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EUDET in general

@ EU funded program supporting ILC detector R&D In

Europe

+ EUDET:
@ |s not a detector R&D programme In its narrower sense.
It provides a framework for ILC detector R&D with larger

prototypes
@ Does not cover all future needs (both financial and
personnel). Additional resources required to exploit

EUDET infrastructures.
@ |s not a closed club. Other institutes (European & non-

European) are invited to contribute and exploit the
developed infrastructures.

SIXTH FRAMEWORK PROGRAMME

= Structuring the European Research Area Specific Programme
& RESEARCH INFRASTRUCTURES ACTION
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EUDET map
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EUDET pillars

@ Three pillars: Networking Activities, Transnational
Access and Joint Research Activities

Lo

[ MNetwork ] [ Tramsnational Access ] | Joint Research Activities ]

/ Access to N ~ N
Manage ment DESY Test Beam Test Beam Infrastructures
Detector RE& D Network .‘ Tracking Detectors ]

Calorimeter

@ NA2: Common software framework for TB and simulations,
Common DAQ, deep-subp electronics (CERN).

@ TAl: Using the DESY test beam area.

@ TA2: Access to the EUDET infrastructures (like the beam
telescope)

@ JRAI1: Large bore magnet and pixel beam telescope
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Pixel beam telescope

Two phases:
@ 1% with analog sensors and sparsification @ the DAQ level (demonstrator)
@ 2" digital sensors with binary output and higher frame rate

Trigger
Logic Unit
& PC

-
nalogue signals

NIM signal

JT
Digital

signals Dij
I




Looking closer at the demonstrator

MAPS sensor with - VME 64x and - TLU used to
SB structure USB2.0 DAQ synchronize all the
65k pixels with 30 board telescope boards
um pitch -1 board for each - The DUT receive
Four parallel detector plane the trigger signal
output channels - Two acquisition and the trigger
Clock < 20 MHz modalities: number from the
RAW mode TLUI f
7S mode Replacement of a

NIM crate and
modules!

T 0 © ‘ ©®@ © ©
Trigl Busyl Rst! | Trig3 Busy3 Rst3

ORPLIRIOP

MimT@l




Alive and kicking!
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INFN- Fe (see Angelo's talk)

# Mother / Daughters approach:

@ Mother equipped with a powerful FPGA takes care of
data handling, event building and data transmission.

@ Daughters are detector specific interface cards with
eventually ADCs
@ Two data
transmission
protocols:

#+ VME 64x for test
beam like setups
and multiboard
synchronization

2 USB2.0 for table top Daughtere

experiments and
debug
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bleeding edge features now available:

@ Object Oriented C++
¢ Multi-thread

@ Distributed (TCP/IP)
< Highly modular

" Producer

Daf?
¢ Sender

Hartiware ! Com

Polhng <::>

Hardware

' Data Collector

Cmd CZ:) Data':>

Recelver Merge

Sender
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" Monitor

Recelver

@ |t's a very modern piece of code exploiting all the
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A world about the analysis software: EUTelescope

@ Developed within the Software Networking activity, it
IS based on the official ILC framework: Marlin + LCIO

@ EUTelescope Is a set of Processors taking to care to
handle the data stream from the DAQ to the

reconstructed tracks

@ Sticking to the ILC
de-facto standard
offers the possibility
to easily use the
GRID.

<+ Calice and our pixel
telescope are the first
two experiments in the
world doing “real”
analysis on the GRID
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J EUTelescope - Mozilla Firefox <2>

Fle Edit View History Bookmarks Tools Help

Il antonio.bulgheroni -

€ - - & |‘x]'

FGmail [ Vodafone [SJunico-lab [ILC Software [ C++ programming () Negozi (on line) ) Serie TV

J Main Page I Namespaces I Classes Iﬁl Directories I Related Pages | earch forl
EUTelescope

ﬁ_l‘ |':f'ﬂ http:ﬂwww.roma3.infn.it!-bulgheroni!Eut|'| [i-] |v|

v00-00-06

Welcome to the EUTelescope documentation server. This is the place where you can find all the explanation and the
examples you may need to run the EUTelescope processors within Marlin.

If you know already something about this software project, then you can browse the documentation clicking on the
button above or putting a keyword in the search field in top right corner of this page.

If you feel you don't know enough on the EUTelescope then we encourage you take have a look at the following
pages:

® Introduction
® The preparation steps
# The analysis chain

* Download and installation

If those information are not yet enough, consider contact us on the Linear Collider Forum.
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Analysis and reconstruction software diagram
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Test beam effort in 2007 and 2008

@ The JRAL group organized three tests on beam from
June to September (2 at DESY and 1 at CERN) for a total
of 6 weeks of data taking out of 12 working weeks... a
real effort!

(*) TB-DESY-JUNE (11 / 24 June 2007)
@ Integration (and smoke) test

(©) TB-DESY-AUGUST (13 / 24 August 2007)
# Testing the tester

@ TB-CERN-SEPTEMBER (17 / 27 September 2007)
@ First high energy test and first user: DEPFET

TB-CADARACHE-APRIL (on going)

@ Using the high resolution telescope to track nuclear reactor
neutrons

TB-CERN-JUNE
# Main user SILC

TB-CERN-AUGUST
& Several users: MimoRoma, DEPFET, LCFI
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What do we offer to users

@ All-inclusive package

2 The two arm telescope with different geometries with
the possibility to add one extra high resolution sensor
plane.

@ The telescope comes with all the mechanics and the
cooling system.

@ Operating support: mainly remote but also local in some
circumstances.

2 The DAQ system both hardware and software.

@ You can connect your device to our TLU, or (better) help
IS provided to integrate your R/O in our DAQ software.

2 The analysis and reconstruction software.

@ As for the DAQ, you can rely on our output track file, or
Integrate your device in the main analysis stream.
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Summary of the results: the event display

r-'-. . Mm = i ™
X| C Event Display (CED) 000 X| C Event Display (CED)

Low multiplicity L High myultiplicity

A

4 OpenGL event display fully
scalable and movable

# The same used for the ILD
detector

More than 100 tracks
(~ 3.85% occupancy)

40 60 80 100
No of reconstructed tracks




Sensor plane characterization

SNR4 SNR3x3 |Signal4 oo Signal3x3 | SeedSNR

D3 13.0 11.0 112.8 151.4 10.9
D4 15.0 13.2 109.7 147.6 12.6

20 um

Landau MPV; T = 21 °C; Typical single pixel noise = 3.6 ADC (17 e-)

e | Cluster SNR 3x3 (14 um epi layer) 25029 Cluster SNR 3x3 (20 um epi layer)
250 -
o 200 [} clusterSNR3x3-d4
ol | clusterSNR3x3-d0 | S
i Constant 1.419e+06 + 999 150 :_ 2 Constant 1.342e+06 + 956
150 i MPV 11.17 + 0.00 i e MPV 13.16 + 0.00
— 3C:'c:'QOC'C:'C) - : :?OOO
100 C ?c):gozozoz Slgma 2398 i 0001 100 — ogooo '. Sigma 243 i [}00
sol_diiociiood 5ol
3 :
D [ale] OOOOOOOOOO OOOOOOOOOOOOO N n D els]elel; o - i i
20 40 1] 80 100 ] 0 40 60 80 100 120 140
SNR SNR 17



Detector #
Y X

DO REFERENCE

D1 -395.3 0.26
D2 -345.9 -0.05
0.38
-0.31

Residual along X - First plane




@ Straight line fitting procedure
using four planes only and
extrapolating on the central
one

@ Fitting on x andy
iIndependently

@ Y’ cut<20

Residuals - X Residuals - Y
o=34501um @ Measured (intrinsic &

telescope) resolution is
3.4 um

1000

1000 c=32+01pm

Mean=0.1£0.1 r
r 800—
800— F

[ 600—
600— L
400~

400—

200_— 200~




When the MS does matter

@ When working with 3 and 6 GeV e’, multiple scattering

does play a role.

@ Forget about straight lines and consider the multiple

scattering angles.

@ Contribution of plane i to x°

18000 — ¥2 distribution for track fitting w and w/o MS

16000

14000 3GeV e with MS

12000

N 7

10000 3GeV e without MS

8000
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Resolution with e

@ Using the analytical fit, it is possible to take MS into account.
Due to MS the telescope resolution is slightly worse at lower
energies. But the observed widths are in very good agreement
with expectations.

expected fit precision at DUT = 4.22 um expected fit precision at DUT = 2.89 um
expected DUT width = 5.12 um expected DUT width = 4.16 um
measured width = 5.09 um /5.28 um measured width = 4.03 um /4.21 um
DUTshiftX DUTshiftY DUTshiftX i
Mean -0.002916 M 0.0008505 Mean =L -0.003159 Mean DUTshiftY 0.0007409
RMS 0.006331 RMS 0.006785 RMS 0.00522 RMS 0.005565
xz I ndf 453.4/ -6 )[2 I ndf 665.6 / 380 12 I ndf 4928/ -6 ){2 I ndf 564.1 1373
X, -0.00292% + 0.000013 X, 0.0007577 + 0.0000139 X, -0.003186 + 0.000010 X, 0.0006635 + 0.0000108
Gauss s 0.005091+ 0.000026 Gauss ¢ 0.005285 + 0.000026 Gauss o 0.004035+ 0.000017 Gauss o ; 0. I}ﬂ4213_+ I} 000017
Gauss N 2709+ 34.7 Gauss N 2605+ 35.6 Gauss N 3440+ 351 Gauss N ; ;351+ 3341
Exp A 0.006916 £+ 0.000318 Exp & 0.007768 + 0.000371 Exp & 0.004181+ 0.000198 Exp A 0.004655 + &U‘aﬂﬁﬁ
Exp o 1.062 + 0.030 Exp o 1.088 + 0.030 Exp o 0.8729 + 0.0202 Exp o 0.373_5 + 0.0207
Exp N 808.3+ 50.7 Exp N 7263+ 51.5 Exp N 1141+ 61.8 Exp N 998+ 57.4
ZUUT - L300 —
1500 3 GeV 2000
- = 6 GeV
1000— 1500 =
- 1000
500 =
- 500
I BT A IO I N A O O O T M I E nn i T R e b oy 1y
005004 003 002 001 0 001 002 003 004 005 85504 .65 505 00T 0001 o 0s 505" 0.04 D05
AX or AY [mm] AX or AY [mm]




@ Telescope operated in MIXED mode (one every
second sensor Is readout in ZS mode)

| Residual= for plane 2 |

| Residuals for plane o | | Residual= for plane 1 |

Sl vm.] r.l. E
N .
10 E

10

-I]:II'I -0005 -0 0Jms ool
AX RAW {red) ! Mixad {blug) [rmm]

=00 'IJ -0005 -0 0.005 oo
A3 RAW (red) / Mixad {blua) [rom]

=001 -0.005 -0 oo0s oo
A RAW (red) / Mixad {blua) [rom]

@ Comparison
} between a
MIXED and a

RAW run

| Residuals for plane 4 |

| Residuals for plane 3 |
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MR I R — —— MM e MR
-dJ:]1 -0.005 -0 0005 0. -0.01 -0.005 -0 0.005 0.
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A glance in the future

@ M22+ = M22 + SUZEO1
@ 544 x 1088 pixels with 18.4 um pitch
@ Hardware clustering algorithm with sparsified output
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50 51 518
= 29 2 = 2
c ' [
B
41 ; 41 B 3

ERSEC | C RS
1 1 e

Priority Look-Ahesd | |Priority Look-Ahesd Priority Look-Alesd
algorithm algorithm Lo algorithm
(M states) M states) N states)

T T T

Selection of M states among 17x N states for each row

e e e

I omory 2 |;

Meimory with M states storage and serial fransmission
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Conclusion |

@ EUDET Is a great opportunity for team involved in
detector R&D for the ILC

@ Everybody can join the fun and use the developed
Infrastructure to test their own devices

@ The telescope demonstrator is working according to
specs but the final one Is about to come.
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Analytical fit

] Results provided by
‘ EUTelTestFitter I A.F. Zarnecki
Analytical approach

We can determine track position in each plane (including DUT), i.e. N parameters
(p;,i=1...N), from M < N measured positions in telescope planes.

We use constraints on multiple scattering!

Contribution of p|ane i to x2 of the fit position measurement multiple scattering
2 2
v A2 = [YiZPi) 4 ©; -1
i-1 i i+1 ; o; AO;
. _ Pi41—Di
‘ | x Where: ©; = i
3 P [T ¢ t
,PJJ“; o Pis1
-0 Hl Both terms present for planes: # 1,i,,.,, N,
Pi-r first term missing for DUT, second for first and last plane

x2 minimum can be found by solving the matrix equation - fast!

Constraint from the beam direction can also be taken into account.
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