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Why is V_, important?

|Ven| Measurements over Time
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|V (and |V,]) crucial to CKM unitarity tests: ~ 1-3 o tensions between inclusive and exclusive
— both sides of the UT are constrained by |V,,| determinations from B-meson decays
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Inclusive Determination of |V, |- Prerequisites

e Inclusive decays: hadronic final-state not specified: rt
_ . (%)
X.={D,D", D", D"rm,...} W y
e Heavy Quark Expansion (HQE): operator product
expansion in 1/m, 5 c
O, g Ha (© 1 4r(0) PD B*
di =dr'™ +dr'™—=% +dr'>—= +dr'-’ — + ... u u
mp my mp
dr® — qrtm (%)"
> .
e Wilson coefficients dI""") are calculated perturbatively
e HQE parameters pi, /f(;, pfm ... are non-perturbative — have to be determined from

measurements

e Proliferation of non-perturbative parameters at higher orders in 1/m,

4 up to O(1/mjp) — 13 up to O(1/mj) — 31 up to O(1/my)
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Inclusive Determination of |V, |- Traditional Method

o e . .
= 600 B data e Inclusive observables M can be expressed with the HQE
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el @8-X.ev 7 e Spectral moments:
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o L om. inatorial n dr
.5 200 Oontlnuum <X’7> B fE1{>Ecut dx x ax
£ Ey>E.: dr
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S E LdE,
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@ 1200 28 ¢
@ E . data .
S o |- oo functions of lower cuts on £, > E_,
-2 E fake/secondar -3
2 ::: 3 B comtnaorisl e Recent update: ‘Vcb| = (42.16 £ 0.51) x 10
400 f—
200 e Includes terms up to 1/mi (including higher order terms has also
0

been explored )

Mg (GeV7/ich) . ag for total rate and kinetic mass
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The alternative method to determine ‘Vcb‘

e Reparameterization invariance (RPI): links different orders in 1/mj, in the HQE
— reduces number of independent parameters
e Total inclusive rate: reduction from 13 to 8 parameters at O(1/m})

e RPI observables:
e Ratio between rate with and without a cut

R* <q2 e qfut) =

2 4r
., dg2dr
fq a2 9 4

2 dr
da? 4t
f q o’
e Spectral moments of the q2 distribution
2 2n dr
Jooq, da”a” 2

<q2n> _ cut d
2902, 2 dr
q ey 5 5 d a_

l f(V et q dq2

e Hadronic mass my and lepton energy E, moments are not RPI

e £, cuts are not RPI, but a ¢° cut is RPI
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The alternative method to determine ‘Vcb‘
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Sensitivity to O(1/my) Terms
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— highest sensitivity to rz and r¢, other parameters
contributions to the total rate on |Vcb|
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The fit procedure

Extract |Vcb| and HQE parameters with simultaneous fit to B(B — X .¢v,) and q°> moment
measurements by Belle and Belle Il

(B — r(| Vcb|7 9)7—5)2

2 2
UB+0|'

H/_gf
2

+ (q(e) - qmeas)T ¢ ' (q(F)) - qmeas) + Z u

0'0’_

X2(|Vcb| ,9) =

kin

. — 2 2 3 4 4
e Fit parameters 6 = {my, " M., 15, j1c. pos ey Fe )

External constraints 6 = {mfn,ﬁc,ui, ,ué}

e Covariance matrix C = Coo + Coe + Cireo
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Theory Covariance Matrix

067 — ay(us=mf"2)
To account for missing higher-order: o5 T HEx12
R — px13

—— Total
o Perturbative corrections: variation of g (js) between ]
my" /2 < ps < 2mg"

e 1/m, corrections: variation of p3D by 30%

° 045/mi’3 corrections: variation of ,u%; by 20%

Flexible theory covariance matrix Cipeo(Pcuts Pmom):

0.5+ [so
® p..i: correlation between same order moments with ol
. 2 7] 40
different lower g~ cut -
03 [ 30

® Pmom: correlation between different order moments and

different lower q2 cut

Default Fit: add p.: and pnom as nuisance parameters to
D) .
the X function s 1o Zos 00 o5 10 15
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B — X.¢v, Branching Fraction

Branching Fraction (BF) B(B — X_.{1;) is instrumental to determine |V, |
Available measurements: partial BF B (B — X lv,)(E, > E...) or the total B — X/{v, BF

e Our average:
B(B — X.Av;) = (10.48 £ 0.13)%

based on CLEO , Belle , and BaBar
measurements

e Differs compared to B(B — X {v,) = (10.66 + 0.15)% obtained by
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Measurements of q2 Moments

e Raw and central q2 moments
measured by Belle and Belle Il

e Highly correlated measurements —
use subsets

e Average Belle result over lepton
flavor

e Systematic uncertainties regarding
B — X .lv, modeling fully
correlated (BF & form factors)
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Results - First Determination
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First | V.| determination using g moments:
3

|Vep| = (41.69 +0.27|5 £ 0.31]r

— (41.69 £ 0.59) x 10>

0.18 Exp. = 0'17‘"“1&0. ‘ 0'34‘Con5tr.) x 10

Include additional uncertainty by varying sgB, sé, and sf-; by +1 GeV*:
V.| = (41.69 + 0.59], +0.23],0.) x 107> = (41.69 + 0.63) x 10>

= (42.16 £ 0.51) x 10 ° = (39.10 + 0.50) x 10>
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Results - Correlation Parameters vs. |V, |
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e Correlation parameters describing theory correlation between moments included as nuisance
parameters in the fit

e Profile over a large amount of possible correlation scenarios

e Contributes to uncertainty of |V,,|
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Results - HQE Parameters
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e HQE parameters highly correlated

e Interesting to extract, but large uncertainties
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Summary & Conclusion

First determination of |V,,| using ¢° moments from inclusive B — X_{v, decays

2 out of 5 O(1/mj,) HQE parameters included in the fit
Independent cross-check of previous inclusive ’VCb’ determinations based on new method and data

Difference between determinations based on different input BFs — need for new B — X fv, BF
measurements (as functions of g° cuts)

Conclusion

e Analysis extension by inclusion of higher-order perturbative corrections and inclusion of lepton
energy and hadronic mass moments

e Study of forward-backward asymmetry or differences of partial moments

e future improvements may allow to push the inclusive ‘Vcb| precision to below 1%
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Non-Perturbative Matrix Elements
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Up to 1/mﬁ: 8 parameters versus previous 13
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Towards a new extraction of |

r tree a. o o (™ | tree a, o ol
Partonic v o/ v Partonic v v
He oV He ooV
pb o/ pb oo/
1/m; v 1/mj v
my" /. o/ 7

Predictions for raw and central moments available here

3 . . .
® « corrections to partonic rate included

kinetic scheme for bottom quark mass
e kinetic and MS scheme for charm quark mass

flexible covariance matrix
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https://github.com/kolschew/InclusiveVcb

B — X.¢v, Branching Fraction

B(B — Xt,) (%) B(B — XApp) (%)  In Average

Belle [1] £, > 0.6 GeV - 10.54 + 0.31 v
Belle [1] E, > 0.4 GeV - 10.58 £ 0.32
CLEO [2] incl. 10.91 £ 0.26 10.72 £ 0.26
CLEO [2] E, > 0.6 10.69 + 0.25 10.50 +0.25 v
BaBar [3] incl. 10.34 +0.26 10.15 +0.26 v
BaBar SL [4] E, > 0.6 GeV - 10.68 4 0.24 v
Our Average - 10.48 +0.13
Average Belle [1] & BaBar [4] - 10.63 +0.19

(E, > 0.6 GeV)

Table 1: Available measurements of the inclusive B — X/, and B — X_{, branching fractions, extrapolated
to the full region using the correction factors in A(E, > 0.6 GeV) = 1.047 + 0.004 and

A(E, > 0.4GeV) = 1.014 £ 0.001. The x2 of our average with respect to the included measurements is 2.2,
corresponding to a p-value of 52%. We do not include [5], as the analysis does not quote a partial branching
fraction corrected for FSR radiation.
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