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The 2014 RD42 Collaboration
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LHCC Milestones/Priorities of Research-2013

• Continue the development of pCVD and scCVD material.  
• Expand sensor grade manufacturing capability for use 
at the LHC.

• Test radiation hardness of highest quality pCVD and 
scCVD diamonds.

• Complete the publication of the irradiation results.
• Develop diamond pixel modules for LHC experiments. 
Industrialize module production.
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Development of Diamond Material and Suppliers

• All large pCVD samples last year from II-VI 
• ATLAS DBM completed/installed with  

50% II-VI sensors/33% New E6/16% Old E6
• CMS II-VI sensors delivered and used in BCM1F

• Additional wafers grown – better than above
• Highest quality pCVD wafer (new) now has

• sizeable number of points with ccd>500µm as grown
• Highest quality pCVD processed parts (new)

• now have ccd~300 µm
• more work needed here
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Radiation Results

Damage constant for 
various energies
Damage constant for 
scCVD and pCVD the 
same
Displacement per Atom 
best model of damage in 
diamond

Testbeam Results

Paper nearly complete which means a draft exists.  
Results:
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Diamond Devices for Experiments
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Beam conditions monitors
Alice, ATLAS, CMS, LHCb

LHC machine BLMs New for RD42
Operating in cryogenic conditions

Current generation Pixel Detectors
ATLAS DBM, CMS PLT

Future LHC trackers
ATLAS, CMS, LHCb
3D diamond devices

This talk will only include the highlighted items above

The RD42 program includes:



DBM: 3.2<η<3.5

Build on success of BCM – pixelate the sensors 
Build IBL diamond modules
Four 3-plane stations on each side of ATLAS
Installed during Fall 2013
Two main issues: bump bonding; thermal cycling

The ATLAS Diamond Beam Monitor
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All modules bump bonded at IZM
Still learning to bump-bond reliably, 17 were sensors 
reworked – allowed the project to succeed (RD42)
50% of the installed modules from II-VI, 33% from 
“new” E6, 16% from “old” E6 

ATLAS DBM Module Production
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Module Connectivity Issues
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MDBM03 (TDBM01) MDBM09 (TDBM01) MDBM10 (re‐worked)

MDBM17 (reworked)

MDBM31 (TDBM05)

MDBM15 (reworked)

MDBM30 (not used)MDBM17 (not used)

MDBM18 (reworked)

Bonded 
prior 
to May 2013

Bonded in
June/July
2013

Bonded in
September 
2013



QA included thermal cycling 
(1 thermal cycle=10 loops: +20C → +40C →-20C →+20C)

All modules installed showed no thermal sensitivity
Three modules were rejected in thermal cycle tests

Thermal Cycling Issues
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MDBM‐08

Before Thermal Cycling After One Thermal Cycle After Two Thermal Cycles



ATLAS DBM Telescopes Assembled
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ATLAS DBM Telescopes Installed
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CMS PLT Status

RD42 Report 13H. Kagan

• Dedicated stand-alone luminosity monitor
• High precision bunch-by-bunch luminosity
• Array of eight 3-plane telescopes in CMS
• Single-crystal diamond pixel sensors
• Pixel readout for tracking and diagnostics
• Pilot run in Castor region: 14.5m from IP 
• Total exposure 20fb-1
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These effects led CMS to decide the PLT baseline 
would be silicon instead of scCVD diamond 
Large effort to understand these effects → RD42
Initial group consisted of:

ETH Zurich (RD42-CMS)
JSI Ljubljana (RD42-ATLAS)
Ohio State University (RD42-ATLAS)
Rutgers (RD42-CMS)

Perform a series of tests at PSI using:
PLT Castor scCVD diamonds
PLT un-irradiated scCVD diamonds 
PLT n-irradiated scCVD diamonds
un-irradiated pCVD diamonds
n-irradiated pCVD diamonds

CMS PLT Status
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Test Beam Setup 
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DUTs - single pad 5 mm x 5 mm pCVD and scCVD diamonds
Beam — 250 MeV/c “mostly” pions
Rate determined by “small” 6 mm x 6 mm scintillator
First runs were taken with  the “small” scintillator trigger
Last 13 runs were taken with a masked area of the pixel detector



Test Beam Signals 
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high ratelow rate

integration region

• Readout performed with DRS4 evaluation board
•1024 sampling points
•Slowest sampling speed 0.7 GSPS

• Signal integration region from 320ns to 920ns



Test Beam Results for PLT-S97 Castor Diamond 
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•scCVD diamond produced by Element 6 
•Irradiation dose – 5x1013 /cm2 of charged hadrons and neutrons
•Run at 500V w/masked pixel trigger
•Noticeable rate dependence

Ref: 4.2 kHz/cm2

2.8 kHz/cm2

25.2 kHz/cm2

336 kHz/cm2

Non-irradiated
single crystal

PLT S97



Test Beam Results for PLT-S30: n-irradiated
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•scCVD diamond produced by Element 6 
•Irradiation dose – 5x1013 n/cm2 at JSI/Ljubljana
•Run at 500V w/masked pixel trigger
•Noticeable rate dependence

Ref: 4.2 kHz/cm2

2.8 kHz/cm2

28.0 kHz/cm2

336 kHz/cm2

Non-irradiated
single crystal

PLT S30



Test Beam Results 2A87-E: n-irradiated pCVD
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•pCVD diamond produced by II-VI 
•Irradiation dose – 5x1013 n/cm2 at JSI/Ljubljana
•Run at 500V w/masked pixel trigger
•NO noticeable rate dependence

Ref: 4.2 kHz/cm2

3.1 kHz/cm2

28.0 kHz/cm2

336 kHz/cm2

Non-irradiated
single crystal

2A87-E



Summary Test Beam Results
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•Plots for Most Probable PH vs Rate 
•Irradiated single crystal CVD diamonds (E6) show rate dependence
•Irradiated poly CVD diamond does NOT show rate dependence

2A87-E  (neutron irradiated JSI, 5x1013 n/cm2)
PLT S30 (neutron irradiated JSI, 5x1013 n/cm2)  
PLT S97 (irradiated on CASTOR, 5x1013 n/cm2 + 5x1013 p/cm2)

PH vs Rate



3D Diamond Trackers

23H. KaganRD42 Report



Results from 2012 Testbeam
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3D @ 25V

Strips @ 500V



Results from 2012 Testbeam
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Fiducial Region:3D @ 25V



Results from 2012 Testbeam
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PH in Fiducial Region
3D @ 25V compared 

w/Strips @500V



Large number of high quality parts are being produced
New manufacturer has delivered ATLAS and CMS sensors

Radiation hardness of CVD diamond is nearly quantified
pCVD and scCVD have the same damage constant
Paper draft on 24GeV + 800MeV proton irradiations 

Devices in experiments worked very well in Run 1
Abort, luminosity and background functionality in all LHC expts
Building on this experience to expand coverage into LHC machine

First pixel projects nearing completion
ATLAS DBM complete and installed – commissioning underway
CMS PLT scCVD diamond had issues – PLT now silicon 
Tests underway to understand scCVD diamond manufacturing issue

3D prototypes work - yield same charge as strip detectors
RD42 played a pivotal role in making this all happen
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Summary



RD42 Research Priorities for 2014

• Continue to expand diamond manufacturer production 
capabilities. 

• Continue to quantify sensor quality in beam tests with 
diamond strip and pixel detectors.

• Irradiate highest quality diamond sensors and 
characterize irradiated samples in test beams

• Continue to support LHC experiments and diamond 
pixel upgrade projects.
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Request of CERN LHCC

The RD42 Role at CERN
Irradiations, development of new manufacturers, sample procurement, test beams

Central facility for all experiments this worked for BCM’s working for pixel detectors
CERN Group in RD42 to be maintained

RD42 Request to CERN/LHCC
RD42 is supported by many national agencies:

continuation of official recognition by CERN critical
25kCHF from CERN matching ~400kCHF from outside CERN

RD42 requires access to CERN facilities:
maintain the present 20 m2 of lab space (test setups, detector prep, ...)
maintain present office space
test beam time (2014) critical for next generation of proposals

RD42 & CERN play a critical role in diamond development
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Additional Slides
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Relationship between CCD and MFP

When CCD approaches thickness use Mean Free Path

Relation between CCD and Mean Free Path:  

In what follows assume:
mfpe = mfph
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The ATLAS Diamond Beam Monitor
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Original concept:



Test Beam Triggers 
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•Mask pixels outside diamond “shadow”
•Use Pixel “FastOr” to trigger events
•Large reduction of pedestal events 
→large improvement in S/N

“small” scintillator trigger masked pixel trigger
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