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Mo>va>on	
  	


•  Explore	
   the	
   op>mum	
   EM	
   ini>al	
   calibra>on	
  method	
   for	
   Silicon	
   pad	
  
high	
  granularity	
  calorimeters.	
  

•  Op>mize	
  the	
  design	
  of	
  future	
  calorimeters	
  (CEPC	
  here).	
  
•  Homogeneous	
  ECAL	
  
•  Inhomogeneous	
  ECAL	
  (increasing	
  passive	
  material	
  thickness).	
  

	
  
•  Understand	
  some	
  basic	
  ques>ons:	
  	
  
•  Origin	
  of	
  a	
  ~1%	
  constant	
   term	
  observed	
   in	
  an	
  example	
  of	
   such	
  
calorimeter	
  with	
  increasing	
  passive	
  material	
  thickness.	
  

•  How	
  to	
  correct	
  for	
  upstream	
  material	
  losses	
  (presampling).	
  
•  How	
  to	
  correct	
  for	
  leaking	
  EM	
  energy.	
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EM	
  ini>al	
  calibra>on	
  	


•  dEdx:	
  es>mate	
  the	
  number	
  of	
  MIPs	
  through	
  a	
  passive	
  layer	
  

	
  
	
  

	
  
•  Alterna>ve	
  method	
  (this	
  talk):	
  use	
  the	
  sampling	
  frac>on	
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HGCal,	
  CMS	
  
(older	
  30	
  Layer	
  ECAL)	
  

Calice,	
  SiD	
  (and	
  CEPC?)	
  

Si	
  HG	
  Sampling	
  ECAL	
  projects	
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High	
  Granularity	
  
Timing	
  Detector,	
  ATLAS	
  

Si	
  HG	
  Sampling	
  ECAL	
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LAYER        X0 

Layer 1 0.0919987     

Layer 2 0.927787 
Layer 3 0.602529 

Layer 4 0.575468 

Layer 5 0.602529 

Layer 6 0.575468 

Layer 7 0.602529 
Layer 8 0.575468 

Layer 9 0.602529 

Layer 10 0.575468 

Layer 11 0.602529 

Layer 12 0.87511 
Layer 13 0.798519 

Layer 14 0.87511 

Layer 15 0.798519 

 
 

LAYER        X0 

Layer 16 0.87511 

Layer 17 0.798519 
Layer 18 0.87511 

Layer 19 0.798519 

Layer 20 0.87511 

Layer 21 0.798519 

Layer 22 1.27463 
Layer 23 1.20832 

Layer 24 1.27463 

Layer 25 1.20832 

Layer 26 1.27463 

Layer 27 1.20832 
Layer 28 1.27463 

Layer 29 1.20832 

Layer 30 1.27463 

 
 

Example	
  configura>ons	
  	



Homogeneous same X0	
  	
  
0.86	
  X0/layer	
  
Total	
  X0	
  25.8	
  

Homogeneous same dEdx 
1.162	
  X0/layer	
  
Total	
  X0	
  34.86	
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Simula>on:	
  stand-­‐alone	
  G4	
  	


•  The	
  physics	
   list	
   that	
  was	
  used	
   for	
   the	
  simula>on	
  was	
  QGSP_BERT	
  

that	
  combines	
   the	
  Ber>ni	
  model	
  at	
   low	
  energies,	
  <	
  9.9	
  GeV,	
  with	
  
the	
   Low	
   Energy	
   Parametrized	
   model	
   (LEP,	
   based	
   on	
   fits	
   to	
  
experimental	
  data)	
  at	
  intermediate	
  energies,	
  9.5	
  -­‐	
  25	
  GeV,	
  and	
  the	
  
Quark-­‐Gluon-­‐String	
   Pre-­‐compound	
   model	
   (theory-­‐driven	
   string	
  
parton	
  models)	
  at	
  high	
  energies,	
  >	
  12	
  GeV.	
  

•  No	
  digi>za>on	
  used.	
  
•  30	
  layers	
  of	
  Silicon,	
  300microns	
  per	
  layer,	
  20x20cm2	
  transverse	
  size	
  
	
  	
  
	
  
•  Next	
  we	
  show	
  the	
  SF	
  method	
  (1,2,3)	
  and	
  the	
  dEdx	
  method	
  (4):	
  

1.  SF:	
  ignore	
  a	
  1%	
  leakage	
  (E	
  escaping	
  from	
  the	
  back).	
  
2.  SF:	
  add	
  the	
  leakage	
  by	
  hand	
  to	
  isolate	
  calibra>on	
  effects.	
  
3.   SF:	
  add	
  the	
  leakage	
  and	
  correct	
  SF	
  for	
  shower-­‐depth.	
  
4.  dEdx	
  method:	
  use	
  the	
  dEdx	
  weights	
  (std	
  method)	
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Homogeneous	
  ECAL	
  
(30layers,	
  0.86X0/layer)	
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Longitudinal	
  Energy	
  deposi>on	
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SF	
  vs	
  shower	
  depth	
  	



In	
  these	
  longitudinally	
  segmented	
  calorimeters	
  we	
  can	
  measure	
  the	
  shower	
  
depth	
  event	
  by	
  event.	
  
The	
  <SF>	
  is	
  also	
  preoy	
  much	
  constant	
  as	
  a	
  func>on	
  of	
  shower	
  depth.	
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Sampling	
  Frac>on	
  	



SF=
Eactive

1

30

∑

Eactive +Epassive( )
1

30

∑
For	
  homogeneous	
  ECAL,	
  the	
  <SF>	
  is	
  
constant	
  with	
  incident	
  par>cle	
  energy.	
  



2	
  Sept	
  2016	
   12	
  

Energy	
  Resolu>on/Scale/Linearity	
  	



All	
  methods	
  give	
  the	
  same	
  resolu>on	
  and	
  good	
  linearity.	
  The	
  dEdx	
  method	
  
overshoots	
  the	
  energy	
  scale	
  by	
  +4%	
  and	
  is	
  non-­‐linear	
  by	
  1%	
  below	
  40GeV.	
  
	
  
There	
  is	
  no	
  constant	
  term	
  (as	
  expected).	
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ECAL	
  with	
  0.8X0	
  per	
  layer	
  	



Resolu>on	
  Improves	
  at	
  the	
  expense	
  of	
  some	
  leakage	
  from	
  the	
  
back,	
  which	
  if	
  not	
  corrected	
  it	
  appears	
  as	
  a	
  constant	
  term.	
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Some	
  conclusions	
  	


•  The	
   dEdx	
   method	
   gives	
   almost	
   iden>cal	
   performance	
   with	
   the	
   SF	
  
method	
  for	
  energies	
  except	
  at	
  lower	
  energies	
  E<40GeV.	
  

•  The	
  SF	
  does	
  not	
  depend	
  strongly	
  on	
  energy	
  or	
  shower	
  depth.	
  
•  The	
  resolu>on	
  improves	
  with	
  thinner	
  passive	
   layers	
  at	
  the	
  expense	
  
of	
  energy	
  leakage	
  (same	
  number	
  of	
  layers).	
  

•  No	
  constant	
  term	
  (of	
  course	
  there	
  shouldn’t	
  be!).	
  

•  One	
   can	
   design	
   a	
   progressively	
   increasing	
   thickness	
   calorimeter,	
  
having	
   a	
   higher	
   SF	
   in	
   the	
   earlier	
   parts	
   of	
   the	
   shower,	
   and	
   an	
  
improved	
  resolu>on	
  for	
  the	
  same	
  total	
  X0	
  depth.	
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Inhomogeneous	
  ECAL	
  
(CMS-­‐style	
  with	
  30layers)	
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Sampling	
  Frac>on	
  vs	
  energy	
  	



Due	
  to	
  the	
  increasing	
  thickness	
  of	
  the	
  layers,	
  the	
  SF	
  decreases	
  with	
  energy	
  
(i.e.	
  more	
  energy	
  is	
  absorbed	
  in	
  the	
  passive	
  Layers	
  because	
  the	
  shower	
  max	
  
is	
  deeper	
  in	
  the	
  ECAL).	
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SF	
  reduces	
  linearly	
  with	
  shower	
  depth	
  due	
  to	
  the	
  increasing	
  passive	
  layer	
  thickness.	
  
	
  
With	
  the	
  excep>on	
  of	
  very	
  low	
  beam	
  energy	
  the	
  slope	
  is	
  universal	
  (t/<t>)	
  
	
  
We	
  use	
  a	
  single	
  (universal)	
  slope	
  correc>on	
  of	
  the	
  SF	
  

SF	
  vs	
  depth	
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100	
  GeV:	
  shower	
  depth	
  correc>on	
  	



Example	
  of	
  resolu>on	
  improvement	
  arer	
  the	
  SF	
  correc>on	
  using	
  the	
  shower	
  depth.	
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Energy	
  Resolu>on/Scale/Linearity	
  	



The	
  dEdx	
  method	
  has	
  significant	
  non-­‐linearity	
  for	
  energies	
  below	
  100GeV.	
  	
  
It	
  also	
  has	
  an	
  inherent	
  constant	
  term	
  of	
  0.6%,	
  not	
  present	
  in	
  the	
  homogen.	
  ECAL.	
  
	
  
The	
  SF	
  method	
  plus	
  a	
  single	
  universal	
  shower	
  depth	
  correc>on,	
  has	
  the	
  same	
  
stochas>c	
  term	
  as	
  the	
  dEdx,	
  but	
  good	
  linearity,	
  scale	
  and	
  lower	
  constant	
  term	
  0.4%.	
  
	
  
It	
  is	
  possible	
  that	
  addi>onal	
  correc>ons	
  would	
  remove	
  the	
  residual	
  c.t.	
  (not	
  studied).	
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Summary	
  	


•  Inhomogeneous	
  longitudinally	
  segmented	
  Si	
  ECALs	
  require	
  special	
  

aoen>on	
  in	
  their	
  ini>al	
  calibra>on.	
  
•  Simple	
  dEdx-­‐style	
  calibra>on	
  leads	
  to	
  significant	
  non-­‐linearity	
  

and	
  scale	
  problems.	
  
•  It	
  also	
  leads	
  to	
  a	
  significant	
  constant	
  term	
  in	
  resolu>on	
  (0.6%)	
  

•  Going	
  back	
  to	
  the	
  tradi>onal	
  Sampling	
  Frac>on	
  leads	
  to	
  the	
  same	
  
resolu>on	
  performance	
  but	
  provides	
  good	
  linearity	
  and	
  scale.	
  
•  There	
  is	
  s>ll	
  a	
  residual	
  	
  constant	
  factor,	
  probably	
  due	
  to	
  the	
  

average	
  nature	
  of	
  the	
  SF	
  correc>on	
  (not	
  a	
  proven	
  fact	
  yet!)	
  
	
  	
  
•  Our	
  goal	
  is	
  to	
  test	
  these	
  ideas	
  in	
  upcoming	
  test-­‐beams	
  and	
  

establish	
  the	
  best	
  approach.	
  

•  CEPC	
  SiECAL	
  design-­‐studies	
  should	
  take	
  into	
  account	
  such	
  issues.	
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Extra	
  Slides	
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Sampling	
  Frac>on	
  Method	
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dEdx	
  method	
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