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Hadronic B decays

b - ¢, u trees and b = d, s penguins. f’<
b : c, u

Probe SM dynamics in all three CKM angles VL,

- ¥ with theoretically clean modes B — DK,

-awith B = pp, B — pr, B = nxisospin analyses, a5\<
- Bwith BY — J/wK?, B — n’Kg, BY —» gng )
and by testing isospin sum rules, chiral structure, ...

Today:

y determination using two different methods,
B — pp and B = &z towards a,

K isospin sum rule,

observation of new B — D(*)K_Kg decays. (L,0)



The Belle |l detector

SuperKEKB: 7-on-4 GeV e"e™
collider at 10.58 GeV:

Aim at 700 BB pairs/second in
low-bkg environment;

424 fb1 (400 x106 BB pairs) of
data collected:;

Record peak luminosity:
4.7x1034 cm-2 s
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\ Particle identification W, -
Central Drift Chamber \ K eff. 90%, fake m rate 5%
Spatial resolution: 100 ym \

prresolution: 0.4%
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dE/dx resolution: 5% l 1T
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Unigue reach on final states with multiple neutrinos and ﬂo/photons.
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Analysis workflow

~1/5 of hadronic events from e*e™ are BB.

Typical B hadronic event: 10 tracks/clusters — easy to
trigger on unbiasing variables (e.g. number of tracks) —
isotropically distributed in space.

Main backgrounds: ete™ — gg (collimated jets, very

different event shape), other misidentified B events.

. gg events BB events
Reconstruction

- combine final state particles (K, 7, ...)

in kinematic fits to form the B decay | AE=Ei—Een p  Signal L My =[BT

Continuum

| BB background [ Signal
| " Continuum

[ BB background

Selection

- optimize event-shape multivariate

classifier (CS) and particle ID criteria

Fit

- extract models from simulation

(Calibrate on data)' fit in to data and 03 -02 -01 0 01 02 03 52 522 524 526 528 5.3

evaluate physics quantities AE (GeV) M, (GeV/c?)

Separate signal from gg Separate B-events from ¢gq.
and misidentified B'’s.

Systematic uncertainties
- with control modes and simulations




Measurement of y



y from B — DK decays

Interference between two decays to

. same final state gives access to phase:
y: phase between b — u and b — c transitions.

: Oz —
Accessible via tree-level decays: no direct new DK \

rpeiCt9)

physics — strong constraints on SM.

[f1pK™

Current WA dominated
by LHCDb: /
DK~

v['] = 65.9 J_fi:g HFLAV

of Suppr. ( B — 50 K—)

— i(Og+7)
. . = Ipe
Various approaches — different D final states: gffavor. (B~ — DOK~) b
- Self-congjugate final states D — thJrh_ —,  “F Lo E
. 35F |Ldt=128%" i
Belle+Bellelly = (78.4 %114+ 0.5 £ 1.0)° 3 wf
https://link.springer.com/article/10.1007/JHEP02(2022)063 w BE
~ 20F
- Cabibbo-suppressed decays D — KgKiﬂ'i E b
-CP eigenstates D - KTK~, Kgﬂ'o =
o

01 -0.05 0 0.05 0.1 0.15
AE [GeV]


https://hflav-eos.web.cern.ch/hflav-eos/triangle/latest/
https://link.springer.com/article/10.1007/JHEP02(2022)063

y using Cabibbo-suppressed decays

362 fb*'l Be”e ”

B* - DK*,Dn* (D — KJK*n™)
* 711 fb*'l Be”e

SS: same-sign, OS: opposite sign.

(o[ Bellell preiminary S5 By DK~
2D fit (AE, CYS) of 8 categories: > 8_ JL-aszn
(+,—)X(SS,0S5) X (DK, Dn) in full D phase space é 6;_B . Dl,{\
and in interference-enhanced D — K*K region. % .
S l |
Combination of &£ and & constraints y. T
Full D phase space 815207 —o.osAE((;eV).
APK = —0.089 +0.091 £ 0.011 T e e
oADK = +0.109 £ 0.133 £ 0.013 o ef -3’
ofPF = +0.018 % 0.026 £ 0.009 > st
D7 = — 0,028 % 0.031 % 0.009 :é i
RPKIDT — (0122 +0.012 + 0.004 5 2f + A | 1
RPKIDT — 0,093 + 0.013 % 0.003 R UL MR
APz = 1.428 + 0.057 + 0.002 315 Lo —6.05A ]'E'g}';v)'o'.os' 01 045

Results consistent with LHCb, but not competitive.
Contribute to constrain y in combination with other measurements. 7



y using CP eigenstates

B* > DCPi, D — KK~ (CP €V€Il) D — Kgﬂ'o (CP Odd) E 14 F f Belle Il Pfre_l1iminary B*— D(K K*)K*
5 F | Ldt=189fb
\ :f_u: 1?_ ------------ B*—> K K*K*
2D fit (AE, CS’) of 6 categories: | . g B }
(DK, Dr) X (K*K~, K%7°, K*77) Only accessible o
to Belle/Belle | 4
2
Combination of &£ and &f gives access to y. . =
-
Repr = 1.164 £0.081 = 0.036 o
%CP— — 1151 +0.074 + 0.019 % g: fL?jfge1I8I9Pfr§_l1iminary B* > D(K K *
o pe = +0.125 £ 0.058 + 0.014 E
D 5F
A rp-=—0.167 £0.057 £ 0.006 g
2
Evidence for difference in & -p-. ot
= 5t
a 0
5 5 oo o 0.05 0.1 0.15
AE (GeV)

Results consistent with BaBar and LHCDb, but not competitive.
Contribute to constrain y in combination with other measurements. 8



Towards CKM angle o



Towards CKM angle o

BY = pTp~ [189 fp
_ _ * % . | Belle Il (Preliminary) — E::;tti'dmam?
a = arg [ ViVl Vuqub] less precisely known angle, 801 [Lgt = 150 o1

)]
o

may limit the global testing power of CKM fits.

i
o

Entries / 0.01 [GeV]

a[’] = 85.2 i‘jg

N
o

HFLAV 0
S5 0 b0 Dopbed o0 b aby
Determined using B — pp and B — zrz isospin o e _0"0350[8‘;\,10'65 LAY
analyses: combine information from BF and 120 {Betie i (Prefiminary)

. . o 100/ JLdt = 189 fb?
Ap to reduce impact of hadronic uncertainties

— non-perturbative QCD.

80 ¢

60{ 94

Entries / 0.05

Unigue Belle Il capability to study in consistent
way all B - pp and B — 7z channels.

Pull

Z1.0 ~0.5 0.0 0.5
B — pp measurements require angular analysis: — p
. + + 0 . B=(267+28+28)x10"
] : arxiv.org/abs/2206.12362;
Winter QOQ%B — pTp” result: arxiv.org/abs/2206.12362 £, = 0.956 % 0.035 % 0.033
-result for B® — ptp~. -

arxiv.org/abs/2208.03554
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https://hflav-eos.web.cern.ch/hflav-eos/triangle/latest/
https://arxiv.org/abs/2208.03554
https://arxiv.org/abs/2206.12362

B — 7z results

B - ntn” BT - ntn’ [362 -1
e | Belle Il (Preliminary) --——- B%5ntn +c.c. & [ Belle 11 (Preliminary) -—-=— B*osntn®+c.c.
- JLdt=362fb? mm B°-K*n +c.c. - 500 LI L dt=362 b mm Bt-K*n®+c.c
L B Background [0} B backgroun — —
% o . i 1s0b = ?jint::in:l?m baccjkground %(ﬂ:_l_ﬂ ) — (5'83 i 0'22 i 0'17) X 10 6
- 3 100} B(ntn’) = (5.10£0.29 £0.32) x 107°
3 3 (z77") = (5.10£0.29 £ 0.32) X
S 200 O *
0 : A (z*70) = — 0.081 + 0.54 + 0.008
s —— - ] 3 e
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
AE [GeV] AE [GeV]
0 0.0
B —>rnrn 189 fp-1
35 F Bellell (Preliminary) «Data 35 F Belle Il (Preliminary) Dam —
. 0 0.0 E 30F f L dt = 189.9 fb” ~Total fit E 30 f L dt = 189.9 fb™ ~Total fit
First BY — 7'm” measurement at Belle Il: 2 5} B | O el B oo
=) : .-Continuum | S : --Continuum
- rare, small BF (10-6), ° fg S f‘; ‘ 5
- only photons in the final state — £ qoft el T 2 qo b LT,
dominated by signal-like background, et d ] R e T J
- large theoretical uncertainties. 08 0 MRee 2 2 0 SR [Ge\‘,’]'z
4r 4r
§ oE ------------- L TR S, PR ® ..., PR SRR n=3_ 05 --------- o0 0. 2. SRR Y LI .
4t _4t

arxiv. org/abs/2303 08354
(1.38+£0.27 £0.22) x 107

0.14 £0.46 = 0.07

X
S|
o
S
N
|l

Achieved Belle BF precision using only 1/3 of data.

]
N
-)
S|
N
|l

Preliminary Belle Il results on par with best performance from Belle/Babar.
11


https://arxiv.org/abs/2303.08354

lsospin sum rule

12



lsospin sum rule

Stringent null test of SM, sensitive to presence of non-SM dynamics. Inconsistency between
current measurements: “Kzx puzzle” (anomalously enhanced amplitudes or new physics):

e e KO + v 0 B Kt 0 B KO 0
Iy, = AKT + AKT R 77) T _ 2957 R 7)) o _ 2987 K7 <0
%(K_Fﬂ'_) Tp+ %(K_Fﬂ_) Tp+ %(K+7T_)

Gronau (Phys. Lett. B 627
(2005) no.1, 82-88)

Belle Il: measure all final states, with unique access to BY — K%Y (major limitation in I ).

Similar strategy for all the modes:
- common selection for final-state particles,
- continuum suppression,

- 2D fit (AE, CS') for branching fractions and time-integrated & .

13


http://dx.doi.org/10.1016/j.physletb.2005.09.014
http://dx.doi.org/10.1016/j.physletb.2005.09.014

Cand. / 10 MeV

Pull

Cand. /10 MeV

Pull

Isospin sum rule results

1750 F
- Belle 11 (Preliminary) ---- BYsK*n~+c.c.
1500 - [ dt =362 fb~? mm B°->ntn +c.c.
1250 | B Background
1000 |
: 0 -
750 | b > K +JZ'
500 |
250
0 F
2.5F
L e m— — ]
s e
-0.10 -0.05  0.00 0.05 0.10 0.15 0.20
AE [GeV]

:_ Belle Il (Preliminary)

B*->Kn* +c.c.
- [Ldt =362 fb~?

E B*-KXK*+c.c.
800 - BEm BB background
[ B Continuum background

1000

600 -

w00 \ Bt > KJnt

200

2.5F

[ m - EE_ s BN — _h_- | -
_osf "™ - "y wi Bl
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
AE [GeV]

Cand. / 10 MeV

Pull

Cand. / 10 MeV

Pull

362 fh-1

400 |- Belle 11 (Preliminary)
| [L dt =362 fb™?

300
200 |

100 |

0

---- B*=sK*n’+c.c.

mm B*-ntn’+c.c.

B BB background

B Continuum background

Bt - Ktz

-0.3

2.5
B = —— -
—2.5 F_ -h-h.__._ H =N IF ——— l_ _-__L—-_ q4-
-0.2 -0.1 0.0 0.1 0.2 0.3
AE [GeV]

120 :—Belle Il (Preliminary)
F JLdt=362 b1

100

80 |

---- K2n° signal
B BB background
Continuum background

{ BY - Kgﬂo
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Isospin sum rule results

B - Kt~ Bt - K*7!
BK*rn™) = (20.67 £0.37 £ 0.62) x 107° B(K 7% = (13.93 £0.38 £ 0.84) x 107°
A op(Ktn™) = —0.072 £ 0.019 + 0.007 oA op(K*nY) = +0.013 £ 0.027 £ 0.005
Bt - K{nt BY - Kz’
B(Krt) = (24.40 £0.71 £ 0.86) x 107° B(K7") = (10.16 £ 0.65 + 0.67) X 107°
oA op(Kn™) = + 0.046 £ 0.029 + 0.007 A -p(K9n") = — 0.006 £ 0.15 + 0.05

B and I ~p agree and are competitive with world’s best, 98 systematically limited.

BY — Kgﬂ'O result combined with time-dependent analysis (arxiv.org/albs/2206.07453),
obtaining world’s best: More detail in talk
Acp(Kdn’) = —0.10 £ 0.12 £0.05 by Jake Bennett

I, = —0.03£0.13 £0.05 (world average 0.13 = 0.11)

= Competitive precision to world’s best already with this data size.
15


https://arxiv.org/abs/2206.07453
https://indico.cern.ch/event/1166059/contributions/5407732/
https://indico.cern.ch/event/1166059/contributions/5407732/
https://indico.cern.ch/event/1166059/contributions/5407732/

B — D(*)K_Kg decays

16



B - DK KY decays

60 [

3 [ B—DKKS
* . € » @ Signal
B — D®KK makes up a few % of hadronic decay, e - Background
2 Data

but only a small fraction is known.

40 -
20

: W N
A S

L
3

Improve simulation and tagging techniques: need
to know well BF’s and possible intermediate states.

Pull
plhoLmd o
P :

-01 -005 © 005 01 015 02 025 03

AE [GeV]
. Belle Il preliminary (Ldt = 362 fb™’
Fit AE, subtract background, and look at P P R —

m(K‘Ké’) and Dalitz distributions. ‘S‘ZM —+ oua

30

20

Structures observed in low mass region.

Weighted events/0.125 GeV

BB~ — D'K-K?) = (1.89+0.16 +0.10) x 10~ L
B(B® - DYKK?) = (0.85+0.11 £ 0.05) x 10~ sasf o R =g o
BB~ — DK KJ) = (157027 +0.12) x 1077 = e
BB - DTKKY) = (0.96 + 0.18 = 0.06) x 10~ 25| 2
3 2| i
First observation of three new decay channels. 1.55— ‘2‘ §,
.

2 25 3 35 ot 45 5
arxiv.org/abs/2305.01321 m(D "K' ) [GeV]



https://arxiv.org/abs/2305.01321

Summary

Hadronic decays important element in Belle Il B physics program. First analyses
using the full data sample (362 fb-).

- B - DK decay measurements, with D decaying in Cabibbo-suppressed or CP

eigenstates final states contribute in Belle + Belle Il combined y program.
- Measurements of B — niwand B — pp contribute in Belle Il program for angle a.
-BY > Kgﬂo asymmetry achieves world’s best precision, competitive I sensitivity.

- Three new decay channels observed in B — DKK, with structures observed in
m(K_Kg) and Dalitz distributions.

18
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y using GLS method

Parameters physics meanings

W Y. dcp fOl‘ DK (Dﬂ').

B Physics meanings 514 r@r} + 2rgrpkcos(8g — 8p)cos s
DK — Ngs — Nje DK _ 2rgrpk sin(0g + Op)sin ¢,
Y N 1413+ r3 + 2rgrpkcos(Sg + Op)cos ¢,
®* 3ratios:
- 0
GpDKIDx Ngs + N DKIDE _ p 1 + rgryy + 2rgrpk cos(0g — 8p)COS ¢h5
e Ngs+ Ng - 1 + rgra + 2rgrpk cos(dg — 0p)COS s
. . A
ks — Nos + Nos Physics meanings GDkDr _ p!B DT 2rgI'pk COS(0p + Op)COS ¢y

0S T Nog+ Ny, — ———— OS5 rg + r3 + 2rgrpk cos(dg + 8p)Cos s
1+ rgrg + 2r}3rDK COS((S}; — 0p)COS 5

I_ /+
Nss + Nss @DKIDr _
rg + rj + 2rgrpk cos(0g + Op)cos ¢s

/__ ’+ SS -
Nos+ Ngg

Dr L
R SS/0S —

20



y using GLS method

Full D phase space

Full D phase space

a1 -
a1 =
A5
ﬂDﬂ —
%DK/DE

geDK/Dn

—0.089 £0.091 £0.011
+ 0.109 £0.133 £ 0.013

=+ 0.018 £0.026 £ 0.009
—0.028 =£0.031 = 0.009

= 0.122 £ 0.012 £ 0.004
0.093 = 0.013 £ 0.003

RPE o = 1.428 +0.057 + 0.002

K* region

o1 =
o1k =
A5
Q{DT[
%DK/D]T

%DK/D%

+ 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

RPr=2.412%0.132 £ 0.019
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Events/ 10 MeV Events/ 10 MeV Events/ 10 MeV

Events / 10 MeV

[ Belle

2 jL=711fb“

SS B—» DK’

6L
4 2
2 =
801008 0 005 01 015
AE (GeV)
16 Belle SS B*— DK*
14 JL=711 fb"

—

- JL=711fb"

1 008 0 005 03 015
AE (GeV)
- Belle OS B— DK~

L ,..1 L.

6 o -008 o 0.15
A E (GeV)

F Belle OS B*— DK*

E JL=711fb'1

|

RERERETERTE EY O . l‘ B
-0.15 -0.1 -0.05 0

AE (GeV)

Events/ 10 MeV Events / 10 MeV Events/ 10 MeV

Events / 10 MeV

16

14F

C Belle Il

- j L=362fb"

SS B— DK

1O 10 10 O L P e e ol . 2
-0.15 -0.1 -0.05 0 0.05 0.1 0.15
A E (GeV)
£ Bellell SS B*— DK*

J L=362fb"

| ol
500 805 0 0.15
AE (GeV)
[ Pl OS B— DK
L JL=362 fo
% * /
\ ; Y l
AN ARNNIEN ;T[l 11—uu]—l]
045 -01 -005 0 005 01 015
AE (GeV)
E Bellell OS B*—s DK*
3 JL=3621b"

bt T

IR

0.05 01
AE (GeV)

0.15



y using GLS method

Systematic uncertainties (absolute)

ARE ABK Afr ABE R"" Rog'" RET
Full D phase space -
€ty Ext 038 056 0.19 0.14 0.05 0.06 g’_ 0.09!
) — 003 — — 0.04 0.03 0.02
Model _o 62 0.78 002 0.02 5'0.30! ﬁ 0.22! 0.07
€xoK-—n+/€xok+o— | 0.821]0.831)0.821/0.83 ¢ 0.01 0.01 0.02
Total syst. unc. i 1.3 09 09 0.4 0.3 0.2
Stat. unc. 9.1 13.3 2.6 3.1 1.2 1.3 5.7
K*(892) region

€ty Ent U3t Uot U171 Ulo 0.03 0.08 0.13
) 0.02 0.02 0.01 0.01 0.03 0.04 0.04
Model 1.04 i 0. 97! 0.20 0.03 E O 46 ! a 0.49 l 0.61
koKt /Exata | 16 ] 08 i‘ﬂ E i BN
Total syst. unc. 2.0 0.5 0.6 1.9
Stat. unc. 11.9 18.4 2.9 4.6 1.2 2.0 13.2

22



y using GLW method

Physics meanings

e D k) ['(BY - Dgp, K™) . g SIN OgSing,
S DcpiK™) + I'(Bt = Dpp K™) 0t r3 £ 2rg cos deltag cos ¢
BB~ > DcpK™) + BB* — DcpsK')  Repr
CP+ = ~ with

BB~ — Dy K-) + BB+ = DpigyK*) ~ Raay

BB~ > DyK~) + B+ —» DyK™)
%(B_ G Dxﬂ'_) + %_*— & Dxﬂ+) .

= {%Cpi = 1 + r5 £ 208 55 COS ¢,

: , assuming CP conservation in B* — Dn*
A cpr = * 2rgsin 3/ K cps

* Channels:
* Signal: B — D( — KK, Kin")K
* Ry, control channel: B — D( — Kn)K

* Ry control channel: B — Dn

23



Events/(5.6MeV)

Pull

Events/(5.6MeV)

Pull

Results

y using GLW method

Yields

68.3% CL

95.4% CL

Dy mode

N(B — DxK)

?3 (°)

8.5, 16.5]
84.5, 95.5]
163.3, 171.5]

5.0, 22.0]
80.0, 100.0]
157.5, 175.0]

D i Kn

Belle
Belle II

4238(94)
1084(44)

59 481(267)
14 229(126)

D KK

Belle
Belle 11

476(36)
107(15)

5559(85)
1336(40)

- 0_0
s 0.321, 0.465] [0.241, 0.522] D — Kgm~  Belle 541(42) 6484(95)
Belle I 145(16) 1763(46)
30 < 30f s 25¢ s 25¢
: Belle B'— D(K'K )K" (e) 2 g Belle B — DK K')K" (f) ] Belle B* - D(K2n')K* (e) 2 Belle B~ — D(K’x)K - (f)
25| det 711" & 25F det 711" 8 of [ra=7im’ 8 f [ra=71m’
i B> KK K* %) i B> KKK L 2
2 wf + 2 g sf
& 15f & i & i
i 10 | 10 {
10 g AN
| “‘ MJ 4l
0 0 L 0 L o< L R A
3 5 = 5 = 5
o 0 0-.0 .o_ . - . L7 ¥ S—— o 0 - L] ._-. 0"' o 0 .-...c - ... ot LY
=1 05 0 0.05 01 0.15 =1 o0 o 0.05 01 0.15 BT 00 o 0.05 01 0.15
AE (GeV) AE (GeV) AE (GeV)
14§ Belle Il B*— DK KK * ) 3 141 Belle Il - DK K )K" (f 3 13 Belle Il B* — D(K’a%)K * (e) 3 18 i Belle Il B~ — D(K°7)K - (f)
12 det 189 fo” SLFC g o det 189 o oty z 5 det 189 b s 2 sf det 189 o s
9 i B> KKK~ v 8
10F B B'— K°K°K* .:«5 10 F 2 ; 2 ;
5} L [ ) E
3 o 8 a4 5 @ 5F
6F 6 4k 4F
r s
: 4— |
2 2 }Lﬂ- 1 1
of 111 LILLLL 11 o LT Ill 0 0
5 = 5 3 5 = 5
0 &  op & 9 - . et ) hrgstetvvereteote, s
ST %1 005 0 0.05 0.1 0.15 X BT 0 0.05 01 0.15 R X Y 0 0.05 0.1 0.15 I X B—Y 0 0.05 01 0.15
AE (GeV) AE (GeV) AE (GeV) AE (GeV)
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y using GLW method

y estimation

O.g { Belle + Belle Ii M O.; : Belle + Belle Il
08 3 L dt= (711 + 189) fbo" 08 3 JLdt=(711 +189) fo”
0_7 _ Preliminary 0_7 _ Preliminary
1 06¢F i 0.6f
O 05} = 0o
~ 04F — 0.4¢
o= = 0.3}
02F 0.2¢
g 0.1}
03...| LA N Lo 0
0O 20 40 60 80 100 120 140 160 180
¢,[°]
68.3% CL 95.4% CL
8.5, 16.5] 5.0, 22.0|
b5 (°) [84.5,95.5]  [80.0, 100.0]
163.3, 171.5] [157.5, 175.0]
rg 0.321, 0.465] [0.241, 0.522]
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y using GLW method

Systematic uncertainties (absolute)

Repy Rep—  Acp+  Acp-

PDF parameters 0.012 'ﬁ 0.014 ! 0.002  0.002
PID parameters 0.009  0.010 _0.003 ‘5‘ 0.005 !
peaking background yields | 0.033! 0.002 | 0.013& e
Efficiency ratio 0.001 0.001 <0.001 <0.001
commonality of AE modes —0.0056 —-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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Cand. / 10 MeV

Pull

Cand. / 10 MeV

Pull

Isospin sum rule

B - Ktrn~

1750 F
Belle Il (Preliminary)

1500 | [ dt =362 fb~?
1250 |

1000
750

500 |
250
0

---- BsK*n~ +c.c.
B B°->ntn +c.c.
B Background

25¢F

-25¢F

— - T

-0.10 -0.05 0.00

005 010 015 _ 020
AE [GeV]

B = (20.67 £ 0.37 £ 0.62) X 1076
o p = —0.072 +0.019 + 0.007

+ 0.+
BT — K¢r
1000 - Belle Il (Preliminary) ---- B*>Kn* +c.c.
[Ldt=362 b . B¢ KIK* +c.c.
800 | B BB background
B Continuum background
600 |-
400 |
200 |
0
25F
fm - [ [ . [ __h_-kl R
-25F @™ Fre = y uw 4
0.2 0.3

-0.3 -0.2 -0.1

0.0 0.1 : .
AE [GeV]

B(Knt) = (24.40 £0.71 £0.86) X 107°
A op(Kdmt) = + 0.046 + 0.029 + 0.007

Bt —» Kt

400 |- Belle 1l (Preliminary)
| [Ldt=362fb?

Cand. / 10 MeV

---- B*=sK*'n’+c.c.

M B*-ntn+c.c.

Bl BB background

B Continuum background
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Isospin sum rule

Systematic uncertainties

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

Source B 5 Ktn~ B’ 5 ate~ Bt 5 K*ta° B 5 n*t#x% B* = K»t BY - K2n°
Tracking 0.5 0.5 0.2 0.2 0.7 0.5
Ngs 1.5 1.5 1.5 1.5 1.5 1.5

| B | 2.5 I | 25 ! o4 2.4 2.4 2.5
7 efficiency - - i 5.0 ! ﬂ 5.0 I - ﬁ 5.0I

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
7w signal model <0.1 0.1 <0.1 <0.1 - -
K7 CF model <0.1 0.1 <0.1 0.1 - -
7w CF model 0.1 0.2 <0.1 0.1 - -
K2K™* model - E - - 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 5 Kt~ Bt =5 Kt#° Bt 5 nt#° Bt o K=+ B° = K3n?
AF shift and scale <0.001 0.001 0.002 0.001 0.003
K2K™* model - - . 0.001 e

BB background asymmetry - - i 0.046

qq background asymmetry - E - - 70.024
Fitting bias e e L 0.007! |_0.006 I -
Instrumental asymmetry L0.007 I ﬁ 0.00SI 0. 0.00 -
Total 0.007 0.005 0.008 0.007 0.052
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B — D(*)K_Kg decays
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B —» DYK _Kg decays

Systematic uncertainties (relative)

Source B DK KE B D' K Kt B DK Kt B 1 K KO
Eff. - MC sample size 0.6 0.9 1.0 0.8
Eff. - tracking 0.7 1.0 0.7 1.0
Eff. - #* from D** = L - 2.7
Eff. - K3 13.4]1 1341 3.4 3.3
Eff. - PID 1.3 1.4 0.5 0.6
Eff. - n° - E @ -
Signal model 1.9 3.3 2.7 3.1
Bkg model 1 6 0.8 0.1 0.1
Self-cross-feed - - o -
D*Y peaking bkg - - 0.9 -
Ny, f+-,00 2. [ 2.8 2.f 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 13.5 171 19.0

31



