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Veo| @and | V| A“(IT

CKM Unitarity:

® | Vgl and |V,| are central to unitarity tests used * EB B v 4 " room 3
to constrain the CKM matrix and thus the SM 06 Bt . - & gz T
® Explicitly: Direct comparison between ratio 05 5 sin2s, - =
| Vip|/| Vep| and angle ¢4 0o EE : ENCRE
® Most precise determinations: SemileptonicB =, E° i N
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Exclusive and Inclusive Measurements \“(IT
B\

Karlsruhe Institute of Technology

a Exclusive Measurements:

-] s e e B B B B S B =
® Analysis: Measure specific final state(s) (e.g. § a6E Exclusive |V AXZ:NC&:S:Z =
B — D/lv,) :_04_4:_ — Exdlusve|V,| v, GGoU 3
® Theory input: Lattice QCD (LQCD) D N X l Vb gt 3
® Parametrizations | V|: o E vray Aveege E
Caprini-Lellouch-Neubert (CLN) E 3
and Boyd-Grinstein-Lebed (BGL) 2? 3 J E
® Parametrization | V,,|: 34F E
Bourrely-Caprini-Lellouch (BCL) 32F =
= HFLAV &
£ 3
® Inclusive Measurements: 28F | | | | Pozese
® Analysis: Measure entirety of B — X/v decays — 36 — 38 — 40 — 42 — a4 '
® Theory: Heavy Quark Expansion V| [107]
® Models (in this talk): Bosch-Lange-Neubert-Paz
(BLNP) PRD and ® = 30 tension between these two approaches
Gambino-Giordano-Ossola-Uraltsev
(GGOU) = Severely limits precision tests in flavor physics
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Weekly Integrated Luminosity in fb™"

The Belle Il Experiment
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Vertex detectors
~ 15 pm vertex resolution

Central Drift Chamber
~ 0.4% pr resolution

Particle Identification (r / K)
€y = 90% with 1.8% T fake rate

Elektromagnetic Calorimeter
Sensitive down to 20 MeV

K®/ i~ detector

€= 90% with 1 - 2% 7/K fake rate
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| Vcb|

|Vcb| Measurements over Time

. CKMFitter Unitarity
EPS 2019
+ |Veo| Inclusive
PDG CKM Review
+ |Veo| Exclusive
PDG CKM Review

\
A

B2-D{)~u*v, CLN
Phys.Rev.D 101 (2020) 7, 072004
B2 D~ u*v, BGL
Phys.Rev.D 101 (2020) 7, 072004
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Belle Il: |V,,| from B — D"4v .

PRD 108, 092013 Belle II
® Reconstruction chain: ® 2D fitin cos fgy and AM = M(D**) — M(D®) for
B — D"y, each bin of , cos 6,, cosf, and w:
{—> D Belle Il Jeat= 1891 , Belle Jeai=19
\_, -t 54 s = 3::: -
Km 8 4 e 2 154
. - bope e - s o7
® Challenge: Slow (p < 0.4GeV/c) pion efficiency z, s e S
0 1 7 3 % 3 0 567075 =050 ~025 000 025 050 G675 100
X cosBy
Belle Il [edt=189m02 Belle Il Jcdt=189m"
16 B-D™ 1T, 60 B-D"* 10,
s T, | 3= e e SBS
£ P Yo AT s
X, 2 ~y
e got/ ~
v e . e
56075 <050 <025 000 035 080 075 100 45 T 35 5 5 T
cos6; w
* =k 2 2
W_L p 1 Oy — 2EgEp+y — M — Mpey
= —Pg Pxcp costigy = Al
mg = My |Ps|1Pp+ e
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Belle Il: |V,,| from B — D"4v
PRD 108, 092013

® |V | extraction: Fit shapes in x, cos,, cos 6, BGL and CLN
parameterizations

@ BGL truncation based on nested hypothesis test
® |nclusion of LQCD constraint beyond zero-recoil (w = [1.03,

1.10, 1.17]) in two scenarios, disagreement with LQCD in R,
and R,:
Belle 11 [edt=189fb" Belle 11 [cdt=1891b?
10F B°»D™*1°y, Inclusion of ha, (w) s B'-»D'*1°7,
Inclusion of hy, (w),
iy R Tty
08 ¢ £ 3 }
07 i ;ﬁ 12
11
0.6
1.0
0‘510 11 12 13 14 15 1.0 11 12 13 14 15
w w
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BGL

Constraints on

D

Belle IT

Constraints on

ha (w) va, (W), By (w), Ry(w)
ao x 10° 21.7 + 1.3 256 + 0.8
by x 10° 13.19 + 0.24 13.61 + 0.23
by x10° | —6 + 6 2 +6
c x10° 09 =+ 0.7 0.0 + 0.7
|\Vcb\ x 10° 403 + 1.2 383 + 1.1
X~ /ndf 39/33 75/39
p value 21% 0.04%
Belle 1l Jedt=1891b1
B°-D**t1

iy
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https://doi.org/10.1103/PhysRevD.100.013005

Belle lI: |V,,| from B — Dfv
Preliminary, arXiv: 2210.13143

® Reconstruction chains:

B — D%y, B — Dy,

L> K nt L> K atrt

® Key differencesto B — D" /v

® No slow pion
® More backgrounds

@ 5 component fit in cos fzy for each bin of w:

Belle Il Preliminary [rdt=189.2fb!

- Belle Il Preliminary [rdt=189.2fb~!
== sgnal  mm fake D .
== 0’ EE Continuum Preﬁt
L4000 | B Twe D #77 MCal unc
+ oata
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D

Belle IT

Belle Il
Preliminary
T T T T . ; L
40 — BGLN= B°-D e*v. |
° . 1o X?Indf: 11.0/14
% 20
%) 30 30 1
] ¥ Data
n
T
o 20f ]
—
S
S 10f 1
=
=
T
of 4
- L L L L L L

0.9 1.0 11 12 13 1.4 15 1.6 17

Measured | V| = (38.3+1.2) x 1072

3% error, competitive with previous determinations
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Full-Event Tagging ﬂ(IT

® ¢ e collisions “clean” compared to pp.
® =~ 10 tracks in a typical BB event

@ Full-Event Tagging: Use 2" B (Biag) €-9. with Full
Event Interpretation (FEI). keck, T et al.

® Much higher purity and resolution with this

Karlsruhe Institute of Technology

approach
a Trade-off: Low efficiency and challenging
calibration
x10% Belle Il preliminary x10% Belle Il preliminary
25| WM Correctly reconstructed Jedt=3461 01 s Correctly reconstructed [cdt=3a6f1
EEE Continuum & mis-reconstructed . Ml Continuum & mis-reconstructed

< + Data <
L20 3
2 Nps, =84907 = 734 3 Ng, =38545 + 1161
g 1 Piag>0.1 S o Prag>0.5
3 g
S S
g g
<10 <
P 2
5
o H

00,50 5255 5260 5.265 5270 5275 5280 5.285 %%50 5255 5260 5.265 5270 5275 5280 5285

Moc (GeV/c?) My (GeV/c?)
ptag > O . 5
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https://doi.org/10.1007/s41781-019-0021-8
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Belle II: | V,,| from Tagged B — D*fv

Preliminary, arXiv: 2301.04716 Beliei]
& Very pure signal selection with AM and missing ® Fit CLN nucl. Phys. B530, 153 parametrization to
mass from recoil of second B: differential decay rates
2 2
Mmiss - (_pB‘ag - pD*Z) — Belle Il Preliminary
Belle Il Preliminary § 4.: ,Im:mgam" _* Detawitn ot uncerainty
< 10 *I Ldt=189.3 fb ™ * Data R S B3 o neanany
D 190 I“8° _ De*v, and cc. Osignal %‘ 35§
o meG R +
‘C_>| 100 F : : --selection 2: 25
o 2
S 8o ;‘ 15
L e0f z 1
8 2 o5
S 40 [ la ok L L L L L L L L L
% : : 1 1051111512 1251313514 14515
O 20 | : ' w
o . b atao s L
-1  -05 0 0.5 1 1.5 2 25 3
m2miSS (GeVZ) ReSU|t
. . . . . _ -3
® Major systematics: Slow 7 & tagging calibration |Veo| = (87.9£2.7) x 10
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https://doi.org/10.1016/S0550-3213(98)00350-2

Belle: Tagged Differential Measurements SELLE
® Two results with 711 fb~" Belle data set: Los . Belle  B-D™*15, Jidt = 7110}
Differential Distributions Prp 108, 012002 and O o) 07D, 088
Angular Coefficients J(w) suomited o PRL Of 10t =ow B edonceg b ata
B — D*él/ :& _ MC normalized to data
< ; : ;
@ Full-Event tagging and extraction of Nyyens in § 10°
2 =
Mhiss € 102
@ Challenging to calibrate tagging method g
— Use only normalized differential information 5 101

and take absolute BF from HFLAV.

® Improvement of | V| from high granularity in 10°
differential shapes

*+++{.’.000‘+*++++ ++**+

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
M2, [GeVZ/c?]

N o N
v o w
bbb
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https://doi.org/10.1103/PhysRevD.108.012002

Belle: Differential Distributions

PRD 108, 012002 BELLE
: . . . . . 2.00 w Cos 6 cos By X
@ Established approach: Fit projections in 160 bins = s s e st toc
of w, cos §,, cos 6, andx e Bl A I I
1.50 1

@ Three fit szenarios:
® Constraint on FF normalization at w = 0
(“nominal”) Fermilab Lattice, MILC (2014)
® Additional constraint for h,, FF at w > 0 Fermilab
Lattice, MILC (2021)

/
® Additional constraints for all FFs at w > 0 /
0.25 4

(M) 1/rdr/dx

4 o Iy =

1% ~ o N

o o S v
L L L L

® |ast scenario: Tension with R,(w) constraint

|Vip| = (40.7 +1.0) x 1072
In agreement with inclusive |V, |
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https://arxiv.org/abs/1403.0635
https://arxiv.org/abs/2105.14019
https://arxiv.org/abs/2105.14019

. . D
Belle: Angular Coefficients <o

Submitted to PRL, arXiv:2310.20286 BELLE

@ Directly fit 8 out of 12 angular coefficients J(w)
with BGL and CLN parametrizations

5 . 2 2 4
dr(B — D" ti,) 72G§7]Ew‘vcb‘ mgmy« 2 2 This Work
dwdcos 0, dcos Oy dx D x|\ ssin” Oy + i cos” Oy BGLs3: —0—— MILC+HPQCD+JLQCD (p=0.75)
W dcos 0 dcos Oy dx 2r BGLiz e MILC (p=0.81)
+ (Jas Sin% Oy + oy cos Oy) cos 20, + Jy sin® Oy sin? 0, cos 2 BGLs3 e HPQCD (p=0.50)
2 2 BGLs3; © JLQCD (p=0.83)
+ Jysin26\ sin 20, cos x + Js sin 20y sin 0y cos x + (Jgs Sin” Oy + Jg, cos” Oy) cos B
©
+ Jy sin 26, sin 0 sin x + Jg sin 20, sin 20, sin X + Jg sin” 0y sin” 0, sin 2)() o
©
Belle Lot = T [}
s 6 6 [« soom mmsas cur
Fa Za — T Phys.Rev.D 108 (2023) 1, 012002
A2 E2 82 BGL33; (Update) —_— MILC+HPQCD+JLQCD (p=0.16)
0 0 0 BGLi» o) ha,(1) (p=0.07)
i ! . o
I g2 EN CIN e ha,(1) (p=0.06)
% 4 En %
8 = =2
-6 -
0
——— Excl. CLN HFLAV Summer 2021
6 6 2 }
3 B 5 Incl. E;, my Moments ——
54 E —— %0 —+ incl. g2 Moments —
=2 £2 =
-2 CKM Unitarity . —
o 0
T T T T T T T
5 —— 2 gt o T —— 37 38 39 40 41 42 43 44 45
WO r—— T oo +_‘— % 0 —+— —_— 3
= —— = e —+= [Veo| x 10
-2 -2 -2
5 5 13 150 s 5 130 o 5 5 135 150
oot i e T e Lo s e 3w v Looew R eniB%w L
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|Vub|

|Vub| Measurements over Time

7 7] CKMFitter Unitarity + |Vub| Exclusive + B-T1v
i EPS 2019 PDG CKM Review Phys.Rev.D 92 (2015) 5, 051102
E + |Vub| Inclusive B-puv O Np = puv
6 ] PDG CKM Review * Phys.Rev.D 101 (2020) 3, 032007 Nature Phys. 11 (2015) 743-747
E 5
=7
: | bbot
o p
& t ¢
4 _- ‘L + + # +
4 1
- o
] o 1) ° (o} o + + #
3 —

B 2 2 QD Y % Y % D
[2) [2 (2 [ [ [% [ [ [% [2
2 2 N 2y s s % %y %y %,

Credit: Markus Prim
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Belle Il: | V,,| from B — w14y,
Preliminary, arXiv:2210.04224

Belle IT

@ Form factors given as function of (squared) momentum transfer q2 =(pg — p7r)2
® Signal fit of beam-constrained mass M, and energy difference AE in 6 bins of q2
® Dominating systematic uncertainties: Background (Continuum, B — pfv,) modelling

B -»mnetve B> metve
- _ by
Belle Il Preliminary [cdt=189fb1 Belle Il Preliminary [cdt=189b
F 6000 F - -
6000 =3 signal XLy w# MC unc. 3 signal . X v ) w# MCunc.
B Comb Signal  mmm Other BB 4 Data BN Comb Signal  mmm Other BB ¢ Data
5000 B Xty = Continuum 5000 - B Xty B Continuum
.

€
[0,4]Gev? | (4,81GeV? | (8,12]GeV? | (12,16]GeV?  (16,20]GeV? (20, »]GeV?

e
2 | (4,81Gev? | (8,12]GeV? | (12,16]GeV? | (16,20]GeV? (20, =] GeV?
| (0.41Gev { 4000

4000

Events / Bin
w
S
o
o
Events / Bin
w
S
o
o

N
=3
1S3
o

1000

w0
28
=
“

5.295

2
N
w

AE in GeV My in GeV
T * * 2 x| 2
AE = Eg — Ebeam Moc = \/ Epeam — |pB
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Belle Il: | V| from B — w14y,

Preliminary, arXiv:2210.04224 Belle IT

® Form factors given as function of (squared) momentum transfer q2 = (pg — p7r)2
® Signal fit of beam-constrained mass M, and energy difference AE in 6 bins of q2
@ Dominating systematic uncertainties: Background (Continuum, B — pfv,) modelling

Belle Il Preliminary

x1075 [cdt=189fb1

12T T ' ' DA ® |V,,| extracted from LQCD and in
T ok o Bourrely-Caprini-Lellouch (BCL)
2 F p parametrization Phys. Rev. D, 79, Jan 2009
S — 30 5
~ 08 . ® Fitin g° reduces theory uncertainties in | V|
sy [ 7 .
2 1 ] extraction
+5' 0.6 - ]
Eoaf ] Result:
° [ ] -3
st _. |Vip| = (35520124151 £0.13, £0.17400) X 10
302r ]

B S R

q* [GeV?]
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https://doi.org/10.1103/PhysRevD.79.013008

— D>
Belle II: | V,,| from Tagged B — we ™ v,
Preliminary, arXiv: 2206.08102 Belle IT

y [cdt=189.3fb"

y [cdt=189.3fb!

= Tagged analysis with fit of M3 in three bins of
2

«Z 0GeV/c* = g2 < 8GeVZ/ct 8GeV/c* = g7 < 16 GeV2/c!|
q
= Using 189" data set (~ 1/2 of current) % )
® Charged and neutral pions but only electron w 0
channel (so far) 5 PR W E AN B AR
M2, [GeV2/c*] M2, [GeV2/c?]

a Still heavily dominated by statistical uncertainties

|V, = (3.88 + 0.45) x 10°

Belle Il Preliminary Jcdt- 1893 Je—s___ Belle Il Preliminary [cd=189.30"!

16GeV?/c* =q? = 26.4GeV2/c*

Events / (0.29 GeV?/c*)

Data - MC

s L
-1.0 ! X ! K X X X 0. 0 5 10 15 20 25
M2, [GeV?/c*] q? [GevZc™)
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Belle:
PRD 104, 012008

® Challenge: Covering large (up to 86%) phase space only
possible with huge B — X {v, bkg.

® Decreases theory uncertainties
® Solution: Tagging and MVA discrimination

V)

.2 GeV)

0

Events / (
Events / (1.2 GeV?)

2.
El%{ﬂ,y, ,Avxg}é
5
Bos

Data/MC

00 05 10 15 20 25 30 35 40 45 5
My [GeV] q? [GeV?]

Result: |V,| = (4.10 £ 0.094, £ 0.224 + 0.15¢n60) X 107°% =
Compatible within 1.3 with excl. HFLAV
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V.p| from Tagged Inclusive B — X, fv,

Events / (0.03)

Data/MC
PR
% 5 ho

w

~

o
°

x10°

BLNP
DGE

GGOU i

ADFR &

Our average inm

—
————
————
—

—

2.8

3.0

3.2

34 36 38 40 42 44
103 |V |
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Belle: |V,,| from Simultaneous B — w/fv, and B — X, fv,
PRL 131, 211801

. T LI T T T T T LI T .7 2500
. Improvgd treatment of shared systematic 350 FNppe = 0 Npg= = 1 Nz = 2 |Np= = 3/High
uncertainties by simultaneous determination a0 [ 7 Moun. wrdr=1071249) | X B 1 9000
. . > @ Data >
® 2D-fit in bins of I i 8
2. ; 5 £ Bontly d 4 1500
® g" : number of charged pions (N_1) V200 [ T3 Other Boxutv A
.y s x 3 Background x
a Only fitin Nﬂj: for MX > 1.7 GeV % 150 | i - 1000 %
= =
® Dominant systematic uncertainties: & 100 | . . g
- 500
® Exclusive: Tagging efficiency calibration (4.1%) 50 - Erj‘f'-
and B — X,fv, model (3.5%) 0 g s - L 1,
® Inclusive: B — X,¢v, model (10.9%) and the Ceasf IV T T T
. o T 1.00 [ by iyl {I{ P
u — X, fragmentation (5.3%) g% | |
§iffggzirgsazmzoaaacfii)
segdg edagTeddsTaddagpass
NE q2 bins N = bins

19 09.01.2024 Moritz Bauer: Recent Measurements of |V, | and |V, | with Belle (Il) Institute for Experimental Particle Physics



D
Belle: |V,,| from Simultaneous B — w/fv, and B — X, fv, <o

PRL 131, 211801 BELLE

e Bom*v T Comb.n® * fit sm: eVl _ o

® Multiple scenarios in the | V| fit: 48
el Vs

lSqmmmdmmﬁ/#oMB%NMCMWMM 46 e Bomn’ty  :::+ Bele(GGOU) @ HFLAV (incl. GGOU
& With (shown) or without experimental constraint

Results (with exp. constraint)
V| = (3.78 £ 0.23415 £ 016451 £ 0.14,) X 107°

Incl. [Vp| - 103
S
o n
T T

N\
P Y
-\
-
R/
4
2
-7

! “l
A 1

V5| = (3.88 £ 0.20 45 £ 0.31¢ £ 0.09565) X 107° sl ey
) 8 /

Ratio: [V /|V/"™| = 0.97 £ 0.12 (p=0.1) a6l N !

= Compatible with unity S~-=t
3.?’:.00 325 350 375 400 425 450 475 5.00
Excl. |Vyp| - 103
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Belle: Ratio of |V,;,| and |V,,| from Tagged Inclusive Decays [<&fa»
Submitted to PRD, arXiv: 2311.00458 —

® Data-driven mOde”ing of B — XCZVZ bkg USing L2F 2 Gove<ant 271<¢" [GeVI <496 | 4.96<¢” [GeVI<T51 | 751<¢” [GeVY]
Ny sideband

® Ratio avoids uncert. from tag efficiency

® B — X, ¢y, yields extracted in q2 : pf fit £ "‘I
u L,a(m ) ‘—‘-_‘-.'_'_
: KK@
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Belle: Ratio of |V,;,| and | V,,| from Tagged Inclusive Decays

Submitted to PRD, arXiv: 2311.00458

® Data-driven modelling of B — X {1, bkg. using
Ny sideband

® Ratio avoids uncert. from tag efficiency
® B — X, /v, yields extracted in ¢° : p; fit

Result (with BLNP model for B — X, (v,)

| Vi |
[ Veol

= 0.0972(1 % 4.2%¢ £ 3.9% 61

+5.2%g ,x;0, £2.0%8 x,01,)
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—48

= 46
=44

3.8
3.6
3.4
32

2.8

This analysis (unofficial comparison)

D
[

BELLE

T L S I N LA A | ]
E 2 ]
F Exclusive [V, Ay~ = 1.0 contours .
o . Incl_ugu" 7
:_ Exclusive [V | _e=[iiccou 3
3 VoV, 3 =
E - E
E - HFLAV Average_ o»®" ]
— -

- - -7
F Ptae Pr i
E - - 7
= = =
E - - ]
E.-" / -m ]
e = - 3

‘- -
e 4 - —
;/ S =
E .- = 3
- - - -1
E PP - =
E. ]
= HFLAV [
E ]
E P(x)=89%
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36 38 40 42

Moritz Bauer: Recent Measurements of |V, | and | V| with Belle (Il)

“
[Vl [107]

Institute for Experimental Particle Physics



KIT

Summary
44 . : : - - T T T T
4.4t 4
42 }» 1 42k 4
= 20 F407 £
> { N
X X 38F
be m
S 381 1 o 36 1
Excl. HFLAV -
3.4t 1
36+ Incl. HFLAV 4 Excl. HFLAV
, , , , . 32y Incl. HFLAV |
N oWt N * L « L 3.0 - - - -
O > AN O 1 0 oo 0 20 g
ge(‘?;:"qlo g@e?;i@'\}x q&?’;@w .009%:&10 p a; el » 6”“ o o lﬂ 6"&?1. ) %"tﬁ;&c’%
SN N ST SEN S Ao e’ o
W0 \)03 o «6‘ w7 d\sﬁwswx Ry @g@ﬁo gﬂb o° @ X a/‘* \1 s
? . &- e 2 d‘\ o * ?QS ?\a‘\o A

10 Measurements shown today: Belle Il is ramping up with many new measurements and we're squeezing the
last drop from the well-understood Belle data set!
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