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The  Silicon  Photomul?pliers  (SiPM)

Silicon	
   PhotomulApliers	
  
(SiPM)	
   are	
   devices	
   able	
  
to	
   	
   detect	
   very	
   low	
  
intensity	
   of	
   ligh(p.e.)	
  
down	
   to	
   single	
   photo	
  
electron	
  level.	
  	
  
It	
   consists	
   of	
   a	
  matrix	
   of	
  
s i g l e	
   p -­‐ n	
   j u n c A o n	
  
working	
   in	
   geiger	
   mode	
  
(gain	
  >	
  106).	
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When	
  a	
  certain	
  number	
  of	
  photons	
  hits	
  the	
  SiPM,	
  it	
  
is	
  possible	
  to	
  distuinguish	
  signals	
  generated	
  by	
  one	
  
single	
  p.e.,	
  two	
  p.e.,	
  three	
  p.e.	
  etc…	
  and	
  observe	
  the	
  
poissonian	
  distribuAon	
  of	
  the	
  number	
  of	
  detected	
  
photon	
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Measurement  proof  of  concept




Average  Waveforms  for  different  distances  


• 	
  The	
  signal	
  is	
  delayed	
  
• 	
  The	
  signal	
  is	
  smaller	
  -­‐>	
  less	
  photons	
  detected	
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  cm	
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The  speed  of  light


c  =  29.98  ±  4.22  cm/ns
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The	
  value	
  of	
  the	
  speed	
  of	
  light	
  can	
  be	
  esAmated	
  as	
  the	
  slope	
  
of	
  the	
  linear	
  fit	
  of	
  the	
  Delay	
  vs.	
  source	
  to	
  sensor	
  distance	
  	
  



Pulse  height  analysis


The	
  histogram	
  of	
  the	
  detected	
  p.e.	
  follows	
  a	
  poissonian	
  distribuAon.	
  Each	
  peak	
  of	
  
the	
  plot	
  correponds	
  to	
  a	
  0	
  p.e.,	
  1p.e.,	
  2	
  p.e.	
  etc	
  etc	
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SiPM  linearity


The	
  esAmated	
  gain	
  is	
  approximately	
  9.5	
  mV/p.e.,	
  taking	
  into	
  account	
  
the	
  intrinsic	
  gain	
  of	
  the	
  SiPM	
  and	
  the	
  gain	
  the	
  preamplifier.	
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The	
  Gaussian	
  fit	
  of	
  each	
  peak	
  gives	
  the	
  average	
  value	
  of	
  the	
  signal	
  amplitude	
  linearly	
  
scaling	
  with	
  the	
  detected	
  #	
  p.e.	
  

Av
er
ag
e	
  
pu

lse
	
  a
m
pl
itu

de
	
  (m

V)
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  p.e.	
  



The  poissonian  of    #  p.e.  
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The	
  #	
  p.e.	
  follows	
  a	
  poissonian	
  distribuAon	
  whose	
  average	
  is	
  the	
  esAmated	
  value	
  of	
  
the	
  	
  	
  average	
  number	
  of	
  detected	
  photons.	
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Inverse  square  law  verifica?on


1
0)( pxpxf ⋅= p1  =  -­‐1.9  ±  0.3


The	
  intensity	
  of	
  light	
  is	
  expressed	
  by	
  the	
  number	
  of	
  p.e.	
  detected	
  by	
  the	
  sensor.	
  
The	
  inverse	
  square	
  law	
  (1/r2	
  )	
  can	
  be	
  verified	
  plo`ng	
  the	
  average	
  p.e.	
  for	
  different	
  souce-­‐
sensor	
  distances.	
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