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beam

n X and Y motions to move 
the point of impact of the beam or 
ECAL in front of HCAL
q Tilt : 5°
q Axe X : 150 mm (motorised)
q Axe Y : 100 mm (motorised)

n 6 indexed angular configurations

( 0°, 10°, 20°, 30° , 40° and 45°)
n Gap mini with HCAL : 13 mm

ECALHCAL

³³³³ 10 mm
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LCUK, UCL, 05-Oct-
2005 Paul Dauncey / Imperial

• Need 13CRCs total
• ECAL à 6 CRCs
• AHCAL à 5 CRCs
• Trigger (probably) à 1 CRC
• Tail catcher à 1 CRC

• Status
• 9 exist (2 preproduction, 7 production), testing
• 7 being manufactured via RAL, delivery in Nov ‘05
• è 13 plus 3 sparesby end of year

• DHCAL readout still very uncertain
• Funding limited; cannot afford system already designed

• May use CRCs to save money; à 5 CRCs (like AHCAL -\\\ \ use theirs!)
• No running with DHCAL planned before 2007; ignorefor now

CRC hardware status



LCUK, UCL, 05-Oct-
2005 Paul Dauncey / Imperial

• DAQ CPU
• Trigger/spill handling
• VME and slow access
• Data formatting
• Send data via dedicated 

link to offline CPU
• Redundant copy to 

local disk?

DAQ hardware layout
• Offline CPU

• Write to disk array
• Send to permanent storage
• Online monitoring
• Book-keeping

• HCAL PC
• Partitioning
• Alternative route 

to offline PC



LCUK, UCL, 05-Oct-
2005 Paul Dauncey / Imperial

• Two 9U VME crateswith custom backplanes needed
• One for ECAL and trigger
• One for AHCAL and tail catcher
• Exist at DESY but no spares (for parallel testing, etc)

• Three VME-PCI bridges
needed
• All purchased and tested

• 100 mini-SCSI cables
needed
• Purchased 70 but not halogen 

free (needed at CERN)
• May need to buy more

• Three PCsand disk
• All purchased and tested

Status of non-CRC hardware

Test station at 
Imperial

Two PCs

3TB disk

CRCs

VME-PCI
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$�����%��&�������'���� q()� �

Dch

Ecal+Hcal

Tail Catcher

Beam dir.

DCH always aligned with TC
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Simulated Run 100122 (e- beam)

Thanks to Nigel W. !
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Testing the performance of the algorithm (2)Testing the performance of the algorithm (2)
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LCUK, UCL, 05-Oct-
2005 Nigel Watson / Birmingham

• Who?
• Birmingham, Imperial, RAL ID, RAL PPD

• Why?
• Alternative to standard silicon diode pad detectors in ECAL
• Potential to be cheaper and/or better

• What?
• Attempt to prove or disprove “MAPS-for-ECAL” concept over next 3 years

• Two-pronged approach: hardware…
• Two rounds of sensor fabrication and testing, including cosmics and sources
• Electron beam test, to check response in showers and single event upsets

• …and simulation
• Model detailed sensor response to EM showers and validate against hardware
• Simulate effect on full detector performance in terms of PFLOW

Monolithic Active Pixel SensorsMonolithic Active Pixel Sensors

<�����������<�����������



LCUK, UCL, 05-Oct-
2005 Nigel Watson / Birmingham

• Replace 1́1 cm2 diode pads withmuch 
smaller pixels
• Make pixels small enough that at most one 

particle goes through each
• Then only need threshold to say if pixel hit or 

not; “binary” readout, i.e. DECAL

Basic concept for ECAL

• How small is small?
• EM shower core density at 

500GeV is ~100/mm2

• Pixels must be < 100´ 100mm2; 
working number is 50́ 50mm2

• Gives ~1012 pixels for ECAL!
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ZOOM

MAPS 50 x 50 
micron pixels

SiD 16mm area 
cells 
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<readout name="EcalBarrHits">

<segmentation type="NonprojectiveCylinder" gridSizePhi="0.05" gridSizeZ="0.05" />
<id>layer:6,system:6,phi:20,barrel:32:3,z:-20</id>

</readout>

Set pixel size (mm)Change order of bit assignation

� Find new MIP threshold, since new epitaxial thickness.... = 1.6 KeV
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25x25 microns25x25 microns25x25 microns 50x50 microns50x50 microns50x50 microns 100x100 microns100x100 microns100x100 microns
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• Replacediode pad wafers and 
VFE ASICs with MAPS 
wafers
• Mechanicallyvery similar; 

overall design of structure 
identical

• DAQ very similar; FE talks to 
MAPS not VFE ASICs

• Both purely digital I/O, data 
rates within order of magnitude

ECAL as a system

• Aim for MAPS to be a “swap-in” option without impacting too much on 
most other ECAL design work

• Requires sensors to be glued/solder-pasted to PCB directly
• No wirebonds; connections must be routed on sensor to pads above pixels
• New techniqueneeded which is part of our study
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Potential advantages

• COST! Standard CMOS should be cheaper than high resistivity silicon
• No crystal ball for 2012 but roughly a factor of twodifferent now

• TESLA ECAL wafer cost was 90M euros; 70% of ECAL total of 133M euros
• That assumed 3euros/cm2 for 3000m2 of processed silicon wafers

• Slab thinnerdue to missing VFE ASICs
• Improved effective Moliere radius(shower 

spread)

• Reduced size (=cost) of detector magnet 
and outer subdetectors

6.4mm thick             4.0mm thick

• Thermal couplingto tungsten easier
• Most heat generated in VFE ASICor 

MAPS comparators

• Surface area to slab tungsten sheet ~1cm2

for VFE ASIC, ~100cm2 for final MAPS
$&������
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• Also need to consider power, uniformity and stability
• Powermust be similar (or better) that VFE ASICs to be considered

• Main load from comparator; ~2.5mW/pixel when powered on
• Investigate switching comparator; may only be needed for ~10ns

• Would give averaged power of ~1nW/pixel, or 0.2W/slab

• There will be other components in addition

• VFE ASIC aiming for 100mW/channel, or 0.4W/slab

• Unfeasible for threshold to be set per pixel
• Prefer single DAC to set a comparator level for whole sensor

• Requires sensor to be uniformenough in response of each pixel

• Possible fallback; divide sensor into e.g. four regions

• Sensor will also be temperature cycled, like VFE ASICs
• Efficiency and noise rate must be reasonably insensitiveto temperature 

fluctuations

• More difficult to correct binary readout downstream

Other requirements
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• Two rounds of sensor fabrication
• First with severalpixel designs, try out various ideas
• Second with uniformpixels, iterating on best design from first round

• Testingneeds to be thorough
• Device-level simulation to guide the design and understand the results
• “Sensor” bench tests to study electrical aspects of design
• Sensor-level simulation to check understanding of performance
• “System” bench tests to study noise vs. threshold, response to sources and 

cosmics, temperature stability, uniformity, magnetic field effects, etc.
• Physics-level simulation to determine effects on ECAL performance

• Verification in a beam test
• Build at least one PCB of MAPS to be inserted into pre-prototype ECAL
• Replace existing diode pad layer with MAPS layer
• Direct comparisonof performance of diode pads and MAPS

Planned programme
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