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The LHC and ATLAS

• The Large Hadron Collider (LHC) is a 
p-p collider with √s = 14 GeV

• Design luminosity of 1034 cm-2s-1.

• First circulating beam planned for 10/9

• ATLAS is a general-purpose detector

• Inner detector for tracking, inside 
2T Superconducting Solenoid

• LAr EM and forward hadronic calo

• Steel and scintillator tile hadronic 
calorimeter.

• Air core toroid in muon system.
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The Inner Detector

• The Inner Detector is made up of:

• Pixels

• SemiConductor Tracker (SCT)

• Transition Radiation Tracker (TRT)

• The SCT is made up of

• four barrel layers 1.5 m in length 
with radii of 30 cm to 52 cm

• nine disks on each side of the 
barrel, at z = ± 84 to 279 cm.
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• Barrel consists of 2112 modules, for a surface are of 34.4 m2.

• End Cap consists of 1976 modules, for a surface area of 26.7 m2.

• Coverage is |η| < 2.5, with the barrel covering |η| < 1.1 to 1.4.
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SCT Modules

• Single-sided p-in-n microstrip sensors, 285 µm 
thick, manufactured by Hamamatsu and CiS.

• Strips with 80 µm pitch for barrel sensors, 57-94 µm 
for end cap sensors, AC-coupled

• Two sensors back-to-back (except in inner end-
cap, short middles) result in about 12 cm strips.

• Two pairs of sensors are attached to each module 
at 40 mrad stereo.

• Binary readout of 1536 channels

• 17 µm rϕ, 580 µm r or z nominal resolution

• able to withstand a dose of 2×1014 1 MeV-   
neutron-equivalent / cm2

• Sensors operated at -7C to freeze out           
reverse annealing
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End-cap C in the UK, prior to both assemblies being
transported to CERN for integration into the ATLAS
Experiment.

2. Layout of the ATLAS silicon tracker

This section describes the arrangement of tracking sub-
detectors employed in ATLAS to measure charged particle
3-momenta, determine their charge, reconstruct secondary
and tertiary vertexes, and identify interactions with the
material in the tracking volume.

2.1. Physics goals of the ATLAS silicon tracker

The ATLAS Inner Detector (ID) is 2.3m in diameter,
7m in length and consists of the Semiconductor Tracker
(SCT), with the Pixel detector within it and the gaseous/
polypropylene foil Transition Radiation Tracker (TRT)
surrounding it [3]. The ID sits within a 2T magnetic field,
provided by the superconducting central solenoid, inte-
grated inside the cryostat of the Liquid Argon electro-
magnetic calorimeter.

The very high interaction rate at full luminosity and the
high energy of jets, lead to requirements of both high
granularity and high spatial resolution. These effectively
determine the strip dimensions, given also that the ABCD3-
TA [6] read-out chips give a binary read-out with a variable
threshold typically set to 1 fC for unirradiated operation. The
resolution requirements for isolated tracks are set by the
transverse momentum precision of p30% at 500GeV
discussed above. In practice, this is readily achieved by
measuring four space points along the track with the 16mm
resolution in the f coordinate provided by the 80mm pitch
(two sided with 40mrad stereo) of the SCT modules, even
without the charge interpolation possibilities which would
come from analogue read-out. More severe are the require-
ments on the granularity to maintain typical hit occupancies
of order 1% or below, even within high pT jets. Also, because
the capacitive load on the ABCD3TA chips cannot exceed
18pF if noise of 1500e! ENC is to be achieved, the length of
the strips cannot exceed 12cm for 1.2 pF/cm capacitance
(when also allowing for fan-in and bonds).
The layout described below was chosen to ensure at least

four space points in the SCT (where the orthogonal
coordinate to f measurement comes from the small angle
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Fig. 1. Exploded view of an SCT end-cap module showing the different components.

Fig. 2. ATLAS SCT end-cap modules. From left to right: outer, middle and inner. There is a fourth type, the short-middle, that follows the design of a
middle module with only one pair of silicon sensors.

A. Abdesselam et al. / Nuclear Instruments and Methods in Physics Research A 575 (2007) 353–389356



• Fault-tolerance schemes
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Front-End Electronics

• A hybrid contain 12 ABCD3TA chips, six on 
each  side, to read out 128 strips each.

• ABCD3TAs fabricated in DMILL technology,

• Binary readout: need to tune threshold

• Can trim the thresholds per channel

• Can inject test charges

• Optical communication off-module
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can occur during ASIC manufacture, correction factors were obtained from measurements on a 

number of test structures on each wafer. The applied voltage step used during charge injection is 

adjusted in accordance with these factors on a chip-to-chip basis. 

For each channel, a histogram of occupancy as a function of discriminator threshold is 

created, and a complementary error function fitted. The threshold at which the occupancy is 

50% corresponds to the median of the injected charge, while the sigma gives the noise after 

amplification. An example threshold scan is shown in figure 9. During this calibration scan 500 

triggers were sent per threshold point, and the charge injected was 1.5 fC. 

 

Figure 8. Simplified Block Diagram of a SCT ABCD3TA ASIC [5]. 

(a)

 (b) 

Figure 9. Occupancy as a function of front-end discriminator threshold. (a) The shading scale shows the 

fraction of hits, as a function of the channel number (x-axis), and comparator threshold in mV (y-axis) for 

all channels on one side of a barrel module (6 ASICs; 768 channels). The front-end parameters were 

already optimised before this scan, so the channel-to-channel and chip-to-chip occupancy variations are 

small. (b) Mean occupancy and complementary error function fits for each of the six ASICs. 
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Detector Control System and Cooling

• Each module has LV and HV power controlled individually from power 
supplies in the service caverns.

• An evaporative cooling system using C3F8 cools the modules so that the 
sensors can be kept at -7C.

• The SCT is filled with dry N2 gas to prevent condensation; the humidity is 
monitored by radiation-hard sensors.

• Temperatures are monitored on the modules, cooling loops, mechanical 
structure, and the gas.

• A hardware-based interlock system cuts the power to the modules if the 
cooling loop temperature is outside a chosen range.

• A sophisticated control system based on PVSS-II and a Finite State Machine 
provides detector control, software interlocks, alarm handling.
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Construction and Testing

• The sensors were checked on a sampling basis, and modules built.

• A small number of sensors were irradiated at the CERN PS.

• Acceptance tests performed on the modules.

• Assemble barrels on the surface, place inside TRT. Perform Cosmic Tests.

• Install Barrel in pit. Continuity checks and sign-off April-May 2007.

• Install End Caps in pit and test	 	 	 	 	 	 	 	 	  
connectivity May-Nov. 2007.

• EC A sign-off  Jan. 2008.

• EC C sign-off Feb. 2008.

• In pit combined tests M6.

• Tuning and preparing for running	 	 	 	 	 	 	 	 	 	
	 now!
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Feb-March Tests:
Stable SCT running, tested > 50% of modules at the same time. All modules tested so far.

2660 modules

Saverio D'Auria                17th International Workshop on Vertex Detectors,              Utö Island, Sweden, 28 July 2008 

Atlas SCT Commissioning

Very stable operation with ~2000 modules thanks to large amount of previous work 
Used cooling when available, or test few modules at the time 
“DwD” = operating with no cooling...

“M6” test full barrel 
1965 modules = 93%



nominally 1 fC. A detector plane is considered
efficient if a binary cluster centre is located within
150mm of the interpolated telescope track posi-
tion. Typical residual distributions are shown in
Section 4.2. Note that in our definition, the
efficiency of good strips is measured. The ineffi-
ciency due to dead sensor or electronics channels is
not accounted for, nor is the inactive area between
sensors (see Section 4.6 for the latter source of
inefficiency).

The noise occupancy is measured by counting
all hits in special flagged events taken in the
periods between accelerator spills, during which
there is no beam occupancy. As these events are
interleaved with beam events the operating condi-
tions are identical. The noise occupancy is defined
as the probability to find a hit due to noise in one
channel in one clock cycle.

Fig. 2 shows the efficiency for a number of
threshold settings around the design operating
threshold of 1 fC. The noise occupancy corre-
sponding to each threshold is shown on the
logarithmic axis on the right of the same figure.
The results correspond to a non-irradiated barrel
module and a module of the same type irradiated
up to the reference fluence of 3!
1014 protons=cm2: All modules are operated in
the same test beam reference conditions: the
detector bias voltage is set to 150V for the non-
irradiated modules and to 450V for the irradiated

modules, the beam is incident perpendicularly on
the modules and no magnetic field is applied.
When the modules are operated with sufficient

over-depletion, there is a long plateau where
efficiencies over 99% are obtained. The noise
occupancy, on the other hand, is a rapidly falling,
nearly Gaussian, function of threshold, indepen-
dent of bias voltages high enough to deplete the
detector. The occupancies are found to coincide
rather accurately with the expectation from the
equivalent noise charges measured during the
characterisation. After irradiation, the noise occu-
pancy is considerably higher for a given threshold,
in agreement with the increased noise charge. The
efficiency for irradiated modules is seen to fall off
at a lower threshold than for similar non-
irradiated modules.
The SCT specifications require over 99% track-

ing efficiency5 and a noise occupancy of less than
5! 10"4: Both requirements are indicated as
dashed lines in the figure. The operating range is
defined as the range in thresholds where the
efficiency and noise occupancy specifications are
both met. For non-irradiated modules, of all four
geometrical types, the operating range extends
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Fig. 2. Results under the reference conditions of the efficiency (left axis) and noise occupancy (right axis) versus corrected threshold in
fC in the region near the nominal 1.0 fC operating point. The horizontal dashed lines indicate the module specifications for efficiency
(4 99%) and noise occupancy ðo5! 10"4Þ: The vertical lines indicate the threshold interval where both specifications are met: the
operating region. The leftmost figure corresponds to a non-irradiated module, the rightmost figure to a module uniformly irradiated to
the reference fluence of 3! 1014 protons=cm2:

5The efficiency measurement and specification discussion
here are limited to ‘‘good’’ strips. The maximum tolerable
number of defective channels is defined in a separate specifica-
tion.

F. Campabadal et al. / Nuclear Instruments and Methods in Physics Research A 538 (2005) 384–407 393
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Noise Occupancy and Threshold

• Need to have greater than 99% hit efficiency while maintaining less than        
5 × 10-4 noise occupancy.

• Right plot is after irradiating with 3 × 1014 protons / cm2 from CERN PS.
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Noise Measurements in End Cap during 
Sign-Off at 25C
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EC A EC C

Module Type End Cap A ENC 
(electrons)

End Cap C ENC 
(electrons)

Outers 1707 1767
Middles 1653 1704
Inners 1149 1182

Short Middles 1002 1013
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First SCT Cosmic Event in the Pit
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ATLAS  Atlantis event:JiveXML_39297_00084 run:39297 ev:84  geometry: <default>
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• Combined running has been useful 
to set up the timing and test the 
DAQ system.

• Also useful to test the offline 
software, monitoring, 
reconstruction

• Cosmics have been used for 
alignment

• In the surface tests

• In M6, the statistics were lower
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Made first round of calibration scans in Barrel
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Noise Occupancy

around 4.4 × 10-5

around 1560 electrons

ENC (electrons)
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Latest Status

• Tuning the optical communication parameters to the modules.

• Setting up redundant control as necessary.

• Running the full detector (except for the 2 cooling loops)

• Put in global run starting 3 September. Working on trying to solve remaining 
issues with running at 	 	 	 	 	 	 	 	 	 	 	 	 	  
high rate.

• Trying to run stably 	 	 	 	 	 	 	 	 	 	 	 	      
overnight for monitoring

• Plan is to run with lower	 	 	 	 	 	 	 	 	 	 	 	    
voltage originally.

• Getting ready for beam!
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The Super LHC

• The Super LHC (SLHC), planned to start in 2018, will have a peak luminosity 
ten times that of the LHC

• The TRT would have too high of an occupancy; increased SCT occupancy 
would degrade performance.

• The SCT and Pixel detectors would have suffered radiation damage.

• Therefore, a new Inner Detector is need.

• Current plan is for an all-silicon system consisting of (in the barrel)

• 4 pixel layers (instead of the current 3)

• 3 layers of short strips (25 to 35 mm)

• 2 layers of long strips (90 to 120 mm)

• More radiation-hard n-in-p sensors.
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Short Strips in the Straw Man Proposal

• To the right is an n-in-p sensor made by 
Hamamatsu with 4 rows of 23.8 mm strips

• 1280 channels per row

• Includes both axial strips (74.5 µm pitch) 
and 40 mrad stereo strips (71.5 µm pitch)

• 130 detectors were ordered last year

14
short strips
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Module Integration

• Plan is to combine multiple modules into a supermodule or stave

• Will allow for simpler assembly with more work going on in parallel

• Potentially easier replacement of faulty modules
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Service bus

TTC, Data 
& DCS 
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New Power Distribution Scheme

• Current independent power scheme is not scalable enough for the SLHC.

• One potential scheme is to have serial power, where the modules are fed in 
series, and each module steps down the voltage. The prototype below 
supplies 30 hybrids with 4V by providing 120V to the chain.

• Another scheme, DC-DC, sends higher voltage, which needs to be stepped 
down at the module.

• HV distribution options include:

• Decrease granularity, and allowing for faulty sensors to be bypassed.

• local HV generation with a step-up transformer.

16
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Other Issues

• Deep submicron front end ASIC, the ABCD-N, supporting n-in-p sensors, 
increased bandwidth, and the various power schemes is being designed. 

• Cooling capacity will have to be increased, so there are proposals to change 
to CO2 cooling.

• There have been yearly workshops working on the upgrade starting from 
2005.

• 10 countries are working on the upgrade of the tracker.

• Nevertheless, even though the LHC is only now starting, 2016 or 2018 is not 
far away, so the schedule is very tight.

17

SLHC Conclusion
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Looking Forward

• In six days (10 September) the LHC will attempt to circulate beam.

• A week or two later the plan is to have 900 GeV collisions.

• 10 TeV collisions afterwards.

• Lots of work my many people has gone into getting the machine and the 
detectors ready.

• Very exciting time is coming up, requiring lots of effort by many people.

• (But it is not too early to think about the SLHC upgrade.)

18
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Module Communication

20



the inner detector in terms of tracking, vertexing and particle identification. The alignment of the inner
detector is described elsewhere ( [1] and the references therein).
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Figure 3: Material distribution (X0, λ ) at the exit of the ID envelope, including the services and thermal
enclosures. The distribution is shown as a function of |η | and averaged over φ . The breakdown indicates
the contributions of external services and of individual sub-detectors, including services in their active
volume.

2 Track reconstruction70

The inner detector track reconstruction software [4] follows a modular and flexible software design,
which includes features covering the requirements of both the inner detector and muon spectrometer [1]
reconstruction. These features comprise a common event data model [5] and detector description [6],
which allow for standardised interfaces to all reconstruction tools, such as track extrapolation, track fit-
ting including material corrections and vertex fitting. The extrapolation package combines propagation75

tools with an accurate and optimised description of the active and passive material of the full detector [7]
to allow for material corrections in the reconstruction process. The suite of track-fitting tools includes
global-χ2 and Kalman-filter techniques, and also more specialised fitters, such as dynamic noise adjust-
ment [8], Gaussian-sum filters [9] and deterministic annealing filters [10]. Other common tracking tools
are provided, including those to apply calibration corrections at later stages of the pattern recognition, to80

correct for module deformations or to resolve hit-association ambiguities.
Track reconstruction in the inner detector is logically sub-divided into three stages:

1. A pre-processing stage, in which the raw data from the pixel and SCT detectors are converted
into clusters and the TRT raw timing information is translated into calibrated drift circles. The
SCT clusters are transformed into space-points, using a combination of the cluster information85

from opposite sides of a SCT module.

2. A track-finding stage, in which different tracking strategies [4, 11], optimised to cover different
applications, are implemented. (The results of studies of the various algorithms are reported else-
where [12].) The default tracking exploits the high granularity of the pixel and SCT detectors to
find prompt tracks originating from the vicinity of the interaction region. First, track seeds are90

formed from a combination of space-points in the three pixel layers and the first SCT layer. These
seeds are then extended throughout the SCT to form track candidates. Next, these candidates are
fitted, “outlier” clusters are removed, ambiguities in the cluster-to-track association are resolved,
and fake tracks are rejected. This is achieved by applying quality cuts. For example, a cut is made

5
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Radiation and Interaction Lengths

21
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Performance Requirements

• 95% efficiency for isolated leptons with pT > 5 GeV, |η| ≤ 2.5

• momentum resolution better than 30% at pT = 500 GeV

• track to vertex z-coordinate with better than 1 mm

• two-track resolution better than 200 µm at 30 cm radius

• no more than 20% X0 total

• able to withstand a dose of 2×1014 1 MeV-neutron-equivalent / cm2
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The Inner Detector at the SLHC
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from M. Weber


