
     

• During the past three years data taking the SCT achieved a 
high operating efficiency with 99 % of operational strips. 

• The SCT Data Acquisition System also achieved a high 
performance. Sources of inefficiencies were studied and reduced to the 
minimum among which the main ones were module desynchronization 
and data corruption due to single-event upset in the chips.

• Error Rate was monitored online and typically it was found to be 
~0.2 % of the total number of readout links. An error rate reduction 
was achieved by:

✦   Single module automatic reconfiguration
✦   Global reconfiguration every 30 minutes of data taking 

• SCT ROD busy can inhibit all data taking, hence an automatic 
recovery system was put in place:

✦  A busy ROD is automatically excluded from the run and 
then re-introduced back into data taking after all modules 
have been reconfigured reducing the impact on data 
quality.

• Irradiation of silicon sensors results in damage in the bulk silicon and the dielectric layers with main effects:

•  increase in the leakage current of the sensor 
•  a change in the effective doping concentration

✦ trapping affecting the collected charge• The Increase in the Leakage Current, as expected, was observed to be correlated with the increase in luminosity. It was 

compared with FLUKA according to the Hamburg/Dortmund model [6]. The variation of leakage current per volume unit has a 

linear dependance on the fluence φ: where α is the actual damage constant. The temperature normalization was 

chosen to be for all L.H.C. experiments 

• Leakage current of the SCT module has been monitored using HV current in Detector Control System database. 

• Excellent agreement was found between data and model for the barrel.
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• Data Quality needs to be ensured during operations. The SCT has its own monitoring tool developed as an analysis software algorithm that it can be run both online and offline. 

• Online: by running the full track reconstruction it ensures tracking and DAQ quality fall within the accepted range. It also allows for rapid investigation of problems during data taking.

• Offline: the monitoring tools ensure that, after every run, only the portion of data that satisfy strict quality criteria are selected (99.6 % in 2011 and 99.3 % in 2012) 
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• The Atlas Silicon Microstrip Tracker (SCT) consists of [1]:
• 61 m² of silicon with 6.2 million readout channels
• 4088 silicon modules

✦ 4 Barrel layers and 18 Disks (9 in each of the two Endacaps)
✤ Barrel: 2112 modules (1 type) with coverage |η| < 1.1 
✤ Endcaps: 1976 modules (4 types) with coverage |η| < 2.5

• Two pairs of identical single-sided p-on-n silicon 
micro-strips  sensors (80 μm strip-pitch) which are 
glued back-to-back.

• Stereo angle of 40 mrad between sides
✦ 3D space point information

• Space point resolution rᵩ ~16 μm / rZ ~580 μm
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Figure 15: The SCT local x residual distributions for the jet trigger data sample reconstructed with the

Autumn 2010 Alignment (full circles), compared with the dijet MC simulation sample (open circles). The

distributions are integrated over all hits-on-tracks in barrel modules (left) and end-cap modules (right).

Tracks are required to have pT > 15 GeV.

alignment.

Figure 22 shows the mean of the transverse impact parameter distribution as a function of the track

pseudo-rapidity !. A systematic bias of the transverse impact parameter of !10 µm can be seen at large

negative !. This is indicative of a small systematic misalignment of the ID in this region biasing the

impact parameter component of the track reconstruction. It also explains the small distortion (below 10

µm) observed in the end-cap C plot of Figure 21.

8 Conclusions

The ATLAS Inner Detector tracking system was aligned using 2010 LHC proton-proton collision data at

a centre-of-mass energy of 7 TeV, as well as cosmic-ray tracks recorded between LHC collisions. The

alignment approach used is a track-based algorithm that minimizes a "2 based on track-hit residuals.

Di!erent alignment levels were defined corresponding to the detector assembly structures. The track

statistics were large enough that, ultimately, individual detector elements were aligned: pixel and SCT

modules and TRT wires. Moreover, the pixel barrel module distortions were also used.

The use of the 7 TeV collision data allowed for the selection of a large sample of high pT tracks,

minimizing the material e!ects in the tracking and maximizing the sensitivity to the alignment e!ects.

Although the estimation of the tracking systematics associated with the alignment has not been attempted

yet, the use of collision and cosmic-ray data in combination limits the susceptibility of the ID alignment

to weak modes (global systematic misalignments which, for tracks originating at a common interaction

point, leave the tracking residuals unbiased).

The results show a large improvement of the alignment precision when compared to the previous

alignment [7] (based on 900 GeV collision data). The improvements are evident also in the maps of the

residual means, which after the alignment do not exhibit any internal structure of the detector components

(silicon modules and TRT wires). These improvements have been also quantified, being 13, 13 and 38

µm for the pixel, SCT and TRT barrel parts respectively. Furthermore the current alignment precision is

4 and 10 µm for the pixel and SCT barrel sensors respectively.

For 2011, an increase of the LHC luminosity will allow for the collection of enough track statistics

in order to attempt a complete ID alignment for shorter data taking periods, thus enabling the study of a

time dependence of alignment and a possible correlation with detector events (cooling loops and magnet
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I = αφ

• Alignment is performed with cosmic and collision data by minimizing the χ² 
of track hit residuals.
• For collision data, tracks with pT > 15 GeV are selected from a jet trigger to 

minimize multiple scattering effects. 
• From the comparison of hit residuals and reconstructed track parameters 

(transverse momentum, impact parameters) between data and a perfectly 
aligned MC simulation, misalignment effects can be assessed. Excellent 
agreement was found in the residual distributions for both Barrel and Endcap 
[5]. The resolution in the Z → μμ invariant mass distribution, from tracks 
reconstructed with the full Inner Detector, is very close to the expectation from 
MC [6].

TREF = 0 ◦C

• The Efficiency is constantly monitored. The intrinsic hit efficiency, ε, 
defined as the ratio of the number of hits on any given track, with transverse 
momentum higher than 1 GeV, over the sum of holes and hits [4]:

A hole on track is defined as track point where a hit is expected but not actually 
recorded. As expected a small decrease in the hit efficiency was observed in 
2012 with respect to early data taking. The higher track multiplicity increases the 
probability of tracks sharing hits, reducing artificially the efficiency. It is shown that 
the SCT hit efficiency, for all barrel layers (and sides), is above 99.7 % for 
combined tracking (requiring at least 7 silicon hits)[2].

• Noise occupancy is defined as the probability to record a hit only due to 
noise. It is measured both online and offline by the monitoring tool in empty 
bunches. The dashed line shows the design specification (5 × 10⁻⁴) and no entries 
are found beyond that threshold [3].

ε = Nhits
Nhits+Nholes

2008 JINST 3 S08003

Figure 4.7: Photograph (left) and drawing (right) of a barrel module, showing its components. The
thermal pyrolytic graphite (TPG) base-board provides a high thermal conductivity path between
the coolant and the sensors.

thermal and mechanical structure. This extends sideways to include beryllia facings. A polyimide
hybrid [78] with a carbon-fibre substrate bridges the sensors on each side. The two 770-strip (768
active) sensors on each side form a 128 mm long unit (126 mm active with a 2 mm dead space).
High voltage is applied to the sensors via the conducting base-board.

Precision alignment criteria were applied during assembly: the assembly tolerance as well as
the achieved build accuracy are shown in table 4.7. The important in-plane tolerance for positioning
sensors within the back-to-back stereo pair was < 8 µm and the achieved variance was 2 µm. In
the module plane, no additional distortions were measured after thermal cycling. Out-of-plane, the
individual components and the assembly jigging and gluing determine the module thickness and
the intrinsic bow of the sensors determines the out-of-plane shape. A common distortion profile has
been established for the sensors at the level of a few µm and a module thickness variation of 33 µm
was maintained during fabrication. Following thermal cycling, the out-of plane distortions changed
by a few µm (RMS). When cooled from room to operating temperature, profile deviations did not
exceed 20 µm, even at the sensor corners not supported by the base-board.

Figure 4.8 shows the construction of an end-cap module [68]. There are three module types,
as shown in table 4.7. Each of the 1976 modules has two sets of sensors glued back-to-back around
a central TPG spine with a relative rotation of±20 mrad to give the required space-point resolution
in R-φ and R. The module thickness is defined by the individual components and variations are
compensated by the glue thickness (nominally 90 µm). The TPG spine conducts heat from the
sensors to cooling and mounting points at the module ends and serves as the bias contact to the
sensors. Glass fan-ins attach one end of the spine to a carbon base-plate with the polyimide flex-
hybrid glued to it. The modules are arranged in tiled outer, middle and inner rings.

The precision alignment criteria applied to the end-cap modules were similar to those of
barrel modules. The RMS spread of the module survey measurements after construction was 1.6
µm in the back-to-back position of the stereo pair, measured transverse to the strips, and 2.8 µm
in the position of the mounting hole and slot measured transverse to the strips. In the module
plane, no additional distortions were measured after thermal cycling. Out of the plane, the end-
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line, given the peculiar conditions of its onset. No sign of this
behaviour is seen in the Hamamatsu modules.

VI. PERFORMANCE

In the 2012 data the charged track density is much larger
than the corresponding data in 2011 and 2010. In particular,
the proton-proton collisions, with more than 30 interactions
per beam crossing, start to approach the track density of non-
central heavy ion collisions. Depending on the instantaneous
luminosity and on the Physics trigger, the space average of
the SCT hit occupancy in p-p collisions peaks to about 2%
per bunch crossing. The average hit efficiency for combined
SCT tracks is 99.6%, but this number depends on the total
number of tracks in the event and on the details of the
pattern recognition algorithm, which do not assign hits to more
than one track. The efficiency per barrel layer is shown in
Fig. 3. The inner tracker alignment issues have been reported
elsewhere in these proceedings [9].

VII. RADIATION DAMAGE

For the barrel region the SCT reverse current is in very
good agreement with the calculations based on the luminosity
profile and the temperature history. For the end-cap modules
the agreement is less good but still within 25%. The 2012
data are being analysed. The SCT is still far from reaching
the type inversion. At the present delivered luminosity the
radiation damage can be displayed on-line from fill to fill.
Even during the same data taking period the silicon detector
current displays a clear increase, due to radiation damage.
The beneficial annealing during technical stops are also clearly
evident from on-line data.

VIII. CONCLUSIONS

The ATLAS Semi Conductor Tracker is taking excellent
data, with ≥ 99.5% hit efficiency, 99.3% of the data have
an absolute SCT coverage larger than 98.2% . The main
reasons for inefficiencies were presented, together with some
highlights on operating difficulties, which we had to cope
with in 2012. The radiation damage of the SCT is closely
following the expected profile. The LHC will stop operations
for maintenance and for energy upgrade to 14 TeV in February
2013, for about two years. During this time the SCT will
upgrade the data acquisition system to cope with higher
occupancy for a collision pile up of up to 80 events per
crossing.
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