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The 2016 RD42 Collaboration
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The RD42 Program, Publications, and more
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Areas of work in RD42:
 Characterization of diamond (materials work)
 Work with manufacturers (feedback)
 Development of machine devices (BLM, lumi)
 Development of detectors (pad, strip, pixel, 3D)
 Irradiation (JSI,LANL) and Beam tests (CERN, PSI)

RD42 meetings: https://indico.cern.ch/category/3177/

 11 published papers in the last year
 11 conference talks in the last year
 3 Ph.D. students graduated in the last year
 11 Ph.D. students continuing in 2016



LHCC Milestones/Priorities of Research-2015

 Continue to develop pCVD and scCVD material.
 Expand sensor grade manufacturing capability.
 Beam tests of the highest quality material.
 Test radiation tolerance and rate tolerance of highest 

quality pCVD and scCVD material.
 Develop diamond devices for the LHC (BLM’s) and LHC 

experiments (pixel detectors, lumi).
 Develop diamond devices for future HL-LHC 

experiments (3D diamond devices) and machine.
 Record publications/talks/theses/students
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Development of material and production

 E6/II-VI provided first sensors for ATLAS DBM in 2013 
 200-225um collection distance

 Wafer production capabilities expanded/higher quality
 300-325um collection distance in production
 400um goal in sight!
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Diamond devices in the LHC
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Diamond devices in the LHC

RD42 Report 7Harris Kagan



Diamond devices in the LHC
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Diamond devices in the LHC
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Diamond devices in experiments
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 Beam Conditions Monitors
Alice, ATLAS, CMS, LHCb

 Current generation Pixel Detectors
ATLAS DBM (low threshold operation)

 Future HL-LHC Trackers
ATLAS
3D diamond



Diamond devices in experiments
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 ATLAS DBM integrated in ATLAS readout in 2015
 Thresholds tuned to 2500e (lower than silicon)

Would like to lower this (1100e possible on bench)
 Took data – found operation issues with FE-I4

 Revamped safeguards almost ready now  



Diamond devices in experiments
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Diamond devices in experiments
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Diamond devices in experiments

14Harris KaganRD42 Report

Compare standard “Low Threshold” tuning (1500-2500e) 
and new Threshold Baseline tuning (1000e) 



Diamond devices in experiments
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“Low Threshold” (1500-2500e) Threshold Baseline (1000e) 

Results applicable in ATLAS – something like this will be 
necessary for irradiated silicon as well 



3D device in pCVD diamond 
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Last year we showed the results in scCVD diamond
-Compared scCVD strip detector (500V) with 3D (25V)

This year the first 3D device in pCVD diamond
-Compare pCVD strip detector (500V) with 3D (60V)

3D

strip

phantom



3D device in pCVD diamond
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 Measured noise:
 Planar strip: 88e
 Phantom: 91e
 3D no noisy strips: 104e

Strip Phantom 3D



3D device in pCVD diamond
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 Measured signal:
 Visually 3D gives more charge that planar strip!

Planar Strip Phantom 3D



3D device in pCVD diamond
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 Measured signal (diamond thickness 500um):
 Planar Strip ave charge

6,900e or ccd=192um
 3D ave charge

13,500e or ccd=350-375um
 For the first time collect >75% of charge in pCVD 



3D device in pCVD diamond
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 In May 2016 tested first full 3D in pCVD
with two dramatic improvements
 An order of magnitude more cells (1188 vs 99) 
 Smaller cell size (100um vs 150um)

Readout side HV Bias side



3D device in pCVD diamond
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 Preliminary results of full 3D in pCVD
 First plot of 3D ave charge in small “good” region
 Largest charge collection in pCVD diamond 
 >85% of charge collected

 Full analysis in progress

ADC

RD42 Preliminary



Rate studies in pCVD diamond
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 Done at PSI - Last year rates up to 300kHz/cm2

 This year w/new electronics, rates up to 10MHz/cm2

No rate dependence observed in pCVD up to 10MHz/cm2



RD42 Report 23H. Kagan

RD42 Summary

 Worked closely with manufacturers
 Material quality increased
 Production capabilities increased

 Diamonds in the LHC machine making impact moving forward
 ATLAS/CMS -BCM, BLM, DBM will see collisions again soon

 Abort, luminosity and background functionality in all LHC expts
 First pixel project is about to start taking data

 ATLAS DBM being commissioned for 13 TeV collisions
 3D detector prototypes made great progress 

 3D works in pCVD diamond; scale up worked; smaller cells worked
 Quantified understanding of rate effects in diamond

 pCVD shows no rate effect up to 10MHz/cm2

 RD42 played a pivotal role in making all this happen!



RD42 Research Priorities for 2016-17
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 Characterization of diamond (materials work)
 Work with manufacturers (feedback)
 Development of machine devices (BLM, lumi)
 Development of detectors (pad, strip, pixel, 3D)
 Irradiation(JSI,LANL,CERN) and Beam tests (CERN,PSI)



Diamond devices in experiments
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Backup Slides



 ATLAS DBM: built on success of BCM – pixelate the sensors 
 Use IBL demonstrator modules
 Installed in 2013 during service panel replacement
 Four 3-plane stations on each side of ATLAS

Diamond devices in experiments
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Request of CERN LHCC
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