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Common issues	



!   Effective band gap	



! Fluences and leakage current	



	



!   Topics for discussion	



!   Future organization	
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Common framework	



!   At our first October 2011 workshop we agreed on common framework for 
simpler comparisons:	



1.  Correct leakage currents to a common reference temperature of TREF = 0 oC                  
Chosen to suit the range of sub-detector operating temperatures.	



2.  Use the same temperature correction:	



	



3.  Normalize current to the volume of silicon [cm3] rather than per module.	



4.  Standard units: 	
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Monitoring radiation damage in the ATLAS Silicon Tracker Stephen Gibson

at an average of -13
◦
C over the time period of the current measurements, as shown in Figure 2(b),65

with a few temporary excursions due to a cooling stoppage or Pixel Detector calibration scans.

(a) (b)

Figure 2: The uncorrected leakage current (a) of the innermost Pixel Detector barrel layer modules measured

by the Current Monitoring Boards and the module temperature profile (b) over the same period.

66

The raw modules currents were corrected for pedestal current and scaled to a reference tem-67

perature of -10
◦
C using the formula:68

I(TREF) = I(T )
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where Eg is the silicon band gap, 1.21 eV [2] and kB is the Boltzmann constant.69

A further, preliminary correction is applied for the beam ionisation current, Ihit, induced from70

charged particle hits in the modules:71

Ihit = Nbunches.νLHC.Occ.Chit (2.2)

where, Nbunches is the number of colliding bunches, νLHC is the LHC revolution frequency, Occ is72

the pixel hit occupancy per module per colliding bunch crossing (average taken per barrel layer)73

and Chit is the charge per hit.74

The average leakage current profile after the above corrections is shown in Figure 3. An75

approximately linear correlation is found versus integrated luminosity, suggesting that the fluence76

in the Pixel Detector is dominated by proton-proton collisions, rather than by other sources such as77

beam backgrounds. The calibration of the 56 CMBs is ongoing and requires measurements with78

and without LHC beam. Measurements of the current data from all modules are described below.79

2.1.2 Monitoring half-stave HV currents80

In the Pixel Detector barrel one ISEG unit supplies power to a half-stave, consisting of either81

6 or 7 pixel modules. The current can be monitored with a precision of ∼80 nA per half-stave. The82

above procedure was applied to correct the measured leakage currents for the module temperature,83

the beam induced current and the number of modules per half-stave. An average was then taken84

over each barrel layer and the increase in leakage current is found to be correlated with the inte-85

grated luminosity, as plotted in Figure 4(a). The same data are plotted vs date in Figure 4(b). A86

4

Effective silicon band gap Eg =1.21 eV	


 following RD50-2001-01 recommendation	



Dedicated discussion today	





4	

Stephen Gibson	

 Common issues	

 4	



Temperature scaling	
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Effective band gap	
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Effective band gap	
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9!Stephen Gibson! Report from the Radiation Damage WG! 9!

Leakage current: Pixel!

!

!   ATLAS and CMS Pixel both see rise in leakage current with expected shape, 
which differs from the model prediction by saceling factors.!

!   Radii of Pixel layers: ATLAS: 5.05, 8.85 and 12.25 cm; CMS: 4.3, 7.2, 10.8 cm!

PPS:  Radiation Damage Studies!
 with ATLAS!
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IT:	



Ø  Improvements to simulations on-going	



Good agreement, after scaling	


(data 13% lower than prediction)	



radii ~40 to 120 cm, 	
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Leakage current	



!   In general the agreement between model and data is remarkably good;  “within a 
factor of 2 is already amazing”, Marko Mikuz, at last week’s 7th “Trento” workshop. 	



!   Agreement between model and data is better at the larger radii of the strip 
detectors in ATLAS and CMS, where the fluence is neutron dominated:	



Second Inter-Experiment Workshop on 
Radiation Damage in Silicon Detectors	



 Michael Moll - CERN - 10. April 2000

MMoottiivvaattiioonn          ((FFoorr  mmoorree  ddeettaaiillss  sseeee  ttaallkk  ooff  MMiikkaa  HHuuhhttiinneenn))

!!  PPrroommiissiinngg  nneeww  pphhyyssiiccaall  rreessuullttss
aarree  rreellaatteedd  ttoo  ssoommee  vveerryy  rraarreellyy
pprroodduucceedd  ppaarrttiicclleess
""  HHiigghh  eevveenntt  rraattee  ((110099//ss  aatt  LLHHCC)),,

vveerryy  ggoooodd  ssppaattiiaall  rreessoolluuttiioonn  aanndd
  ffaasstt  ssiiggnnaall  rreeaadd  oouutt  rreeqquuiirreedd,,
ccaann  bbee  ffuullffiilllleedd  wwiitthh  ssiilliiccoonn  ddeetteeccttoorrss,,
hhoowweevveerr::

!!  DDeetteeccttoorrss  aanndd  eelleeccttrroonniiccss  wwiillll  bbee
hhaarrsshhllyy  iirrrraaddiiaatteedd  !!
""  AATTLLAASS  ––  IInnnneerr  DDeetteeccttoorr::
!!eeqq  uupp  ttoo  33""11001144ccmm--22

ppeerr  ooppeerraattiioonnaall  yyeeaarr
""  1100  yyeeaarrss  ooff  ooppeerraattiioonn

hhaavvee  ttoo  bbee  gguuaarraanntteeeedd

##  WWhhaatt  iiss  tthhee  iimmppaacctt  oonn  ssiilliiccoonn
ddeetteeccttoorrss  ??

##  HHooww  ccaann  wwee  mmaakkee  ssiilliiccoonn
rraaddiiaattiioonn  hhaarrddeerr  ??

AATTLLAASS  --  IInnnneerr  DDeetteeccttoorr
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eq
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 other charged
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SCT - barrelSCT - barrel

PixelPixel

!   For the Pixel detectors, the models 
needs to be scaled up by less in the 
inner layers than for the outer 
layers: 	



For discussion:	



!   Why do the experiments see 
this ~15% discrepancy increase 
in the outer Pixel radius?	



!   ALTAS uses Phojet, CMS uses 
DPMJet III 	



! Secondaries? Low pT Loopers? 
Charge fraction?	
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FLUKA fluence comparison	

PPS:  Radiation Damage Studies	


 with ATLAS	



Earlier work toward checking FLUKA models between experiments:	



!   Radial dependence at different Z slices being compared for 7 TeV and 14 TeV 
FLUKA simulations in CMS and ATLAS.	



!   Initial studies show reasonable agreement at low radii, despite effects of material 
and different magnetic fields (low pT loopers).	



!   Aim for a more detailed comparison of 7 TeV fluence predictions?	



CMS	

 ATLAS	


preliminary	

 preliminary	
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Leakage current vs fluence	



!   Annealing steps from maintenance periods apparent in ATLAS data (-13oC, with 
stoppages at 20oC). Simple fit for effective alpha yields:	



!   Parallel annealing in CMS (17oC operation, drops to 10oC when detector is off)	



PPS:  Radiation Damage Studies	


 with ATLAS	



!"#$%&'()'*#!+,, -.#/'01#2#,345#678+#9%*:;5%< =

!
"#$%
&'()&*"+#,-#

! *./&01#$(+2#(3&4&$(&$&-5,(.(/#,-6&-7#-%)))&
! 489:;<=&>&?#@AB&CD-1&E&48:;<=&>&F#@AG&CD-1

!
"#$%
DH5")&I&4J

Reverse-Bias Current (I) 

Reverse-bias current vs. Fluence (FLUKA) 

Linear fit (ignoring annealing steps) yields  ~ 1.1 e-17 A/cm 

We would expect a value in the order of 6e-18 A/cm at 0 deg C, so this goes 
in the same direction as before (FLUKA prediction too low) 

11/23/2011 RD 50 Workshop, Geneva, November 2011 8 
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• General trend of reduction in depletion voltage

• Beneficial annealing is observed after cooling stoppages 

Depletion Voltage annealing effects in ATLAS

34 – 45 mm	
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Depletion voltage	
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Topics for discussion	



!   Some of the topics:	



!   Second metal layer charge loss in LHCb	



!   Any non-conformance of results from certain sensors.	



!   Understanding depletion voltage evolution / annealing before type inversion.	



!   LHC simulated fluences and agreement with leakage currents at low radii.	



!   Understanding leakage currents in new alpha regime.	



!   Effective band gap and recent measurements.	



!   Common framework and future.	



Second Inter-Experiment Workshop on 
Radiation Damage in Silicon Detectors	
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Discussion on future	



!   We all see the same qualitative effects: increase in leakage current, reasonable 
agreement with the model”	



!   How can we improve the comparison?	



!   Check the FLUKA prediction and underlying MC:	



!   Continue our efforts to check the different models:	



	



!   We may consider to arrange ourselves into dedicated sub-groups around topics to 
go into further detail? Meeting of all sub-detector experts on each topic: e.g.	



!   FLUKA simulations of fluences, 	



!   Leakage currents and modelling	



Second Inter-Experiment Workshop on 
Radiation Damage in Silicon Detectors	



6!Stephen Gibson! Report from the Radiation Damage WG! 6!

Examples of recent progress!
E.g.1 Radiation damage tool comparison:!

!   Each experiment has software tools to predict leakage current and depletion 
voltage evolution.!

!   The underlying model is typically a subtle variant of the models in Michael Moll / 
R. Wunstorf thesis:  e.g. R. Harper (2001) / A. Dierlamm (2003) / O. Krasel (2004).!

!   We have begun comparing the output of such tools based on a common fluence 
and temperature profile as input:!

!

!

!   The next step is to use a baseline model to validate the software then check 
the effect of different models and changes in the parameters.!

!   May consider to converge towards a common implementation in future.!

PPS:  Radiation Damage Studies!
 with ATLAS!

!"
!"

Work in progress!Work in progress!

!   Depletion voltage and modelling.	



!   Anomalous effects.	



!   Your topic here…	





Thanks to all the experts!	
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