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Current Status of Hadronic D and B decays at Belle and Belle 11

Topics in red are covered in this talk

Hadronic D decays
O BFs and Acp in D° - ntwn, KYK 1 and n¢ [Belle] accepted by JHEP
O BFs and Agp in D{ —» K (7% ) and nt (7, ) [Belle]

O Mixing parameter ycp in D® — Kdw [Belle]
O Dalitz-plot analysis of DY - K~ntn [Belle]
O CP violationin D® - K™K+t~ n™ [Belle]

O Measurement of D 0 and D + lifetimes [B elle II] submitted to PRL  To be presented in Nisar Nellikunnumel’s talk today
Hadronic B decays

b — c transition

O Study of B —» D™ h at Belle II [Belle II]
O Measurement of Ratio and BFs in B - D~h* decay [Belle] Preliminary

b — s, u transitions

Measurement of time-dependent CP violation parameters in B? - K 21{ 21{ 2 [Belle]
Measurement of branching fraction and Search for CP Violation in B - ¢¢K [Belle]
Measurement of the BFs of B — n'K decay [Belle II]

Search for direct CP-violating asymmetry in B® - K%r® decays at Belle II [Belle 11]
Measurement of the BFs of B? —» m%r? decay [Belle 11]

Study of the Bt — p*p? decays [Belle II]  preliminary

BFs and direct CP-violating asymmetries in Bt —» K*n® and n*n® decays [Belle 11]
BFs and direct CP asymmetries in B - K*n~, Bt - Kdnt and BT - n*n~ [Belle I1]

OOoO0O0o0o00Oaon


https://arxiv.org/abs/2104.06224
https://arxiv.org/abs/2104.14871
https://arxiv.org/abs/2105.04111
https://arxiv.org/abs/2106.03766
https://arxiv.org/abs/2107.02373
https://arxiv.org/abs/2104.03628
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.032003
https://arxiv.org/abs/2101.07753
https://arxiv.org/abs/2108.03216
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.112005

BFsand A;p in D° - ntn™n, K¥ K1 and ¢n at Belle

O CP violation in charm physics is observed at LHCbin D° - wtm~, KTK~ - -
. . .. + S (p
0 Measure CP asymmetries and BFs with an additional 7 meson W
. : _ 0
O Signal extracted with 980 fb~1 of Belle data D u n
* Fitting the Q-values distributions Q = M(K*K™nnf) — M(K*K™n) —m,+ - -
e The reference mode B(D® - K~ n*n) = (1.88 + 0.05)% O Branchine F |
e 2D fit of MKK -Q for D° - ¢ ranching Fractions results:
D e s g B(D® — m*m~n) = [1.22 + 0.02 (stat.) + 0.02(syst.) £ 0.03(Byer)]x1073
% o Tmme 303 e
2 of ;g::tzz;‘:gj” = ;g:::zf:::gj-@ | B(D® - K*K™n) = [1.80%30F (stat.) + 0.04(syst.) + 0.05(Ber)]x107*
s | = B(D® - ¢n) = [1.84 + 0.09(stat.) + 0.06(syst.) + 0.05(Bye,)]x10™*
B 2:5 .Y FR 2 First observation of color-suppressed decay D° — ¢n
0.99 1 101102103(1G()e4\}/(():5)106107108 0 2 4 QG(Mei//CZ;O 12 14 . . 0 .
O Asymmetries results: O Theory prediction of A-p(D” = ¢n ) is zero
Acp(D® — mtmn) = [0.9 £ 1.2 (stat.) + 0.4(syst.)]%  «f D°~mwn @ Sp0okikmy ()3 wpod ah(p# () ]
a %8 3 L —— L 5 N 0.0‘5; L E 02;: E
Aep(D® - KYK™n) = [-1.4 + 3.3 (stat.) + 1.0(syst.)]% <. —t] 2% b 27 %
Acp(D° - ¢n) = [—1.9 + 4.4 (stat.) + 0.6(syst.)]|% : llllll R ot +
0 01 02 03 (;S:J]‘(DO‘§ 07 08 09 1 02 02 023 22,5((;?([)0;; 07 08 09 1 S 02 03 04 05 06 07 08 09 1

cost*(D*)

No evidence of CPV found in these decays .



BFs and Aqp in DY » KT (% n) and n* (7%, 1) at Belle
C

0 Measure CP asymmetries in charm physics with higher O Branching Fractions
precision to help improve the theoretical predictions Decay mode _ B/B,. (%) B 10 )
NN : : + D - K ' 328+023+013 0735+ 0052+ 0.030 = 0.026
I Neural networJlf( ) base(:hon 1:1put Varlablis E(DS ), |dlxy| D — K*y,, 8.04+0.32+0.35 1.80 +0.07 £ 0.08 +0.06
or d?" 9 ) h N(K 8 rus and 6 D % D = K3z 7.62+0.20+0.33 1.71 +0.07 £ 0.08 £ 0.06
> Oneri (™), N (K), (p(Ds). Tvex) D — Ky 78140224024 1.75 £ 0.05 £ 0.05 £ 0.06
O Simultaneously fit for M+ with D5"-tagged and untagged DY D »7'7” 016£025:0.09  0.037+0.055=0.021 +0.001
{5 Df - m'1y,, 8554+064+332  19.16+0.14+0.74+0.68
samples from 921 fb™" Belle data D — m*y3; 8355+064+437  1872+0.14+0.98+0.67
O BF of reference mode B(D! — ¢[— K*K~|n*)=(2.24 +0.08)% D PR i R
O Asymmetries results: No significant signal of DY - 77 7° is observed

and an upper limit is set to be B(D - nr") < 1.2x107*

Decay mode Acp
DI — K9 0.064 + 0.044 + 0.011

)

D — K*i,,  0.040 + 0.027 + 0.005

DY — K*yj3; —0.008 + 0.034 + 0.008 o 05| P 5 o DK, y .

D — Kty 0.021 + 0.021 + 0.004 < < ol B |

Df — 7y,  0.002 + 0.004 + 0.003 o 5| , —1

D} — wty3x  0.002 + 0.006 + 0.003 | | K] s M

Df — mty 0.002 + 0.003 + 0.003 ;g;; a2,

D — ¢rt — A o R T
These results show no evidence of CP violation. '°°secr ! Ioosog lcostp,!


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.112005

The CKM angle ¢;

V.
b ub u
. . . .. 0 _ . - -
O Very precise theoretical prediction % ~ 1077  arxiv:1308.5663 D°
3 wW- c
O Test physics beyond SM B~ )
: -
O The interference between color-favored and color-suppressed processes can be i ~ a
related : SUPPT T T30 1 Color-suppressed
ATPPTIBTODOKT] _ | i(6s—h) ;
Afavor.[B—_)DOK—] B K~
S
1 -the magnitude of the ratio of amplitudes ; &5 -strong-phase difference w=
. b > > c
O 3 main methods to extract ¢5: B- Vo o
_ -4 _
e GLW method: CP eigenstates: K"K+, n~nt, K{m° u p— u
-fav
« ADS method: DCS modes: Ktn~, KT~ n°

«  BPGGSZ method: self-conjugate multibody final states: Kdntn~, KIKTK~, Kdn*n~n®

<ol O Foreseen precision of ¢p5 is expected to be O(1°) (current world-
: average §¢~4°) with the full Belle II dataset of 50 ab™1 Belle Il Physics book: arXiv:1808.10567
i The expected uncertainty of

¢ versus luminosity

First Belle+Belle II combined results for the ¢p3 in B~ — DO(KSQ T[+TL'_)K -
will come soon!!!

(1} 20 40 60 80 100
Amount of Data [ab™]



Study of B » D™ h atBelle I n=nk

AE = XE; —\/s/2

O The improved measurement of the color-favored & 22 EBelie preliminary) B — DKxh S 45 el proimnary B ot
. © 18f[Ldt=628M" : P =62.81b"
hadronic two body decay of B meson helps to a FRT :f Drr o —+ - § |[Lar-eeam
better understanding of QCD effects & 1k pK o N SBtackgound | 25 A
H % |+---- qg background 20 E°\ ¢
8 h 15
4 E 10
. 2F % 5
O Decay ratio to be extracted: _ 9 i
F B D(*)K 2 e 0 3 -". . wor " . e b LA B b = 0 e b T T visyess ‘.'.' ettt 0t
RD(*) = [ > ] ~ tan? HC (f—K) ®T™ %1 oo 0 005 01 015 20 01 02 03 04 05 06 07 08 09 1
r[[B-p™ x| fr AE (GeV) ' bability int [ °
-probability integra
which will eliminate some systematic uncertainties _ .
O Results of 62.8 fb~1 : transformation of FBDT

[0 Unbinned 2D simultaneous fit of AE versus C’

RP(B~ - DY(K—n™)h™) = [7.66 + 0.55(stat.)T% 1 (syst.)]x1072
(right plot) for B~ —» DO(K9m*n~)K~ ( (K~m*)h™) = [7.66 + 0.55(stat.)*§55 (syst.)]

) © RP(B~ - DYKIn*n)h™) = [6.32 + 0.81(stat.)t99? £.)]x10~2
NkDao1;T1D<O.6 = (1 — Krgonin>0.6) N?otaﬁ (B” = D(Ksm™n™)h™) = | - (sta 0:11(syst.)]

() (*) % _ %0 7 — _
Nigonip>0.6 = Kkaonip<o.6NTotal RP*(B~ - D*°h™) = [6.80 £+ 1.01(stat.) £ 0.07 (syst.)]x1072

© B RENENG'
Niaonin<os = (1 = €kaonin>0.6)R”") Nrotal RP(B°-> D~h*) = [9.22 + 0.58(stat.) + 0.09 (syst.)]x10~2

15163076 . " p™)
Nicaonip>o0.6 = €kaontp>0.6R”" Nrotai RP*(B® -» D*"K™*) = [5.99 £ 0.82(stat.)*3¢Z (syst.)]x10~2

K- pion fake rate ; e-kaon efficiency



https://arxiv.org/abs/2104.03628

: - RO —p+ g
Measurement of Ratio and BFs in B® — D™ h™ decay at Belle h=r«k
§ 6000 é_Belle (preliminary) z"o:e:;(;z;m)h' (%5; 500 _ Belle (preliminary) E;:;:r(i':g:)h-
O Similar method refers to Belle 11 for § izzz: Spma § 400 |
. . SO T SN S mor o mese > 300}
extracting the signal gaof [ | 5D g
@ 2000 — ------ Background & 200k
1000 F 100
PO SOttt etk T YLD LI PEPLITRR 0 .
= 5 = 5
& 0 i‘.tu’hv.‘é‘,'.¢4.¢¢¢¢¢,¢,¢¢¢’¢¢¢06A¢,¢“¢&.6b“¢‘¢‘ g 0k ety Setteeette tte, LTI LYY
D Preliminary RGSUltSI - -o.j ~0.05 0 0.05 AoE.1(GeV) > o1 ~0.05 0 0.05 A%1(Gev)
, pion enhanced kaon enhanced
B - DK™ — .
RD = — [8.20 + 0.20(stat.) + 0.20(syst.)]x 102 AE = XE; —s/2

['[[B® - D~m*]
B(B® > D~ (- K*n~n™)r+) = [2.50 + 0.01(stat.) + 0.10(syst.) + 0.04(B(D » K+n~m~))]x1073
B(B® - D~ (- K*n~m™)K*) = [2.05 + 0.05(stat.) + 0.08(syst.) + 0.04(B(D » K*n—n~))]x10~4

These results are consistent with the previous measurement results.
Full Belle dataset result (711 fb~1 )!!!

O Previous Results:

, T[B° - D7K*] , |
k™= [[[B® > D—n+] _ [8.22 + 0.11(stat.) £ 0.25(syst.)]x10 LHCb result in JHEP 2013.1(2013)
B(B® - D~rt) = [2.55 + 0.05(stat.) + 0.16(syst.)]x1073 BaBar result in PRD 75(2007) 031101

B(B® - D™K*)=[1.89 + 0.19(stat.) + 0.10(syst.)]x10™* LHCb result in PRL 107(2011) 211801 -



Measurement of TDCP violation parameters in B® - KJKJKJ at Belle
w*

O Pure b = sqq penguin transition is sensitive to new physics and provide i
< uct <

an opportunity of measurement of sin2¢- b
O In the previous measurement of sin2¢, , there is 1.6 o difference B°
between Belle and BaBar result
O Unbinned 3D fit of AE — Mbc —T(Transformed NN) to extract signal ‘
with full Belle dataset(711 fb™1) 2 [ T .
2 "2 — NN _NNlOW g | B +?Z §05g
Mpc = |Epeam — @Epi)* T = log(NNhigh _ NN) & wl- B g 0
O Time-dependent CP(TDCP) Violation: 20| S 05
_ P(BY(A0) > fep) = P(BY(AL) > fop) T TRy f

= Ssin(AmAt) + Acos(AmAt) 0

P P(BO(A) > fep) + P(BO(AL) > fcp)

At (ps) At (ps)
Physical boundary

O Results: b->css W e e
_ 6 )
S =-0.71 £ 0.23 (stat.) £ 0.05(syst.) < T
A =0.12 4+ 0.16 (stat.) + 0.05(syst.) A% Lo
. 0'5: ila 30 A
BaBay i ossgiizoos | Result improved and 2.5 o b b2, \
PRD 855(2012) 054023 6 . . . . i ‘I’ /
el NS significance of CP violation o .
elle : ~ 0.30+0.32+0.08 PP A /o]
PRL 98(2007) 031802 i 60 away from (0,0) 05: ) Measured result
7 ‘ : : 5-071,A012 | |
Belle - 071+ 023 A
2020 o = A 05 0 0.5 T q

02 0 02 o4 06 o8 1 12 1¢ o 18 Confidence region for S and A


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.032003

O B — n'K decays is dominated by penguin transition , measurement of CP o =
violation is sensitive to new physics in the penguin loop 2
O Belle II detector well suited for neutral final states PR
O Aimed for early reconstruction and branching fraction measurement Z
@) Bt - n'K% withny' > nntn~ orn’ - py
@ B> n'KQ withn' > nutn~ orn’ - py 30
>
O 3D fit of AE- M, .- CS,,,,-(continuum suppression discriminator) E -
FBDT — FBDT,,,, =
CSpar = log( £
FBDTyign — FBDT g
O Results with 62.8 fb~1
B(BT - n'K*) = [63.473% (stat.) + 3.2(syst.)]x107°
B(B® - n'KQ) = [59.9728(stat.) + 2.9(syst.)]x107° "

The first measurement of branching fractions at Belle 11

Measurement of the BFs of B = n'K decays at Belle 11

251—

F Buﬂn'(*-v|‘.":(:()b'(S
FLp>0.7

F ¢ Data

E — Fit

= Signal

3 - Continuum
2 Peaking

Mbc

%—é ------ byl

Belle Il - Preliminary

25 |-
20 |

15’

5.24 5.26

M, [GeV/c?]
Belle Il - Preliminary
O n, K det=82‘8 o’
LR>0 7
¢ Data
A E } —Fit
= Signal
=== Continuum
. Peaking
Ry
-0.2 -0.1 0 0.1 0.2

AE [GeV]

Belle Il - Preliminary

var ¢ Data

f Ldt=62.81b"

— Fit

= Signal

=== Continuum
> Peaking



https://arxiv.org/abs/2104.06224

First search for direct CP-violating asymmetry in BY —» K°n® decays at Belle 11

O Isospin sum rule
B(K°rt) Tg0

T50

Igw = Agtp- + A 2o DT Tp0 o BT o
Km — JiKk*tn~ Ko~ B(K"'ﬂ_) Tg+ K*tmO B(K"'ﬂ_) Tg+ KOomO B(K"'T[_) Tp+
BY ta
e Stringent null test of standard model(SM) % - : %
e . S [ Belle Il (preliminary) e Data, B tags r reliminar o Data B aqs
«  Sensitive to the presence of non-SM physics s Cff msn _ngaui:j : i_}i”::’::g; T e
. . . . . ™ 20F - -:ca S”ac roun (2 =& K
O The reconstruction of K and m° is challenging in this s | Mp,  oummmeews| & °f AE " eaymigond
. o B[ ]
analysis ¢ 7
T 10f b,
: : C e e C - e
O Belle II unique access, major limitation in I, determination|§ s} T 8
Ll | |
IBRE KRNI AN =N
. . . 24 525 52 527 52 529 53 e x T w5 o
O Flavor tagging is required, fit of AE- M,,,. M, [GeV/c? e (ceV]
Flavor-tagging technique in Belle 11 wmp BO tag
S oq [ Bellell (prelminary) * Data, B'tags 3 [ Bellel (preiminary o Data, B'tags
. -1 0 ‘ f Ldt =628 1" = Total it 2 i 1 — Total it
O Results with 62.8 fb™*: = 0 B K S " - [Lar-cean —pan,
[ [ B-decay background - [ -decay backgroun
0 0.0 1.7 —6 g L M b cC @ Continu}tljm bagkground 8 8 _ AE - go:tinutbm bl;?:kgroind
B(B” - K"n”) = [8.5Z1¢(stat.) £ 1.2(syst.)]x10 g o 8 o
g S
T 2
AB® - K% = —0.407975(stat.) + 0.04(syst.) 8 s 8
[ |
) N
820 525 52 527 528 529 53 %8 02 o1 YT EERY
First Belle Il measurement of the BY — K%Y decay e 1GeVIC AE [GeV]
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https://arxiv.org/abs/2008.02707
https://arxiv.org/abs/2104.14871

Isospin sum rule Uncertainty projection

O Extrapolate the uncertainty on I, in the next decade Belle II (Preliminary)
. . . > 0.6 0 0.00 + 0.13 (World Average
O Future projections with Belle II and LHCb expected = T 0.0 5F
luminosities '_Z: 0.4 <‘C< 0.5 i‘“f\ + 1!1!2?1':Illlulilllw\i: i\.:‘SHl‘llli‘lll‘l_' I =0)
}j T 1) De11€ mter 202
O Dominant uncertainty coming from Ayo_.0 < 0.2
<
O Belle I will play a crucial role in pinning down the I, 0.0

0.06 0.5 1 5 10 50

Integrated luminosity [ab™!]
Belle II (Preliminary)

0.30
Igr=—011+£0.13 Belle+BaBar+LHCb+Belle II Winter 2021
0.25 1
=== Projected uncertainty without Belle II
> —— Projected uncertainty with Belle 11
= 0.204
- . .
e Grey dashed curve is the case if only Ag+,-,
n
2 015 — Ay+,0 and Ago_+ are updated
< 0.10
< 0.10 1
Red curve is the projection when updates on I,
0.05 . .
5 —" measurements including A o0
0.00 T T - T
2021 2022 2026 2030
Year
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Measurement of the BFs of B® —» 7%7° decay at Belle 11

O Unique Belle II capability to this kind of final states to extract
CKM angle ¢,

O Very challenging :
«  Only neutral final states of two 7°s (only photons to reconstruct)
Branching fraction is of O(107°)

O A fast boosted decision-tree(FBDT) training of 20 combined
ECL variables is performed to suppress the background photons

O 3D fit of (AE, M, T,) to extract signal

T. with 28 input training variables associated with event topology

O Right plots are the signal enhanced projections

O Results with 62.8 fb™1 ;
N(B® - n°n%) = (1418 Signal significance of 3.4 ¢
B(B? - %m0 = (0.98%)23(stat.) + 0.27(syst.))x107°

First measurement in Belle II data.
Much improved than Belle report of evidence of 3.4 o using 140 fb~!

Candidates per 0.035 GeV

Candidates per 0.002 GeV/c?

Candidates per 0.33

15

10

5[

= Belle Il (preliminary)

f Ldt=628fb"

T

e Data

—Total fit

—B” - 7%°

---Continuum
BB

T Belle Il (preliminary)

’ f Ldt=62.81b"

Mbc

e Data

— Total fit

e B® — 7070

===+ Continuum
BB

285 5.29
M, [GeV/c?]

18
161

14
12
10

8

Belle Il (preliminary)
= fL dt=62.8fb"

6
4
2
0

e Data
—Total fit

- B® — 7%7°
---Continuum
BB



https://arxiv.org/abs/2107.02373

Study of the B* — p* p® decay at Belle II preliminary

. % Belle Il (preliminary)| oy Belle Il (preliminary)
O B — pp decays to determine the ¢, s 7 Jra-man' | 3 7F frawen
~ 60 60 |-
: AE |23
O Pion-only final state and broad p peak leads to large g N 8 “of
g w £ »
background 8 g »
10 § 10
O Spin-0 decays to spin +1 and spin -1, requires angular %5 o1 o0 o o 515 06 o7 08 o0 1
. AE [GeV] m(z*7°) [GeV/c?)
anaIYSIS 70 F Belle Il (preliminary) 250 [~ Belle Il (preliminary) —-Data
3 del=62.8fo" ’ J'Ldt=sz.s1b" E%mm
- m Gl =

O 6D fit including AE, T, and p mass to extract the
signal; helicity angles to measure fraction f; of
decays with longitudinal polarization

_TC

Candidates per 1.0
g

g

Candidates per 27.0 MeV/c?
8 8 8 8 3

-
10
0.6 0.7 0.8 09 1 -10 -8 -6 -4 -2 0 2 4 6 8 10
m(x*x) [GeV/c] C'reor
O Results with 62.8 fb™? : Swl [aiee 3l e
N(B* - p*p®) = 104 + 16 £l . cosB g cosb o
2 100} g 100
B(B* - pTp°) = (20.6 + 3.2 (stat.) + 4.0(syst.))x1076 & = § w
60 60
— +0.049 40
1 = 093675471 (stat.) + 0.021(syst.) 0 “
FiI’St measurement il’l Belle H data. -1 -08 -06 04 02 0 02 04 06 08 -1 -08-06-04-02 0 02 04 06 08 1

cos. cosf

20% better precision than Belle on 78 fb~1 PRL 91, 221801 (2003) .



Summary

O First observation of color suppressed DY — n¢ with high
statistical significance with Belle data is reported.

O Studies of precise determination of ¢3 are ongoing with the
brand new Belle II data. Especially the combined result of
Belle + Belle Il of B~ —» D(Kdm*7~)K ™~ will come soon.

O Belle updated the measurement result of the CPV parameters
in B® - K2KJK? analysis.

O We measure the decay of B —» n'K at Belle II .

O The measurements of isospin sum rule related ingredients are
measured with Belle II data.

O Belle II is preparing for a leading role in ¢p, measurement.

Belle Il Online luminosity Exp: 7-18 - All runs

=
~

Integrated luminosity
mmm Recorded Weekly

| = [Crecordeadt =213.49[fb7"]

=
N

=
o

(o]

Total integrated Weekly luminosity [fb~1]

All the measurements done with Belle II data agree with the known results within uncertainties. With the

data-taking carried on, Belle II will lead to more interesting results.

Meanwhile, Belle is still providing fruitful studies and result as well

14
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Mote info. of DY » n*n~™n, K*K~n and n¢

O Detail of A

raw

0 x
Avaw = Aoy + ARY + AT
The first term is what we want; the second term is the
forward-backward asymmetry due toy — Z°
interference and higher-order QED effects in ete™ —
c¢ collision; the third term is asymmetry resulting from
a difference in reconstruction efficiencies between g

and TL';'.

O The corrected asymmetry is :
o, «
Acorr(cos8) = A2,~T + ARS (cosB)

The third term cancel with the weights for 1, ¢ (pr, c0s0)

O The observable to extract:

Acorr(cos0)+Acorr(—cosO)

Acp(cosO) = >

Acorr(€c0s0)—Acorr(—cos0)

Apg(cosf) = .

O Systematic uncertainties

Systematic sources

B(D—sntr—n)

B(D'"-KTK™n)

B(D"=(¢—KTK )n)

B(D"—=K —7ntn)

B(D'"—wK—7ntn)

B(D°—=K-—ntn)

PID efficiency correction 1.9% 1.9%
Signal PDF 0.3% 0.5% 0.9%
Background PDF 0.0% 0.0% 0.1%
Mass resolution calibration 0.1% 0.3% 0.0%
Yield correction with efficiency map 0.3% 0.7%

MC statistics 0.3% 0.4% 0.4%
K¢ veto 0.1%

Interference in Mg g 2.5%
Total syst. error 2.1% 3.3%

Sources

Taep (DY = 7t n) | 04np (DY - KYK™n) | 040, (DY — ¢én)
Signal and bkg 0.004 0.010 0.006
cos 0" binning 0.002 0.004 0.002
A.(mg) map 0.001 0.001 0.001
Total syst. error 0.005 0.011 0.006

17




More info. Of Ratio and branching fraction in B® - D~ h* decay

O Most of the systematic effects cancel in the
ratio of the BF due to the kinematical

similarity of the two decay modes B —
D K*and B® - D r?

O The main source of systematic uncertainty
is from the K /m identification.

O We assumed all the systematic uncertainties
to be independent.

O Total uncertainty is the sum in quadrature
of the contribution from individual sources.

Source RP B(EO — DY) B(B — D"K™)
B(D" - K ntn™) - 1.711% 1.71%
Multiplicative uncertainties

Tracking - 1.40% 1.40%
MC statistics - 0.04% 0.04%
ANgp - 1.37% 1.37%
foo - 1.23% 1.23%
PID efficiency of K /7 (stat.) 0.01% 0.00% 0.31%
PID efficiency of K /7 (syst.) 0.01% 0.04% 0.64%
Total multiplicative 0.01% 2.31% 2.42 %
Additive uncertainties

PDF parameterisation 0.199 x10~? 0.040 x10~? 0.028 x10~*
D™ mass selection window 0.002 x10~2 0.058 x10~° 0.047 x10~*
J /1 veto selection 0.003 x10~2 0.001 x10~° 0.000 x10~*
Fit bias - 0.030 x10~° 0.020 x10~*
Total additive 0.199 x10~2 0.077 x 1073 0.058 x 104
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More info. of isospin sum rule

O Uncertainty projection O Systematic uncertainties of B® - K%7% measurement

Belle II (Preliminary)

0.30

Igr=—0.114+0.13 Belle+BaBar+LHCb+Belle II Winter 2021 Source B(%)
0.25 1 Tracking efficiency 1.8
=== Projected uncertainty without Belle II 0 X i
> —— Projected uncertainty with Belle 1T KS reconstruction efﬁClenCy 3.8
+—~ ]
= 020 7" reconstruction efficiency 13.0
+
g 0.15 - Continuum-suppression efficiency 2.4
5] —
) N(BB) (as written in Eq. @) 1.4
»5. 0.10 Signal model <0.1
0.05 - Continuum background model 1.4
Total 14.0
0.00 - T - .
2021 2022 2026 2030
Year
. o Source 0A 0 o
Red curve is the projection when updates on the ) :
Flavor tagging modelling 0.03
complete set of KT measurements 0 ..
B" mixing parameter y, <0.01
Grey dashed curve is the case if only A, +. -, B-decay background asymmetry 0.03
y y K1
AK"'nO and AKOn"‘ are updated Continuum background asymmetry 0.01
Total 0.04

Belle II will play a crucial role in pinning down the I,
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BF and direct CP-violation in B™

O Isospin sum rule

B(K'n") T S romp B(K* ") 70
' B([\wﬁi)‘]," ng([(*ﬁi)rn’
I.  Stringent null test of standard model(SM)

II. Sensitive to the presence of non-SM physics

B([\’“;.‘“)
1)

2/—11\_":0

B(K

O BB - n"'no) is an ingredient for an isospin-based

determination of ¢, based on B — nm

O One track + one 0 can probe 9 reconstruction and PID separation

O 2D fit of (AE, My,)

O Results:

>

+
S

-z

[11.97}1(stat.) + 1.6(syst.)]x107°
[5.5759(stat.) + 0.7(syst.)]x107°
—0.09 + 0.09 (stat.) + 0.03(syst.)
= —0.04 £ 0.17 (stat.) £ 0.06(syst.)

Events/(2 MeV/c

Events/(30 MeV)

Events/(2 MeV/c?)

Events/(30 MeV)

K*rn® and ntm' decays @

Belle 11

Belle Il (preliminary) o Data < Belle Il (prel e Data
90 F — Total fit § oo [ Beflellpreliminary) * DO
e b der 62817 ... B:_.K:,o B Wl de[:sz_afb‘ B K
..... B — s i B = a®
E e B decay background o 0F e B decay background
soF qq background ‘\@ oF Gg background
c
50 o 50 F
>
40 F w40
30 F + 30 F +
20 t SR ' t4
7 & 20 1t
10 F + 10 F + *
o I L L I I I Lol o I | L ! ! L RO RS
52 521 522 523 524 525 526 527 528 529 52 521 522 523 524 525 526 527 528 529
2
M, [GeV/c?] M, [GeV/c?
45 S 45 —
Belle Il (preliminary) e Data ® Belle Il (preliminary) o Data
40 F — Total fit 4 F —— Total fit
1 = -1
del:GZ.afb ..... B' s K'n® def:GZbe e B K20
ssfFJd A B' > 4'20 g Bf oeee B o n®
sk | Ae\ B decay background = o0 N\ T B decay background
----- qq background -fé) ===+ qq background
[
>
w

0.3

AE [GeVI
50 |- Belle ll (preliminary) o Data

—— Total fit

f Ldt=628f0" ... B' o nn®

wof" B~ K'a®

----- B decay background

----- qq background
30
20 +
10 [ +
0 L L L L L L i A';-.
52 521 522 523 524 525 526 527 528 529

M. 1GeV/c?

I Belle Il (preliminary) e Data
30 — Total fit
f Ldt=628f" ... B o g
5FY | e B' = K'n®
----- B decay background

20 F ‘ ----- qq background

AE [GeV]

Events/(2 MeV/c?)

Events/(30 MeV)

.........................

3
AE [GeV]
50 |- Belle ll (preliminary) Data
— Total fit
der:sz.efb‘ AAAAA B 1ad
wF" B — Kn°
----- B decay background
~~~~~ qq background
30 [
20 I
10 [
! L I I L I L & )
52 521 522 523 524 525 526 527 528 529
M. 1GeV/c?
I Belle Il (preliminary) e Data
3 — Total fit
f Ldt=62816" ... B xa®
sFY 0 e B —Kx
----- B decay background
oF L e, qq background
15
10 [
5 =
0 st e )
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
AE [GeV]

20



BF and direct CP-violation in B - K*n~, Bt — KS(-) nt mtn~ decays @Belle I

O Isospin sum rule

N§ 30 — Belle Il (preliminary) e Data % 4 Belle Il (preliminary) ® Data
E _ 4 —Total fit S 40F ~ 4 — Total it
0 B( [\ L —T()) T..0 B([\'”»)——”) g 25 ;det-GQ-be Y AT 9 35 _—det_SZbe Y- a7 )
I e, == A 4+ - _+_A 0 + B )_A + 0 B A 0 0 - r B"= K'r +c.c. = E B'— K'z +cc.
K K = K= K ' w +, - YK w rot _— =20 o ¢
i i TB i B 1\ i ) TB‘ (J\ T ) é). «+++ Background g sb [N/ Background
o B T 20
. © [
I.  Stringent null test of standard model(SM) g of 3 5|
.. . c F T of
II. Sensitive to the presence of non-SM physics S sk, u llM N M LU \ c "
Ll “
. + . TIeeee Tl T Fimsat. AN S YR TGOt gy cei
D TWO th.CkS final states can pfObC PID separation %2 5255 526 5.265 i527 5275 528 5285 529 %15 01 -0 0 005 0.1 0.15
M, [GeV/c?] AE [GeV]
0 . . . 0
O One K¢ and one track final state can valid the reconstruction of K¢ > i e = 3 % Foatet ] ey
E 160 L Lot=62810" Téo‘alr(t,, E 160 [ Lot=6281" j?jl;?‘n
. = = 't +C.C. -
o140k s 140
O 2D fit of (AE, My, g ok 8wt ]\ =
3 1o 3 100
@ 5
. 3 wf T sopmtet .
D RCSHltS. g 60 [ s g 60 : ; ;
Y S i S O afF ::' 1_: 4
0 + =\ -6 20 F 20 F
B(B® - K™n™) =[18.0 £ 0.9 (stat.) £ 0.9(syst.)]|x10 Y S S Y S O T
S015  -01  -005 0 005 01 015 015 01 -005 0 005 01 015

B(B* —» KOrt+) = [21.4%23(stat.) + 1.6(syst.)]x107° AE (GeV o foor

B(B® » n*m~) = [5.8 + 0.7 (stat.) £ 0.3(syst.)]x107¢ £ o™ | e 2wl e
A(B® - K*nr™) = —0.16 + 0.05 (stat.) + 0.01(syst.) ¢ £
A(B® - K°*) = —0.01 + 0.08 (stat.) + 0.05(syst.) 8 8

-0.15 -0.1 -0.05 0 0.05 AO; [Ge\(;.]15 -0.15 -0.1 -0.05 0 0.05 AO; [Ge\f;;S

First Belle Il measurement of the B~ — K%x° 21



