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Overview

1. Reminder:
— Test Beam 2008 setup & operation, Data analysis

2. In-pixel homogeneity studies
3. Position reconstruction studies:
— Energy dependence of ETA

— Charge cloud approximation fit
—  Multivariate methods

4. Summary
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1 - Reminder: TB 2008 setup

Depfet2: ME, CCG,
PXD5, S90K02,
0.036x0.022mm

Depfet6: ME, CCG,
PXD5,S90103,
0.024x0.024mm

Depfet5: ME, CCG,
PXD5, 14B, S90100,
0.036x0.022mm

SCO: 25x25x4mn’}/

Position 12 0 79

[mm. Position: 0 1

Depfet14: ME, CCG,
PXD5, 90K02,
0.036x0.022mm

Depfet11: ME, SIMC,
PXD5, S90KO00,
0.036x0.022mm

epfet7: ME, CCG,
PXD5, 90100,
0.036x0.022mm

No dedicated power supply system

=» To some modules suboptimal
bias voltages applied

CERN SPS,

120 GeV pions

ILC prototype
system:
64 x 128 PXD5

6 sensor layers,

Old power supp
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1 - Reminder: data analysis
/ \ 1;_Mz:u= 1598,0 = 145

 Pedestal & Common Mode correction

« Hit finding, Clustering & Masking
 Position reconstruction (ETA)
 Alignment & Tracking

« Advanced correction (specific to TB 2008)
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2 - In-pixel homogeneity studies
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For statistical reasons: In-pixel studies on

scale of 2 to 8 pixels "
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2 - In-pixel homogeneity studies

Pattern every 4" pixel

140

Ideal line
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—
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Worst case: module 5,

Biasing problems

In-pixel inhomogeneities
on a four pixel scale
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3 — Position reconstruction studies
(- Energy dependence of resolution (6-e'))

(- Are there better alternatives to n )

4 | —
n: two highest Je
. FB
signals ()
n SL — F'g(n)
= A
\ SI=+SR J 8-0

O
center Pixe| center
left border fight

{ Sample charge ]‘[ Integration yields ]»[ Reconstruct]

sharing distribution n correction function F(n) particle position
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3 — Position reconstruction studies

(o

Energy dependence of resolution (6-e'))

residual width [um]

residual width [pm]
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Study done with

~

TB and MC data
\_ J

Higher cluster
energy means

L more é-e-

J

First approach:
Multiple n for

E L L L L L
1000 1500 2000 2500 3000 3500
cluster signal [ADC units]

different energies
- Y,
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3 — Position reconstruction studies
(- Energy dependence of resolution (6-e'))
Multiple n for
different energies

4000 — 900-1400
- Split signal
3500 — — 1400-1900 P gr
- spectrum into
3000 — = 1900-2400 different energies
- == 2400-8000
2500
2000 —
1500 —
1000 —
©)

900 1000 1500 2000 2500 3000_ 3500 4000 4500 5000 Jniversitétbonnl
total cluster signal 9



3 — Position reconstruction studies
C- Energy dependence of resolution (6-e'))

0-8000 1 900-1400 1 1400-1900 't 1900-2400 'n 2400-8000 4000 — so0-1400
ALL " A " B v c . D 3500 = 14001900
:: B 2400-8000

@@@@

0 1000 1500 ZWD 2500 3000 3500 4000 4500 SO
eta X eta X total cluster signal

[

ssonal [0 B ETA one ETA multi Multiple n for

using one - 0. using four

distribution: distributions: d |fferent en erg | es

20000

15000

; , iImproves
10000; I‘eSO|utI0n fOI‘
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3 — Position reconstruction studies
(- Energy dependence of resolution (6-e'))

(- Are there better alternatives to )» charge cloud shape

@[Sample charge cloud shapeJ @[Four simple approximationsJ

(separated by energy) (F1 - F4)
B=1400-1900 | N
1 10° 1| 1 L]
ma s R
g = Pt |
=]
E v : s ai::.clshrrpiui;in-mzll, e S 't“','.:mi,i,n'lzw:;c' R
o
3
- _ | _
E Err.
g 10 . =
E I
i s
0 20 0 0 020 0 0 1T e

X position relative to seed center [pm]

@ Use shape/fit and three
pixel signals for position fit
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absolute residual width [um]

3 — Position reconstruction studies
(- Energy dependence of resolution (6-e ))

(- Are there better alternatives to )» charge cloud shape

N

GEANT -
1.8 / [Dons 14F *\v/"" Enercues ~ MPV
1.6 .\\._ _/ TNrmuiti g 1_2:_ 1 Standard Tl
4 P\ =F1 s | 2. Multiple n
Y. F2 2 T 3. Cloud shape
1.2 e == = 2 - i / . .
1 F3 S oq- minor dlfferencesj
*F4 '?, - I——I——I\\/
0.8 g \
| 2 : .
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1 o '} ! .
0.4 1 N a ? o al 1. Multiple n
® 0.2}
0.2 Al Bl ¢ D : al B D 2. Cloug sZape
3. Standard n
0 0
0 500 10001500200025003000 35004000 0 5oo1ooo15oozooozsoosooossookm ajor differences )
cluster signal [ADC units] cluster signal [ADC units]
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3 — Position reconstruction studies

(- Energy dependence of resolution (6-e-))
@ Are there better alternatives to n ) Multlvan_ate
analysis

(1. Neural Network (MLP) A
2. Boosted Decision Tree (BDT) »[ TMVA/root ]
3. Probability Density Estimator (PDE) Implementation
4 Linear Discriminate (LD) )

Study for all events and for
separated energies ranges

NEREERE

=
=

Selection of Input Variables

®E

Training =» Testing
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3 — Position reconstruction studies

Multivariate [ Selection of Input Variables ]
analysis

Ghree statistical quantities )
for pre-selection:

1. Correlation Factor

2. Correlation Ratio

G. Mutual Information )

signal of
5x5 pixels

% d i (= How much information is |
g in an input variable on
Moments of . the particle position )

¥

Mainly confined to the two
seed neighbors,
then the seed itself

signal distr
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3 — Position reconstruction studies

Multivariate [ Selection of Input Variables ]

analysis

Pixel Signal Inputs - ~

0: 1: 2: 3: 4: Information mainly

-2|-1] 0] 1] 2 -2]-11 0] 1] 2 -2|-1] 0] 1] 2 -2]-11 0] 1] 2 -2|-1] 0] 1] 2 confined to the two
-2 -2 -2 -2 -2 .
1 1 T = T seed neighbors,
of I -PN | [of JNENN | [o 0 0 then the seed itself
-1 -1 1 -1 1 \ )
2 -2 2 2 2

Target: X axis seed pixel is at [0,0] ‘

4 )
Moments Inputs 11 input set:

Joint moments of 3x3 cluster Joint moments of 5x5 cluster 5 p IXeI Sl g n al !

5: 3x3 6: 3x3 7: 3x3 8: 5x5 9: 5x5 g 6 moments y

Olp |o |v |k Olp |o |v [k Olp |o |v |k 0] Ol |o [v |k Olp |o |v Ik

< |al=E|©o

K

Target: X axis unive rsitétbonnl
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3 — Position reconstruction studies

Multivariate 4
analysis seed + 2 neighbors
GEANT simulation CoCG-Large: TMVA residuals in pm = Best results
all events | Se- only \.
MLP  [BDTg |[PDERS |LD IMip  [BDTz  [PDERS [LD e ~
0 1.3 1.3 1.4 3.3 3.6 3.7 5.0 6.6 Moments Of Slg.
1| o6 0.7 0.6 3.3 2.9 3.2 4.2 6.6 )
Signals | 2 | 1.1 | 1.1 | 1.0 | 30 | 30 | 33 | 49 | 62 distr. not better
3| o8 0.8 0.9 3.0 3.2 3.1 5.1 6.2 \. J
a | o7 0.7 0.9 3.0 2.7 3.2 5.1 6.2 4 N
X 5 | 1.0 1.3 1.3 2.5 6.7 57 [ 105 | 7.5 1. MLP & BDT
6 | 08 0.7 0.9 2.5 5.6 5.5 6.3 7.5 2. PDERS
Moments| 7 | 0.9 0.8 0.9 2.5 3.4 43 4.4 6.3
8 | 12 1.2 1.4 2.9 5.8 6.4 6.6 | 22.5 \3' LD y,
9 | 15 1.4 1.5 3.2 6.7 6.6 7.0 | 175
10| o9 1.0 0.9 2.6 4.6 4.0 5.1 6.2 :
o| 11 1.0 1.2 1.8 2.6 2.5 2.7 4.2 Eta method is
1| o4 | o5 | 03 [ 18 | 21 | 24 [ 28 | 42 always equal or
Signals | 2 | 0.9 0.9 0.9 1.6 2.3 2.3 3.4 3.9
3| o0a 0.5 0.5 1.6 2.0 2.4 4.1 4.0 better
4| o4 0.5 0.5 1.6 2.1 2.3 4.2 3.9
Y 5 | 06 0.9 0.6 1.2 5.0 4.8 8.8 5.1
6 | 05 0.5 0.5 1.2 4.0 4.4 4.4 5.0
Moments| 7 | 0.6 0.5 0.8 1.2 4.2 5.3 4.4 4.6
8| o6 0.6 0.7 1.3 3.6 3.9 4.3 4.1 "
9 | 10 1.0 1.0 2.6 3.8 4.4 5.5 6.5 ' 1
10| os6 0.7 0.7 1.3 2.7 5.7 3.0 4.0 universititbonn
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3 — Position reconstruction studies

Eta method is

always equal or
better

4 )
Information mainly confined to the

highest seed neighbor, and the
seed itself

\

(" _ )
New approaches might be useful

with smaller pixels or thicker
sensors
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Summary

Test Beam 2008 data used for In-pixel homogeneity study
Sensors showed (near) perfect homogeneity
Exception: Sensor with wrong biasing

Study of position reconstruction algorithms
Alternatives to eta /resolution deteriorating due to é-e-
1. Multiple n
2. Charge cloud shape
3. Multivariate analysis (PDE, MLP-ANN, BDT, LD)
6-e best tackled by multiple n
Information confined to seed and highest neighbor

ETA always equal or better = might different for smaller pixel
sizes
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1 - Recap: Analysis of test beam data

Pedestal &
Common mode

100
3000 l 80
: nocmc
g : 60
25001 — with cme
A = 40
[ S
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B m: 12.8, s: 0.4 E 2
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E 0
1500 E
E g -20
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_- 500 50
- E -80
".... reails = vy ] 0 -
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COLUMN .
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Noise before

and after CMC

— uen(Gate)
----- -23.6+0.75*X

o-1II|III TTTTTTT

readout gate - start gate

CM vs. readout time

= leakage current
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L M2: 1 =1598,0 = 145

0.8

0.6

1 - Recap: Analysis of test beam data

Pedestal &
Common mode
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O 500 1000 1500 2ooo 2500 3000 3500 4000
cluster signal [ADU]

1|:M5:M =1220,c = 131

0.8
0.6}~
04

0.2~

O 500 1uuo 1500 2ooo 2500 3000 3500 4000
cluster signal [ADU]

1-_M11:u= 1736,0 = 168

0.8

0.4

0.2~

1
05500 1000 1500 2000 2500 3000 3500 4000
cluster signal [ADU]
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1 - Recap: Analysis of test beam data

Pedestal &
Common mode

I

Hit finding &
clustering

1 all
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1 - Recap: Analysis of test beam data

Pedestal &
Common mode

Position

Hit finding &
clustering reconstruction

]

residuals in Y inum

10

‘~, e | 50
N, -
Ko 40
Ty

100
Wlso :
8

70 6:—

20

40

0 80
seed row (Y)

Large scale position

offset correction

seed row (Y)

m || =60 £ aF
Y = F
<% £ LB
>~ F .
c Y 1 |. -
a 't Gl
= 2
—{30 7 F
2 -4_—
—20 -
6
10 b
|Illl| — -lllIlllllllllllllllllllll e
00 120 9 10 70 40 60 80 100 120

60

50

40

30

20

10

Additional
corrections

universitétbonnl

22



