ATLAS Silicon Microstrip Tracker Operation
P. Vanko#
a University of Liverpool, L69 7ZE, United Kingdom

peter.vankov@cern.ch

On behalf of the ATLAS collaboration

Abstract (arrays of gaseous straw drift-tubes). Each of the three ID sys-
tems has a central barrel section and two end-caps in the forward

The ATLAS experiment at the CERN Large Hadron Colliddf9!0ns.

(LHC) has started taking data last autumn with the inauguration

of the LHC. The SemiConductor Tracker (SCT) is the key pre-

cision tracking device in ATLAS, made up from silicon micro- Muon Defectors  Tile Calgrimater  Liauld Aj Catorimeter
strip detectors. The completed SCT has been installed insi '
ATLAS. Since then the detector was operated for many mont
under realistic conditions. Calibration data has been taken a
analysed to determine the noise performance of the system.
addition, extensive commissioning with cosmic ray events hi
been performed both with and without magnetic field. The cu
rent status of the SCT will be reviewed, including results fror“‘

the latest data-taking, and from the detector alignment. y
. INTRODUCTION /
/ I \
ATLAS (A Toroidal LHC Apparatus) [1] is an experiment Toroid Magnets ~ Solenoid Magnet ~ SCT Tracker Pixel Detector TRT Tracker
designed to explore the4 TeV, 40 MHz proton-proton colli-
sions at the Large Hadron Collider [2] in CERN, Geneva. The Figure 1: The ATLAS experiment.

unprecedentedly high collision energy and the designed lumi-
nosity of103* cm~2s~! at LHC will eventually allow discovery

of possiblenew physicsat the TeV scale. ATLAS will exploit
the full physics potential of LHC but will mainly focus on the
discovery of the Higgs boson, Super Symmetry (SUSY) ar *
extra dimensions. A complete study of the expected ATLA
physics discovery performance can be found in Ref. [3].

ATLAS is the largest ever built high-energy physics experi
ment. It has a cylindrical shape witlh m in length and®5 m in
diameter and weighs 7000 t. It comprises of three basic sub-
systems: the Inner Detector, housed in a solenoid creating mi
netic field of2 T, the Calorimetry system (hadronic and electro
magnetic) and the Muon Spectrometer with its associated sup21m
conducting toroidal magnets applying magnetic field.6fT. A
cut-away view of the ATLAS experiment is presented in Fig. 1
the various subdetectors are labeled.

The ATLAS Inner Detector (ID) [4] has to provide excel- End-cap semiconducfor tracker
lent momentum and vertex resolution for particles with pseudo- .
rapidity |n| < 2.5. At the same time it must cope with the
high interaction rates and particle fluxes at the interaction re- Figure 2: The Inner Detector of ATLAS.
gion. For this itis designed to incorporate high granularity, radi-
ation hardness and fast responsiveness. As shown in Fig. 2, the
IDis c_;omposed of three sub_systems placed irRtiesolenoid: 1. THE SEMICONDUCTOR TRACKER
the Pixel detector, the SemiConductor Tracker (SCT) and the
Transition Radiation Tracker (TRT). The Pixel detector (silicon The ATLAS SemiConductor Tracker is built @b88 sili-
pixels) forms the inmost, closest to the interaction point layeradn modules arranged ihcylindrical barrel layers, ant’ end-
the ID, followed by the SCT (silicon microstrips) and the TR€ap discs. The pseudorapidity region covered by the SCT barrel
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part, consisting 02112 modules, includeg)| < 1.1to 1.4, de- Ill. SCT COMMISSIONING AND CALIBRATION

pending on the layer, whereas the end-caps, Wit modules . . ,
in total, extends this region up {g| < 2.5. The barrel inner- The installation of the SCT detector in the ATLAS setup ran

most radius i30 cm and the outermost, common for both thi® WO stages. First, the SCT barrel was inserted in the ATLAS
barrel and the end-capsi§ cm. Along the beam axis (the Cavern in August 2006, then in April 2007 the end-caps were
direction) the barrel takes) cm from both sides of the collision@dded. Post-installation and commissioning tests took place af-
point. The two symmetrical groups 6fend-cap discs, labeledte' the positioning of the SCT. The electrlcal connections (hrgh_
as end-capA and end-caB, are positioned along between and low voltage, temperature readrngs) were tested. The opti-
85 cm and272 cm. In total, SCT integrate§l m? of silicon cal connections (p-i-n current, light from fiber at the Readout

micro-strip sensors with.3 million readout channels. Driver, fiber connections and module mappings) and the cool-
ing performance were examined. Finally, the SCT barrel was

The design of th_e barrel a_nd end-cap SCT modules is Si@\tjned-oﬁ in April 2007 and the end-caps in February 2008, re-
lar. The difference is mostly in the shape. The barrel modu ctively.

are completely identical [5], whereas the end-cap ones ate in . )
In March 2008 the SCT joined the ATLAS combined M6

variations [6]. A typical SCT module, see Fig. 3, is builtdf s )
pairs of silicon (p-on-n) microstrip sensors, glued back-to-baMl'esmne run with most other sub-detector systems and with

at an angle ofil0 mrad. There ar&68 silicon strips per mod- all trigger levels. After succeseful integration with the central
ule side (1536 per module) at a pitch & um for the barrel DAQ. SCT started taking cosmic data.

and from57 pum to 94 um for the end-cap modules. This mod- In May 2008 a cooling plant failure occurred, which put the
ule architecture allows achievement of space-point resolutiorS@T out of operation. The incident affected three out of the
17 pm in the R¢ and580 um in z directions. A nominal bias six compressors of the ID cooling plant, which is common for
voltage of150 V is applied to the silicon strips. The modulgéhe Pixels and SCT. Three months later, at the end of August
power consumption i5.6 W (without irradiation). 2008, the damaged compressors were replaced, and since then

The readout is performed by 6 128-channel ADCD3Te cooling is functional and works without problems.
chips [7] on each side of the module, fabricated in radiation For the launch of the LHC onoth of September 2008 with
hard technology DMILL. The data signals, processed by tbigculating proton beams in both directions at an injection en-
chips are pre-amplified, shaped, discriminated (compared tergy of 450 GeV, the SCT was calibrated again and ready for
nominal threshold of fC) and finally digitized; binary output operation. First detected beam events, see Fig. 4, were caused
is delivered. The communication of the module with the offy splashes of the protons at a collimator close to ATLAS. For
detector electronics is realized through optical links. The optfety reasons the SCT barrel was turned off and only the end-
electronics used for this includes VDC chip [8] (drives the |aS§éps were left to function at a decreased voltage\(2@nd a
diodes) and DORICA4A chip [8] (receives the clock and corpaised threshold (1.£C).
mand data from the light-sensitive diode).

For a successful0 years operation at the harsh radiation en-
vironment at LHC, the SCT modules must withstantl lleV ~_ *7ecombeampishon e T beamplesh event ATLAS Prefiminery
neutron equivalent fluence @fx 10'* cm?. To limit the radia- = o i f li! |' 1' ‘ .'i ‘l I 1 H "
tion damage effects, such as reverse annealing and leakage | Rkl Ll i
rent, and to decrease the noise levels, the SCT detector is co
to —7°C. The cooling is performed by evaporativgfg-based
system.
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BeO facings (far side) Figure 4: An LHC beam splash event frort of September 2008
as detected by the SCT end-caps. The number of reconstructed space-
points is shown.

Hybrid assembly

p-in-n singled-sided sensors
back-to-back gluing

Slotted washer

40 mrad stereo
From October until December 2008 SCT took part in the
extensive ATLAS global cosmic run. All ATLAS subsystems
were on and collected data synchronously. Different magnetic
field configurations were applied (solenoid - on/off, toroids -
on/off). In addition, there were also dedicated ID-only runs in
which SCT worked in conjunction solely with the Pixels and
Connector the TRT. In total more thaf million cosmic muon tracks were

1.2% Xo

Bascboard TPG

Silicon sensors Datum washer

BeO facings (cooling side) accumulated in ATLAS during this period, both with magnetic
field on and off. Out of these2 million tracks (1.15 million
Figure 3: A drawing of the SCT barrel module. with solenoid switched on an@88 million with solenoid off)

crossed and were reconstructed in the SCT. An example of a
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cosmic ray event traversing the SCT, Pixels and the TRT is given

in Fig. 5.
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Figure 6: SCT barrel hit efficiency (4 layers, 2 sides - inner and outer).

B. Noise

The noise performance of the SCT is illustrated on Fig. 7
where the distribution of the (log of) average noise occu-
pancy per chip of the SCT barrel, middle and outer end-caps
is presented with nominal values of the threshold@) and
bias voltage (150v). The dashed line indicates the TDR noise-
occupancy requirement limit &f x 10~%. It can be seen that
all the measured values are well below this limit. The inner and
middle short end-cap modules are not shown since for them the
average nhoise occupancy was below the sensitivity of the per-
formed tests.

Figure 5: A cosmic ray event with hits in the SCT, Pixels and the TRT.
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IV. PERFORMANCE

Throughout the cosmic data-taking in October - Novemk
2008 SCT operated with9.6% of its barrel and97.8% of its
end-cap modules. The main reason for the inefficiency we
2 problematic cooling loops. As of today, one of the collin
loops is completely recovered; the other one is affected b
non-accessible leak and consequently 13 end-cap modules
stay permanently non-operational.

Number of chips

A part of the disabled modules were down due to issu
with the off-detector transmitter boards. It is believed that tl
problem is now understood; it was caused by electro-static ¢
charges at the VCSEL boards (used to transmit clock and cc
mands to the modules). Currently all broken VCSELs are |
placed.

A. Efficiency
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Outer endcap: 3.32e-05
Middle endcap: 2.25e-05

ATLAS Preliminary
SCT Calibration
Dec. 2008
Endcaps: -4.5°C
Barrel: 4.5 °C
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Figure 7: Noise occupancy averaged over chips in SCT barrel, SCT

middle and outer end-caps. The specification limis of 10~ is indi-
Figure 6 shows the intrinsic hit efficiency of the SCT barrehted with dashed line at the right-hand side of the plot.

measured with magnetic field. The muon tracks were required
to havel0 SCT hits,30 TRT hits and a¢?/DoF < 2. On aver-
age the barrel hit efficiency is found to B 75%. The end-caps
showed lower averaged efficiency values~ob9% because of
unproper timing with respect to the trigger.
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C. Lorentz angle

7\\ ‘ L ‘ TTTT ‘ TTTT ‘ TTTT ‘ T 1T TTTT TTTT T TT
I @ Aligned geometry
u=-1um, 6=30um

Another important quantity measured during the 2008 cc 525000

mic tests was the Lorentz angle. This is the track incider
angle leading to a minimum cluster size. Cosmic muons t
verse the silicon sensors at different angles, thus allowing  :
cise determination of the Lorentz angle. The measured (w
and without magnetic field) mean cluster size as a functi 515000
of the incidence angle is fitted and plotted in Fig. 8. Trg
Lorentz angle (for magnetic field on) is then defined by tt 2
position of the function minimum, resulting in the value c 10000
3.93° £0.03°(stat.)£ 0.10°(syst.). This value is in good agree

ment with the predicted by Monte-Carlo simulation value «

3.69° + 0.19°(syst.). When there is no magnetic field applier 5900
the Lorentz angle is found to be in the vicinity of O degrees,

b

& MC perfect geometry

20000 n=0um, c=24um

o Nominal geometry
u=-5um, c=123um

of hits on tracks

ATLAS Preliminary
SCT Barrel

expected.
s o S OO LSRR I RN fic-- AR -
-04 -03 -0.2 01 -0 01 02 03 04
X residual [mm]
Figure 9: Tracke-residuals for SCT nominal, aligned and perfect (MC)
geometries.

I e e e B I A S s
‘» 1.6 + Cosmics, wi B-field (run 91900) =
6 = j{t:é: o Cosmics, no B-field (run 92057) ) =+
4‘;)‘ C -+ . MC Cosmics, w/ B-field +:F -
3 155 =+ - MC Cosmics, no B-field + ot VI. CONCLUSION
() :zr’lll, jT:—c» - *;T:T . . .
& 1.4 *L; 4 - The ATLAS SemiConductor Tracker was successfully in-
[ T} ] stalled, commissioned and calibrated. Extensive tests with cos-
< 1.3 ’ — mic rays carried on in the autumn of 2008 proved that the detec-

i . tor is in excellent condition and meets the design specifications.

1.2 = The encountered problems were solved in due time. The SCT is
- ATLAS 1 now ready for the expected LHC restart in November 2009.
1.1 SCT Barrel ]
- Preliminary ]
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