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Perspec1ves	
  

•  In	
  the	
  following	
  slides	
  an	
  author’s	
  selec1on	
  among	
  
the	
  most	
  recent	
  developments	
  in	
  the	
  silicon	
  
radia1on	
  detectors	
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Perspec1ves	
  in	
  low	
  mass	
  Dark	
  MaQer	
  searches	
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DAMIC	
  
Dark	
  MaQer	
  in	
  CCDs	
  

DAMIC:	
  best	
  
limit	
  below	
  	
  

4	
  GeV	
  



P.	
  Privitera	
  
COSMO2014	
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Perspec1ves	
  in	
  in	
  large	
  mass	
  Dark	
  MaQer	
  searches	
  

The	
   configura1on	
   of	
   a	
   dual	
   phase	
   detector	
   is	
  
shown	
  on	
  the	
   le]	
  with	
  the	
   loca1ons	
  of	
  where	
  
the	
  primary	
  and	
  secondary	
  light	
  are	
  generated.	
  
On	
  the	
  right	
   is	
  a	
  schema1c	
  view	
  of	
  the	
  signals	
  
of	
   both	
   an	
   electron	
   and	
   nuclear	
   interac1on	
  
illustra1ng	
   the	
   discrimina1on	
   power	
   of	
   this	
  
method.	
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Darkside	
  G2	
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PSD:	
  pulse	
  shape	
  	
  
discrimina1on	
  

DS-­‐G2	
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Perspec1ves	
  in	
  high	
  luminosity	
  colliders	
  

•  HL-­‐HLC:	
  a	
  x10	
  in	
  instantaneous	
  luminosity	
  
integrated	
  over	
  10	
  years	
  will	
  produce	
  a	
  10x	
  in	
  
integrated	
  fluence	
  for	
  ATLAS	
  &	
  CMS	
  trackers	
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Radia1on	
  damage	
  

particle Si  
Vacancy  
       +  
Interstitial 

  point defects  
   (V-O, C-
O,  .. ) 

point defects and clusters of defects 

EK>25 eV 

EK > 5 keV 

V 

I 

Trapping (e and h) 
⇒ CCE 

shallow defects do not 
contribute at room 

temperature due to fast 
detrapping  

 charged defects  
  ⇒ Neff , Vdep 

e.g. donors in upper 
and acceptors in 

lower half of band 
gap 

 generation 
 ⇒  leakage current 

Levels close to 
midgap 

 most effective 
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Radia1on	
  damage:	
  macroscopic	
  effects	
  	
  

From	
  LHC	
  	
  	
  to	
  HL-­‐LHC	
  upgrade	
  	
  

Φ	
  

Φ	
   Φ	
  

All	
  these	
  mean:	
  	
  
severe	
  signal-­‐to-­‐noise-­‐ra1o	
  

degrada1on	
  

Deple1on	
  
voltage	
  
increase	
  

Leakage	
  
current	
  
increase	
  

Charge	
  
trapping	
  

12	
  M.	
  Bomben	
  -­‐	
  Silicon	
  Radia1on	
  Detectors,	
  sec1on	
  C	
  -­‐	
  5th	
  IDPASC	
  School,	
  LPNHE,	
  19/2/2015	
  	
  	
  



New	
  pixels	
  for	
  the	
  HL-­‐LHC	
  Phase	
  	
  

The	
  new	
  pixel	
  detector	
  needs	
  many	
  improvements:	
  

Increased	
  radia1on	
  hardness	
  

Smaller	
  pixels	
  

Efficiency	
  improvements	
  in	
  sensor	
  design	
  

Low(-­‐er)	
  cost	
  (interconnect)	
  technology	
  

A.	
  Blue,	
  Vertex	
  2014	
  

HV	
  

HV	
  CMOS	
  

Thin	
  planar	
  sensors	
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3D	
  sensor	
  technology	
  
•  “3D”	
  electrodes: 	
  -­‐	
  narrow	
  columns	
  along	
  detector	
  thickness,	
  

	
  -­‐	
  diameter:	
  10mm,	
  	
  distance:	
  50	
  -­‐	
  100mm	
  

•  Lateral	
  deple1on: 	
  -­‐	
  lower	
  deple1on	
  voltage	
  needed	
  
	
  -­‐	
  thicker	
  detectors	
  possible	
  
	
  -­‐	
  fast	
  signal	
  
	
  -­‐	
  radia1on	
  hard:	
  smaller	
  collec1on	
  path!	
  

n-columns p-columns 
wafer surface 

n-type substrate 

p+

30
0 
µ

m
 

n
+

p+

50 µm 

3D PLANAR 
p+

Installed	
  in	
  ATLAS	
  IBL	
  
(Inner	
  b-­‐layer)	
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Replace	
  PMTs	
  
	
  with	
  SiPMs	
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Perspec1ves	
  in	
  high-­‐energy	
  γ-­‐ray	
  astronomy	
  	
  with	
  Cherenkov	
  



SiPM	
  for	
  Atmospheric	
  Cherenkov	
  telescopes	
  	
  	
  

FAMOUS	
  

hQp://wwwo.physik.rwth-­‐
aachen.de/ins1tute/ins1tut-­‐iiia/
forschung/auger/famous/	
  

Comparable	
  to	
  Auger	
  

Structure	
  

Thanks	
  to	
  SiPM!	
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Wrap-­‐up	
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Silicon	
  detectors	
  pros	
  

•  Large	
  signal	
  
•  Low	
  noise	
  
•  Fast	
  response	
  
•  Low	
  voltage	
  
•  Can	
  be	
  operated	
  in	
  magne1c	
  field	
  

•  Micrometric	
  spa1al	
  resolu1on	
  

•  Huge	
  thrust	
  in	
  the	
  industry	
  
•  (Cheap)	
  
•  Rigid	
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Charged	
  par1cle	
  detectors:	
  comparison	
  

precise	
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Photodetectors:	
  comparison	
  

PMT	
  =	
  PhotoMul1liers	
  Tubes,	
  MCP	
  =	
  MicroChannel	
  Plate,	
  HPD	
  =	
  Hybrid	
  Photon	
  Detectors,	
  
GPM	
  =	
  Gaseous	
  PhotoMul1liers,	
  APD	
  =	
  	
  Avalanche	
  Photo	
  Diodes,	
  PPD=	
  Pixelized	
  Photo	
  
Diodes,	
  VLPC	
  =	
  Visible	
  Light	
  Photo	
  Counters	
  

B	
  ?	
  

Solid	
  State	
  Detectors	
  

≈	
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Silicon	
  detectors:	
  larger	
  and	
  larger	
  areas	
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Silicon	
  detectors:	
  far	
  future	
  

HL-­‐LHC	
  
ATLAS,	
  CMS	
  

2025	
  

23	
  M.	
  Bomben	
  -­‐	
  Silicon	
  Radia1on	
  Detectors,	
  sec1on	
  C	
  -­‐	
  5th	
  IDPASC	
  School,	
  LPNHE,	
  19/2/2015	
  	
  	
  



Which	
  detector	
  should	
  I	
  use?	
  

Extreme	
  
simplifica1on	
  

SDDs 
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THANK	
  YOU	
  FOR	
  
YOUR	
  ATTENTION	
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