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KEKB/SuperKEKB LMU
Collider

Upgrade: KEKB = SuperKEKB
Belle = Belle Il

”’C"c")vll'idi’ng =

KEK = ko enerugi kasokuki kenkyt kiko
high energy collider research organization
1 At: Tsukuba, Ibaraki Prefecture, Japan
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KEKB/Belle : SuperREKB/BeIIe Il
operation 1999 — 2010 2018 — 2025
e /et beam E 8/3.5 GeV 7/4 GeV
e /et beam I 1.2/1.6 A 2.6/3.6 A
Inst. Lumi. £ 2.11-103cm=2s71 8-10%°cm—2s71
[L-at 1023fb~1 (772-10° B B pairs) 50ab~!
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Nano Beam Scheme

Lorentz factor bjam—beam parameters
¢
I R
267”6 Oy By ng
beam size GJometric factors
N
Oz,y = / Eaz,yﬁx,y
T

emittance

I Tum

SuperKEKB ) m 22 mrad 100um’ .

crossing angle

f60nm

83 mrad
crossing angle



Time of Propagation counterg KLU /11 Detector (outside)
with 20 mm quartz bars ! RPC Plates and plastic
MCP-PMT readout p scintillators with SiPM readout

Pixel Vertex Detector

2 layer pixel detector (8MP)

DEPFET technology
A~/

Silicon Vertex Detector

4 layer double sided strips

d 20 — 50 ns shaping time

Central Drift Chamber

proportional wire drift chamber

15000 sense wires in 58 layers .

Superconducting Magnet
homogeneous field of 1.5 T

Electromagnetic Calorimeter
8000 Csl Crystals, 16 Xo
PMT /APD readout

Aerogel RICH
Proximity focusing RICH with silica
aerogel
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Our Contributions

PXD development:
m Sensor design, prod. and testing
= Analysis of testbeam data

m Mechanical design, final assembly

e

m Cooling system (IBBelle) :
Machine commissioning:

Software development:
m Design, prod. and operation

of CLAWS detector
Belle CP-Analysis:
m Bl 5 gt 7Kt KKt
pp, wKJ

m Belle Il framework development
m PXD and SVD simulation
= w/o machine background

m Tracking, Vertexing and

Flavor Taggin
geine Belle Il sensitivity studies:

m Neural z-vertex trigger
g8 m BY = JWKY, 70x0
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CP-Violation in the SM

Belle I

m Why CP-Violation? = Matter-Antimatter-Asymm. in the
universe larger than in SM. Sakharov's 2nd cond.: C-V, CP-V.

m Why in the B%-system? = largest CP-V. within the SM.

m CP-V. in the SM = Weak Interaction = Vogum

d Vud Vus Vub
S/ = ‘/cd cb
b/ V:‘,d V;fs V;fb

m Params: 3 Real, 1 Im.: A=sinfo ~ 0.2,A, 0,7

— A2 A AX3(p —in)
Very = - 1— 1) AN2 + 0O\
AN (1 —p— z'n)] —AN? 1

= EYuk o ’igW/J’JCC Jcc Jcc ! 75 Jﬁc
m Unitarity: Y, ViV =0 :>(Vuqub + VeaVg + thV;};) =0
; o) O O
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Measurement of ¢,

\\ _ J/w
\\ C
_ W= s
B 2N ’
EO
S
B - K¢
d d d

Scp
I1B)———>|1cp)

)
|B)——>|]) \ 7

|B)

Acp? =0
SCP¢K§) = sin(2¢1)

Ql



Time-dep. CP-Analysis
at B-Factories
T m 7(4S) above BB prod. threshold

s 7(48) — BB > 9% %

T(28)
I(B+B-)
" Tpopo) ~ 106
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T(S)

= B-Factory

<AZ>BE||E ~ 200 pm
(Az)Belle n ~ 130 pm

W<+i
-
= At = 7) since BYBY at rest in T(49) frame
—1at)/750 Tpego =1

. ’PSig(At, q) = o [14 g (Acp cos(AmAt) + Scp sin(AmAt))]
BU
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g, T active area
clear, /
(IR
T
x|y
gate,,, Tt
dlear,
4,
T
(xpirelcenten | | |
DCD-B Ca SwitcherB

(32 channels

e m Inst. Lumi.: Lgeje 11 ~ 40 - Lgelle
= Background 111

m Closest to IP
= Occupancy (~ r72) 111

m (B7)Belle 1 < (B7)Belle
= smaller Az

(analog readout)

DHP

(digital \

processing) \
\

flexible interconnect
(polyimide/copper) ~ 75 pm

\ active area

\ thickness

Lz mm/420um _|

tigid frame

= Pixel Detector needed !

= DEPFET Technology most suited
DEPleted Field Effect Transistor

—S< differential data
transmission (= 1.6 Gb/s)
|
conductive layers
(AVAI/Cu)

10



Why B — 7070 ?

Unitarity Triangle

Extraction of ¢o is possible through:

m Isospin analysis of B — 77 (Isospin triangle).
m Isospin analysis of B — pp (Isospin triangle).

m Dalitz plot and Isospin analysis of B — p7 (Isospin pentagon).
Less Isospin breaking but lower experimental precision.
Very complicated! (Not considered for Belle Il sensitivity)

11



Extraction of ¢, angle
from B — 7w

m Penguin and tree diagrams
contribute. -

m At tree level: Acp =0 d
Scp = sin(2¢2)

ol

m At penguin level: Aop # 0
Scp = V1 — Acpsin(2¢57)
= 987 = 62— Ay

m Extr. A¢o through isospin
analysis:
AT = A(B— ntn7)

1 %A+7+AOO:A+O

2 LAt 4 A0 = 40

1o Pure Tree: AT0 = A—0




Extraction of ¢,
from B — 7w
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Isospin analysis: Xiheo coOntains 6 fit parameters including A¢s and ¢s.
The parameters are fitted using Xqata

Xdata = | Acp(B? = ™)

RN NN SENEN

Minimizing
€xp (% (Xdata - Xtheo)T D (Xdata - Xtheo))
(2m)" det &

X2 = —2log

13 = 8 fold ambiguity in ¢ w/out Scp(B? — m%7%) = Sensitivity?



Vertex of y-Conversions
in B — 707?

m Y(45) —» BY,BY, —
B;1 — generic

3 — _
: vy — e'e N —Pipe By — 7050
i s [=PXD 0
2r ol =y (B=9882%)
1i mrly, = efey (B=117%)
f ® Naelle 1| =
0} Leaien - B(Y(4S) — B'BY)
L - 2.B(B° = 7’7n") ~
-1 50ab™" - 1.1nb-0.49
i 2-1.91-107°
-k . 3 ,
B T ~ 100k events.
— I ‘ I ‘ I ‘ I ‘ N ‘ I . 7r0 : 2 W
2 - o 1 2 3 @
mrl 3%

14

x/cm



Generated Asymmetry

—|At]/7p0

PSE(AL, ¢) = & [1+ ¢ (Acp cos(AmAL) + Scp sin(AmAL))]

=
x o
% =]

700

600

500

400

Events/(0.22 ps)

300

200

100

T[T [T T[T T T [ TT T[T I T T TTTT [T

~10 5 0 10
At/ ps

m Acp™™ =0.44 (PDG)
B Sep™ ™ =1—= AcpZsin2- (o — Aa*) ~0.78

15 *hep-ex/0703039
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BY Reconstruction
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0 0 0
1 B47—>7rw7r Y

0 0 — 0
2 B, =7l (= etey)m N

3 Boc — TI'OC(—> y(— e+e_)7)71'0

Reconstruction of 7¥s:

o~

7Y

m 7 Selection: E, > 50 MeV (Barrel)
E. > 100 MeV (Front)
E, > 150 MeV (Back)

m et Selection: dy < 0.25 cm

m At least one PXD hit (et or e7)

B Mo € [105,165] MeV ~ £2.5 - 0, ,

m | cos(Ohelicity)| < 0.95

16

M0
c htemp
F Entries 141598
T Om_g
5000[— Mean 0.1331
C ~ 11 MeV Std Dev 0.0112
4000— #2/ ndf 844.5/85
n Constant 5351+ 18.1
3000— Mean 0.1332 £ 0.0000
r Sigma 001091+ 0.00002
2000~
1000
oLL 1
.0¢ .




BY Vertex
Reconstruction ¥ Belo I
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m Vertex Reconstruction with
iptube constrain. m7,0~09as = 0.1 nm

m If conversion in beam pipe
and et with PXD hits

= n¥_and 7, kinematically m Check with MC truth.
indistinguishable.

= 70 Vertex = BY Vertex.

_ (Fep—Thag)-B
At = P(chg

0 +om
7Tda|—>€€")/




0
BCP

K

At Resolution

Reconstructed as B’ — =’

2 9000 M, =001
' 8000) + 0.01 ps
S 7000 0y =126
= + 0.02ps
3 6000

I

3

>

]

=6 -4 -2 0 2 4
A - A"/ ps

Dalitz and
Conversion case

18

Events /(0.12 ps)

71_0
0% dal
+
— e
W =002 n
s000[- “so001ps| &
B
0,, =113 s
40005 +002ps| =
2
3000 qc)
4
w
2000
1000
A S 0
=6 -4 ~2 0 2 4 =6 2 2 0 2 4
A - At*" [ ps At - A"/ ps
Only Dalitz Only Conversion

(54% of Events)

(46% of Events)
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% 1200 = 1200 — B,
< 1000 T T e S 2 o T = IILLLLY Bﬂxg
E 800 E 800
. 600 . 600
o =]
g 400 § 400
2 200 Z: 200 J.r' 1=

0 0 B

—10 5 0 ) 10 —10 5 5

At [ ps At [ ps
q-r
ees(Belle 11 MC5) = 35.8% MC Flavor

€Eff(Be||e) = 29%

19
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Toy MC Projections

20

Events / ( 0.0005 GeV)

Events / (0.01 GeV)

E
!

B = 1%(—

—~

5

3

4

]

30

20

B {

=)
T T

£26 5.265 5.27 5275 528 5.285 529 5295

Events/(1ps)
8

SETTTT T [T T T

o

m,. (GeV)

I
S
FRAANRREREN

60

5(

S

4

Events/(1ps)
8

3

S

2

S

1

=)

AE = E

beam

! Liivad L L2 D s i
03 -0.25 0.2 015 -0.1 0.05 0 005 01 015 0.2

- FE

o
SETTTT T T T T T

50 AE (GeV)




Acp and Scp Pulls and

ap.895 42
Max-Planck-Institu
Statistical Uncertainties
0 0 — 0
BY = 7%= eTe y)nl (= v7)
e —~
- E X2/ ndf = 0.863 o X*/ndf=0.710
oS 3F S 3
Z F Acpi—Acp 11=0.003 +0.043 1=} 11=-0.0024 +0.0098
,\@ 30? TAcp,i 0=0.988 +0.030 > 25 6= 0.2239 +0.0069
g F £
LI>-I E g 20|
20—
£ w 15
15
E 10
10F
E 5
5
E L4 | :
R L ) o
pull(Acp)
—~ -
b X?/ndf =0.629 ~ F X2/ ndf = 0.652
o E o r
= Wb Scp,i—Scp W =0.055 +0.043 o ZS;SCP i — SCP 1 =0.009 +0.013
T oo S TR Z 7k
2 0'=0.980 £0.030 = F 0=0.2055 +0.0004
c 25 i) -
g £ c n
D 20f e F
£ w E
155 E
10; E
o -
-5 -4 =3 -2 -1 0 1 2 3 4
pull(S¢p)

21



Toy MC and Acp Pull

D

Max-Planck-Institut d U
e an ncertainty Belle IT
0 0 0
BY = n% (= yy) 7w (= v7)
2400 Z N
3 2200 E 25000
8 2000) o F
S 1800 S 2000
S 2000
S 1600 NI
1400 ' 1500F
& 1200 5
< 1000 7
o W 3000F "
o 800 F .
600 £
400 500~ S
200 E_—— ..
e | L L i ! L IMLEET) L ot D i
9265265 527 5275 528 5285 550 5295 3350 .45 0T -0.06 0 005 01 015 0.2
m,. (GeV) AE (GeV)
—~ F —
b X2/ ndf = 0.808 & oe X2/ ndf = 0.908
o o ) C
= b Acp,i —Acp | =-0.093 +0.042 s 2 Acp i — Acp J1=-0.0030 +0.0014
E—t = E ,
o F T Acp 0=0.962 +0.030 = 100F- 0=0.03223 +0.00099
< b 2F
S F o 8o
o 20f a2 F
15; 60—
10F- 40
sE 20
B4 B2 T 2 3 4 208 06 04 02 0 02 04 06 08
pull(Ap) Ace,i - Ace

22

= AAcp(stat) = 0.03



Result of Isospin analysis
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30

60

90

120 150 180
9,()

2

w/out and with S, 00

= 1
o | l,
«0.8 'Il :
0.6 |'I‘ l'

|
0.4 i ;
I ]
0.2 i\ |
I\ |
o [ 1 .

0 30 60 90

120 150 %80
®, ()

Value 0.8ab”! 50ab*
“Bor— (10° | 5.04 | £0.21+0.18 | £0.03 £ 0.08
*Brogo 10¢] | 1.31 | £0.19+0.18 | +0.04 4 0.04
“Brigo 10° | 5.86 | +£0.26 +0.38 | +0.03 4 0.09
. 0.33 | 40.06 +0.03 | £0.01 + 0.03
S ptnm -0.64 | +0.08 +0.03 | +0.01 4 0.01
b A o0 0.14 | £0.36 +0.12 | +0.05 4 0.01
Sromo 0.83 +0.30 + 0.03
Comparison diff. S;0,0
d - Srere i i H i
oo cim |
R O ,"‘\ i PRD 87 031103
0.4f ,I§ | * Belle Draft
0.2} I i | © PRD 88 092003
A . . \\ 3\ ':l
0 30 60

90 120 150 180
9,()

2




Extraction of ¢,
from B — pp F Bello I
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Isospin analysis for dominant p polarization p, (CP even). =

fL, ptp— B(BO - p+p7)
fL7 p0p? B(Bo - p0p0)
fu, ptpo - B(BY = ptp?)
Xdata = ACP(BO — P+p7)
Scp(BY —= pTp7)
Acp(B? — p?p?)
Scp(B? — p?p?)

NN N NN N

24



Result of Isospin analysis

lab~! and 50ab~!

Belle Value 0.8 ab™! 50 ab—!

“fi gt 0.988  +0.012£0.023  £0.002 £ 0.003

L, 0,0 0.21 +0.20£0.15 +0.03 + 0.02

B+ ,- 10°] 283 +1.5+1.5 +0.19+£ 0.4

PB 0,0 [10°] 1.02 40.30 £0.15 40.04 £ 0.02

“Cot - 0.00 +0.10 + 0.06 £0.01 +0.01

e S, -0.13 +0.15 + 0.05 £0.02 + 0.01
30 60 90 120 150 180 Belle Value 0.08 ab—T 50 ab—!
, () CIL, ot p0 0.95 +0.114£0.02  £0.004 £+ 0.003

B+ 0 10°] 317 +£7.1+5.3 0.3+ 0.5

w/out and with Spopo BaBar Value 0.5 ab—T 50 ab— T
7C 0,0 0.2 +£0.8+0.3 +0.08 £ 0.01

450,40 0.3 £0.7+£02  £0.0740.01

For compatibility S,0,0 =-0.14

@ PRD 93 032010
® PRD 89 072008
¢ PR Lett 91 221801
4 PRD 78 071104
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Combined Isospin LMU

Ana Iys IS
= ar |
L,) I B—nm I |
— 0.8 l|‘ lll
B I
0.6 | I = 1
¥ l|| ’l (I)
0.4F “ 0 1 0.8F
0.2} 'l \\ II 0.6
Oj\ I L/ F
0.4
0 30 60 90 120 150 180 E
= Ago(nm) = 4° e, 0.2;
o
= 1
Q ,9,0)
—0.8F = Ag¢a(nm, pp) =~ 0.6
0.6] ]
0.4/ w/out and with 8,00 and 0,0
0.2 For compatibility S.o.0 = 0.75
o Sp0,0 =-0.14

85 90 95 100 .
26 = Apa(pp) =077 9,0)



Summary and Outlook

m Machine commissioning started! Begin of data taking planned
for 2018! Strong contribution from our institute!

m Search at next generation B-Factory SuperKEKB
complementary to LHC. [ £ -dt =50 ab™1 = ??

T T
A& Am,

= Expected sensitivities:
Ago(mr) = 4°, Apa(pp) = 0.7° and Apa(nm, pp) =~ 0.6°.

27
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Tagging Variables

| Categories Discriminating input variables
Electron p*, pf, D, P, Ee, Mrecoila p:nissy Cose;isszEggv X2
Int. Electron p*, pf, Dy Dt, ﬁe, Mrecoil, p;issv COSG:,iSS,Egg, X2
Muon P, pi, Py Dt ['IM Mecoil; Prmiss) COSG;iSS,Eg%, X2
Int. Muon p*, p:(, D; Dt, L;u Mrecoil, P:ﬁssa COSQ:.,iSS,Egg, X2
KinLepton P, Piy Py Py Luy Loy Miecoily, Dimissy €08 Omisss 305 X

Int. KinLepton
Kaon
KaonPion
SlowPion
MaximumP*
FSC

FastPion
Lambda

p*, pf, P, Pt £/47 ﬁe, Mrecoil» p:wissv COS@;isstgg7 X2
p*v p‘fv P, ['K7 COSQ, anv Zptv |X|a X2
YKaon; YslowPion, COSOK x, Qi * qr, LKk
5, pi, P, Pty Ln, Lr, Le, €058, coSbOrhmst, X°
P, Pty Py P, €08 O1hust, do

P§|ow, p;ast’ £K7 Ccos 9Thrust$|ow, CoSs 0ThrustFast7 Ccos eslowFash GSlow * GFast

5, pi, P, Pty Ln, Lr, Le, €058, cosBrhmst, X°
pj\v ba, p;roton: Pproton, GA, MA7 Nkgo, COSGXA,pA, |XA|7 O_/z\z’ X?\

Optimized for CPU: 76 Calculations instead of 242

28




Flavor Tagger Output

MAXIMILIANS-

frPhysik || NS | | MONCHEN

""" Both
2 4000 o
> S 0
£ 3000 B
4
e
5 2000
E 1000
< TRl
0 -
—1 —0.5 0 1
(C] . 7‘)17]';[)1"
Distribution of Continuum Distribution on signal

0 0.0
BY — n%m" 44

29



e, e Track

Belle I

Reconstruction
met, e
e L
S; 0.025 E
s z

0.005

e,
...o-.....-.-.fo---

=

0.5 1 15 2 2.5 3
pY'/ Gevic

lem

_ 0,025

a,,

0.0;

>

0.015

=4
o
2

0.005

.
LR
®®®ccccccscscssnns

o

30

05 1 15 2 25
p‘MC / GeVic

t

MC
P

Fit |

P,

I
25 3

0.5 1 15
pY'/ Gevic
.e,
"-'l"...l....-lolo'..'
L
05 1 15 25
p:”cheV/c



Events with
~-Conversions

b) How many Events have at least

a) If there is an event with o
one y-conversion?

~y-conversions

= How Many? ’ Vertex in ‘ Events % ‘
o 45 Beam Pipe 2.00 %
e 1st. PXD Layer 0.60 %
3';:2.77% 2nd. PXD Layer 0.50 %

| Total inside PXD | 3.10 % |

c) ... and at least one ~y-conversion
or one 77 — ete "y decay?

1 15 2 25 3 35 ’ 70— €+€7"}/ ‘ 2.00 % ‘
Number of y-Conversions ’ Total 71'0 U")/ ‘ 5.05 % ‘

4

- Requirement: All converted  in accept. and not converted in ECL
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Final Selection
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uuuuuuu

32

2

Mpe = E[)keam — Ppo

> 5.26 GeV/c?

AE =E;., — Eg
€ [~0.3,0.2] GeV

Continuum Suppr.
yeepT > 0.976

Maximizes [isig

\/ Msig+"bkg
Flavor Dilution
r>0.1

Multiplicity < 1.01

Ranking according to
Dilution

N/ /(N.+ Ny)

Cut on o

e = 0976

0.90 0.92 0.94 0.96 0.98 1.00
Cut on YcontSuppr
BO_FBDT_grCombined:B0_deltae
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Two Options

Option 1: BY,, candidates have priority.

’ Candidate ‘ Nsig ‘ Z‘S’fg' %] ‘ TZ; %] ‘ nsi’;igjsmb % | FoM (o
B, 274 | 54 46 11 7.0
B, 46 | 28 72 33 3.6

Option 2: BY_ candidates have priority.
Candidate ‘ Nsig ‘ Z‘:;‘ [%] r’;“g ] | posmin_ [y FoM [«
B 90 | 47 53 13 36
BY. 160 | 50 50 15 6.6
Nsig

FoM =

\/nsig + Ncombin T Ncont + Ng{

33
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At Resolution

thi

onl:

BY,, Candidates

900!
800
700
600
500

Events / (0.12 ps

400
300
200
100

=0.01
+ 0.01 ps
__0,,=126

+ 0.02 ps

’HAA

2 7
At - A"/ ps

BY_ Candidates

Events/(0.12 ps )

Ky, =00

+ 0.01 ps

0,, = 1.57
+ 0.03 ps

At - A"/ ps

Events/(0.12 ps)

Events /(0.12 ps )

Discarded BY_ Candidates

1000

a ) W, =004

L + 0.02 ps
8001~

5 0,,=2.05

L + 0.04 ps
600
a00[-
200~

L

300!

250!

200!

150f

100

=]

6 -4 -2 0 2 4
At - A"/ ps
Discarded B’,, Candidates
of- ~_n, =003
L + 0.01ps
07 0,,=1.26
of- + 0.03ps
of
o
o
o5 -4 =2 0 2 4

At - At%" [ ps
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Zsig Resolution
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BY,, Candidates

Optionl:

E so00f- W, =22
© 80005 + 0.3 um
§ 70001 __0,,=664
S 6000F + 0.9um
T
=~ 5000F-
P E
£ 4000
[ E
& 3000F
2000F-
1000
= 1 I
803 002 -001 0 001 002 003
rec _ y9en
z§5 - 259 1 CM

BY_ Candidates

4000
3500
3000
2500
2000
1500
1000|

W, = 2.4
+ 0.6 um

. 0,,=873
+ 2.4 um

-0.02

0 o0l 002 003

rec gen
250 - 259 / €M

Events / ( 0.0006 cm)

Events / (0.0006 cm)

805

L I L
-0.01 0 0.01 0.02 0.03

rec _ y9en
285 - 254 / CM

-0.02

Discarded B’,, Candidates

3000

2500

2000

1500

1000

50

==

[

a

.= 17

+ 0.5 pum
__0,,=676
+ 1.3 pm

S

S T T T T T T T

@

-0.01 0 0.01 0.02 0.03

rec gen
z55- 20 [cm

-0.02
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Dalitz and Only Dalitz
Conversion case (54% of Events)
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Events / (0.0006 cm )

-002 001 0 001 002 003
gen
z55- 234/ em

Only Conversion
(46% of Events)
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Vertex Resolution

L

Tag Side: Tracks which remain from
reco. side. Bp

Algorithm: RAVE's Adaptive Vertex Fit

m Track weighting according
to proximity to other tracks
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-0.02

~0.01 0

Dalitz and

0.0

and spatial constraint. m Class. acc. mother:
. . B D KO
m Various instances. v, Dv', KgX
?éz 0.2 um E’ *00 ’usﬁi 0.3 pm § 5000) _ ”;éz 0y
S 5000 0., = =3 Oy, =
I 0.6 um| § 4000 T 512+ 0.8um § 4000 ~ 506+ 0.7 ym
g < 3000
g 3000} g
E 2000 % 2000
1000 1000
0.02 0,03 7803 -0.02 -0.01 0 0.01 0.02 0.03 7803 -0.02 -0.01 [ 0.01 0.02 0.03
zigs- 25 fem Zi55 - 28/ cm 2gs- 257 [ em
Only Dalitz Only Conversion
(54% of Events) (46% of Events)

Conversion case
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ACP(BO — Tl'{)?TO)

| Source | Belle” [ 501 (% |
Flavor Tagging’ 0.034 [ 0.0034
BB Bkg. Param. 0.06 0.008
Cont. Bkg. Param 0.08 0.010
Fit Bias 0.02 0.003
Total | 012 0.01 |

“ Belle Draft M. Sevior
b BaBar PRD 87 052009
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B(B? — 7%

[ Source | Belle® (%] | 50L %] |
Signal Sel. 1.5 0.19
Cont. Bkg. Param 11.0 1.39
Off-res Cont. Bkg. 3.0 0.38
AE and myp. 4.0 0.51
7’ det. eff. 4.4 0.56
BB Bkg. Param. 5 0.60
Luminosity 1.4 1.40
Rec. Conv. Ph. 1.0 0
Timing Cut 0.5 0.06
Fit Bias 1.0 0.13

| Total | 140 | 225 |
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Flavor Tagger
Categories

41

] Categories

| Targets |

Electron
Muon
KinLepton

Kaon
KaonPion
SlowPion
FastPion

MaximumP
FSC

Lambda

Intermediate Electron et
Intermediate Muon 7

Intermediate KinLepton

Total= 13 ‘

D

o

Belle I
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Tagging Variables

2 Signal '

Background

(1/N)dN /0.195

(1/N)dN /0.131
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D
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Belle I
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Flavor Tagger
Validation (B2BlI)
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rel9 with converted Belle MC 10
—== Both
--== B 20.75
B B
z 2 CEff = T s
2 15000 Fals 105
;o 30.7% |
= 10000 L o
<0.25
Z 5000 T o1
0 _ T % 01 035 05 0% 1.0
-1 —0.5 0 0.5 1 (respr)
(g r)repT
1.0
25000 == | Both
i S B“
20000 — B’ s
o
15000 f \ CEff = 105
3 g’l I:,. 3054% I
= 10000 SN - o
2 |k - 2025
Z 5000 01
0 . - —
o - . ! T 02 0. 7 ;
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Flavor Tagger
Validation (B2BlI)
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rel9 with converted Belle Data
g o m Splot performed with
§ wooof- "¢ = \/ Poeam” ~ P50 converted Belle data using
g a0 Mmpce as discriminating
. 600; variable.
zoof: m Full Belle 0.8ab™!
g.; S21 555 5o5 B 00 5‘255‘26 527 5‘28/(5325\)/ BO — ‘]/wKSO
o o }
S h S . |
: lgg %Hﬁ #H%JIHHH H’%Hﬂ* hH B 80F- H % % L\
: LY | bl
20 signal component zo%{m}#*ﬂcontinuum componen{m*




Flavor Tagger
Validation u Belle IT

48

m Belle Data distribution weighted with splot output variable
(signal component).

o 10 '} -+ Data ~ 10 -+ Data |1
= MC §o< ------ MC
£ ' éod *45‘\ ; ’

. o o Higa |
S04 **"#* & *H#
Z02 ErY

. Z.

=)
=)
o
=)

—05 0 0.5 1
(g - 7)rBDT (g-7m)hwp

—

m Nice overlap of converted Belle MC and data ©.
m cefr =~ 31% on converted Belle MC (Belle ~ 29%) ©
m Optimized also for CPU time ©.

m cgg on Belle 11 MC is software release (tracking) dependent ®.



Efficiency Calculation

250000

Number of Events/ 0.02

50000

0.5 0.625 0.75 0.875
TFBDT

49

Binning = correction
with real data!

Efficiency:
e = 3 ;i - (1:)?
rme =1-2-wmc

Calibration: rpc linear to

I"Output



% Systematic LMU

Uncertainties
B(B? = nn™) B(BT — ntr?)

[ Source [ Belle” %) [ 501 %) | [ Source | Belle® (%] | 501 %] |
Signal PDF 0.50 0.06 Si§r1a| PDF 0.73 0.09
BB Bkg. Param. 1.77 0.22 BB Bkg. Param. 4.53 0.57
Tracking 0.70 0.09 Tracking 0.70 0.09
Luminosity 1.37 1.37 Luminosity 1.37 1.37
Kpi PID 1.72 0.22 Kpi PID 0.86 0.11
Ratio Cut 0.24 0.03 Ratio Cut 0.92 0.12
MC Statistics 0.15 0.02 MC Statistics 0.17 0.02
Feed-accross 1.50 0.19 Feed-accross 1.19 0.15
PHOTOS 0.80 0.80 77 det. eff. 4.00 0.51

[ Total | 342 [ 163 ][ Total | 652 | 159 |

“ Belle PRD 87 031103
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.ACP(BO — 7'l'+7T7)

SCP(BO —7T)

D
DS

Belle IT

| Source [ rerre®(10-2) [ 501 (% | [ Source | merre’0-2) | 501 [ |
Track Helix 0 0 Track Helix 0.01 0.001
At Sel. 0.01 0.001 At Sel. 0.03 0.004
Missalign. 0.40 0.051 Missalign. 0.20 0.025
Az Bias 0.50 0.063 Az Bias 0.40 0.051
IP Profile 0.13 0.016 IP Profile 1.19 0.151
Flavor Tagging 0.40 0.051 Flavor Tagging 0.31 0.039
mgq and T 0.12 0.015 mg and T 0.09 0.011
Fit Bias 0.54 0.068 Fit Bias 0.86 0.109
Tag-Side Int. 3.18 3.18 Tag-Side Int. 0.17 0.170
B, Track Sel. 0.30 0.038 B, Track Sel. 0.33 0.042
Vertex Sel. 0.37 0.047 Vertex Sel. 0.23 0.029
MC Shape 0.15 0.019 MC Shape 0.19 0.024
At Res. 0.83 0.415 At Res. 2.02 1.010
Bkg. Shape 0.15 0.019 Bkg. Shape 0.28 0.035
Bkg. NP. S. 0.37 0.047 Bkg. NP. S. 0.57 0.072

[ Total | 348 321 | [ Total [ 2.68 1.05

51 * Belle PRD 88 092003
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Time-dependent
CP-Analysis
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Acp Scp

g . R fer!
BT 7

For B — mm: tree and penguin
diags. contribute!

&: Acp =0 V/ud/<; Isospin

Scp = sin(2a) i v, /W ]
Fi D Acr 0 . —
Scp = V1 — Acpsin(202%) /,ﬂi
= af=a - Aa b \;m‘ \th f
z CKM-Triangle i - =0

52 R



Extraction of ¢,
from B — 7w

g2 = 5" — Aoy
= Extr. ¢2 through isospin analysis:
+0 _ L pA+-— 00
1 A7 = ﬁA +A

2 A0 = LAt 4 qw

Parametrization in hep-ph/0406263

A2 = J| A+ |2 4 | A2 — /2] A+~ | A% cos (5 — d)

|A00|2 _ %|A+—|2+|A+0|2_\/§|A+—HA+O| oS (¢2+5_2¢§ff)

53


PhysRevLett.65.3381
hep-ph/0406263

[sospin Analysis Fit
with So0

Theoretical predictions Xipeo:

By
Boo
Bio

Ay
Sy

Aoo

SOO

54

% (42 +42))

% (Ago + A(z)o)

A2

TRO +o

Ayg—

V1—A2_sin (2 . qﬁ;ﬁ)

Ao — Ado

AZy + A3
1 2 . - . off

—— [ 2A%ysin (2 + A _A;_sin(2

A30+A§0< Fosin (2¢2) + Ay Ay (2¢5")

+\/§A+0 (A+_ sin ((152 + 5) — A+_ sin (¢2 — 6 + 2¢3ﬁ)) )



Extraction of ¢»
from B — pp ik Bello I

55

m Larger branching fractions (factor ~ 6 for B;_ and B.)
m Larger reconstruction efficiencies (factor ~ 2 — 4)

= Most precise measurement of ¢s:
Only 2 fold ambiguity even w/out Spp due to large difference
between Byy and Bi_ (Bio).
Smaller penguin contribution (less isospin breaking)

But: Much more complicated analyses than for B — 7.
Difficult background modelling.
Non trivial correlations between discriminating variables.

= Extrapolation of uncertainties.
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