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Main topics

* Why test beams are needed by R&D on the
Silicon Main Tracker Sub detector for ILC?

 Present Status on Test beam activities
»SILC: Roadmap for test beams
» SILC: First test beam in DESY

» SILC: Preparation of test beam in 2007
» Perspectives for the coming years

A. Savoy-Navarro, TBILCW’hp, FNAL, 011807



Why test beams for Si trackers R&D?

Physics and Machine environment at the ILC are both imposing stringent

conditions on the tracking system, namely:

» high performance in momentum resolution and spatial resolution

» Low material budget

» Reliability, simplicity and easy to build, monitor and calibrate.

» Full coverage (avoid dead regions and importance of End Caps)

» Easy to integrate in the detector and readout/DAQ architecture (part of particle flow)
» System able to handle very high magetic fields (3 to 5 Teslas)

This leads to develop an active R&D for ILC large Silicon trackers on:
< Sensors R&D

«» Electronics R&D
s Mechanics R&D

Needed tools: Lab test benches and test beams plus simulations
Lab test benches of different types are a first approach towards experiencing in more
realistic ways various real life conditions. The test beams are their indispensable
continuation and extension to ensure that the device will satisfy the requirements
and/or verify how much it satifies them.
Test beams allow identifying new problems, not yet anticipated even at Lab test bench.
Test beams allow combining several sub detectors.
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Present status of the test beams for
large Si tracking

SiLC R&D* has undertaken in 2006 a test beam program for 4
years until (i.e. end 2009) including also in EUDET project.

» SILC: First test beam in DESY

» SILC: Roadmap for test beams

» SILC: Preparation of test beam in 2007

* SILC (Silicon tracking for the Linear Collider) is a worldwide
R&D Collaboration gathering about 20 Institutions from Asia,
Europe and USA. The goal is to develop the next generation of
large Silicon tracking system for the ILC. It is a generic R&D
collaboration including teams working in GLD, LDC and SiD
detector concepts for. Synergy with LHC & LHC future

upgrades
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3D The SiD Tracker

¢ Integrated silicon strip tracker with uniform technology and a
tfully integrated forward tracking system

¢ Minimal material in the tracking volume to reduce multiple
scattering and secondary particle production

¢ High precision in a compact tracking volume with B=5T
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"2 The SiD Tracker

¢ Baseline tracker design has 5 barrel layers, 4+4 disk layers

¢ Supports are carbon fiber / foam / carbon fiber sandwiches
¢ Modules are mounted on the supports in a pinwheel design

Sensors;

Cut dim’s; 104,44 W x B4 L

Artro dim'z: 102.4 Wx B1.08 L

Boxes:

Outer dim's: 107.44 W x 87 Lx 4 H

Suppart cylinders;

OR: 213.5, 462.5, 700, 835, 1170

Murnbar of phic 15, 30, 45, 60, TS

Cantral & angle: 10 degress

Sensor phi overiap (mm):

Bamal 1: 5.3

Barral &= 0.57

Barmal 3: 0.40

Barel 4: 0.55

Bamal 4 0.63

Cyan and magenta sensors and boxes are assumed io be
at dfferent Z's and 1o overlap in Z.

VWithin a given barrel, Syan sensors ovetap in phi as do
Magnets sanaors.

=
ﬂﬁfy:f__: T

- o Y,
/ Barrel 1 1E.+II"' wﬁ
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XY S1D Tracker Modules

¢ Key active element in the S1D tracker 1s the module

® Barrel modules have one sensor with axial strips to measure bend coordinate
m Forward disk modules have two sensors to make 3D hit measurements

m Modules are ~10cm x 10cm

¢ Challenge: maintaining material budget (including supports)
of ~0.8% RL / laver

h
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SILC Roadmap & Scientific Objectives

-April 07: DESY 130nm
-July 07: CERN 2 mod. 2009: FNAL(CERN)
new sensors+VA1-130nm Combined tests with
28-S LZEI0 -Nov. 07: CERN cont’d final protos of Si
DE‘?Y 19 Gty & -2008: Full size Si detector tracker, calo and TPC
SiN: 1§(§)nm/ V_Al’ pro.; combined tests(small new foundry FE chips,
rtr\:\godulecsm&sct)rrlmz calo, F.C. +TPC,B field) cooling and alignment
_ with various Si prototypes t d hi
90cm strip module P P Protos and new chips

vV P |

2006/ 2007 2008 N |/ 2009 XJ>

Preparation test beam 07:
130nm chips & detector protos

Prepa test beam 09:new chips & new
detector protos, cooling & alignment

To be delivered: VDM FE readout chips to equip test beam prototyp
: Large area Sllicon tracking structure prototypes
Cooling & alignment systems

Series of testbeams Si alone or combined (see Roadmap)
A. Savoy-Navarro, TBILCWhp, FNAL, 011807




SILC Test beams @DESY i1n 2006

First tests at the DESY e- test beam, no magnetic field, performed from October
23 to November 3; this will be pursued around April 07, goals:

» Test the complete new test set-up (modules, read out electronics, DAQ)

» Compare new first FEE prototypes (180nm UMC,wrt to reference: VAL chips
» Measure S/N

module read
out by VAL (ref)

Scintillators |
in coincidence Analogue

telescopes

module read out
by 180nmchips

A. Savoy-Navarro, TBILCW’hp, FNAL, 011807



Detector prototypes

CERN(A.Honma), IEKP-Karlsruhe, LPNHE-Paris, IEHP-Vienna, Hamamatsu

Assembly B8 Assembly:
3 CMS sensors 28 g Viodule = 10
cm strip long LAST sensors
Read out: 90 cm strip long
VA1+180UMC r.o

and all VAl r.o. Bonding

i

b

=
-—
:‘-:n

P MTILLLLLS

bl

\ The full construction done at IEKP

s, -
L ,,,"1' R.O.

2 modules fabricated in Paris, Pitch adapter +
bonding CERN on automated CMS system || YAl + 180UMC
(Collab CERN-LPNHE) provided by Paris

A. Savoy-Navarro, TBILCW’hp, FNAL, 011807



Front-end test chip in CMOS 180nm

>

Preamp CR RC Shaper FoIIoweg Comparator
_/

[ — |

16 identical channels

S wi-ing o ANVIR- 0%
b - i | { &

@ Low noise amplification + pulse shaping
@ Sample & hold
@ Comparator
@ No power cycling yet
A. Savoy-Navarro, TBILCW’hp, FNAL, 011807




Readout Electronics: LPNHE Paris

2 VAl + 4x
180UMC channels:
hybrid R.O. card

under test "\

» VALl r.o. card ready
4VAlT0 » 2 hybrid r.o. cards:

card VA1+180UMC ready
| Both being tested at
Paris Lab test bench

Pitch adapter
AT

LPNHE-Paris

-
A. Savoy-Navarro, TBILCW’hp, FNAL, 011807



DAQ: hardware & software

ﬁ

Trigger

Trigger Logic Unit

TSCOPE SW

SILC SW

Wait for trigger Wait for trigger
Get data From chip Get data from chip

Process and save dat

Process and save data

Correlations: Offline SW

DESY and CU-Prague:
Use of the existing hardware and software
developed by DESY for the beam telescopes
implementing a very basic trigger logic for
connecting the two DAQ systems.

LPNHE-Paris:
Rebuilt its DAQ test bench
To be used both for
»Tests @ Lab t.b. before
»Tests @DESY t.b.
Adapted to
snew R.O. electronics
s and to be linked to DAQ
of the beam telescopes.

A. Savoy-Navarro, TBILCWhp, FNAL, 011807



Tests at the Lab Test bench before DESY

» Complete upgrade of the Paris Lab test bench
» Characterization of the new readout chips (VA1 and 180UMC)
» Characterization of the new Si modules:
- 2 x 3CMSmodule
- One long strip module
» Test of the functioning of the new DAQ hardware
- New command card
- New Altera card
-> Effect of 15 m long cable between Altera & detector R.O.

» Test 2 DAQ’s running in parallel (beam telescope and Si detector R.O.)
» Test analysis packages with Lab test bench runs

All these tests were performed at the Paris Lab test bench since end of
September till October 20.

Tests were pursued at the Lab test bench after the first round at DESY

for further investigations and completion of the measurements.

A. Savoy-Navarro, TBILCW’hp, FNAL, 011807



GLAST module
sitting on the Lab
test bench

Modules and readout electronics were tested

Al (k] H

on Lab test bench in Paris, before going to

DESY., as for example, the GLAST module or

e e
the CMS-4VA1 module >

A. Savoy-Navarro, TBILCWhp, FNAL, 011807 Bousssrdypdavisad @




Preparation for the DESY test beam

October 23 to Nov 5, 2006
Sharing of tasks

Construction of the detector prototypes: CERN, IEKP-Karlsruhe, LPNHE-
Paris & IHEP Vienna, Hamamatsu providing the sensors)

Mechanics: DESY,LPNHE Paris, IFIC Valencia

FE and readout electronics: LPNHE-Paris

DAQ hardware: DESY for beam telescopes, LPNHE-Paris for SILC
DAQ software: DESY, LPNHE-Paris, CU Prague

Test in test bench prior to go to test beam: LPNHE-Paris, IEKP Karlsruhe,
CU Prague,

Beam Telescopes and Beam infrastructures: DESY, OSU Obninsk,
CU Prague, IFCA.
Analysis tools: CU Prague, OSU Obninsk, LPNHE Paris

Participation to the run: HIP Helsinki, IEKP Karlsruhe, OSU Obninsk,
LPNHE Paris, CU Prague, IFIC Santander and contribution of DESY (beam
& telescopes)

A. Savoy-Navarro, TBILCW’hp, FNAL, 011807
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Before leaving for DESY:
the 4VA1l readout card and
the 180UMC+VA1 card are
working fine when reading
out LD1060 signal at the Lab
test bench

CMS-4VAL response to LD1060

LFES
bl

esures_short.vi

CWLC_ACD DESY_2\Meswres_shorbowi
perniére modification ke 18/10/2008 3 18:37
[prime l= 19/10/200¢ 3 08: 16

180nm UMC channel attached to CMS
sensor module: response to LD1060 signal
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i
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Test beam DAQ system in DESY for SILC

- M
BEAM AREA CONTROL ROOM
REMOTE
KEYBOARD
TRIG
Coine  TRIG
Fhoy & a PC
Shaper iE
READY TRIG T
~ |

READY UsB/WVGA

DATA ETHERNET

TRIG
READY
TRIG

ETHERNET
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A. Savoy-Navarro, TBILCW'hp, FNAL, 011807

Test set-up 1: Two CMS modules
First one read out by 4VA1
Second one read out by
VA1&180nmUMC

Test set-up 2: one GLAST module
read out by VA1&180nmUMC




DESY Beam test analysis

| DUT position: measured versus predicted ]

360 | DUT residual plot | Entries ces
Correlation beam | - P
3201 telescopes & Silicon | eo-
Ss00- detector, based on 501
=3
ok the CMS-4VAL | -
: -
5260; mOdU|e 30:_
(&)
240 20(
220 100
L L L1 L L L Ll L ||||||||wu—‘|n‘||||\|\\ n—.ulllmluu‘\.u
20015530340 260 280300 320 340 360 %50 40 -30 -20 10 0 10 20 30 40 50
channel niimher - channel number
m emp
- Entries 4841
M . ;
- Mean 2128 Bias SIN (MPV)
300— voltage
e 200 13.62 +/- 0.33
E 260 15.79 +/- 0.29
200—
- 299 15.70 +/- 0.25
150(— 350 16.52 +/- 0.73
100—
- Signal from the
50—
- CMS-4VA1 module
T R R T —T

SN
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2007 Workpackages for SILC/EUDET

WKP 0: Beam test in DESY (April 2007) with 130nm preprototypes.

WKP 1: Beam tests at CERN (July 2007)= « Rehearsal » for November run:
- 2 modules made of new single-sided sensors
readout: VA1 (ref)+ 130nm(preproto)
- 3D-planar module test

WKP2: Beam test at CERN (Nov. 2007)
- Prototype 60x60cm2, new single-sided sensors, lecture VA1+130nm,
- First test beam of UCSC long ladder + TOT FE readout chip
- Expected to have first alignement systems (Michigan & IFCA)
- Expected to have first cooling system

- Other SILC collaborators will join these beam tests and foresee to bring
other detector prototypes.

A. Savoy-Navarro, TBILCWhp, FNAL, 011807



by Bruce Schumm (SCIPP&UCSC
| CDF Layer00 Sensors | Y ( )

Dimensions: e A: I4Et?E4=:m1
B :0.857.84 cnf : - _ L
Deeon Vol aﬁmwepﬂmv 2-3 psec shaping time plus ~10 daisy
Uniformiy of V'gep: | chained sensors = stringent requirement

Wik on leakage current, bias resistance

Poly re;_Lsmnahm: 4._5 + 0.3 MO _

Single CDF LOO sensor may be satisfactory,

implant strip width ; B um \ g _
implant depth: >lpm but "long” ladder may be single sensor plus
o ?Eﬁfﬁ;‘; f;él'f; lonsfcmt equivalent capacitive load.

thickness of Alstips >l um
resistivity of Al strips; < 2003¢m
RMS {zm) vs. Field Strength/DetectorTilt

13 F

12

—=«— B-Field

—a— Tilted Detector




Implementing new 130 nm chip

Implies lot of work: quite challenging!

« Testing the full functionality: analogue component,
pipeline, digitization included in this chip

| Circuit in 0.13 um technology
|

Amplifier, Shaper, Sparsifier 907350 pmZ Analog sampler 250*100 pm
Charmel n+1 b

Can be used for
“ppi ~
— ' |II||I |III T |||I| |I||| |||II
Channel n-1 .~ - _I : :
reset nal - ----- Ir ;
= “‘Wh
Preamp + . ‘ Ff:‘h‘lﬂ E =
Shapers = :

UMC  CMOS 130nm
A/D 20=200 ) pm

Clack 3-96 MHz

Lavyout of The 130ne chip includeg somplong ond A/D esnveirsion

« Modify the DAQ hardware and software for this new
processing of the detector information.

« Test it on the Lab test bench before going to test beam

A. Savoy-Navarro, TBILCW’hp, FNAL, 011807



Transitions of phase:

From design concept to first demonstrator:
—>  Lab & beam tests with preliminary prototypes

Going from first demonstrators to mini series
(new Si sensors, new r.o. chips)

2007-2008

L,

Advance on novel Si detectors, wiring on-detector technology,
complete signal processing, cabling, alignment & cooling

Construction of the first ‘realistic size’ prototypes

In 2006, the first SiLC test beam has triggered the unification of the
European collaborative efforts.
The 2007 SILC beam tests will include the contributions of Asia and US

A. Savoy-Navarro, SiLC, Valencia, Nov'06



2008 & beyond: combined test beams

e Testbeam with TPC Field Cage &
Magnet strip layer surrounding it: SET(LDC)

, Areawhere ST Test beam with pixel detectors:

detectors (Strip)

couldbeinstalled — t€StS ON internal tracking region &

to give an additional

mdprecise point VEItEX + Silicon tracker

We look for collaboration
with SiLC to design and
obtain these 51
detectors

The lage prototype: Ties Behnke, DESY

Testbeam with Si-W calorimeter & few Silicon
strip layers in front: experience particle flow

"llll

\, \

\ _______--"-_---III T
v EcaL | HC
AE=1.1GeV)

trackey ——— L
| AE=0.2GeV
5GeV Ap=0.002GeV | |
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Test Beam Needs

¢ Recurring access to test beams beginning in early 2008

Study the performance of prototype sensors under controlled beam conditions
Compare performance among design alternatives that may emerge

Perform detailed studies of sensors that are developed

¢ System tests of tracker + calorimeter in 2009 — 2010 (?)

Particle flow “entangles” the tracking and calorimetric measurements
Plan to mount a slice of the tracker with in front of calorimeter modules
Study matching of charged tracks and calorimeter clusters

Measure calorimeter albedo and back-scatter into the tracker

Measure effect of tracker matenial (multiple scattering. production of
secondaries) on tracker + calorimeter measurements

Estimate 2 m of space upstream of calorimeter 1s required for tracker slice

¢ Access to test beam with a high field magnet

Ideally, there would be at least one test beam with a 5T magnet

Need to validate charge collection models and venty sensor performance

A. Savoy-Navarro, TBILCW’hp, FNAL, 011807



Wishlist: what we would like to see

from test beam facilities

Beam telescope and

associated DAQ and trigger logic
General DAQ framework

High Field magnet > 3 Teslas

Mechanics workshop access and support for last minute
needs during installation

3D Table(s) to install and properly move the prototypes wrt
beam.

Easy access to computing facilities and LabNet

Control room(s) with enough space (for several users) and
needed infrastructure: racks, computing, storage places

Lab staff responsible for the good running of the test beam.
Crane to install and move heavy prototypes.
A good coffee machine: NESPRESSO, what else???
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