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® 1/ ¢ 2 — angles of unitary triangle

Quark transition: Cabibbo-Kobayashi-Maskawa (CKM) Matrix

CP violation is induced by complex phase and parameterized as angles
of the unitary triangle.

Via Vub™t Vea Vo™ Via Vis™= 0

I/ud [/us Vub n Vud Vubx.
< Vea Ves Ve > I/vtdl/vtb>e
Via Vis Vi
1-12/2 A AL3(p-i7
_ / A b3(v)  di(B)
AA3(l-p-in) -AAL2 1
(56_>fcp proper-time Asymmetry Acr
Decay rate is described as difference of distribution distribution
decay time between B® mesons. , 5=0.65.4=0.2 §=0.65. 4=0.2
E AN VA
D( RO (R0 o ; i € 0.5 S
y P(BY(At) — fep) — P(BY(At) = fop)  goas) £ | \ \
AP = - ( — X . ] RO _. \_o @ |
P(BY(At) — fep) + P(BY(At) — fep) B ol B" - fep )/' B —f | 1 \
= ' sinAmAt + A cosAmAt : // \\ \ / \
mixing induced CPV direct CPV 005 /J k\ 0.5 "/ \
Am: mass difference of eigenstates LSS D ™
% 5 o 5 10 10 5 il °
At: decay time difference of eigenstates At P
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¢ 1 measurement <

Time-dependent CP violation: BFLLE
Quantum interference between two B-B’ mixing box diagram |b—>ces tree diagram
diagrams. B'—(cc) KV “Golden mode”
b 1(=8) = arg(Vea Vev*IVia Vo™ d— —T p | c
— Accessible using CP-eigenstates b
Induced by b—ccs tree diagram. w w w X

E r: CP eigenvalue : b —— b d - &

—1 for (cc)K, +1 for (cc)K’; e

Since contribution from other diagrams are tiny, ¢ 1 measured from these
CP-eigenstates are theoretically clean.

— Good reference point of the Standard Model.
3 700;
19 600
2 :
& 500;
‘= 4001
& 300
200|
1000 /-
o

2/} TN [sin21= 0.668+0.0230.013,
0PNy 4
2 Yo 1 |4 = 0.007+0.0160.013

-E At (ps) -E At (ps)
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® 1 measurement

¢ 1 is also measured using CP-eigenstates
induced by b—ced tree diagram. b—ccd tree diagram

C

CCP

Pollution from penguin diagram can be consdered | _ ~ D)
but effect is expected to be low in SM. ® />J/1b
— |If large deviation from b—ces is seen, w WAw
It indicates contribution of new physics. 7 7 D)+
D'D 'S, vsC., XN B / 0

In BO—D+*D-, large

direct CP violation was
seen in Belle (4.00). ‘
Tension is relaxed after o -
update but we need
further study using
more statistics.

0.4

o.2—§

02Ff

0.4

i
-0

Contours give -2A(In L) = ;\7_2 =1, corresponding to 39.3% CL for 2 dof

BO—J/1 10 can be used for estimation of possible penguin polution in B9—J/ 1% K°
(PRL 95, 221804 (2005)) — Necessary information for large statistic measurement.
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® 2 measurement

-
b 2= ) = arg(Vua Vis1Via Vis') b 1
— Accessible via b—u tree diagram but BY
contribution from b—d penguin diagram 4 >

IS not negligible.

S = —E V1-A2 Sin2 ¢ peff b — d 7/p
¢ 2eff — ¢ 9 —-A ¢ 2 (“effective” ¢ 2) BY : )

- T/D
. d y
Strategies to determine ¢ 2 without CP phase from penguin contamination
- Isospin relations between B— mim// pipJdecay amplitudes

Gronau and London, PRL65 3381 (1990)
a0 L L 400 (49:Decay amplitudes of B—mimi/pip)

V2 = Using branching fractions and CP violation
A0 — Lg+— 4+ AVO parameters, A ¢ 2 is determined with four-

V2 fold ambiguity. N
% 200 n “% 200
- Dalitz analysis for © © 79 3-body system N L T T
A. Snyder and H. Quinn, PRD 48 2139 (1993) ° b (B B

m, (GeV/c?) m_ (GeV/c?) m, (GeV/cd)

Interference between three B— p m states = Constrain ¢ 2 with a small ambiguity in
At fit with coefficients of Dalitz plot functions theoretical point of view.
6th KEK Flavor Factory Workshop (KEK-FF 2019), February 15 2019, KEK 5




sin2 ¢ 1¢ff measurement in b—sqq

Same weak phase as b—cces

if only SM penguin contributes. A w _)\/\f\—,/’ \

=-E/sin2¢ 18t =-E,sin2¢ 1
Penguin loop Is sensitive to the new physics S
contribution.

@ |

S =—-E& rsin2 ¢ 1@ extra CP phase from non-SM?
. § -
b —€— —€— ¢
br X o 2
SR SR
g s
s
AS BF (x105) AS BF (x10-)
Bi— 1 'KV 0.01+0.01 6.6 BI—K+K-Kig 0.03 j’ggj 2 47
BI— ¢ K
¢ 0.02+0.01 0.86 B KK K 00p 0 060
Bo—w KU 0.13+0.08 0.5 — ;’-03 5
+0. al-Yang Cheng, hep-ph/070225
Bo— p 0K -0.08 01 0.47 . . .
1005 A S: § shift from theoretically predicted from
BI—KUgT0 0.07 -0.04 0.95

J. Zupan, hep-ph/0707.1323

other SM diagrams (mainly from b—u tree)
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sin2 ¢ 1¢ff measurement in b—sqq

Same weak phase as b—cces

If only SM penguin contributes.

= — EfSiI’]Z (b ]eﬂ’ = — gfsinz ¢ 1 b—>ccs World Average _ o U 069+002“

] ] o ] ¢K° Average ' Wb~ 0747011
Penguin loop is sensitive to the new physics K Average L Ml ossoos
contribution. Ks Ks K Avérage —— . 0.72£0.19
- K Average i TAfL..osTonr

S =—&E ssin2 ¢ 1@ extra CP phase from non-SM? Pk, Average NN L 054 038

Nallve b—s penguin average

sin2 ¢ 1" = 0.655+0.032

b—c tree average

sin2¢1 =0.699 £ 0.017
Theoretical shifts below are not considered for

“nailve” average.

AS BF (x105)
B'—1 'K? 0.01+0.01 6.6
B'— O K? 0.02+0.01 0.86
BY— w K 0.13+0.08 0.5
B'— p 0KT -0.08 ‘o1 0.47
B'—Kos 0 0.07 ‘oos 0.95

J. Zupan, hep-ph/0707.1323

sin(23° fh = sm(2()

‘Summer 2016

oK,  Average §

—F—  0.71+0.21

i,Ks  Average | *—*—4 0.69 8]"“
LK Average  H———*—— 0484053
fy Kg Average * : ' 0.20+053
kg Average—————— | io72som
¢n°K Average = " 0.97 823

T KS NRverage

K"K K Average

oo1+033

._ﬁ_‘ st 8?3

-6 -14 12 -1 -08 -06 -04 -02 0 02 04 06 08&8 1 1.2 14 16

AS BF (x10)
B'— K+K-K's 0.03 o8 2.47
BI— K7sK"sK's 0.02 "o 0.62

Hai-Yang Cheng, hep-ph/0702252
A S: S shift from theoretically predicted from

other SM diagrams (mainly from b—u tree)
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sin2 ¢ 1¢ff measurement in b—sqq

Same weak phase as b—cces

‘Summer 2016

if only SM penguin contributes. sin(2B*") = Sln(20

= — EfSihZ 1) 1eff = — nginz o1 b—>ccs World Average | - U 069+002_‘

. . . . oK’ Average i He— L 0.74 %01
Penguin loop is sensitive to the new physics T Average A Al ossr006
COﬂtribUT_ion_ Ks Kg K Average- - »—-*—« 0724049

- ©K  Average |~ 0572047

S =- ’g’fsm2 ¢ 1® extra CP phase from non-SM? pOKS :,:A::V:éfag?_ o e ) " oss 8‘?‘
Naiive b—s penguin average oK, Average i i o71s021
fKs Average i 0 069755

sinZ ¢ 1eff = 0.655+0.032 f, Kq Avérage * 0.48 +0.53

f, K Av : L 4 ' 0204053

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

b—c tree average

sin2¢1 =0.699 £ 0.017
Theoretical shifts below are not considered for
“nailve” average.

Recently published ,_{ 4 : | iorzo
using Belle full data [¥=% A&age . — X oo 5%

n' 7w Kg NRverage e 0.01+0.33

AS BF (x105)
B'—1 'K? 0.01+0.01 6.6
B'— O K? 0.02+0.01 0.86
BY— w K 0.13+0.08 0.5
B'— p 0KT -0.08 ‘o1 0.47
B'—Kos 0 0.07 ‘oos 0.95

J. Zupan, hep-ph/0707.1323

KK K® Average | | '-ﬁ-' 0.68 8?3
AS BF (x10°5)
B'— K+K-K's 0.03 o8 2.47
BI— K7sK"sK's 0.02 "o 0.62

Hai-Yang Cheng, hep-ph/0702252
A S: S shift from theoretically predicted from

other SM diagrams (mainly from b—u tree)
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Belle detector

Vertex reconstruction and Charged
particle tracking

Silicon vertex detector: 3/4 layers DSSD
Central Drift Chamber: small cell +He/C,H,

Superconducting solenoid: 1.5T magnetic field

Particle identification
Aerogel Cherenkov counter: Aerogel radiator + PMT

Time-of-Flight counter

Y/electron measurement

CsI(T1) Electromagnetic calorimeter

p identification/Ky, detection

14/15 layers Resistive Plate Counter+Fe

6th KEK Flavor Factory Workshop (K

EK-FF 2019), February 15 2019, KEK 9



-1000

Photon detection in Belle

Photon detection efficiency degradation (~10%) due to
materials between ete- interaction point and calorimeter.

Photon convert vertex position studied in B9— w01 0 Kog (MC)

(Calorimeter is located outside region of these plots)

X-y projection |

Entries 14311

Mean x 8.164
Meany 10.01
A~ RMS x  600.1

= RMSy 604.2

A e . [
[

3T e [ 51200
oo e R |

TR [5150

5 =10

50

P T T S
-1000

. o
0 1000
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PMTs in

Cherenkov 3 1000 S J °F

counter

beam pipe

o Ei e
SVD and ] 3

€
S

sideview

hvtx_h

1000 | XL

e
Interaction point

T'a

R Y T

P T

PRt

Lo
L,

W ot

L
ek 1o,
b ] o - - "

AR L R T

e e bk A e

= L1

Entries 14311
Mean x 447
Meany 10.01
RMS x 709.8
RMSy 604.2

—80

-160

140

I20
0

PR I S TR N TR N T
0 1000

2000

vz (mm)

Efficiency to detect 219 decays into 4 photons is < (1-0.1)4 = 64%.
— We need large statistics to analyze B decays including multi- 9.

To solve this issue, Cherenkov counter is replaced to low material
devices in Belle ll.
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counts / 2 MeV/c?

How to obtain ¢ 1/ ¢ 2 — reconstruction of CP side Q(B

BELLE
Reconstruct CP-side using momentum, energy and particle identification
iInformation from detector.

Suppression of continuum background is done using shape variable
parameter of all observables in an event.

Reconstruced variables in B'— w00 Kog analysis

+Data = Totalfit ~~~~  Background
2 2 ool
; 300 FF
= o _ _[_
150 = =
§§ ég : L=F1111EE?%EF}:::_{__ F=FJ
100} 42 S 200
-
3 _
O L
501} 100}
%-...I...I...I...I... O..I....I....I....I.---luu %-....I....I....I....I.---
2 522 524 526 5.28 §.3 -0.2 -0.1 0 0.1 0.2 S5 06 0.7 08 09 1
M,. (GeV/c?) A E (GeV)

cont

Fraction of signal and background used to extract CP violation parameters
Is obtained from the fit to kinematic variables togather with that used for
continuum suppression.
Signal yield with vertex information = 146.7+23.6 events
6th KEK Flavor Factory Workshop (KEK-FF 2019), February 15 2019, KEK 11




How to obtain ¢1/¢2 — Fit to At and g Pl

- At 1s measured by vertex positions

8x3.5GeV@KEKRB,

Lo

of B and B.  Tag side
[EC SId? = [y Remaining observables in an event is
BO- T used for flavor determination
Y (45) T iSignalside B B D*I v, BsD*DOT, D0 K1y
é B K° To determine flavor based on

events /0.5 ps

integrated information, multi-

|(_): u T . . . ] . .
9x3.1GeV@PEP-| Az~By At dimensional likelihood is used in Belle.
7x4 GeV@superKEKB e New technologies are introduced in

g-integrated Belle Il (Boosted Desision Tree,
Az distribution Artificial Neural Network, Deep Neural
| (iftime fit) Network).

| BO—J/iy K05 _

. g from 772M BB
-10 0 10
At (ps)

¥

CP violation parameters (S, 4) are obtained by the fit to At.
—|At]/T 0
e B

Signal PDF: P (Ar) = g( AcosAmAt + SsinAmAt)

TBO

6th KEK Flavor Factory Workshop (KEK-FF 2019), February 15 2019, KEK 12



Vertex reconstruction with Ks P

Vertex reconstruction using non-primary tracks is available with S
constraint on interaction point (IP).

Vertex reconstruction usign non-
primary tracks from Ks decay

Standard vertex reconstruction (Ksvertexing)

" Ks flight direction

.
.
>
.

This technique enables time-
dependent CP violation
measurements in CP-eigenstates
In which no primary tracks from IP.
"Measurement of CP asymmetries i .
in BO N KOTCO deCayS” 52 522 524 526 528 5.3

M, (GeVId)
Phys.Rev.D81:011101,2010
In Belle ll, constraint from IP Is expected to be better due to nano-beam
scheme (demonstrated later). — Vertex quality should be improved.

6th KEK Flavor Factory Workshop (KEK-FF 2019), February 15 2019, KEK 13
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¢ 1¢f measurement in BO— 0 7 0K0g

50 1
a [ BO tag = i
L [ BO t qEJ
= 0] B tag z
2 | & 0o
% i (4] i
o 30f = -
(&) I (] . e
: | e e =
20|
10} -0.5}
O_u _1_.| | [ IR AR TN SRR MR

P R | | |
-6 4 -2 0 2 4 6
At (ps)

sin 2¢5" = 0.9275°37 (stat.) 51 (syst.) || (1.8 0 deviation from O)

A =0.28 +0.21 (stat.) 40.04 (syst.)

0,0x0
' K¢ Scp

First published result from Belle.
Third measurement of sin2 ¢ 1eff
| _ Belle t } ¥ | 0.43 + 0.49
using CP-even eigenstate arXiv:0708.1845 (hep-ex)
_ (preliminary shown in conference)
Induced by b—sqg followed by Belle : 10,92 03"
, PRD 99 011102 (R) (2019) : | o
B°— 1 K%, and B%— ¢ K. :
B’ - (ct) K° :
SM prediction from + -0.699+0.017
) ) ) tree diagram )
Consistent with SM expectation. T T TN TR T T

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2
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Belle I — Where we are now?” D

(TS 7T (O
| /7 ‘ ‘ : el il s :»g_bv |
Feb. Phase 1 (w/o Belle, gy 9

w/o final focusing) starts = (@S5 MR TR IEMELR 0N
E i ~ \ 1' \ :‘i ] A I . 2 - , - | :, -“:\}
Jun. Phase 1 ends *' Wi e S

2016

: .
' =~ &/

2017
Apr. Belle |l detector roll in

20181 \ar. Phase 2 (partial VXD,

w/ final focusing) starts §
Apr. First collision

Jul. Phase 2 ends
Integrated luminosity
~500 pb-!

2019
Mar. Phase 3 (almost full

VXD) starts
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Time-Of-Propergation
counter (TOP)

\

Electromagnetic |
Calorimeter (ECL)

Belle || detector

D

</[O

Belle II

Silicon vertex detector (SVD)

. =

§ Klong-Muon detector (KLM)

Pixcel detector (PXD)

Aerogel Ring Imaging

Cherenkov detector (ARICH)

Central Drift Chamber (CDC)

PXD and SVD has been installed after phase 2 and ready now.
Problems of subsystem found in phase 2 operation are fixed.

6th KEK Flavor Factory Workshop (KEK-FF 2019), February 15 2019, KEK
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Benefits of upgrade for ¢ 1/ ¢ 2 measurements Z:

Belle II

Smaller radious of inner layers of PXD 2 000 P

s 4 CDC+SVD+PXD Belle 1l 2018 (preliminary) ]

. . . < 0035 F 4+ CDC+SVD -

contributes to improve vertex resolution. g '} + :

= 0.030 [ ]

— Resolution of tracking improves 40% S 0025 [ on -1 4 :
< - T o

< 0.020 | o6 =2050m =

: : : i —+ ]

More KOs decay inside of larger radious of - :

outer SVD layer. DR E

0.005 | — -~ Jrac=22mpt 4

— KOs finding efficiency imcreses. Y TN = o o DS = SRt

-100 =50 0 50 100
d, corrected for beam offset [pm]

Efficiency of vertex reconstruction using
do: closest approach of

KOs daughter improves. track in x-y plane

Improvement of particle identification
performance contributes to flavor tagging
quality.

~
S
S

AR R AR
- Belle [l SVD

-
---------------------------------

Fraction(%)
Co
S

' Belle SVD

Photon detection efficiency increases due to less 20 |
-

. - HITETEE -
materal of inner part. 0 5 10 15 2
r of Ks vertex (cm)
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Phase? data analysis <

- Belle I
Spread of IP estimated using Sso00) , __Bellell 2018 (reliminany)
closest approach of tracks in g»ef e« h
& 2000 | ! ;
z-coordinate is consistent £ 1500} o e
. . - 1000 7
with small beam crossing ol . |
_ [ [Ldt=24pb~?
spot size calculated from O Toa oz oo oz o
. Zo [cm]
phase 2 beam optics. e 7.1.0_”’ y b —K+ K-

_ ‘“§ 15[ BeIIeII | Ll Ldt=~5pb'1_:;1ooo_l++l_
Using 500 pb-1 of the data § | e remnay +{Y>0_1566V by i
collected during phase 2 S OF homa | T :

t. f f é i ;f +++¢ ] 400 3"“:*:“’:” ¢¢¢¢¢¢¢ ’“’“ ¢ ’#’ **Mﬁ
Opera IOﬂ, we contirm many O £ 05 o "t A - Ldt= 250pb
. . . w w’ﬁ.“" it A . - elle 11 201 _
particles that are included in I oy
: 00008 010 012 014 016 018 O ibiier i ini ‘1‘65‘ 06
CP-eigenstates are m,, (Gevic?) ) @oVich
reconstructed. R ..KOS._> T S — J/zb—>e+e ....... |
E 5000; Belle Il 2018 (preliminary) — Data E § 701 Belle Il N :bkgiO::;+:20012 é
§ : J.Ldt=250 pb” — Fit . g o 2018 preliminary e :‘19 E
§ 40005— — % 500 det=472pb’1 E
- 3000/ i = (497.159 + 0.013) MeV/c®] E 40f
2000; o = (3.462 £ 0.075) MeV/c* 30F-
1000} - ?Z# TR il
00.47 048 049 05 051 052 N —

m(r') (GeV/c?) M(e*e) (GeV/c?)
ee eVv/c
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Entries/ (24 MeV)

Phase? data analysis <

Belle IT

Using 500 pb-! of the data collected during phase 2 operation, we confirm
many of particles that are included in CP eigenstates can be reconstructed.

BO/+—>J/ ) KOC)/+
T T T T I T T T T | T T T T | I I I I | I I I I ~—~  FrrrrjJprrrrJyrrrrJyrrrr[rrrrJrrrr1rJ T 11T [T TTT] T TTTJ]TTTT]
(o /IS~ e K] L 22 (EmE - e K 3
- - jﬁﬁf“ q;) K Belle II E’ 20| M B — Jp(u” 1) K’
BB - e e - BB - JyE'e)K
14 A )
O Bg N J/W(M+ u:) Koc 2018 preliminary \? 18 O BZ —>J/1P(M: ) Koo
12 B0 — J/1p(e+ 9? Kso fL dt = 472 pb'1 % 16 BO — J/w(e+ e) Kso
0 B B — Jy(u w)KJ = 14| B — iy w)K_|
C
L

12

8 10 Belle Il

2018 preliminary
6 8
4 6 f Ldt=472pb’

AT R R T
D3 02 -0 0 0.1 0.2 3 B2 521 522 5.23 5.24 5.25 596 5.27 5.28 529 5.3
AE (GeV) M, (GeV/c®)

BY'—J/ 1 KV sign is indicated in reconstructed distributions

0.

(orange and magenta).
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Re-discovery of CP-violation within our reach

Integrated Luminosity[fb-1]

1000

800

600

400

200

0
1998 2000 2002 2004 2006 2008 2010 2012
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_ . _ . . . - (—D
Re-discovery of CP-violation within our reach /S

Integrated Luminosity[fb-1]

[ I I T T I I |
- o ! ' — 0.15 0.22
Aaz)= TOT88 L peie prefiminary . A= 0.58 *0.1> (MINOS) S =—1.00 *022 (MINOS)
98 I Dpilepton asymmetry 5167 | | j% 1 & 100 q= 1 — Total
Am = 0.456 + 0.008 + 0.030 ps~! . ' } o = Pla
S TP T /A
: 2 KLR > 0.
b S 25 \ ¥2=12.5/12
0,!\/\ m 0 AMhm %&%\ \\‘ O e e —
Combined - 100 _ﬁ __ Total
1k o q= S ota
...... 0.99 + 0.14 + 0.06 . 5‘:’ 75 y __S)_ ga“+ Koo 219 events
o 3 50 oo . (KLR > 0.86)
c S .
Ak g 25 —iL SN x2=14.7/16
_+- ™ Lﬁ 0 A_Mm.ﬁnmm Z . sty S
R 0 4 8 -5 0 5
At (ps) ) At (ps)

E Y- Y-yEw w——— 5 T 140 fb-! |
600 s 5'|fb—1 ............................................. 29 'I 'fb

BO—> w+m- (P 4)
BoBO-pDilepton (mixing) | BO*(cg)Ko (61)

. 77, Ks hlgh sta;tlsn(ils modes U:: KKK, —(Fexciudell)
3= Nsig=512+27 |} n ?}g}fn g .| Nsig=399 +28 .u'#
400 ) punty 0.61 f " (n—>w £ | purity O.§6 t
* t mmnl) £ _ pemty g L.
+ t .\ o S x
- 4 | 1 \
%2 === _,;624 Sifz) 528 5.3 - s22 Mif?Gesv.vz'csz) 5.3
g 1 5=0. § 1} CP=+1:103:40.15 405
% | ' s | apee o .
200 : : s L Good tags S ab GOOd. tags
g5 B 250 285 5 15 I TETRE IS ].s
5 o [fsin2¢,” AUPS) (050 @SM) (~1.00 @sm) ™ P
S=+0.6510.184004  -S=+0.49 +0.18 £0.04 (£J}")
A=-0.19 +0.11 +0.05 A=-0.08 +0.12 £0.07
. | _ . 253 fb-|
i i i 3 i Dﬂ Y10 |
0 =150 'leﬁ:)

1998 2000 2002 2004 2006 2008 2010 2012
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Re-discovery of CP-violation within our reach

Belle IT

Integrated Luminosity[fb-1]

Nos-Nss °°f A_ =058 055 (v S =-1.00 022
A(Az) = - ( NOS) (MINOS)
(Az) Nos + Nos - Belle Preliminary 02 ~0.16 ~0.20
98 I Dpilepton asymmetry 5167 | | - 100 Total
Am = 0.456 + 0.008 + 0,030 ps~' =3 - =
cooue 04807001 g5 Osin 29, is large: .. S //Ji\>imm 2 events
2 > V.
s 25 S \\ x2=12.5/12
0m i 0 m&%\\\\\mmﬂm_
Contined & 100 0 — Total
1F =3 -
...... 0.99 + 0.14 + 0.06 . & 75 VAN 219 events
0 % 50 E (KLR > 0.86)
c
af S 25 x2=14.7/16
S [ .
g m 0 n s -5 0 5
———— M(ps) v _ At (ps)
(azjum) July 2328, 2001 LPO1, Romy The Belle Colla boratl 'i 40 fb_

600 _1 ............................................. ................................ zg]fb_ ........................................ ............................... B O_}ﬂ-l-n ......... ((b )
B (KO (01) ‘

- hlgh statistics modes

BOBO-~Dilepton é(mixing)

~ KKK ~ (Fexcluded)
[ Nsig=399 £28 | *
purlty 0 56 +

aor 'Ky -
o NSIg_512 27 | 5 e

Entes /00025 GeVie’

400

|' I
¥ PR & r.". = : ,‘

% = 522 524 es ifz) s = 53 =3 Mif?Gef{r.vz'csz) 5.2
> 3 >
g po 82073 £ " CP=+1:1.03 +0.15 +0.05
£ 0.5} fit E05F | ..
£ ,_;+—>+<, g =——3.
o 0 z > 0
<;-05- ; 05

2 0 0 S b ) lGoori tagls . S 4t Good tags
75 5 25 0 25 5 15 T5 520 s ].s
“sin2¢,” AUPS) (050 @SM) (~1.00 @sm) ™ P

S=+0.65 +0.18 +0.04 -S=+0.49 £0.18 £0.04 (+947)

A=-0. 19_ +0.11 £0.05 A=-0.08 +0.12 +0.07

We are : ™ A : ;
| | | | g 233 fb-|
here (0.50/fb) ; ) | BO_s i O _( ) 1 ff)

D IS5\

1998 2000 2002 2004 2006 2008 2010 2012
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Far milestone — beyond Belle/BABAR results
Decay modes in which first observation of olle I
¢ 1 1s expected using a few ab-! data.

b—c
Mode |Experiment (# of BB) S significance A
Bo—)/ wo|BABAR (466M) |-1.23+0.21x0.04| 4.00 | 0.20+0.190.03
Belle (772M) ~0.59+0.19+0.03| 3.00 | 0.08+0.16+0.05 {Recently
BABAR (467M) | —0.63+0.36+0.05 — 0.07+0.23+0.03 | publised.
BO—D*D- Belle (772M) ~1.0607420.08 | 4.20 | 0.43+0.16+0.05 | PRDOS,
LHCb (3 fb-1) ~0.54%31£+0.05 | 400 | -0.262318+0.05 | 112008
po_speepr | BABAR (467M)  |-0.70+0.16+0.03 — ~0.05+0.0920.0 | (2018
Belle (772M) ~0.79+0.1320.03| 540 | 0.15+0.08+0.02
po—sprp- | BABAR (467M)  |-0.68+0.15+0.04 — ~0.04+0.12+0.0
Belle (772M) ~0.78+0.15+0.05| 4.00 | 0.01+0.11+0.04
b—s
Mode Experiment (# of BB) S significance
] BABAR (468M) 0.94122) +0.06 3.80
B R KK s Belle (535M) 0.30:0.32+0.08 -  —
- BABAR (467M) 0.55+0.20+0.03
Belle (657M) 0.67+0.31+0.08 — e il b
B> 0 OR0 BABAR (383M)  |0.353%9+0.06+0.03 - = WITDE
$ Belle (657M)  |0.64219+0.09+0.10 — reviced soon
BABAR (467M) 0.55+7025+0,02 _ using full data
BO— w KOs set.
Belle (772M) 0.91+0.32+0.05 3.10
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lestone — beyond Belle/BABAR results 3
Decay modes in which first observation of olle I
¢ 1 1s expected using a few ab-! data.
Mode |Experiment (# of BB) S significance A
Bo—J/ wo| BABAR (466M) [-1.23+021+0.04] 4.00  [0.20+0.190.03
Belle (772M) ~0.59+0.19+0.03| 3.00 | 0.08+0.16+0.05 Recently
BABAR (467M)  |-0.63+0.36+0.05 — 0.07£0.23+0.03 | publised.
BO—D*D- Belle (772M) ~1.0607420.08 | 4.20 | 0.43+0.16+0.05 | PRDOS,
LHCb (3 fb-1) ~0.54%31£+0.05 | 400 | -0.262318+0.05 | 112008
po_spr - | _BABAR (467M)  [-0.70+0.16+0.03 — ~0.05+0.09+0.0 | (201g)
Belle (772M) ~0.79+0.13+0.03] 540 | 0.15+0.08+0.02
posprip. | BABAR (467M)  |-0.68+0.15+0.04 — ~0.04+0.12+0.0
Belle (772M) ~0.78+0.15+0.05| 4.00 | 0.01+0.11+0.04
b—s
Mode Experiment (# of BB) S significance
] BABAR (468M) 0.94122) +0.06 3.80
B RS KSR s I Belle (535M) 0.30:0.32+0.08 -  —
- BABAR (467M) 0.55+0.20+0.03
Belle (657M) 0.67+0.31+0.08 — e il b
B> 0 OR0 BABAR (383M)  |0.353%9+0.06+0.03 - = WITDE
$ Belle (657M)  |0.64219+0.09+0.10 — reviced soon
BABAR (467M) 0.55+7025+0,02 _ using full data
BO— w KOs set.
Belle (772M) 0.91+0.32+0.05 310
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lestone — beyond Belle/BABAR results ‘D
Decay modes in which first observation of olle I
¢ 1 1s expected using a few ab-! data.
Mode |Experiment (# of BB) S significance A
Bo—J/p wo|BABAR (466M) |-1.23+021+0.04| 4.00  [0.20+0.19+0.03
Belle (772M) ~0.59+0.19+0.03] 3.00 | 0.08+0.16+0.05 }Recently
BABAR (467M) |-0.63+0.36+0.05 — 0.07+0.23+0.03 | publised.
BO—D+D- Belle (772M) ~1.067074+0.08 | 420  |0.43+0.16+0.05 | PRDOS,
LHCb (3 fb-1) ~0.54*31£+0.05 4.00 ~0.26%919+0.05 | 112008
po_speepr | BABAR (467M)  |-0.70+0.16+0.03 — ~0.05+0/09+0.0 | (201g)
Belle (772M) ~0.79+0.13+0.03| 540 | 0.15+0.08+0.02
Rop+p- | BABAR (467M)  |-0.68+0.15+0.04 — -0.04+0.12+0.0
Belle (772M) ~0.78+0.15+0.05] 4.00 | 0.01£0.11 4_\0.04
b—s
Mode Experiment (# of BB) s significance| ' nomaly among
BABAR (468M) 0.94702] +0.06 380 | Cperiments should
BO— KOgKOgK? 2 1-024 —- ' be solved in future.
SRS T Belle (535M) 0.30:0.32£0.08 - — © Solea I T
0> 7 ORD BABAR (467M) 0.55+0.20+0.03
Belle (657M) 0.67+0.31+0.08 —
B0 0K BABAR (383M)  |0.3573%6+0.06x0.03|  — This W(']:' be
> Belle (657M) 0.64+219+0.09+0.10 — "eY'Cef i"do”t
BABAR (467M) 0.55+"926+0.02 — Hsing TU data
BO— w KOs set.
Belle (772M) 0.91+0.32+0.05 3.10
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lestone — beyond Belle/BABAR results

For ¢ 2, new input for iso-spin relation analysis :

BO— OO0 time-dependent analysis.

Electromagnetic calorimeter detects hit
position of photons.

Y 4 — In usual analysis, no BY decay vertex
>ie _ _
Interaction point (IP) information from w0,

It we use a large data sample in Belle Il, we
can approach "m0 vertexing” using Dalitz
decay (m9—ete-y) or mO direction from

)

_Toy MC of Dalitz decay @50 ab-

[ B?ag

ts /(1

Events / ( 0.0005 GeV/c2
Even

photon conversion.

Although statistic error is large, (= £0.28),
we can reduce umbiguity for ¢ 2. ]
o T Belle o T | Sw T
~ 0.8 Belle I 08 | .l ML EEEE L
06| W/ Smome 0.6 |06 ,"\ l,| : ;
] [ -+ -0.94 [ $i it Hf : =
0.4} 0.4f |R; " ; S 3
I B | N O |
0.2} 0.2} I\ iy
i i i 3
0 ) 1 s | . - s O\L ‘ Letsosl N ST O DO OO J ) 08 0-9y1 08 6 4 2 0 2 sMB[pS‘]‘J
0 30 60 90 120 150 180 0 30 60 90 120 150 180 * _
9, (°) ¢, (°) (Plots from Belle Il Physics Book)
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Systematic error in large statistic analysis

We have already been close to systematic limit.
In Belle Ill, we have to consider this issue in many studies.

Categories dS dA : :
Vertexing 0.012 0.009 One refeljence pO-Ith b
Possible fit bias 0.007 0004 | systematic error in 2006: | My slide in Belle
BG fractions (JAPK,) 0.005 0.002 At 1
worst, same level with

Wrong tag probability 0.004 0.003 T measurement
BG fractions (JApKy) 0.003 0001 | Statistical error expected | in Bo—(ce) KO using full
Fixed Physics parameters 0.001 0.001 from toy study data
BG At 0001 | 0001 | gS =0.024, dA =0.016
Tag-Side interference 0.001 0.009

Total 0.019 0.014 Measured dS We discussed whether
Vertexing detail as dA oote o o 0024 | we can set systematic
IP tube constraint vertex fit 0.0072 0.0005 - ]
Poor-quality vertex rejection 0.0064 0.0021 Grade point unCel’talﬂ’Ey enough
Imperfect SVD alignment 0.0056 0.0040 .
Az bias 0.0050 | 0.0073 B C D = [ small comparing to
Track error estimation 0.0033 0.0060 - :
Track rejection in B,,, decay vertexing 0.0026 0.0015 pl’eVIOUS analySIS and
At fit range 0.0002 0.0004 | also to expected of

Total 0.012 0.009 _

Tuesday, November 16,2010 12 Statlstlcal error.
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Systematic error in large statistic analysis

Systematic is expected to be
dominant in ¢ 1 measurement

Error expectation considering
luminosity scale (Belle |l Physics Book)

: No Vertex Leptonic
—1
using 50 ab improvement improvement categories
Sj/ng (50 ab_l)
: : stat. 0.0035 0.0035 0.0060
Vertex improvement contributes - 4 e 0.0012 0.0012 0.0012
to reduce Systematic error of §.  syst. irreducible 0.0082 0.0044 0.0040
AJ/ng (50 ab_l)
stat. 0.0025 0.0025 0.0043
If we use Only hlgh momentum syst. reducible 0.0007 0.0007 0.0007
syst. irreducible fg:gg;’ fg:gﬁ 0.011

D

<[O

Belle I

leptons (mainly come from

semi-leptonic decay) for flaver
tagging, uncertainty from tag-
side interference on 4 is largely @ S (d o :)

CKM-favored amplitude doubly-CKM suppressed amplitude

suppressed. Total error
becomes small although statistic
IS sacrificed.

Interference between non-zero two diagram
— CP violation in tag side: 2# sin(2¢ 1+ ¢3x0)

— We have to try further idea to suppress systematic error.

In some case, approach from theoretical side i1s needed.
6th KEK Flavor Factory Workshop (KEK-FF 2019), February 15 2019, KEK o8




Summary g

Belle I

¢ 1 and ¢ 2 angles have been measured in Belle through time-
dependent analysis of BO decays.

More sensitivity is expexted in Belle Il not only incresing of data but
also from detector upgrade.

Decay products of CP-eigenstates have been already observed in
phase 2 data.

From phase 3 operation with vertex detectors, measurements of @1
and ¢ 2 in Belle |l are within our reach now.

We expect first observation in many decay modes but have to make
effort for systematic estimation for high precision study.
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Backup
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How to obtain ¢1/®2 — signal reconstruction %

Reconstruct CP-side using momentum, energy and particle

iIdentification information from detector.
ex. Bi—(cc)K’s: Very clean signal, selected by loose criteria.

Bi—Jlyp K;. Only KOL flight direction is detected as hadron cluster
iIn KLM (Cluster energy can not obtained)

BY—(cc)K% (CP-odd: & = —1) B'—J/ K% (CP-even: & = +1)
‘.\‘&2 3000 __ i 2 5000 |-
3 2
All combined .
= I - Fit result = 4000 | + Data
- — B’ > Jiy K o i — Fj
‘a 2000 _— g :Ip(gS)SK: o : Fit
r— B"—>xc1 K3 ; 3000 |- BG w/ K,
D "q:'; i BG w/o K%
e b] i i . i
L _ S 2000 |
1000 Signal region of > B j/¢ combinatorial BG
‘reconstructed energy 1000 |-
( oo 2 okl
52 5.22 5.24 5.26 5.28 5.3 0 02040608 1 1.21.4161.8 2
Beam constraint mass: M (GeV/c?) P%M(GeVIc)

Mbc — x/Ebeam2 — PBCM 2

JI Ks ¥ (28)K0
Signal yield | 12727+115 | 1981+46 10087+154

Purity (%) 97 O3 63
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How to obtain ¢1/¢2 — correction on At and g

g and At change due to imperfectness of the

measurement. true At distribution
350F- =
At - 300f- BO tag :
- Detector resolution :zz E
- Non-primary track effect 150f 3
_ _ 100E =
D lifetime # O g 4,10 sof E
- Kinematic approximation ‘4: & 6 4 2 o Tz "4 &6 8
_ . ‘ At (ps)
At = Az/cPy = Atuue <: measured 4¢ distribution
q:
- PID failure

- Ambiguity of flavor determination algorithm

Those effects is estimated using a large
number of control sample of BO—D*¢+y,

BY+—D™z/p and B+— J/wK*

= Observed time-dependent decay rate
| At|

1 —
Psig (At, q) = g—e™ q(AcosAmAt + SsinAmAt)
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Events / ( 0.0025 GeV/c?)

Events/ (0.01 GeV)

140" "~ "~ 0 0 T Tttt

120
100 |-

80

20 |-
0 SRR, Z A i T T A R
5.24 5.25 5.26 5.27 5.28
2
M, . (GeV/c%)

Nsignal = 332.0£22.1
qu — 163i35

)

Decay rate asymmetry

o 40F

Events/(1p

o o
LI UL

|
o
(¢)]
T [ T T 11

S
A

At (ps)

= —0.59 £ 0.19 £0.03

= —0.15 £ 0.145) 05,
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Flavor tagging analysis stream in Belle

( Information on charged tracks )

Track-level
Iook-up tables

Select track Calculate Select track
with combined "q.r" with
largest "r" largest "r"
q.r l (q r)K/A l q.r

Event- IeveI Iook-up table

» Flavor information "q" and "r"
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¢ 2 measurement using isospin relation Pl

BV'— - B'— 00
772M BB PRD 88 092003 (2013) 275M BB PRL 94 181803 (2005)
A (B — ) = +0.33 = 0.06(stat) = 0.03(syst)  Acp = 0441533 £ 0.17
Scp(B® — w7 7) = —0.64 * 0.08(stat) * 0.03(syst) B(B? — 77%) = (2.3704703) X 107°
B(BY — nt7~) = (5.04 £0.21 - 0.18) x 107°

Bt—m+tmo
— ---- Bonn (BABAR
772M BB PRD 87 031103(R) (2013) e o . ek
Acp(BY — mta%) = 0.025 £ 0.043£0.007 £ B> (WA)
Sl P B B B Y B

B(BT — 7770) = (5.86 & 0.26 + 0.38) x 106

Large uncertainty of ¢2 is due to
measurements in B'— m 90 decay

p-value

+ Low branching fraction

- Photon detection efficiency \ i,

- (No Scp due to lack of vertex in ' | % 180
signhal side — eight-fold ambiguity) 2
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B'— 1010 measurement

Photon interaction points (MC)

Update using full data set

PRD 96 032007 (201 7)

Many photons are lost by conversion
with material in front of calorimeter.

— Converted photon reconstructed by

y—ete- that is apart from IP is

also used for n° reconstruction.

I
o
(o]
o

= 35H] B" — n%° S 5ok
2 30 PN
o 25 =%
S 20 + S 30F
(2} E “ =5 [
c 15t £ 20f
o 10F ' @
5E /'\ w 10F
— [

C —— . — s

03 -02 01 0 01 02
A E (GeV)

0
B — 70

15%‘

2 10f
Ll

; ~ T
= N\, T

nts/(

o= PR P o - T TREP TR PUUIN Y, SR T | :
-0.3 -02 -01 0 0.1 0.2 5.26
A E (GeV)

527 528 529
M, (GeV/c?)

[ daughtzxdaughty | 3 —\/ projection sideview
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l T
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Y Sl
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I | T - | |
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1

1 ol | 1‘"1";{',':;‘::"1 '1’-:‘1|||||1||[11|1 I
-1000 -500 0 500 1000 1500 2000

|

(=]

-500 0

~1000

02 0 02040608 1

Tc

160 0
0.0
140 B" — n'n
120 +
AL
80 14.““
60 T
40
20 o~
0—0.2 0 02040608 1

Tc

sqri((daught2x)*(daught2x)+(daught2y)*(daught2y))
-3
=
o

l Ll Ll I 1l
500 1000
daught2y

daught2z

Signal yield = 217+32 events

+ Data —— Total fit ----BB background
----signal qq background
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B'— 1010 measurement

Acp = +0.14 £0.36 = 0.10

B(B® —» z°2%) = (1.31 £0.19 + 0.19) x 10~

(6.4 0 significance)

¢ 2 confidence level scan including new observables from BO— r 00
Excluded region: 9.5° < ¢p2<81.6° (68% C.L.), 155" < ¢p2< 75.0° (95% C.L.)

P O R G
\ ’\~M/ \ [/

0.9
0.8 I \ \
| \ // \ //

O N S A

! - ---previous constraint

\ / (Based on Belle nx
OE\.p_,‘)/l """ frmmmnna s n s s s ns e na s e nenenene | M@A@SUrements only)
0 20 40 60 80 100 120 140 160 180

0, (degrees)
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