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Introduction

C
P
CP Violation: Physics is not symmetric under CP conjugate systems A

In Standard Model, CP symmetry is slightly violated by weak interaction
CP Violation is first observed in neutral Kaon meson System x

vyvyyvyy

CP violation is measured the asymmetry of matter-antimatter CP

r(D—f)—r(D—F)
F(D—h+r (D=7

Kinds of CP Violation (CPV) :
1. Direct CP violation (neutral and charged D, mode dependent)
\Af\ — 1A 2

P> CPVindecay: Ay = W

} occurs if Ay # 0, through time- integrated asymmetries =
2. Indirect CP violation (neutral D only, common for all decay modes)

2 2
> CPVin mixing : Am = %
occurs if [g/p| # 1 or CPV phase ¢ # 0

> CPV in interference through : ¢ = arg (T?)
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Introduction ...

v
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Mixing in the up-quark sector only occurs for D° meson '”:é.: 0,000 R
_ <
mass eigenstates : \D? 2) =P |D%) 4 q|DO), x = AM/T,y = AT /2F
’ ~0.005 =
Asymmetry in time- integrated decay rates : 8 3 g
f _ [(D=f)—T(D—=F __ adir ind t i -0.010 e
Ace (= Fo=impon ~ Ace + AL 5 with E
ind K
AP = —Ar(universal) 0015
-0.015  -0.010

CP violation in charm sector is expected to be ©(0.1)% in SM since
most of the charm decays are well described by the first two quark

—0.005 0.000 0.005 0.010

generation.

In 2012, LHCb and CDF measured an unexpectedly high value of
AAcp = Acp(D® — KK) — Agp(D® — =)

ABSl = (0.030 + 0.026)%

® Compatible with 0 with P = 0.093.

® BaBar and Belle provide contribution competitive
with hadronic experiments.
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Motivation

Theory status

P Predict CP asymmetry of the order of 1% or even larger... D C D
P Required penguin enhancement to accommodate all data on CPV _ Eg
can be even more larger K ’
[G. Hiller et al., PRD 87, 014024(2013)] :
Tree Penguin annihilation

P SCS decays (such as Do — Kg Kg ) are special interest

P SM limit of 1.1% (Upper Limit 95% confidence level )
[U. Nierste and A. Schacht, PRD 92 (2015) 054036]

P Expected error on asymmetry to be 2% based on
Expt status CLEO error estimation

> World-Average of B (D° — K3K3)
» CLEO 13.7fo~" Agp=(—23+ 19)% [PRD 63, 071101 (2001)] (1.8 + 0.4)10—*

> LHCb 3! Acp=(—29 452 +22)%[JHEP 10 (2015) 055] | B Recently BESII (1.67 4 0.1140.11)10~*
No result from Belle and BaBar till now

P Neutral modes not easy for LHCb, limited results from CLEO
P Belle is very capable to measure neutral final states

o Acp(D® — 7%70) =[—0.03 + 0.64 & 0.10]%

o Acp (D0 — K27%) =[-0.21 + 0.16 £ 0.07]% [N. K. Nisar et al., PRL 112 (2014) 211601 ]
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Introduction ...

objectives

> Measure BF ratio and BF of D® — K3K2
& } Using a normalization mode (D0 — ngo)

P Time-integrated CP violation asymmetry in the decay D% — KgKg

> Usually using D*% — DO :
o flavor tagging by slow 7 charge D%/ fit D° decay vix
e provides also considerable background T,
suppression L lie
P Observable:AM : reconstructed mass difference of D* A 4
and DO =S AT
P D" B t 2
> The slow pion is constrained to originate from the IP in b extrapolate prg?fé"ﬁon vix ©

order to improve the AM resolution.
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Belle Detector

Superconducting
cavities (HER)

Belle detector
P

KEKB B-Factory

ARES copper
cavities (HER)

ARES coppers Wy

cavities (LER)
TRISTAN

tunnel

NIM A 479 (2002) 117-232

Belle Detector

SC solenoid
16T ™

Aerogel Cherenkov cnt.
n=1.015~1.030

Csl(TI) 16X,

TOF counter
B8GeV e

u/ K, datection

. O
Si vix. det. > 14/16 lyr. RPC+Fa

4/3lyr. DSSD

ete™ — T(4S) — BB 1.1nb
ete™ — ct 1.3nb

Data used T(4S)&T(5S) (921 b~ ")
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Overviews & methods

P Raw asymmetry :

p*+ _p0,t D*— —po N
TS _Npe 0TS NDO)—N(DO)

- Mrec rec _ - £ K
Arec(Araw) = DS D0nT D B0 T NDO)IN(DY) Acp + ArB + Az + Ac
rec +Nrec

Acp : CP asymmetry

Apg : forward-backward production asymmetry} Independent on final states

AEi : Asymmetry in 75 detection

vvyyvyy

AK; Asymmetry in interaction of K /K?

ADO —K2K3 ADOHKgKg ADOHKgﬂ'O 00— K30

+ AK

on (Aree )+ Ap A

Acp measurement

Normalization mode cancels common systematics and common independent terms
D0 — k970
S o
cp =(—0.20 £ 0.17)%
[ C. Patrignani et al. Chin. Phys. C 40, 100001 (2016)]
AK = (—0.11 £ 0.01)%
[B.R. Ko etal., Phys. Rev. D 84 (2011) 111501 |

> Yield (N) = £ xo(eTe™ — ¢&) x B(ct — D*EX) x B(Decay)x efficiency

B(0°—KkAk)  N(DO—KIKQ D9 k90
( g s) _ ( g s) X < g"o) Branching ratio measurement
B(DOHKSWO) N(Doaszo) s(DﬂaKsKs)
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Results & interpretation

Variables cuts

| 4 imized i dr <1cm

Optimized in the SR of Mp and AM ( 2.50) 2] Saem
» 6 x £ Generic MC samples used KID <06
> Signal scaled by Bppc /Byc and £ Wiz — g <15 Mev

S
9 PDG/PMC Mo [1.847, 1.882] GeV

P Background scaled by correction factor data/MC in AM Pg* >2.2GeV

SBand £

FOM = _ Neignal
\/m P 85% Bkg. rejection with 26% sig. loss

> . o

> PDF : Signal (Gauss + Gauss + Bif-Gauss)+ Peak. Multiplicity found 8.6% . 0

Bkg(as signal)+ combinatorial Bkg. (Th. function) Best candidate selection performed with vertex of Kg
with 98% efficient.

P Peaking background : estimated in Kg mass SB

DOF = 0.74 JDOF = 1.09 /DoF =20 4/DoF = 1.91

T
|

Events / (0.000166667 GeVic® )
T
Events / (0.000166667 GeVic’ )
8§
Events /(0.0001 GeVic?)
Events /(0.0001 GeVic?)




>

vV VYVvYYy

selection efficiency : (11.04 £ 0.02)% (weighted
according to E & £ [(12.60 + 0.02)% normalization
mode]

N= 5399 + 87, Araw = (+ 0.45+ 1.53 )%
N= 537360+ 833, Araw = (+ 0.16 + 0.14)%
Acp = (—0.02+ 1.53 (stat. only))%

B done @ Pp+>2.5GeV | eff. (9.74 £ 0.02)% and
(11.11 £ 0.02)% , and corresponding yields are 4755 +
79 and 475439 + 767)

corrected efficiency for K2 and «°

Systematics are dominated by external input

Source Acp (%) B (%)
DY — K2KZ PDF parametrization +0.01 +0.3
D% — K rg PDF parametrization +0.00 +0.2
D — K\gK0 peaking background +0.01 +0.6
— ngg peaking background 40.00 +0.03
KO/K0 material effects +0.01 -
K2 reconstruction efficiency - +1.57
ﬂg reconstruction efficiency - +2.16
Quadratic sum of above +0.02 +2.76
External input (D° — K37° mode) +0.17 +3.30
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Discussion

; *éelle
P Most sensitive measurement [
P getting closer to theory limit (< 1.1%) b LHCb
P Probing region of interest L
E . L. CIEQ, ‘
-40 30 -20 -10 o
Acp(%)

> Acp = (-0.02 + 1.53 4+ 0.02 + 0.17)%

B(0° ~K2KQ)
— 88 — (1.101 £ 0.023 = 0.030)%,
B(D0—>Ks7r0)

> B(D° — KIKQ) = (1.321 £ 0.023 £ 0.036 + 0.044) x 10~*. [ N. Dash et al. Phys. Rev. Lett. 119 (2017) 171801 ]
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KEKB— SuperKEKB

(i)

Integrated luminosity
1)
8

I

00 -

Integrated Luminosity[fb-1]

Belle/KEKB

0
1998 2000 2002 2004 2006 2008 2010 2012

Calendar Year

New physics opportunities :

v

>
>
>
>

>

Precise measurement of UT parameters

Search for charged Higgs

New sources of CP violation

Lepton Flavour Violation in B and = decays

New physics search in missing energy modes of B
decays Search for Dark matter, etc..

New QCD phenomena (XYZ, new states including
heavy flavors) + more

oF Goal of Belle 11/SuperKEKB
"'-; 40
= 30k
20E- Commissioning started
In early 2016:
10 | onths/year
o | | 20 days/month
x10%% gf
_ 8 Start Phase 2
:Tf' - Start Phase 3
2 5 of Phase-1
‘E %516 2018 7020 2022 2024
Calendar Year

Lint =50 ab~" (50 x KEKB)
Lpeak =8X10%%cm™2s~1 (40x KEKB)
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Ingredients for Success

Super-KEKB

*
/£ Oy 1¢§y¢ R, I¢§y¢
=LE | g Y| EE | DL e 2oy
2 * * R *
ere O—x ﬂ yt &y IB y+
KEKB design KEKB Achieved: with crab SuperKEKB Unit
Energy 3.5/8.0 3.5/8.0 4.0/7.0 GeV
N 10/10 5.9/5.9 0.27/0.30 mm
/g' 330/330 1200/1200 32/25 mm
& 18/18 18/24 3.2/53 nm
x-y coupling (&/&) 1 0.85/0.64 0.27/0.24 %
a’ 19 0.94 0.048/0.062 pm
& 0.052 0.129/0.090 0.09/0.081
o, 4 6-7 6/5 mm
1 2.6/1.1 1.64/1.19 3.6/2.6 A
Nounch 5000 1584 2500
Luminosity 1 2.11 30 10 cm™s”

Beam current: x2

tatus of the D¥ — K.
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Bellell Detector

KL and muon detector:
Resistive Plate Counter (barrel)
sSéintillator + WLSF + MPPC (end-caps)

EM Calorimeter:
Csl{T1), waveform sam
Pure Csl + waveform sa

gation counter (barrel)
Aerogel RICH (fwd)

electron (7GeV)

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 |3

positron (4GeV)

Central Drift Cham!
He(50%):C2Hs(50%), S
lever arm, fast electronics
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Schedule

| Now we are here

2019

Calendaryear 2016 2017 2018

G

E(end Feb. — mid ]li]. 2018) iw,m" Bellell
phase 1 o5k, Iphase 2 (MR), {phase 3
— U — - - -

w/QCs | -
w/Belle 11 (no VXD) i
!

HER start | ) ]
Ll,l{?f:n VXD installation

|
i

i

|

|

' —

- : : Assumes phase 3 operation
DR commissionihg ! | 9 months/year

h i i

| I

- i

%

JFY2019

MR renovation for phase 2, including
MR startup installation of QCS and Belle IT

DR installation & startup

I I I I | I [ I | | I
Phase 1 Phase 2 Phase 3
without QCS or Belle I~ with QCS and Belle II Physics run
without VXD
Vacuum scrubbing Background study Luminosity tuning
Basic machine tuning Luminosity tuning (target: 8 x 10% /cm?/s)

... Finished in success (target: 1 x 10 /cm?/s)
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Belle Il prospects of D° — K2K2

Improvement @ Belle I

P Expect similar systematic error in Belle I

> K0 0 . ) -
KS »m" and slow pions reconstruction efficiency P irreducible sys. err. due to the neutral K interactions in

P Clean experimental environment the material (0.01 x 10_2)

P The outer radius of the SVD detector has been P Large fraction of systematics will be reduced With
significantly increased from 8.8 to 14.0 cm higher statistics

> Large various of SVD will allow % more K2 candidates > Dominant error arises from Acp measurements of
whose daughters have associated SVD hits D% — K30 errors on D° — K20 will reduce with

increaseg statistics at Belle I

Total _ 2 2 Belle ; , Bellell 2
 Bellell = \/("saar. + Ogysr, (red.)) X (LR Lint"eh) + ofog

L Statistically (%) Systematically (%) Total (%)
Red. irred.
921 fo—" 1.53 0.17 0.01 1.54
5ab~" 0.66 0.003 0.01 0.66
50 ab—" 0.21 0.03 0.01 0.21

P Expected precision on Acp will be 0.2% @ Belle Il (with same Kg efficiency)
> Probe for NP
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Belle Il Ve

P A vertexing and inner tracking system:

P Determine the vertex position of the weakly decaying
particles -
Silicon Vertex Detector (SVD)

> ) -
Precisely measure the track position and momentum for 4 layers of DSSDs

low pt tracks
P Critical component for CPV measurement

P New vertex detectors: * PXD: 2-layer pixel detector
based on DEPFET (Depleted P-channel Field Effect
Transistor) technology. * SVD: 4-layer DSSD (Double
Sided Silicon Detector)

P Smaller beam pipe radius =1cm (2cm — 1.5cm @
Belle)

P Larger outer radius : Improved Kg acceptance

P Excellent performance (position resolution, efficiency)

04 O Tracks with PXD clusters
B | O Tracks with PXD clusters
| © Bellen O
Greater outer | 03 N
radius enhances Ks | _ Resolution much
accaplance | Eoz|- better than
| = “ Belle&Babar
—— i
— b0t | 0.1 g
[I— o “Bpa.
-y ., 8088228 e000e
i Thtrersasendd * 0000
15 20 -] » » « 0
» o0 1 2
- i ‘Transwzes; Morrwsum (Gevic)




Belle Il Silicon Vertex Detector

® SVD is important for efficient reconstruction of low pr
tracks from D* and Kg

® 4 |ayers of DSSD sensors (DSSD: low material budget).
® Slant FW region (material budget reduction)
® Angular acceptance : 170 <6< 150°
® Radii : 38 mm, 80 mm, 115 mm & 140 mm Endri
ndrings
® SVD length : ~ 650 mm SVD ladders o
® Excellent time resolution (o ~2-3 ns), impact parameter
(~20 pm)
20 (122.8 x 57.6..38.4 mn¥, 240 ] 75..50 pm pitch)
Rectangular (122.8 x 57.6 mm’, 240 { 75 pm pitch)
rfem] g layers e Rectangular {1228 x 38.4 mm’, 160 / 50 um pitch)
6=
5=
10 4
0 z [em]
T T S R S S ST R S SR
30 20 10 Q 10 20 30
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Beam Background simulation

Factor ~40-50 in the luminosity

. ) Higher backgrounds
P Smaller beam pipe radius =1cm (2cm 1.5cm @ Belle)

> Larger outer radius : Improved Kg acceptance o 0. ®@
e i"ge ©

P Excellent performance (position resolution, efficiency) & 1
confirmed in beam test at DESY. Touschelk
o @
P Among the technical challenges at Belle2, there are beam °s 'ara‘.a ® %
backgrounds Beam-gas & ?

P In Belle/KEKB, unexpected backgrounds burnt a hole in the
beam pipe and damaged inner detectors

P Dangerous at SuperKEKB (Especially SVD) 4

e Temporary damage or faults in electronics
e Obscure physics processes

e Fake interesting physics signals Radiative Bhabha 2-photon-processes
Phase 1 (o collisions)
Touschek scattering: Beam-gas scattering: Synchrotron radiation: Phase 2 (collisions)

+ intra-bunch scattering - Bremsstrahlung (negligible) & - emission of photons
process Coulomb interactions (up to by charged particles Radiative Bhabha process: Two photon process:

+ dominant with highly 100 times higher ) with (e'e) when o 3 -
comprossed besms resicusl gas atoms & deflooted I B-fild photon emission prior or after + very low momentum e‘e

+ 20 times higher molecules Bhabha scattering pairs via e*e"—>eteete”

interaction with iron in the magnets +increased hit occupancy in
leads to neutron background inner detectors
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Beam Background simulation

QED Background : MC Campaign used
e Coulomb LER

e Touschek LER

e Touschek HER

e Radiative Bhabha (RBB) LER

e Radiative Bhabha HER

e Two Photon

Layer No. of Ladders Sensors/Ladder
L3 7 2
L4 10 3
L5 12 4
L6 16 5

o Radiation dose study in each background type
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Skin plots & Two photon ba

End view
Side view
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Conclusion

P Belle Il will further explore these opportunity with a target integrated luminosity of 50ab—"

P Detector to start operation in early 2018 (phase 2) and start taking physics data beginning 2019 (phase 3)

> Result of D° — KgKg at Belle is consistent with no CPV and improved the precision

> Acp result is a significant improvement over the previous measurements of CLEO and LHCb (about a factor 4)

The most precise branching fraction over world average and BESI|I

P Prospects for these measurements at Belle Il were also discussed, in this decay mode cases the sensitivity would reach
a0.2 % level

P Upgraded Belle Il detector will face the higher level of backgrounds

P In SVD 2-v QED background contributed more as expected earlier

Thank You!!



BACKUP

CPV in charm :

Experimental results on AAgp

Experiment AAcp(%)
BaBar +0.24 + 0.61 £ 0.18
Belle preliminary —0.87 £ 0.41 £ 0.06
CDF —0.62 £ 0.21 £ 0.10
LHCb (2014) +0.14 £ 0.16 £ 0.08
LHCb (2016) —0.10 £ 0.08 + 0.03
HFAG —0.134 + 0.070

CP violation observables in mixing/induced: Ar , yop

CP violation in mixing

e N
_ f0=n-f(D=D _ 1 a_|r _ 112N xsi
%= Heziston =3[ (3 -[G)reome = (5[ +[5])xame

CP violation in interference

In the absence of direct CP violation, ysp is given by
_fkeat (el 4 |e _(lal_ e
= (J3)+ g reose - (I8 -2

YeP = Fktk—) p )xsm¢
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Peaking Background estimation

10 E
: 3
10* g— ;,!
2 i Left Right k
S | S SB
&= | SB
r SR
| | | Ll 0.4 0478 0516 0.526
0.49 °.5 o051 o.52 o053 0.4528 05138 M (GeV)
m,.. (GeV) nx

— D" Kgan
—— K4 mass sideband (MC)
—— K4 mass sideband (data)

@ Peaking background (Kson_r:_ )
SR and SB (Generic MC sample)

SB for real data sample

Can have control on peaking Backgrour
In real data : used Ks“ mass SB

ot - ;
g4 0,42 01“ °1ll 0.“. 015 0.152 015‘ °.156 0.158 0.16
AM(GeV) M
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Peaking Background...

400 s« Laanens a= 0602 £ 0.074
b= 85 +10
bkg = 2835 : 60
00 sig= 1845 = 51
2 2
§ §
w o
100 |-
‘ 0

)
Generie MC (6 x L of data)

a= 0.670 +0.072
b= 741107

bkg = 3395 : 66
| sig= 2350 = 58

[l = raserne

L¥,

ad il | e Sy
$14 0142 0148 0146 0148 015 0152 0154 0158 0188 018
AM (GeV)

i L Pk ]
G14 01a2 0144 0046 Ofa8 015 0152 0184 0158 0158 018
AM (GeV)

PDF shape same as signal and fixed

Sample A B

6 * MC 1845+ 51 2350+ 58

A:Pin KS0 mass SR (tagged)
C:S' in the SB of KSO mass

T = 1654 268 ¢ 0.58
b= 453 : 88
bhg= 7+ 22

wig2 936 ¢ 36

D00 o o asar are b ame b 4w
AM (GeV)

Signal contamination (S')

the SB considered

B: P+S' in KSO mass SB
D:Pin KS0 mass SB

C D(B-C) Scale factor ST
(D/A)
936+ 36 1414+ 68 0.76 £ 0.04
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Peaking Background...

[ = aaros] a= 0.86 +0.19
| b= 114 +25
Sample b c d(b-c) A (d/SH r I bkg = 528 + 26
F | [ sig= 273+ n
data  273+21 70+3 20321 @ . i
2
§ |

Ltd . 2% e - % B -
% el LETS (RIS 2L
8‘4 0942 0144 0946 0148 015 0952 0154 0156 0958
AM (GeV)
PDF shape same as signal and fixed

d: P Ksomass SB

b:P+S' in KSO mass SB
a:Pin KSO mass SR

c: S' in the SB of KSO mass

Signal contamination (S') in the SB considered after scaling with L. and BF ratio in PDG and

MC of S

BF of S in PDG 1.8 * 10™ and in MC 4.0 * 10
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Belle Detector

Why an e" e~ Machine?

P Low backgrounds, high trigger efficiency, excellent v and 79 reconstruction (and thus 7, n/, pT, etc. reconstruction),
high flavor-tagging efficiency with low dilution, many control samples to study systematics

P Due to low backgrounds, negligible trigger bias, and good kinematic resolutions, Dalitz plots analyses are straightforward.
Absolute branching fractions can be measured. Missing energy and missing mass analyses are straightforward.

P systematics quite different from those at LHCb. If true NP is seen by one of the experiments, confirmation by the other
would be important.

(™)
1200 >1000 fb-!
Channel Belle BaBar
1000 BB 7.7 x 108 4.8 x 10°
0 BB | 7.0 x 10 -
550 fb! T(1S) 1.0 x 108
600 1 T(28) | L7x10% 0.9x 107
t T(3S) | L0Ox107 1.0x 108
400 T(5S) | 3.6x107 -
T 1.0 x 109 0.6 x 10°
200
CLEO 11 fb!

0 : :
2000 2002 2004 2006 2008 2010 2012

Dash | tatus of the D° — KgKg Decays




SVD beam background

SVD Background simulation :

Flow chart of my work

Full simulated Background files

Data reduction tools

Reduced files (only SVD related)

SVDBackground
Module in basf2

Summary histograms and ntuple for plotting

Skin Plots

® Huge chunk of backgrounds
o Studied only backgrounds related to SVD

® Observed Energy deposition, N.F and
occupancy

® Validate statistics

® Compare the results with different MC
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Backgrounds in recent campaigns

Mis,us for Coulomb in recent campaigns MiPs_us for BHWide in recent campaigns MIPs_us for Touschek in recent campaigns
m 50
150
20
5 s
] u
i
§ 0 =150
o 5
§e £ 100
0
5 = -
0 0 0
Campaign 12 Campaign 14  Campaign 145 Campaign 15 Campaign 12 Campaign 14 Campaign 145 Campaign 15 Campaign 12 Campaign 14 Campaign 145 Campaign 15
MIPs._us for RBB in recent campaigns MIPs_us for twoPhoton in recent campaigns
120
3500
100 2000
g ® #2500
3 H
§ @ 4 2000
£ o
| 2 £ 1500
1000
2
500

°
Campaign 12 Campaign 14  Campaign 145  Campaign 15 0
Campaign12  Campaign 14  Campaign 14.5  Campaign 15

P consistent official simulation results though the big two-photon background with 15th campaign 13
P show that the two-photon background is important and more abundant than initially expected

o Decays
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Backgrounds in SVD layer

dose by background and SVD layer

1000 )
— WG dose [Gy/smy] by background and SVD layer
— EWice LA
= Coulomb_HER
— Coulomb_LER BHWide 124 = = 2
. res
Touschek_HER
— Touschek LER BHWide_LA 9 5 4 2
— toPhoton
e Coulomb_HER 6 2 A 1
5
= Coulomb_LER o = 21 13
F
g
- RE8 77 2 19 1
Touschek_HER ] 5 3 2
20
- — Touschek_LER £ » " 6
==
1
o et — — woPhoton 2 =2 3
3 4 s s
SVD layer 3 4 . 5 ®
ayer

P 2-photon background is the most important background in SVD
P Official simulation consistent with previous results
P Big 2-photon background from 14-th campaign was not confirmed
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Research Plan

Unitarity Triangle

T T T
9 AmdAm,,&Am,

C=x

w3,
st

Least well-known of the unitarity triangle angles
¢35 = v =arg (— Vg Vip/Vea Vep) =
precise measurement of ~ is a crucial test of the SM

exsisied e hasCL> 085

vvyyy

current precision is slightly better than 5 (much larger
than the SM prediction)

P Belle Il projection pushing this down to 1 (based on
simulation)

P is measured through a combination of simple
charge-specific decays rates of rare channels

P Not crucially depend on the vertexing performance

v

measure ~ in one of the most abundant channels

P chose once the accelerator and detector performances
are assessed more precisely (later 2018/start 2019
data)
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