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Why is it important to measure |V | & [V, |?

d s b Overconstrain Unitarity condition
— Potent test of Standard Model
U Vud Vus Vub
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Why is it important to measure |V
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Why is it important to measure

CPV Kaon Mixing
Present day

B-Meson Mixing
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Why is it important to measure |V g1 & |V

CPV Kaon Mixing
The future?

with Belle Il & LHCb
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How can we measure |V | & |V . |?

Inclusive |V,

B — Xufpf

| Inclusive |V, |

B — Xclxﬂpf

[B = |qu|2 [I‘(b — qlip) +1/mep + o5 + .. U

Exclusive |V, |

Exclusive |V, |

B-rmpoltiv, \)— puy, B(S) — D((;)L”Df

B, — Kuvu,

[9? o |qu|2f2}

| (BIHIP) = (0 1), 1



How are we doing?

V| X 10°

|V, | X 10°

|Vup| Measurements over Time
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+ PDG CKM Review * Phys.Rev.D 101 (2020) 3, 032007
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How are we doing?
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Challenges of measuring inclusive |V, |

B-Xv (x0.02) ]
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1 B-ply
B-mlv

Higher resonances |
B & non-resonant

Inclusive B — X U, measurements are
extremely challenging due to dominant
B — X U, background
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Events / (0.10 GeV)
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Clean separation only possible in
=Jp |certain kinematic regions, e.g. lepton

endpoint or low M,

Events / (0.04 GeV)
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EP [GeV]

n Measurement of partial branching fractions of inclusive B — X £v,
decays with hadronic tagging [PRD 104, 012008 (2021), arXiv:2102.00020]

o
2 Measurement of differential branching fractions of inclusive B — X v, decays
7:’3 ' with hadronic tagging [Phys. Rev. Lett. 127, 261801 (2021), arXiv:2107.13855]
-
New! New measurement of ratio of inclusive B - X £0,/B — X .£D, D>
with improved tagging and data-driven background templates <O

[to appear]
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Measurement of partial branching fractions of inclusive B — X ,£v,

1.
- decays with hadronic tagging [PRD 104, 012008 (2021), arXiv:2102.00020]

Use full Belle data set of 711/fb Tag Side €_|_ Signal side
Hadronic tagging with neural /% T /
networks (ca. 0.2-0.3% efficiency) B /

> X,

v,
‘0
‘0
0
.
0
.0
.0
.0
0
.

T / 172\

DO

B’
Tidentified <—(T(15) 3=

Charged Tracks Neutral Clusters

l |
px = Z (\/mi + \pi\Q,pi) +2_ (B k)

7" = (psig —pX)2 My = \/(PX)M (Px),

2
mr%liss = (psig — Px _pf> ~ mf = 0GeV?
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Measurement of partial branching fractions of inclusive B — X ,£v,

1.
. decays with hadronic tagging [PRD 104, 012008 (2021), arXiv:2102.00020]

Use full Belle data set of 711/fb Tag Side
Hadronic tagging with neural /% T
networks (ca. 0.2-0.3% efficiency) B
T ¥
Use machine learning (BDTs) to DO
suppress backgrounds with 171 training Vi
2 N
features, e.g. m_. ., #K=, #Ks, etc.
x10%
-, = other | Charged Tracks Neutral Clusters
4 i I B-X v A l l
1 B B-X,lv :
2 | co3 sxshre px = 3 (Vo 4l ops) + 3 (k)
9 ’ _ /77 MCunc. _ ! J
g,| —
c | ST £ = (pug—px)°  Mx = /)" (o),
L ! _ 1
[ 2
ol Miies = (psig — Px —pf) ~m; =0GeV?
0.0 0.2 0.4 0.6 0.8 1.0

BDT classifier output



Before BDT selection
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Events / (0.057 GeV)

Hadronic Mass My, = \ /p)z(

: B B-Dlv
7 = —
: Xc Bkg B B-D"lv :
6F . _ N\ mm B-D™ v ]
: My ~ mp p [ Gap modes ]
5 g [ Sec. & fake 7
i 1 Continuum |
4r B B-X, v ]
3k {f Data ;
; 77+ MCunc. ;
2t .
1} .
0 1 . -
00 05 1.0 15 20 25 30 35 40 45
My [GeV]
! Signal enriched . 5-Dlv
2.0 F B B-D"(v
MX < 1.7 GeV e B—>D**£V
! [ Gap modes
1.5 i [ 1 Sec. & fake |
[ Continuum 1
B B-X v
1.0 } Data
MC unc.
0.5
0.0 —_—
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
EP [GeV]
Lepton Energy in EB
signal B rest frame 4

Four-momentum transfer 2 2
squared q = (pB _pX)
x10% , ,
st mm B-Dlv ]
il B B-D*v
> m B-D™"fv ]
g 40 [ Gap modes ]
Toll [ Sec. & fake |
AN 3 [ [ Continuum ]
= E B-X,lv '
-~ } Data
v 2 77/ MC unc.
-
)
Gl '
0 1
0 5 10 15 20 25 30
g° [GeV?]
a3 ——————————
. 2 Signal depleted = B8-Dlv
> [ My>1.7GeV S BeD I
V20t B B-»D Iv |
O f [ Gap modes |
S 1 Sec. & fake |
o 1.5 [ Continuum ]
- mm B-X,lv
~ 10 } Data
I ' //+ MC unc.
-
Yos
L
0.0

2.4 2.6



After BDT selection

: _ 2
Hadronic Mass My = 4/ px
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Fit kinematic distributions and measure partial BF
3 phase-space regions

_I_
‘V ’ B AB(B — Xu 14 VE) Phase-space region
ubl|l — T
TR - AF(B — Xu€ Vg) Mx <1.7GeV ) )
My < 1.7GeV, ¢ > 8GeV
E; > 1GeV
4 predictions of the Result for most inclusive
partial rate region with Eg > 1 GeV
¢ Stability as a function of BDT cut:
BLNP [ o { —_ 2 [] Tlotal uncertaintyl
E 241 § stat uncertainty 1100 10
DGE ; — Jeaf  fmmewmsreson
AZ_O_ at. unc. for cut = 0. 80%-8
GGOU ; o W 60 2 Je
ADFR : . SE l ] l 0 2 14
e 14} 5_}»
Our average | ° ST : . {207 2
mg 1.0} / .,R {0 10
/0.83 BDT clacgsifier cut 0.87\
4y N ] 330/0 37(%)
28 /30 32 34 36 38 40 42\ 44 more Bkg less Bkg

1O3|Vub|

Arithmetic average:
| V| = (4.10+0.09 £0.22 £0.15) X 107°

Bkg. efficiency (%)



Measurement of differential branching fractions of inclusive B — X ¢, decays #18

2.
- with hadronic tagging [Phys. Rev. Lett. 127, 261801 (2021), arXiv:2107.13855]

~

(Measurement of 6 kinematic variables characterizing B — X0, in EZ > 1 GeV region of PS

Selection and reconstruction analogous to partial BF measurement

\Apply additional selections to improve resolution and background shape uncertainties y
Bkg. Background subtraction via coarse My, fit:
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data \
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Differential Spectra

# 19

Unfolded + acceptance corrected distributions with total Error / Stat. Error
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Differential Spectra

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

Can be used for future
shape-function
independent |V, |

determinations

F. Bernlochner, H. Lacker, Z. Ligeti, .

Stewart, F. Tackmann, K. Tackmann

Phys. Rev. Lett. 127, 102001 (2021)
[arXiv:2007.04320]




New measurement of ratio of inclusive B — X v,/ B — X .U, with
improved tagging and data-driven background templates [io appear]

# 21
New!

Use full Belle data set of 711/fb

Improved Hadronic Tagging
using Belle Il algorithm
(ca. 2 times more efficient)

[Full Event Interpretation, T. Keck et al,
Comp. Soft. Big. Sci 3 (2019),
arXiv:1807.08680]

= 0.00 [Comput.Softw.Big Sci., 3 (2019) 1, 6]
. e e L I I A
0 10 20 30 40 50 60 70 80 90 100
Purity in %

Tag Side et Signal side
a 0
T \dentifie - . _@B;Lg > X,
;
g T’ // VKA

Charged Tracks Neutral Clusters

l l
Px = Z (\/mi + !pi\Q,pi) + Z (Ej k)

7" = (psig —pX)2 My = \/(PX)M (Px),

2
mr%liss = (psig — Px _pf) ~ mf = 0GeV?



B X /5 . . Belle Preliminary
B — X, (v
— X, UV, Extraction NN e
S} 4t c 2R B — D'y R
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6 B — D'daph/ [
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: ; . o an .
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K KS I 7
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Biig 7
p, " [GeV/c]
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B — X, (v mm
2.0 . . 7 B — Diy R
= [ ol ~ a 8T B — Dy HEE
“ 1 5F = ] a o - B — D*(yv R
= ﬁgnal — —> ALV o | R —
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B—-X¢v,/B — X.£U,Extraction

<10t Belle Preliminary

(N]
T

— =
Extract B = X .£v yield via simple S |
background subtraction in total B — . | <
X£fv sample. z

1.00 1.25 1.50 Bl.75 2.00
p; " [GeV/d]

2.25

2.50

2.75

Determine directly ratio of

AB(B - X #v: pf > 1.0 GeV/c) Belle Preliminary

AB(B - X tv: p§ > 1.0 GeV /c)

Can also convert this for now into a direct determination of | Vub

1 AB(B - X,%v)
V| = AB(B — X tv) Belle, 2007 [PRD 75, 032001]:

TBAF AB(B - Xu‘€V)
Tp = 1.579 T 0.004 PS Naive average: (8.55 + 0.13)%

1.95(1 + 0.084 + 0.072) x 10~2

= 1.95(1 £ 8.4%g¢qr + 7.2%;ysc) X 1072 X

2
|Vub|

2
|Vcb|

(8.41 + 0.15 + 0.17)%

Babar, 2010 [PRD 81, 0032003]: (8.63 £ 0.17)%

- Assume uncorrelated.



B—-X¢v,/B — X.£U,Extraction
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Bel |e Pfe//ml'nafy P. Gambino, P. Giordano, G. Ossola, and N. Uraltsev,
550 T GGOU JHEP 10, 058 (2007), arXiv:0707.2493 [hep-ph].
. B. O. Lange, M. Neubert, and G. Paz,
Other This BLN P Phys. Rev. D 72, 073006 (2005), arXiv:hep-ph/0504071.
0 Belle | result J.R. And d E. Gardi
: . R. Andersen and E. Gardli,
\?_‘: result DGE  jier 01, 097 (2006), arXiv:hep-ph/0509360.
X 50t -
:g H h “ V51669V = (425 +0.18 + 0.16 1399 ) x 1073
— 1 1 I 1] Vi |PHYP = (415 +0.17 £ 0.15 *§35) x 1073
| V. |PSE = (4.26 +0.18 + 0.16 +911) x 1073
B§ _ 7r€1f; ub ( 0.13)
350F
> X QO o P e~ e < Both Belle results are
SV S M MY L \\\Q very compatible with each other
k\’ 1,7} < = a2 ) D’ .\\\" \&V “
A M QS NI A
Q?Q?
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New Developments in inclusive |V, |

Inclusive |V, |

B—)chﬁg

[B = |qu|2 [F(b — qlvp) +1/mep + a5 + .. U

Established approach: Use hadronic mass moments, lepton energy moments
etc. to determine non-perturbative matrix elements (ME) of OPE and extract |Vep|

Bad news: number of these matrix elements increases if one increases
expansion in 1/my, .
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New Developments in inclusive |V, |

Inclusive |V, |

B—)chﬁg

[B = |qu|2 [F(b — qlvp) +1/mep + a5 + .. U

Established approach: Use hadronic mass moments, lepton energy moments
etc. to determine non-perturbative matrix elements (ME) of OPE and extract |Vep|

Bad news: number of these matrix elements increases if one increases
expansion in 1/my, .

Innovative idea from [JHEP 02 (2019) 177, arXiv:1812.07472]
(M. Fael, T. Mannel, K. Vos)

— Number of ME reduce by exploiting reparametrization invariance,
but not true for every observable (c.g. not for (M ))

But it holds for (¢?) and at l/mgL the # of ME reduces from 13 — §(!)
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New Developments in inclusive |V, |

Inclusive |V, |

B—)chﬁg

[B = |qu|2 [F(b — qlvp) +1/mep + a5 + .. U

Established approach: Use hadronic mass moments, lepton energy moments
etc. to determine non-perturbative matrix elements (ME) of OPE and extract |Vep|

Bad news: number of these matrix elements increases if one increases
expansion in 1/my, .

Measurements of g> moments of inclusive B — X U, decays with
hadronic tagging [PRD 104, 112011 (2021), arXiv:2109.01685]

Inclusive

Measurements of Lepton Mass squared moments in inclusive

B — X v, Decays with the Belle Il Experiment )
[Submitted to PRD, arXiv:2205.06372] Belle I
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New Developments in inclusive |V, |

Inclusive |V, |

B—)chﬁg

[B = |qu|2 [F(b — qlvp) +1/mep + a5 + .. U

Traditional approach: Use hadronic mass moments, lepton energy moments
etc. to determine non-perturbative matrix elements (ME) of OPE and extract |Vcy|

Bad news: number of these matrix elements increases if one increases
expansion in 1/my, .

3 Third order correction to the semileptonic b — ¢ and the muon
' decays [Phys.Rev.D 104 (2021) 1, 016003, arXiv:2011.13654]

Three loop calculations and inclusive | V., | [Phys.Lett.B 822 (2021)
136679, arXiv:2107.00604 ]

Inclusive

n First determination of V., from q2 moments [to appear]



Measurements of g> moments of inclusive B — X U, decays with
' hadronic tagging [PRD 104, 112011 (2021), arXiv:2109.01685]

. . . 10*
Key-technique: hadronic tagging L e = oon _;
' mm B-D'lv ]
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Measurements of g° moments of inclusive B — X £, decays with #
hadronic tagging [PRD 104, 112011 (2021), arXiv:2109.01685]

1.75 |*

= = =
=) [N) U
S i o

Events / (1.32 GeV?)

x10*
T

T T
I Other Background |

1 Continuum
{ Data

e channel
g% > 3.0 GeV?

Determine Background
normalizations by fitting M,

15 .2I0 ) 2I5
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Step #3: If you falil, try again
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FAIL ME.

2m>

1.02

1.01
L‘)S 1.00

0.99 |

0.98

Exploit linear dependence
between rec. & true moments

2m __ 2m
qcali - (qrecoi C)/m

Step #2: Calibrate moment

Event-wise Master-formula
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<
14

® o © %o

> 1%

s | s s

s 1]

very small

4

6
g2 (GeV?)

8

10
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+00 Step #4: Correct for selection effects
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10.08 Overall event reconstruction itself
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Measurements of g° moments of inclusive B — X £, decays with
hadronic tagging [PRD 104, 112011 (2021), arXiv:2109.01685]

xw0*
R T 7] [T smueted x covka i+
10+ ¢ Electrons (L i ¢ Electrons
¢ Muons L1 j ¢ Muons H
(1] ] 1.0 %
1) | - ¢
or 2 1] ) — I 8
& q (X 1 °°> _ q H
> 4 0.8 |
) (33 4 8 _ i
© st 84 =
& 1) & $t
S T | Soe $¢
1; ‘ 1)
7T ] ¢4
34 ‘ - $¢
34 j 04| 4
¢t < o 3!
61 | [ 44 §¢ Lepton flavor universality ratio
1 1 [N 0.2 .............. / .......................
3 4 5 6 7 8 9 10 3 4 5 / 6 7 8 9 10
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Measurements of Lepton Mass squared moments in inclusive B — X £, #33
' Decays with the Belle || Experiment [Submitted to PRD, arXiv:2205.06372]
Key-technique: hadronic tagging
10 x10%
Belle Il B B-Xlv
[Ldt = 62.8 b =3 BB Bkg.

Tag Side

Psig = Pe+e- — Prag

Improved Hadronic Tagging
using Belle Il algorithm
(ca. 2 times more efficient)

[Full Event Interpretation, T. Keck et al,
Comp. Soft. Big. Sci 3 (2019),
arXiv:1807.08680]

Can identify Xc
constituents

[MX — \/ (Px ), (Px )" j

@2 = (psig —pxc>2j

Events / (0.07 GeV/c?)

Events / (0.42 GeV2/c?)

0.8

1.4}
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7//s Uncertainty
¢ Data
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== BB Bka.
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Bl efe” -»qqg
7//7 Uncertainty
¢t Data

g% > 1.5 GeVv?/c*

5 10 15

g2 [GeV?/c?]

20




Measurements of Lepton Mass squared moments in inclusive B — X £1,
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Decays with the Belle || Experiment [Submitted to PRD, arXiv:2205.06372]

Events norm. in arb. units

0.5

0.4

0.3

0.2

Belle Il (Simulation)

Kinematic Fit
Mean: 1.20 GeV?/c*
RMS: 2.65 GeV?/c*

Reconstructed
Mean: 3.43 GeV?/c*
RMS: 5.76 GeV?/c*

2
Qreco

[ZZ] Kinematic Fit
[ Reconstructed

B - X Lv Signal MC

Use kinematic fit
to improve

resolution on q2

2 4 6 8 10
- Qgen [GeV?/c?]
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Theory progress

, . 0.54-
Fantastic progress on the theory side: -
semileptonic rate @ N3LO! = 052.
! _
% i 0.50- NLO
o £ O
I ]
N < 048
s _
& 1 NNLO N°LO
0.46—_ —
_ Kinetic Scheme = o
M. Fael, K. Schénwald, M. Steinhauser 044§ rrrr g e e
[Phys.Rev.D 104 (2021) 1, 016003, arXiv:2011.13654] e (GeV)
Renormalization scale
Updated inclusive fit to (E£,), (My) moments:
my" me(2GeV)  pr  ph pd(me) pis BRew 10%|Vel
4.573 1.092 0.477 0.185 0.306 -0.130 10.66 42.16
-3 0.012  0.008 0.056 0.031 0.050 0.092 0.15 0.51
|Vcb’ — 42°16(30)th(32)6mp(25)F 10 1 0.307 -0.141 0.047 0.612 -0.196 -0.064 -0.420
1 0.018 -0.010 -0.162 0.048 0.028 0.061
\ 1 0.735 -0.054 0.067 0.172 0.429
AV IV, =12 %" 1 -0.157 -0.149 0.091 0.299

1 0.001 0.013 -0.225
1 -0.033 -0.005

M. Bordone, B. Capdevila, P. Gambino L ost
[Phys.Lett.B 822 (2021) 136679, arXiv:2107.00604] B
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F. Bernlochner, M. Fael, K. Olschwesky, E. Persson, #

2
| Vcb ‘ frOm q mom. R. Van Tonder, K. Vos, M. Welsch [arXiv:2205.10274]

Also first extraction of |V, | from g* moments: Included corrections
on the mom. predictions
—— Fit Result ] —— Fit Result
1 e o Do (") | tree a, a? o
>
T 8 & :
> ] = Partonic | v
O =
=7 ] 2
% 7 e
6 kS P 2t
: 1
. 1/m; v
E RN MR N SRR AT SRR MR
qgut [GeV2]
6— —— Fit Result ] —— Fit Result 0.100 4§
] é Bellell 80 é Bellell 18
g 5 A Belle = A Belle 0.075
T 3 0.050 15
© S
N = 0.025 12
(:tz (:O; < 0.000
| ! 9
—0.025
6
—0.050
~0.075 3
—0.100 0
g2, [GeV?] 40.0 41.0 42.0 43.0

—> V| = (41.69 £ 0.59|g & 0.23],.0.) - 107° = (41.69 & 0.63) - 10~°
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New Developments in exclusive |V, |

Very exciting times:

After more than 10 years in the making, we have first beyond zero recoill
LQCD predictions beyond zero recoil for B — D*/v, :-)

One is finished, two are nearly finished:

0.200 1.0—
Lattice {=e, Joint fit =€~ ,pu~ = %(BO — D p'ty,)/T(B" = D* u'y,) i
T Lattice (= Joint fit =
a 1ce T o1 1 T 0175 _{ g—;(BO s D*,TJFVT)/F(BO N D*7M+V/1) %
A m,~m
0.8 m, ~1.25x
0.150 i : gl
95 B
. Y 0125 : ! o) hAl (W) X Fermilab/MILC *14
= c 0.6—2 mp3Sm, ., HRQCD'Y ]
3 5 ‘ 1.00 1.05 1.10
- Q 0.100 w
| | T T
T FNAL/MILC T LQCD
’B 'B = 1.2 [ A& ]
® > 0.075 1
% — l;-— = N
0.050 Lok :
L a' ~2.5GeV
0.025 - A g 36GeV h (W)
08 4 a . . V
< ; a ~4.5GeV : i
0.000 1.00 1.05 1.10
w

1.0 1.1 1.2 1.3 1.4 1.5
w

A. Bazavov et al. [FNAL/MILC] [Under Review, arXiv:2105.14019]
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New Developments in exclusive |V, |

Also experimentally very exciting times:

LHCb keeps producing impressive results probing B, — DS(*)L” U, decays,
Belle Il also presented first determinations of | V., | using B = D*¢D,

Small taste of what there is to come from both experiments !

Exclusive

First glimpse at | V., | in B® = D®=£+1, with Belle Il data $

n Measurement of |V, | with B, — DS(*)MDM decays s gﬁé

Belle 1T



n Measurement of | V., | with B, — D§*),u17ﬂ decays 1 41
[Phys. Rev. D 101, 072004, arXiv:2001.03225]

Leverage large separation of decay vertex from primary vertex to

reconstruct B, flight direction; reconstruct corrected mass m_ .

N W
wn O
1

.Bf — D, uv, il

201
[ Physics backg.
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n Measurement of |V, | with B, — D{ ),uv decays

S # 42

Candidates per 0.115 GeV/c

Background subtracted and fitted distributions:

3
xll(l) I T T T
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First glimpse at |V, | in B — D¢, with Belle Il data ,:

[Preliminary]

Reconstructed with hadronic tagging

and using 189.3/fb

Tag Side

Psig = Dete- — Prag

With hadronic tagging can reconstruct

2 2 2 _
Miiss = (psig Pp+ pf) ~ P, = 0
Belle Il Preliminary
180 F a
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First glimpse at |V, | in B - DY~¢%y, with Belle Il data

D 44

o

Reconstructed with hadronic tagging

and using 189.3/fb

Tag Side

Psig = Dete- — Prag

Background subtracted & unf. w spectrum
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New Developments in exclusive |V , |

First measurement with 5, — Kuv,

LHCDb presented a year ago a spectacular first measurement of exclusive
|V, |/ V., |from B decays

Small taste of what there is to come from both experiments !

n First observation of the decay BSO — K_'u'l'y’u & meas. of | Vub /] Vcbl E EE iié
First glimpse at |V, | in B = 77¢ %1, with Belle Il data :
Belle 1II

Exclusive




n First observation of the decay B — K u"v, & meas. of |V, |/|V,] 4

[Phys.Rev.Lett. 126 (2021) 8, 081804, arXiv:2012.05143]

Directly aim to measure |V, |/|V,, | via the ratio

_ fficiency ratio
BB - K utv) N, € ©
_ b KD B(DT - KK )
%(B? — DS_IM+U/4) NDs €x

# of signal /
normalization events

Again use corrected mass m, .. to separate signal from background and
normalization:

B — Dg ptvy

T
J
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o
-
-
()

3000 4000 5000 6000
m,,,, [MeV/c?]

Megrr = \/mz(Y/,t) +pi(Y,u) +p,(Yn) with Y=K",D; N(B? — D5 pitv,) = 201450 + 5200




First observation of the decay B — K u"v, & meas. of |V, |/|V,]
[Phys.Rev.Lett. 126 (2021) 8, 081804, arXiv:2012.05143]
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First glimpse at |V, | in B — 77/ v, with Belle Il data
[Preliminary]

Belle IT

. . . . 2 _ . 2 ~ 2 _
Recon§tructed with hadronic tagging Fit miio = (Psig =Pz —Pp)” ~ P, =0
and using 189.3/fb

in 3 bins of q2 to separate signal from background
Tag Side Belle Il Preliminary [cdt=189.3fb~!
i 25;: g::k"g‘rzznd 0GeV?/c* < g2 < 8 GeV?/c*
% 20 :-’/:// I;act:tat. unc.
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First glimpse at |V, | in B — 77/ v, with Belle Il data <t
' [Preliminary]

Belle IT

Form Factor &| V| fit:

o5, Belle Il Preliminary Jer ooyt s 6, Bellel Prefiminary [or
_laf 1 —_ :
Vo 1 ®7F B
T 12F 41 L f ]
3 f | 3°F ;
) 1.0 1 = 5:_ i
LN Sl :
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= | —— |V, | x 103 =3.88 £ 0.45
v 0.6 1 &3k o u
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= X 1 1 F ]
J 0.4F 1 + 2F .
2 ook 1 2.k ] with LQCD data from FNAL/MILC
Shd ] © 1_ b Phys.Rev.D 92 (2015) 1, 014024, [arXiv: 1503.07839]
BT 16 @5 20 35 T - R

g2 [GeV2c4] q° [GeV2c™]






Numbers from new HFLAV 2021 report # 52

S umim ary (will appear soon)

5.0
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Summary

5.0
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L= Inclusive |V, | : | V.|
Q" (GGOU, Kinetic Scheme)
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Summary

5.0
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Summary

... the long-standing discrepancy is not going away

He may look cute, but that
might be deceiving... 0
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We need to tackle this problem: Vel [1077]

> There are three culprits that can cause this:
> Experimental Problem / Theory Problem / New Physics

We need new experimental and theory results that challenge what we think we know






Likelihood combination with
systematic Nuisance Parameters
of all measurements
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Exclusive |V, |
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O) - 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
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BSZ: J. High Energ. Phys. (2016) 2016: 98
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B(B — Xtv,) (%) B(B— X v,) (%) In Average

Belle [62] E, > 0.6 GeV i 10.54 4 0.31 v
Belle [62] E; > 0.4 GeV i 10.58 £ 0.32
CLEO [64] incl. 10.91 + 0.26 10.72 + 0.26
CLEO [64] E, > 0.6 10.69 £ 0.25 10.50 £ 0.25 v
BaBar [61] incl. 10.34 4+ 0.26 10.15 £ 0.26 v
BaBar SL [63] E, > 0.6 GeV - 10.68 +£0.24 v
Our Average - 10.48 £0.13
Average Belle [62] & BaBar [63] - 10.63 £ 0.19

(Eg > 0.0 GGV)

Table 2: Available measurements of the inclusive B — X/, and B — X_.{v, branching
fractions, extrapolated to the full region using the correction factors in (34). The x? of
our average with respect to the included measurements is 2.2, corresponding to a p-value
of 52%. We do not include [65], as the analysis does not quote a partial branching fraction
corrected for F'SR radiation.




|Vup| Measurements over Time
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EPS 2019 PDG CKM Review Phys.Rev.D 92 (2015) 5, 051102
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PDG CKM Review * Phys.Rev.D 101 (2020) 3, 032007 Nature Phys. 11 (2015) 743-747
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PDG CKM Review * Phys.Rev.D 101 (2020) 7, 0720047
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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 ¢ _
bins J‘ | / c . Resonance region
] [ ][ | o 9 2000 }
£ - 7) ('n/,“ V’I/) >< gk ) TE\M’ / %EZ:‘dde Lﬁ
) k / 51‘5’ 23 1000
LﬁOAS n zg — —
Signal and Bkg shape errors included in W e = 0'0 : I I ]
Fit via NPs W/o detector smearing o _2.5 _ I 1 ! ]
00 05 10 15 20 25 30 35 4.0
MX [GeV]
Unfold measured yields to
3 phase-space regions: _ - 200 ——mm ———————————————————]
- Signal - Background [ /7 Background
or — c 175 - B Signal ]
g -45 150 | { Data .
Phase-space region 5 :..__' = - /777 MC uncertainty |
0 ——t - 1
2 L c
My < 1.7GeV % 10 | I — 9 100 ]
My < 1.7GeV, ¢° > 8 GeV? £ T - i
B © 15 ————— v 75 : 7]
By >1GeV < —_— "GC_; ! Resonance region
g I 50
5 20 | T T
= — 25
2 S —
25 I -— 0
A ° 25 F 1 L T — 1 T ]
30 | — S oo+t !
9 \/AB(B%XUWW) S &—251111 L E
ubl = + 52 1 0 1 -2 -3 0 5 10 15 20 25
: AF(B — X, L Vﬂ) Standard Deviations



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

i production....

PYTHIA
PYTHIA

PYTHIA
PYTHIA

PYTHIA
PYTHIA
PYTHIA
PYTHIA
PYTHIA

PYTHIA
PYTHIA
PYTHIA
PYTHIA

# JGS 11/5/02 This and similar a few lines above have been divided

# Lam c X / Sigma_c X 4.0 %

#

0.010520663 anti-cd_0 ud_0
0.021041421 anti-cd 1 ud 1

# Xi_c X 2.5%

#

0.002869298 anti-cs_0 ud_0
0.005738595 anti-cs_1 ud_1
0.258091538 u anti-d anti-c d
0.043995612 u anti-d anti-c d
0.020084989 u anti-s anti-c d
0.017215691 u anti-c anti-d d
0.000860770 u anti-c anti-s d
#lange - try to crank up the ps
0.070775534 c anti-s anti-c d |
10.005738595 ¢ anti-d anti-c d
0.002869298 u anti-d anti-u d
0.003825730 c anti-s anti-u d
# to solve a double-counting problem for this channel
0.001960649 u anti-u anti-d d
0.000066973 d anti-d anti-d d
0.000086068 s anti-s anti-d d
0.002104095 u anti-u anti-s d
0.001721541 d anti-d anti-s d
0.001434649 s anti-s anti-s d
0.004782163 anti-s d

PYTHIA
PYTHIA
PYTHIA
PYTHIA
PYTHIA
PYTHIA
PYTHIA

23;
23;

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 V is produced by PS — PS + Vor F

1

21

31

: Dalitz decay into one particle, in addition to the lepton pair (also allowed to specify a quark-antiquark p:
12:
13:

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
22:
23:

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 vali

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

52 -
62 -
72 -

91

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 q gbar or g g, which should shower and hadronize
92:
93:
94 :

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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Combined Extractions
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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




