
Beam	test	module	simulation	
1. 100 MeV/c, e+ and π+ 
2. 200 MeV/c, e+ and π+ 

Modules Y= - 120.984cm, X= - 39.116cm;   Y= - 117.575-1cm, X= - 44.704+1cm; 
 

No field, straight hit the center module  No	prelead	
No	prelead	



htotEdep_ec
Entries  100000
Mean    18.29
RMS     3.309
Underflow       0
Overflow        0

 / ndf 2χ  490.5 / 33
Prob       0
Constant  4.97e+01± 1.22e+04 
Mean      0.01± 18.32 
Sigma     0.008± 3.253 
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htotEdep_ec
Entries  100000
Mean    18.29
RMS     3.309
Underflow       0
Overflow        0

 / ndf 2χ  490.5 / 33
Prob       0
Constant  4.97e+01± 1.22e+04 
Mean      0.01± 18.32 
Sigma     0.008± 3.253 

EC shower

htotEdep_ec_pre
Entries  100000
Mean     4.07
RMS    0.9433
Underflow       0
Overflow        0

 / ndf 2χ  1.141e+04 / 16
Prob       0
Constant  1.071e+03± 1.024e+05 
Mean      0.002± 3.873 
Sigma     0.002± 0.377 
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Entries  100000
Mean     4.07
RMS    0.9433
Underflow       0
Overflow        0

 / ndf 2χ  1.141e+04 / 16
Prob       0
Constant  1.071e+03± 1.024e+05 
Mean      0.002± 3.873 
Sigma     0.002± 0.377 

EC preshower

htotEdep_ec_total
Entries  100000
Mean    100.1
RMS     14.71
Underflow       0
Overflow        0

 / ndf 2χ  505.2 / 142
Prob  42− 3.4e
Constant  11.2±  2748 
Mean      0.0± 100.2 
Sigma     0.04± 14.44 
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 / ndf 2χ  505.2 / 142
Prob  42− 3.4e
Constant  11.2±  2748 
Mean      0.0± 100.2 
Sigma     0.04± 14.44 

EC preshower
htotEdep_ec

Entries  10000
Mean    20.02
RMS     2.986
Underflow       0
Overflow        0

 / ndf 2χ  216.1 / 208
Prob   0.3354
Constant  1.7± 136.5 
Mean      0.03± 20.02 
Sigma     0.022± 2.864 
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Entries  10000
Mean    20.02
RMS     2.986
Underflow       0
Overflow        0

 / ndf 2χ  216.1 / 208
Prob   0.3354
Constant  1.7± 136.5 
Mean      0.03± 20.02 
Sigma     0.022± 2.864 

ec

100 MeV/c, e+	

Sum of 7 modules 

Old		
EC shower 

One module One module 

One module 

4.38 ∗ !"#!!ℎ!"#$ +	
4.92 ∗ !"#$_!"#$ℎ!"#$	



100	MeV	e+	
Shower	
(MeV)	

Preshower	
(MeV)	

Total	(MeV)	

1	module	 µ 18.32±0.01	 3.873±0.002	 100.2±0.0	
σ 3.253±0.008	 0.377±0.002	 14.44±0.04	

3	modules	 µ 18.87±0.01	 3.873±0.002	 102.8±0.0	
σ 3.193±0.008	 0.3796±0.0022	 14.16±0.04	

	
3	modules	

(TR)	

µ 19.11±0.01	 3.869±0.002	 103.5±0.0	

σ 3.253±0.009	 0.3922±0.002	 14.44±0.04	

7	modules	 µ 20.01±0.03	 3.878±0.005	 107.1±0.1	
σ 2.931±0.022	 0.377±0.0073	 12.88±0.10	

7	modules	
center	only	

µ 18.4±0.0	 3.869±0.006	 100.5±0.1	
σ 3.206±0.025	 0.3741±0.0072	 14.15±0.11	



htotEdep_ec
Entries  100000
Mean       40
RMS     4.812
Underflow       0
Overflow        0

 / ndf 2χ  354.3 / 59
Prob  43− 1.023e
Constant  33.8±  8426 
Mean      0.01± 40.04 
Sigma     0.012± 4.718 
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Mean       40
RMS     4.812
Underflow       0
Overflow        0

 / ndf 2χ  354.3 / 59
Prob  43− 1.023e
Constant  33.8±  8426 
Mean      0.01± 40.04 
Sigma     0.012± 4.718 

EC shower

htotEdep_ec_pre
Entries  100000
Mean    4.099
RMS    0.9745
Underflow       0
Overflow        0

 / ndf 2χ  1.211e+04 / 16
Prob       0
Constant  1.493e+03± 1.087e+05 
Mean      0.002± 3.882 
Sigma     0.0027± 0.3625 
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Entries  100000
Mean    4.099
RMS    0.9745
Underflow       0
Overflow        0

 / ndf 2χ  1.211e+04 / 16
Prob       0
Constant  1.493e+03± 1.087e+05 
Mean      0.002± 3.882 
Sigma     0.0027± 0.3625 

EC preshower

htotEdep_ec_total
Entries  100000
Mean    195.4
RMS     21.23
Underflow       0
Overflow        1

 / ndf 2χ  432.1 / 217
Prob  16− 2.131e
Constant  7.7±  1912 
Mean      0.1± 195.6 
Sigma     0.05± 20.78 
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Entries  100000
Mean    195.4
RMS     21.23
Underflow       0
Overflow        1

 / ndf 2χ  432.1 / 217
Prob  16− 2.131e
Constant  7.7±  1912 
Mean      0.1± 195.6 
Sigma     0.05± 20.78 

EC total
htotEdep_ec

Entries  10000
Mean    43.55
RMS     4.268
Underflow       0
Overflow        0

 / ndf 2χ  252.7 / 281
Prob   0.8862
Constant  1.20± 94.06 
Mean      0.04± 43.52 
Sigma     0.032± 4.139 
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htotEdep_ec
Entries  10000
Mean    43.55
RMS     4.268
Underflow       0
Overflow        0

 / ndf 2χ  252.7 / 281
Prob   0.8862
Constant  1.20± 94.06 
Mean      0.04± 43.52 
Sigma     0.032± 4.139 
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200	MeV	e+	
Shower	
(MeV)	

Preshower	
(MeV)	

Total	(MeV)	

1	module	 µ 40.04±0.01	 3.882±0.002	 195.6±0.1	
σ 4.718±0.012	 0.3625±0.0027	 20.78±0.05	

3	modules	 µ 41.19±0.01	 3.885±0.002	 200.7±0.1	
σ 4.618±0.011	 0.3673±0.0026	 20.33±0.05	

	
3	modules	

(TR)	

µ 41.1±0.0	 3.885±0.002	 200.1±0.1	

σ 4.851±0.013	 0.3798±0.0023	 21.33±0.06	

7	modules	 µ 43.54±0.04	 3.892±0.006	 211.1±0.2	
σ 4.223±0.032	 0.3657±0.0086	 18.53±0.14	

7	modules	
center	only	

µ 40.13±0.05	 3.882±0.006	 196±0.2	
σ 4.672±0.035	 0.3619±0.0085	 20.5±0.2	



htotEdep_ec
Entries  100000
Mean    1.205
RMS     2.753

 / ndf 2χ   13.2 / 8
Constant  23.3±  2720 
Mean      0.069± 3.924 
Sigma     0.056± 3.917 
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Entries  100000
Mean    1.205
RMS     2.753

 / ndf 2χ   13.2 / 8
Constant  23.3±  2720 
Mean      0.069± 3.924 
Sigma     0.056± 3.917 

EC shower

htotEdep_ec_pre
Entries  100000
Mean    7.369
RMS     7.361

 / ndf 2χ   2140 / 8
Constant  1.751e+02± 2.386e+04 
Mean      0.00±  9.95 
Sigma     0.0030± 0.6035 
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Entries  100000
Mean    7.369
RMS     7.361

 / ndf 2χ   2140 / 8
Constant  1.751e+02± 2.386e+04 
Mean      0.00±  9.95 
Sigma     0.0030± 0.6035 

EC preshower

htotEdep_ec_total
Entries  100000
Mean    40.57
RMS     36.29

 / ndf 2χ  65.09 / 9
Constant  25.4±  2522 
Mean      0.03± 49.03 
Sigma     0.023± 2.461 
Mean2  73.2301
Sigma2  12.1475
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EC total

htotEdep_ec
Entries  100000
Mean    1.877
RMS     3.798
Underflow       0
Overflow        0

 / ndf 2χ  194.6 / 131
Prob   0.0002639
Constant  2.1± 266.8 
Mean      0.075± 5.222 
Sigma     0.058± 4.511 
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 / ndf 2χ  194.6 / 131
Prob   0.0002639
Constant  2.1± 266.8 
Mean      0.075± 5.222 
Sigma     0.058± 4.511 
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100	MeV	π+	

Shower	
(MeV)	

Preshower	
(MeV)	

Total	(MeV)	

1	module	 µ 3.924±0.069	 15.28±0.018	 73.23±0.076	
σ 3.917±0.056	 2.17±0.021	 12.147±0.06	

3	modules	 µ 3.942±0.087	 15.27±0.02	 73.86±0.083	
σ 4.447±0.075	 2.30±0.025	 12.98±0.076	

	
3	modules	

(TR)	

µ 5.88±0.085	 13.96±0.04	 76.58±0.114	

σ 6.04±0.17	 4.05±0.026	 15.25±0.1	

7	modules	 µ 5.222±0.086	 15.27±0.03	 75.814±0.08	
σ 4.511±0.101	 2.64±0.07	 13.725±0.08	



htotEdep_ec
Entries  100000
Mean    23.85
RMS     17.53

 / ndf 2χ  4.058e+04 / 97
Constant  26.3±  4672 
Mean      0.02± 36.17 
Sigma     0.020± 5.072 
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htotEdep_ec
Entries  100000
Mean    23.85
RMS     17.53

 / ndf 2χ  4.058e+04 / 97
Constant  26.3±  4672 
Mean      0.02± 36.17 
Sigma     0.020± 5.072 

EC shower

htotEdep_ec_pre
Entries  100000
Mean    5.264
RMS      7.15

 / ndf 2χ   8205 / 8
Constant  4.165e+02± 5.916e+04 
Mean      0.00±  4.93 
Sigma     0.0021± 0.4568 
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Entries  100000
Mean    5.264
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 / ndf 2χ   8205 / 8
Constant  4.165e+02± 5.916e+04 
Mean      0.00±  4.93 
Sigma     0.0021± 0.4568 

EC preshower

htotEdep_ec_total
Entries  100000
Mean      128
RMS     81.18

 / ndf 2χ  41.68 / 4
Constant  11.6± 379.5 
Mean      0.08± 24.32 
Sigma     0.066± 1.998 
Mean2  184.219
Sigma2  18.8629
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New	

htotEdep_ec
Entries  100000
Mean    27.81
RMS     17.65
Underflow       0
Overflow       23

 / ndf 2χ  370.6 / 227
Prob  09− 5.429e
Constant  2.6± 501.5 
Mean      0.02± 38.12 
Sigma     0.021± 5.187 
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 / ndf 2χ  370.6 / 227
Prob  09− 5.429e
Constant  2.6± 501.5 
Mean      0.02± 38.12 
Sigma     0.021± 5.187 

ec



200	MeV	π+	
Shower	
(MeV)	

Preshower	
(MeV)	

Total	(MeV)	

1	module	 µ 36.17±0.02	 4.93±0.0	 184.21±0.11	

σ 5.072±0.020	 0.457±0.0021	 18.86±0.1	

3	modules	 µ 36.73±0.02	 4.932±0.002	 186.72±0.12	

σ 5.393±0.02	 0.479±0.0021	 19.75±0.11	

	
3	modules	

(TR)	

µ 37.18±0.02	 4.97±0.002	 188.64±0.12	

σ 5.53±0.022	 0.497±0.0021	 20.04±0.12	

7	modules	 µ 38.12±0.02	 4.937±0.002	 192.36±0.12	

σ 5.18±0.022	 0.377±0.0073	 20.39±0.13	



Ø Based on the above simulation results, the difference on Ε, 
σΕ, and	σΕ/Ε between the1-module and the 3-module 
configurations are negligible.  

Ø  σΕ/Ε from	7-module	configuration	is	20%	less	than	that	from	1-
module	or	3-module	configuration	for	both	100MeV/c	and	200	
MeV/c	e+	beam,	and	it	is	about	3%	for	200MeV/c	π+	beam	(15%	for	
100MeV/c	π+).	

Summary 



Backup	



E (GeV)
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0.06  / ndf 2χ  8.161 / 6
Prob   0.2265
p0        0.001662± 0.05383 
p1        14.87±     0 
p2        0.005046± 0.04843 

 / ndf 2χ  8.161 / 6
Prob   0.2265
p0        0.001662± 0.05383 
p1        14.87±     0 
p2        0.005046± 0.04843 

 / ndf 2χ  9.395 / 6
Prob   0.1525
p0        0.0004199± 0.04788 
p1        0.003318±     0 
p2        0.001543± 0.04852 

 / ndf 2χ  9.395 / 6
Prob   0.1525
p0        0.0004199± 0.04788 
p1        0.003318±     0 
p2        0.001543± 0.04852 

 / ndf 2χ   19.5 / 6
Prob   0.003399
p0        0.0004957± 0.06066 
p1        0.006597±08 −1.409e− 
p2        0.001927± 0.05778 

 / ndf 2χ   19.5 / 6
Prob   0.003399
p0        0.0004957± 0.06066 
p1        0.006597±08 −1.409e− 
p2        0.001927± 0.05778 

 / ndf 2χ  8.727 / 6
Prob   0.1895
p0        0.0004843± 0.0584 
p1        0.008495±10 − 9.704e
p2        0.001835± 0.05744 

 / ndf 2χ  8.727 / 6
Prob   0.1895
p0        0.0004843± 0.0584 
p1        0.008495±10 − 9.704e
p2        0.001835± 0.05744 

 ° nofield [22,35]
°nofield 25
 °nofield 30
°nofield 35

EC Shower calibrated energy / E_toal
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Prelead+field	(ECAL	only	simulation	)	



htotEdep_ec
Entries  100000
Mean    18.73
RMS     4.001
Underflow       0
Overflow        0

 / ndf 2χ   3034 / 34
Prob       0
Constant  5.007e+01± 1.189e+04 
Mean      0.01± 19.11 
Sigma     0.009± 3.253 
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Entries  100000
Mean    18.73
RMS     4.001
Underflow       0
Overflow        0

 / ndf 2χ   3034 / 34
Prob       0
Constant  5.007e+01± 1.189e+04 
Mean      0.01± 19.11 
Sigma     0.009± 3.253 

EC shower

htotEdep_ec_pre
Entries  100000
Mean    4.036
RMS    0.8615
Underflow       0
Overflow        0

 / ndf 2χ  1.021e+04 / 17
Prob       0
Constant  8.273e+02± 9.771e+04 
Mean      0.002± 3.869 
Sigma     0.0020± 0.3922 
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htotEdep_ec_pre

Entries  100000
Mean    4.036
RMS    0.8615
Underflow       0
Overflow        0

 / ndf 2χ  1.021e+04 / 17
Prob       0
Constant  8.273e+02± 9.771e+04 
Mean      0.002± 3.869 
Sigma     0.0020± 0.3922 

EC preshower

htotEdep_ec_total
Entries  100000
Mean    101.9
RMS     17.69
Underflow       0
Overflow        0

 / ndf 2χ   3008 / 161
Prob       0
Constant  11.2±  2679 
Mean      0.0± 103.5 
Sigma     0.04± 14.44 

totEdep(MeV)
0 20 40 60 80 100 120 140 160 180 2000

500

1000

1500

2000

2500

3000 htotEdep_ec_total
Entries  100000
Mean    101.9
RMS     17.69
Underflow       0
Overflow        0

 / ndf 2χ   3008 / 161
Prob       0
Constant  11.2±  2679 
Mean      0.0± 103.5 
Sigma     0.04± 14.44 

EC preshower
htotEdep_ec

Entries  10000
Mean    20.02
RMS     2.986
Underflow       0
Overflow        0

 / ndf 2χ  216.1 / 208
Prob   0.3354
Constant  1.7± 136.5 
Mean      0.03± 20.02 
Sigma     0.022± 2.864 
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 / ndf 2χ  216.1 / 208
Prob   0.3354
Constant  1.7± 136.5 
Mean      0.03± 20.02 
Sigma     0.022± 2.864 
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htotEdep_ec
Entries  100000
Mean        0
RMS         0

 / ndf 2χ 13 / 0− 6.677e
Constant  6.092e+03± 1.292e+05 
Mean      0.0163± 0.6772 
Sigma     0.0228± 0.2476 
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htotEdep_ec

Entries  100000
Mean        0
RMS         0

 / ndf 2χ 13 / 0− 6.677e
Constant  6.092e+03± 1.292e+05 
Mean      0.0163± 0.6772 
Sigma     0.0228± 0.2476 

EC shower

htotEdep_ec_pre
Entries  100000
Mean    5.314
RMS    0.03084

 / ndf 2χ     14 / 1
Constant  3.123e+04± 6.636e+05 
Mean      0.001± 5.567 
Sigma     0.00043± 0.03445 
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Entries  100000
Mean    5.314
RMS    0.03084

 / ndf 2χ     14 / 1
Constant  3.123e+04± 6.636e+05 
Mean      0.001± 5.567 
Sigma     0.00043± 0.03445 

EC preshower

htotEdep_ec_total
Entries  100000
Mean    26.15
RMS    0.1518
Mean2  0
Sigma2  0
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htotEdep_ec
Entries  100000
Mean   0.0004847
RMS    0.02648
Underflow       0
Overflow        0

 / ndf 2χ     19 / 1
Prob  05− 1.307e
Constant  4.55e+04± 9.66e+05 
Mean      0.0004± 0.5412 
Sigma     0.00020± 0.01936 
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Entries  100000
Mean   0.0004847
RMS    0.02648
Underflow       0
Overflow        0

 / ndf 2χ     19 / 1
Prob  05− 1.307e
Constant  4.55e+04± 9.66e+05 
Mean      0.0004± 0.5412 
Sigma     0.00020± 0.01936 

EC shower

htotEdep_ec_pre
Entries  100000
Mean    21.03
RMS    0.6281
Underflow       0
Overflow        0

 / ndf 2χ    642 / 15
Prob       0
Constant  4.882e+03± 1.273e+05 
Mean      0.0±  21.7 
Sigma     0.0054± 0.2892 
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 / ndf 2χ    642 / 15
Prob       0
Constant  4.882e+03± 1.273e+05 
Mean      0.0±  21.7 
Sigma     0.0054± 0.2892 

EC preshower

htotEdep_ec_total
Entries  100000
Mean    103.5
RMS     3.067
Underflow       0
Overflow        0

 / ndf 2χ    661 / 72
Prob       0
Constant  1.424e+07± 5.317e+08 
Mean      0.1± 105.5 
Sigma     0.0251± 0.4797 
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Entries  100000
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Prob       0
Constant  1.424e+07± 5.317e+08 
Mean      0.1± 105.5 
Sigma     0.0251± 0.4797 
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