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The Atlas Detector
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The Atlas Pixel Detector – Requirements

Requirements :

Bunch spacing 25 ns
Radiation hardness : 500 kGy, 1015 neqcm−2 (life time)

Impact parameter resolution σd0 < 15µm, σz0 < 1 mm
Coverage in pseudo rapidity η at least upto 2.5
with 3 pixel hits

Occupancy > 0.17 hits per 320 pixel (column pair) and bunch
crossing (occupancy at L = 1034 cm−2s−1)

Efficiency > 98%
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Parameters of the Atlas Pixel Detector

η = 2.5

80M pixel, on 1744 modules of 6.08× 1.64 cm2

Pixel dimensions 50× 500 µm2

(minimum area needed for electronics)

64 hit Buffer per 320 pixel (column pair) → max occupancy
better than 0.24 per 320 pixel (column pair) and bunch crossing
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Material budget

|η| radiation length interaction length
< 1 ∼ 0.2 X0 ∼ 0.05λ
< 3.3 . 0.5 X0 . 0.2λ
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The Pixel Module

Thickness :

Sensor 250µm
Drond-end 196µm
Flex hybrid printed

circuit 100µm

Sensor :

Oxygenated high
resistivity Si

n+ in n-bulk

150− 600 V bias





System Architecture

Optical signal received on RX plugin, then forwarded

to ATLAS Read-Out-System in data taking, or

to DSPs which perform calibration tasks (in calibration mode).
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System Architecture

Optical fibres, all services (low, high voltage, sense lines for current,
voltage and temperature) and cooling pipes interconnect at PP1.
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Calibration Infrastructure

Calibration tasks performed by 4 DSPs on 9× 16
Read-Out-Driver VME boards in 9 crates.

Read-Out-Driver steered and read out by
Single-Board-Computers in the VME crate.

The console controls and monitors the calibration on
the 9 crates.
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Calibration Infrastructure

Calibration results are automatically analysed by distributed
analysis.

Results are reported back to the operator (calibration console).
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Installation

Jun’07 assembly + connectivity test ( module ↔ PP0).

Jul’07 Installation of pixel-package in Atlas ID volume.

Further progress delayed by on-going work on SCT, TRT.

Dec’07 finished service test : Supplies, DCS ↔ ca. PP1

Feb’08 (instead of Nov’07)
Started connection PP0 ↔ ∼PP1 + conectivity test :

536 low / high voltage, temperature sensor connections
588 optical fibre bundles (TX/RX)
88 cooling loops
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Sign-off / Commissioning – Plan

Sign-off :

ensure electrical, optical connections
(Connectivity Test),
cooling circuits are leak tight,
cooling circuits handle heat load.

→ closing ID volume

Beampipe bakeout

Commissioning :

calibrate detector
data taking : noise, cosmics
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PP1



Problems – Connection
Mapping problem : had to reconnect half of the fibres
Problems – Connection
Mapping problem : had to reconnect half of the fibres



Problems – Installation

Potential corrosion
in exhaust pipes
Reason and risk
not fully understood.
Had to rebuild pipes.

Potential corrosion
in exhaust pipes
Reason and risk
not fully understood.
Had to rebuild pipes.
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Connectivity Test

To verify :

light transmission to and from detector,

analog and digital parts of the modules are powered.

sensor is biased.

Finished tests beginning of April’08.

Tests performed on one front-end only due to thermal constraints
→ No detailed information about the modules.
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Issues with Optical Connections (In-Link)

Light output lower then expected,
but sufficient to control modules
(clock, configuration, commands).

Light output increased by 16% in two
month.

Channels of the vertical-cavity surface-emitting laser (VCSEL)
keep dying (TX plugin) :
7 channelsa died in 2 weeks. 30 channels died so far.
→ Need more spare TX plugins.

aIn total there are 1904 channels)
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Everything
connected . . .

Everything
connected . . .



Commissioning of the Cooling System

Verify that the cooling system can handle the heat load of the
detector:

operate detector at different power
states:

0 W/module (off),
4 W/module (normal operation),
∼ 6 W/module (highest power),

verify that temperatures, back-pressure, heater power stabilise.

Verify that the cooling system is not running at its limit.
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Commissioning of the Cooling System

3 cooling loops (disks) leak, but can be operated (assumed).

For most cooling loops, the system stabilised after some minutes.

Stable operation only when modules are powered.

Cooling loops for which heaters are located on vertical exhaust
pipes are problematic.
(Issues should be solved by improved controlling program)

1 of the leaking loops could not be operated.

After 6 days of commissioning incident on the cooling plant.

10% of the loops could not be fully tested (due to the incident).
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Performance of the Cooling System

26 Modules per Barrel Circuit

12 Modules per Disk Circuit

Cooling system still has some capacity left.
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Thermal Impedance

Layer 0/1

Layer 0, 1 and disks
behave as expected.

Layer 2

Outlet

Inlet

Inlet staves of layer 2 feature inserted
pipes (corrosion fix):

10% more thermal impedance

smaller diameter
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Thermal Impedance

Layer 0/1

Layer 0, 1 and disks
behave as expected.
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Opto-board Heater

Lesson from System Test Oct’06 - Jan’07 :

Opto-boards have to be operated at ∼ 20 ◦C,
detector is at ∼ −5 ◦C.
→ Need heater for opto-boards.

Heaters operate correctly.
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Module Problems

Module problems :

no HV (∼ 9)

no clock (1)

Problems mostly on Disks:

disks have delicate
wire bonds

reinforcement of wire
bonds was after disk 3.
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Module Noise

(e−)

514

170

1st Threshold Scan
(production tuning)

∼ 30% scanned.

Some problems due to :

untuned optical links
wrong configurations

Interrupted due to
cooling incident.
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Module Noise

Noise determined from threshold scan :

)-Noise (e
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-

Dispersion = 15 e
 : 1.3%

-
Pixel with Noise>200 e
Fit Failure : 1.4 %

(Production tuning)

G. Gaycken Commissioning of the Atlas Pixel Detector Vertex 2008, July 28, Utö Island 25



Sign-off / Commissioning

Sign-off :

ensure electrical, optical connections (done)
(Connectivity Test),
cooling circuits are leak tight, (done∗)
cooling circuits handle heat load. (90%)

ID volume closed.

Beampipe bakeout (Now)

Commissioning :

calibrate detector (∼ 30%)
data taking : noise, cosmics
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Conclusion & Outlook

Atlas Pixel Detector is installed and connected.

10 out of 1744 modules without HV or clock.

First slightly more detailed data about 30% of the detector
∼ 1.4 % untuned pixel (incorrectly tuned or dead)

The cooling plant is back in operation
→ Commissioning is resumed after 3 months.
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