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Unitarity triangle

Unitarity triangle parameters measurement at Belle Il

Via Vus Vup Global Fit to Observables BSM constraint in B mixing
Vernr = Vea Ves Ve -> Give a Constraint to the physics _ | s . -
Beyond the Standard Model (BSM)! L ]
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CP violation
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CPV
Direct CPV Mixing-induced CPV
* Appears in both B* and B® decays e Appearsin B° decays
* Interference of two amplitudes * CPV appears in the decay-time
( for example, tree and penguin ) B _ B9 mixin
—> CP violation in the magnitude of the amplitudes . Vf RO -

| A(B — f)| = A1 + Azexp(i(¢ + 6)))
|A(B = F)| = |41 + Azexp(i(— + 8)) |

¢: Weak phase difference
d: Strong phase difference
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Belle I1I experiment

at SuperKEKB

* High luminosity e “e*collider experiment at a
center of mass energy of 10.58 GeV.

* Target integrated Luminosity: 50 ab™1

* Target peak luminosity: 6 X 1

035
Integrated 531 fb !

* Achieved Peak luminosity 4.7

Total integrated Weekly luminosity [fb~1]

1034cm=2%s~1
(World-best)

Belle Il Online luminosity

Exp: 7-33 - All runs
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Vertex Detector

Central Drift Chamber

TOP Counter (Barrel PID)

ARICH (Forward endcap PID)
Electromagnetic calorimeter
KLM ( K; and u)

Solenoid (151

Long shutdown 1 2022-2023

* Accelerator upgrade

* Full Pixel detector
( Innermost vertex detector )
installation

* TOP photodetector
replacement

e Other subdetectors upgrade

TOP PMT replacement durmg long shutdownl

CP violation, 2024/10/23, 35th Rencontres de BIO|s Ryogo Okubo
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¢$; measurement

¢3 = arg(—VuaVup/VcaVcp)
appears in CPV parameter of b - ucs and b — cus tree decay interference.

b > u 5o

S —
g——u K
W K_
S
B-b— " D°
U < U

A(D°K~ .
20U — 1y exp(i(85 — 0))

rg = |AMDK)N/IADK)| = cr| VsV, /VusVepl = 0.1 (¢ : Color suppression factor)
Op: Strong phase difference between 2 modes

Methods to measure ¢ using different D° decays

« GLW method: D® - K*K~, K97? ( CP eigenstates )

« BPGGSZ method: self conjugate multibody decay, ex.) D® - KOhth~
* GLS method: D® - KIK*m+ ( singly Cabibbo-suppressed decays )

« ADS method: D —» K*r+
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B* - Dp.K* using Belle + Belle II data

Observables: Direct CPV in B ratio Simultaneous fitto B — Dm, DK, with different D decays
BT > DK,D -> KtTK~ (CPeven), Unique to Belle I
B(B~ = Dep K ) —B(BT — Dop K .
ACP:I: = ( — P —) ( -+ S +)) . 20f .I-L'éﬂeﬂﬂb" B > DKk (e) N 20; J-Lgfge'mm" 8 > owgE)k - (f) - B - DK
B(B — DCP:I:K ) + B(B — DCP:I:K £ H | 2 ol
.~ B - Dr

o
T

)
B(B~ = Dgpy K™ ) + B(B"™ = Dgpr K™)
>

T (B(B~ = Dy K ) + B(B" — DgoyK™))

o vo o

Pull

D¢p+ : CP-Even decay (D » KTK ™) : (()) R — _ ;f))
Dcp_ : CP-odd decay (D — st’no) ~ [razioon: N v [ra-man o
Dqay: Flavor specific decay (D —» K*r™) m MHWM
w i J\ Y Nt ZM&-AJ Rty
l F s 2 ]
2
Rept = 1+ 1p £ 2rp cos dg|cos ¢3, Rops = 1.164 + 0.081 & 0.036,
Acp+ = £2rgsindglsin @3 / Rop. Rep— = 1.151 4 0.074 4 0.019,
(GLW Method ) Acpy = (+12.5 £ 5.8 £ 1.4)%, JHEP05(2024)212

Acp— = (—16.7£5.7+£0.6)%, 3.5 ¢ evidence for Acps # Acp—
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https://doi.org/10.1007/JHEP05(2024)212

Recent ¢p; measurements by LHCb

B* > DK*T (LHCb-PAPER-2024-023)
* D » Kn(nr),D » nn(nrw), D - KK,

and D —» K9hh

* First observation (_)f the
Bt —» D(- nfK*(rmm))K**

BY — DK™ (LHCb-PAPER-2024-020)

Candidates

* CPV parameters depend on ¢p3 — 2¢1(B)

* Simultaneous fit to BY and D
* First CPV measurement using decay time

distribution

( Runl + Run2)
Most precise measurement in BY decay!

20 prer—r 5z 20—
18k LHCb preliminary 5 18}
16} 9ot g 16}
14F O 14f
12F 12k
10f 7 10f
8f : 3
6F : 6F
4F l }[ 4F
2k 1 1 2
" et Lo gy -
0 Ll LU L 1 - — - 0

LHCb preliminary
— Total 9 fp!

w— Signal

= = = Combinatorial background

===B—=DK
--B! - DK"

i

Py NN A S A A AR
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B0 5 DKt % B)— DK
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] .5300 ‘ 5400 5500.
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%+ Untagged D K+

B Untagged DK~

1 2 3 4
Decay-time distribution of signal B — D7K* t [ps]

5600

-
Nt

y 02 : e — .

Qe /B> —>DK_.D ~»\l§2hh imi

~ [ LB #DKD — hilhih LHED preluminany
015 _/E] B*/~ DK ~ (combination 9 b
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Belle + Belle Il :

¢3 Com bi nation ¢3 = (75 217 6)0Belle + Belle IT (2024)

1.0}
osl ' arXiv:2404.12817
=L ) (accepted by JHEP )

Combined analysis using 4 methods CI) 0.6 1 -

) —~ 04f )
Fit results 68.3% +

Parameters #3(°) rDK SDK() rir 587 (°) ri K SD7K(°) 0.2 — . .
Best-fit value  75.2 0.115 137.8 0.0165 347.0 0.229 342 L 95.4% .
68.3% interval [67.7, 82.3] [0.102, 0.127] [128.0, 146.3] [0.0113, 0.0220] [337.4, 355.7] [0.162, 0.297] [326,356] 0.0 A '
95.4% interval [59, 89] [0.089, 0.138] [116, 154]  [0.006, 0.027]  [322, 366]  [0.10, 0.37] [306, 371] o0 100 150
Inputs for o3 measurement s[ "]
B decay D decay Method Data set (Belle + Belle IT)[fb™!] LHCb .
Bt - Dh™ D K% K K+ GLW 711 + 189 ¢3 — (64- 6 _|_ 2 8) I_H Cb-CONF-2024-004
Bt - Dht Do Kta Ktnn° ADS 71140 - —
B* - Dh* D KK~ GLS 711 + 362 5 'TLHCo  } o e
Bt - Dh* D - KOh~h* BPGGSZ (m.i.) 711 + 128 A, Preliminary L & 008 5+ decays |
Bt Dht D - Konatn® BPGGSZ (m.i.) 71140 0.8 w B All Modes |

D* - Dx% D — K27 K24, K%

+ * T+ ? S Eiaiat - At~
BY 5 DUKS GLW 210+0 ]
B* » D*K* D* - Dr% Dy,D - K+ BPGGSZ (m.d.) 605 + 0

68.3%]

Dominated by LHCb, but Belle + Belle Il ,_ o]
- . - el 70 80 90 100 110
is also improving the precision! JEl (6s =)

CP violation, 2024/10/23, 35th Rencontres de Blois, Ryogo Okubo


https://cds.cern.ch/record/2905625?ln=en
https://arxiv.org/abs/2404.12817
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¢, Measurement b1 = arg[~(VeaVep)/(ViaVin)]

Time-dependent CPV Flavor tagging PhysRevD.110.012001
B _ _
5 ¢t ¢ 4 ‘1w ;Egz*f 3‘;(1’;2” ) _ Category-based FBDT flavor tagger
w w fw< . SPATETT) * Kinematics, charge, PID of charged particles
F 0
‘ Ecyt s —C cosAdm At + S sin4dm At €erf = (31.68 + 0.45)%
0 1: C = 0 (Direct CPV)
? « : S = sin2¢, (Mixing induced CPV) * Improved performance by learning correlations between
b LLLLW<: cJ/¥ final-state particles
p 5 40 BB is boosted (By = 0.28) €off =
g d Decay vertex distance 18% improvement!
9000 Belle Il simulation
1 2000 1 —— BY GFlaT —
Tag Slde 9 ool — B GFlaT
_ o BY, category-based
, | B Oé g’_ :ZZZ B, category-based
o et Signal side S ool 50 O

a o % Sl

: Az : —01.00 -0.75 —OI.SO —OI.25 (J.IDO 0.I25 O.ISU 0.I75 1.00

-

qr


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.012001
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B’ - J/¥K? using GflaT Flavor tagger

PhysRevD.110.012001

S= 0724+ 0.035+ 0.009
> ¢y = (23241 15+ 0.6)°

C=-0.035+0.026 £ 0.029

Belle LHCb
PhysRevlLett.108.171802 PhysRevlett.132.021801
S 0.670 + 0.029 + 0.013 0.722 + 0.014 + 0.007
C —0.015 + 0.0213533 0.015+ 0.013 4+ 0.003

Dominant systematic uncertainty on C:
CP violation in tag side B decays.
This can be reduced by combined measurement of

B% » J/WKO(CP — odd) and B® — J/WK?(CP — even).

Time-dependent CPV fit to B - J /WK,

500
400

300}

N
o
o

Candidates / (0.5 ps)

| Belle Il I
| [£dt =362 fo~?
L BO—)/yK?

+ ¢ Btoag(q=+1)
? Bhg (= —1) ]

) — N(B,,)
—0

o

|
[

N(BZ,) + N(BY,,)

N(BEag

|
- —
o

-5

At [ps]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.171802
https://doi.org/10.1103/PhysRevLett.132.021801
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.012001

B’ - J/¥r?

S = —sin2¢,, C = 0 ifthere is only tree amplitude
Tree is color and CKM suppressed
- can be used to understand the loop contribution in B® - J /WK

* Improved sensitivity by the better ¥ selection and GflaT
« AE — m(ll) fit to extract signal

L Belle II (preliminary)
100F rrde=364 fb!

Candidates per 14 MeV

—0.1 0.0 0.1 0.2 0.3
AE [GeV]

Belle IT (preliminary)

150 [ JLdt =364 !

100

50

Candidates per 7 MeV /c?

() — - =
2.95 3.00 3.05 3.10 3.15 3.20
m(£7¢7) [GeV/c?

(AE = Ep — Ebeam)

Asymmetry Candidates per 2.0 ps

—
o
=]

50

| [L£dt =364 fb~!
L B /oy

-
-
-

- Belle IT (preliminary) -~
\

/

arXiv:2410.08622
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Submitted to PRD

Tree
b < ¢
p
W . ]/
d
0
d > d

VoINS

Belle
PhysRevD.98.112008
S —0.59 + 0.19 + 0.03
C 0.15 + 0.14%3:93
B( (1.62 + 0.11 + 0.06)

X 107°)

Loop
c
t J/Y
g c
b d
w 0
d > d

=—-0.88+0.17 £ 0.03
=0.13+0.12 + 0.03
=(2.02+0.12+0.10) x 107>

BaBar
PhysRevlett.101.021801

—1.23 £ 0.21 £ 0.04
—0.2+£0.19 £ 0.03

(1.69 + 0.14 + 0.07)

CPviotatiomn, 2024/ 10/23,35th Rencontres de Btois, Ryogo Okubo


https://doi.org/10.1103/PhysRevD.98.112008
https://doi.org/10.1103/PhysRevLett.101.021801
https://arxiv.org/abs/2410.08622

arXiv:2402.03713 /%

O !/ Submitted to PRD
B” - n K

BSM contribution?

q 400 Belle Il Preliminary [rdt=362 fb~2
nl @ 350} B% - n'Ks Background
. 0
* Dominated by the Loop process t ; g oo e
g 5 250
d In SM - _ L%200
n ’ , b S % 150
|sin2¢; -S(n'K,)| = 0.01 +£ 0.01 W K, I
. 8 sof
* BSM could shift $ and C! d > d o
= 05
’ (]
* Used ' - n(— yy)nn
7 -05)
/ < . ‘ . . . ‘ .
andn’ - p°(- )y D
_— Belle Il Preliminary [cadt=362 fo~! Belle Il Preliminary  [rdt=362fb! Belle Il Preliminary [cdt=362 b
S - O' 67 i O' 10 i O' 04 T_L._J‘ 140 F — FitI \ Signall b =~ 120_—I Fit ‘ ‘ IS.ignal I I 1 200l F;t ‘ SignalI 1
-- Continuum X -=- Continuum X (] --- Continuum e
C=-0.19+0.08+0.03 g a0 T e SR 2 ol m e R
2 1:2 g sl 2 150
Belle BaBar & o L 6ot S 100
o w0 @
o 40 _g 40 i =
S 0.68+0.07 + 0.03  0.57 + 0.08 + 0.02 £ | 2 20f 5
w9 0 0
c —0.03 + 0.05 + 0.04 —0.08+0.06 £ 0.02 w 5 “w 5 n 5
RN S Selinbil ERN S U - S \ .
0 55.270 5.275 5.280 5.285 5.29( -3 —0.06 —0.04 —-0.02 0.00 0.02 0.04 -5 0 1 2 3
World average of § (J/WK5): 0.709 + 0.011 My [GeV/c?] AE [GeV] Ceor

Cepr : qq suppression output

Consistent, and compatible precision with previous experiments! o _
CP violation, 2024/10/23, 35th Rencontres de Blois, Ryogo Okubo


https://arxiv.org/abs/2402.03713
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¢, Measurement

¢, = arg[—ViqViy/ViuaVip]

Tree V. Looprr,\‘ﬁ'(,LL
" nt,pt b <
u
_ ) U .
BO ’ Vub ! _ b
d > d TP
d >

I'(B°-f)-I'(B°>f) _
[(BO>f)+I(BO>f)
Using b — u tree decays (ex. B® - @™, p*p~),S = sin(2¢,), C = 0
Due to the interference between and tree and loop (b — d),

coS AmdAt + ) sin AmdAt

Need to extract the effect from the loop amplitude

d*,p
u
ﬂﬂ_’p



Isospin analysis

Isospin relations

Tree Loop
whm~ O O
+.0 O x O: Large contribution
Tn X: No contribution
79770 /\ O /A\: Smaller contribution

Granou-London isospin relations

1

2
1

2

AB® - ntnr™) — A(B® - n°%) = A(Bt - n*tn?)
AB° 5 ttn~™) — A(B° - %% = A(BT - n*tn?)

S

7

Observables to measure ¢,

ntn =, pTp” BF, S,C

ntn®, ptp® BF, Acp

mor0, pp° BF, Ap or C,
S(only p°p°)

« 119, p*p° and ptp~ analyses

— Belle Il has an advantage

* pp has contribution
— Dominates ¢, precision.

* B—- ppisP — VV decay
Longitudinal has CP-even, and transverse is a mixture of
CP-even and CP-odd.



0 + + + .0

B - nmmand BT » ™ nm

Good agreement with previous measurements

Sensitivity is comparable with Belle using only half of Belle's data!

wtm™

B(x 1079) Ngg
Belle 5.04+0.21+0.18 772 x 106
BABAR 5.5+ 0.4 + 0.3 383.6 x 10°
+ .0
T 1T
B(x 1079) Acp Ngg

Belle 5.86 + 0.26 + 0.38 0.025 + 0.043 + 0.007 772 % 10°
BABAR 5.02 + 0.46 + 0.29 0.03 + 0.08 + 0.01 383.6 x 10°

Cand./ 10 MeV

Pull

Cand. /10 MeV

Pull

800 gette n --—- BY>sntn +c.c.
JLdt=362 fb? E B°-K'n +c.c.
600 Background
400 -
200 - /
/ 5\
A e
0 =77 ! Saod
2.5F
-25F ) ) ) . )
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20
AE [GeV]
250 F
Belle 1l -—-- B*>n*n’+c.c.
500 [ [Ldt=362 b~ BT K +c.c.
I 5B background
150k Continuum background
100} ! $ ol
50 ” . - i
Pas AN +
0 _..—q—-—t-.“."-‘—-."l PRI .\-‘ ul L -
25F
= ]
_2'5_\\..|...l.Jj‘l....l...l..JJ
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
AE [GeV]
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PhysRevD.109.012001

Belle Il --—-- B%>sn*n~+c.c.
4000 [t 1 di =362 fb-1 B B°-Knm+c.c.
< Background
2 3000 F
o -
e [
T 2000 F
c b
o [
Q [
1000
O -— = Py S —p——
= 25E
=1 !_L_-—._-—_—___——-—__
o —-25F ) ) ) .
0.0 0.2 0.4 0.6 0.8 1.0
C!
1400
Belle Il -——- B*sn*n®+c.c.
1200 ¢ [/ gt = 362 fb-! oK +c.c
g 1000 [ B BB background
N Continuum background
© goof
~
T 600F
c
©
O 400t
200 |
0
= 25¢F
>
o -25F ) ) ) ) )

0.0 0.2

0.6 0.8 1.0

C': Transformed continuum suppression output
CP violation, 2024/10/23, 35th Rencontres de Blois, Ryogo Okubo
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B - 07"

% 3o Bellell preliminary N§ 40 F  Belle Il preliminary
. . = - 362 1 z - 36216
* Require 4y reconstruction ( & ol 0T 2 o
3 s O f
) from a large background due to 2 Y
: g £ 2|
hadronic clusters, beam background 2 S
. S S 10f
— Developed an MVA for y selection °
* Improved SenSitiVity by GFIaT P — ey I S | S S ———
EZ 2 A——— Iiiii,,,,;,,,,f;,.,,',,,';itti’iii'ilii'iiiiii‘,;i‘tif:i g3 2 A S —
B(x 10_6) C N 22 4-40.3 02 01 0 01 02 03 04 05 =8 45.2 5.2152252365245255265275285.29 5.3
BB AE [GeV] M. [GeV/c]
g 35 ﬁ Belle Il preliminary 3 35F Belle !l preliminary
= Ldt=362" 5 Ldt=3621b"
o 30| a 30fF
Belle 1.31+0.19+ 0.19 —0.14+0.36 £ 0.10 772 % 10° & o5 .,33 ]
© ! 3 [ — Total fit result
+0.21 + +0.26 + 0.05 6 g » 2 2 Eeorre
BABAR 1.83 £0.21 4 0.13 —0.43 £ 0.26 + 0.0 383.6 x 10 8 S | HEs8secgrouns
10 10 7 Continuum
5f s5F
; , |
Consistent with previous experiments and [P Eo if
Comparable sensitivity with small statistics. | R e rerera—— Y ]
Transformed continuum c Transformed v

suppression output wrong flavor tag probability



B’ - ptp~ B and f;

Analysis challenge
* B—- ppisP — VV decay
— Angular analysis is needed for polarization extraction.
« ¥ selection
Needs two soft ° reconstruction from p
— Suppressed backgrounds using machine learning
technique
* Continuum suppression
Large qq background was suppressed by TabNet
(a kind of neural network, arXiv:1908.07442)

B(107°) fi
Belle 283+15+15 0.988 + 0.012 + 0.006
BABAR 25.5+2.17%38 0.992 + 0.024 5045

Consistent with previous experiments - Extract CPV parameters
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B(Long.)

Events / 0.01 GeV

Pull

Events / 0.025

Pull

~ B(Long.)+B(Trans.)

6D Fit for signal Extraction

=== Long. signal ==-== Self-crossfeed qq R T { Data
===+ Trans. signal Peaking backgrounds BB —— Total
200 F Belle II preliminary 1 "> 150 [ Belle II preliminary .
[~ - - L ]
5 ]ﬁ dt = 364 fh ! ] é - f[: dt = 364 th !
150 f ] =
1 thy 4 { 3 '
1 i o© [
100 - g ok
C 1%
50 F 4 = i
F TN S
O _u.u.-n.-J.c-vr-r--l—r--hrmhmnnaul-u ] 0
3 ;_ - ml. = — E % 3 3 - - . | | -_
_g ;. 7| ... -I ! . --I _-: R _g E ™ .—. ! ] . . L .I ] 1 E
-0.1 0.0 0.1 0.6 0.8 1.0
AE[GeV M+ [GeV/c?]
| Belle II preliminary 600 - Belle IT preliminary B
200 ;/L',dt=364fb*‘ 4 - [ /Ed.t=364 !
- g =) | .
~ 400
B fg i
100 7 % D s
i L1>J 200 i
0 E 0
3 = | n [ | 3 = 3 E_ -
_8 :'_'L'l' 'I o l-l'"- = Ir l--'-I - -.—.f E' _g E:- _-I _—_—I!__ —I T
0.0 0.2 0.4 0.6 0.8 1.0 -1.0 -0.5 0.0 0.5
Oc cos ),
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B’ —» ptp~ CPV

== Long. signal -- Self-crossfeed BB =TT { Data
===+ Trans. signal Peaking backgrounds qq —— Total
[Belle I preliminary Bl (g= +1) i [Belle II preliminary Bl g= 1) _ 100 EBelle II preliminary & B tag
) 80 :‘/'Edt:%“b ] 0st3<r<10 80 :_/Edt: 364 ! 0875<r<10 80 —/ﬁ = 364 ! 4 Btag ]
S 60 S 6o [ g 60 . -
O = g 20}
20 | i
oF
g 3 E % 0.3
E 0 T E E 00
_3_!| .|..|.-| -I E %_0'3 | | o | l
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
At [ps] At [ps]
S C * Consistent with previous experiments
* Improved precision by GFIlaT flavor tagger and
Belle  —0.134+0.1540.05  0.00 % 0.10 + 0.06 ;"Etter selection C”Le”a |
xtract using the new result.
BABAR —0.17 £ 0.20%5:32 0.01 + 0.15 + 0.06 P2 8

CP violation, 2024/10/23, 35th Rencontres de Blois, Ryogo Okubo



¢, extraction

B — pp world average

B — pp world average

9

6% improvement by Belle Il results!
Dominated by S of p™p~ and pYp°.

1-CL

1.0

0.8
0.6
0.4

0.2

0.0
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Summary

Belle Il is a high-luminosity et e~ collider experiments that have already collected 531 fb~1 of data

( equivalent of BaBar, half of Belle data)

Belle Il is improving the CP violation measurements improved detectors, and improved analysis technique.
New GNN-based flavor tagger improved effective tagging efficiency by 18%.

¢.: BY - J/WK?, B® - n'Kd,B? - J/¥nr?.

B® — J/¥n°: Significant improvement, and obtained most precise result!

¢,:B o> ntn ,ntnl, n%7n% B? - ptp~

¢3: First Belle + Belle Il combined analysis with improved sensitivity!
Charm:D(os) - Kdn~nt (Belle+Bellell ), D* - K"K*n* (LHCb), D° - Kt~ (LHCb)

Related papers:

Measurement of CP asymmetries in B — K9 % decays at Belle Il arXiv:2407.09139 Submitted to PRL

Measurement of CP asymmetries in B® - KOKIK9 decays at Belle Il Phys. Rev. D 109, 112020 (2024)

Measurement of CP asymmetries in B® » ¢K2with Belle Il Phys. Rev. D 108, 072012 (2023)

Measurement of CP asymmetries and brancing-fraction ratios for BY - DK* and Dt withD — I(S(’Kin$ using Belle and Belle Il data JHEP 09 (2023) 146
Measurement of CP violation in B - D¥D~ and BY — D D; decays ( LHCb ) arXiv:2409.03009



https://arxiv.org/abs/2407.09139
https://link.aps.org/doi/10.1103/PhysRevD.109.112020
https://doi.org/10.1103/PhysRevD.108.072012
https://doi.org/10.1007/JHEP09(2023)146
https://arxiv.org/abs/2409.03009

Systematic uncertainty

B® - J /WKy

TABLE I. Systematic and statistical uncertainties on &, for
B° - D&zt and, S and C for B - J/yKY.

Source Erag [%] S C

Detector alignment 0.08 0.005 0.003
Interaction region 0.16 0.002 0.002
Beam energy 0.03 <0.001 0.001
AE-fit background model 0.11 0.001 0.001
AE-fit signal model 0.08 0.003 0.006
sWeight background subtraction 0.24  0.001 0.001
Fixed resolution-function parameters 0.07 0.004 0.004
7 and Amy 0.06  0.001 <0.001
o, binning 0.04 <0.001 <0.001
At-fit bias 0.09 0.002 0.005
CP violation in B,, decay <0.001 0.027
B° - D™~z sample size 0.004 0.007
Total systematic uncertainty 0.36  0.009 0.029
Statistical uncertainty 0.43 0.035 0.026

B’ - J/¥n’

Table III: Systematic uncertainties on the CP asymmetries

compared with the statistical uncertainties.

Source Cecp —nsScp
Calibration with B’ — D*~n™" 0.017 0.023
Signal extraction fit 0.003 0.017
Backgrounds composition 0.005 0.009
Backgrounds At shapes < 0.001 0.001
Fit bias 0.010 0.010
Multiple candidates < 0.001 0.002
Tracking detector misalignment 0.002 0.002
Tag-side interference 0.027 0.001
7o and Amg < 0.001 < 0.001
Total systematic uncertainty 0.034 0.032
Statistical uncertainty 0.123 0.171
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Systematic uncertainty ( B - n’'K? )

Table II: Summary of systematic uncertainties for On' o and

Kg
Sn'Kg‘
Source C’ang Sang
Signal and continuum yields < 0.001 0.002
SxF and BB yields < 0.001 0.006
CgpT mismodeling 0.004 0.010
Signal and background modeling 0.020 0.014
Observable correlations 0.008 0.001
At resolution fixed parameters 0.005 0.009
At resolution model 0.004 0.019
Flavor tagging 0.007 0.004
750 and Amy < 0.001 0.002
Fit bias 0.003 0.002
Tracker misalignment 0.004 0.006
Momentum scale 0.001 0.001
Beam spot 0.002 0.002
B-meson motion in the Y(4S) frame < 0.001 0.017
Tag-side interference 0.005 0.011
BB background asymmetry 0.008 0.006
Candidate selection 0.007 0.009
Total 0.027 0.037

CP violation, 2024/10/23, 35th Rencontres de Blois, Ryogo Okubo
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Systematic uncertainty (B - n*n~, n* ")

Branching fraction

Source B - atn” — atn®
Tracking 0.5 0.2
Npp 1.5 1.5
ft-/00 2.5 2.4
7 efficiency 3.8
K efficiency

CS efficiency 0.2 0.7
PID correction 0.1 0.2
AE shift and scale 0.2 2.0
Kz signal model 0.2 <0.1
zx signal model 0.1 <0.1
Kn feed-across model 0.1 0.1
nn feed-across model 0.2 0.1
KOK™ model

BB model 0.5
qq flavor model

Multiple candidates < 0.1 0.3
Total 3.0 5.2

Direct CPV

Source

Bt — gtq0

AE shift and scale

K%K ™ model

BB background asymmetry
qq background asymmetry
gq flavor model

Fitting bias

Instrumental asymmetry
Total

0.002

0.007
0.004

0.008

CP violation, 2024/10/23

, 35th Rencontres de Blois, Ryogo Okubo



Systematic uncertainty (B° - n’n?)

Source B  Acp
m efficiency 86 % n/a
T'(4S) branching fractions (1+ fT7/f°°) 25 % n/a
Continuum-suppression efficiency 1.9% n/a
B B-background model 1.7 % 0.034
Sample size N3 1.5% n/a
Signal model 1.2 % 0.021
Continuum-background model 0.9 % 0.025
Wrong-tag probability calibration n/a 0.008
Total systematic uncertainty 9.6 % 0.048

Statistical uncertainty 15.9 % 0.303




Systematic uncertainty (B* - p*p?)

Source B f. Acp
Tracking 0.9% n/a n/a
7 efficiency 5.7% n/a n/a
PID and continuum-supp. eff. 1.2% n/a n/a
Np+ - 3.1% n/a n/a
Instrumental asymmetry correction n/a n/a 0.005
Single candidate selection 2.2% 1.1% 0.037
Signal model 0.10% 0.02% 0.002
Continuum bkg. model 0.04 % 1.2% 0.003
BB bkg. model 0.05% 0.08% 0.002
Fit biases 4.4% 1.1% 0.010
Data-simulation mismodeling 8.0% 2.1% 0.002

Peaking background CP asymmetries 0.3% 0.1% 0.046
Total 11.5% 2.9% 0.060
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Systematic uncertainty (B’ - p*p™)

Source B [%] fr[1077] Source S[10~%] C[10~7]
Tgacklng 10.54 — B’s of peaking backgrounds 7% +0.1
7 eff. +7.67 — 77 background yield +0.9 -0
PID +0.08 — Data-MC mis-modeling 1.0 toe
To +92.87 — Best candidate selection +1.3 +1.9
MC stat. +0.24  40.2 SxF ratio Toa Too
4~/ foo +2.60 — Signal model 11 403
NBB +1.45 — qq model 22 40.2
Best candidate selection +0.55 +£0.3 BB model +0.9  Tof
SxF ratio t%ig +8§ 77 model +0.1 +0.0
B’s of peaking backgrounds ‘_"8‘:3‘; +0.1 Peaking model Toa T4
7777 background yield o £0.0 it bias £2.0 0.6
Sienal model 1114 Interference +2.8  x1.7
ignal mode 502 £0.2 : +3.4 1.9

A : Resolution * t1

qq model +0.49 +0.1 4.4 1.4
BB del 1(13:86 _7_8% Event fraction J_r?:g +0.6
mode —0.40  —0.1 At PDF for g7 and BB 138 +0.7
7+~ model +0.17 +0.0 9 718 —0.1
. 026 —0.1 Physics Parameters s +0.3
Peaking model 101 o Tag side interference +0.5 £2.1
Interference. | :f:é.5210 :I:g).SE) Wrong tag fraction s 405
D.ata—.MC mis-modeling 8o oS Background C'P Violation Y- iy
Fit bias +1.03 +1.2 CP Violation in TP signal T35 193
Total systematic uncertainty ¥10:2°  ¥17 Mis-Alignment +1.4  +0.5
. . riv N W Total systemati taint T tel
Statistical uncertainty T 1o ystematic uncertaimty  _z g "5

Statistical uncertainty,0o4/10/2#18:8rertelb2k de Blois, Ryogo Okubo




BO N p+p0

B — pp : Another way for ¢, extraction

B% - p*p~ has much smaller loop contribution compared to 7t

-> pp system has a better sensitivity to ¢,

B(107°) fi

Belle Il 23.2%22 4+ 2.7 0.94373033 + 0.027
Belle 31.7 £ 71138 0.948 + 0.106 + 0.021
BABAR 237+14+14 0.950 + 0.015 + 0.006

Good agreement with previous experiments.
Belle analysis was done with only 78fb-! Data
- Needs to be improved by Belle I

31 /24

arXiv:2206.12362
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Definition of the cosine helicity angle

cosb,:
: Cosine of the angle between * and B°
| boost direction in p* CMS frame.
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