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General Description

• Simulate H C al tes t b eam 2 0 0 2  s etup  us in g   
O SC A R _ 1 _ 4 _ 0 ,  p h y s ic s  lis t 1 . 8  

• I n c lud es  b eam lin e ( tr ig g er  s c in t.  tiles ,  w ir e 
c h amb er s ) ,  E C al b o x ,  H B ,  H O ,  alumin ium s lab  
( r ep r es en tin g  mag n et) ,  ir o n  ( muo n )  lay er

• M imic  th e d ata an aly s is ,  in c lud in g  c alib r atio n  f r o m 
elec tr o n s  ( E C al)  an d  p io n s  ( H B ) :  s tud y  r es o lutio n ,  
r es p o n s e ( lin ear ity ) ,  tr an s v er s e s h o w er  p r o f iles  

• C o mp ar e w ith  d ata meas ur emen ts  f o r  G 4  v alid atio n
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ECal 7x7 Crystal 
Matrix (movable) 

2 HCal HB Modules

HO Panels

Aluminum Slab

HCal 2002 Test Beam

beam

Moving 
table

Small scale experiment to demonstrate that H C al w ork s:  
4 9 E C al cry stals,  1 4 4  H B  channels,  1 6  H O  channels.

Over 

1 0 0  M i l l i o n

E ven t s !

µ- :   225 G e V

e- :   20 , 3 0 , 50 , 1 0 0 G e V

π- :   20 , 3 0 , 50 , 1 0 0 ,       

3 0 0  G e V
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Based on 1- 5 , 0 0 0  π−−−− ev ent s ont o t h e ( η,φ) = ( 6 , 2 )  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

TB02 Simulation (OSCAR/G4 )

Crystal 25
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Angle view of the 
fu ll T B 0 2  d etec tor

1 0  G eV  
elec tr on

HB

ECal
HO

Beam Line

HO

HB

ECal
Beam Line

TB02 Simulation (OSCAR/G4 )

1 0 0  G eV  
p ion
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Eππππ
corr =  1 2 2 * 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  ( a l r e a d y  t h e r e  i n  p r e v i o u s  p r e s e n t a t i o n )

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

t ow e r +   σ m a t ch *  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

Improved M.C. Simulation
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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)

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

Data Analysis
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h5x5[].e[4]*1.0617:e5x5[].e
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h5x5[].e[4]*1.0617+e5x5[].e {h5x5[].e[4]>2.&& (h5x5[].e[4]+1.3*e5x5[].e)>8}

ECAL, GeV
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 20 GeVπ

htemp
Entries  38803
Mean    13.07
RMS      7.72
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h5x5[].e[4]*1.0617+e5x5[].e

From 
J.Damgov

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”  ( bc k g n d r ej ec tion )       
an d a “ c on ser v ativ e c ut”  ( sig n al 
ef f ic ien c y )

The resolution comes 

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

Pion Signal

TB02: ππππ σσσσE/E and e/ππππ
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Pion peak

Muon
background

Background 
subtracted
pion peak

σσσσE/E = 20.3% 

TB02: ππππ σσσσE/E and e/ππππ

50 GeV pions

Pions 
showering in 
the crystals

Data energy resolution 
f or 5 0  G eV  p ions ( alm ost 
negligib le b ac k ground  
c lose to th e p ion p eak )
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Pion Beam Energy (GeV)
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Ecal+HB with noise in both

OSCAR-GEANT4 (TB02)

TB02 Data
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Ecal+HB with noise in HB (norm)

OSCAR-GEANT4 (TB02)

TB02 Data

TB02: ππππ σσσσE/E and e/ππππ

The agreement is excellent 
in all the energy  range

Shape difference: e/h 
( e. m .  &  nu cl ear x -s ec) ,  
l eak ag e… … ?

Data systematic error 
an al ysis in  p rog ress

V al id ate G E A N T 4  
p h ysics mod el s

Resolution Linearity
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20 GeV pions

Transverse Profile

Transverse Shower Profile

Future: remove E C a l ,  a d d  i n teg ra ted  p rof i l es ,  l on g i tud .  
p rof i l e s tud i es ,  H O  f ra c ti on   &  c omp a re w i th  O S C A R  
C M S  &  C M S I M  ( S a l a va t) ,  a n d  T B  d a ta  ( J ord a n )

G4/OSCAR TB02

crystals

HB towers

Fill ( D, E )

W i th  D : 
d i s ta n c e of  
c ry s ta l / tow er 
to th e p i on  

d i rec ti on
E : en erg y  
d ep os i ti on
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• TB02 OSCAR_1_4_0 fully functional. Validation 
s tudie s  in p r og r e s s ,  for  w e e k  data unce r taintie s  
ar e  e s s e ntial.

• N e e d to p or t th e  s im ulation to OSCAR_2,  
h op e fully for  ne x t CM S w e e k  in J une

fighting technical problems related to translation  

to X M L ,  among other things

• D ocum e nt on TB02 M .C. s im ulation b y J uly

Summary & Plans
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5x5

Data  & MC 
Electron 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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Ecal with electronic noise

OSCAR-GEANT4 (TB02)

TB02 Data

TB02 Electron Data

2+C
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2

)
E

Eσ
Fit to Data: (

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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Pion Beam Energy (GeV)
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• 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 )

Other Contributions

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

Causes (?):


