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Upgrade: KEKB = SuperKEKB
Belle = Belle Il

KEK = ko enerugi kasokuki kenkyu kiko
high energy collider research organization
1 At: Tsukuba, Ibaraki Prefecture, Japan



Belle/Belle 11
Experiment

KEKB/Belle SuperKEKB/Belle Il
operation 1999 - 2010 2018 — 2025
Inst. Lumi. £ | 2.11-10%*cm=2s71 8- 10%°cm=2s7!
e~ /et beam E 8/3.5 GeV 7/4 GeV
Boost (57) 0.425 0.284
5 e~ /et beam T 1.2/1.6 A 2.6/3.6 A




Nano Beam Scheme
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Time of Propagation counter| [ K /p Detector (outside) Superconducting Magnet
with 20 mm quartz bars RPC Plates and plastic

MCP-PMT readout scintillators with SiPM readout homogeneous field of 1.5T

8000 Csl Crystals, 16 Xo
PMT /APD readout

-

‘ Electromagnetic Calorimeter

Pixel Vertex Detector
2 layer pixel detector (8MP)
DEPFET technology

Silicon Vertex Detector
4 layer double sided strips
20 — 50 ns shaping time

Central Drift Chamber Aerogel RICH
proportional wire drift chamber Proximity focusing RICH with silica
15000 sense wires in 58 layers aerogel
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CP-Violation in the SM

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

V;fs V;ib
m Params: 3 Real 1Im.: A= sm@c ~ O 2,A,p,1m
m Unitarity: Y, ViV =0 :>(V aVp + VeaVy + thV;b) =0
O(Ag’) O(\%)  O(N)
= Largest CP-V. within the SM in the B-system.
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Time-dep. CP-Analysis
at B-Factories
T m 7(4S) above BB prod. threshold

= I'(4S) — BB > 9 %

T(29)
F(B+B_)
T(38) u F(BUEO) ~ 106
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olete

T(S)

= B-Factory

(Az)gelle ~ 200 pm
(Az)Belle 1 ~ 130 pm

W<+i
- =
= At = 7) since BYBY at rest in T(45) frame
7|At|/7_]}0 (130750 = 1, -1

; ’PSig(At, q) = o [14 g (Acp cos(AmAt) + Scp sin(AmAt))]
BU



Time-dependent
CP-Asymmetry

_ N(BY, At) - N (B’, At)

- N(BY, At)+N (B, At)

= Acp cos(AmAtL) + Scp sin(AmAt)
1 Acp: Direct CP Violation:

acp

|

. an | A=UIB)#(BY) =4
éwvé L 'Q%"‘«?:.,;:;\;:h‘ * Scp: Mixing-induced CP Violation:
%:i:ﬁii AT T+ I K = Acp =0
<‘rn.[z):%:r i + kj; SCP = sm(2ﬁ)
TN Aer B,
B> \for)

'B©B> B—L—>f) 7
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DEPFET LMU
Pixel Vertex Detector

iy i
e, B active area
clear, A\
(IS
T
x|y
gate,,, Tt
dlear,
(IS
T
(xpirelcenten |||
DCD-B SwitcherB

(analog readout) (32 channels

gatecean m Inst. Lumi.: Lgejie 11 ~ 40 - Lgelle
= Background 111

m Closest to IP
= Occupancy (~ r=2) 11
e B (B7)Belle 1 < (B7)Belle
NG = smaller Az

tigid frame

= Pixel Detector needed !

=><, differential data
transmission (= 1.6 Gb/s)

54 S "talk on Sept 5 = DEPFET Technology most suited

conduttive layers

8 s by C. Koffmane DEPIleted Field Effect Transistor




The Impact Parameter

Particle track parametrization = t(dy, ¢, Q = p%, 20, tan(A))
m do(2p): distance between point of closest approach and IP.

Ody

Improvement
by factor 2



DEPFET
Pixel Vertex Detector

20

00

impact paramter resolution (micron)
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[ Material (scattering) Point Resolution
[ DELPHI Distance to IP

i BELLEN LD

1' Il \\\\H‘ Il \\\\H‘ Il Lol 111
0 1 10

momentum (GeV/c)

p/ GeV/c

impact parameter resolution

m Mult. Scattering:

Ap~ /%

= Low material budget
required!



DEPFET
Bep Vertex LMU
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m Bep = J/ K
m K — 77—, 7970 : Decay outside of PXD. X
m J/p — ptu~ : Both muons have at least on PXD hit. v/

Kinematic Vertex Fit

e F |
o -
€ 3000 Belle Il
2 r B @ Bias=2.0um
= C CP @ Resolution = 26 um
@ 2500(— T
= C
i o Belle
2000 — @ Bias=0.2pum
C @ Resolution = 63 pm
1500(—
1000 Result fitted
- with 3 Gaussians
500
_:__ - I A1 e -
85 -0.02 -0.01 0 0.01 0.02 0.03

1 1 VertexZ - GenVertexZ [cm]
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Btag Vertex Resolution

Algorithm: Adaptive Vertex Fit (AVF)
CMS NOTE 2008/033
Access: RAVE (Reconstruction in a
Abstract, Versatile Environment) 600pm
m Track weighting according
to proximity to other tracks H < On KSO Tracks.
and spatial constraint.

e F 3 1800/
gmoo; Belle Il 2 F Belle Il
g f Bta @ Bias=6pm | "% Ay — @ Bias = -0.03ps
Pl & O Res.=53pm) § 100~ ¢ " @ Res.= 0.77ps
I L o E
21000 Belle a0 “Bep Brag Belle
800 @ Bias =29 um 1000~ @ Bias = 0.20 ps
ok @ Res.=89 um 800 @ Res.=0.92 ps
600 E
F 600}
400— E
o 400
2001 200
O . e, S s s W S =
—8.03 -0.02 -0.01 0 0.01 0.02 0.03 = -4 -3 -2 -1 0 1 2 3 4
12 TagVz - GenTagVz [cm) At - Gen. At [ps]
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At Distribution

MC Analysis Bcp — J/KY

a) quc truth, eg = 100 % b) ¢ tagged, egf = 35.5 %

tag

Impact on P(At,q,r):

—|At|Tgo

PObS (AL, q) = BT 147 (Acp cos(AmAt) + Scp sin(AmAt))]
BO

Belle) = 29 %

e cerr(Belle) 0



Time-dependent
CP-Analysis

K
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m For B — 7m: tree and penguin diags. contribute!

%: Acp =0
Scp = sin(2a)
g 7
%—l— éﬁ: Acp #0 CKM-Triangle

Scp=+vV1—Acp Sin(?aeﬁ)

= offf=a - Aa

m Extr. of Aa through isospin S 00.
m S,0,0 needs (Az) ~ 130pm of B — 7077 where 77 — 4~
= Challenge!

14
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Extraction of «
from B — 7w

angle | [LMU

MAXIMILIANS-
UNIVERSITAT
MONCHEN

p-value

1-CL

15

m w/out So0 =
8 fold ambiguity on «

WSZVM --- B (BABAR)
e --- Bonn (Belle) e CKMfit

=3 Bosnn (WA)
T

1d el L L L
60 80 100 120 140 160 180
o (deg)

BAIR)

120 150 180
a(?)

Extrapolated to

iy
EBe”e”:5Oab‘1 0(; . . , .

arXiv:hep-ex/0703029

m with S 0,0 =
2 fold ambiguity on «

m Converted v — eTe™ and
70 — ete ™y req. for (Az)

m Possible with
LBelle 11 = 90 - Lgelle and
Belle II PXD?
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BY - Vertex LMU

MAXIMILIANS-

Reconstruction e

y/cm

mT70~09a = 0.1 nm

= 77 Vertex = BY Vertex.

m Kinematic Vertex Fit with
spatial constraint centered
at the Beam Spot.

70 = etey




BO
z-Vertex Resolution

K

BY - 70 0
7Y
— ete”
= E —— Entries 11020 — 300¢ —— Entries 5560
£ E = L
© 3501 —— Mean  -4.9 ym o r * —— Mean 0.2 ym
8 F —— StdDevisLéun| & 250 —— Std Dev 88.5 um
8 300 8 F
3 F S g
S 2500 S 200-
@ F P r
§ 200; § 150~
2 150 w F
£ 100~
100 C
50 50;
8057002 001 0 001 002 003 803 002 001 0 00l 002 003
BO Z-Gen.BO_Z/cm BO Z-Gen.BO_Z/cm
No PXD Hit required At least one track (et or e7)

has one PXD Hit
17



At Resolution

LM u DEPFET

MAXIMILIANS-
UNIVERSITAT

Events/ (0.1 ps)

18

250

200

150

100

—— Entries 13106
—— Mean  0.06 ps
—— Std Dev 3.42 ps

S N R N

50

I

Events/ (0.1 ps)

BOCP - nl0r

180
160
140

0

— 7
— ete”

—— Entries 5861
} —— Mean -0.17 ps
—— Std Dev 2.22 ps

I P I B W
e T
At - Gen. At/ ps

No PXD Hit required

At - Gen. At/ ps

At least one track (et or e7)
has one PXD Hit
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At Resolution

0 0
Becp— ' m
— €+ e 7y
—— Entries 9106
——Mean  3.3um

500

300

Events / (0.0006 cm )
B
o
o

200

100

—— Std Dev 69.3 pm

|
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-0.02

Z0.01

0 ool

002  0.03

BO Z-Gen.BO_Z/cm

Events/ (0.1 ps)

400
350
300
250
200
150
100

50

At = tBoCP — tBotag

—— Entries 9372
% —— Mean -0.14 ps
—— Std Dev 1.76 ps

5 -4 -3 -2 -1 0 1 2 3 4 5

At - Gen. At/ ps
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Summary and Outlook

m Upgrade of KEK to SuperKEKB:
Boost reduction, Background increase,
required maintenance of vertex resolution.

= New DEPFET Pixel Vertex Detector (PXD) for Belle 1.
m PXD is crucial for the Belle Il physics programm.

m Impact of the PXD is studied with Monte Carlo Simulations:

= Belle Il At resolution is higher although (3~v) has been
decreased!

m Machine commissioning started! Begin of data taking planned
for 2018!

20
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in BY

Vertex of y-Conversions

— 7070

Belle I

y/cm

21

o M e e AT
"y

-2 -1 0 1

2 3

x/cm

= Y(4S)— BY, BY, —
B1 — generic
By — w070
m 7l - ¥y (B =98.82%)

m 7l — e+e_’y (B=1.17%)

®m Npelle Il =

Leelle 1 B(T(4S) — B"B?)
2-B(B" = n'7%) ~

50ab™* 1.1nb - 0.49
2.1.91-107°

~ 100k events.

m Accept.: 6 € [17,150]°
m ECL: 0 € [12.4,155.1]°



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



e, e~ Track
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