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Memory Usage
• IU cluster has 256 GB of RAM for 64 nodes (3 clusters)

•When running jobs, top command gives 689m for VIRT, 383m for RES, 
independent of EM bg

• Re-ran over 10 files for each configuration to check time, vmem use

type time (hrs)

no EM 1.1 - 1.5

standard 2 - 3.6

high rate 5.5-7.5

long gate 3-3.5

high rate, long gate 10-15
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Increase in Showers
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Entries    4.121932e+07
Mean    6.626
RMS     3.209
Underflow       0
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FCAL Shower time vs energy
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hfcalNeutralShowerTime_Energy_noEM

Entries    9.338403e+07
Mean x  0.7844
Mean y    23.2
RMS x  0.9134
RMS y   21.06
Integral   9.216e+07
       0 1043350       0
       0  9.216415e+07 176529
       0       0       0
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hfcalNeutralShowerTime_Energy_1.10_200

Entries     1.01143e+08
Mean x  0.7433
Mean y   22.87
RMS x  0.8932
RMS y   36.73
Integral   9.992e+07
       0 1049286       0
       0  9.991702e+07 176653
       0       0       0
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hfcalNeutralShowerTime_Energy_1.10_400

Entries    1.089601e+08
Mean x  0.7072
Mean y    22.4
RMS x  0.8732
RMS y   89.57
Integral   1.077e+08
       0 1036480       0
       0  1.077472e+08 176373
       0       0       0
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hfcalNeutralShowerTime_Energy_5.50_200

Entries    1.240396e+08
Mean x  0.6372
Mean y   22.11
RMS x  0.8267
RMS y   62.01
Integral   1.229e+08
       0 1002944       0
       0  1.228631e+08 173532
       0       0       0
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hfcalNeutralShowerTime_Energy_5.50_400

Entries    1.617458e+08
Mean x  0.5655
Mean y   20.73
RMS x  0.7593
RMS y   153.8
Integral   1.605e+08
       0 1034765       0
       0  1.605272e+08 183888
       0       0       0

no EM

standard long gate

high rate long gate, high rate

4



1

10

210

310

410

510

energy for each shower (GeV)
0 1 2 3 4 5 6

tim
e 

fo
r e

ac
h 

sh
ow

er
 (n

s)
0

10

20

30

40

50

60

70

80

90

100
hfcalNeutralShowerTime_Energy_close_noEM

Entries    9.338403e+07
Mean x  0.7876
Mean y   21.89
RMS x  0.9148
RMS y   6.748
Integral   9.167e+07
       0 1539374       0
       0  9.166813e+07 176529
       0       0       0
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hfcalNeutralShowerTime_Energy_close_1.10_200

Entries     1.01143e+08
Mean x  0.7759
Mean y   22.43
RMS x  0.9085
RMS y   8.666
Integral   9.411e+07
       0 3638623      59
       0   9.41147e+07 176317
       0 3212980     277
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hfcalNeutralShowerTime_Energy_close_1.10_400

Entries    1.089601e+08
Mean x  0.7765
Mean y   22.41
RMS x  0.9085
RMS y   8.608
Integral   9.414e+07
       0 7486499     270
       0  9.414445e+07 175673
       0 7152756     430
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hfcalNeutralShowerTime_Energy_close_5.50_200

Entries    1.240396e+08
Mean x  0.7394
Mean y   24.22
RMS x  0.8887
RMS y   13.08
Integral   9.795e+07
       0 11180427     293
       0  9.794716e+07 172285
       0 14738448     954
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hfcalNeutralShowerTime_Energy_close_5.50_400

Entries    1.617458e+08
Mean x  0.7454
Mean y   24.07
RMS x   0.888
RMS y   12.78
Integral   1.005e+08
       0 28563949    2130
       0   1.00532e+08 179040
       0 32466009    2718

FCAL Shower time vs energy

no EM
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high rate long gate, high rate

closeup
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Projections of Time and 
Energy of FCAL Showers
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FCAL Shower Time vs 
Distance from Target

1

10

210

310

410

510

dist from target (cm)
565 570 575 580 585 590 595

tim
e 

fo
r e

ac
h 

sh
ow

er
 (n

s)

10

20

30

40

50

60

70

no EM

high rate, long gate

No change in time of 
showers in main band 
as a function of 
distance from target

shower pos: given for each shower
target: (0,0,65)

7



FCAL Energy Showers 
After Timing Cut
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loose cut:
16-26 ns

tighter cut:
18-22 nsEven loose 10 ns cut 

removes most of EM 
bg for FCAL

FCAL resolution is 0.3 - 0.4 ns
depending on pulse height 

energy of showers

energy of showers
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BCAL
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time vs energy
of BCAL showers

time vs distance
from target for BCAL

EM bg has no
effect on all plots
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9 hgenPvsTheta_Proton
Entries  1387634
Mean x   29.93
Mean y   1.182
RMS x   22.92
RMS y  0.8655
Integral   1.388e+06
       0       0       0
       0 1387634       0
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9 hgenPvsTheta_PiPlus
Entries  3302597
Mean x   25.57
Mean y   1.519
RMS x   25.85
RMS y   1.584
Integral   3.303e+06
       0       0       0
       0 3302597       0
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9 hgenPvsTheta_Proton
Entries  1387617
Mean x   29.93
Mean y   1.182
RMS x   22.92
RMS y  0.8654
Integral   1.388e+06
       0       0       0
       0 1387617       0
       0       0       0
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9 hgenPvsTheta_PiPlus
Entries  3302779
Mean x   25.57
Mean y   1.519
RMS x   25.84
RMS y   1.584
Integral   3.303e+06
       0       0       0
       0 3302779       0
       0       0       0

Generated p vs θ
no EM high rate, long gate
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Entries  7784091
Mean x   36.84
Mean y  0.6181
RMS x   34.52
RMS y  0.8321
Integral   7.784e+06
       0       0       0
       0 7784091       0
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Entries  7786803
Mean x   36.84
Mean y  0.6183
RMS x   34.53
RMS y  0.8323
Integral   7.787e+06
       0       0       0
       0 7786803       0
       0       0       0

no difference 
between sets?

γ
are EM bg γ
included in 

DMCThrown?
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track ndf for proton track candidates
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no difference
in track info?
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