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= Motivation

= Why is my Project relevant?
= Short Introduction to EUTelescope

= Hardware

= EUTelescope framework
= Trust, but verify! - Lenin

" is the dataset consistent / are there real tracks?
> Results

= Properties of the Finder-radius
= What are the resolutions we can resolve 2 different tracks in one cluster?

= What is their Time over Threshold value (ToT)?
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Atlas IBL upgrade - search for b-jets

Reconstructing tracks of b-jets at high occupancy with IBL at 14 TeV
will guide to new difficulties

Increase in hadron boost and decrease in beam-radius leads to
particles being closer together on the IBL layer — two tracks hit on
same cluster or even pixel

Try to separate this two tracks over ToT value

G4 simulation of layout to determine track density on IBL plane

30 mm

M Battaglia

UCSC and CERN
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Atlas IBL upgrade - search for b-jets

ATLAS track reconstruction efficiency
Distance from closest track
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Dist to Closest Trk (mm)
Separation of 2-tracks in long-flying B decays requires detailed studies of

IBL clusters for closely spaced (d < 2.5 mm) tracks
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EUTelescope Properties

= 6 high precision Mimosa26 planes

= Pixel pitch 18,4 pm?
= 14 ym thickness
= 1152 x 576 pixels

= Fast readout — 10° particles/cm?/s

> H5783 PMT with 10 x 20 mm?
scintillator

> ATLAS-FE-I4

= Pixel size 50 x 250 pm?
= Pixel array 80 x336

= 50kHz/pixel firing rate — 400 x 10°
particles/cm?/s

§

.,

-

= ToT (Due to IBL occupancy 4 bit
resolution » Large range of charges
corresponds to one ToT value)
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Time over Threshold (ToT)

= ToT Tool for calibration

Amplifier Output

> Signal shaped by charge
amplifier

i
)

= Time-over-threshold is
proportional to induced _ Discriminator Outeut

charge , |

Threshold

> Relation ToT and charge is Rieger_PG070714.pdf
not linear

ToT Translation

ToT code | 0-12 | 13 | 14 | 15
ToT [25 ns] H ToTcode+1 ‘ ~13 | delayed hit | no hit
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Why do we use the Data from SLAC? — not DESY?
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http //WWW pRIgs. oh|o State. edu/~l|ngfgrotp/desy iPg
http:/Aww-fiC. deg}dﬂpelme Wisldpol/sidpol’phig - ;
http://aida.web:cern. 6h/a|d%jaCt|V' abf:'éss/DESYf
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http://www.physics.ohio-state.edu/~ling/group/desy.jpg
http://www-flc.desy.de/polarimetry/sldpol/sldpol.php

- Why do We use the Data from SLAC’? - not LHCISPSIPS”

S == e i T g e —— i1/

> High luminosity — event multiplicity of 200-800 tracks
> Energies up to 25 Gev in PS

Facility

> But: proton machine — produce many

http://aida.web.cern.ch/aida/index.html

2 The CERN PS East Area

e

Martin Klassen | SLAC Testbeam Dataanalysis | 04.09.2014 | Page 8 %



Event multiplicity

eventMultiplicity_d1

Entries 99
Mean 91.08
RMS 16.28

80 100 120 140 160 180 200
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How to do the Data Analysis? - Journey from raw Dataset

to some final Results

Cluster
Search

Format
Converter

Hit Maker Alignment
Y l
Track Fitter
|:| Data Processor . Data Collection - Condition Database

http://eutelescope.web.cern.ch/content/about-eutelescope
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Clustering

Total size of Cluster (in Hit Pixels)

Reminder:

Fired Pixels

Cluster

— totalClusterSize_d0
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Hitmaker - lets search for correlations!

Pixel Index Hit Map

hitMap_d20
ies 13700
438

21.57

0
X Index [#]

Pixel Index Hit Map

hitMap_d5

= Entries 310173
=

g Mean x 531.7
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>
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X Index [#]

200 400 600

Reminder:
Fired Pixels

Calculated
Hitpoint
X
T USED T THINK, THEN I TOCK A SOUNDS LIKE THE
CORRELATION mpur:o STATISTICS CLASS. Cmss HELPED.
CAUSATION. Now I DON'T. WELL, NHYBE

TR
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ClusterX/ClusterXCorrelation_d0_d20
1 ClusterXCorrelation_d0_d20
60, Entries 1194943
L Meanx  508.3
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Alighment - lets look at residuals!

. ==
|ogch|2 S PR S -
> Why is the Chi2 so low?: _ logchi2
L Entries 6435
_ 300— Mean 0.8817
= Beam energy was higher then - RMS  0.263
12 TeV Jsof
= Resolution of Mimosa could be -
better then 4 pym 200~
Chi20verNdof ~
Chi20verNdof _
0 Entries 341 —
250l Fms 2s1s| 190~
200{}- B
I 100—
150 B
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Alighment - lets look at residuals!

: Ly
plO_residualX pl20_residualX == )
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Finder-Radius for fitting tracks

EUTelescope sketch with hits on 6 Planes

® Starting point of a potential track hit
Hits belonging to reconstructed track

s
o @ Hits which belong to secondary interaction
@ ® Hits from track not reconstructed

" Finder-radius

Projection to Mimosa plane 0
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Tracks reconstructed in comparison to Finderradius

> At small Finderradius ~5um
small number of Tracks ,
Track vs Radius
reconstructed — 10.000 49000 Trachnushadis.
expected, get less then 2.000 oo

Mean x 113.6
8000

Mean y 4048
= for 640um around 3.000 7000

RMS x 161.1
8000

RMS y 2367

> Maximum at Finderradius of 70um:

5000

* Found hit clusters 7645 4000

3000

= Tracks 6961

2000

= fitted tracks 6435 1000

o
4

= Around 90% reconstructed: 10

—_

I-!Prfderradius of Fitterjum]

= Miss aligned planes
= Missing Hits at planes
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Minimal distance between 2 tracks

Mimosa26 plane _
> Plot of AR in plane 20

- h1
3005 Entries 170244
B Mean 7.325
- | RMS 3.816
250|—
200~
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Minimal Distance: B
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> minimal AR ~100pym
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Minimal distance between 2 tracks

Mimosa26 plane

> Plot of AR in plane 5
250:—
i h1

N Entries 212336

200 Mean 7.582

: RMS 4.036
150;
Minimal Distance: -
100—
2 2 -
AR =V Ax*+ Ay |
50|

Oilll—nl \IIIII‘ II\I\I|
10" 1 1°[mm]

> minimal AR ~100pym
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Minimal Distance between 2 separated Tracks vs Finder-radius
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DistanceRmin Plane 0 vs Radius

—

@® Mimosa plane 0

unphysical region @® Mimosa plane 1

@ Mimosa plane 2

o @® Mimosa plane 3
<> Mimosa plane 4
@ Mimosa plane 5
< AtlasFE-14

10-2 1 1 1 I| 1 1 1 1 1 l 1 I|
102 10"

> Get descend results:

1
Finderradius of DafFitter [IMM]

= FE-14 resolution limited by 100um
= MimosaZ26 resolution of the order of Finder-radius ~ 70pum

= Resolution increases linear as expected for Finder-radius

= Plane 0 behaves unexpected — fixed plane?
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Neighbors of a track

Neighbor track

5

Number of Neighbours per Track

. nneighbours
L. - Entries 1457
S 10p Vean 137
L RMS 9.016

100—| | o

80—

60—

40—

20|

0 ’7I 1 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 1111

§ 10 15 20 25 30 3 40 45 50
Number of neighbours for a track
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Charge of a cluster — data after clustering

Total Signal per Cluster (in Detector specific Charge Unit)

clusterSignal_d20 Total Signal per Cluster (in Detector specific Charge Unit)
EOO } Entries 13700 — clusterSignal_d20
€ Mean 156 =L Entries 13700
2)00__ RMS 746 % | Mean 16.07
© - O RMS 8.731
1600 -
1400— B
1200— l
C 10° =
1000— M
800— I
600 I
L 10
400— H
200/ g
— T\Il\lllll‘\\\\‘Illll\ll\‘ll\ll
0 T O 0 10 20 30 40 50 60
0 10 20 30 40 50 60 Charge
Charge
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Charge of a cluster with neighbors

Time over Treshold for Tracks with Neighbours

- Time over Treshold for Tracks with Neighbours

TOT
Entries 1266
Mean 15.22
RMS 6.289
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Charge of a cluster without neighbors in 50x250 um

Time over Treshold for Tracks Without Neighbors

TOT
* Entries 5481
10° = Mean 14.98
- RMS 5.649
B Time over Treshold for Track Without Neighbors
B TOT |
* o000 Entries 5481
10° = B Mean 14.98
= - RMS 5.549
E 800
600—
10— -
C 400—
1 11 l | | | I | | [ 111 | 11 1 | L1 11 | 11 11 | I | | I | | [ 111 200_
0 5 10 15 20 25 30 35 40 45 50 B
ToT :
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ToT
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Neighbors per cluster size

#Neighbours

Number of neighbors per cluster size

Cluster size
_ CSvsNeighbours
24 — Entries 1266
Pry=n Mean 1.712
— Mean y 1417
20— RMS 0.9846
- BRMS y 9.748
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14 ¢ _¢_+ 4
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8
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cluster size
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ToT per Neighbors

ToT of a cluster with neighbors vs neighbors

Time over Trashold for Tracks with Neighbours vs Neighbours

_ 30 TOTvsneighbors
ic - Entries 1266
N Mean 14.05
L Mean y 15.36
25— RMS 9.472
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20— ‘ ]
- | ] ]
~ A ] EN | ‘ Heow | s L
15— >I<>|<>'<>'<>:< >I<I>'<>I<>|<>'< .>'<.->I<-| >|<|>|<| LT | >|<>|<
- | | e i |_>|<_| >|< | >|< , |>|< _>|<_|>|<-. |>< I e
- ! RN E SR SR A
10— T
5_
D_ 1 1 1 1 | 1 1 1 1 | 1 1 | 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
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Charge of a cluster vs cluster size

ToT

with neighbors

Time over Treshold for Tracks with Neighbours per clustersize

_ TOTvsclustersize
L V. Entries
50— Mean
C Mean y
C - —x— | RMS 0.9474
L | | RMS ¥
40— —F—
30— T
20— T
L e
— _}(_
10—
0 B 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 2 4 6 8 10 12
Clustersize

ToT

without neighbors

Time over Treshold for Tracks with Neighbours per clustersize

TOTvsclustersize
C , Entries
- T Mean
50— Mean y
C - RMS  0.9107
L i RMS v
40—
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30 —x—
20— =
- e
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10—
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ToT vs Neighbors vs cluster size at low statistics

Time over Treshold for Tracks with Neighbours per Neighbours per clustersize
TOTwsneighborsvsclusiersize

Entries 1266
Mean x 139
Mean y 1.715
.. . | RMS x 9.17

.. |AMSy _0.9864 no neighbors

Time over Treshold for Tracks with Neighbours per Neighbours per clustersize

TOTveneighbarsveeluslersize

Entries 5480

N Mean x 0
P, [Meany 1711
RMS x 0

o0
=]

T |RMSy _0.9841
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= High occupancy test beam is best done with parallel beams

> Took test beam data at PS T9 with same setup as SLAC — needs to be
analyzed

= Track finding efficiency is ~90%
> Have to add also Neighboring hits into the data analysis program

> First results do not indicate distinct raise of ToT with increasing number
of neighboring hits - will be continued
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Backup : Minimal Distance between 2 seperated Tracks vs

Finderradius

DistanceXmin Plane 0 vs Radius

N @® Mimosa plane 0
L . @® Mimosa plane 1
s f e @ Mimosa plane 2
wE . > ¢ ¢ @® Mimosa plane 3
- . e e
ol s ¢ <> Mimosa plane 4
@ Mimosa plane 5
10'32— . R R = < AtlasFE-14
10"'_ ! ! """l‘ : T
! 10 Finderradius of DafFiﬂE;‘Pa
DistanceYmin Plane 0 vs Radius
> 10 = Atlas FE-14 expected limit in X:
3 i " Resolution around 50 pm
£ f } ¢ = With Finderradius 70 um
10-15_ * L] & L o . .
N S T D ’ > Mimosa plane 1 in Y expected:
° _ = For 40/80 pum resolution to low
10'3;— .
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Hitmaker - lets search for correlations!

HitXShift/HitXCorrShiftProjection_d20 Reminder: HitXShift/HitXCorrShiftProjection_d5
i P— Fired Pixels F E;tnnsesmemos
16000 Entries 100 70005 — Mean 0.6669
L Mean 8.523 B RMS 0.2877
14000 RMS  0.5398 -
: 6000~
12000 -
- 5000
10000/ -
5 4000/
8000] - -
6000| - S000H
— Calculated 20000
- Hitpoint -
2000 { 1000} -
OIIIIIIIIIIIIII;‘ X E | | ‘ ‘ ‘ ‘ ‘ ‘
_10 -8 -6 _4 _2 0 2 4 6 8 10 0\\\\\\\\\\Il\ll\l\\l\\l\\l\\l

-10 8 6 -4 -2 0 2 4 6 8 10

T USED T THINK, THEN T TOCK A | | SOUNDS LIKE THE
CORRELATION IMPUED| | STATISTICS CLASS. cmss HELPED.
Now I DON'T, WELL, NFNBE-
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Hitmaker - lets search for correlations!

HitX/HitXCorrelation_d0_d20 HitX/HitXCorrelation_d0_d5
HitXCorrelation_d0_d5
0 HitXCorrelation_d0_d20 10_ Entries 14145 X
| Entries 119330 [ Meanx  1.481
| Meanx  3.466 i Meany 0.7855
.ofMeany -5552  RMS x 5.os)
H RMS x 3.05 RMS y 5.098
H RMS y 2.995
—40(
‘ ‘ jGO
—30(
—40
—20(
10(
i e b b b Ly 0
-2 0 2 4 6 8 0 10

T USED T THINK, THEN T TOCK A | | SOUNDS LIKE THE
CORRELATION IMPUED| | STATISTICS CLASS. CLAss HELPED.
Now I DON'T, WELL, NHYBE
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EUTelescope Properties

FE-14 plane

----------------------------------- not trig. track

+ ROI

track

DUT f

LLLLELLLL

scintillator — s

“Our new photomultiplier!” ‘
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