A combined B - X fv, and B lifetime analysis

F. Bernlochner, M. Fael, |. Milutin, M. Prim, K.K. Vos color

meets
flavor




Experimental
Data & Theory
Calculation

Markus Prim (markus.prim@uni-bonn.de)



INCLUSIVE B — X _.[L;: OPEN-SOURCE LIBRARY

Open-source library in python: KOLYA

https://gitlab.com/vcb-inclusive/kolya

* Branching ratios & kinematic

And now also
B-lifetimes!

... release date pending

e Use the kinetic scheme

Bigi, Shifman, Uraltsev, Vainshtein, Phys.Rev.D 56 (1997) 4017
Czarmnecki, Melnikov, Uraltsev, Phys.Rev.Lett. 80 (1998) 3189
MF, Schonwald, Steinhauser, Phys.Rev.Lett. 125 (2020) 052003

e Interface to CRunDec for automatic a,

m*" and 7, RGE evolution

Chetyrkin, Kuhn, Steinhauser, Comput. Phys. Commun. 133 (2000) 43
Schmidt, Steinhauser, Comput. Phys. Commun. 183 (2012) 1845
Herren, Steinhauser, Comput. Phys. Commun. 224 (2018) 333

M. Fael | Anomalies and Precision in the Belle Il Era | Mauerbach | Sept. 9th 2025

25.09.2025

K Kolyae

¥ main ~ kolya

Edit setup.py
Matteo Fael authored 6 months ago

Name

B kolya

B test

4 .gitignore

& _gitlab-ci.yml

=+ Changelog.md

BJ LICENSE

=+ README.md

[% example-CKM.ipynb

[ example-ICHEP.ipynb

¥ example-reproduce._literature.ipynb

2 setup.py

[ README.md

DOI 10.5281/zenodo.10818154

Kolya

Content

Last commit
Update 1/mb*5 according to 2501.09090
Update grids NLO muG

update .gitignore

Update .gitlab-ci.yml to test only 2 pyth...

Fix typo

Add LICENSE

Update 1/mb*5 according to 2501.09090
Update jupyter notebooks

Update jupyter notebooks

Update jupyter notebooks

Edit setup.py

Fin e

3d6da?16 | @ History

Last update

7 months ago
11 months ago
7 months ago
10 months ago
7 months ago
1 year ago

7 months ago
10 months ago
10 months ago
10 months ago

6 months ago

Kolya is a Python package for the calculation of the moments and the rate of inclusive semileptonic B decays in the kinetic
scheme. Kolya provides predictions both in the Standard Model and in the presence of new physics encoded in dimension-6

operators within the Weak Effective Theory.

M. Fael, I. 5. Milutin, K. K. Vos.

Kolya: an open-source package for inclusive semileptonic B decays.

arXiv: hep-ph/2409.15007
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- Experiment.  AB (£p) (By — (Ee))*) (£ — (Ey))”)
Experl mental data Babar 0.6, 1.2, 1.5 06,08, 1.0, 1.2, 1.6 0.6, 1.0, L6 0.8, 1.2
Belle 0.6, 1.0, 1.4 1.0, 1.4 0.6, 1.4 0.8, 1.2
Belle 11
CDF
Cleo - - - -
Delphi - 0.0 0.0 0.0
— Experiment (M%) (M% — (M%) (M3 — (M)
B - X £v, moments Babar 09, L1, 13, L5 08, 1.0, 1.2, L4 0.9, 1.3
- E,, My moments [Babar Collaboration Phys.Rev.D 81 (2010) 032003] pete o 0D LLES LS 07, 09,48
» My moments [Belle Collaboration Phys.Rev.D 75 (2007) 032005] o - .
- E, moments [Belle Collaboration Phys.Rev.D 75 (2007) 032001] Delphi ((”') — s - s
Experiment  {g? q° — (¢%))* (2 — (g°))*
« My moments [CDF Collaboration Phys.Rev.D 71 (2005) 051103] Babar
Belle 3.0, 4.5, 6.0, 7.5 3.0, 4.5, 6.0, 7.5 3.0, 4.5, 6.0, 7.5
« E, moments [Cleo Collaboration Phys.Rev.D 70 (2004) 032002] 13;»21'1; IT 1.5, 3.0, 4.5, 6.0, 7.5 1.5, 3.0,4.5,6.0, 7.5 15, 3.0, 4.5, 6.0, 7.5
« E,, My moments [Delphi Collaboration Eur.Phys.J.C 45 (2006) 35-59] gh‘i"l‘
elphi

25.09.2025

Only a sub-set of the available data points are used

Table entries give threshold values

Data points are strongly correlated, and inverting existing covariance matrices runs into numerical problems

But: Because the data is highly correlated, the information gain of adding more data is “low”

We use the same moments data as [G. Finauri, P. Gambino JHEP 02 (2024) 206]

In addition, we use the measured partial branching ratios AB instead of the extrapolated total branching ratio

Nota bene: Experimental correlations between different moments are unknown!

New Belle Il measurement will tell us the importance of this missing correlation
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Treatment of
systematics
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Sources of systematics

25.09.2025

Missing higher orders

my,(my)
Up
m.(3 GeV)
Uc

as(mgz)
Ko,

Affects the inclusive B — X.£v, moments

(Bq|ég |Bq> = FqQ(AU'O) mp, Ef(#ﬂ) s

(BJ|OY|By) = F2(uo) mp, 87 (po),  a#4d,

Not varied now

Bag parameters
& eye contractions

ML (2GeV) 957 MeV  [60]
(2G?) 0.012+0.006 GeV'  [61]
{dd)(2GeV) (—0.283 £0.002)° GeV®  [62]
(55)(2GeV) (—0.296 +0.002)*  GeV*  [63)]
g () 120340030 GeV  [64,65)
M 911876 GeV  [37]
as(Mz) 0.1181 = 0.0011 [60]
Markus Prim (markus.prim@uni-bonn.de) 6



Sources of systematics

0.75 | 0.75
U NNLO — NLO NNLO — NLO
s LO - - Exp LO - - Exp
0.70 | 0.70 |
L - HC
" 7
£ 0.65 | = 0.65 |
m - =
- u.m:-\ ___________________ -
——
0.55 |
6 7 8 9 3 | 5 6 7 8 9
iy [GeV] je [GeV]
0.75 | 0.75
NNLO — NLO - Ug NNLO — NLO
[ U LO - - Exp LO - - Exp
0.70 | b 0.70 }
2 %
50,65+ = 0.65|
t o
= 060} )
0.55 } 0.55
0.7 0.8 0.9 1.0 1.1 1.2 1.3 3 4 5 6 7 8 9
“rul (;(‘\‘ Ho (;('\]
25.09.2025

Different naming convention!
Ko only appears in the lifetime prediction

Neglecting u, should have a small impact

Markus Prim (markus.prim@uni-bonn.de)
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A quick reminder on existing approaches

[F. Bernlochner, M. Fael, K. Olschewsky, E. Perrson, R.

van Tonder, K. K. Vos, M. Welsch JHEP 10 (2022) 068] [G. Finauri, P. Gambino JHEP 02 (2024) 206]
Profile over all possible correlations and include the effect in Correlation model build from experience / intuition and include the
the uncertainty effect in the uncertainty

Only Had Only Had

0.30 Ounly Lep.
24 Only ¢*

Only Lep.
N Only ¢* ‘
0.0435 ‘_/ N One Cut

/ [ 2023 Default

21 [ One Cut
025 12023 Default

.0 41.0 420 43.0 440
|Vep| x 103 [Veo| x 103

41.0 42.0 X 035

25.09.2025

Construct a covariance matrix that captures all uncertainties, and define C = C,,, + Cipeory for the x?
Both approaches try to capture “missing higher order” uncertainty by variations to e.g., pp
Potential caveats:

« Non-linear dependence cannot be described with a covariance matrix

« Assumptions for correlation model and size of uncertainty

But: Both models work well, and there is no indication of a bias on the result from the chosen model

Markus Prim (markus.prim@uni-bonn.de)



On the missing higher orders

« Provide |V, |, HQE parameters, etc. at fixed
orders of the heavy quark expansion

« Hopefully, the parameters show converging
behavior!

 One can also create a matrix of orders in
HQE and the strong coupling constant

- We extract the parameters at a fixed order
of the heavy quark expansion and do not try
to estimate the effect of missing higher
orders

20 (%) and O (is) calculations for the
my m

b
inclusive moments exist, but not (yet) for

the lifetimes

25.09.2025

[pb/Y]

do
R dY

H‘

ja

ratio to NLO

When | think “missing higher order” | always have something like this in mind:

ratio to LO

16

14

12

10

0.5

LO
NLO
NNLO
pp = H+X -y + X
LHC@13TeV

MMHT2014
pn=mp/2

0 0.4

0.8

1.2 1.6 2
Y |
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Classifing systematics

* U, =[0.75,1.25] GeV

.« u, =[1.8,3.2] GeV

 tte, = [ 2,2 m)

The box constraints are necessary to constraint the fit to numerical stable regions,
within the defined regions the constraints have no impact on the result

BAG PARAMETERS & EYE CONTRACTIONS

25.09.2025

Smooth box constraint

Smooth box constraint

Smooth box constraint

PHYSICAL

. mp(Mp) =4.196(11), Ny =2+1+1
» Gaussian constraint

« m.(3GeV) = 0.989(10), N =2+1+1
» Gaussian constraint

« ag(my) = 0.1180(9)

« Gaussian constraint

[M. Egner, M. Fael, A. Lenz, M. L. Piscopo, A. V. Rusov,
K. Schonwald, M. Steinhauser JHEP 04 (2025) 106]

|l w=wscev | 5 | m | m | Bm |

Included with Gaussian constraints
No correlation matrix available

Uy scale dependence not included as systematic

(BualOf"| Bua)

1.002679523¢

0-9982* G650

—0.005779%22¢

—0.00147§033¢

(B.|Os|Bs)

100229348

0.9983+05230

—0.003679025

~0.0009°32%

‘ o = 1.5GeV

54'q

549

5d'a
o3

Sa'q
i

<Bd.u‘0r’d‘B4,u>

000265 5093

—0.0018%3:9047

~0.0004° 831

0-0003* 55608

(B.|0;"|B.)

0.0025+:0144

—0.001873:9047

~0.0004° 4231

0.0003%3 5063

{Bau|Of| i)

0.0023+5:5330

—0.0017+:5040

—0.000475501>

0.00035 5003

Markus Prim (markus.prim@uni-bonn.de)
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“Novel” treatment of systematics

25.09.2025

Scale variations are a “standard tool” to estimate
their uncertainty

“Novel”: Implement the dependence on the theory
parameters directly as nuisance parameters in the
Likelihood instead of assuming a correlation
model

Also enables source-wise estimates of
systematics

But: the fit will choose the best-fit point, including
unphysical scales

X2 = x* (Ven|*, 1, 0, )
= (m(h, 0, 1) — Myens) O (M(h, 0, 1) — Mpens)”
F (Bueas — U (|Vew |, b, 0, 1) 75)* oy
2L (6; —6;)°
o, Vi € [ji; £ (o

T i — L 2 _{;E _ .
i0 (%{“) — (H ), Vi € [f1; £+ oy

h = (jix, pGs P05 PLS)
0 = ('m,';';"a“'i (1), M3 (3 GeV), ag(M Z”D

= Ju'mhi” y HMS 5 fla,

Markus Prim (markus.prim@uni-bonn.de)
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Data sanity
check

Markus Prim (markus.prim@uni-bonn.de) 12



X' dof pvalue x'/dof

A CIoser IOOk to the input | default 1207 73 00004 165

nog2 538 45 (0.1997 1.17
s + ”I“I, E . +* § . HH| . 0.119 No Babar Bl 90.2 63 00138 143
N || i | 5z -||||| H”- ) ’ ** g 0.118 Mo Babar MX 1057 63  (0.0006 1.68
42.0 * S | © 0117 Mo Belle EI 1123 &7 0.0004 1.68
¥ ' 5330 | Mo Belle MX 836 65 00332 1.34
[Nu Belleq2 635 61 0.3898 1.n4]
0.2 1 * H NoBellellg2 942 58 0.0018 1.62
HH' S o.o—+ HH{I' No CDF MX 117.8 71 0.0004 1.66
* NoCleo MX 1212 71 0.0002 1.71
Mo Delphi EI 1184 70  0.0003 1.60
) ; Mo Delphi MX 1202 70 0.0002 1.72
1l
L Leave-one-out validation:
3

« Scenario without Belle g? moments is our reference data set
because it yields a good p-value
« However, excluding that data has a sizeable impact on u,, pp, ps

\
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Result I:
Standalone
moments
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Standalone moments

Belle g% excluded (Reference)

Central Uncertainty

|V,.»| very precise, but no “missing higher -

[F. Herren, M. Fael 2403.03976]

— NLOG1/mjy

— NNLOG1/mj
* Belle

Belle 11

Vs [/‘42'“51 “'291 — order” uncertainty
my'(my) [ 4198 000¢| ==» No pull for the external inputs
mMS(3GeV) | 0991 0010 © mp(my) = 4.196(11)
«  m.(3GeV) = 0.989(10)
a,(mz) (0118 0.001) «  as(my) = 0.1180(9)
. ( N\ .
p(mi™) [ 1176 0022 | mm) u(mk™) and u(m¥S) around what we expect
p(m M) | 1797 0.095
pla,) i 10.464 1.955‘ ‘ ‘Ll(as) UneXpeCteC”y Iarge, but the fit has
I 0020 not much sensitivity to constrain u(a;)
He 0,912 0.02a When we exclude NNLO and NLO
power corrections, the u(a,) best fit
pp 0133 0.010 point is around 2 GeV
PLS 0.178 0,061

25.09.2025

Nota bene: Parameters are extracted at reference
scales, but run appropriately in the fitting procedure:

o mpS(my) > mp™ (1, S (my), miS (3 GeV), s (M0))
« md53GeV) » m¥(uc)

*  as(Myo) - as(ﬂas)

© ur(1GeV) - pr(pg, mp)

« pp(1GeV) - pp(pay i)

Markus Prim (markus.prim@uni-bonn.de) 15



Standalone moments

Belle g% excluded (Reference)

|Vl

my® (my)
mM5(3GeV)
ay(mze)
p(my™)
p(m')
pla,)
.
e

/o

PLS

25.09.2025

Value oftotal) (o(miB(ms)) o(m!S(3GeV)) alas(mze)) olp(mi™) o(u(mi®)) o(p(e.))

42,061

4.198

0.991

0118

1176

1.797

10464

0425

0.112

0133

0.178

0.295

0.004

0.010

0.001

0.082

0.095

1.956

0.020

0.029

0.010

0.0&1

0.120 0.039 0.029 0.020 0.051 0.081
0.009 0.002 0.000 0.003 0.002 0.000
0.002 0.010 0.000 0.004 0.006 0.001
0.000 0.000 0.001 0.000 0.000 0.000
0.029 0.013 0.042 0.082 0.048 0.015
0.010 0.060 0.014 0.064 0.095 0.022
0.307 0.165 0.223 0173 0.338 1.956
0.006 0.000 0.001 0.000 0.001 0.002
0.016 0.009 0.005 0.002 0.005 0.003
0.003 0.001 0.002 0.006 0.004 0.002
0.020 0.012 0.008 0.007 0.007 0.007

Nuisance parameter approach allows
extraction of uncertainty from
individual external inputs / scale
choices

Markus Prim (markus.prim@uni-bonn.de)
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Standalone moments

Belle g% excluded (Reference)

Central Uncertainty

Central Uncertainty

[ |Va| 42.081 0.295 |Va| 42356 D.EBT]
miS(my) 4198 0.009 miS(my) 4197 0.008
mM5(3GeV) 0997 0010 mMS(3GeV)  1.001 0.009
a,(mze) 0118 0.001 a,(mzp) 0118 0.001
p(mE™) 1176 0.082 p(mEn) 1207 0.058
p(mMS) 1797 0.095 p(mM%) 1858 0.094
ple,) 10464 1.956 pla,) 9427 1.932

e pe 0425 0.020 pe 03093 0009 )
pe 0112 0.029 pe 0122 0.027

pp 0133 0.010 pp 0110 0.005

\_ Pis 0178 0.061 pLs 0059 0.055 /

25.09.2025

* Nuisance parameter approach allows
extraction of uncertainty from individual
external inputs / scale choices

« As seen before, including/excluding the
Belle g? data has an impact on our result

- Follow PDG approach, include all data
points and inflate uncertainties?

Markus Prim (markus.prim@uni-bonn.de) 17



Comparison with other results - |V |

Compatible result [G. Finauri, P. Gambino JHEP 02 (2024) 206]

Veb| = (41.97 +0.48) x 1073

25.09.2025 Markus Prim (markus.prim@uni-bonn.de) 18



Comparison with other results - |V |

25.09.2025

2 ,/f‘

(I wot prepese A0, s(ley

"C\Vic\JE Ve C\(}\ WS
/

\ 4L
ShatT

|
]

)
veslt vg“_@/_
.\,.vw(,kyp(;x) )/_\] HEGT i;

[G. Finauri, P. Gambino JHEP 02 (2024) 206]
Ves| = (41.97 +0.48) x 1073

Markus Prim (markus.prim@uni-bonn.de)
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Comparison with other results - HQE parameters

Vil mMS(my) mMS(3GeV) a,(mp) p(mf™) p(mMS)

Central value 42.26 4.20
Uncertainty 0.29 0.01
1.00 -042

1.00

25.09.2025

1.00

0.01

012

0.26
1.00

012

0.00

-0.03

-0.27

0.03

1.00

1.21

0.07

Q.09

0.28

0.20

0.17

1.00

1.86

0.10

0.238

-0.02

0.6g

0.24

0.63
1.00

ploy) [ pe
943 | 039
1.00 | 001

[T7:]
0.12

0.03

P
01

0.00

PLS

0.06

0.05

miEt (2 GeV) pl pur(my)  phimg)  pig BRoow 10°%Vy

-037 044

0.18 -0.53

-0a4 003

0.09 -0.02

-0a2 005

-033 017

100 -0.29

-0.35

0.34

-0.34

0.09

-0.01

-0.27

013

0.0

-0.49

-0.16

012

-0.81
-0.36

-0.37

0186

-0.27

0.24

-0.05

-0.07

0.21

0.09

1.00

-0.38

1.00

012

-0.09

1.00

045

-0.19

0.05

1.00,

4.573 1.090 0.454 (.288 0.176 —0.113 | 10.63 41.97
0.012 0.010 0.043 0.049 0.019 0.090 ) D 15 .48
1 0.380 -0.219%  0.557 -0.013  -0.172  -0.063  -0.428
1 D.005  -0.235 -0.051 0.083  0.030 0.071
1 -0.083 0.537 0.241 (.140) 0.335
1 -0.247 0.010) 0.007  -0.253
1 -0.023 | 0.023 (1.140
1 -(1.011 0.060
1 (0.696
1

[G. Finauri, P. Gambino JHEP 02 (2024) 206]

Markus Prim (markus.prim@uni-bonn.de)
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Back to the initial assumption

« Provide |V, |, HQE parameters, etc. at fixed orders of the
heavy quark expansion

* Hopefully, the parameters show converging behavior!

* Higher order coefficients are constrained with Ajjcp, Agcp = 0.5

« Alternative approach: Use LSSA predictions for higher order coefficients

1.00
=0.5GeV
0.75 - Aaco
Nco Noco ¥ LSSA w/50% unc.

_ 050 I Neo == Noco
>
> 0.25 - I I
O
£ 0.00 A I III' e 'I,..oo-o."oogtoooo
o Y )
= -0.25 1 1
>

-0.50

-0.75 1

—1,00 T L T T T T 1 L L 1 T L T T 1 T T T T T L L Ll

T
-

T T T T T T T
& a0 60 AOT AV AP A 0000 A0 a2 a2 6O G OGO GGG GG O
W7 VvV E TR O
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Back to the initial assumption

Provide |V,,|, HQE parameters, etc. at fixed orders of the

Ivcbl

Hn

heavy quark expansion

Hopefully, the parameters show converging behavior!

Higher order coefficients are constrained with Ay cp, Agep = 0.5

43.0 1 @- Belle g* excluded (Reference)
S £8- Belle g* included
42.5 1 \\\ .
42.0 - ‘lr,/ | \\\i:;.:i
41.5 A | \ |
2 3 4 5
o(1/mj)
0.45 4 :
#‘N\ /5\\ _—‘+~_
040 177 T
g 8-
0354 / .
: // @~ Belle g* excluded (Reference;
0.30 - ‘{ £8- Belle g7 included
2 3 4 5
O(1/mj3)

mpS(my)

He

4.22 1 @ Belle g? excluded (Reference)
€8~ Belle g? incl .
421 1%
~ \\\ //, Bt
4201 | TG |
4.19 A
2 3 4 5
o(1/mj)
* @ Belle g° excluded (Reference)
0.3 1 \\ €8~ Belle g7 included
\\\ [
0.2 7 & ’ \\\ /‘r—"——_-“.‘
0.1 ¥
2 3 4 S5
O(1/mj})

mM5(3GeV)

Po

13

e Belle g* excluded (Reference) i @ Belle g7 excluded (Reference)
s e Belle * included 22 ‘\\\ - Belle g7 included 10 * _;a—-—":~__
£, 12 S g. 2042 % = ., ’ "o
3 RIS > e 8 N S | 4
€ 0 ST $ N
5 aq ” ,,z\;~‘ 3 184 ,_\\\\: a— 54| ,/ @ Belle g7 excluded (Reference)
104, : : . o : ?-" : o S .
2 3 4 5 2 3 4 5 2 3 4 5
o(1/mp) o(1/mg) o(1/mp)
@~ Belle g* excluded (Reference) 0.1250 1 ¢ “@- Belle g° excluded (Reference)
1.02 - £8- Belle g2 included ¥ £8- Belle g7 included
. - i X
> 0.1225 b
1.00 £ .
: - g 0.1200 1 | \
N --_’" ]'\‘~\ :::s#——___é
0.98 A 0.1175 A
T T T T T
2 2 3 5
O(I/mb) O(I/mb)
8. it |
i i | 0.2 4 ‘
‘o sy 8- - ! 7\
0.10 1 7 3 g 2
/ .
/,// | é 01 L _:::¢
0.05{ e |
”/ @ Belle g7 excluded (Reference) 0.0 1 @' Belle g* excl (Reference)
’ £8- Belle g2 included £8- Belle g incl
0.00 8 |
T T T T T T T
2 3 4 5 2 3 4 5
O(1/m3}) o(1/m})

25.09.2025

Preliminary, higher order fits now full scrutinized yet
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Result ll:
Inclusion of
lifetimes
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Fi

Belle g% excluded (Reference)

t result

x® 635
dof 61

p = 0.39

le-14

—— Belle g2 excluded (Reference)

209 Belle g? included
¢ Babar
154 ¢ Belle
¢ Delphi
0.0 0.2 0.4 0.6 0.8 10 12 14
Eoyt in GeV
[ Belle g? excluded (Reference) — —e— 2412.14035
I Belle g% included = Exp.
B+ mE—— @ v
By 1 [ — b4 |
052 054 056 058 060 062 064 0.66
rps~?]

25.09.2025

101 — Belle g7 excluded (Reference) 0.200 —— Belle g excluded (Reference)
| —— Belle ¢? included —— Belle g? included
@ Babar 0.175 @ Babar 000
184 ¢ Bele ¢ Belle .
& Delphi 0.150 & Delphi
% %
3 171 S o1z S oo
9 = =
< & =
= Q—- 0.100 Q—-
Y16 ] I
< 0075 g -0.02
—— Belle g° excluded (Reference)
1 0.050 —— Belle g7 included
4 Babar
e 0.025 003 + Belle
Tle ¢ Delphi
0.000
0.0 0.2 0.4 06 08 10 12 14 0.0 02 0.4 06 08 10 12 14 0.0 0.2 0.4 06 o8 10 12 14
Ecye in GeV Ecu in GeV Ecu in GeV
25 s
a7 —— Belle g° excluded (Reference)
74 —— Belle g7 included
48 20 @ | Babar
6 ¢ | Delphi
a5 %
15 =
8
(L) b =
£ 45 10 z
& = E3
z —— Belle g7 excluded (Reference) L —— Belle g7 excluded (Reference) + + L
421 __ Belle ¢? included £ 05] _ Belle g? included =
& Babar @ Babar
411 ¢ gelle 0o ¢ el
¢ Delphi “ ] & Deiphi
401 4 Cleo $ Ceo
. + CDF _os] ¢ coF
Y 0.2 0.4 06 08 10 12 14 0.0 0.2 04 0.6 08 10 12 14 0.0 02 0.4 0.6 08 10 12 14
Ecue in GeV Ecur in GeV Ecyrin GeV
10 9. 10
—— Belle g° excluded (Reference) —— Belle g7 excluded (Reference) —— Belle g7 excluded (Reference)
—— Belle ¢ included 8 —— Belle g? included —— Belle g? included
91 ¢ sele ¢ Belle 8 ¢ Belle
¢ Bellell 7 o sellell o sellell
36 s 6
N 3 3
3 £ =
) & =
= = = 4
& T4 T
= 1 1
T3 P
2
0
1
4 0 -2
0 1 2 3 a 5 6 8 0 0 1 2 3 ) 5 6 7 8
g2, in GeV? g2, in GeV?
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Fit result

. Belle g% excluded (Reference)  —#— 2412.14035
Belle g2 included —¥— Exp.

B* 4 8 .
By - 1 | 8 »

052 054 056 058 060 062 064 0.66
Mps~]

Consistent treatment of input parameters, unphysical scales, etc.
between the inclusive moments fits and the lifetime prediction
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Fit result

[Vao| my=(ms) meS(3GeV) as(mgo) p(my®) p(m™) plas)  p.
Central value 4206 420 0.99 0.12 112 180 1046 043

Uncertainty 030 0.0 0.M 0.00 0.08 0.09 1.86 0.02

‘ Inclusion of lifetimes

Vool m}S(ms) m¥S(3CeV) a(mz) mm™) p(mdS) pa))  pr
Central 42.061 4,198 0,991 0118 1.17a 1.797 10464 0425

Uncertainty 0.295 0.009 0.010 0.001 0.082 0.095 1956 0.020

Same shifts observed as in
standalone moments fit

Vol mS(ms) m¥S(3GeV) au(mgz) p(mE®) p(mdS) ples) p
Central 42356 4,197 1.001 0118 1.207 1.8539 9425 0,393

Uncertainty 0.286 0.008 0.009 0.001 0.065 0.093 1990 0.009

f Inclusion of lifetimes

Vol m3°(ms) mpS(3GeV) au(mzo) p(my™) p(mp®) ples) .

Central value 42.35 4,20 1.00 012 1.21 1.86 943 039

Uncertainty 0.29 0.01 0.01 0.00 0.07 0.10 1.99 001

Ka o
011 03
003 0.0
He PD
0112 0133
0.029 0.010

(e Po
0122 40110
0.027 0.005

He Pn
01z 011
0.02 0.00

PLs
018

0.06

PLs

0173

0.061

Prs

0.059

0.055

Prs
0.06

0.05

Belle g% excluded (Reference)
By By B By &, &7 &; &7 87 &1 &7 O Bawa fed
1.002 0898 -0.006 -0.001 0003 -0002 -0.000 -0.000 0002 -0.002 -0000 -0.000 -0.011 0Q.150

0.023 0.021 0022 0022 0012 0.006 0002 0001 0012 0006 0002 0.001  0.011 0.00

Correlation matrix in backup
Systematic table in backup

=
L
=
=2

4
3
S

! BdWA fBd

1.003 0993 -0.006 -0.001 0003 -0.002 -0.000 -0.000 0002 -0.002 -0.000 -0.000 -0.017 0190

0.023 0021 0022 0022 0012 0006 0002 0001 0012 0006 0002 0001 00171 0.001

No increased precision when including the lifetime ®

25.09.2025
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Profiles

No surprise: Scale dependent
parameters show strong
dependence on scale

5 5 5 5
—— Profile —— Profile —— Profile —— Profile
——~ Profile fixed y's ——~ Profile fixed y's - -~ Profile fixed py's —~-~ Profile fixed y's
4 v Scan u(mf™) 4 v Scan u(mf™) 4 v Scan p(mf”) 4 v Scan p(mf™)
& Scan u(ml') & Scanu(ml & Scan p(ml®) & Scan u(ml
@ Scan plas) @ Scan plas @ Scan plas) @ Scan plas
3 31 3 34
F E Ei ES
24 21 2 2
° ° amoo °
14 14 v 1 - 1
a a a a A A A A A AA
- - - . - - T . - T v T , 0 : r . ) ) , . .
u41.4 416 418 420 422 424 426 428 430 4180 4185 4190 4185 4200 4205 4210 4215 0.97 0.98 0.99 1.00 101 102 103 104 105 0.1160 01165 01170 0.1175 01180 01185 01190 01195
Vel mpSims) mi'S(3GeV) a,(mg)
5 5 5 5
—— Profile —— Profile —— Profile —— Profile
-~ Profile fixed y's -~ Profile fixed y's - Profile fixed p's ~~-- Profile fixed y's
a4 v Scan u(mf™) o] v Scan u(mf™) 4 v Scan p(mf™) Scan p(mf™)
Scan p(m!*s & Scan p(ml's), a  Scan/u(m}) Scan p(ms)
Scan pla; @ Scan pla;) @ Scan plas) Scan plas)
34 3
kS =
24 2
o
14 1 vy vV vV v v/ vV vVvYyVYVvYY
AAAA A A A A A A A A A A
0 - 0 v T T ¥ v T -
0.46 0.10 011 0.12 013 0.14 0.15 0.16 0.35
Po
Profiles over all parameters in the Likelihood: Vol miS(m) mESECS) an(mae) a(mt®) a(md)  u(a)
. . . | My (mp) mro(3 ag(mgo) p(my p(m, oy Iy e D PLs
» Blue solid: 68% confidence interval
. . H . [ . H Central 42.061 4,198 0.991 0118 1176 1.797 10464 0425 0112 0133 0178
« Scan points = Variation of scales (individually) within full
Uncertainty 0.295 0.009 0.010 0.001 0.082 0095 1956 0020 0.029 0010 0.081

25.09.2025

range and reoptimizing, the points indicate the shift of the
central value for that parameter
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Contours - |V ;| vs scales

1.4 4 Y& Best fit point Y& Best fit point
Hb v Scan p(m§") 35 lLlC v Scan p(mg™)
A Scan u(m!S) ’ A Scan u(m!s)
1.34 AMMAAA @ Scan ulas) A @ Scan ulas)
— Contour 1.9 4 — Contour
(<)
= 1.2 & % M 4
o =y >
E Yoo = 1.8 2
= 800 0F, =
°
(<]
119 1.7 4 v
v
v
1.0 v 16 1 .
v
v v
412 414 416 418 420 422 424 426 428 412 414 416 418 420 422 424 426 428

[Ves|

1619 ‘Ll Y& Best fit point
aS v Scan u(mf™)
14 - A Scan u(ms)
AAA
@ Scan u(as)
—— Contour
12 4
3
X 10-
81 °
o
)
61 o
)
412  4l4 416 418 420 422 424 426 428

[Veo|

Profiles over all parameters in the Likelihood:

Blue solid: 68% confidence interval

Scan points = Variation of scales (individually) within full

Vel

Central 42.061

Uncertainty

0.295

range and reoptimizing, the points indicate the shift of the

25.09.2025 central value for that parameter

0.991

0.010

myS(my) mPS(3GeV) as(mze) p(mp®) w(mP®) ples) we  pe P pis

0118 1.176 1.797 10464 0425 0112 033 03738

0.001 0.082 0.095 1956 0020 0029 0.010 0.081
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Contours - HQE parameters

25.09.2025

0.20
¥ Bestfit point 0161 ¢ Bestfit point S 0351 fr Bestfitpoint &
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Summary & Conclusion

25.09.2025

The kolya package can calculate the inclusive B —» X.£v, moments and the B-meson lifetimes with consistent
input parameter and scales (release date pending)

First — preliminary - holistic HQE fit combining inclusive B — X_.£v, moments and the B-meson lifetimes
« Developed a systematic treatment with fewer assumptions on the theory correlations
» Allows to investigate the theory uncertainties in more detail

« All numbers shown today should not be taken as inputs for any of your work, yet! Paper is on the way
Need to check on the implementation of weak annihilation contribution (definition of ;)

Need to address p-value when fitting the full set of experimental data (consolidate our two scenarios into one)

« PDG approach to re-scale uncertainties, or more sophisticated approaches e.g. [1809.05778]

Markus Prim (markus.prim@uni-bonn.de)
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Fit result - Correlation matrix

[Ves|
Central value 42.06

Uncertainty 0.30
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Fit result - Systematics table

Belle g% excluded (Reference)

Value oftotal) o(m}fS(ms)) o(mMS(3GeV)) o(a,(mzd)) [olu(mE™) olu(m¥®) o(p(e.) [a(B) o(BY) o(BY) o(B)) o(¥?) o) o319 (3% o@) o357 (37 o(3]7) o(BIWA) offBd)

| |Vd,| 42.061 0.295 0.095 0.037 0.059 0.000 0.043 0.031 ] 0.040 0000 0000 0000 0.042 0.000 0.022 0.033 0017  0.000 0.031 0.020 0.000 0.093

mi“s(ma) 4,198 0.009 0.009 0.002 0.001 0.003 0.000 0.000| 0000 0000 0000 0000 0.000 0.003 0.002 0002 0.002 0.000 0000 0.000 0.000 0.005

mf’s(SGcV} 0,991 0.010 0.000 0.010 0.000 0.000 0.006 0.000| 0005 0000 0000 0000 0000 0.000 0000 0004 0000 0000 0003 0000 0.000 0.000

az(mz) 0118 0.001 0.000 0.000 0.001 0.000 0.000 0.000| 0000 0000 0000 0000 0.000 0.000 0000 0.000 0.000 0.000 0000 0.000 0.000 0.000

p(m.';"' 1.176 0.082 0.000 0012 0.000 0.082 0.0:00 0.011 | Q055 0000 0000 0000 0.020 0.000 0.000 0.009 0.027 0.000 0.010 0000 0.000 0.000

p{mf's] 1.797 0.095 0.000 0.060 0.024 0.000 0.095 0.000 | 0.051 0.000 0000 0,000 0.000 0.000 0.030 0.026 0.049 0.000 0.030  0.000 0.003 0.059

ula,) 10484 1.956 0.000 0114 0348 0.134 0.044 1856 | 0000 0462 0000 Q000 0175 0.000 0000 0000 040 0000 0958 0437 0,000 0.360

By 0425 0.020 0.008 0.001 0.007 0.000 0.001 0.000] QOO0 0000 0001 0000 0000 0000 0000 0001 0.000 0000 0.001 0.000 0.000 0.010

pe 0112 0.029 0.012 0.010 0.004 0.000 0.005 0.000 | 0.008 0000 0000 0000 0,007  0.000 0.003 0.006 0.003 0.000 0.006  0.000 0.000 0.000

pp 0133 0.010 0.000 0.001 0.000 0.006 0.003 0.002 | 0004 0000 0000 0000 0000 0000 0000 0001 0003 0000 0001 0.000 0.000 0.000

prLs 0178 0.061 0016 0.012 0.000 0.000 0.000 0.000 | 0010 0000 0000 0000 0010  0.000 0.000 0.008 0.000  0.000 0.007  0.000 0.000 0.000

E‘{ 1.003 0.023 0.000 0.000 0.002 0.000 0.000 0.000 | 0.023 0000 0000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.003

B; 0,995 0.021 0.000 0.000 0.002 0.000 0.0:00 0.000 | 0000 0021 0000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.003

B; -0.006 0.022 0.000 0.000 0.002 0.000 0.000 0.000| 0000 0000 0022 0000 0.000 0.000 0000 0.000 0.000 0.000 0000 0.000 0.000 0.003

B: -0.001 0.022 0.000 0.000 0.002 0.000 0.0:00 0.000 | 0000 0000 0000 0022 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.003

53‘:: 0.003 0.012 0.000 0.000 0.001 0.000 0.000 0.000| 0000 0000 0000 0000 0012 0.000 0000 0.000 0.000 0.000 0000 0.000 0.000 0.002

;:g -0.002 0.006 0.000 0.000 0.000 0.000 0.0:00 0.000 | 0.000 0000 0000 0000 0.000 0.006 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.001

;: -0.0:00 0.002 0.000 0.000 0.000 0.000 0.000 0.000 | 0.000 0000 0000 0000 0.000 0.000 0.002 0.000 0.000 0.000 0.000  0.000 0.000 0.000

SE: -0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 | 0000 0000 0000 0000 0.000 0.000 0.000 0.001 0.000 0.000 0.000  0.000 0.000 0.000

3‘}' f 0.002 0.012 0.000 0.000 0.001 0.000 0.000 0.000 | 0.000 0000 0000 0000 0.000 0.000 0.000 0.000 0.012 0.000 0.000  0.000 0.000 0.002

5;{3 -0.002 0.006 0.000 0.000 0.000 0.000 0.0:00 0.000 | 0.000 0000 0000 0000 0.000 0.000 0.000 0.000 0.000 0.006 0.000  0.000 0.000 0.001

ng -0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000| 0000 0000 0000 0000 0.000 0.000 0000 0.000 0.000 0.000 0002 0.000 0.000 0.000

Szlrj -0.000 0.001 0.000 0,000 0.000 0.000 0.000 0.000| 0000 0000 0000 0000  0.000 0.000 0000 0000  0.000 0.000 0000 0001 0,000 0.000

BdWA -0.011 0.011 0.000 0.000 0.001 0.000 0.000 0.000 | 0.000 0000 0000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.011 0.001
25.09.2025 Markus Prim (markus.prim@uni-bonn.de) 3

fBd 0190 0.001 0.000 0.000 0.000 0.000 0.0:00 0.000 | 0.000 0000 0000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.001




Scale
dependencies
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Scale dependencies

L. mp"(rnp) — '”F«Eih{j'f-.i”r.in, m S (my), mM3 (3 GeV), ay(Myo)), where m@™ is the bottom

quark mass in the kinetic scheme at the scale Fhnkin
4

2. ms,'m{:i GeV) —» 'ruz.'m{,u.mﬁ-m] with ny = 4 active flavors and 4-loop accuracy,

3. ag(Myo) —+ ag(pra,) with ny = 4 active flavors and five-loop accuracy,

4. pr(1GeV) — ;zﬂ(;f,aﬂugi” ,

n. ﬂu{l G{‘V] — p-’-]{”r.}:_.”}i:fi"].
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