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SuperKEKB accelerator:

> asymmetric energy e e” collider

» operating at the Y(4S) resonance
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SuperKEKB accelerator:

> asymmetric energy e e” collider

» operating at the Y(4S) resonance

collision point

Positron ring

SuperKEKB and Belle Il

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers)

EM Calorimeter
Csl(Tl), waveform sampling electronics
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electrons (7 GeV) Particle Identification

—
P - Vertex Detector 4
Electron ring N 2 layers Si Pixels (DEPFET) + e
g / ; 4 layers Si double sided strip DSSD y l/
r — -
| B Central Drift Chamber
; = Smaller cell size, long lever arm
Electron-Positron
A\ ;. P | linear accelerator
o N/ Belle Il detector
( ‘ ‘ . .
Positron damping g | R > fgll detector started tlaklng data in March 2019
» aims to collect: 50ab
sources: * SuperKEKB collider: https://phys.org/news/2016-04-particles-circulate-superkekb.html (accessed: 14 November, 2019)

« Belle Il detector: Dmitry Matvienko, The Belle Il experiment: status and physics program
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*  measurements of CKM matrix elements

* measurement of rare decays (e.g. B 2 tv, uv, ev)

« test of lepton flavor violation (rare Tt decays) and lepton

universality (e.g. B 2 D(*)tv, D(*)uv, D(*)ev)

Motivation for SuperKEKB

Belle and BaBar

Physics at B-factories

and Belle Il: T o
. . . 3 My A -
* precise measurements of the unitarity o> s am, G e
triangle 0s Sl | DR
04 % - i-"‘ e alCL 135) _E
) . 1= [l P ._ ¢ ]
* look for deviations from SM w : 3
02 —
| E
* hope for indirect discovery of New 4 . %
Physics via loop processes Mo e e e we s w

P
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Nobel Prize 2008:

for CKM theory

Belle Il with 50ab™

Maskawa and Kobayashi
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The Pixel Vertex Detector
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> German contribution to Belle |l

» 2 layers at radii 14mm and 20mm
around beam pipe

» 20 ladders < 40 modules
e«  produced at HLL of MPG
. assembled and tested at MPP

external Gate d A external Gate ClearGate
Source - Drain oxi y - - Clear
internal gate SN oo, o/® NI :
"; . interIlalYéfeit‘em___ deep p-well
SN @ !
PXD Layout? N U S i
n-doped bulk 3 : : TN i n-doped bulk
P Yo i 9B |
Current situation: p’ implant v v v p" implant
> inner layer: complete z ' > 3 : >
» outer layer: only two ladders : * / z
yetr. only DEPFET Pixel?
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Modules of the PXD
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Module
7]
T g
% 2 250x 765
;“ = [ =192000
< 3 ixels
s e p
[72]
A
28
‘B, 2
v o
20 3
kR

DHP DCD
DHP DCD
DHP DCD
DHP DCD

Real module?

Module layout®

sources: 1) Felix B. Muller, Characterization and Optimization of the Prototype DEPFET Modules for the Belle Il Pixel Vertex Detector
2) Ladislav Andricek, Halbleiterlabor der MPG
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0 Modules of the PXD
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Module
Switcher
%l 250x765 8 > control pixel voltages
~ B =192000
g 2 pixels
3
ze

DHP DCD
DHP DCD
DHP DCD
DHP DCD

Real module?

Module layout®

sources: 1) Felix B. Muller, Characterization and Optimization of the Prototype DEPFET Modules for the Belle Il Pixel Vertex Detector
2) Ladislav Andricek, Halbleiterlabor der MPG
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Module
Switcher
2K 20x765 I > control pixel voltages
=~ % E =192000
Té g pixels
Drain Current Diqitizer
» measure and digitize drain)
current (8bit) 2
o, 2
i

DHP DCD
DHP DCD
DHP DCD
DHP DCD

Real module?

Module layout®

sources: 1) Felix B. Muller, Characterization and Optimization of the Prototype DEPFET Modules for the Belle Il Pixel Vertex Detector
2) Ladislav Andricek, Halbleiterlabor der MPG
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Module
Switcher
2K 20x765 I > control pixel voltages
=~ % E =192000
Té g pixels
Drain Current Diqitizer
» measure and digitize drain)
current (8bit) 2
o, 2
i

Data Handling Processor

» zero-suppression of pixel data
» transfer the 8bit data via high
speed link to the DAQ system

DHP DCD
DHP DCD
DHP DCD
DHP DCD

Real module?

Module layout®

sources: 1) Felix B. Muller, Characterization and Optimization of the Prototype DEPFET Modules for the Belle Il Pixel Vertex Detector
2) Ladislav Andricek, Halbleiterlabor der MPG
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Pedestal Distribution
107 ; ! j ;

1240

210

) I— — S S — 1

> drain current without signal charge

150 (=pedestal)

10° [N
' 120

counts

90
» average over 100 frames

4
10 60

100 30

3
i 0 50 100 150 200 250 0 50 100 150 200

ADU columns
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Offset Calibration

» DCDcanadd: 0,1,2,3 = Iy, to each pixel

» scan through 0, 1,2, 3 and I, and determine best combination

107

106 |

104

103

Pedestal Distribution

0 50 100 150 200 250
ADU

200

100

0

0

50

100 150
columns
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Offset Calibration

» DCDcanadd: 0,1,2,3 = Iy, to each pixel

» scan through 0, 1,2, 3 and I, and determine best combination
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shift pedestals to lower
region of dynamic range Offset Calibration

L 08 B R . Pedestal Distibution AP1 AP AP3 APA Pedestal Distribution AP1 AP2 AP3 APA
240 240 240
700
210 210 10° 210
o 600
180 180 180
4
10 500
150 150 150
n
E i 2 n 2 400
g 10 120 3 : 5 10°
8 o 0 120 0 120
300
9%
90
wh 90
60 " 200 =
e 10!
30 100 30
0 0 ]
0 50 100 150 200 0 0 100 Ll 0
o I 0 50 100 15 200 250 O 50 100 150 200 0 50 100 150 200 25 O 50 100 150 200
columns ADU columns ADU columns
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» offset optimization needs pedestals
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) ) ] 105 Pedestal Distribution AP1 AP AP3  AP4  apy
in the lower region of dynamic range , | | | ,
_— 1240
4 1210
10°f 600
180
> |_sub (i.e. VNSubIn) 500
0 . 3
- current subtracted from each drain line ~ *° 150
£ 400
. . § 120
« higher | _sub - shift to left
— 102 300
90
200
60
1p*
100 30
» currently done by hand
. min
9 takes a lOt Of tlme (~2 module) 1000 50 100 150 200 250 OO 50 100 150 200 0

ADU columns
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Mimic the human operator:

1. take pedestals

2. look at median of distribution

3. determine new | _sub based on:
 median
* present|_sub
« wanted median

> repeat until new and present |_sub differ no more than 1 DAC
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I_SUbnew — I—Sprre T+ Wk (Medianpre B MEdianwanted)
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= @ Calculation of new | _sub

I_SUbnew — I—Sprre T+ Wk (Medianpre B MEdianwanted)

 w=0.04

» Median,,gnteq = 50 ADU
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= @ Calculation of new | _sub

I_SUbnew — I—Sprre T+ Wk (Medianpre B MEdianwanted)

* W = 0'04 W* (Medianpre - Medianwanted)
8,
» Median,,gnteq = 50 ADU
— 6
(@)
3
= 4
£
s
S 2
S
u’I
— O_
_2_ — W= 004, MEdfanwanted = 50 ADU
0 50 100 150 200 250
Medianpre in [ADU]
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I_SUbnew — I—Sprre T+ Wk (Medianpre B MEdianwanted)

* w = 0'04 W>I< (Medianpre - Medianwanted)
8,
» Median,,gnteq = 50 ADU
— 6]
@)
S
> accepted range: 12.5-87.5 — 4
k= 12.5
(llsubdiffl < 1 DAC) &
o 2
0
>
U)I
— 0_
_27 — W= 0.04, Medianwanted = 50 ADU
0 50 100 150 200 250
Medianpre in [ADU]
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Start

I_sub [DAC]: 33 /33 /33 /33
Median [ADU]: 1/ 1/ 1/ 1

104

107

700

10%
0 0 50 100 150 200

250 50 100 150
column

lteration 3

Pedestal Distribution
10°

|_sub [DAC]: 22/23/22/18
Median [ADU]: 56 / 55 / 38 / 135
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Example at MPP

counts

counts

lteration 1

I_sub [DAC]: 28 /28 / 28/ 28
Pedestal Distribution Médian [ADUJ: 1 /1 /1 /1

108
700
10°
10 . :
0
0 0 50 100 150 200

200 250

ADU
240

DU
240
210
180
150
120
90
60
30
0

column

lteration 4

I_sub [DACJ: 22/23 /21 /21

Pedestal Distribution Median [ADU): 57 /55/71/48

50 100 150 200
column

700
600
500

5400
300
200
100

%
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|_sub [DAC]: 23/23/23/23
Pedestal Distribution

Médian [ADUJ: 34 /55/17/ 1 s
240
700
210
180
150
120
90
60
30
750 % 50 100 150 200 9

ADU column

Asicpair: 1
Asicpair: 2
Asicpair: 3
Asicpair: 4

Iteration
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=e Forcing Convergence

45 | —— initial
44
_ If script jJumps back to
Q .
< 43 already used |_sub:
<
S 42
mI
41
40
0 1 2 3
Ilteration
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s |<BL Forcing Convergence
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—— forced convergence
441
_ If script jJumps back to
) .
< 43 already used |_sub:
< .
= - take mean of this
> 42
o value and the present
value
l 45+40
al (here S 43)
401
0 1 2 3

Iteration
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> Belle Il started taking data in March 2019 - ~9 fb™

» 8 M pixels of PXD need to be calibrated frequently (once a week)

» fast procedure established to automatically adjust the pedestals to a starting
position for the offset calibration

sec

. ~20m0dule and parallel for up to 24 modules - ~40s for whole detector
. manually: ~2 22 > ~80min for whole detector
module

» automatic procedure thoroughly tested and routinely used in lab setups for
characterization of modules

> Will soon be tested and used at KEK
Markus Reif

(Werner-Heisenberg-Institut)
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My Interests in Belle ||

PXD Hardware:

» PXD needs to be completed

» new batch of modules is

Belle Il Analysis:
currently produced

» AT, between mass eigenstates of neutral B, system
> SM asserts: 0(1073) = null test of SM

Strategies: 1. difference in lifetime between decays into CP-
eigenstates and flavor-specific final states

2. seperate CP-even and CP-odd in same final
state with angular analysis
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Thank

you!

MPP PhD Recruitina Workshop Markus Reif 16/16



(D DEPFET
LUDWIG-
MAXIMILIANS-

UNIVERSITAT
MUNCHEN Belle IT

Apbyz it

A X
iy e
© Prxel 0%

MAX-PLANCK-GESELLSCHAFT Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)

Backup
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PXD and SVD
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