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Motivation

. Strong coupling constant  is a fundamental parameter in the Standard Model
(SM) and in Quantum ChromOdynamiCS (QCD) T T 11T T T TTTTT] T T TTTTT]

- Low energy region:
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- The measurement of () across the entire range of energy scale is crucial - | ; | Zdecay :
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. There appear to be few measurements at energy scale around the B u |GeV]

9
meson mass: (Left) The o, measurements at different

. . . . energy scales.
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Inclusive semi-leptonic B decay

- Heavy Quark Expansion (HQE)
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[y = . Under HQE, B — X .£U, was used to fit:12]
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. CKM elements: |V, |

. (,: perturbative correction, expanded as a series in a, . Quark masses: n,, m,
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with o, fixed at the world average.
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. — C C . h|g her-order power - Is it possible to extract o from inclusive B — chﬂl/f
e 2m? "6 2m?

. _ _ , 1. constrain other parameters using independent determinations,
corrections, including non-perturbative parameters

2. or perform simultaneously fit?

[1] 10.1103/PhysRevD.81.032003 3
[2] 10.1016/j.physletb.2021.136679



Leading order power correction

| HG | a(5 GeV)
I I e o o . . C
¢ HG 2m2 Discrete sampling: 0.16, 0
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- C;: calculated to 4th order, depending on m1,, m_.[1.2]

- Reform C:
- External input (fixed parameters):

. in MS scheme (transformed from the calculation in OS
scheme.)

. my(my), m.(m.) at PDG world averages

. atscale y = 5 GeV - Floating variable:

. Q. In perturbative expansion + my, m_ evolution.

. as a function of m,(5 GeV), m.(5 GeV) & a,(5 GeV)

[1] https://doi.org/10.1103/PhysRevD.78.114015 4
[2] https://doi.org/10.1103/PhysRevD.104.016003
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Higher order power correction
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1 Qa, a,
. G, =2¢ 5 0.99—),C, = —2¢y| 1.94 +3.46—
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- The non-perturbative parameters: [2]

. pZ=0.477 £0.056 GeV?, uZ = 0.306 + 0.050 GeV?, m™ = 4.573 £ 0.012 GeV

using their first terms.

. Error from parameters y_, /i, m,fin: ~0.5%

[1] https://doi.org/10.1007/JHEP01(2014)147
[2] https://doi.orq/10.1016/j.physletb.2021.136679

. The numerical calculations for the coefficients C

U

_and CMG have been provided in the kinetic

/A

. Truncation error: sub-leading terms of Cﬂﬂ and CﬂG, ~0.2%

)

. The higher order power corrections are estimated around 4%, with Cﬂﬂ and CMG estimated
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B « Theoretical model :

- —— Polynomial approximation -
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The numerical function of
[ (B — chﬂf) versus a,(5 GeV),
compared with T (B — X .0 Df)
= (4.34 +£0.16) x 10~!* GeV. The

numerical function is parameterized by a

polynomial function in the a (5 GeV)
range from 0.16 to 0.26.
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Parameters and result

- External parameters:

- CKM element |V_, |:

. derived from exclusive B decays with form factor calculated from lattice

QCD.[]
- Quark masses 7,(71;), im (imn..):
 Fixed at the world averages.

- Evolve to m, (5 GeV), m.(5 GeV) with varying a (5 GeV)

. HQE parameters .2, ,ué, méd“:

- Fixed at the values derived from spectral moments of inclusive semi-

leptonic B decay.

Parameter Notation Value & error Note
Fermi coupling constant Gr 1.16637886 x 107> GeV 2 Workman et al. (2022)
Electroweak correction factor Acw 1.014 Sirlin (1982)
CKM matrix element |Vl 0.0410 + 0.0007 Prim et al. (2023)
b-quark mass in MS my, (M) 4.18790> GeV Workman et al. (2022)
c-quark mass in MS mc(m,) 1.27 £ 0.02 GeV Workman et al. (2022)
HQE parameters u2 0.477 + 0.056 GeV? Bordone et al. (2021)
HE 0.306 + 0.050 GeV? Bordone et al. (2021)
b-quark mass in kinetic scheme m‘,ji“ 4.573 £ 0.012 GeV Bordone et al. (2021)

[1] arXiv:2310.20286v1
[2] The a,(x) evolution is performed using RunDec: 10.1016/S0010-4655(00)00155-7

. Decay width I (B — XCL”D{): derived from experimental measurements of

the life time and branching ratio:
. Tp. = 1.63820.004ps, BB - Xr0)=108%+04%,
— I'(B* - X £7,) = (434 £0.16) x 107 1* GeV
. Tgo= 1517 £0.004ps, BB’ - X v)=10.1£04%,

— I'(B" - X.£7,) = (438 £0.17)) x 1074 GeV

- Perform a fit of a (5 GeV) to I'(B = X .£1,),
- a(5GeV) =0.224 £0.017
- a(5GeV) =0.226 £0.017
. Combined result: o (5 GeV) = 0.225 £ 0.012

. Evolve to m,: a(m,) = 0.121 £ 0.003


https://arxiv.org/abs/2310.20286v1

Uncertainties

Fsl

. The uncertainty from |V _, | , B life-time and branching ratios: error
|Ves| = 0.0410 & 0.0007

propagatlon' me () = 4.1870°9% GeV
Meo(me) = 1.27 + 0.02 GeV
R-scale u = 575 . GeV

. The errors induced by the uncertainties on the input values of 777, (771, High-order power corrections
. Tt = 1.638 & 0.004 ps
and 771_(/m,): B(B* = X.lv) =10.8 0.4 %

Sum

- Estimated by floating them within their errors and taking the largest
I°,; deviations.

O.% I T I T

0.36 -

- The uncertainty due to the remnant renormalization scale dependence: 0

. estimated by varying the RG-scale u from 2.5 GeV to 10 GeV, and
taking the largest deviations conservatively ( 4.4 % ).

T(W[1.21726+10"3GeV]
o
3
\

0.30 -

0.28 -

» The uncertainty of non-perturbative terms:

0.% | | | |

ulGeV

. Truncation error: sub-leading terms of Cﬂﬂ and Cﬂc’ ~ 0.2% The scale dependence of the fixed-order
results in MS for I'(b — ¢£7,) in
. Error from HQE parameters p_, l, m}jin: ~ 0.5% u € [2.5,10] GeV, using on-shell results in
Ref.[1-2]
[1] https://doi.org/10.1103/PhysRevD.78.114015 7

[2] https://doi.org/10.1103/PhysRevD.104.016003
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Prospect

- Remnant renormalization scale dependence:

. Based on the scaling behavior of perturbative uncertainty from @(asz) to
@(af), we expect the next order result may halve the uncertainty.

. CKMelement |V, |:

. is expected to achieve the accuracy around 0.7% on the future ete™
collider: W boson decays.

. Branching ratio (B - X .Z7,):

. accuracy around 0.3% is expected with 50 ab~! Belle Il data, assuming
systematic error remains at the same level.

« Quark masses:

- will be improved by lattice QCD.

|Ves| = 0.0410 4 0.0007

me () = 4.1870°9% GeV
me(me) = 1.27 £ 0.02 GeV
R-scale = 575 . GeV
High-order power corrections
T+ = 1.638 = 0.004 ps

B(B* — X.lv) =108+ 0.4 %

Sum
— I I I,IIII| I LI I T rrrrri — L: | I | 1 | I I | | -
06 [ | = qy(my)=0.1180 £ 0.0009 7] = :
- | | Charmed mesons decay - = : i
- T decay & R ratio - Tdecays [ — E
0.5 | | Heavy quarkonia 1 Q0O bound states g : . —f
B | e"e” jets/shapes ] _ - :
04 1 | pp/ppiets 1 ¢ jets & shapes [ — -
3 u 1 ' i - "
~ - \ | k  This work - hadron collider = [ " =
S 03 - \ . electroweak - —— 3
_ | i ATLAS 2024 % '-"' c
0.2 | | ~ This work - [ — -
: N G : P tive - : D ——
B | ~_ i erspective | E
01 | Fimoesy m §
- L1l L1111l L1 11l - - ! | ! L
10° 10! 102 103 0.11 0.12 0.13
p [GeV] as(M3)

(Left) The o, measurements at different energy scales.

(Right) The comparison of the a(m,) pre-averages from six
experimental sources in PDG and the extrapolation value of this work. The

- Taking into these advantages, Aa () ~ 0.0018 is anticipated, become , \oHing is performed using the RunDec package..’

competitive with other methods.

[1] https://arxiv.org/abs/hep—ph/0004189
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Discussion: «, in running quark mass

- The «, value used in the evolution of the quark

C T+ T+ T T T T+ 71T 71T 71T 7]
masses from im,(in,), m .(m_) to m, (S GeV), - 5 -
— . . decays |- —e—i -
m (5 GeV) is floating. raecay : ; .

QQ bound states = ——— -
. Thls.tre.atment enlarges the sensitivity of the MS ODF fits ; : _
prediction on «.. - ; -
e e jets & shapes [ ————— -
- Does it make sense to obtain o sensitivity hadron collider | e .
from quark masses? - 3 -
electroweak |- —— -
. The external m, (), m_(im,_), from PDG averages, This work — _
depend on the assumptions of the perturbative a.. . . - f -
§ FIX a; when evolving m,, |- — H
- Global fit of quark masses & o, using more e
0.11 0.12 0.13
observables, such as spectral moments of ,
B — X ¢V, and masses of B mesons, etc. a(M3)



Discussion: impact from |V, | puzzle

» This method relies on an external input of

N N I N N I N N N I N N N N B B

: PDG
| V., | from the exclusive B meson decays. ne Vil = (42.240.5) x 10-° |- - i
. However, the present exclusive |V, |
keeps a tension with the inclusive oxC |Ves| = (39.8:+ 0.6) x 10~ |- -
[ Ven -
ave |V,|=(41.1+1.2) x 10 | — -

The distance between the inclusive
| V., | and exclusive | V., | corresponds

: : _ 1 -3 L I . | _
to a relative uncertainty of 14%. Belle |Vy| = (41.0+£0.7) x 10 | |
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Fita, |V.,| and HQE parameters
from moments of inclusive B decays?
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Summary

- Summary:

- We discuss a methodology determining a (5 GeV) from the inclusive semi-leptonic B decay width.

. By matching theoretical prediction and experimental measurements on I'(B = X .£v,), with |V, |, m,(im,), m_(im.), HQE parameters fixed at

external determinations.

- We yield:
a,(5GeV) = 0.225 +0.012

 Corresponding to

a,(m,) =0.121 £ 0.003

- With further improvements in perturbation calculations and the measurement accuracy of related parameters, the uncertainty of this method could be

halved.

 Discussions:

« The sensitivity of the theoretical model is enhanced through the evolution of quark masses.

. The tension between inc. & exc. |V, | leads to a large bias,

. Global fit of quark masses, | V., | & a, using more observables, such as spectral moments of B — X .£U, and masses of B mesons, etc.

11
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Perturbation expansion of C, in MS scheme

=0,Cy=1217x 1071 GeV -

ag mp(5GeV) m.(5GeV) ag a az as 1.217;;%8-”13 GV
0.1596 4.0877 1.0265 0.2299 1.0173 4.0834 -1.8285 0.2918
0.1628 4.0855 1.0196 0.2305 1.0250 4.1460 -1.4167 0.2946
0.1660 4.0833 1.0125 0.2312 1.0328 4.2103 -0.9918 0.2974
0.1692 4.0810 1.0054 0.2319 1.0409 4.2762 -0.5531 0.3002
0.1724 4.0788 0.9981 0.2326 1.0491 4.3439 -0.0999 0.3032
0.1755 4.0765 0.9906 0.2333 1.0576 4.4135 0.3684 0.3062
0.1787 4.0742 0.9830 0.2340 1.0662 4.4851  0.8527 0.3093
0.1819 4.0718 0.9753 0.2348 1.0751 4.5586 1.3538 0.3126
0.1851 4.0695 0.9674 0.2355 1.0841 4.6343 1.8726 0.3159
0.1883 4.0671 0.9594 0.2363 1.0934 4.7123  2.4100 0.3193
0.1915 4.0648 0.9512 0.2371 1.1030 4.7925  2.9670 0.3228
0.1947 4.0624 0.9428 0.2379 1.1127 4.8752  3.5447 0.3265
0.1979 4.0600 0.9342 0.2388 1.1228 4.9605 4.1443 0.3302
0.2011 4.0575 0.9254 0.2396 1.1331 5.0484 4.7670 0.3341
0.2043 4.0551 0.9165 0.2405 1.1437 5.1392 5.4142 0.3381
0.2075 4.0526 0.9073 0.2415 1.1545 5.2329 6.0873 0.3423
0.2107 4.0501 0.8979 0.2424 1.1657 5.3298  6.7879 0.3466

2 3

a a a,

A + ay |\ — + y | — + dy | —

T T T
as mp(5GeV) m.(5GeV) ap ai as as 1_217;;‘(’)‘3_“13 GV
0.2138 4.0476 0.8883 0.2434 1.1772 5.4299  7.5178 0.3510
0.2170 4.0451 0.8784 0.2444 1.1890 5.5336  8.2787 0.3556
0.2202 4.0425 0.8684 0.2454 1.2012 5.6408  9.0727 0.3604
0.2234 4.0400 0.8580 0.2464 1.2138 5.7519  9.9019 0.3654
0.2266 4.0374 0.8474 0.2475 1.2267 5.8671 10.7686 0.3706
0.2298 4.0348 0.8365 0.2486 1.2400 5.9866 11.6755 0.3759
0.2330 4.0322 0.8253 0.2498 1.2538 6.1107 12.6253 0.3815
0.2362 4.0295 0.8137 0.2509 1.2680 6.2396 13.6210 0.3873
0.2394 4.0269 0.8019 0.2522 1.2826 6.3736 14.6660 0.3934
0.2426 4.0242 0.7896 0.2534 1.2978 6.5130 15.7639 0.3997
0.2458 4.0215 0.7771 0.2547 1.3134 6.6583 16.9187 0.4063
0.2490 4.0188 0.7641 0.2560 1.3296 6.8096 18.1346 0.4132
0.2522 4.0160 0.7507 0.2574 1.3464 6.9675 19.4167 0.4204
0.2553 4.0133 0.7368 0.2588 1.3638 7.1323 20.7699 0.4279
0.2585 4.0105 0.7225 0.2603 1.3817 7.3044 22.2003 0.4358
0.2617 4.0077 0.7077 0.2618 1.4004 7.4845 23.7140 0.4441
0.2649 4.0048 0.6923 0.2633 1.4197 7.6729 25.3181 0.4528
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