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Violation sensitivity at the Belle IT Experiment

—Introduction

CP Violation in B meson systems

B mesons exhibit large CPV effects

o) . . .
The B__Unltarlty Triangle The angle ¢g (‘y) related to
(P

relative phase of tree level bc & bu couplings

Vi Vi AN
‘/cd V;Z Vrd Vrb

@1, P2 (B, ) depend on top-beauty coupling

accessible through B oscillation processes

WA 0.68,0 WA 2.3,0
©0) 1.0 oY A, = (218510850 | oWA = (ss.8T29)
P ~ Py ~ 3 ! [CKMFitter, Summer ‘16]

¢, & ¢, enter the expression of time dependent rate asymmetry of B meson decays into CP eigenstates

_ D[B(¥)] —T[B()] _ .
a5, (t) = TB(O] FTB0)] — C cos (AMt) — Ssin (AMt)

C x T'[B] —T'[B] : Direct CPV S =sin (2¢:’f‘f) : mixing induced CPV

ty at the Belle II Experiment
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—Introduction

Time-dependent CPV at B-factories
Time dependent rate asymmetry of B meson decays into CP eigenstates

T[B(At)] — T[B(AU)]
a At) = — = C cos(AMAt) — Ssin(AMAt
for (A0 = B RN FT(B(AY)] (AMAD (AMAD)
Asymmetric B-factories @ Y (45S5)
Flavor-tag decay
Asymmetric (B or B ?)
energies
* LA , JAp
e BB pair from Y(4S) are in entangled state il /
m decay of tag B into flavor specific final state provides e T —
= ty & signal B flavor at t, =0 \KS
Az
o Asymmetric kinematics _
s BB are ~ at rest from Y(45) B-B more B TGEN ISinZ(I)l
» measurement of time from displacement between B (B;+)B more B tags '
ags

At~ Az/Bvc

decay vertexes

at the Belle II Experiment
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U Introduction

SuperKEKB ...

1
CPV ~ BR = large data set is needed for precision measurements

KEKB SuperKEKB
£(10°%s " -em™ ) 2.11 80
[ L£dt (ab™ ") 0.8 50
e energy (GeV) 8 7
et energy (GeV) 3.5 4
By 0.45 0.28
< Az > ~ 200 pm ~ 130 pm

1 ab~ ' ~ 1 billion BB
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U Introduction

SuperKEKB ...

1
CPV ~ BR = large data set is needed for precision measurements

- Goal of Belle I/SuperKEKB

50 KEKB SuperKEKB
= 4ok /- 3T _—1 =2
o3 Y L(107s" " -em™ %) 2.11 80
3of- / [ L£dt (ab™ ") 0.8 50
20 ~ =
20t /—’/ e energy (GeV) 8 7
10 ~ 20 days/month et energy (GeV) 3.5 4
X105 g_ By 0.45 0.28
- Gz_ / < Az > ~ 200 pm ~ 130 pm
R
i . 1ab™" ~ 1 billion BB
2D17 2018 2019 2020 2021 2022 2023 2024 2025

Calendar Year
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U Introduction

SuperKEKB ...

1
CPV ~ BR = large data set is needed for precision measurements

70
o Goal of Belle 11/SuperKEKB
50 KEKB SuperKEKB
= aof /- 32 —1 =)
28 % /_/ L(107s" " -em™ %) 2.11 80
3of- [ L£dt (ab™ ") 0.8 50
20 s~ =
20t /—’/ e energy (GeV) 8 7
10E- ~ 20 days/month et energy (GeV) 3.5 4
X103 g_ By 0.45 0.28
- Gz_ / < Az > ~ 200 pm ~ 130 pm
R
i . 1ab™" ~ 1 billion BB
2D17 2018 2019 2020 2021 2022 2023 2024 2025

Calendar Year
Reduced Y (4S) boost

} Detector improvement
Higher background
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—Introduction

... & the Belle II detector

Full coverage of interaction region Extended VXD region
Small cell size & longer level arm in CDC

Improved electronics and light yield for EM
calorimeter
particle

identification Improved K/ separation & K reconstruction

vertex detecto . See Carlos Marinas’ talk on Friday
2 layers DEPFET 2
4 layers DSSD

for more details
central

drift chamber

y at the Belle II Experiment
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U Introduction
SuperKEKB & the Belle II detector

... & the Belle II detector

Time dependent analysis: Vertex resolution on z

Improvement in vertexing capabilities

53 pm (Belle 89 um)

Flavor-tag decay
(A ﬂ

25.6 ym K
(Belle 43 pm)

Resolution on At in B® — J/1,b(p.u)Kg~

[ Belle II Belle |
| 0.77 ps 0.92 ps |

Relevant improvement from vertexing
(despite reduced Y (4S)) boost

Two benchmark scenarios:

no improvement, factor 2 improvement

CP Violation sensitivity at the Belle II Experiment 7 May 2018
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—Introduction

... & the Belle II detector

Belle II MC
2100000 —-— Both
o L
= ! - RO
= 80000 20
=
£ 60000
€3]
B 40000 il
I L] Ty
% 1.__.-‘-—. o L __,f"-
= 20000 | R T
5 = -
Z -..---"—-
0 Y
—1.0 —0.5 0 0.5 1.0
(q-7)rBDT

Time dependent analysis: Flavor tagging

BY or B ?
=0
CF e é Ty
T T
Bo or Bl] 9 -

Improvements wrt Belle/BaBar
® new tagging categories
m tracking & PID improvements

Tagging efficiency (on B® J/'l,b(up,)Kg)

Belle IT MC 37.16 £ 0.03 %
Belle Data 33.6 + 0.5 %
B-factories ~ 30 %
LHCb 5.9 %

ty at the Belle II Experiment
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!

—sin(28) measurement

b — cés transitions

sin (2¢;) in tree dominated b — ccs transitions

Penguin contribution

I/ T/

Decay dominated by a single

weak phase

S ~ sin (2¢4)

Irreducible systematics from vertexing & tag-side interference: depend on real performance of detector

Reducible systematics are expected to scale with luminosity (e.g. fit bias, signal fraction)

Current status from Belle [PRL 108 171802] Belle IT expected uncertainties @ 50 ab T

uncertainties (10 °) | Value || stat syst stat  syst: reducible irreducible
0 S +0.670 29 13 3.5 1.2 8.2 4.4
J/YKs =_-C | -0.015 21 4523 || 25 0.7 +43,-22 +42, - 11
ces S +0.667 23 12 2.7 2.6 7.0 3.6
A=-C | 40.006 16 12 1.9 1.4 10.6 8.7

Precision better than 1% is expected on ¢, from b — ccs

CP Violation sensitivity at the Belle II Experiment 7 May 2018 6/ 14
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sin(28) measurement

. . . . — 0 0
sin (2¢;) in penguin dominated b — qg@s : B° — ¢K
Loop process, same weak phase as b — ccs

Sensitivity studies without beam induced background

Time resolution of ~ 0.77 ps

at™C = AatMC in okt K THKS (T A7)

9 80000FT T T T T

§ [ Bellell Total fitting function

Ks s 70000? — = corecomponent

Current status from Belle: S 0o = +09tggg = 60000 0703992 E
qbKS N £ —_— ;ral\oc:?emponem 3

50000 - =

. 1 E G =0.9200 ps B

Expected sensitivity @ 5 ab 400005 — - outercomponent B

E =0.0769 |

Channel a(S) o(C) E oTEsee ]
30000 !

(K+K )KS(W m ) 0.08 0.05 20000k E
H(K ) ( ) 0.13  0.10 g E
pn T m YKo (x ) 015 011 10000 v E
K% modes 0.06  0.04 e R S
Kg + K, modes 0.05 0.03 At Resolution (ps)
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!

—sin(28) measurement

b — gqs transitions

. . . . _ 0 /7.0
sin (2¢);) in penguin dominated b — q@s : B — n' K
Current status from Belle: S",Ko = +0.68 £+ 0.07 £+ 0.03 [JHEP 10 165]
S

5

Large BR ~ 10~ In “best case” scenario

Crucial aspect is 7r0, 170 reconstruction 204 T T T T
- . : : e Bellell [L=50ab" e 1
Non negligible fraction of mis-reconstructed signal E r o J
Sensitivity studies accounting for % T ok *’ b
beam induced background < 02 7 kg i :‘ *:I N
. 1 i
Expected sensitivity @ 5 ab™ " + x‘ +‘ i
Channel () o(0) o—+ * 1l 1
= St . %
N (N m )Kg(m m)  0.06 0.04 i 4 .
0 (naenta )KS(xtaT) 0.1 0.08 02f ’i’h -
K9 modes 0.03 0.02 L ”“’:’ o YK, (S=0.70)
L o ) _
K9 + K9 modes 0.03 0.02 04 S e B
Syst 0.021 (0.017) -10 -5 0 5 10
Syst 1 (2) scenarios At (ps)

B® — nIKO is the first b — gqgs mode systematic dominated @ £ ~ 10(20) ab™?!
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¢, measurement: isospin analysis in B — 7, pp

Two amplitudes of comparable size and different weak phase

7r7,7r07r0 but not BY - 7 x°

Penguin enters B = at

by = (A0, 410, g7 = (AT7,47)

Isospin constraints B and Bt amplitudes to the following e magnitude and relative phase between ATT & AT
triangular relations (Gronau-London [PRL 64 3381 (1990)]) determined from BO — ﬂ-+ﬂ-_
o) — 00 I .
ATO = AT /\/§+ A o modulus of A% & A% known from BR & C’ﬂoﬂ_o in
_ L _ 0 )
AtT0 _ Azt /\/§+A00 B — 7w

|A+O| _ |A+0| e need measurement, of S_Ko_’ro in B - 7n°7°

CP Violation sen at the Belle II Experiment
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!

¢ measurement

B — 7w

¢, measurement:

First attempt to measure Sﬂ_oﬂ_o

Final state BR(%) | exp @ 50 ab |
wo.,(w) fr:.y(H vY) 98.823
7Gag (= eTe ) WSW(H ) 1.174 270
0 + = 0
Ty (e ele DY) mon (2 ) - 50
Pure Dalitz Converted

BS

0 —
7lya — €Ty

e+ ete”

e Only Dalitz decay candidates are used for time dependent
analysis

e Non negligible fraction of converted v reconstructed as
Dalitz candidates

e The two topologies can be separated on a statistical basis

B — n'x’° sensitivity

Conversion vertices in the innermost part of detector

yiem

x/cm

Statistical uncertainty estimated with pseudo-experiments

— [
N 25— X?/ndf =0.700
S
[I S |1 =0.006 +0.013
— 20 0=0.2924 +0.0092
e r
f=4 [
o 15
Q 15¢
w L
s o(S) ~ 0.29
Scp‘u - Sep
7 May 2018 10 / 14
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!

¢ measurement

B — 7w

0 0 e 0 e
¢, measurement: B — 7 7 sensitivity

. Conversion vertices in the innermost part of detector
First attempt to measure Sﬂ_oﬂ_o

3
5
Final state BR(%) | exp @ 50 ab | > o
0 0
T (YY) 7o (= YY) 08.823 *
7 dal (— e+577) 7727(% ¥v) 1.174 270 o
0 + = 0
ﬂw”(—* Vel ele )y) myy (= v7) - 50 P
Pure Dalitz Converted i
5(At) = 1.14 4+ 0.03 §(At) = 1.42 +0.04 A S s e
2 =002 2 W, =001 x/cm
o soo0p + 0.01ps S 3500) '+ 0.01ps Lo . . . .
S ok o s S __o,-1e Statistical uncertainty estimated with pseudo-experiments
= '+ 003 ps S ' 004ps
g 2 ndf =
Y 20oof [ S X2/ ndf = 0.700
1000 o n 1=0.006 +0.013
2000 500 20
Z/—AN ~ 0=0.2924 +0.0092
% % 20 2 L E ] Z 1 i L
e pqon ey 2 f
A - A" [ps] - A" [ps] 2 15[
e Only Dalitz decay candidates are used for time dependent wor
analysis 1o o(S) ~0.29
e Non negligible fraction of converted v reconstructed as m
Dalitz candidates
e The two topologies can be separated on a statistical basis Sce,i " Scp

7 May 2018 10 / 14
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¢, measurement: B — @

Isospin analysis input in B — 77
Belle, Belle II

Value Belle @ 0.8 ab~ '  Belle IT @ 50 ab "

B . 10"l 5.04  +0.21 £ 0.18 [2] +0.03 % 0.08
B o o 10 1.31  40.19 + 0.18 [1] 40.04 + 0.04
By o 10 5.86  +0.26 +0.38 2] 40.03 + 0.09
cly - ~0.33  +0.06 £ 0.03 [3] 40.01 % 0.03
s —0.64  +0.08 % 0.03 [3] +0.01 4 0.01
é;o:o —0.14  +0.3640.12 1] +0.03 + 0.01

[1]: arXiv:1705.02083, [2]: PRD 87(3) 031103, [2]: PRD 88(9) 092003

0 30 60 90 120 150 180
2
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¢, measurement: B — @

Isospin analysis input in B — 7
Belle, Belle II (+ S g 0o)
o

Value _ Belle @ 0.8 ab~ " Belle IT @ 50 ab™ " a0 1C
-G 1 Sn"n"
B o — o 5.04  £0.21 £ 0.18 [2] +0.03 £ 0.08 O T
B o _o [10°%] 1.31 +0.19 £ 0.18 1] +0.04 & 0.04 ‘_'1 0.8- — 083
B . o110 5.86  =+0.26 +0.38 [2] +0.03 4 0.09 r =+ 0.40
o'y - —0.33  40.06 £ 0.03 [3] +0.01 + 0.03 0.6~ - -0.61
. —0.64  40.08 +0.03 [3] +0.01 +0.01 r . .0.94
Uy K .
C oo —0.14  +0.36 +£0.12 1] +0.03 +0.01 0.4t
5 00 — — £0.29 £ 0.03 B S | |
[1]: arXiv:1705.02083, [2]: PRD 87(3) 031103, [2]: PRD 88(9) 092003 0.2
Adding S _o_o input 0
o . 0 30 60 90 120 150 180
Adsianlic ~4 o (°
2
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¢, measurement: B — @

Isospin analysis input in B — 7
Belle, Belle II (+ B — pp, B — 7wm)

Value Belle @ 0.8ab~ " Belle I @ 50 ab_* = 1

B — 0l 504  £0.21%0.18 2] £0.03£0.08 Ll) i
B o o107 131 £0.19£0.18 1] +0.04 £ 0.04 — 0.8
B . ono® 586  £0.26+0.38 [2] £0.03 £ 0.09 :
cy - ~0.33  £0.06 % 0.03 [3] £0.01 +0.03 0.6
CR —0.64  £0.08 £ 0.03 3] 40.01 £ 0.01 C

C oo 014  £0.36 £0.12 [1] £0.03 £ 0.01 0.4-

S 0 0 [

[1]: arXiv:1705.02083, [2]: PRD 87(3) 031103, [2]: PRD 88(9) 092003 O.Zj

0

85 90 95 1

00
9, )

All B — hh inputs

Ad5nlio ~ 0.6°

CP Violation sen at the Belle II Experiment
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measurement

¢3 measurement

CPV arises from interference of tree level diagrams
of differing weak and strong phases.

U
K-
W s

=l

No B mixing, nor penguin amplitudes involved

Current status

Belle +15\0 ,LHCbH 15.1
¢3 = (78116) " #3

= (76-8—5.7)0

CP Violation sens

Belle IT Golden Mode
Bt & [KSnTn | pK*

m large Branching ratio
m good ng reconstruction
Dalitz-plot analysis of self-conjugate D decays
(GGSZ) [prDes, 054018 (2003)]
Strong phase measurement requires
= Dalitz plot analysis

m external inputs (from CLEO-c that will be improved
by BESIIT)

at the Belle II Experiment
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¢3 measurement

¢3 measurement - prospects

Uncertainty on ¢g vs £

E‘ 9 T I T T T
-5 E \\ Belle Il Projection (Feb 2018)
e . + 0 — + g 8 \
Sensitivity studies on B~ — [KSTI'+7I' IpK H \
5
g
. —1 o =
Expected uncertainty on ¢3 @ 50 ab™ ~ of 3 e :f i
E ¥
Improvements expected from 4
u inc(l)USIOH 8f G_'_GSZ mojgles *0 j: 3f 70% data Y(4S), 6 months, slow ramp-up-
(D" - KgKTK~, B = D*"K™) 2070 Tk davis). o menis
3 3 1: . 70‘/¢dﬁ\aV(43),ml\9mDnlhs,\mp(DMK!
m refinement of analysis, according to [ 74 i aia ¥(4S), full months, Improved Ky
real performances of Belle II O a0i7 2018 201 2020 2021 2082 2023 2004
Year
Extrapolation of combination
. . 0
= inclusion of ADS/GLW modes Bt — D*(D{y, 7" HK™

= assuming 10fb~ ' BESIII data @ 4 (3770)
to constraint strong phase

Expected uncertainty on ¢g

3.6° (1.6°) @ 10 (50) ab™ "

at the Belle II Experiment
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5 measurement

¢3 measurement - prospects

Uncertainty on ¢g vs £

E‘ 9 N T T T
-5 E \ Belle Il Projection (Feb 2018)
PO . + 0 — + s 8
Sensitivity studies on B~ — [KSTI'+7T IpK 5,
=) E
g
. —1 o = I
Expected uncertainty on ¢3 @ 50 ab™ ~ of 3 e : i
Improvements expected from 4
u inC(I:'USiOH 8f CiGSZ mojgles Y0t 3E 4 700 cata Y}, 6 monte, siow rmpup
(D" - KgK"K~, BY - D*""K™) 2F T3 Tov i Vi, o i S
) 3 1: 4 70% data Y(4S), full 9 months, improved K, o
m refinement of analysis, according to 4 Al daa V4S), 9 monts mproved
real performances of Belle II O a0i7 2018 201 2020 2021 2082 2023 2004

Year
Extrapolation of combination
en plus (not done in Belle/BaBar)
inclusion of ADS/GLW modes BT — D*(D{y, s’ H K"

1 e D final states with neutrals & significant BR, e.g.
m assuming 10fb~ ~ BESIII data @ (3770) . 00 .0 0 ..0..0..0
to constraint strong phase = CP-even: m 7, Kgnm , KsKsKg
n CP-odd: nTrOﬂO, 7]'7r07r0, KgKgK%
Expected uncertainty on ¢g
3.6° (1.6°) @ 10 (50) ab™ " o double Dalitz analysis of B® — D(Koﬂ‘+ﬂ‘_)K+7\'_

e BT [K@w*w’wO]DKi

CP Violation sensit y at the Belle II Experiment
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L

‘—Conclusions

Conclusions
The Belle IT program

m large dataset @ improved detector and physics software (flavor tagging, vertex reconstruction)
m unique possibilities for modes with final state with neutral particles

e sin (2¢;) will remain the most precise measurement on the UT parameters (precision level of penguin pollution)
e ¢, determination will benefit of reduced errors and new inputs (Sﬂ_oﬂ_o, B — pm mode) for isospin analysis
® ¢p3 measurement will reduce uncertainty of 1 order of magnitude, tough competition with LHCb

e other time dependent CP-violation analysis feasible @ Belle IT (B — K*(— 7°K2)7)

Current world average Belle II projection @ 50ab ™t

CPV only
o7 . . o7
B inputs
a8 E13 o % P .,
f . o,
. \ ; .
= EE @ More details = E8 o
03 I - -
* in the o
02 | 02 3
o E| Belle IT , E
g el . 1 3
- Y mlem ‘ e & Physics Book ‘ ) ‘ Y E
n.n—ﬂl -0.2 0.0 02 04 06 08 1.0 o 1

A. Morda
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‘—Conclusions

Conclusions
The Belle IT program

m large dataset @ improved detector and physics software (flavor tagging, vertex reconstruction)
m unique possibilities for modes with final state with neutral particles

e sin (2¢;) will remain the most precise measurement on the UT parameters (precision level of penguin pollution)
e ¢, determination will benefit of reduced errors and new inputs (Sﬂ_oﬂ_o, B — pm mode) for isospin analysis
® ¢p3 measurement will reduce uncertainty of 1 order of magnitude, tough competition with LHCb

e other time dependent CP-violation analysis feasible @ Belle IT (B — K*(— 7°K2)7)

Current world average Belle II projection @ 50ab ™t
Al

inputs

% am, Gz

Fl

e5ciuded area s CLS 095
£

More details = o~
in the >
Belle IT
Physics Book *

[/ |
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" Indirect photon polarization

Time dependent studies beyond CP-violation

at the Belle II Experiment
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= ndirectiphotonlpolar

Photon polarization in b — s+ transition

/\{V'\]\‘ Indirect probe of photon polarization by measuring
t
b s

L(B() = fepy) =T(BWM) = fory) o (72 4y o Am.
W Aot )= T e B0 Ty = 2 () in(@8)sin(amt

my

generated by interference between favored B? & fepYr and suppressed B 5> B° > fcopYr amplitudes.

Belle 2 performed sensitivity studies for the golden mode B® — K* (Kgﬂ'o)'y

Kg reconstructed in the « 17~ final state (to fit B° decay vertex)

Current status Expected statistical uncertainties
SM o no beam induced background effects in simulation
SngfrO'y = (2.3+1.6)% Zab | o(S) | o(C)
§Bsle  _ (39038 Lo 2 0.16 | 0.10
Kgmv 10 0.07 0.05
50 0.03 0.02

CP Violation sensitivity at the Belle II Experiment
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= ndirectiphotonlpolar

Photon polarization in b — s+ transition

favored o« m, Indirect probe of photon polarization by measuring

Jr VR

B® _
‘\) ‘B°/ App(t) F(g(t) = fopy) —T(B{®) = fepy) 5 (@) sin(23) sin(Am-t)

D(B(t) = fepy) +T(B() = fepy) my

suppressed o mg
generated by interference between favored B? & fepYr and suppressed B 5> B° > fcopYr amplitudes.

Belle 2 performed sensitivity studies for the golden mode B® — K* (Kgﬂ'o)'y

Kg reconstructed in the « 17~ final state (to fit B° decay vertex)

Current status Expected statistical uncertainties
SM o no beam induced background effects in simulation
SngfrO'y = (2.3+1.6)% Zab | o(S) | o(C)
§Bsle  _ (39038 Lo 2 0.16 | 0.10
Kgmv 10 0.07 0.05
50 0.03 0.02

CP Violation sensitivity at the Belle II Experiment



DEPFET Technology

B tag vtx residuals At residuals
ol — 100l
& —Mean  T.0pm ;Sm; —Mean  ~0.05ps
§‘“’ — St Dev 520 | 5, E —Std Dev 0.71ps
Benchmarkomodes 0 P E 3
J/Y = ppin B® — J/¢YKg o i
« 3
s
Az ~ 26um o i
. 0 0 “ a0
B tagin B" — J/YKg x a
T gt

00T o0z D03 NG
Tagz - GenTagvz  em at-Gen. ot/ ps

e II Experiment 7 May 2018 17 / 14
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sin(203) in b — c¢s transitions

] No ] Vertex Lepton'ic No Vertex Teptonic
. improvement improvement categories improvement improvement categories
S o (50 ab™ ") =1
J/PKS SJ/:p-:rO (50 ab  7)
stat. 0.0035 0.0035 0.0060 stat. 0.027 0.027 0.047
syst. reducible 0.0012 0.0012 0.0012 syst. reducible 0.009 0.009 0.009
syst. irreducible 0.0082 0.0044 0.0040 syst. irreducible 0.050 0.025 0.025
=T
A 0 (50ab™ ") A 50 ab
J/wKY 1y (50200
stat. 0.0025 0.0025 0.0043 stat. 0.020 0.020 0.035
syst. reducible 0.0007 0.0007 0.0007 syst. reducible 0.004 0.004 0.004
syst. irreducible 000 0042 0.011 syst. irreducible 0.045 0.042 0.017
No Vertex Leptonic
improvement improvement categories

S.ss (50 ab" 1)

stat. 0.0027 0.0027 0.0048

syst. reducible 0.0026 0.0026 0.0026

syst. irreducible 0.0070 0.0036 0.0035

Ae, (50 ab” 1)

stat. 0.0019 0.0019 0.0033

syst. reducible 0.0014 0.0014 0.0014

syst. irreducible 0.0106 0.0087 0.0035

at the Belle II Experiment



CP Violation sensitivity at the Belle IT Experiment

Penguin pollution in sin(23) from B — J/¢¥KJ

Let us denote the O(\;,/\2) terms in by AS

J/UKS
SJ/wKO =sin2¢; + ASJ/¢KO = sin(2¢; +5¢J/ng)
6¢J/¢K° ~ O(X\;,/A2). Small parameters ASJ/’:/)KO or 5¢J/¢K° referred to as the ‘penguin pollution’ in the
extraction of ¢; from SJ/ng.
Strategy AS, WK o[%] 66, WK ]
QCDF/pQCD 1121 | [S0.1 (TTg01)
Need strategies to either compute, bound or control OPE [3] (| | < 0.9) | 150.68
ASJ/ng' Broken U—spip 14,5] 0+2 0.0+ 1.6)
Broken U-spin [6] ([-5,-0.5]) [-2.0,—0.4]
P SU@atoEm 1Sl | 1508
AS = 2X°Re—7 sin ¢5 cos 26, + O\ Broken SU(3 (1479 1.101979
JIWKS T Ty 3 1 roken SU(3) 151 (= ) —(110758)

[1]: PRD 70 036006, [2]: JHEP 03 009, [3] PRL 115 061802, [4]:
PRL 95 221804, [5]: arXiv:1102.0392, [6]: PRD79 014030, [7]:
PRD 86 053008, [8]: JHEP 1503 145

CP Violation sensitivity at the Belle II Experiment
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Penguin pollution in sin(23) from B — J/¢Kg

U-spin-breaking corrections are parametrized by the parameter € ~ m,/Agcp ~ 0.2

Flavor breaking corrections cannot be controlled with a single partner mode, and hence such U-spin analyses require
additional assumptions

(1—1—5\2) sin2¢, = s 0 - 2(Ag +5\2A,r)cos2¢1 tan ¢g

Sirwrd =2 Susy

where penguin pollution effects are cancelled to O(e) and leading corrections arise from isospin-breaking terms. Here
Ak, are splittings of the charged and neutral CP-averaged rates,

_ FBd—>J/a,bK0 B FB+—>J/¢K+

AK = F 7
Byst/wk® Tl Bty Kkt
_ 2FBd~>J/'¢17rO - FB+—>J/1,/J7r+

Ar =35 7
B y—J ipm° + BT og/pnt

Expected uncertainty of ~ 0.1° on ¢, from B - J/ngv7 when estimating penguin pollution and ignoring for now
the O(€) effects from SU(3) breaking.
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sin(23) in b — ccs transitions - systematics from Belle

JYKy  p(2S)KY  x. Ks  J/UKY All

Vertexing Sf +0.008 +0.031 +0.025 +0.011 +0.007

Af +0.022 +0.026 +0.021 +0.015 +0.007
At Sf +0.007 +0.007 +0.005 +0.007 +0.007
resolution Ay £0.004 +0.003 +0.004  +0.003  +0.001
Tag-side Sy £0.002 £0.002 £0.002  £0.001 £0.001
imorforonce 4 008 YOI K0em R0 oo
Flavor Sf +0.003 +0.003 +0.004 +0.003 +0.004
tagging Ay £0.003 +0.003 +0.003  +0.003  +0.003
Possible Sy £0.004 £0.004 £0.004  £0.004 _ £0.004
fit bias Ay £0.005 +0.005 +0.005  +0.005  +0.005
Signal Sy £0.004 £0.016 <0.001  £0.016  £0.004
fraction -Af +0.002 +0.006 < 0.001 +0.006 +0.002
Background Sf < 0.001 +0.002 +0.030 +0.002 +0.001
At PDFs .Af < 0.001 < 0.001 +0.014 < 0.001 < 0.001
Physics Sf +0.001 +0.001 +0.001 +0.001 +0.001
parameters Af < 0.001 < 0.001 40.001 < 0.001 < 0.001
Total S; £0.013 £0.036 £0.040  £0.021 £0.012

+0.045 +0.047 +0.046 +0.017
Ay ~0.023 ~0.027 20.026 ~0.041 +0.012

Systematic errors in Sy and Ay = Cy in each fop mode and for the sum of all modes [PRL 108 171802]

CP Violation sen at the Belle II Experiment
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b — qg@s modes efficiencies

BO _ nIKO

Channel Strategy B £S5, F

7 ES [ED)
N (M7 )Kg Cx 23.0 % 3.8 %
o A 6.7 % 2.6%

’
0 (e )Kg Bx 8.0 % 6.0%
C 9.5 % 28.6%
Selection efficiency e and fraction of signal cross feed candidates

€5, for the n,(n,y_yﬂi)Kéi) and n/(nsﬂwi)Kéi> channels

when selecting only one (A), two (B), or all (C) the candidates in
the event. The selected strategy is labeled with *.

B° — wKO

w(7r+7r77rU)Kg(7ri)
1

L (ab ") yield a(S) o(A)
1 334 0.17 0.14
5 1670 0.08 0.06
50 16700 0.024 0.020

Extrapolated sensitivity for the ng mode. The At resolution is

taken from the ang study, while we assume a reconstruction
efficiency of 21%

B® s ¢K°

Channel Ereco Yield U(S¢K0) U(A¢K0)
1 ab71 lumi.:

¢(K+K7)K%('rr+7r7) 35% 456 0.174 0.123
d(KTK ) K (x°x") 25% 153 0.295 0.215
o T 2YKS(x ey 28% 109 0.338 0.252
K% modes combination 0.135 0.098
K% + K9 modes combination 0.108 0.079
5 ab71 lumi.:

¢(K+K7)K%(7r+ﬂ-7) 35% 2280 0.078 0.055
d(KTK ) KG(x°x") 25% 765 0.132 0.096
o T 2K (xTRT)  28% 545 0.151 0.113
Kg modes combination 0.060 0.044
K% + K? modes combination 0.048 0.035

Sensitivity estimates for S 0 and A 0 parameters. The efficiency

Ereco

used in this estimate has not been taken from the simulation,

but is rather an estimate taking into account the expected
improvements. Systematic uncertainties, negligible for these
integrated luminosities, are not included

at the Belle II Experiment
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sin(23) expected sensitivities

Channel Jc Event yield  o(S)  0(S)agir o(A)  o(A)apir
J/pK®Y 50 ab” " 1.4-10° 0.0052 0.022

0.0050  0.021
K" 5ab ! 5590 0.048 0.12 0.035 0.14
n K° 5ab” ! 27200 0.027 0.06 0.020 0.04
WK 5ab ! 1670 0.08 0.21 0.06 0.14
K3x%  5abt 1400 0.10 0.20 0.07 0.12
Ko 5ab ! 5699 0.09 0.17 0.06 0.10

Expected yields and uncertainties on the S and A parameters for the channels sensitive to sin(2¢,) discussed in this chapter for an
integrated luminosity of 50 (5) ab™ ! for J/1/JK0 (penguin dominated modes). In the 5th and the last column are shown the present WA
errors on each of the observables (HFAG summer 2016).

at the Belle II Experiment
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Flavor tagging € & w

Fast BDT Combiner

| r- bin [ i(B)  Aei(R) [ wi(%)  Awi(%) | cemi(%)  Aees(%) |
0.000 — 0.100 12.4 0.0 47.6 0.0 0.0 0.0
0.100 — 0.250 14.4 —0.1 41.4 0.0 0.4 0.0
0.250 — 0.500 21.0 —0.1 31.2 —0.1 3.0 0.0
0.500 — 0.625 11.5 0.3 21.8 0.0 3.7 0.2
0.625 — 0.750 12.0 0.4 15.6 0.1 5.7 0.4
0.750 — 0.875 11.8 —0.1 9.4 0.0 7.8 —0.1
0.875 — 1.000 16.9 —0.6 2.4 0.1 15.3 —1.2

Total Eoff = 0; 6 (1 — 2w,)” = 35.8% | Aceg = —0.7% |

CP Violation sensitivity at the Belle II Experiment
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Flavor tagging € & w
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B — wm, B — pp

T «—1
exXp (% (xdata - xtheo) = (Xdata - xtheo))

X2=—210g
2n)" det®

d 1- S oo

| [ — 0.83

=08~ | o4

06} -+ -0.61

-+ -0.94
0.4f
0.2
0
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2 2
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¢, measurement: isospin analysis in B — 7, pp

Two amplitudes of comparable size and different weak phase Gronau-London method [pPRL 64 3381 (1990)]
Im(A)

d
+ 0_0 + 0

Penguin enters B 5 xtn™ ,m m but not BT & ntr

(A+0 A+o) oS!l —(at= At

Isospin constraints B® and Bi amplitudes to the following
triangular relations

+o 4 00 e measure BR & asymmetries in 7r+‘1r_7 71'0, x°
A =A /\/5 + A o fix side lengths & relative orientation of triangles
A0 _ a+— %00
A =4 /\/5—}_ 4 e S | _ leaves an 8-fold ambiguity in ¢,
|AT0 =147
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¢, measurement: isospin analysis in B — 7, pp

Two amplitudes of comparable size and different weak phase Gronau-London method [pPRL 64 3381 (1990)]
Im(A)

0_0 + 0

+7r7,71' 7° but not BY = 7¥r

Penguin enters B’ 5«

By = (AT, 470, g5 — At~ 4t

Isospin constraints B° and BT amplitudes to the following
triangular relations L — o o
e measure BR & asymmetriesinw' 7 , 7 , 7

0 — 00
ATO= AT /\/5 + A o fix side lengths & relative orientation of triangles
ATO = AT~ /2 A%

. Sﬂ_+7r, leaves an 8-fold ambiguity in ¢,

0 1+0
|A+ | = |A+ | e reduced by time dependent B° —» x%x°
analysis

ty at the Belle II Experiment
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¢, measurement: B — pp

Isospin analysis input in B — pp

1

1

Value Belle @ 0.8 ab_ Belle II @ 50 ab_
It 0.088  £0.012 £ 0.023 [1] £0.002 £ 0.003
fp 0,0 0.21 +0.20 £ 0.15 [2] +0.03 + 0.02
B+ - 0% 28.3 +1.5+ 1.5 [1] +0.19 + 0.4
Boo 0% 1.02 +0.30 £ 0.15 [2] +0.04 + 0.02
C i, - 0.00 4+0.10 £ 0.06 [1] +0.01 + 0.01
S 4 - —0.13 +0.15 £ 0.05 [1] +0.02 £ 0.01
Value  Belle @ 0.08 ab~ " Belle II @ 50 ab_
T, 40 0.95 +0.11 £ 0.02 [3] +0.004 £ 0.003
B+ o 1107% 31.7 +7.1+ 5.3 [3] +0.3+0.5
Value BaBar @ 0.5ab ' Belle II @ 50 ab_
Coo 0.2 +0.8 £0.3 [4] +0.08 £ 0.01
S 00 0.3 +0.7 £ 0.2 [4] +0.07 £ 0.01

[1]: PRD 93(3) 032010, [2]: Add PRD 89 no.11 119903,
[3]: PRL 91 221801, [4]: PRD 78 071104

CP Violation sen

B — pp
Belle, Belle II (+ S o ¢)
PP

85 90 95 100

AP |1y ~ 0.7°
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¢, measurement: B — pp

Isospin analysis input in B — pp

1

1

Value Belle @ 0.8 ab_ Belle II @ 50 ab_
It 0.088  £0.012 £ 0.023 [1] £0.002 £ 0.003
fp 0,0 0.21 +0.20 £ 0.15 [2] +0.03 + 0.02
B+ - 0% 28.3 +1.5+ 1.5 [1] +0.19 + 0.4
Boo 0% 1.02 +0.30 £ 0.15 [2] +0.04 + 0.02
C i, - 0.00 4+0.10 £ 0.06 [1] +0.01 + 0.01
S 4 - —0.13 +0.15 £ 0.05 [1] +0.02 £ 0.01
Value  Belle @ 0.08 ab~ " Belle II @ 50 ab_
T, 40 0.95 +0.11 £ 0.02 [3] +0.004 £ 0.003
B+ o 1107% 31.7 +7.1+ 5.3 [3] +0.3+0.5
Value BaBar @ 0.5ab ' Belle II @ 50 ab_
Coo 0.2 +0.8 £0.3 [4] +0.08 £ 0.01
S 00 0.3 +0.7 £ 0.2 [4] +0.07 £ 0.01

[1]: PRD 93(3) 032010, [2]: Add PRD 89 no.11 119903,
[3]: PRL 91 221801, [4]: PRD 78 071104

CP Violation sen

B — pp& B — 7w

Belle, Belle I1 (+ S ¢ 0,5 0 0)
PP fuliiag

85 90 95 100
e, ()

2
[e]
Ads e ~ 0.6
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