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Outline and motivation

e Expanding our knowledge of the B hadronic sector: observation of new
B — D(*)K“Kg decays.

e CKM matrix measurements for SM precision tests in favoured and suppressed B
decays

* Determination of CKM angle y/¢;

SM gauge for CP violation
* Toward CKM angle a/¢,: B — nr, B = pp

e Krisospin sum rule

Highly sensitive to NP, null test for SM
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B factory basics
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* Asymmetric-energy ete™ collisions at
Vs = m(Y(4S)) = 10.58 GeV ~ 2my

* Expected M, ~ my

52 5. 24 o8 03 -02 -0. 01 02 03
* Expected AE ~ 0 My, = Vs (©eV)
Btag
* Excellent vertexing (¢ ~ 15 um) for decay-time o et et é:
dependent measurement of CP violation. —> .. : B
Trenelll ) flg
* Exploit coherent BB production for flavour tagging l :
with 30% effective efficiency. o A

 Continuum background (ete™ — ¢g) suppression

= MVA trained with topological variables

Continuum BB events



B — D (*)K_Kg New for Blois [362 b~ g

arXiv:2305.01321

B - DYKK makes up a few % of B hadronic BB~ — DOK‘KQ) =(1.89+0.16 =0.10) x 10~
decay, but only a small fraction is known. B(B® > DK KY) = (0.85 £ 0.11 £ 0.05) x 10~
* First observation of 3 decays. » (| BB~ > DK K =(1.57+£027+0.12) x 107*

Contribute to simulation and tagging techniques. || BB’ = D™"K™Kg) = (0.96 £ 0.18 + 0.06) x 107

* Low mass structure observed in m(K~K g).

* Structures observed from Dalitz distributions.
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CKM angle y/ ¢,

¢ =arg | — VudV:tkb
: Vcdvgkb

 Current world average: ¢; = ( 65.9“_?2 )°, dominated by LHCb measurements.

* CPVin the interference b — ciis and b — ucs DOK—
- i(0
Ay, (B~ = DK") it /e (35=¢h3) \
° _ N~ _'B K—
Afav(B — DK ) [.f]D
* Approaches: different D decay final states \ /
DK~
* Self-conjugate final states D — th+h_ [JHEPO02 2022, 063 (2022)]
;g_ J- Bellell B' - DK m)K’
. —  |Ldt=1281
Belle + Belle Il: ¢p; = (78.4 £ 11.4 £ 0.5 £ 1.0)° 3 wf
o 5F
* Cabibbo-suppressed decays D — K K*z™ £ ?gi
& 105%'”
* CPecigenstates D — K+K‘,K§)7r0 E .
0 .
5 B e 1 R Y R K B R T

AE [GeV]



Events / 10 MeV

v/ ¢, with Cabbibo-suppressed
channels

* B* > DK*,Drn* (D - K{K*x¥) SS:same-sign, OS: opposite sign

i BelleIl + Belle
ﬂ 362 b~ ' +711 b~

New for Blois

* 2D fit (AE, C’) of 8 categories: (+, — ) X (S5, OS) X (DK, Dr) in the full D phase space and the

interference-enhanced D — K*K region.

m(KJK) ~

Mk(892)*

* External input: D decay parameters from CLEO [Phys. Rev. D 94, 099905 (2016)].
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* Results are consistent with LHCb, but not competitive.

K* region

DK __
‘QfSS

DK
'QYOS

Dr __
'Q{SS

Dr __
'QYOS -

(%DK/D]Z’

%DK/DE

Dr
‘%SS/OS

0.055 £ 0.119 £ 0.020
0.231 £0.184 £0.014
0.046 £ 0.029 £0.016
0.009 £ 0.046 £ 0.009
0.093 £0.012 £ 0.005
0.103 £ 0.020 £ 0.006
=2412+£0.132+0.019

* Contribute to constrain ¢ in combination with measurements from other methods.
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Belle Il + Belle

y/ ¢3 with CP eigenStateS New for Blois 189 o'+ 711 b

* B* > D p, K+ Rcpy = 1.164 £0.081 + 0.036

* CPeigenstates: K"K~ (CPeven), Kgﬂ'o (CPodd) Fcp- = 1151 £0.074 20019

Accessible only at Belle II Aepr=FHI125+£58=1.4)%
Aep_=(=16T7x57+0.6)%

Rcpy = 1 + 1y £ 2y cos 5508 ¢,

A rpy = £ 2rg SIn 3/ R py First evidence for difference in of -p,
in a direct measurement.

* 2D fit (AE, C') of 6 categories:
(Dz, DK) X (K*K~,K{n", K*n™)

—
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* Results are consistent with BarBar and LHCb, but not
competitive.

* Contribute to constraining phi3 in combination with
other measurements

Pull




Towards CKM angle a/¢,

e[V
? Vudv;kb

Current world average: ¢, = ( 852773 )°

Least precisely known angle starts limiting the global testing
power of the CKM model.

Combine information from BR and ACP measurement of
. BO—>,0+,0_, B+—>p+p0, BO—>pOpO
e B> 72t7~, BY - zt7% BY - 7040

to reduce impact of hadronic uncertainties exploiting isospin
symmetry.

Measurements of B — pp requires a complex angular analysis.

Preliminary Belle Il results on par with best performance from
Belle/Babar.

Entries / 0.01 [GeV/c?]

Pull

;[189 fb‘lg

{ Belle Il (Preliminary) 0 + -
[Lat=189ft B = pTp
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Bt = ptp  wrxiv:2206.12362

B =(232122+£27)x 107°

£ = 0.943+0035 + 0,027

o op = — 0.069 % 0.069 = 0.060

B = ptp™  wrXiv:2208.03554
RB=(267+28+28)x107°
f, =0.956 = 0.035 £+ 0.033




Cand./ 10 MeV

Pull

Towards CKM angle a/¢, | New for Blois

e B > ztn~ Bt = 7Y
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* First measurement of B® — 797 at Belle I1. 35 F panen
- e Data
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* Only photons in the final state. 25 ?'(I;reliminary) .'..'.g: n‘t’m’i’r’:

* CKM-suppressed and colour-suppressed.

Events per 0.021 GeV
n
o

* Achieves Belle’s precision using only 1/3 of data. 5E ;{ Ry

o %3 Doz w01 o 01 02
RB(x’n’) = (1.38 £0.27 £0.22) x 107° N AE [GeV]
o op(7°7%) = 0.14 £ 0.46 £ 0.07 S S




Isospin sum rule New for Blois| [362 0"}

* Isospin sum rule

B T B T B

KOz+ tRBO K+r0 *RO K070

IK?Z' == ‘dK+7r_ + ‘QfKoﬂ*‘ * - 2<Q{K+n.0 * - 2%1{0][0 *
Ktz Tp+ K+z— Tp+ K+n—

~ (

* Exactly zero in the limit of isospin symmetry and no EW penguins.

* Theoretical precision: O(1%)
experimental precision: O(10%), driven by & ko 0.

o All final states are measured: B - K*z~, Bt — Kgyﬁ, BT - K*7° B? > Kgﬂo

Unique to Belle Il

* Similar strategy for all modes:
* Common selections for final-state particles.

* Continuum suppression for each channel.

* 2D fit (AE, C) for the branching fractions and time-integrated </ p.

10



Isospin sum rule
AE fits
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Isospin sum rule

Signal

D 1076

ecay vield B [107°] Acp
B & Ktrn 3868 + 71 20.67 + 0.37 + 0.62 —0.072 + 0.019 + 0.007
Bt o Ktg0 2070 + 57 14.21 + 0.38 + 0.85 0.013 + 0.027 + 0.005
Bt — KOt 1547 + 45 24.4 + 0.71 + 0.86 0.046 + 0.029 + 0.007
B;’ — K(‘)’ﬂ;’, 502 + 32 10.16 + 0.65 + 0.67 —0.06 + 0.15 =+ 0.05
B" — K'r 11.00 + 0.67 0.04 + 0.15 =+ 0.05

(time-dependent analysis [11])

* BR and A results agree with world averages, competitive with world’s best and BR
systematically limited.

e« BY5 K SQ]Z'O result is combined with time-dependent analysis, obtaining world’s best:
e More detail in the TDCPV talk by Jakub Kandra
B oo = (10.50=%0.65 £ 0.69) X 1076
5271(0”0 =—0.01 £0.12 +0.05
* I, =—0.03+0.13 £0.05 (world average: 0.13 £ 0.11)

= Competitive precision to world’s best.
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Summary

e First analyses using the full Belle I Y (4.5) sample (362 fb_l)

3 new decay channels observed in B — DKK, with structures observed in
m(K _Kg) and Dalitz distributions.

e Cabbibo-suppressed, CP eigenstates D final states contribute additional
information to y/ ;.

* Belle Il measurements of B — 7z for a/,.

e« BY > Kgﬂ'o asymmetry achieves world’s best precision, competitive /I,
sensitivity.
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Thank you
for your attention.
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B — D(*)K_Kg

AFE fits and m(K_Kg)

100

80

60

40

20

|
LN

22
20
18
16
14
12
10

oun o

|
rplhoand o & @

Belle Il preliminary [Ldt = 362 fb”'
B'— D°K'K!, — Total fit
e Signal
-~ Background

—— Data

01 -005 0 005 01 015 02 025 03
AE [GeV]

Belle Il preliminary [Ldt = 362 fb"

£ B'— DYK'KY — Total fit

E signal

3 «- Background

S | Feed-across

E —— Data

Events/0.006 GeV Pull Events/0.006 GeV

Pull

Belle Il preliminary

[Ldt =362 fb”

B~ D'K'KY

— Total fit

------- Signal

- Background
—— Data

0 i) i 1 L L ! il J }
2
1F
0
-1
-2
01 -005 0 005 01 015 02 025 03
AE [GeV]
Belle Il preliminary [Ldt = 362 fb”
20F B’ D*K'KY — Total fit

------- Signal
Background
—— Data

, o oo
vhoad o v & o ® © B A

02 025 03

AE [GeV]

Weighted events/0.125 GeV

Weighted events/0.125 GeV

16

60

50

40

30

20

18
16
14
12
10

onNn A~ O

Belle Il preliminary

[Ldt = 362 fb™!

Belle Il preliminary

F B — DOK‘Kg —— MC (Phase-space)
‘} —e— Data
* e,
L .Jl.“l‘.“¢l"+.‘+‘+l‘*‘+"
1 1.5 2 25 3 3.5
m(K'K?2) [GeV]

[Ldt =362 fb"

| B— DK'KY

—— MC (Phase-space)

—e— Data

l2.5‘ B ‘3
m(K'K%) [GeV]

3.5

Weighted events/0.125 GeV

Weighted events/0.125 GeV

Belle Il preliminary

[Ldt = 362 fb™'

35F B'— D'K'KY
30
25
20

15
10

—— MC (Phase-space)

—e— Data

1 1.5 2 2.5 3 3.5
m(K'K?2) [GeV]
Belle Il preliminary [Ldt =362 b
14F §a D'+K'Kg —— MC (Phase-space)
12 —e— Data
10
sl
6 L
af
t
0‘ |+.,9,|.....\...\...
1 1.5 2 25 3 35
m(K'K?2) [GeV]



V]

m(K'K?) [Ge
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Dalitz distributions
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B — D(*)K_Kg

Systematic uncertainties (relative)

Source B~ - D°K~K} B D'K"K? B~ — DK K} B°— D*"K K}
Eff. - MC sample size 0.6 0.9 1.0 0.8
Eff. - tracking 0.7 1.0 0.7 1.0
Eff. - 7t from D** - - - 2.7
R - K ExI 34l 3.4 331
Eff. - PID 1.3 1.4 0.5 0.6
Eff. - 7° - - @ -
Signal model 1.9 3.3 2.7 3.1
Bkg model 1.1 0.8 0.1 0.1
Self-cross-feed - - 2.7 -
D*0 peaking bkg - - 0.9 -
Ngg, f+—00 2.7 2.8 2.7 2.8
Intermediate Bs 0.7 1.7 1.6 1.1
Total systematic 5.2 6.1 7.6 6.2

Statistical 8.3 13.5 17.1 19.0
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y/ ¢, with Cabbibo-suppressed channels

Physics meanings

— +
DK — NSS - NSS
SS = _
Ngg + N
— +
,SZYDK _ NOS - NOS
0S = -
* 3ratios:
— +
GDKIDr — Ngs + Nss
SS = ,
Ngs+ N
— +
gpoxin — Nos T Nos
OS - 1_ Y
Ngs+ N
Ngg+ N
Dr _ 1Vss SS
‘%SS/OS =

Ngs + N

) ) lQ{DK —
Physics meanings 1+ rary + 2rgrpkcos(dg — 8p)cos ¢
PK _ 2rgrpk sin(Sg + Op)sin ¢,

S5 14 13 + 1} + 2rgrpkcos(g + 8p)cos ¢

1 + rgrf + 2rgrpk cos(8z — 8p)cos ¢y

%DK/D% — R
S T L 4 13y 4+ 2rgrpk cos(8p — Bp)cos ¢
87D+ 27D 5~ Op 3
2, 2
Physics meanings gDkipr _ pTBY DT 2rgrpk €os(8p + 6p)cos ¢;
os = =

rg + rj + 2rgrpk cos(dg + Op)cos ¢

l2 2 ’ / _
. 1+ rgrp+ 2rgrpk cos(dp — Op)cos ¢s

rg + rj + 2rgrpk cos(8g + Op)cos ¢
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Y/

Results
Full D phase space
ALK = —0.089 +0.091 = 0.011
5% = —0.109 £ 0.133 £0.013
97 = 0.018 + 0.026 £ 0.011
5% = —0.028 = 0.031 £ 0.009
%DK’D” 0.122 £0.012 = 0.004
%DK’D” 0.093 £ 0.013 =0.002
R = 1.428 £0.057 £ 0.002

K* region

A5 =
Aos =
A5 =
A5 =
%DK/Dﬂ

%DK/DE

Dr
‘%SS/OS

0.055 £ 0.119 £ 0.020
0.231 £0.184 £0.014
0.046 = 0.029 £ 0.016
0.009 £ 0.046 £ 0.009
0.093 £ 0.012 £ 0.005
0.103 = 0.020 £ 0.006
=2.412£0.132+0.019
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y/ ¢, with Cabbibo-suppressed channels

Systematic uncertainties

DK DK D D DK /D DK /Dm Dr
ASS Aos Ass AOS Rss ROS RSS/OS

Full D phase space

€t Ent 0.38 0.56 019 0.14  0.05 0.06 | 0.09
5 — 003 — — 004 0.03 0.02
Model (0300 o22! o007
€xoK—nt+/€x0k+n— | 0.82]]0.83110.821/0.83] 0.01 0.01 0.02
Total syst. unc. 1.1 1.3 09 09 0.4 0.3 0.2
Stat. unc. 91 133 26 3.1 1.2 1.3 5.7
K*(892)* region
€Kt Ent 0.37 0.61 017 0.15  0.03 0.08 0.13
5 0.02 0.2 001 001  0.03 0.04 0.04
Model 1.04 10971 020 003 |046| [049] 061
€0kt /€xorin— | 161 08 | 1.6 1] 08 1 0.1 01 | L7
Total syst. unc. 2.0 1.4 1.6 09 0.5 0.6 1.9

Stat. unc. 119 184 29 4.6 1.2 2.0 13.2
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y/ ¢, with CP eigenstates

Physics meanings

P ['(B= = DcpiK™) + (BT = DcpiKY) 1+ r3 £ 2rg cos deltag cos ¢

BB~ = DpK) + BB = DepKT)  Repy
BB~ — Dy K-) + BB+ = Dy K*) Ry

CP+ — , with

BB~ > DyK™) + Bt - DyK™")
B(B~ — Dyn~) + B+ — Dyrt)

N Repe = 1+ 1 £ 2c0s Sgcos @y
A cpe = T 2rgsin 3/ Rep.

; : . + +
, assuming CP conservation in B~ — Dr~

* Channels:
* Signal: B » D( — KK, K{z")K
* Ry, control channel: B — D( — Km)K

* Ry control channel: B — Dz
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Events/(5.6MeV) Pull Events/(5.6MeV)

Pull

y/ ¢, with CP eigenstates

Results Yields

Dy mode N(B - DyK) N(B — Dxr)
68.3% CL 95.4% CL D — K*nT Belle 4238(94) 59 481(267)
8.5, 16.5] [5.0, 22.0] Belle I 1084(44) 14229(126)
¢s (°) [84.5,95.5]  [80.0, 100.0] D— K"K~ Belle 476(36) 5559(85)
[163.3, 171.5] [157.5, 175.0] Belle I 107(15) 1336(40)
(
(

g [0.321, 0.465] [0.241, 0.522] D — Kgn’  Belle 541(42) 6484(95)
Belle I 145(16) 1763(46)

s 30p s ¢ s o5¢

3 g Belle ; B — DK K* )K" (f) s F Belle . B* — D(Kn")K * (e) 3 F Belle . B~ — DK n9)K ~ (f)
3 o5f det=711fb © oof det=711fb 2 ol det=711fb

% 3 } v B> KKK~ % F H Tu\;' F

5 f 5 : 5

i @ E @

5
oF
5 S 5 5
o 0 o o
-5 -0.1 -0.05 0 0.05 0.1 0.15
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. < . = 10 s 10p
14 Bellell B*— DK K')K* (e) 2 14 Bellell B~ — DK K*)K - (f) ] 9oF Bellell B* - D(Kgn")K‘ (e) 2 9F Bellell B — D(Kgn")K' (f)
12k det=189fb 3 b det=1891‘b 2 af det=189fb & af det=189fb

. P ) : i B KKK v s :
ok B> KKK 5 10f 3 7 2 7F

5 I § °© § of
8F o 8f a4 5 & sE
6F 6 4 4
. * of 2 .
2 LI /I\ l QMHLHH l ! !
o 220\ ARy ST oF 4kl - ATIAITINEY 0 .
5 = 5 = 5 5 5
°f" e S - . z . Eg et et oot eyt terenet g 2 OEF ~ . |
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y/ ¢, with CP eigenstates

Systematic uncertainties

Repy  Rep- Acpy Acp-
PDF parameters 0.012 ! 0.014 i 0.002  0.002
PID parameters 0.009  0.010  0.003 | 0.005 g
peaking background yields | 0.033§ 0.002 | 0.013] —
Efficiency ratio 0.001 0.001 <0.001 <0.001
commonality of AE modes —0.005 —0.006 <0.001 <0.001

Total systematic uncertainty 0.036 0.019 0.014 0.006
Statistical uncertainty 0.081 0.074 0.058 0.057
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Isospin sum rule

Systematic uncertainties

TABLE II. Summary of the relative systematic uncertainties (%) on the branching ratios.

Source B 5 K*r~ B 5 ntn~ BT - K*2° Bt -5 nt#° BT - K%»t B° —» K2n°
Tracking 0.5 0.5 0.2 0.2 0.7 0.5
Ngg 15 15 1.5 1.5 1.5 1.5
fr/00 |25 | 2.5 24 24 2.4 2.5
70 efficiency L_-a-' Lﬂ-ﬂ- ﬂ 5.0 H 5.0 - ﬂ 5.0 a
K? efficiency - - _— _— 2.0 .
CS efficiency 0.2 0.2 0.7 0.7 0.5 1.7
PID correction 0.1 0.1 0.1 0.2 - -
AF shift and scale 0.1 0.2 1.2 2.0 0.3 1.7
K signal model 0.1 0.2 0.1 <0.1 <0.1 0.1
7 signal model <0.1 0.1 <0.1 <0.1 - -
K CF model <0.1 0.1 <0.1 0.1 - -
7w CF model 0.1 0.2 <0.1 0.1 - -
KYK™* model - - - - 0.1 -
BB model - - 0.3 0.5 <0.1 0.3
Multiple candidates <0.1 <0.1 1.0 0.3 0.1 0.3
Total 3.0 3.0 6.0 6.2 3.6 6.6

TABLE III. Summary of the absolute systematic uncertainties on the CP asymmetries.

Source Bt > Ktnr~ Bt 5 K™n° Bt 5> ntx° Bt - Kont B - K2n°
AF shift and scale <0.001 0.001 0.002 0.001 0.003
1;%1? model - - - 0.001 T
ackground asymmetry - - - - { 0.046 .
qq background asymmetry - - - - 0.024
Fitting bias - e i 0.007 5 | 0.006 H -
Instrumental asymmetry | 0.007 | 0.005 0.00 0.004 -
Total 0.007 0.005 0.008 0.007 0.052
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