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K KEKB/SuperKEKB LMU @ B
Collider R B .

Upgrade: KEKB = SuperKEKB
Belle = Belle Il

~ Colliding -
bunches

KEK = ko enerugi kasokuki kenkyt kiko
high energy collider research organization
At: Tsukuba, Ibaraki Prefecture, Japan
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KEKB/Belle SuperkEKB/Belle
operation 1999 — 2010 2018 — 2025
e /et beam F 8/3.5 GeV 7/4 GeV
e /et beam I 1.2/1.6 A 2.6/3.6 A
Inst. Lumi. £ 2.11-10%*cm—2s1 8-10%%cm?s71
[L-at 1023fb=* (772 - 10° B B pairs) 50ab~!
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Time of Propagation countery K¢ /u Detector (outside) Superconducting Magnet

MCP-PMT readout

with 20 mm quartz bars ’ RPC Plates and plastic \‘ homogeneous field of 1.5 T
p scintillators with SiPM readout
p

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

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

Silicon Vertex Detector
4 layer double sided strips
d 20 — 50 ns shaping time
F 4 q Lo
Central Drift Chamber Aerogel RICH

proportional wire drift chamber o Proximity focusing RICH with silica

15000 sense wires in 58 layers . & | aerogel
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Our Contributions

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

m Mechanical design, final assembly
=
il

m Cooling system (IBBelle) :
Machine commissioning:

Software development:
m Design, prod. and operation

of CLAWS detector
Belle CP-Analysis:
B B> 7t 7Kt KKt
pp, wKg

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 BO - JKY, 7070
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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 2" 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 = Vogm

d/ Vud Vus Vub d
s | = Vea Ves Vb 5
b Via Vis Vi b

m Wolfenstein-Parameters: A\=sinfc ~ 0.2, A, p,n

1—1)2 A AN3(p —in)
Vekm=|  -A 1— 322 AN? + O\
AN —p— iT/)] —AN? 1

= EYuk o ,ng,ujcc = Jcc Jcc ! 7& Jcc

m Unitarity: 32 VieVii = 0 = ViaViy, + VeaVig, + ViaViy = 0
6 O3 O OO
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Time-dep. CP-Analysis
at B-Factories ¥ Belle T
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T m Y (4S) above BB prod. threshold
= B-Factory

m ~ 51 % are BTB~

m ~ 48 % are B'BY gogo =1, —1

T(28)

T(38)

" a K~ (B7)Betle = 0.425
Bbg . — e ; (B7Y)Belle n = 0.284
/\ \\*
- + 1 ¥ +
(§] %\K—j‘:{l ’QZ—
Boost e A s ;((\F v
(Az) ~130pm <’Y
m BOBO at rest in CMS At = 22 =
(B)e
—|At] /g0

’PSig(At, q) = ———

o Tron 1+ q(Acp cos(AmAL) + Scp sin(AmAt))]



DEPFET LMU

MAXIMILIANS-

Pixel Vertex Detector e Belo 1

rlx ’
gate, — 7 active area
clear, 1 N\
1ty
T
rly
oxte,, —7 i
clear, , 1
1ty
3
(xpixelcenten | | |
DCD-B i SwitcherB
(analog readout) g (32 channels

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

m Closest to IP
= Occupancy (~ r=2) 11

B (5Y)Belle I < (B7)Belle
LZW&?J(??&E”—‘ = smaller Az

DHP
(digital

flexible interconnect |
(polyimide/copper) ~ 75 um
\ activearea

\  thickness

= Pixel Detector needed !
= DEPFET Technology most suited

 differential data
transmission (= 1.6 Gb/s)

conductive layers

9 WA Depleted Field Effect Transistor
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The Impact Parameter

Particle track parametrization:

= F(do’ (Z)O’ N=4=1

pt’

10

20, tan(A))
m do(zp): distance from point of closest approach to origin.

0.4

0.3

+ Oz Tracks with PXD clusters
0o Tracks with PXD clusters

O BaBar Oz

®  BaBar Ogo

Improvement

— by factor 2

‘Im\m\u|Im‘mhu}mlm}m

0 1 2

Transverse Momentum (GeV/c)



Time-dependent
CP-Analysis
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Acp Scp

|B>/;\|7§> By ——>If) ‘B\i Jer)
__ BT ‘/

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

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

Scp = sin(2a) i v, /W ]
Scp = V1 — Acpsin(202™) e
= o =a - Aa b \;m‘ \th f
z CKM-Triangle i - =0
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Extraction of a angle
from B — 7w

m Extr. A« through isospin analysis:

AT =AB - ntn7)
1 +— 00 _ A+0
= ﬁA + A" =A
1 A+- A00 _ A—0
[ \/EA + A" =A

Pure Tree: AT0 = A-0

m Isospin analysis requires also S +,- and S,0,0.
m S,0,0 needs (Az) ~ 130pm of B — 7%7% where 70 — v

= Challenge!
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PhysRevLett.65.3381

Extraction of a angle|||MU

(T
ax-Planck-Tnst

from B — 7w
m w/out S0 = m with S 00 =
8 fold ambiguity on « 2 fold ambiguity on «
AR e m Converted v — ete™ and
SRS vy 70 — eTe ™y req. for (Az)

m Possible with
LBelle 11 = 90 - Lpelle and

p-value

1y E Belle Il PXD?
W% 0w e 1
a (deg)
1E
S o
- .I—0.8j
06F
04F
] U U Extrapolated to 02? k J\
Lgelle 11 = 50ab™" gt —
120 150 180 i 0 30 60 90 120 150 180
(°) arXiv:hep-ex/0703029 ()
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Expected Asymmetry
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Vertex of y-Conversions

in BO — 7T07T0 3 Belle II

y/cm

15

= Y(45) — B% BY, —

3 B1 — generic
. By — 7070
2r w0 =y (B=98.82%)
- m 10 = ete ™y (B=1.17%)
1-
5 m NBelle I =
0; EBeIIe I . B(T(4S) — BOEO)
L 2- BB’ = 7°7°) ~
-1~ 50ab™' - 1.Inb-0.49
r 2.191-107°
-2 -
- e ~ 100k events.
_37\ co v v b v e by [ ] Accept 9 - [17’ 150]0

=3 -2 -1 0 1 2 3

m ECL: 6 € [12.4,155.1]°
x/cm



Events with
~v-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 %
4 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 7 — eTe™~ decay?

1 15 2 25 3 35 ’ 7TO—>6+€7"}/ ‘ 2.00 % ‘
Number of y-Conversions ’ Total WOU’)’ ‘ 505 % ‘

4

6 Requirement: All converted v in accept. and not converted in ECL



BY Vertex
Reconstruction
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Algorithm: Kinematic Vertex Fit
Access: RAVE (Reconstruction in a

Abstract, Versatile Environment)
TNS.2011.2119492

m Vertex Reconstruction with
spatial constraint centered
at the Beam Spot.

B To0~09as = 0.1 nm
= 70 Vertex = BY Vertex.

m < on et Tracks:
At least one PXD hit.

m Check with MC truth.




BO
z-Vertex Resolution

(T

B —» 7970
— 7Y
—efe”
c F ——Enuies 11020 2 300¢ —— Entries 5560
s 3501 —— Mean  -4.9 ym L‘; r * —— Mean 0.2 ym
E - 250~ -
8 300 Std Dev 181.6 pm 8 F Std Dev 88.5 um
S E S E
S 2500 S 200-
@ r a E
g 200 & 150C
B el i
150 C
£ 100~
100 C
50 50;
E .. =D I N ‘ pweE TE 7/ N s
—8.03 -0.02 -0.01 0 0.01 0.02 0.03 —8,03 -0.02 -0.01 0 0.01 0.02 0.03
BO_Z-Gen.BO_Z/cm BO_Z-Gen.B0O_Z/cm
No PXD Hit required At least one track (e or e™)

has one PXD Hit
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BO
z-Vertex Resolution

—— Entries 9106
—— Mean  3.3pm

—— Std Dev 69.3 pm

0 0,0
B"— n'r
et e ¥

c F —— Entries 9204 c F
f; 5001 —— Mean  2.8pum L‘; s00F-
8 C —— Std Dev 71.6 ym 8 F
= F S :
S 400~ S 400
2 PR
g 300~ S 300
=> C Q F
u C w L
200~ 200~
100 1000

2 il . N Y E

803 002 001 0 0.01 002 003 80

No PXD Hit required
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BO_Z-Gen.B0O_Z/cm

3 -0.02

Z0.01

) L
0.01 0.02 0.03
BO_Z-Gen.B0O_Z/cm

At least one track (e or e™)

has one PXD Hit



At Resolution
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Events/ (0.1 ps)
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Events/ (0.1 ps)

140

BOCP — 79 70
=7y
5 ete”
180 —— Entries 5861
} —— Mean -0.17 ps
160 —— Std Dev 2.22 ps

r —— Entries 13106
C + —— Mean  0.06 ps
250 —— Std Dev 3.42 ps
200F
150
100}1r
50
o) W B TR I ol

5 -4 -3 -2 -1 0 1 2 3
At - Gen. At/ ps

No PXD Hit required

At - Gen. At/ ps

At least one track (e™ or e™)
has one PXD Hit
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At Resolution

Events/ (0.1 ps)
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At == tBOCP - tBOta

€ et e vy
400F ——Enties 9613 | 5 400F —— Entries 9372
350i % —— Mean  -0.02 ps f'. 350; {' —— Mean -0.14 ps
E —— Std Dev 1.85 ps 3 T —— Std Dev 1.76 ps
3001~ ~ 300
C §2) C
£ c C
250:7 g 250;
£ w C
200F 200
150 1501
100F 100F
50/ Eo
ot Ll o
5 4 3 2 -1 0 1 2 3 4 5 %5 4 3 2 -1 0 1 2 3 4 5
At - Gen. At/ ps At - Gen. At/ ps
No PXD Hit required At least one track (et or e™)

has one PXD Hit



Summary and Outlook

Belle I

m Beam Spot constrained kinematic vertex fit reaches higher
resolution with PXD Information.

= Higher At resolution.
m Next: Continuum suppression and MC Campaign.

m “New Physics” needed to explain observed matter-antimatter
asymmetry

= New Sources of CP-Violation needed.

m Search at next generation B-Factory SuperKEKB with
50ab~! complementary to LHC.

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

22
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Semileptonic Decays Bollo 1
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Semi-tauonic decay modes are highly H o
sensitive to new physics ‘

Clean measurement is a major Belle Il goal

Can target inclusive and light meson modes;
target higher excited states and carry out Ry = BB~ DY 1)
differential measurements B(B = D™ tin)

R(X) R(m) R(D™)

R(D)
T
—— BaBar, PRL109,101802(2012) ' N
Error stat. | tot. —— Belle, PRD92,072014(2015) Ay =10
- LHCb, PRL115,111803(2015)
B-Factories 13% | 16.2% —— Belle, arXiv:1603.06711

—— HFAG Averag
—— SM prediction

sS===

=3
R(D), PRD92,054510(2015)
R(D*), PRD85,094025(2012)
1

0.3 04 0.5 0.6

Belle ll5/ab | 3.8% | 5.6% e, POC) = 67%

Belle Il 50/ab 1.2% | 3.4%
R(D™)

Error stat. | tot.

B-Factories 71% | 9.0%

Belle Il 5/ab 21% | 3.2%

Belle Il 50/ab 0.7% | 21%
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Charged lepton flavour violation: VS
“w 7 e

SM-free signals!

LFV signals are expected in many BSM scenarios, such as the MSSM or
as a consequence of Seesaw models

10° T T
n A Only null observation to date
1021 b
A &
1041 P ]
o e P
£ LN
3
3 10¢f pA%S _
k-]
=)
C, it
1 sl BABAR / Belle p
£ 10 P
1 B ou—ey il u Super-B o ab-)
107" @ p—3e A‘ @@ AVEGA 7
A uN—eN .AA A m
1002 @ T—py ° A MEG o
A\ T— 3u SINDRUM-II
1o ) ) ) MEG Il
1940 1960 1980 2000 2020
Year

Spectacular  Mu2e/ COMET
24 perspectives:  PRISM / PRIME



BY Reconstruction

Belle I

1 Select single ECL clusters:
Inputs: E9E25, LAT, NHits, R, F, og, t, o,

2 Rec. and sel. y. — efe”

Inputs: m, p, E, Phighest, et o~

3 Rec. and sel.: 70 — v,

0
7Tosc - 754% m Selection with
Tga — €7e7 7,

FBDTS.
InPUtS: ml pv Ev plowesty ee"‘,e—y 977e+e_
. RO 0 .0

4 Rec. and sel.: BOSS — 7'('055’7['055

BOSC _> ™ (S)C7T S(S)
B dal - T dal™ ss
Inputs: mpe, AFE, oy, 6

25
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70 — v~ Kinematics

LuDwiG-

p/ GeV/e

10 60 80 100 120 140
0., ./ Degrees

ee+,e*

20 10 60 80 100 120 140 160 180

0.+, o~/ Degrees
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70 = etey LMU

Kinematics v

60,

10

Number of Events/ 0.03 GeV/e

[N
B0 05 10 15 20 25 30 35 A

p/ GeV/e

1
10 10*
° 3]
=10} =10
(
Z > 10
107 =,
s o~ 10
ERTE Ew
. 210
Z. Z.
7 L 1hi 1l
0 10 20 30 4050 6 70 ¢ 0 10 20 30 40 50 60 70 80
27 0., e~/ Degrees 0, ./ Degrees



70 = etey LMU

s e CMS Ki : ot
fir Physik | n e m at | CS MONCHEN e Belle IT
0

= 4000
=

1000}

500!

0.0 0.1 0.2 0.3 0.4 0.5
p/ GeV/e

10°,

10!

Number of Events/ 1°

10°

?H 11)““ ) 150 0020 40 60 80 100 120 140 160 180
28 . eve-/ Degrees 0, ./ Degrees



e, e~ Track

(NS
Max-Planck-Institut H
Reconstruction Belle I
met e
g L
~_0025 2
5 g
L 2
0.015F
0.005
0/ L L L L 0! L L L L
0 0.5 1 15 2 25 3 0 0.5 1 15 25 3
p‘MC / GeVic pIMC / GeVic
g F g
S [ .
~._ 0.025F =
g £ ECL-
0.02]
0.015F
0.01— e,
E MR T R
0005 o
5 ..
s "-o-.....oo......--.
0 L L L L L L L L L
0 0.5 1 15 2 25 3 05 1 15 25 3
29 pMe/ Gevic pMe/ Gevic
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