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The	  Goal	  of	  My	  Study	  	

•  Longitudinal	  structure	  mainly	  affects	  single	  par-cle	  resolu-on	  
–  thickness,	  the	  number	  of	  layers	  	  

•  Transverse	  structure	  mainly	  affects	  confusion	  
–  pixel	  size,	  Si/Sc	  (or	  hybrid),	  overall	  size	  

•  JER	  depends	  on	  both	  structures	
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To	  op-mize	  calorimeter	  systema=cally	

I	  have	  to	  study	  effects	  	  
by	  changing	  some	  parameters	  independently	
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My	  Study	  	  	
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Inner	  region	 Outer	  region	

Detector	  (Si)	   Absorber	  (W)	  
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•  This	  contents	  focus	  on	  longitudinal	  structure	  	  
	  
•  	  The	  op-miza-on	  

1.  All	  W	  thickness	  are	  the	  same	  
2.  The	  loca-on	  of	  the	  boundary	  between	  	  

inner	  and	  outer	  region	  is	  changed	  

•  Whole	  thickness	  of	  ECAL	  is	  adjusted	  to	  be	  almost	  equal	  	  
for	  each	  configura-on	  

•  Simula-on	  
–  total	  :	  10000	  events	  	  
–  angle	  :	  >	  75○	  (for	  photon	  and	  kaon),	  >	  45○	  (for	  Jets)	  
–  Version	  :	  Detector	  model	  ILD-‐o1_v05	  and	  PandoraPFANew	  v00-‐09	  

	  



The	  Same	  Thickness	
•  Configura-on	  
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W	Si	

W_45	  layer	  x	  1.82	  mm	

W_39	  layer	  x	  2.1	  mm	

W_33	  layer	  x	  2.48	  mm	

Si	  :	  46	  layers	

Si	  :	  40	  layers	

Si	  :	  34	  layers	

Whole	  thickness	  :	  23.4X0	  	

Whole	  thickness	  :	  23.4X0	  	

Whole	  thickness	  :	  23.38X0	  	

・・・	 ・・・	

Inner	  region	 Outer	  region	

W	  :	  20	  layer	  x	  2.1	  mm	 W	  :	  9	  layer	  x	  4.2	  mm	

※	  Si	  :	  0.5mm	

Design	  value	  
(Default)	  

Si	  :	  30	  layers	Whole	  thickness	  :	  22.8X0	  	
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Calibra-on	  Method	
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EM	  calibraLon	  by	  using	  10GeV	  photon	  hit	  energy	  @CAL	

MIP	  calibraLon	  by	  using	  10GeV	  muon+	  hit	  energy	  @CAL	

Neutral	  hadron	  calibraLon	

Changed	  parameters	  in	  xml	  file	

CalibrECAL	

ECalToMipCalibra-on	

CalibrHCAL	

ECalToHadGeVCalibra-on	

Neutral	  hadron	  calibra-on	  by	  using	  10GeV	  KL0	  hit	  energy	  @CAL	

Neutral	  hadron	  calibra-on	  by	  using	  10GeV	  KL0	  PFO	  energy	
HCalToHadGeVCalibra-on	

In	  CaloDigi	

In	  CaloDigi	

In	  CaloDigi	

In	  PandoraPFA	
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One	  Problem	  in	  Marlin	

6	Before	 Aker	

•  The	  value	  of	  PFO	  data	  and	  that	  of	  Mokka	  data	  do	  not	  
accord	  for	  neutral	  hadron	  (KL0)	  aker	  calibra-on	  

•  Now,	  I	  deal	  with	  this	  problem	  to	  use	  the	  following	  
way	  aker	  calibra-on	

Mul-ply	  the	  rate:	  
	  [each	  config./default]	  	  

to	  	  	  
ECalToHadGeVCalibraLon	
HCalToHadGeVCalibraLon	

3rd	  Feb,	  2015	
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Energy	  Resolu-on	  for	  Photon	
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Ø  All	  configura-ons	  have	  good	  
const.	  terms	  

Ø  The	  resolu-ons	  @	  >20GeV	  are	  
beoer	  than	  that	  of	  default	  

Ø  It	  can	  be	  caused	  by	  the	  number	  of	  
Si	  layers	  in	  outer	  region	  of	  ECAL	

stoch.	  [%]	 const.	  [%]	

Default	 17.16±0.06	 1.82±0.04	

W_33	  x	  2.48	 18.83±0.07	 0.77±0.10	

W_39	  x	  2.1	 17.56±0.06	 0.67±0.10	

W_45	  x	  1.82	 16.58±0.06	 0.31±0.19	

�
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Energy	  Resolu-on	  for	  kaon	
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Ø  const.	  term	  of	  default	  is	  worse	  than	  
other	  configura-on	  
(caused	  by	  the	  number	  of	  Si	  layers	  
in	  outer	  region	  of	  ECAL)	  

Ø  There	  are	  no	  significant	  differences	  
between	  each	  configura-on	

stoch.	  [%]	 const.	  [%]	

Default	 55.24±0.24	 6.18±0.14	

W_33	  x	  2.48	 55.07±0.22	 3.73±0.19	

W_39	  x	  2.1	 54.12±0.21	 3.79±0.18	

W_45	  x	  1.82	 53.03±0.21	 3.32±0.19	
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kaon resolution ratio to Default



JER	
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SiW JER 

Ø  JERs	  of	  W_39x2.1	  and	  
W_45x1.82	  are	  beoer	  than	  
that	  of	  other	  two	  configu-‐
ra-ons	  for	  all	  energies	  

Ø  JER	  of	  W_33x2.48	  is	  beoer	  	  
at	  higher	  energy	  (more	  than	  
180GeV)	  



The	  Thickness	  of	  Inner	  and	  Outer	  Region	
•  Configura-on	  
–  The	  change	  of	  the	  boundary	  between	  inner	  and	  outer	  region	  

1.  Inner	  :	  Outer	  =	  34	  mm	  :	  46	  mm	  

2.  Inner	  :	  Outer	  =	  38	  mm	  :	  42	  mm	  

3.  Inner	  :	  Outer	  =	  42	  mm	  :	  38	  mm	  
–  The	  number	  of	  W	  layers	  in	  inner	  and	  outer	  region	  are	  

changed	  for	  upper	  configura-ons	  (Total	  29	  layers)	  
i.  Inner	  :	  Outer	  =	  22	  layer	  :	  7	  layer	  
ii.  Inner	  :	  Outer	  =	  20	  layer	  :	  9	  layer	  
iii.  Inner	  :	  Outer	  =	  18	  layer	  :	  11	  layer	  
iv.  Inner	  :	  Outer	  =	  16	  layer	  :	  13	  layer	  

–  Si	  and	  W	  are	  alternated	  
10	

Inner	 Outer	



Thickness	  of	  one	  layer	

•  The	  ra-o	  of	  the	  thickness	  of	  one	  layer	  in	  outer	  
region	  to	  that	  in	  inner	  region	  	

3rd	  Feb,	  2015	 11	

layer	  \	  thickness	 1)	  In	  34	  +	  Out	  46	 2)	  In	  38	  +	  Out	  42	 3)	  In	  42	  +	  Out	  38	

i)	  In	  22	  +	  Out	  7	
real	  thick	 In	  33.66	  +	  Out	  46.2	 In	  37.84	  +	  Out	  42	 In	  42.02	  +	  Out	  37.8	

Out	  /	  In	  	 4.31	 3.49	 2.83	

ii)	  In	  20	  +	  Out	  9	
real	  thick	 In	  33.6	  +	  Out	  46.17	 In	  37.8	  +	  Out	  41.94	 In	  42	  +	  Out	  37.8	

Out	  /	  In	  	 3.05	 2.47	 2.00	

iii)	  In	  18	  +	  Out	  11	
real	  thick	 In	  33.48	  +	  Out	  46.2	 In	  37.8	  +	  Out	  41.91	 In	  41.94	  +	  Out	  37.73	

Out	  /	  In	  	 2.26	 1.81	 1.47	

iV)	  In	  16	  +	  Out	  13	
real	  thick	 In	  33.6	  +	  Out	  46.15	 In	  37.76	  +	  Out	  41.99	 In	  41.92	  +	  Out	  37.83	

Out	  /	  In	  	 1.69	 1.37	 1.11	



layer	  \	  thickness	 1)	  In	  34	  +	  Out	  46	 2)	  In	  38	  +	  Out	  42	 3)	  In	  42	  +	  Out	  38	

i)	  In	  22	  +	  Out	  7	

real	  thick	 In	  33.66	  +	  Out	  46.2	 In	  37.84	  +	  Out	  42	 In	  42.02	  +	  Out	  37.8	

stoch.	 18.32±0.08%	 17.76±0.07%	 17.72±0.07%	

const.	 2.47±0.04%	 1.97±0.04%	 1.62±0.05%	

ii)	  In	  20	  +	  Out	  9	

real	  thick	 In	  33.6	  +	  Out	  46.17	 In	  37.8	  +	  Out	  41.94	 In	  42	  +	  Out	  37.8	

stoch.	 17.90±0.07%	 17.89±0.07%	 17.16±0.07%	

const.	 2.35±0.04%	 1.75±0.05%	 1.82±0.04%	

iii)	  In	  18	  +	  Out	  11	

real	  thick	 In	  33.48	  +	  Out	  46.2	 In	  37.8	  +	  Out	  41.91	 In	  41.94	  +	  Out	  37.73	

stoch.	 18.08±0.07%	 18.20±0.07%	 18.61±0.07%	

const.	 2.08±0.04%	 1.59±0.05%	 1.16±0.07%	

iV)	  In	  16	  +	  Out	  13	

real	  thick	 In	  33.6	  +	  Out	  46.15	 In	  37.76	  +	  Out	  41.99	 In	  41.92	  +	  Out	  37.83	

stoch.	 18.35±0.07%	 18.80±0.07%	 19.40±0.07%	

const.	 1.84±0.05%	 1.25±0.06%	 0.90±0.09%	

Energy	  resolu-on	  for	  photon	  	

There	  are	  no	  any	  significant	  dependences	 12	



Energy	  resolu-on	  for	  kaon	  	
layer	  \	  thickness	 1)	  In	  34	  +	  Out	  46	 2)	  In	  38	  +	  Out	  42	 3)	  In	  42	  +	  Out	  38	

i)	  In	  22	  +	  Out	  7	

real	  thick	 In	  33.66	  +	  Out	  46.2	 In	  37.84	  +	  Out	  42	 In	  42.02	  +	  Out	  37.8	

stoch.	 55.29±0.25%	 55.49±0.24%	 54.54±0.23%	

const.	 7.11±0.13%	 6.19±0.13%	 6.09±0.13%	

ii)	  In	  20	  +	  Out	  9	

real	  thick	 In	  33.6	  +	  Out	  46.17	 In	  37.8	  +	  Out	  41.94	 In	  42	  +	  Out	  37.8	

stoch.	 55.28±0.23%	 54.98±0.23%	 55.24±0.24%	

const.	 5.85±0.14%	 5.58±0.14%	 6.18±0.14%	

iii)	  In	  18	  +	  Out	  11	

real	  thick	 In	  33.48	  +	  Out	  46.2	 In	  37.8	  +	  Out	  41.91	 In	  41.94	  +	  Out	  37.73	

stoch.	 54.75±0.23%	 55.67±0.22%	 55.43±0.22%	

const.	 5.68±0.14%	 4.70±0.16%	 4.51±0.16%	

iV)	  In	  16	  +	  Out	  13	

real	  thick	 In	  33.6	  +	  Out	  46.15	 In	  37.76	  +	  Out	  41.99	 In	  41.92	  +	  Out	  37.83	

stoch.	 55.61±0.22%	 55.61±0.22%	 55.76±0.22%	

const.	 4.55±0.16%	 4.26±0.17%	 4.14±0.17%	

There	  are	  also	  no	  any	  significant	  dependences	 13	



JER	  (only	  for	  45GeV	  Jets)	
layer	  \	  thickness	 1)	  In	  34	  +	  Out	  46	 2)	  In	  38	  +	  Out	  42	 3)	  In	  42	  +	  Out	  38	

i)	  In	  22	  +	  Out	  7	
real	  thick	 In	  33.66	  +	  Out	  46.2	 In	  37.84	  +	  Out	  42	 In	  42.02	  +	  Out	  37.8	

JER	  	 3.98±0.05%	 3.84±0.05%	 3.87±0.05%	

ii)	  In	  20	  +	  Out	  9	
real	  thick	 In	  33.6	  +	  Out	  46.17	 In	  37.8	  +	  Out	  41.94	 In	  42	  +	  Out	  37.8	

JER	 3.86±0.05%	 3.71±0.05%	 3.69±0.05%	

iii)	  In	  18	  +	  Out	  11	
real	  thick	 In	  33.48	  +	  Out	  46.2	 In	  37.8	  +	  Out	  41.91	 In	  41.94	  +	  Out	  37.73	

JER	 3.80±0.05%	 3.82±0.05%	 3.76±0.05%	

iV)	  In	  16	  +	  Out	  13	
real	  thick	 In	  33.6	  +	  Out	  46.15	 In	  37.76	  +	  Out	  41.99	 In	  41.92	  +	  Out	  37.83	

JER	 3.76±0.05%	 3.81±0.05%	 3.79±0.05%	

JER	  of	  lek	  down	  region	  in	  this	  table	  look	  beoer	  	  
than	  that	  of	  right	  up	  region	

14	3rd	  Feb,	  2015	



Outlook	

•  I	  will	  study	  the	  longitudinal	  structure	  with	  

–  JER	  @	  higher	  energy	  (>91GeV)	  

– wider	  range	  of	  parameters	  

– op-miza-on	  by	  changing	  the	  number	  of	  layers	  

– op-miza-on	  by	  changing	  the	  pixel	  size	  of	  Si	  
15	3rd	  Feb,	  2015	



Back	  up	



Energy	  Resolu-on	  for	  Photon	

•  Inner	  :	  Outer	  =	  34	  mm	  :	  46	  mm	  
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True energy[GeV]
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photon resolution (In 38 mm + Out 42 mm)
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photon resolution ratio to Default

Energy	  Resolu-on	  for	  Photon	

•  Inner	  :	  Outer	  =	  38	  mm	  :	  42	  mm	  
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True energy[GeV]
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Default

In 22 layer + Out 7 layer
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In 16 layer + Out 13 layer

photon resolution (In 42 mm + Out 38 mm)
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photon resolution ratio to Default

Energy	  Resolu-on	  for	  Photon	

•  Inner	  :	  Outer	  =	  42	  mm	  :	  38	  mm	  
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kaon resolution (In 34 mm + Out 46 mm)
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kaon resolution ratio to Default

Energy	  Resolu-on	  for	  Kaon	

•  Inner	  :	  Outer	  =	  34	  mm	  :	  46	  mm	  
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kaon resolution (In 38 mm + Out 42 mm)
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kaon resolution ratio to Default

Energy	  Resolu-on	  for	  Kaon	

•  Inner	  :	  Outer	  =	  38	  mm	  :	  42	  mm	  
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kaon resolution (In 42 mm + Out 38 mm)
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kaon resolution ratio to Default

Energy	  Resolu-on	  for	  Kaon	

•  Inner	  :	  Outer	  =	  42	  mm	  :	  38	  mm	  
	

3rd	  Feb,	  2015	 22	


