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Cabibbo-Kobayashi-Maskawa quark mixing
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« The physical quark states are a mixture of the
flavour eigenstates described by the unitary
Cabibbo-Kobayashi-Maskawa (CKM) matrix

« The CKM element magnitudes squared

determine the rate of quark flavour transitions
/ in charged current processes
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C'P violation

Wolfenstein parametrization of Vi

1—\%/2 A
Vokv = —A 1—)\2/2

A,\3() — AN?

» However, V- also contains a complex phase, responsible for all CP-violating

phenomena in kaon and B meson decays observed so far — extremely constrained
system)

 New physics would typically disturb the SM pattern of CPV



The CKM unitarity triangle

...and how to probe it with B mesons

CPV in B — ntm, pp, p7T

B — Xlv (p.M)
Vi VuZ =9, ‘{d Vi
Via Viy Via Vi
= B=0,

0,0) A\%0)

CPV in B — JAYK,
B-/+ — D(*)K(*)-/+
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The Belle and Belle |l
experiments
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Comparison to the B factories (1999-2010)
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From KEKB to SuperKEKB

Take advantage of existing items
(KEKB tunnel, KEKB components)

ew QCS magnet for Nano-beam schemc

New superconducting /
permanent final focusing
quads near the IP

Build new beam
line Tsukuba
section

New beam pipe& bellows
TiN-coated beam pipe w1th
antechambers L

New design .
for Near-IR > | P9
' R . ; w|~‘ :

4

[NEG Pump]

imodify RF
1 systems for
J higher
_-="""beam

~~._ current

[SR Channel]
[Beam Channel]

Main ring arc and straight section:
Redesign the lattices of both rings to
reduce the emittance

-------_,

\
N

~ /¥’~:4’ '

New and re-use wiggler

magnets are mixed:
Oho section Nikko section

Main ring arc section: §
LER: Replace all main dlpoles
HER: Preserve the present cells

: New et
: source
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Super
KEKB
> 4 uest for BSM (Final parameters)

SuperKEKE

parameters Units
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Luminosity

* Small beam size & high current to increase luminosity
* Large crossing angle
* Change beam energies to solve the problem of LER short lifetime
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From Belle to Belle |}

T

i

RPC u & K. counter: scintillator +
Si-PM for end-caps

Csl(Tl) EM calorimeter: wavefor
sampling electronics, pure
Csl for endcaps

4 layers DSSD vertex detector - =

2 layers PXD (DEPFET) + 4 layers DSSD

S

o ‘/§ \ Time-of-Flight, Aerogel
. Cherenkov Counter -
\ Time-of-Propagation (barrel),
3 proximity focusing Aerogel
’ RICH (forward)

Central Drift Chamber:
smaller cell size, long lever
arm



| LS2 (2026-27): §
| SKB IR upgrade }
VTX installation? |

Belle Il timeline

Luminosity
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LS1 (2022-23): %
i PXD2 installationand
f other maintenance/upgrade
t of detector & machine  §
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Semileptonic B decays

Determination of the CKM elements |V, | and |V, |

« SL B decays are studied to determine the CKM
elements |V_, | and |V, |

» | V.| are limiting the global constraining
power of UT fits

* Important inputs in predictions of SM rates
for ultrarare decays such as

B, — uvand K — muv
 The determinations can be
 Exclusive — from a single final state

 Inclusive — sensitive to all SL final states
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Inclusive vs. exclusive puzzle
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— 4 6 C ¢ . _
— u _ Inclusive
— 4 4 Exclusive [V | IV |:GGOU =
>=“ n VIV ] IV J: global fit

— ub cb m

— 42 ? —
~ HFLAYV Average

4F- =

3.8F j =

34F . E

32F E

3F —

28 P(x2) =89%

: | | | I 1 1 1 I | | 1 I | | | I | | | I | :

36 38 40 42 44

IV, [107]

~30 difference between inclusive and exclusive |V, |
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New results In this talk
Magnitude of V_,

3
| V| X 10 Reference

Belle B — D*¢v tagged 40.30 £ 0.86 (CLN)  EEnmes Moriond 2022

Belle Il B — DZv untagged 38.53 £ 1.15 (BGL) arxXiv:2210.13143

41 .69 + 0.63 PRD 104, 112011 (2021)
arXiv:2205.10274

Belle g moments in B — X £v

arXiv:2205.06372

B H II 2 t . B X . + . relimina
clie Il ¢~ moments in B = X.7v H.6920.03 =l arxivi2205.10274

Belle 11 BO — D*—f"‘y tagg@d 38 0+2.8 (CLN) Preliminary Discrete 2022 ]‘ _
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New results In this talk
Magnitude of V ,

|V, | X 10° Reference

Belle II B — zev tagged 3.88 + (.45 arXiv:2206.08102

Belle II B — nZv untagged 3.54 +£0.25 arXiv:2210.04224

Belle B - X £v 4.10 £0.28 PRD 104, 012008 (2021)
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Untagged vs. Tagged

Tagged:

B, and B,,, are reconstructed

Untagged:
only 5, is reconstructed

signal yield O(1083) lower (-)
low backgrounds (+)
good neutrino reconstruction (+)
tag calibration (-)

high signal yield (+)
high backgrounds (-)
poor neutrino reconstruction (-)
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Hadronic tagging at Belle I A

Belle 11

Comput Softw Big Sci (2019) 3: 6.

) %104 Belle Il preliminary %104 Belle Il preliminary
- - _ 1.0F -
Tracks Dlsplaced W Neutral W 2.51 Correctly reconstructed fﬁ dt=34.6fb~! i Correctly reconstructed f[: dt = 34.6fb~1
Vertices Clusters | _ [ B Continuum & mis-reconstructed . [ B Continuum & mis-reconstructed
- N& ol ¢ Data N& oglL t Data
= > 0 Ng: =84907 + 734 > | Ng: =38545 + 1161
( I ( T ( o | i | 0 ©) 2 G tag
| e D ( : '
e 7 K r ™ -~ \ Ky, N ) o 15l Prag > 0.1 S 0.6f Ptag > 0.5
o i o

| O : O [ y e

/‘ 9 I ] . 9 0.4 .

| - 1.0F ~ 7T

J/w | A. 0 B _ ) ° B ] L]
/ - L o » - b
(1>) 0.5 I ] e 4 g) 0.2 - e
< = . _ N . .
L o L
P { ]
B 1 0.0 0.0 M
D D DS Ac 5.250 5.255 5.260 5.265 5.270 5.275 5.280 5.285 5.250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
Mpc (GeV/c?) Mpc (GeV/c?)

[D*O D*-I- D:J

T _ 2
S ) M, — \/Egeam/4 — (Pgm )2 > 5.27 GeV/c

* The hadronic FEI employs over 200 boosted decision trees to reconstruct 10000 B decay chains

e €5+~ 0.5%, €50 ~ 0.3 % at low purity (about 50% increase with respect to the Belle tag)
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W = UB * Up(x)

| dU(B — D*0"7;) _ Gimi,.
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B - D" ¢/*vtaggedand |V

Winter 2022

* 189.3/fb of hadronic
tagged Belle Il events

e Reconstruct
D™ - DYK zHxnt and
identify £ (e or u)

* Fit missing mass squared
2 2
Miss = (pY(4S) P, — Pp* — Py)
in bins of w = vp - vy« tO

extract w spectrum

Belle Il Preliminary

e Data

g 140 det 189.3 b -
N ignal
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© 40 : |
e b i
o PP ¥ |E+ i
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S
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ok
-1 05 O

B (B’ — D" (v, = (5.27 -

- (.22 (stat.)

B —>D w*v, and cc.

e Data
[]Signal
BBG
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1.5 2

0. 5 1
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+ 0.38 (syst.)) %

Belle Il Preliminary

50 [ Ldt=189.3 b - Data
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D

B - D" ¢*u taggedand |V, | o
Winter 2022

In the CLN parameterisation [NPB530, 153 (1998)]
F (w) depends on (1), p?, R(1) and R,(1)

e Fit of the w spectrum /

dl’ G .
dw — 587’::? (’mB — ’mD*)z\/w2 —1 X(V;:b‘Q

Belle Il Preliminary Belle Il Preliminary
0.008 ¢ _ 50 _
0.007 f Ldt=189 3 fb” ; ::tsa: :;Itlth stat.+sys. error fL di=189.3 fb e best fit
0.006 5_B =D and o 1 2 errer %, 45F B’ DTvandcc. —68% CL
0 f — : ---90% CL
g 0.005 _8 40 — e .
E 0.004 | > | |
: — 35[
\ 0 003 — i .
N LL S [
5 4 o0o | s | o | argest systematics: tag
: 30 | : : .
N j— -
0.001 | | calibration, slow pion
O’r’ ................................................. 25'..-l-l.l...l...ll..l...I...ll..l...l... .
1 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 0 02 040608 1 12 1.4 16 1.8 2 traCklng
2
w P
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B — D*#v lattice QCD input

» FLAV 2021 average [arXiv:2111.09849]: npw# (1) = 0.910 = 0.013

» New lattice calculations beyond zero recoil (w > 1)
 FNAL/MILC under review A. Bazarvov et al. [arXiv:2105.14019]
« HPQCD & JLQCD in preparation

().200)

FNAL/MILC

L dl' 1y /-2
l.ﬂ(h[_./(r( \

di'iB—= D" /‘I.v": J dw
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B — D*?vtagged and |V_, | exclusive s
Preliminary

Belle BY-D"*{y, [Ldt = 711 fb!
10°
B D7év(correct mgyy) [ D" (-D"n%fv B 58 Bkg
B D7 lv (wrong m; ) mm D'(-D"np*)y HEEE Continuum
¢ Dat
 Based on 711/fb, 4 samples ~ 1 - ot =3 Hadronic Bko e

Belle B*-D"y, [Ldt = 711 fb~? »d to data

(Boe, BO o B+e and B+//t) 10° ? EEm D7t (correct Myow) A D' (-D"n%)v B BB Bkg

Bl D"iv(wrong meow) mm DY (-D0%np*)y WA Continuum

B Div [ Hadronic Bkg ¢ Data
,;*1()"'1 .
* Belle |l hadronic tag Is used 3 M€ normalized to data
e Signal is extracted from the MI%HSS ?
distribution in bins of the kinematic 2

variables (w, cos 6, cos 0y, y)

g 1.25 = —
s 1004 ! e ., t ' '
S 1.00 pE e t byt .5 2.0
A 0.75 =
) l L |l L L ' L ) 1 ] ] 1 1] 1 | l 1 L I 1 l Ll 1 L 1 l L 1 | ) l L
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
MZ... [GeV?/c?]
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B — D*?vtagged and |V_, | exclusive

Preliminary

(M) 1/Fdlr/dx

. 056, 056, S Measured Shapes + External Branching Ratio Input
2:00 g(Ls’\I;saz (Lattice) oL LN BG L( 1% 1) Value Correlation
1.75 4 = BGLL, X2/ ndf = 42.0/ 33 X2 I ndf = 42.8 / 33 ag X 10 2493+ 1.41  1.00 025 —0.21 0.26 —0.30
o B8-D"ty P =04 P =02 by x 10° 1311+ 0.18  0.25 100 —0.01 —0.01 —0.62
1.50 - b, x 10° —11.93+12.72 —0.21 —0.01 1.00 0.25 —0.48
195 - c; X l()3 | —0.87 + 0.97 0.26 —0.01 .25 1.00 —0.49
|\."",;,,|><l()" 40.77 £ 0.92 —-0.30 —-0.62 —-0.48 —0.49 1.00
1.00 A
CLN Value Correlation
0-75° 0 1.254+0.09 1.00 056 —089 0.38
0.50 - R, (1) 1.324+0.08 056 1.00 —0.63 —0.03
- - Ry(1)  085+0.07 —0.89 —0.63 1.00 —0.15
[[Vip| x 10”7 10.30£0.86  0.38 —0.03 —0.15  1.00 |
L L I S L L L L L L L L LS L L
Soooooiffcsoccticioccioccciitoot-ii-ciii Based on the lattice input at zero-recoil:

ha (1) = 0.906 + 0.013
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D

B — D*{v tagged, comparison to non-zero recoil lattice [¥s,

BELLE

Preliminary

hy, (W) o 1 (W) (W)
1.0 m BGLjy B BGLj;
N BGLi m CLN —
o Latti 144 4 |Lattice QCD[2105.14019]
094 <
1.8 -
0.8 1 1.2 -
1.6 -
0.7 5 BGL T
=
2 = < 1.0 1
< @ e
<
0.6 A 1.4 -
0.8 -
0.5 -
1.2 1
0.4 1 CLN -
0 3 1.0 L Al L L) Ll L) - T - T T T
. v v v ' v v 1.0 1.1 1.2 1.3 1.4 1.5
1.0 1.1 1.2 1.3 1.4 1.5 . 1.0 1.1 1.2 1.3 1.4 1.5
w
w

Here: beyond zero-recoil points overlayed (not in fit)
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B — DZ¢v untaggedand |V, | exclusive
arXiv:2210.13143

e 189.3/fb of Belle Il data, four subsamples (Boe, BY . BT"e and B+,M)
2 EREy — m% — miy
2‘P3||PY|

» Signal extracted from cosfpy =

Belle Il Preliminary [cdt=189.2fb! Prefn?::;'r;
3 40 IO A R, SOy S, pEE SR P GES S RS P G mm— | a, m—" b I y 4 X L F— i X —af
| . S‘?"a' B ~-D% v, L —— BGLS3 fit B~ —»D°e Ve
[ & Post-Fit : 2 j
12000 | o Trve 0 35| . 10 x?/ndf: 18.20/14.00 |
| B False D : 20
__ 10000 |-®==m Continuum : 30
" . MC all. unc 30
™~ ' — [ ¢ Data
S sgooof ' ™ SO i |V ‘ —
= g 5 ' NewVeblBGL =
0 _ [
;E; 6000 | a ool
> [ | : " -3
© 000 f = 1 (38.53+1.15) x 10
| > | ;
2000 | ; ,
| 3 1o
| = 1]
0 S
o 2 5F
e | !
=9 i
'l =0 Of
G |
-5-4 2 0.9




| V., | from inclusive decays

B G%mg\VcbIZ(l cs(1) (Os) (1) | co(p) <036>(u) o( L )

—> —
B Xlv 4 19273 mg m; my

 Based on the Operator Product Expansion (OPE)

« <O;>: hadronic matrix elements (hon-perturbative)
c;. coefficients (perturbative)

« Parton-hadron duality — the hadronic ME depend only on the initial state

Kinetic 1S
[JHEP 1109 (2011) 055] [PRD70, 094017 (2004)]
O(1) my, M, my,
0(1/m2,) W2y, Ul A, A
O(1/m3y) P3p, P3is P1, T1-3
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x 104

= (Pr+p) e =3
g° moments inB - X/ 7
arXiv:2205.06372, submitted to PRD §0_4:_ G > 1.5 Geve/c
» Motivated by JHEP 02 (2019) 177 | 1 iy
[arXiV:1 ST 207472] °005 10 15 I;.o[Gevzl.cszl 30 35 4.0
" Belle Il (Simulation) . o Belle 1I
» Semileptonic B decays are reconstructed in 05 ' reconstructed

| Kinematic Fit
| Mean: 1.20 GeV?/c?
0.4+ RMS 2 65 GeV?/c*

B - X-Lv Signal MC

62.8/fb of hadronic tagged Belle Il events

- Rec ttd

| Use kinematic fit
M : 3.43 GeV?/c?
" RMS: 576 Gevirc to improve

i
?
%
02l ? resolution on g*
2

o Signal weight w as a function of q2 determined
from fitting the hadronic mass M,

Events norm. in arb. units

. q2 spectra are calculated as event-wise average

\ 92, [GeV2/c*]
* | eading systematics: background, —— R
: : 2 1 2
moment calibration (@®™) = Zej:nts e Z w(q?) - g2,
)
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g* momentsin B — X £v
arXiv:2205.06372, submitted to PRD

1 —— Fit Result
1 ¢ Bellell
1 4 Belle

2 3 5 7 8
2+ [GeV?]
6—: —— Fit Result
. é Bellell
5 54 A Belle

—— Fit Result
é Bellell
A Belle

—— Fit Result
é Bellell
A Belle

“IDOR D

o

Belle 11

/o

» Belle |l q2 moments compared to

Belle q2 moments PRD 104,
112011 (2021) [arXiv:2109.01685]

* And fit by Bernlochner et al.
[arXiv:2205.10274]

* This fit gives
|V, | =(41.69%0.63)-107°



B - nfv

The golden mode for |V , | exclusive

. Differential rate in terms of ¢* = (py + p,/)2
dT'(B® - n=¢ V) G:
dg? 2473
» BCL extraction of |V , | [Phys.Rev.D79: 013008 ,2009; Erratum-ibid.D82:099902,2010]
 Measure the differential rate in bins of q

 Theory calculates f. +(q2) at values of g~
 Combined fit to the BCL expansion to determine |V ,| and b, (z is a map of q°)

1 k
f.(g?) = [ qimg, 2 Zbk [z — (=¥ KEZ ]

Vo 12 1 1@ |
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B — nmevtaggedand |V ,| exclusive
arXiv:2206.08102

 189.3/fb of Belle Il, tag side is reconstructed by hadronic tag

dB(B® - n~e*v,)/dq? [GeV~2c?]

=
N

Data — MC

o Events / (0.29 GeV?/c?)

2 B = ¥ -
o o o N »

o
I

o
o

Belle Il Preliminary [cdt=189.3fb!

29T

Belle Il Preliminary [cdt=189.3fb!

Belle Il Preliminary [rdt=189.3fb!

- g0nev 16GeV?/c* =q° = 26.4 GeV?/c”

I |
| I 1 1

M2, [GeV2/c®]

Fitted |Vub‘

0.55) x1
0.63) x1
0.45) x1

ek 0GeV?/c* < g? < 8GeV?/c* I T ™
[ W Background B q Sl E = gacl?grz:nd SGeVZ/C4 = qz - 166eV2/c4 q-& 40 - I Background
20 [ 77 MC stat. unc. N> 30 F 2 MC stat. unc. N> | /72 MC stat. unc.
b ) | § Data @ 30‘_ ¢ Data
. O O j
Q 20} Q|
o o 207
~ L =~ A
0 B 0 I
= 107 2 10f
s | e |
¥ ol L O:
: g 2.5F Q 2F
: I B Tz . ¥ } ) ¢ =
SRR RESEIE L s as s ] ey
—5.....|....|....|....|....1....|....|.... 8 G 4 TP T AT ET | TR PP e PR PR LY 8 iy ) S S e o ww @i
-1.0 -05 00 05 10 15 20 25 3.0 =10 =05 00 05 10 15 20 25 3.0 -1.0 -0.5 0.0 05 1.0
M2, [GeVZ/c*] M2, [GeV?/c4]
le—5 Belle Il Preliminary [cat=1803f0~  le—6 __ Belle Il Preliminary Jcdt-159.31 7
A UL DL L L L B E —:
E K :
3 1 36b : Decay mode
L - O - :
i 1 =5 oF = 0 —
_ & 2F :
3 ol ] B — ety (3.71
" ] 29 n
- 4 + -
" 4 o.f i 0
| ] =7 ; BT — eT v, (4.21
[ 1 + 2F -
i ] m F 1 .
: 1 5 : Combined fit (3.88
0 9 110 115 20 25 . 0 2 10 15 20 2>
g2 [GeV2c4] q?% [GeV3c™]
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B — nfvuntaggedand |V , | exclusive
arXiv:2210.04224

e 189.3/fb of Belle Il data

) B> netve Belle Il Preliminary
Belle 1l Preliminary [cdt=189fb1 <10-5 Postfit
6000 - 197 " B LA B B B B
Signal q%(GeV)= : o ;a :
B Comb Signal [ [04] [48] [8,12] [12,16] [16,20] [>20] < OF - 35 -
X, L v = E ¢
T X2 v % ;c';
B Other BB ¢ 3
B Continuum 2
777 MC unc.

¢ Data




B—- X /vand |V  |inclusive
PRD 104, 012008 (2021), PRL 127, 261801 (2021)

Unfolded + acceptance corrected distributions with total Error / Stat. Error
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ub P. Gambino, K. Healey, C. Mondino,
Phys. Rev. D 94, 014031 (2016),

[arXiv:1604.07598]

Can be used for future
shape-function independent

] 1 F. Bernlochner, H. Lacker, Z. Ligeti, |.
determination of Vub ernlochner, H. Lacker, Z. Ligett

Stewart, F. Tackmann, K. Tackmann
Phys. Rev. Lett. 127, 102001 (2021)
[arXiv:2007.04320]
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CKM angle ¢),/y

BPGGSZ method (binned model-independent) Phys.Rev.D68, 054018

 (),/y is the phase between b — u and b — ¢ transitions

* The interference between these two diagrams gives access to the amplitude ratio,
which contains ¢»/y

ﬁK— B-— D' K- B-— DK

rBei((SB+¢3) \
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b , | p
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_ - suppressed| i\ K
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CKM angle ¢,/y

BPGGSZ method (binned model-independent) Phys.Rev.D68, 054018

 Jo observe interference, we need to reconstruct DVin a self-conjugate mode

 Jo avoid model dependence, the strong phase difference between the DY and DY
decays is measured by CLEO/BES Il
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JHEP 02, 063 (2022), arXiv:2110.12125

e 711/fb of Belle and 128/fb of Belle Il data

. Using both DV — Kgﬂ+ﬂ_ and
DY — KSKJ“K_

* Yields extracted in simultaneous fit to

B— DKand B — Dnr
(misID rate determined from data)

Signal yields:
Belle: Belle Il :
KSQTL'TL': 1467 + 53 KSQJZ'JZ': 280 + 21

KJKK:194+17 KJKK:34+7
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Belle+Belle 1l measurement of B - DK

« Simultaneous fit in Dalitz bins to extract CP observables (x., y.) which contain rg, 05

and ¢, /y

« Extract F; directly from data to reduce systematics

* Best result from B factories but still not competitive
with LHCb (~3 degrees uncertainty)

Ogl[’] = 124.8 = 12.9 (stat) £ 0.5 (syst) = 1.7 (ext)
rgK = 0.129 = 0.024 (stat) = 0.001 (syst) ®=0.002 (ext)
v['] = 78.4 £ 11.4 (stat) = 0.5 (syst) £ 1.0 (ext)
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Summary

* Current data of the B factories confirms 3-generation quark mixing and fits the CKM unitarity triangle
extremely well

e There is however an experimental anomaly in the CKM magnitudes |V, | and |V ,|and the precision of
the angle ¢,/7 is still largely limited by statistics

* Belle Il is an upgrade programme for the Belle B factory which aims accumulating about 50 times more data

» 428/fb have been recorded by Belle || by summer 2022

« Belle Il has produced first results for | V_, | and |V, |in 2022

* Once these analyses are finalised, we will revisit the inclusive vs. exclusive situation

e ()1/y has been measured combining the Belle and Belle Il data samples

 We need an order of magnitude more data to be competitive with hadron collider experiments
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