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sPHENIX	
  Tuesday	
  EMCAL	
  Mee7ng	
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Analysis	
  Status	
  
•  Analysis	
  notes	
  (33	
  pages)	
  

with	
  all	
  posi7on	
  scan	
  data	
  
(all	
  test	
  beam	
  runs	
  in2017	
  
and	
  2018	
  test	
  beams)	
  have	
  
been	
  analyzed	
  and	
  
compiled	
  

•  Analysis	
  codes	
  are	
  available	
  
on	
  github:	
  hEps://
github.com/MYOMAO/
SPHENIX/tree/master/
FullyAuto	
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Datasets	
  Used	
  
2017	
  test	
  beam	
  run	
  (η	
  =	
  1):	
  
•  Second	
  posi7on	
  scan:	
  0°	
  7lted	
  8	
  GeV	
  electrons	
  (recalib)	
  
•  Third	
  posi7on	
  scan:	
  10°	
  7lted	
  8	
  GeV	
  electrons	
  (recalib)	
  

2018	
  test	
  beam	
  run	
  (η	
  =	
  1):	
  	
  
•  Third	
  posi7on	
  scan:	
  sPHENIX	
  posi7on	
  5	
  GeV	
  electrons	
  (recalib)	
  
•  Four	
  posi7on	
  scan:	
  dual	
  channeling	
  5	
  GeV	
  electrons	
  (recalib)	
  
•  Fi_h	
  posi7on	
  scan:	
  dual	
  channeling	
  8	
  GeV	
  electrons	
  (prod)	
  
•  Sixth	
  posi7on	
  scan:	
  sPHENIX+5	
  8	
  GeV	
  electrons	
  (prod)	
  
•  Seventh	
  posi7on	
  scan:	
  sPHENIX	
  posi7on	
  8	
  GeV	
  electrons	
  (prod)	
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Analysis	
  Techniques	
  
Basic	
  Analysis:	
  
•  Step	
  1:	
  hodoscope	
  correc7ons	
  

•  Step	
  2:	
  preliminary	
  data	
  assessment	
  (posi7on	
  correc7ons:	
  prdf	
  vs	
  
root	
  files	
  disagreements,	
  2018	
  data	
  only	
  and	
  sta7s7cs	
  distribu7ons)	
  	
  

•  Step	
  3:	
  mean	
  energy	
  extrac7on	
  (mean	
  and	
  fits	
  methods)	
  

•  Step	
  4:	
  Interpola7on	
  (2017	
  data	
  only	
  due	
  to	
  non	
  uniformity)	
  

Further	
  Analysis:	
  
•  1	
  D	
  Projec7ons	
  and	
  comparisons	
  

•  Central	
  4	
  ×	
  4	
  tower	
  comparisons	
  to	
  study	
  uniformity	
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Hodoscope	
  Correc7ons	
  	
  

2017	
  2nd	
  Posi7on	
  Scan 2018	
  7th	
  Posi7on	
  Scan 
All	
  posi7on	
  scans	
  have	
  the	
  same	
  signs	
  for	
  hodoscope	
  correc7ons	
  (horizontal	
  –	
  and	
  ver7cal	
  +)	
  	
  
except	
  the	
  2018	
  7th	
  posi7on	
  scan,	
  which	
  has	
  horizontal	
  +	
  and	
  ver7cal	
  +.	
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Posi7on	
  Correc7ons	
  
•  Disagreement	
  between	
  prdf	
  files	
  and	
  root	
  files	
  for	
  x	
  and	
  y	
  posi7ons	
  in	
  the	
  same	
  run	
  in	
  2018	
  	
  

test	
  beam	
  runs:	
  	
  

•  Analysis	
  code	
  correct	
  posi7ons	
  of	
  the	
  root	
  file,	
  which	
  are	
  incorrect,	
  back	
  to	
  the	
  posi7ons	
  of	
  
the	
  prdf	
  files	
  posi7ons,	
  which	
  are	
  correct	
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Sta7s7cs	
  Distribu7ons	
  

Sta7s7cs:	
  	
  second	
  run	
  in	
  2018	
  test	
  beam	
  >	
  2017	
  
test	
  beam	
  >	
  	
  first	
  run	
  in	
  the	
  2018	
  test	
  beam 

2017	
  2nd	
  Scan 2018	
  4th	
  Scan	
  (First	
  Run) 

2018	
  6th	
  Scan	
  (Second	
  Run) 
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Mean	
  Energy	
  Extrac7on	
  
Analysis	
  strategies:	
  
1.	
  Collect	
  the	
  posi7on	
  corrected	
  TH3	
  histogram	
  energy,	
  x,	
  y	
  distribu7on	
  from	
  the	
  
“\.EMCalCalib.root”	
  files	
  with	
  “good_e”	
  	
  (good	
  electrons)	
  selec7ons.	
  	
  
	
  
2.	
  Project	
  the	
  TH3	
  histogram	
  to	
  the	
  1	
  mm	
  ×	
  1	
  mm	
  bins	
  to	
  obtain	
  the	
  energy	
  spectra	
  
	
  
3.	
  Extract	
  the	
  mean	
  from	
  the	
  distribu7on	
  with	
  mean	
  and	
  Gaussian	
  fits	
  method	
  
	
  
Mean	
  method:	
  take	
  the	
  mean	
  directly	
  from	
  the	
  spectrum.	
  Applicable	
  when	
  the	
  sta7s7cs	
  is	
  low	
  
but	
  the	
  precision	
  is	
  not	
  as	
  good	
  as	
  the	
  mean	
  method	
  
	
  
Fits	
  method:	
  perform	
  a	
  Gaussian	
  fits	
  with	
  certain	
  range	
  near	
  the	
  electron	
  beam	
  energies.	
  
Applicable	
  when	
  we	
  have	
  sufficient	
  sta7s7cs.	
  It	
  is	
  beEer	
  to	
  represent	
  the	
  mean	
  energy	
  than	
  the	
  
mean	
  method. 
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Energy	
  Spectra	
  and	
  Gaussian	
  Fits	
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1	
  mm	
  ×	
  1mm	
  Mean	
  Energy	
  Distribu7ons	
  (Mean	
  Method)	
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1	
  mm	
  ×	
  1mm	
  Mean	
  Energy	
  Distribu7ons	
  (Fits	
  Method)	
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Mean	
  Energy	
  vs	
  Posi7on	
  Interpola7on	
  
Analysis	
  strategies:	
  
1.	
  Input	
  the	
  1	
  mm	
  ×	
  1	
  mm	
  energy	
  vs	
  posi7on	
  distribu7on	
  plots	
  and	
  loop	
  through	
  all	
  posi7ons	
  
	
  
2.	
  For	
  zero-­‐value	
  bins,	
  we	
  search	
  the	
  nearby	
  forward,	
  backward,	
  le_ward,	
  and	
  rightward	
  2	
  mm	
  
bins.	
  If	
  we	
  get	
  non-­‐zero	
  values,	
  we	
  add	
  them	
  up	
  and	
  average	
  them.	
  The	
  averaged	
  value	
  will	
  
become	
  the	
  energy	
  of	
  the	
  zero-­‐value	
  bins.	
  	
  
	
  
3.	
  A_er	
  interpola7ng,	
  we	
  will	
  be	
  able	
  to	
  get	
  the	
  con7nuous	
  mean	
  energy	
  vs	
  posi7on	
  
distribu7on	
  
	
  
4.	
  We	
  add	
  the	
  tower	
  boundaries	
  to	
  the	
  plots	
  determined	
  from	
  the	
  hodoscope	
  correc7ons	
  plots	
  
	
  
Since	
  the	
  posi7on	
  scan	
  in	
  the	
  2018	
  test	
  beam	
  is	
  uniformly	
  spaced,	
  we	
  can	
  skip	
  the	
  interpola7on	
  
steps	
  and	
  directly	
  perform	
  5	
  mm	
  ×	
  5	
  mm	
  projec7on	
  to	
  obtain	
  the	
  con7nuous	
  mean	
  energy	
  vs	
  
posi7on	
  distribu7on	
  plots.	
  	
  	
  
	
  
From	
  now	
  on,	
  I	
  will	
  only	
  present	
  the	
  fits	
  method. 
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2017	
  2nd	
  Posi7on	
  Scan	
  (10°	
  Tilted)	
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2017	
  3rd	
  	
  Posi7on	
  Scan	
  (0°	
  Tilted)	
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2018	
  3rd	
  Posi7on	
  Scan	
  (Dual	
  Channeling)	
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2018	
  4th	
  Posi7on	
  Scan	
  (sPHENIX	
  Rota7on)	
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2018	
  5th	
  Posi7on	
  Scan	
  (Dual	
  Channeling)	
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2018	
  6th	
  Posi7on	
  Scan	
  (sPHENIX	
  +	
  5)	
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2018	
  7th	
  Posi7on	
  Scan	
  (sPHENIX	
  Rota7on)	
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Qualita7ve	
  Comparisons	
  (0°	
  Tilted	
  vs	
  Dual	
  Channeling)	
  

Qualita7vely,	
  it	
  appears	
  that	
  the	
  2017	
  0°	
  has	
  beEer	
  uniformity	
  than	
  the	
  2018	
  dual	
  channeling.	
  
We	
  need	
  to	
  perform	
  more	
  quan7ta7ve	
  studies	
  to	
  draw	
  a	
  conclusion.	
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Qualita7ve	
  Comparisons	
  (10°	
  Tilted	
  vs	
  sPHENIX+5)	
  

Qualita7vely,	
  it	
  appears	
  that	
  the	
  2017	
  10°	
  has	
  beEer	
  uniformity	
  than	
  the	
  2018	
  sPHENIX	
  +	
  5	
  
horizontally	
  and	
  has	
  worse	
  uniformity	
  ver7cally.	
  We	
  need	
  to	
  perform	
  more	
  quan7ta7ve	
  
studies	
  to	
  draw	
  a	
  conclusion.	
   



22	
  

Further	
  Analysis:	
  1D	
  Projec7on	
  
Analysis	
  strategies:	
  
1.	
  Input	
  the	
  mean	
  energy	
  vs	
  posi7on	
  distribu7on	
  plots	
  
	
  
2.	
  Normalized	
  all	
  the	
  mean	
  energy	
  vs	
  posi7on	
  plots	
  by	
  the	
  average	
  energies	
  of	
  the	
  central	
  2	
  ×	
  2	
  
towers	
  
	
  
3.	
  Perform	
  10	
  bins	
  (10	
  mm)	
  1D	
  projec7ons	
  on	
  the	
  tower	
  boundary	
  and	
  central	
  of	
  the	
  towers	
  
horizontally	
  and	
  ver7cally	
  on	
  the	
  plots	
  of	
  the	
  same	
  scales	
  
	
  
4.	
  Compare	
  the	
  1D	
  distribu7ons	
  of	
  the	
  2018	
  test	
  beam	
  results	
  with	
  the	
  2017	
  test	
  beam	
  results	
  
	
  
	
  
From	
  now	
  on,	
  we	
  will	
  only	
  compare	
  the	
  results	
  of	
  the	
  central	
  towers	
  since	
  this	
  is	
  where	
  the	
  
uniformity	
  we	
  really	
  care	
  about	
  .	
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1D	
  Projec7on	
  Normaliza7on	
  Range	
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1D	
  Horizontal	
  Projec7on	
  Comparison	
  of	
  2017	
  0°	
  7lted	
  with	
  2018	
  Dual	
  Channeling	
  	
  

Here,	
  we	
  can	
  see	
  that	
  the	
  2018	
  
EMCAL	
  prototype	
  has	
  beEer	
  
uniformity	
  ver7cally	
  than	
  the	
  2017	
  
EMCAL	
  prototype	
   

2017	
  0°	
  7lted	
   

2018	
  dual	
  channeling 
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1D	
  Ver7cal	
  Projec7on	
  Comparison	
  of	
  2017	
  0°	
  7lted	
  with	
  2018	
  Dual	
  Channeling	
  	
  

Here,	
  we	
  can	
  see	
  that	
  the	
  2018	
  
EMCAL	
  prototype	
  has	
  beEer	
  
uniformity	
  ver7cally	
  than	
  the	
  2017	
  
EMCAL	
  prototype	
   

2017	
  0°	
  7lted	
   

2018	
  dual	
  channeling 
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1D	
  Horizontal	
  Projec7on	
  Comparison	
  of	
  2017	
  10°	
  7lted	
  with2018	
  sPHENIX	
  +	
  5	
  

Here,	
  we	
  can	
  see	
  that	
  the	
  2018	
  
EMCAL	
  prototype	
  has	
  similar	
  
uniformity	
  ver7cally	
  that	
  the	
  2017	
  
EMCAL	
  prototype	
   

2017	
  10°	
  7lted	
   

2018	
  sPHENIX+5 
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1D	
  Ver7cal	
  Projec7on	
  Comparison	
  of	
  2017	
  0°	
  7lted	
  and	
  2018	
  Dual	
  Channeling	
  	
  

2017	
  10°	
  7lted	
   

2018	
  sPHENIX	
  +5 

Here,	
  we	
  can	
  see	
  that	
  the	
  2018	
  
EMCAL	
  prototype	
  has	
  beEer	
  
uniformity	
  ver7cally	
  that	
  the	
  2017	
  
EMCAL	
  prototype	
   



28	
  

Further	
  Analysis:	
  Mean	
  Energy	
  Comparison	
  for	
  Central	
  4	
  ×	
  4	
  towers	
  	
  

Analysis	
  strategies:	
  
1.	
  Input	
  the	
  mean	
  energy	
  vs	
  posi7on	
  distribu7on	
  plots	
  
	
  
2.	
  Normalized	
  all	
  the	
  mean	
  energy	
  vs	
  posi7on	
  plots	
  by	
  the	
  average	
  energies	
  of	
  the	
  central	
  4	
  ×	
  4	
  
towers	
  
	
  
3.	
  Fill	
  the	
  TH1	
  histogram	
  with	
  energy	
  values	
  within	
  the	
  4	
  ×	
  4	
  towers	
  
	
  
4.	
  Perform	
  direct	
  RMS	
  and	
  mean	
  calcula7ons	
  and	
  fit	
  the	
  distribu7on	
  with	
  single	
  Gaussian	
  
func7on.	
  Take	
  the	
  RMS/mean	
  ra7o	
  for	
  these	
  two	
  method	
  
	
  
5.	
  Rescale	
  all	
  plots	
  to	
  make	
  their	
  energy	
  peaks	
  locate	
  right	
  at	
  1,	
  plot	
  them	
  together	
  in	
  the	
  same	
  
plots,	
  look	
  at	
  their	
  widths,	
  and	
  compare	
  their	
  uniformity	
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RMS-­‐Mean	
  Analysis	
  Projec7on	
  Range	
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Mean	
  Energy	
  Distribu7on	
  in	
  the	
  Central	
  4	
  ×	
  4	
  Tower	
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Numerical	
  Values	
  of	
  the	
  Analysis	
  

•  Direct	
  Method	
  beEer	
  describe	
  the	
  data	
  since	
  2	
  peak	
  structures	
  is	
  observed	
  in	
  2017	
  data	
  
	
  
•  RMS	
  Energy:	
  2017	
  0°	
  Tilted	
  >	
  2018	
  Dual	
  Channeling	
  >	
  2017	
  10°	
  Tilted	
  >	
  2018	
  sPHENIX	
  

Rota7on	
  >	
  2018	
  sPHENIX	
  +5	
  

•  RMS/Mean	
  Energy:	
  2017	
  0°	
  Tilted	
  >	
  2018	
  Dual	
  Channeling	
  >	
  2018	
  sPHENIX	
  Rota7on	
  >	
  2017	
  
10°	
  Tilted	
  ≈	
  2018	
  sPHENIX	
  +5	
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Rescaled	
  Energy	
  Distribu7on	
  Plots	
  



•  The	
  sPHENIX	
  EMCAl	
  analysis	
  has	
  been	
  carried	
  out	
  	
  
	
  	
  
•  The	
  uniformity	
  of	
  2018	
  prototype	
  has	
  improved,	
  par7cularly	
  

in	
  the	
  ver7cal	
  direc7on,	
  compared	
  to	
  the	
  2017	
  prototype	
  

•  According	
  to	
  our	
  analysis,	
  we	
  es7mate	
  the	
  energy	
  
uncertain7es	
  of	
  the	
  2018	
  EMCAL	
  prototype	
  due	
  to	
  the	
  non-­‐
uniformity	
  as	
  follows:	
  

-­‐  Dual	
  Channeling:	
  8.2%	
  
-­‐  sPHENIX	
  Rota7on:	
  7.8%	
  
-­‐  sPHENIX	
  +	
  5:	
  7.5%	
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Summary	
  and	
  Conclusion	
  


