V, Joint Fit
Belle untagged ¢ Lattice QCDx|Vy)
0.0012 " BaBar 0.0012 4 Belle untagged, e~
¢ Lattice 4 Belle untagged, u—
4 Belle untagged e~ ¢ BaBar synthetic
~ 0.0010 4 Belle untagged p~ - 0.0010
§ ¢ BaBar synthetic )
5 5
=< 0.0008 2 0.0008
= =
= 3
< 0.0006 = 0.0006
0.0004 —
V.| = 38.60(85) 10
_I_
0.0002 0009 (Belle |8+FNAL)
1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 1.5
w w
Fit Lattice Exp  Lat 4+ Belle Lat + BaBar Lat 4+ Exp
p-Value 0.88 0.037 0.015 0.088 0.002

Our analysis of Belle |8+ FNAL data ( Jung, PG):
Ves|=39.4(9) 1073(,2. = 50) using only total rate |V

e 2.8
=42.2777

T oI O o7

First lattice
calculation
beyond zero
recoll for this
mode

o



) PRELIMINARY BESUE TS

JLQCD vs Fermilab/MILC
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| -- JLQCD
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lollllllllllllllllllllll ~ C Lo v b b b ey ]
1.0 1.1 1.2 1.3 1.4 1.5 1.0 L.1 1.2 1.3 1.4 L.5
“t’ ‘,t'
+ reasonably consistent 1. Kaneko @ Barolo workshop 4/202 |
S g@w~T Kaneko et al 2112.13775

Our analysis of Belle | 8+ JLOCD data ( Jung, PG):
Ve|=40.7(9) 1072 (2, = 33) using only total rate |Vep|=40.87,5 107

min
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| HPQCD B — D*(,
mm HPQCD B — Dri,

+  Belle B = Dyt
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Extrapolation in mp, data cover the whole w region

QUi ahalysicoiacliciic SR CHRdaian i NRC S
Ver|=40.4(8) 1073 using only total rate |Vep|=44.4 = 1.6 107>

L0 DS HEST

Tension with Belle 2018
data similar to FNAL

Belle | 8+HPQCD
BGLexp X2 |Vep|
SalE S petead I
S U0l b el 2(0)
T G
e o D ae)
Szl J0O0)
1222 52 406(8)
2222 50 404(8)
2232 50 404(8)
D o) Ol [Q17e 2l

HPQCD and FNAL are not well compatible: adding |6 FNAL points increases y*by 35
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Global BGL fit to Belle | 8+FNAL+LOCD+HPQCD data:

Binned analysis
proposed

by Martinelli,
Simula, Vittorio
in DM approach

2105.08674
2109.15248

Extracting Ve
from each bin,
FFs only

determined
by lattice QCD

M. Jung

Von|=40.3(7) 1073 (2. = 91.2) using only total rate |Ve|=42.4(1.0) 107



Overview over predictions for R(D*)

Value Method Input Theo Input Exp Reference
[ — BGL Lattice, HQET Belle'17'18 Gambino et al.'"19
—_— BGL Lattice, HQET Belle'18 Jaiswal et al.'20
— HQET@1/ mf'.,czs Lattice, LCSR, QCDSR Belle'17'18 Bordone et al."20
—_— "Average" HFLAV'21
— HQETRrc@1/ m2,a£.2) Belle'17'18 Lattice Bernlochner et al.'22
m aj orim D act BGL Lattice Belle'18, Babar'19 Vaquero et al."21v2
—  of new lattice BGL Lattice Belle'18 JLQCD prel. (MJ)
— calculations BGL Lattice Belle'18 Davies, Harrison'23

HQET@1/m2,as

— Lattice, LCSR, QCDSR e Bordone et al."20
"""""""""""""" BGL  latice = -—  Vaqueroetal2tv2
—_— DM Lattice _— Martinelli et al. FNAL/MILC
BGL Lattice -— JLQCD prel. (MJ)
| o | 1BGL Lattice - Davies, Harrison'23
0.I24 0.126 0.128 Rp*

M.Jung

Predictions based only on Fermilab & HPQCD lead to larger R(D*), in better
agreement with exp, mostly because of the suppression at high w of the denominator.

No reason not to use experimental data for a SM test, especially in presence of

tensions In lattice data.



EXCEUSIVE
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V| = (3.70 = 0.10 (exp) £ 0.12 (theo)) x 107° (data + LQCD),

(\'|_| [ T | T T T T | T T T T | T T T T ]
'> — Input Measurements: -
o 14 - ¢ B Belle untagged , Phys. Rev. D83, 071101 (2011) ]
Q) - v B° Belle had. tag, Phys. Rev. D88, 032005 (2013) -
“’o 12 s A B’ Belle had. Tag, Phys. Rev. D88, 032005 (2013) ]
. = & B°& B* BaBar untagged, Phys. Rev. D86, 092004 (2012) .
NO_ B O B°& B* BaBar untagged, Phys. Rev. D83, 032007 (2011) ]
o 1 O —L 1 @ Likelihood fit average —]
= N _
> I ] _
+ 8 | |, |
! - ——1 [l —
B B - ’i\ ‘-'; 7]
T 6= [ —
o _ _|
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N — (l —]
m — .41_]‘ 'l‘- —
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L _|
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- 2018 =
O B 1 1 1 1 | 1 1 1 | 1 | 1 | 1 1 1 1 I_
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2
o [GeV’]

V| = (3.67 £ 0.09 (exp) £ 0.12 (theo)) x 1072 (data + LQCD + LCSR),

New LCSR results (1811.00983) have been included for the first time in global fits to lattice and
experimental data on B — z#v in 2103.01809 and 2102.07233, leadingto |V, | = 3.77(15)107% and

|V, | = 3.88(13)1073. The latter removes outliers and is within 16 from most recent inclusive results.

HFLAV adopts a 2stage procedure, first making averages at different g2 (low p) and fitting to extract Vs

N
[—



New JLQCD FF calculation 2203.04938
|V, | =3.93(41)1073

B — m form factors

) )
( FLAG5 Web update [ FLAGS5 (2111.098409)
http://flag.unibe.ch/2021/Media?action=AttachFile&do=get&target=FLAG 2023 webupdate.pdf
FNAL/MILC (15) + RBC/UKQCD (15) + JLQCD (22) FNAL/MILC (15) + RBC/UKQCD (15)
B—7(Nj=2+1) B—7(Np=2+1)
Central Values Correlation Matrix Central Values Correlation Matrix
a(_)" 0.423 (21) 1 -0.00506 -0.0740 0.402 0.0923 a(‘f 0.404 (13) 1 0.404 0.118 0.327 0.344
af —0.508(93) -0.00506 1 0.497  -0.0557 0.659 af —0.68 (13) 0.404 1 0.741 0.310 0.900
ag —0.74 (34) -0.0740 0.497 1 -0.152  0.677 ag —0.86 (61) 0.118 0.741 1 0.363 0.886
a | 0.561((24) 0.402  -0.0557  -0.152 1 -0.548 ad | 0.490(21 0.327 0310 0363 1  0.233
a,(l) —1.42 (fl) 0.0923 0.659 0.677 -0.548 1 a(f —1.61 (f6) 0.344 0.900 0.886 0.233 1
y?/dof = 43.6/12: error rescaled by \ / y*/dof =(1.9 y?/dof = 0.82: no error rescaling
ezl G20
0 rg foums 10 [ fos —
- f+ HPQCD 06 = ] i f+ HPQCD 06 =
i f+ FNAL/MILC 15 +o— f+ FNAL/MILC 15 —e—
08 L f+ RBC/UKQCD 15 4— 1 08 L f+ RBC/UKQCD 15 —4— -
8 fr JLQCD 22 —o— 8 T fo FNAL/MILC 15 —e—
< § 1 fo FNAL/MILC 15 —e— ] < i } fo RBC/UKQCD 15 +-4—
N fo RBC/UKQCD 15 & =
£ 06 L ik fo JLQCD 22 +o—1 1 5 06 L B
QS.\ i E I ] ESH - § i
S I g = ! I %
o r 1 T h RS B u N
= 04 : t g ? = 04 : ?
0.2 | - 02 [
0.0:'"""""""""""""": 0_0:....|....|....|....|....|....'
0.3 0.2 0.1 0.0 0.1 0.2 0.3 0.3 0.2 0.1 0.0 0.1 0.2 0.3
Z(QZ, topt) Z(qz, topt)
\_ L J
+ 0 . . .
Error on slope parameters decreased (a, , and a;) Error on normalization increased (ag’o)

Enrico Lunghi (Indiana University) Flavor@TH 2023



B — 7 form factors

Small impacton |V, | after including experimental data (information at small q2 / large 2)

FLAGS5 Web update
http://flag.unibe.ch/2021/Media?action=AttachFile&do=get&target=FLAG 2023 webupdate.pdf
Central Vi Correlation Matrix
bl X 10° 3.64 (16) 1 -0.812 -0.107  0.127  -0.325 -0.151
_ 04 -0.812 1 -0.189  -0.308 0.409 0.00937
af -0.443 (39) -0.107  -0.189 1 -0.499 -0.0345 0.150
ay -0.51 (13) 0.127  -0.308  -0.499 1 -0.189 0.128
ad 0.560 (17) -0.325  0.409  -0.0345 -0.189 1 -0.772
al -1.346 (53) -0.151 0.00937  0.150  0.128  -0.772 1
y*/dof = 116.6/62: error rescaled by 4/ y*/dof = 1.37
., FIAG2021
. T T T T I T T T T T T T T T T T T T T T T T T T T
C fo BCL fit ]
. f+ BCL fit ]
= f+ HPQCD 06 = 1
1.0 § f+ FNAL/MILC 15 @ —
B { f+ RBC/UKQCD 15 44— 7
- f+ JLQCD 22 +—o— ]
& L fo FNAL/MILC 15 e
= 08 + fo RBC/UKQCD 15 F4—
N - fo JLQCD 22 —o—
i) i § I\ BaBar untagged 12bin % ]
S L J_ BaBar untagged 6bin FH*— |
—~ 0.6 Belle tagged 13bin F%—
o B ) v I Belle untagged 13bin F—%— A
I?Q/ i ¥ £+ Belle tagged 7bin 96— 7]
5 E Topedd g ¥ 1
0.4 J‘ L I;l; _L{ - g %ix i —
i L _._% I%f %% %% ]
02 [ T N
= 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 =
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
Z(q2atopt)

Enrico Lunghi (Indiana University)

-

FLAGS5 (2111.098409)

B — by (N =2+1)

Central Values Correlation Matrix
V., | x 103 3.74 (17) 1 —-0.851 —0.349 0.375 —0.211  —0.246
aar 0.415 (14) —0.851 1 0.155 —0.454 0.260 0.144
af —0.488 (53) —0.349  0.155 1 —0.802 —0.0962  0.220
a; —0.31 (18) 0.375 —0.454 —0.802 1 0.0131  —-0.100
ad 0.500 (23) —0.211  0.260 —0.0962 0.0131 1 —0.453
al —1.424 (54) —0.246  0.144 0.220 —0.100 —0.453 1
y?/dof = 78.7/56 = 1.41: error rescale by \ [ y*/dof = 1.19
rlAG|2|0|2]I- T T T T T T T T T T T T T T T T T T T T
i fo BCL fit i
1.0 f+ BCL fit —
I} f+ HPQCD 06 & -
- f+ FNAL/MILC 15 —o—
- £+ RBC/UKQCD 15 +&— ]
08 L fo FNAL/MILC 15 o— _|
& fo RBC/UKQCD 15 FH&—
= r BaBar untagged 12bin >
N B BaBar untagged 6bin FH%— -
1:2 0.6 i Belle tagged 13bin F—k— 7]
s Y Belle untagged 13bin F—v— "
—_ ) Belle tagged 7bin 46— |
02 F i ﬁ % -
C_1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 (-
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
Z(q27 topt)

Flavor@TH 2023




B, — K form factorsand |V, ,/V_, |

FLAG5 combined form factors:

05 FAG2021

— 1 ] I 1 1 I ] I I 1 1 1 I ] I ] 1 I Ll 1 ] I I ‘fllo Ia\/lerlaglel I I |
i f+ average
i% fi HPQCD 14 = ]
0.5 f+ RBC/UKQCD 15 F—4—
- f+ FNAL/MILC 19 +Ho— -
— i E fo HPQCD 14 +&—
S i ? fo RBC/UKQCD 15 F—4— ]
< 0.4 [ fo FNAL/MILC 19 —&— ]
a i
q I
Y= L
& 03 E -
-
A - "
0.2 @ E £ f § _
0.1 i l 1 1 1 | I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 | l 1 1 1 1 I | 1 | 1 | |
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20

z (q2 b] topt)

[LHCb 2012.05143]

= (2.264+0.38) ps~*

1 /7GeV2 dI'(B, —» K~ ptu,)
1 42 ax=(mp, —mk)? dI'(B, — K_,u+l/,,,)
|VUb|2 7 GeV? dq2

¥

= (4.0240.31)ps~*

|Vub|

A (low) 0.0819 % 0.0072 1. % 0.0029 oy
|Vub| .
o7 (high) 0.0860 = 0.0037 1¢. = 0.0038 exp
cb
% .
IVubll (low) = 0.061(4) using LCSR
ch

Khodjamirian, Rusov

Note: RBC/UKQCD provides synthetic data points, HPQCD and FNAL/MILC only z-fit results

Vub ‘
Vel
Vub |

My average of inclusive

Vcb

Enrico Lunghi (Indiana University)

= 0.079(4)(4)

= 0.094(6) and exclusive

(Ap = puv) LHCb + Meinel et al

|Vub|

= 0.094(4)
cb

Flavor@TH 2023



INCLUSIVE (V1

Important Belle measurement 2102.00020

In my opinion, the cleanest
measurement I1s the most inclusive one

with My < 1.7GeV, E, > 1GeV:
|1V, | =(3.97+0.08+0.16 £0.16) 107

Framework Vs |[1073]
BLNP AR gt
DGE 3,08 =00 1m0
GGOU A OISR
ADFR S T
BLL (mx/q? only) 4.62 4 0.20 & 0.29

Not all approaches at the same level
Some discrepancy hidden in the average

Recent calculation of the O(aS/m,f) effects
N B — X £, Capdevila, Nandi, PG

NEW! ||Vexel| /|Vinel| = 0.97 £ 0.12| 2303.17309

Look forward to validating approaches on Belle Il data (SIMBA, NNVUB)!

CLEO (E,)

423+049+0.22-0.31
BELLE sim. ann. (mX, q?)

452 +047+0.25-0.28
BELLE (E)

495 £046+0.16- 021
BABAR (E)

430+0.20+0.20-0.21

BABAR (m,<1.7)
410+x0.23+0.16-0.17

BABAR (m,_<1.7,¢*>8)
433+023+0.24-0.27

BABAR (P<0.66)

425 +x0.26+0.26-0.27
BABAR (m_, q? fit, p*>1GeV)
444 +0.24 +0.09-0.10
BABAR (p*>1.3GeV)

443 +£0.27+0.09-0.11

Average +/- exp + theory - theory
419 £0.12+0.11-0.12

2/dof = 15.1/10 (CL = 13.00 %)
. Gambino, P. Giordano, G. Ossola, N. Uraltsev
JHEP 0710:058,2007 (GGOU)

3.96 +0.10 = 0.17 '
BELLE my ,q2 fit, (E1>1)

4.15 +024 +0.08-0.09

BABAR (mx<1 S55)

I‘ 2021 \

2

6
[x 107]



SURGPEAR Y

Despite new theoretical and exp results the V¢, puzzle persists. However, the
intense th and exp activity gives hope.

Inclusive b — c: new 3loop calculations show pert effects under control, |.27%
accuracy on |V, |, theory uncertainty no longer dominant.

New method to study inclusive semileptonic meson decays on the lattice.
Exploratory calculations for my, ~ 2.5GeV In good agreement with OPE. Promising
way to complement/validate the OPE, but still a long way to go

Exclusive b — c: In the past uncertainties have been underestimated; several
attice groups are computing necessary FFs at non-zero recoll and new exp
analyses have appeared but the situation is still unclear. FNAL & HPQCD in
tension with exp spectra, |LQCD gives a more consistent picture with reduced
tension with inclusive.

Tensions in the LOCD calculations of B - 7 and B, — K FFs.

New exp results suggest inclusive and exclusive V , are getting closer...






Z(O)(q

PG, Hashimoto, Maechler; Panero, Sanfilippo, Simula, Smecca, Tantalo 2203.1 1762 [hep-lat]

I
0.0750 ‘& ® 0070 -
L ) e
0.0725F | SSSss_ ® oz |
SO SSS~
So SIS~
% 0.0700 F \\~\ "L -e-~ F I
\\ -~
0.0675 = ~ T T-
~
0.0650 |- ~ : .
0.0625 - 1 TA
00600 | 1 1 1 | 1 1 ]
0.00 0.05 0.10 0.15 0.20 0.25 0.30
o/mp
1 1 1 )
0.12 .
§~
0.10 | itf = ~ :
0.08 \ i % .
0.06 - I % % -
0.04F § o3MzM I .
s(1) (1)
0.02 | ® o'z I -
8 oMz

1 | 1 1 1 | 1
0.000 0.025 0.050 0.075 0.100 0.125 0.150

o/mp

ETMC at |q| = 0.5GeV

N detall

i 931(0)250) I Comb. Fit Linear |
® o597©® A Comb. Fit Quadr.
i @3(0) Zgo) i

o

o

S

S
1

o
S
I
I
I
|
I
I
I
I
11
[
11
l"
I—Q'HQ’-H
| e+
Y
| e+
o
He®+H
Hre®+H
Hreo+Hi
1 1 1

0.00 0.05 0.10 0.15 0.20 0.25 0.30

o/mpg

F T T T T T T T T T T T T T T T T 3

06l ]

02l i

£l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Using different approx to the kernel

improves the 6 — 0 extrapolation
Interplay with continuum and infinite volume limits



https://inspirehep.net/authors/1006538
https://arxiv.org/abs/2203.11762

D'AGOSTINI BIAS

Standard X : fIts On the use of the covariance matrix to fit correlated data

sometimes lead G. D'Agostini
.t O p ara d OXl C al resu |.t S Dipartimento di Fisica, Universita “La Sapienza” and INFN, Roma, Italy

(Received 10 December 1993; revised form received 18 February 1994)

Xy Xpe 27 indiveinuol error - et ]
10% normalization error R i ]
X4 Fomeommnmnnd] @t o= nmmemmae ) L.2 N ?

X2 bommmmmmmeem e b - — s oo oene i = i
e - 1 LO [ -
| ! | | i — -
7 75 8 85 9 - -
Fig. 1. Best estimate of the true value from two correlated 381 —
data points, using in the y? the empirical covariance matrix of B _
the meaurements. The error bars show individual and total - -
CITors. 8 ] ] 1 ] i 1 1 i | | L 1 i | | L ] 1 ] i
5 5 20 30 40 50

X105 T X0 VS (GeV)

é:

>

Fig. 2. R measurements from PETRA and PEP experiments
with the best fits of QED + QCD to all the data (full line) and

Many exp Systema‘tics e h|gh|>/ corre- only below 36 GeV (dashed (line). A;] data points are corre-
: . ; : lated (see text).
lated. Bias Is stronger with more bins



LAT TICE FORM FACTORS AT NONZERO RECOIL

2105.14019,2112.13775,2304.03137

.........................

different | MJung
slopes!? |

FERMILAB/MILC

1.1 1.2 1.3 1.4 1.5 JLQCD
W HPQCD
different (LCSR+SR+1at<2019)

slopes?

1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 1.5

BGL fits with weak unitarity. General good agreement, but a few exceptions



RATIOS OF FORM FACTORS

M.Jung

FERMILAB/MILC

JLQCD

HPQCD
(LCSR+SR+1at<2019)

EXP (Belle 2018)

Form factor ratios more sensitive to

differences. Stark disagreement between
FERMILAB & HPQCD and HOQE & EXP

N Ry



% __
B’ — D"~¢*v untag gged (1 89/fb)
preliminary [to be submitted to Phys. Rev. D] Belle ||

LQCD used only for normalisation at zero recoil (W = 1)

i . o |
BGL flt reSUIt IVcb!nwa(l)—m(pf(o)gbf(o)) /}'(1):0.906i0.013

- -3
BGL truncation order determined by Ivcb|BGL - (409 x O°3squ 1 Osysf + 0. 61'h ) x10
Nested Hypothesis Test [Phys. Rev. D100, 013005]
3 2
Values Correlations X~ /ndf Belle Il [rdt=189.3fb1 Belle Il [rdt=189.3fb1
do x 10° 0.89+0.05 1.00 0.26 —0.27 0.07 - N S,
bo x 10° 0.54+0.01 026 1.00 —0.41 —0.46 _ > 14l
i 40/31 S ———— T —
b, x 10° —0.444+0.34 —0.27 —0.41 1.00 0.56 / & 20 —— —— : 5 12 —4— —4 4
¢ x 10° —0.05+0.03 0.07 —0.46 0.56 1.00 i sf 4 —4— . S 10 ——
— -5- 8
o) o - S
Relative uncertainty (%) % 0% Fitted BGL § 4
— = = = 10 Fitted CLN 5 ,
Qg bo by C1 [ 4@ Experimental data
Statistical 28 07 448 354 S Y 000 7"075 Z050 —035 0.00 035 050 075 1o
Finite MC samples 30 07 394 330 Belle II . . cos 6,
Signal modelling 30 04 400 308 e Jedt=1893m Belle 1] [edt=18937
! . ; 5 F 50Dty [ 0 sy
Background subtraction 1.2 0.4 24.8 18.1 < 18} v S 5: BY D7
()
Lepton ID efficiency 5 W3 231 35 ;D 15 g $ § 4 —— ——
Slow pion efficiency 1.5 |15 ]| 184 220 50, T —— ——
Tracking of K, 7, ¢ G5 U= 06 05 X $ . ) 7 2 ———4— —4—
Ngg s @8 11 08 s ° —— e S of
fi_/f00 g |igl 17 B S of S 1
Bp* »D's'} g4 04 05 o0d 5 3} 5
B(DO — K_7T+) 04 04 05 04 o) : 1 1 1 1 1 1 1 0 | ) | | | )
0 .. . -1.00 -0.75 -0.50 -0.25 0.00 025 050 0.75 1.00 0 1 2 3 4 5 6
B lifetime gl Gkl e Bl cos6y X
Total 6.1 2.5 783 64.1 "

C. Schwanda, Moriond 23



RESUIE LS BY BABARAND FHCDH

1903.10002, 2001.03225

(KES

Reanalysis of tagged BY and B*
data, unbinned 4 dimensional fit
with simplified BGL and CLIN
About 6000 events

No data provided yet

........... |
1.5F e« LCSR 7
— WA CLN
|} — BaBar BGL | 1

0.5¢

No clear BGL('D/CLN difference but
disagreement with HFLAV CLN ffs

V»=0.0384(9)

Measurement of |V | with
Bg —> Dfs*>_u+1/u decays

= B(BS%DS_ILL—FV,UJ)
B(B’ — D uty,)
o _ BB Dy,
B(B’ — D* utv,)

V=0.0414(16) CLN
V=0.0423(17) BGL(222)

it to exp data and lattice FFs
based on HFLAV BRs, employs BGL(222)



