EUDET-Report-2006-06

SILC R&D: design, present status and perspectives

M. Lozano
Centro Nacional de Micr oelectronica, IMB-CNM/CSIC, Barcelona, Spain

R. Orava, N. van Remortel
Department of Physical Scienes, University of Helsinki and Helsinki Institute of Physics, Helsinki, Finland

M. Frey, F. Hartmann, Th. Muller
Institut fur Experimentelle Kernphysik, Karlsruhe University, Germany

V. Saveliev
Obninsk State University of Atomic Energy, Department of Applied Mathematics Obninsk, Russia

Ph. Bailly, M. Berggren, G. Daubard, J. David, T.H. Hung, J.F. Huppert, D. Imbault,
F. Kapusta, H. Lebollo, Ph. Repain, F. Rossel,A. Savoy-Navarro, W. Da Silva
Laboratoire de Physique Nucleaire et des Hautes Energies, Universites Paris 6 et 7/CNRS-IN2P3, France,

Z. Dolezal ¥ Z. Drasal, P. Kodys, P. Kvasnicka, D. Sceirich
Charles University, Faculty of Mathematics and Physics, V Holesovickach 2, Prague, The Czech Republic,

M. Fernandez,C. Martinez Rivero, A. Ruiz, I. Vila
Instituto de Fisica de Cantabria (CSIC-Cantabria University), Santander, Spain

J. Fuster, C. Lacasta Llacer, P. Modesto
Instituto de Fisica Corpuscular (IFIC), Universidad de Valencia - CSIC, Valencia, Spain

Th. Bergauer, M. Krammer
Institute of High Energy Physics, Austrian Academy of Sciene, Vienna, Austria

1 Decenber 2006



EUDET-Report-2006-06

Abstract

This paper briey describesthe main R&D objectivesthat are undertaken within
the international R&D collaboration SiLC aiming to build the next generation of
Silicon tracking devicesespecially in the caseof the ILC.

1 Intro duction

Over the last decadea consensudas emergedin the comnunity of particle physicists
that a high-luminosity high-energyelectron-positron collider (now known asILC - Inter-

national Linear Collider) is an essetial stepon the road of understandingthe standard
model of particle physicsand its limitations.

The enormousstatistical power of the ILC madine and the favourable badkground con-
ditions should be matched by a precisiondetector which is capableof taking collision
data with the least possibleintroduction of biasesand systematicerrors. The required
resolutionsare challenging for most of the subsystems.In particular the reconstruction
of hadronic nal statesrequiresan unprecedeted jet energyresolution. Currently sev-
eral overall detector conceptsare studied. The main di erences are in the choicesfor
charged particle tracking and in the magnetic eld and inner radius of the electromag-
netic calorimeter. The SiD [1] conceptemploys a5 T magnetic eld and an all-silicon
tracking system. The LDC [2] concepthasa 4 T eld and relieson a large time pro-
jection chamber (TPC) supplemerted by few layers of silicon detectorsfor tracking. In

the GLD [3] concepta 3 T magnetic eld is compensatedby an ewen larger calorime-
ter radius. While both in SiD and LDC a Silicon-Tungstenelectromagneticcalorimeter
(ECAL) with 1 cn? cellsis foreseenGLD relieson a scirtillator - TungstenECAL with

crossedl4 cn? scirtillator tiles. Recertly 4" concept[4] was presened di ering namely
in calorimetry and muon system.

The requiremerts for chargedparticle tracking aremainly high e ciency, robustnessand
good doubletrack resolution. Heremomertum resolutionis lessimportant. Howewer for
someimportant physics channelsvery high momerntum resolution ( (1=p) =5 10°
GeV 1) hasto be achieved, appraximately a factor v e better than acieved at LEP.

The current ideasare descrited in the following sections.
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2 Silicon Tracking at ILC

Two complememary approadies to achieve requiremens posedon the ILC detector
tracker are pursued: Silicon strip detectors which give a small ( 5) number of very
precise (few micrometers) spacepoints or a huge TPC with at least 200 spacepoints
of moderate (< 100 m) point resolution. In the caseof Silicon tracking the major
challengesare to achieve the desired point resolution with a minimum of material to
reducemultiple scattering and photon corversions.

In the existing detector conceptsvarious options are proposed: the SiD conceptintends
to usepurely silicon as a sensortechnology for most sub-detectorsystems. The SiLC
collaboration [5] has proposedfor the detector conceptsthat have a TPC as certral

tracking (i.e. LDC and GLD concepts)to completethis tracking systemby a systemof
Silicon trackersthat is called the "Silicon envelope" [6]. It consistsof silicon sensordan
the endcapregion (ECT), in the innermost certral (SIT) and forward (FCH) parts and
in betweenthe TPC and the certral e.m. calorimeter (SET).

Silicon layers surrounding a TPC could provide for improved momertum resolution,
improved interfacing to the calorimeter and vertex detector, and act asa robust ducial

for the calibration of the TPC (seeFig.1). On the other hand, currert all-silicon tracking
designsare expectedto exhibit a precisionfully competitiv e with that of gaseougracking
options, while o ering the potertial for a substartial savings in material (particularly

in the forward direction), a more straight-forward calibration procedure, and greater
resistanceto badkgroundsand aging.

Figure 1. E ect of supplememary silicon tracking on the momertum resolution as a
function of angle (left) and momerium (right)
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3 Sensas

The current conceptof a silicon tracker utilizes state-of-the-arttechnologiesin all aspects
of the design. In the sensorpart, the baselineconsistsof microstrip sensorspuilt from
larger sizewafers(at least wafer of 8 inches), singleand double-sided,and thinned by a
factor 2 or 3. Thereforethe thicknessof sensorsplannedfor ILC is a matter of studies.
Howewer, new pixel technology might be of interestin particular for the secondayer near
the vertex detector in the certral inner part. Currently similar sensorsfabricated for
Glast and CMS are being usedfor module building. Designand production of dedicated
SILC sensorsds planned for 2007.

4 Electronics

The readout electronic system should not degradesigni cantly the intrinsic detector
performancewithin the ervironment of the ILC detectors, matching therefore se\eral
constrairts: comply the duty cycle of the ILC madine, ensurean electronicsMIP to
noiseratio of 25at 3 sshapingtime, provide a cortinuousstreamof losslessompressed
digital data at the end of eatr bunch train. At the sametime the electronicsshould
dissipate a total averagepower under 15 W, minimize the on-detector total material
regardingtransparencyto radiation and ensurethe reliability of the whole system.
The general architecture of the front end chip (seeFig. 2) is basedon a low noise
preampli er, a pulseshaper, a zerosuppressiondecision,a sampling analoguepipe-line,
an analogueto digital corverter, a digital bu er, an internal calibration, and a power
switching circuitry for power cycling. Two rangesof shaping times are implemerted,
namely a "slow" shapingtime between500ns and a few s, and a "fast" shapingtime
focusingon afewtenths of ns, in orderto obtain aroughmeasuremenof the z coordinate
along the beamaxis. This fast shapingtime could also be usedto provide a ne BCO
tagging in caseof high occupancyin someregions. As one of the rst results of the

Figure 2: Front end architecture of a proposedSiLC chip

SILC R&D program, a test chip in 180 nm CMOS technology has been designedand
tested. Results have beenencouragingconcerningthe main speci cations sud as noise
and power. It conrms that a power dissipation belov 1 mW/c hannel for the system
from the preampli er to the end of the front-end chain descriked above is achievable [7].
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Notation sensor pitch [ m] total length [mm] FE electronics

A GLAST 228 900 228nm + VA1l
B CMS 183 283.5 180nm + VA1l
C CMS 183 283.5 VAL (reference)

Table 1: Characteristicsof the module prototypesand their assaiated F.E. electronics

Thesechips have beenbuilt into two modulesand their performanceunderrealistic beam
conditions is under study. As a further step, prototype chip in the 130 nm technology
was designedand producedand it is now under tests. If successfuljts versionfor 128
channelswill be submitted and built into module prototypesin 2007.

5 Mechanics and alignment

The aims of the R&D on medanics are low material budget, easinesf construction
(simple modular structure, transfer to industry), robustness,low cost and easyinte-
gration issues. Various geometry options are under studieswith the help of simulation
systems. Simplicity of construction is foreseento be achieved thanks to seeral inno-
vative features (the large size of the sensorsthe front-end chip directly sitting on the
detector).

The conceptualdesignof infrared laseralignmert systemis built on its successfubppli-
cation to the AMS-1 tracking system[8], and on the current dewelopmerts for the CMS
silicon tracker alignmert. According to the AMS experiencefew micron precisioncan
be achieved.

6 Mo dule protot ypes

Seweral modules have beenbuilt using various sensorand chip generationsduring last

years. Summary of 3 recent prototypesis at the Table 1. Here se\eral featuresforeseen
for the nal detectorhavebeenimplemerted (both medanicaland electronic)to evaluate

their performanceand usability.

The modulesbuilt have beentestedat a test bend in Paris using signal generatedfrom

laser stimuli.

7 Beam test

Further performanceewaluation hasbeendoneat the rst SiLC beamtest which took
placein October 2006in DESY, within both the SiLC R&D program and the EUDET
E.U. project [9]. Here moduleswere placedin the specially designedFaraday cageand
testedin the beamof 1-6 GeV positrons. The beamposition wasmonitored by the set of
telescopes(6 planesof 50 m pitch strip detectors). The track precisionin the setupused
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has beenlimited by seweral factors, namely by multiple scattering of low-energybeam
and not optimised geometry The detailed analysisof the beam data hasonly started,
but one can state already now, that the precision obtained was su cient to reliably
distinguish between true hits and noise everts and already allowed to determine the
signal-to-noiseratio for the referenceprototype. The main goal, though, is to achieve
the sameresults with the two other modules that are read out with the new 180nm
UMC chip. Regardlessto its limitations the 2006 beam test was very important in
dewelopmen of test methods, DAQ syndironisation, evert matching, analysissoftware,
etc. The methods deweloped will be usedin future beamtests planned both at DESY
and CERN.
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