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Outline
This talk is a follow-up on the talk I gave at the previous calorimetry 
meeting on Dec 18, 2012. The talk is available at
https://halldweb1.jlab.org/wiki/images/d/d5/2012-12-18FCALbeamtest_KeiMoriya.pdf

Details will be in the revised analysis note, document 2118 on the
docDB.
http://argus.phys.uregina.ca/cgi-bin/private/DocDB/ShowDocument?docid=2118

• Further analysis of energy resolution
• Gaussian method for timing
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Energy Resolution
During the last meeting, it was pointed out 
that:
1. We should check the signal shape and make 

sure it is Gaussian
2. We should only use runs that had the 

individual HV values gain balanced in our final 
fit to extract the resolution as a function of 
energy 

3. We should try fits with the terms added in 
quadrature, i.e., a/√Sp⊕b
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• Orange number is without GEANT correction
• Blue number is with GEANT correction

(RECAP) Energy Resolution
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/ndf=13409.572χ + 3.5, 
E
 0.002±6.392 

/ndf= 55.222χ + 3.5, 
E
 0.028±6.095 

 + 3.5
E

7.3

run 153 0.112GeV run 215 0.113GeV run 405 0.126GeV run 407 0.127GeV run 290 0.221GeV

run 293 0.223GeV run 294 0.223GeV run 474 0.277GeV run 476 0.278GeV run 611 1.274GeV

run 612 1.275GeV run 613 1.275GeV fit to all runs fit to GEANT corrected RadPhi resolution

samples 8-28RadPhi resolution

5 good trigger
combinations give

A = 5.4-6.2
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• Signal shape is sum of all detectors for each individual event
• After fitting the original distribution to Gaussian + linear bg., we apply gain 

balancing procedure to minimize the width
• The final distribution is fit again with a Gaussian + linear bg., and our 

resolution is given as σ = width/center

total signal for each event0 50 100 150 200 250 300 350 4000

200

400

600

800

1000

1200

1400

1600 :  3.00 mean and width are fits to all eventsσcutoff: 0.000,n
/ndf= 3.1742χ  0.20±mean:  203.91  0.17±width:   35.48 

 0.16±mean:  203.14  0.14±width:   30.53 
/ndf= 2.3882χ

run 476
total: 46932
used in gain balance: 43818

 15.03%→resolution 17.40% 
basic

1. Signal shape
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original dist.

new dist.
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• In some cases there is a background on the low end
• We can make the χ2 better by truncating the fit range
• The resolution does not change drastically with this change

total signal for each event0 200 400 600 800 1000120014001600180020000
200
400
600
800

1000
1200
1400
1600
1800
2000
2200 :  3.00 mean and width are fits to all eventsσcutoff: 0.000,n

/ndf= 10.5602χ  0.69±mean: 1105.88  0.57±width:  132.22 
 0.60±mean: 1104.40  0.51±width:  116.12 

/ndf= 10.8532χ

run 613
total: 52100
used in gain balance: 45311

 10.51%→resolution 11.96% 
basic

total signal for each event0 200 400 600 800 1000120014001600180020000
200
400
600
800

1000
1200
1400
1600
1800
2000
2200 :  3.00 mean and width are fits to all eventsσcutoff: 0.000,n

/ndf= 2.0992χ  0.69±mean: 1105.26  0.58±width:  133.76 
 0.60±mean: 1103.93  0.51±width:  117.29 

/ndf= 2.5162χ

run 613
total: 52100
used in gain balance: 45364

 10.62%→resolution 12.10% 
basic

1. Signal shape
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fit entire range fit down to 200
In general, χ2/NDF ~ 2-4 for all fits. There tends to 
be a background on the low side, but this does not 
affect the resolution.
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/ndf= 32.072χ + 3.5, 
E
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run 407 0.127GeV run 294 0.223GeV run 476 0.278GeV fit result GEANT corr. fit result

RadPhi resolution

• Previously we used all possible runs to determine energy dependence of 
resolution

• Since the resolutions are much better for runs that had the HV on the 
PMTs balanced to give similar gains,  we should use only these

• Problem is this cuts down the data to 3 points

2. Runs to use in Final Results
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overall fit

base term fixed 
to RadPhi value

with GEANT
correction
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Previous Results
Look at all 5 good trigger combinations
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/ndf=2772.612χ + 3.5, 
E
 0.002±5.872 

/ndf= 17.132χ + 3.5, 
E
 0.040±5.242 

run 407 0.127GeV run 294 0.222GeV run 476 0.277GeV fit result GEANT corr. fit result

RadPhi resolution

 + 3.5ERadPhi: 7.3 / 
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/ndf=2219.382χ + 3.5, 
E
 0.005±5.433 

/ndf= 34.802χ + 3.5, 
E
 0.039±5.171 

run 407 0.127GeV run 294 0.222GeV run 476 0.277GeV fit result GEANT corr. fit result

RadPhi resolution

 + 3.5ERadPhi: 7.3 / 
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/ndf=263.422χ + 3.5, 
E
 0.010±5.544 

/ndf= 25.092χ + 3.5, 
E
 0.046±5.586 

run 407 0.127GeV run 294 0.222GeV run 476 0.277GeV fit result GEANT corr. fit result

RadPhi resolution

 + 3.5ERadPhi: 7.3 / 
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/ndf=117.482χ + 3.5, 
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 0.021±5.931 

/ndf= 17.282χ + 3.5, 
E
 0.055±5.162 

run 407 0.127GeV run 294 0.222GeV run 476 0.277GeV fit result GEANT corr. fit result

RadPhi resolution

 + 3.5ERadPhi: 7.3 / 
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/ndf= 48.942χ + 3.5, 
E
 0.018±5.695 

/ndf=  8.522χ + 3.5, 
E
 0.045±5.351 

run 407 0.127GeV run 294 0.222GeV run 476 0.277GeV fit result GEANT corr. fit result

RadPhi resolution

 + 3.5ERadPhi: 7.3 / 

With base term fixed, we get 5.2-5.6 for statistical term.
For our final result, we will simply show the raw resolution 

values, and not quote a fit result.

strong correlations
among fit params

two higher points are 
almost equal
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Final Results
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GEANT corrected points are black

Points are staggered within each energy
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Timing Resolution
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• It was pointed out at the last meeting that we could check 
that the Gaussian method gives very similar results to the 
linear method that was used.

•The Gaussian method assumes a Gaussian form for the 
timing of the rising edge of the signal, and converts the two 
samples directly before the peak sample (height Sp )into a 
linear form. The timing is then given by interpolating the 
transformed points to where it crosses Sp/2.
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Comparison of Methods
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signal size (ADC counts)
210 310
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/ndf=0.8412χ0.019), ± + (0.274
pS
8.522)±(82.635

/ndf=0.4422χ0.054), ± + (-0.056
pS
0.942)±(12.572

/ndf=0.5382χ, 
pS
0.494)±(11.772

/ndf=3.0552χ0.012), ± (0.310⊕ 
pS
12.519)±(130.292

run 613 detector 14 (Gaussian)
cluster 06 cluster 07
cluster 10 cluster 11
average

signal size (ADC counts)
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/ndf=1.0122χ0.017), ± + (0.278
pS
7.777)±(74.613

/ndf=0.4652χ0.048), ± + (-0.015
pS
0.811)±(11.266

/ndf=0.4202χ, 
pS
0.449)±(11.059

/ndf=3.3492χ0.012), ± (0.312⊕ 
pS
12.299)±(120.676

run 613 detector 14 (linear)
cluster 06 cluster 07
cluster 10 cluster 11
average

linear method Gaussian method

a/√Sp

a/ Sp+b

a/√Sp+b

fit functions:

no base term

overshoots low region

base term tends
to go negative

a/Sp⊕b
quadrature sum
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Comparison of Fits
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linear method Gaussian method
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“statistical”
term

“base” term

Nearly identical results

a/√Sp

a/ Sp+b

a/√Sp+b

fit functions:

a/Sp⊕b

] ]

good modules
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Statistical Analysis
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• We can combine the results of each module that gave us a fit to obtain a final 
resolution number.

• We take the weighted average of all 6 good modules, and take the standard 
deviation as the error

Previous IU NIM paper gives
a = 114 ± 46,  b = 0.155 ± 0.077 (linear)
a = 117 ± 34,  b = 0.203 ± 0.079 (Gaussian)
for fits with a/Sp + b

With the same fit function, we get
a = 72.9 ± 5.3, b = 0.29 ± 0.02 (linear)
a = 81.7 ± 6.4, b = 0.28 ± 0.02 (Gaussian)
For pulse height of 500 mV -> ~0.30 ns
For pulse height of 100 mV -> ~0.38 ns

a (linear)a (linear) b (linear)b (linear) a (gaussian)a (gaussian) b (gaussian)b (gaussian)

best average standard dev. best average standard dev. best average standard dev. best average standard dev.

a/Sp+b 72.9 5.3 0.29 0.02 81.7 6.4 0.28 0.02

a/√Sp+b 11.2 0.7 -0.00 0.03 13.1 1.1 -0.08 0.05

a/√Sp 11.1 0.4 --- --- 11.9 0.6 --- ---

a/Sp⊕b 122.2 12.4 0.33 0.03 129.5 11.7 0.32 0.02

inside module, 
bottom 2 rows
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Final Results
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dashed curve is fit result

dotted curve is previous NIM result
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• Results are currently being worked into NIM paper        
(should be ready to circulate within a week)

• Please check paper, and author list for omissions
• Our results show that the energy resolution is qualitatively 

better than that of RadPhi
• Timing resolution under real beam conditions is as good as, or 

even better than previous NIM results suggest

Summary of Results

Many thanks to everybody who helped in the beam test
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