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Vertex Detector

Central Drift Chamber

TOP Counter (Barrel PID)

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

Belle II experiment

Belle Il experiment

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

* Target integral Luminosity : 50 ab™1!

* Target peak luminosity : 6 X 103°cm~2s~1 Solenoid (157
Status Of Bel Ie II Belle Il Online luminosity Exp: 7-33 - All runs TOP PMT relacement durmg Iong shutdown1
17.5 4~ integrated luminosity _1 ................. J ‘ ) ( )
+ Integrated 531 fb ! mem Recorded Weekly 531 fb :
2 _1 15.0 - s IERecordeddt =531.34 [fb_l] ...................................................................... - 500

« Achieved Peak luminosity 4.7x 10**cm™“s
World-best, 2x higher than Belle.
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« Acceralator upgrade

» Full Pixcel detector _
( Innermost vertex detector ) installation

« TOP photodetector replacement
« And so on... 0.0
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Unitarity triangle

Unitarity triangle measurement at Belle Il BsMconstraint in B mixing poion.
e Large statistics + Clean environment = Phys. Rev. D 102, 056025 |
Vud Vus Vub — Can measure the Unitarity triangle precisely % e ]
— e Global Fit to Observables g — ]
VCK M — Vcd Vcs Vcb gf . Y
=
Via Vis Vup : :
Un |ta*r|ty * * | Agswl /| Asul (BY)
VuaVup + VeaVep + ViaVep = 0
B
elle Il can measure all ¢4, ¢,, and ¢3 Unitaritv trianele aneles World average
YEm 1 T ‘@E_ y g g ( CKMFitter, 2023 summer )
0s = b am, P " e — "1 =B =arg|=VeaVep)/(VeaVin)] T033ne
0.5 ;—g sin 2(1)1 B .. —; B _)]/LPKSI]/IPT[ ’ n’KS ¢1 (2284‘_030
= R - *¢2 = a = arg[-ViqVip/VuaVus ] +3.9)o0
= 03 E—g ¢2, @ 9, E B - nm, Bt - ptp", u ¢2 (86'2—3.5
- : % 3 cps =y =argl—V,qVip/VcaVesl ¢ 5 +3.3)o
0.2 & ; = 3 ) 4 S ud¥ ub/ Y cdV cb 3 6 .9_3 5
- E Vi b1, B 1 B* — DOK* with various D° decays ( :
o1 | ¢3;§ P 0, \3
0o | B ! , TS e
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

hel]


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.056023

P1



¢4, f Measurement

Time-dependent CPV

B® - J /WK [(B°->f)-T(B>f) _
; < J /b I‘(BO—>f)+1"(B0—>f)

RO W%L< —C cos Am At +SsmAmdAt
) Z w0 C=0 (Direct CPV)

> S § =sin2¢,; ( Mixing induced CPV)

BB is boosted (By = 0.28)
Decay vertex distance

Tag side

<L

e ot Signal side

<>
Az

b1 = arg[—VeaVep)/VeaVip)]

Flavor tagging

PhysRevD.110.012001

Kinematics, charge, PID of charged particles

- Identify tag-side B? flavor

Updated Category based FastBDT flavor tagger to

Improved performance by learning correlations

between final-state particles
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Belle Il simulation
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-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
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| Effective tagging efficiency

Category-based:
(31.68 + 0.45)%


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.012001

B’ - J/¥K? using GflaT Flavor tagger

S =

0.724 + 0.035 + 0.009

> ¢y = (23241 15+ 0.6)°
C = —0.035 + 0.026 + 0.029

LHCb
PhysRevlett.132.021801

Belle

PhysRevLett.108.171802
S 0.670 + 0.029 + 0.013
C —0.015 4 0.021*3:9%3

0.722 £ 0.014 + 0.007

0.015 £ 0.013 £ 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).

PhysRevD.110.012001

Time-dependent CPV fit to B - J /WK,
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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 are only tree amplitude.
Loop process and BSM process can shift S and C.
Tree is color and CKM suppressed

- can be used to understand the loop contribution in B® - J /WK

* Improved sensitivity by the better 7° selection and GflaT

« AE — m(ll) fit to extract signal

Candidates per 14 MeV

Candidates per 7 MeV /¢?

120

Belle II (preliminary) t Data
100F 1= 364 !

—0.1 0.0 0.1 0.2 0.3
AE [GeV]

Belle IT (preliminary) t Data
[ [£dt=3064 b

() - = = et
2.95 3.00 3.05 3.10 3.15 3.20
m(£707) [GeV/c?

Candidates per 2.0 ps

Asymmetry

—
-}
=}

Ut
o

- Belle IT (preliminary) -~
[ [Ldt=364 b1 | /)
- B J/ym”

arXiv:2410.08622

Submitted to PRD

Tree
b < ¢
p
W . ]/
d
0
d > d

Loop l
c
, Irw
g c
b d
w 0
d > d

§=-088%£0.17+0.03
C =013%+0.12%0.03
B =(2.024+0.124+0.10) x 107>

Belle
PhysRevD.98.112008

S —0.59 + 0.19 + 0.03
C 0.15 + 0.14%3:33
B( (1.62 + 0.11 + 0.06)

X 107°)

BaBar
PhysRevlett.101.021801

—1.23 £0.21 +£ 0.04
—0.24+0.19 £ 0.03

(1.69 + 0.14 + 0.07)
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https://doi.org/10.1103/PhysRevD.98.112008
https://doi.org/10.1103/PhysRevLett.101.021801
https://arxiv.org/abs/2410.08622
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O / https://arxiv.org/abs/2402.03713
B - n K,

q 400 Belle Il Preliminary [rdt=362 fb~2
T’, <0 350 | B® - n'Ks Background
. BO
* Dominated by the Loop process. t _ 3 | e
g q 2 250
* In SM, A < 8 o0
]
3 !/ ) - E 150
|sin2¢; -S(n'K,)| = 0.01 +£ 0.01 W K, 2 o
8§ sof
d > d 2 o
@
£ oo
£
& -05
< Fe— 2 4 3 8
At [ps]
S — 0 67 _I_ O 10 _I_ O 04 Belle Il Preliminary [cat=362 fo-! Belle Il Preliminary  [rdt=362 b1 Belle Il Preliminary  [rdt=362 fb-!
' - ' -_ ' U 1a0f — iI \ inaI b — i | | Iiﬁa I I — F ‘ inaI
_ % 120f E;_ntinuum - gng | il . z;ntmuum - sz | ] o 2000 (Ff;ntinuum — Z)?F | ]
C =—0.19 + 0.08 + 0.03 g | e S LlTE T 3 e
z 3 ul :
Belle BaBar 5 L 6ot o
Q n 0
3 g o :
S 0.68 + 0.07 + 0.03 0.57 + 0.08 + 0.02 = < 20f v
L 0 " " n
c —0.03 + 0.05 + 0.04 —0.08+0.06 £ 0.02 w 5 . . . w 5 nw 5 ‘ : .
S o Wl ey S G e e e B S -l e m e
o _ L L L o . ‘ ‘ . . . o ) ) )
0 $270 5275 5280 5285  529( > 0.06 —0.04 —0.02 0.00 002 004 =S 0 1 2 3
World average of S (J/PKg): 0.709 + 0.011 My [GeV/c?] AE [GeV] Ceor

Cepr : qq suppression output
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¢, Measurement

¢, = arg[—ViqViy/ViuaVip]

Tree 7
£< e
14 u
b “ U
B° T, p”
d > d

[(B>f)-T(B°>f) _
[(BO-f)+T(BO~f)
Using b — u tree decays (ex. B® - ttm~, 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




Isospin analysis

Isospin relations

Tree Loop
wtm” O O
ntm® O X
oY A O

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 ptpY BF, C

om0, p¥pY BF, 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.



B >t~ and BT - ntn®

Good agreement with previous measurements

Sensitivity is comparable with Belle using only a half size of the datal!

Tt
B(x 1079)

Belle 5.044+0.21+0.18
BABAR 554+04+0.3
+ -0

M1

B(x 1079) Acp

Belle 5.86+ 0.26 £ 0.38 0.025 + 0.043 £ 0.007

BABAR 5.02+0.46 £ 0.29 0.03 £ 0.08 £ 0.01

Npp

772 % 10°

383.6 X 10°

Npp

772 % 10°

383.6 x 10°

Cand. / 10 MeV

Pull

Cand. /10 MeV

Pull
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PhysRevD.109.012001

800 gelle n - BYsntn +c.c. Belle Il -——-- BYsntn+c.c.
JLdt=362 b1 B B°-K'nm+c.c. 4000 A [y gt =362 b1 mm B0-K'nm +c.c
600 | Background < Background
< 3000 |
o -
-~ [
400 - L
T 2000
[ L
8 [
200 - y 1000 [
r’ AN
’ \
0 +=77 I rad | " 0 . e
2.5F = 25¢ -
- ——_-—_— 0 F
=235 L I 1 1 Il o -25f Il 1 L 1
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.0 0.2 0.4 0.6 0.8 1.0
AE [GeV] c’
250 F 1400
Belle 1l -—= BT sntn%+c.c. Belle 11 ---- Btsn'n®+c.c.
500 [Ldt=362 b1 Bt -k +c.c. 1200 © [1 dt = 362 fb~! B Bt Kl +c.c.
B BB background <t 1000 L B 5B background
Continuum background < Continuum background
150 F 9 S gook g
-
° L
100 | { b O 600
©
O 400¢F
50 . i
= 200 F
et N 4
0 mmimmmmmem =TT 1, e L " 0
25F = 25¢
e e ] >
—2.5F Il Il 1 Il I o -25f Il 1 Il Il
—-0.3 —-0.2 -0.1 0.0 0.1 0.2 0.3 0.0 0.2 0.4 0.6 0.8 1.0
AE [GeV] c’

C': Transformed continuum suppression output


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.012001

B - 07"

Require 4y reconstruction ( ) fromalarge 3 aof Bellel proliminay L o Bellel prfminary
. L dt=362fb [ - L dt=362fb
background due to hadronic clusters, beam BG, andsoon & = zz
. Q _ [
— Developed an MVA for y selection 2 P
2] [
-6 © 8 10
B(x107°) C Npgg ;
5
B A ®w Fe
33 of: 7 i I - ] S
Belle 1.31+0.19 +0.19 —0.14 + 0.36 + 0.10 772 x 106 EQ St ] ER b
Z= 03 02 01 O 01 02 03 04 05 == 52 5215225235.245.255.265.275.285.29 25.3
AE [GeV] M, [GeV/c?]
BABAR 1.83 +0.21 4 0.13 —0.43 + 0.26 + 0.05 383.6 x 10° © 35 Bele T ooy S 35 Bee T peimay
E- 20 _ Ldt=362f" ?g sl L dt =362 fo"
® i b4 —-Data
oL 25¢ 5 25 )
. . . . 8 o - = Total fit result
Consistent with previous experiments and A 2 F Ee-rrey
. o e . . . O 15 F O 15F * * BB background
Comparable sensitivity with small statistics. ol ol connuun
5 5 - g
¢, extraction using B — 1 using Belle Il results is _ L, e :
. N2 2 ﬁ% 2
ongoing Bl 1B
ici 2 108 6 4 2 0 2 4 6 8 10 =22 15 o 5 0 5 10
Paper is in progress K .,
Transformed continuum Transformed

suppression output wrong flavor tag probability



14 /22

BO N p+p0 arXiv:2206.12362

B — pp : Another way for ¢, extraction

_ . . => 160 elle relimina 450 F elle reliminar —-Jata
B® - p*p~ has much smaller loop contribution compared to 7 2 .l e prmnem) o gel ey
o : ILdt=189.25fb E ILdt=189.25fb —5:3::It$:r?s
T 120} o350 i o
2 100 | 3 300
w [ o
. % 80 .g 250
— ° @ 200
B(lo ) fL % 60 © 150
© | 100
20| 50
Belle 31.7 £ 71138 0.948 + 0.106 + 0.021 Bw e By 4
NG 2 NE 2
Tg ¢ ®5 0
BABAR 237 + 14+ 14 0.950 + 0.015 + 0.006 58 I E
= z -
. . . G 120 | Belle If (preliminary) o~ 380 Belle i (preliminary)
Good agreement with previous experiments. 2 o [Lat= 180250 S aof [Jra=mezsw
. . = N o
Belle analysis was done with only 78fb-! Data S @ 250
. 80 @©
- Needs to be improved by Belle Il 5 | 2 200
. . . . . 2 60 c
Large systematic uncertainty due to data-MC mismodeling in cos 8, 8 | 8 150
. . . . . . S 40
— Further investigation and analysis with a larger dataset are ongoing! 3 10
8 20 50
By ¢ B 4
E% :g - 1 L Il L L EE “ - . L . L L L L L L
Zx 0.6 07 0.8 0.9 1 ZzX _1 08-06-04-02 0 02 04 06 08 1

m(rz* 7°) [GeV/c?] cos6,


https://arxiv.org/abs/2206.12362

B’ - ptp~ B and f;

6D Fit for signal Extraction
Analysis challenge

== T,ong. signal ==== Self-crossfeed qq R T t Data
° B - pp iS P - VV decay ===+ Trans. signal Peaking backgrounds BB —— Total
.. . . . > E Belle II preliminary 1 & 150 F-Belle IT preliminary 4 = 150 FBelle II preliminary .
—> Angular analysis is needed for polarization extraction. 8 0 fo = 300 1 % feumsoan 12 | few - ;
o o 150 | } 4 = 100} — 100 -
« 10 selection =D et =T = ;
Needs two soft ° reconstruction from p ‘:: NG B i I e T
. . . s E - ~ 1 £ C —-’1—:?\5 1 2 [ __,:'::\_ ]
— Suppressed backgrounds using machine learning _ §p=——sSm—ea & (petestnnade] § e
. C . . g:j _g ;.__7 ..-_ - — g™ _:g Q::: _g %_‘! g » ,l. _l___..l_% Q:: _g :! » .I_- e -'IL - N ll- |Il'_§
ontinuum suppression o1 oo o1 06 o8 10 06 o8 10
Large qq background was suppressed by TabNet AEGeY e lGeV/?) e olGeV/e?
. . | Belle II preliminary ] - Belle II preliminary E - Belle II preliminary 1
( a kind of neural network, arXiv:1908.07442 ) S 20| fon-sonn | i | oo T :
2 100 ‘5 % ;
B(107°) fi Ngg : | 520 f g 20 b,
0 0 0F
— 3 E — 3 E— — _ S = 3 I R -
E _(3) 3 ] l I I 3 E _g :- -I ____I!_ _I _ Q? _g - _I - _I--— |. E

o
o
o
no
o
=
(=]
(o))
o
[ee]
—
=]
|
-
o
1k
e
wv F
o
ol
o
(9]
|
[
o
|
©
[$)]
e
<cl
o
[$)]

Belle 283+15+15 0.988 + 0.012 £+ 0.006 772 x 10
Total uncertainty: 7.5%

BABAR 25.5+ 2.1 %38 0.992 + 0.024 *5:92¢ 383.6 x 10°
Total uncertainty: 16.3%

Consistent with previous experiments - Extract CPV parameters



https://arxiv.org/abs/1908.07442
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B’ - ptp~ CPV + Constraint on ¢,

== Long. signal ---=- Self-crossfeed BB =TT { Data
=== Trans. signal Peaking backgrounds qq —— Total
100
[Belle IT preliminary g’ (4= +1) | [ Belle II preliminary 7o (,— 1) [Belle I preliminary & Btag |
8o |, . s 80 | S 10 ] [/ s
) :/ﬁdt:%“b] 0.875<r<10 ] ) :/Edt:%“bl 0.875 <r < 1.0 ) 80 :/ﬁdt:364ﬂ)' ¢ Btag ]
o, n o, : o, | - i
o 60 o 60 [ 41 <= 60}
240 2 2 40}
s S 2 .
m - m = 20
20 | i
: oF
0E -
_ 3F 4 % 0.3
s 0 T I E 0.0
& l ] a =
op B E 7 —0.3
] i - . < | | - I |
-6 -4 -2 0 2 6 -6 -4 -2 0 2 4 6
At [ps] At [ps]
S C Ngp * Consistent with previous experiments
* Improved precision by GFIaT flavor tagger and better selection.
Belle —0.13+0.15+ 0.05 0.00 £ 0.10 £ 0.06 772 x 10° - Extract ¢2 using the new result
BABAR —0.17 + 0.20%392 0.01+ 0.15 + 0.06 383.6 x 106



¢, extraction

Belle II (Preliminary) B—pp ( WA + Belle IT)
[y =[92.673)°

¢, extraction using B — pp world average

1.0

+ Belle Il p*p~ results 0.8 | |
9 - ]

B 0.6 - 3
6% improvement by Belle Il results! 2

Dominated by S of p*p~ and p°p°. e 88:3% i
Other pp analysis is also ongoing in Belle II. [ ]
0.2 | -

0.0||||||\||||||||||||||||||||||||||||
0 20 40 60 80 100 120 140 160

Paper is in progress
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¢,y measurement

¢3 = arg(—VuaVup/VcaVcp)
appear in CPV parameter of b —» uc¢s 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

Simultaneous fitto B = Dm, DK, with different D decays
Bt > DK,D > KTK~ (CPeven),

Belle
b J-Ldt=711fb'1 H

Observables: Direct CPV in B ratio

B(B~ — Dep K~) — B(BT — Dop KT
B(B~ = Dep K )+ B(B" — Dop K1)’
B(B~ = Dop K~) + B(B" = Depi K1)
(B(B~ = Dgay K~ ) + B(B™ — Do K7))/2

Acps =

CP+ =

Dcp, : CP-Even decay (D - KTK™)
Dcp- : CP-odd decay (D — K{m°)
Dqay: Flavor specific decay (D — K*r™)

!

Repr =1+ ’r% + 2rp cos dg|cos ¢,
AC’P:I: = :|:27“B sin 5B sin (;f)g / RC’P:I:'
(GLW Method )

25

n
=]

Events /5.6 MeV
5 o
T

o

B - DK K * (e)

o vo

Bellell 8" DK)K " (e)
JL dt=189fb" s

Rep+

Acp+
Acp_

Events /5.6 MeV
O aw N Whr N ®OO
" T T T T T T T
d Y
of
1. [ S
o
o .,
o

0.1 0.15
AE (GeV)

vents/(5.6MeV)

E

Events /5.6 MeV

Pull

25

n
o

o
T

O VO AN WA TN ®© O

Belle Il unique

b Belle 8" ook ()
o J-Ldt=711fb' s

0.1 0.15
AE (GeV)

Bellell 8 - oK)k~ (f)
E JLdt=1safb' N

0.1 0.15
AE (GeV)

= 1.164 £ 0.081 £ 0.036,
= 1.1561 £ 0.074 £ 0.019,

= (+12.5 + 5.8 £ 1.4)%,

JHEP05(2024)212

= (—16.7+5.7+0.6)%, 3.5 ¢ evidence for Acps # Acp—


https://doi.org/10.1007/JHEP05(2024)212

¢; combination

First Belle + Belle Il combined ¢3; analysis.

Combined analysis using 4 methods.

Fit results

Belle + Belle Il :

B3 =(75.2 +7.6)°

Belle + Belle II (2024)

Pammeters i) B OB C) B opC)  BE  GFE0)
Best-fit value 75.2 0.115 137.8 0.0165 347.0 0.229 342

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]

95.4% interval  [59, 89]  [0.089, 0.138] [116, 154]  [0.006, 0.027]  [322, 366]  [0.10, 0.37] [306, 371]
Inputs for o3 measurement
B decay D decay Method Data set (Belle + Belle IT)[fb™]
BT 5 Dbt D KO KK+ GLW 711+ 189 Belle II
Bt - Dht D—o Kto  Ktn a0 ADS 71140
B* - Dht D— K}K ™t GLS 711+ 362 Belle I
Bt = Dht D — K%~ ht BPGGSZ (m.i.) 711+ 128 Belle II
BT - Dht D— Klnata® BPGGSZ (m.i.) 711+ 0
D* = Dr% D = K%° K%, K%

+ * + 7 S ? S ) S ?
BY 5 DK* gl GLW 21040
Bt —» D*K*  D* — D% Dvy,D - Kdn—nt BPGGSZ (m.d.) 605 40

Dominated by LHCb, but Belle + Belle Il
is also improving the precision!
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arXiv:2404.12817

(accepted by JHEP )

LHCb CONF-2024-004

1.0}
0.8 F
S|
O 06F
| L
T 04T 68.3% . -
0.2} .
- 95.4% J
0.0 —— Sl '
50 100 150
bs|°]
LHCb:
3 = (64.6 + 2. 8)
— 1.0 T ret Ll o
S LHCh R L S
— 0.8 ? S:f:)l{r]rg:ggg “ ll':_: = il: [(\ide:::ssi
0.6¢ -
T 683%]
0.2 .
...95.4% |
— i ]
40

7[°]

! L1 L .|A'"'|‘-lr-u L
30 90 100 110


https://cds.cern.ch/record/2905625?ln=en
https://arxiv.org/abs/2404.12817

Summary

e Belle Il is a high-luminosity e* e~ collider experiments, collected 531 fb~1 of data
( equivalent of BaBar, half of Belle )

 Belle Il is improving the CP violation measurement using collected data, improved detectors, and improved
analysis technique.

* The new GNN-based flavor tagger improved the precision by about 10%!
* ¢1: B® > J/¥YKJ, B® - n'KJ,B° - J/¥n°.
e ¢,:B >t~ w0, m0n° Bt - ptp° B > ptp-

* ¢P3:



Systematic uncertainty

B® - J /WKy

TABLE I. Systematic and statistical uncertainties on &, for
B° - D¥)~z* and, S and C for B® - J/yK).

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

23 /22



Systematic uncertainty ( B - n’'K? )

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

Kg
Sﬂng.
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
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Systematic uncertainty (B - n*n~, n* ")

Branching fraction

Source B - nta~ — ata®
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 - gtg0

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




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
N+ p- 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




Systematic uncertainty (B’ - p*p™)

Source B [%] fr[1077]
Tracking 10.54 —
70 eff. +7.67 < —
PID +0.08 —
Tc +2.87 < —
MC stat. +0.24 £0.2
f+—=/ foo +2.60 —
NBgB +1.45 —
Best candidate selection +0.55 =£0.3
SxF ratio s Tos
B’s of peaking backgrounds 598  40.1
777~ background yield ee  £0.0
Signal model oy 0.2
g model w8 ol
BB model o
77" model Y026 To3
Peaking model AN
Interference +1.20 =+0.5
Data-MC mis-modeling o 1S
Fit bias +1.03 £1.2
Total systematic uncertainty "o -s° 1'%
Statistical uncertainty +r.93 f%%

Source S[10~7] C[10~7]
B’s of peaking backgrounds e +0.1
77 background yield +0.9 8
Data-MC mis-modeling 1.0 e
Best candidate selection +1.3 +1.9
SxF' ratio R +o.r
Signal model T M
qq model e +0.2
BB model +0.9 ‘_"8 g
77 model +0.1 0.0
Peaking model e 2
Fit bias +2.0 +0.6
Interference +2.8 +1.7
Resolution 13 W
Event fraction B 9 +0.6
At PDF for ¢q and BB AR ol
Physics Parameters R +0.3
Tag side interference +0.5 +2.1
Wrong tag fraction 2 +0.5
Background C'P Violation ‘_"3:2 ‘_"3‘_2
CP Violation in TP signal 5 2
Mis-Alignment +1.4  +0.5
Total systematic uncertainty —_H;:g ‘_"g 411
Statistical uncertainty +18.8 £12.1
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