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Motivation
• V a l i d a t i o n  o f  G E A N T 4 - O S C A R  t o w a r d s  t h e  d a t a  c h a l l e n g e  
• U n d e r s t a n d i n g  o f  t h e  s u c c e s s i v e  H c a l  t e s t  b e a m  
e x p e r i m e n t s  ( 0 2 , 0 3 , 0 4 )

Started using OSCAR_1_4_0 (G4.4.1), 
physics list 1.8 (October 2001), default 
cuts: 1 cm production cuts

• B e a m  L i n e  S y s t e m  ( t r i g g e r  t i l e s  &  w i r e  c h a m b e r s )
• C u s t o m i z e d E c a l   ( 7 x 7  C r y s t a l  M a t r i x  i n  a l u m i n u m  b o x )
• H C a l   f r o m  O S C A R _ 1 _ 4 _ 0  l i b r a r y
• C u s t o m i z e d  H O
• B L  a n d  E c a l t r a n s l a t i o n  &  r o t a t i o n  c a p a b i l i t y
• I n c o r p o r a t e  R o o t  a n a l y s i s  p a c k a g e
• S t u d y  e n e r g y  r e s o l u t i o n ,  l i n e a r i t y ,  s h o w e r  p r o f i l e s
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Based on 1-5 , 0 0 0  π−−−− ev ent s ont o t h e ( η,φ) = ( 7 , 3 )  t ow er  of  t h e 
H B and c r y st al  2 5  of  t h e E C al m at r i x

MC Analysis: mimic data analysis

Crystal 25
S h ou l d b e t ow er  ( 9 , 4 )  !
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mean :                       
0.875 ADC = 262 MeV

HB Pedestal sigma 
distribution

Eππππ
corr =  1 2 1 . 5 * E

H B
5 x 5 + 1 . 0 5 * E

E C a l
3 x 3

E H B
s ci n t E H B

s ci n t +  0 . 1 *  E
H B

s ci n t M e V *  R a n d  
E H B

t ow e r E H B
t ow e r +  2 6 2  M e V  *  R a n d

L o n g .  N o n - u n i f o r m i t y

El e c t r o n i c  N o i s e

C a l i b r a t i o n  f a c t o r s

E E C a l
t ow e r E E C a l

t ow e r +  1 1 5  M e V *  R a n d  

MC Analysis: Calibration & Noise

El e c t r o n i c  N o i s e

H C a l c a l i b r a t i o n  w i t h  5 0  G e V  p i o n s
o n  H B  o n l y :  l e s s  t h a n  1 %  o f  t h e  
e n e r g y  i n  s c i n t i l l a t o r s  ( 5 x 5  m a t r i x )

EC a l c a l i b r a t i o n  w i t h  1 0 0  G e V
e l e c t r o n s  o n  Ec a l  o n l y :   ~ 9 5 %  o f  t h e  
e n e r g y  i s  c o n t a i n e d  ( 3 x 3  m a t r i x )

Noise 

in  H B

Noise 

in  H B
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Pion Beam Energy (GeV)
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Pion Energy Resolution

Corrected Energy (GeV)
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H20E5x5
Nent = 999    
Mean  =  17.65

RMS   =  5.464
Chi2 / ndf = 70.64 / 37
Prob  = 0.0004158

 3.688 ±Constant = 86.62 

 0.1507 ±Mean     = 17.75 
 0.1159 ±Sigma    = 4.272 

20 GeV
Pions

H20E5x5
Nent = 999    
Mean  =  17.65

RMS   =  5.464
Chi2 / ndf = 70.64 / 37
Prob  = 0.0004158

 3.688 ±Constant = 86.62 

 0.1507 ±Mean     = 17.75 
 0.1159 ±Sigma    = 4.272 
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H30E5x5
Nent = 1000   
Mean  =  28.32

RMS   =  6.887
Chi2 / ndf = 50.02 / 38
Prob  = 0.08989

 3.061 ±Constant = 74.53 

 0.207 ±Mean     = 28.33 
 0.1543 ±Sigma    = 6.105 

30 GeV
Pions

H30E5x5
Nent = 1000   
Mean  =  28.32

RMS   =  6.887
Chi2 / ndf = 50.02 / 38
Prob  = 0.08989

 3.061 ±Constant = 74.53 

 0.207 ±Mean     = 28.33 
 0.1543 ±Sigma    = 6.105 
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H40E5x5
Nent = 1000   
Mean  =   38.7

RMS   =  7.878
Chi2 / ndf = 62.31 / 35
Prob  = 0.00214

 3.589 ±Constant = 81.86 

 0.2395 ±Mean     =  38.8 
 0.2013 ±Sigma    = 6.857 

40 GeV
Pions

H40E5x5
Nent = 1000   
Mean  =   38.7

RMS   =  7.878
Chi2 / ndf = 62.31 / 35
Prob  = 0.00214

 3.589 ±Constant = 81.86 

 0.2395 ±Mean     =  38.8 
 0.2013 ±Sigma    = 6.857 
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Nent = 1000   
Mean  =  48.01

RMS   =  8.793
Chi2 / ndf =  55.9 / 34
Prob  = 0.008476

 3.644 ±Constant = 80.45 

 0.2645 ±Mean     =  48.3 
 0.2518 ±Sigma    = 7.925 

50 GeV
Pions

H50E5x5
Nent = 1000   
Mean  =  48.01

RMS   =  8.793
Chi2 / ndf =  55.9 / 34
Prob  = 0.008476

 3.644 ±Constant = 80.45 

 0.2645 ±Mean     =  48.3 
 0.2518 ±Sigma    = 7.925 

Corrected Energy (GeV)
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Nent = 900    
Mean  =  134.9

RMS   =  17.43
Chi2 / ndf = 39.54 / 32
Prob  = 0.1697

  3.15 ±Constant = 73.44 

 0.5303 ±Mean     = 135.9 
 0.398 ±Sigma    = 15.31 

140 GeV
Pions

H140E5x5
Nent = 900    
Mean  =  134.9

RMS   =  17.43
Chi2 / ndf = 39.54 / 32
Prob  = 0.1697

  3.15 ±Constant = 73.44 

 0.5303 ±Mean     = 135.9 
 0.398 ±Sigma    = 15.31 
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H150E5x5
Nent = 900    
Mean  =  145.7

RMS   =  18.14
Chi2 / ndf = 44.16 / 31
Prob  = 0.05618

 3.305 ±Constant = 75.55 

 0.5427 ±Mean     =   147 
 0.4323 ±Sigma    = 15.76 

150 GeV
Pions

H150E5x5
Nent = 900    
Mean  =  145.7

RMS   =  18.14
Chi2 / ndf = 44.16 / 31
Prob  = 0.05618

 3.305 ±Constant = 75.55 

 0.5427 ±Mean     =   147 
 0.4323 ±Sigma    = 15.76 

M.C. & data agreed above ~70 G eV  bu t M.C gave i n c reas i n gl y  better 

res ol u ti on  at l ow er en ergi es  ( 2 0%  di f f eren c e at 2 0 G eV )

But what’s the uncertainty in the data 
anal ysis?  ( need f o r M . C  p hysics v al idatio n)
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 / ndf 2χ  201.5 / 79
p0        12.29± 939.3 
p1        0.03326± 2.379 
p2        0.02385± 2.368 
p3        10.08±  1306 
p4        0.03789± 16.57 
p5        0.03258± 5.134 

Uncorrected Pion Energy (GeV)
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 / ndf 2χ  201.5 / 79
p0        12.29± 939.3 
p1        0.03326± 2.379 
p2        0.02385± 2.368 
p3        10.08±  1306 
p4        0.03789± 16.57 
p5        0.03258± 5.134 

Data: 20 GeV pions 

pion
peak

muon
peak
(bkgnd)

σ/E=30.9%
(similar to the 
fit to ¾ of 
second peak by 
Jordan)

Comments on Data Analysis

Data analysis: so u r c e s syste m atic  e r r o r s:
• m u o n (p io n d e c ay)  &  e le c tr o ns (f r o m  sc r ap p ing ? )  b ac k g r o u nd s
• c alib r atio n

From                 
J. Damgov
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h5x5[].e[4]*1.0617:e5x5[].e
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 20 GeVπ
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h5x5[].e[4]*1.0617+e5x5[].e

From J.DamgovData Analysis

Electron 
background

Muon
background

Background 
subtracted 
muon peak

It should be possible to estimate 
bac k g r oun d subtr ac tion  er r or  by  
def in in g  a ban d limited by  an  
“ ag g r essiv e”  an d a “ c on ser v ativ e c ut”

The resolution comes 

d ow n f rom 3 1 %  to 2 6 . 7 %  !
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5x5

Data  & MC e-

Resolution
2.6% at 100 G e V  f o r  

3 x 3  to w e r  m atr i x

2.8 % at 100 G e V  f o r  

3 x 3  to w e r  m atr i x
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EECal
t o w e r EECal

t o w e r +  1 1 5  M e V  *  R a n d

El e c t r o n i c  n o i s e

M . C  r e s o l m u c h  l o w e r  

t h a n  m e a s u r e m e n t
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Fit to Data: (

• E ECal
t o w e r E ECal

t o w e r +  1 1 5  M e V  *  R a n d   ( n o i s e )
• 2 . 3 % /  s q r t ( E e le )     ( p h o t o - s t a t i s t i c s )
• 0 . 3 %   ( l o n g i t u d i n a l  n o n - u n i f o r m i t y )
• 0 . 4 %   ( c a l i b r a t i o n )

No significant change

E ECal
t o w e r E ECal

t o w e r +   
σm at c h *  R a n d  

( T o m atch the m easu r ed  
el ectr on r esol u tion)

•T e m p e r a t u r e  ∆R
esp

=                        

2 % / oC  ( c r y s t a l s )      0 . 5 % / oC  ( t u b e s )

• L o n g i t u d i n a l  c r y s t a l  u n i f o r m i t y

• R a d i a t i o n  d a m a g e

C a u s e s  ( ? ) :

Data  & MC e- Resolution
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Improved M.C. Simulation

EECal
t o w e r EECal

t o w e r +   σ m at c h *  R a n d  

(To match the measured electron 
resoluti on- much w orse than M . C . )

•A d d  m o r e  e n e r g y  p o i n t s  a t  1 0 ,  2 5 ,  2 0 0 ,  
2 5 0 ,  3 0 0  G e V  ( i n  a d d i t i o n  t o  2 0 ,  3 0 ,  5 0 ,  
1 0 0 ,  1 5 0  G e V )

• 5  t i m e s  m o r e  s t a t i s t i c s  1 0 - 3 0  G e V
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All known contributions to
E C a l a nd  H B  re solutions a d d e d

E ca l re solution “ m a tch e d ”  to 
d a ta  m e a sure d  e - re solution

N e g lig ible
contribution

S m a ll 
contribution

Improved Analysis: Pions

(re-analized) (re-analized)

V e ry  g ood  a g re e m e nt be twe e n O S C AR / G 4  a nd  d a ta
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Resolution Linearity                        
(normalized at 100 GeV)

Resolutions: M.C. & data 
ag r ee v er y  w ell

M.C. and data agree to 
w i th i n ~ 2 % . S h ap e 
di f f erenc e?

S ou rc e of  di s c rep anc y  c ou l d b e e/ h  
( e.m . &  nu c l ear x -s ec ) ,  p u nc h  th rou gh  
( s h ow er l ength )  ?

Improved Analysis: Pions
Add more energy points at below 20 and above 150 G eV :  
10,  25,  200,  250,  3 00 G eV ,  and h igh er stats as low energy  
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Systematic Studies (I) 

Corrected Energy (GeV)
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Chi2 / ndf = 235.1 / 40
Prob  =     0

 7.991 ±Constant = 406.3 

 0.07107 ±Mean     = 17.96 
 0.06203 ±Sigma    = 4.669 

H20E5x5

Nent = 4996   
Mean  =   17.9
RMS   =  5.444

Chi2 / ndf = 235.1 / 40
Prob  =     0

 7.991 ±Constant = 406.3 

 0.07107 ±Mean     = 17.96 
 0.06203 ±Sigma    = 4.669 
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Muon b a c k g r ound  ( m uc h  
s m a l l e r  t h a n i n d a t a )

σE/E= 26%

U s e  o f  M . C .  t o  s t u d y  b i a s  i n  d a t a  m e a s u r e m e n t  &  b a c k g r o u n d  
s u b t r a c t i o n  c u t  e f f e c t s

I s  t h e  M . C .  d e r i v a t i o n  a l s o  b i a s e d  d u e  t o  m u o n  b a c k g r o u n d ?

GEANT4/OSCAR
GEANT4/OSCAR

S i ng l e  
G a us s i a n
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Systematic Studies (II) 

Corrected Energy (GeV)
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H20E5x5
Nent = 4996   
Mean  =   17.9
RMS   =  5.444
Chi2 / ndf = 157.6 / 37
Prob  = 2.711e-20

   2.1 ±p0       = 15.75 
 0.3726 ±p1       = 1.506 
 0.283 ±p2       = 2.426 
 8.009 ±p3       = 411.4 
 0.07037 ±p4       = 17.98 
 0.06186 ±p5       = 4.596 

H20E5x5
Nent = 4996   
Mean  =   17.9
RMS   =  5.444
Chi2 / ndf = 157.6 / 37
Prob  = 2.711e-20

   2.1 ±p0       = 15.75 
 0.3726 ±p1       = 1.506 
 0.283 ±p2       = 2.426 
 8.009 ±p3       = 411.4 
 0.07037 ±p4       = 17.98 
 0.06186 ±p5       = 4.596 

σE/E= 
2 5 . 6 %  

(m u o n b k g n d
v e r y  s m a l l  
e f f e c t  i n   
M . C .  ! )

GEANT4/OSCAR

F i t  d o u b l e  G a u s s i a n  
( i n d e p e n d e n t l y  p i o n  
&  m u o n  p e a k )

Pions

Muons

down 

f r om  

2 6 %  t o 

2 5 . 6 %

W h a t  i f  I  a p p l y  t h e  s a m e  
c u t  a s  i n  t h e  d a t a  ?

Ehcal>2 GeV & (Ehcal+1.3*Eem)>8
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Systematic Studies (III) 

Corrected Energy (GeV)
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Chi2 / ndf = 269.8 / 30
Prob  =     0

  7.88 ±Constant = 400.8 

 0.07754 ±Mean     = 18.42 
 0.05228 ±Sigma    = 4.204 

H20E5x5

Nent = 4485   
Mean  =  18.63
RMS   =  4.851

Chi2 / ndf = 269.8 / 30
Prob  =     0

  7.88 ±Constant = 400.8 

 0.07754 ±Mean     = 18.42 
 0.05228 ±Sigma    = 4.204 

σE/E= 
2 2 . 8 %  

GEANT4/OSCAR

T h e  c u t s  a p p l i e d  t o  t h e  
d a t a  r e m o v e  a  n o n -
n e g l i g i b l e  f r a c t i o n  o f  
t h e  p i o n  s i g n a l :

I n  M . C :  σE/E=                         
2 5 . 6   r e d u c e d  t o  2 2 . 8 %  

S o l u t i o n : m e a s u r e  a  b a n d  
a r o u n d  t h i s  n o m i n a l  v a l u e  
( l i m i t e d  b y  m a x i m u m  
e f f i c i e n c y  &  m a x i m u m  
r e j e c t i o n )

Er r o r  s h o u l d n ’ t  b e  m o r e  
t h a n  + -3 %  f o r  2 0  G e V  π
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Pion Shower Profiles: 20 GeV

20 G e V  p i o n s  o n t o  H B  t o w e r :    
( η,φ) = ( 9 ,4 )

L o n g .  P r o f .   i s :       
E scint l a y e r f r a c t i o n

( a r e a  n o r m a l i z e d )  

Transverse Profile:

(integrated from outside)

Longitudinal Profile

Time Profile
21% of the energy outside tower (9,4)

Lmean= 4.86

Tmean= 28.25 ns

Salavat:                   

2 1 %  c m s i m an d        

1 8 %  c m s  o s c ar 2
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Pion Shower Profiles: 50 GeV
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Transverse Profile:

(integrated from outside)

Longitudinal Profile

Time Profile

15% of the energy outside tower (9,4)

50 G e V  p i o n s  o n t o  H B  t o w e r :    
( η,φ) = ( 9 ,4 )

L o n g .  P r o f .   i s :       
E scint l a y e r f r a c t i o n

( a r e a  n o r m a l i z e d )  

Transverse Profile:

(integrated from outside)

Lmean= 5.97

Tmean= 28.75 ns
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Pion Shower Profiles: 100 GeV

Transverse Profile:

(integrated from outside)

Time Profile

100 G e V  p i o n s  o n t o  H B  t o w e r :    
( η, φ) = ( 9 , 4 )

L o n g .  P r o f .   i s :       
E scint l a y e r f r a c t i o n

( a r e a  n o r m a l i z e d )  

Longitudinal Profile

14% of the energy outside tower (9,4)
Salavat:                   

1 6 %  c m s i m an d        

1 5 %  c m s  o s c ar 2

Lmean= 6.75

Tmean= 29.15 ns
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Pion Shower Profiles: 300 GeV

Transverse Profile:

(integrated from outside)

Longitudinal Profile

Time Profile

300 G e V  p i o n s  o n t o  H B  t o w e r :    
( η,φ) = ( 9 ,4 )

L o n g .  P r o f .   i s :       
E scint l a y e r f r a c t i o n

( a r e a  n o r m a l i z e d )  

13.5% of the energy outside tower (9,4)
Salavat:                   

1 3 %  c m s i m an d        

1 3 . 5 %  c m s  o s c ar 2

Lmean= 7.14

Tmean= 29.71 ns
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Technical Issues

• S t a r t e d  m i g r a t i o n  t o  O S C A R 2 .                                    

- U s e d  T o A s c i i  p a c k a g e  t o  t r a n s l a t e  G 4  g e o m e t r y  t o  X M L  f i l e s  ( t h a n k s  
P . A r c e  &  M .  L i e n d l )
- N e e d  t o  p r o d u c e  o n e  p e r  s u b -d e t e c t o r  t o  u s e  l i b r a r y  H c a l
- S t i l l  t o  i m p l e m e n t  a n a l y s i s  p a c k a g e ,  p l a y  w i t h  c u t s  &  p h y s i c s  l i s t s

• D e l a y  d u e  t o  l x p l u s 6  d e c o m m i s s i o n i n g  s i n c e  T h u r s  2 2 nd

j o b s  p e n d i n g ,  c r a s h e s  ( r u n  i t e r a t i v e l y  i n  t h e  b c k g n d )  

• L X P L U X 6  r e p l a c e d  b y  a  f e w  “ m i g r a t i o n   n o d e s ”  o n  
F r i d a y  3 0 t h .  I t  w i l l  a l l o w  a  s m o t h e r  t r a n s i t i o n  t o  
O S C A R 2 .
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Conclusions

Significant progress since last CMS week in February

N eed  to:

• U nd erstand  d ata system atics ( J ord an? )

• Com plete O SCA R 1  to O SCA R 2  transition

• P lay with  cuts,  ph ysics lists

• P h ysics v alid ation conclusions ( T B 0 2 )  &  d ocum ent


