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Used&data.

•  Calibration 
o  All cosmic run after “equalization” of HV 

•  140,171,172,173,195,234 
•  Total events 64409 

•  Resolution 
o  All run with beam on Crystal6 without magnetic field after beampipe 

•  Run166 -> 450MeV 
•  Run167 -> 400MeV 
•  Run168 -> 300MeV 
•  Run169 -> 200MeV 
•  Run170 -> 100MeV 

o  All run with beam on Crystal9 without magnetic field after beampipe 
•  Run201 -> 450MeV 
•  Run203 -> 400MeV 
•  Run204 -> 300MeV 
•  Run205 -> 200MeV 
•  Run206 -> 100MeV 
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Calibration.

•  Request that cosmic went through  one single 
column of the matrix and no signal over the rest of 
the crystal 

•  Fit with Langau (Landau convoluted with gaussian) 
to extract signal amplitude 

•  Noise extracted reversing the request of the signal 
o  No signal in the entire column  

•  Reference for calibration chosen as the mean value 
between the two APDs of crystal 5 
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Selection&for&Energy&resolution.
•  For each run three cuts are applied:  

o  Only 1 cluster reconstructed on each plane 
o  Position selection of ½ � around the mean value 

•  Mean value change slightly between different run 
o  Only crystal with maximum value greater then 1 times the baseline RMS 

•  Baseline RMS evaluated from random trigger run112  
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Some&distribution.
•  Fit with Crystal Ball function  

o  Parameter n (exponential tail index) fixed to 20 

Constant  6.4± 145.1 
Mean      2.6± 525.1 
   σ  1.51± 50.81 
   α  0.197± 3.727 
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Shaping.

•  Trapezoidal shaping 

•  Same calibration constants evaluated w/o shaping  
•  Two configuration tested 

o  �G=�L=50ns 
o  �G=�L=100ns 
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After&Shaping.

•   
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Distribution&Comparison&.

•  Different shape between CSP data and Shaped data 
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Xtal6&–&Shaping&100ns.

Energy (GeV)
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Resolution.

•  Small difference between runs on Xtal6 and runs on 
Xtal9 

23/01/15 A. Rossi 10 
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Extract&Beam&Spread.

•  Assumption 
o  The difference between resolution at XMeV with 1 electron and with 2 

electron of energy X/2 is only due to the Beam Spread (Germani’s 
method) 
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Fit&to&multi&e&events.

•  Select events with 2 and 3 electron 
•  Relax selection on silicon position to have enough 

events 
o  Maximum distance between particles 1� for 2 part. and 2� for 3 part 
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Fit&to&multi&e&events.

•  Crystal 9 
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Fit&toRresolution&and&
BeamSpread.

•  First try -> Xtal6 no Shaping Data 
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TB&data&points.
.
Intrinsic&Resolution.
.
Beam&Spread.

•  Results not good 
•  Beam Spread 

o  100MeV: 7.49814 +- 1.17117 
o  200MeV: 3.27882 +- 0.634743 
o  300MeV: 1.99919 +- 1.16335 
o  400MeV: 0.1 +- 0.4 
o  450MeV: 1 +- 0.984181 •  Fit failed on all the other data 



Beam&Spread.
•  Two further attempts: 

o  Subtract BS as measured with LYSO Matrix 

 

o  Subtract BS as evaluated by BTF Staff 
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Beam&Spread&LYSO.
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Beam&Spread&BTF.
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Backup.
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Calibration&–&Signal&.
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Integral  18.6± 655.5 

Gaus Width  0.10±  1.94 
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Ch9_0

Width     0.0633± 0.6597 

MPV       0.12± 15.11 

Integral  18.4± 649.7 

Gaus Width  0.100± 1.862 
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Integral  18.4± 649.7 
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Ch9_1

Width     0.00007± 0.00265 

MPV       0.00± 11.96 

Integral  255.5±  3712 

Gaus Width  0.0±     2 
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Ch10_0

Width     0.057± 0.365 

MPV       0.12± 10.97 

Integral  14.4± 403.7 

Gaus Width  0.109± 1.639 
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Width     0.0780± 0.6062 

MPV       0.12± 12.39 

Integral  13.9± 367.5 

Gaus Width  0.139± 1.608 
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Ch11_0

Width     0.0630± 0.5622 

MPV       0.10± 10.55 

Integral  14.2± 381.7 

Gaus Width  0.107± 1.322 
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Ch11_1

Width     0.0658± 0.6346 

MPV       0.11± 14.35 

Integral  18.6± 655.9 

Gaus Width  0.11± -1.94 
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Width     0.0658± 0.6346 

MPV       0.11± 14.35 

Integral  18.6± 655.9 
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Ch12_0

Width     0.0615± 0.4895 

MPV       0.12± 14.08 

Integral  18.6± 651.5 

Gaus Width  0.104± 2.243 
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Width     0.076± 0.643 

MPV       0.14± 14.87 

Integral  18.4± 639.6 

Gaus Width  0.139± 2.487 
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Width     0.0920± 0.8501 

MPV       0.18± 19.92 

Integral  54.5±  1942 

Gaus Width  0.190± 3.461 
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Width     0.1060± 0.5352 

MPV       0.17± 12.23 

Integral  13.9± 360.5 
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0 5 10 15 20 25 30 35 40 45 50
0

10

20

30

40

50

60
Width     0.1060± 0.5352 

MPV       0.17± 12.23 

Integral  13.9± 360.5 

Gaus Width  0.209± 2.567 

Ch15_0
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Calibration&–&Noise&.
Constant  8.2± 937.6 

Mean      0.006± 4.769 

   σ  0.0040± 0.8126 
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Constant  8.2± 937.6 

Mean      0.006± 4.769 

   σ  0.0040± 0.8126 

Ch0_0

Constant  7.4± 857.5 

Mean      0.007± 4.895 

   σ  0.0043± 0.8926 
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Constant  7.4± 857.5 

Mean      0.007± 4.895 

   σ  0.0043± 0.8926 

Ch0_1

Constant  6.4± 536.4 

Mean      0.008± 4.377 

   σ  0.0054± 0.7728 
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Constant  6.4± 536.4 

Mean      0.008± 4.377 
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Constant  6.1± 507.7 

Mean      0.009± 4.637 

   σ  0.0058± 0.8154 
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Constant  6.1± 507.7 

Mean      0.009± 4.637 

   σ  0.0058± 0.8154 
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Constant  8.1± 833.5 

Mean      0.006± 4.395 

   σ  0.0040± 0.7286 
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Constant  8.1± 833.5 

Mean      0.006± 4.395 
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Constant  5.9± 609.1 

Mean      0.008± 5.564 

   σ  0.005± 1.003 
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Constant  5.9± 609.1 
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Constant  5.7±   599 

Mean      0.008± 5.675 

   σ  0.005± 1.009 
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Constant  7.9±   795 

Mean      0.006± 4.385 

   σ  0.0044± 0.7595 
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Mean      0.006± 4.385 
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Constant  8.2± 909.5 

Mean      0.007± 4.611 
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Mean      0.007± 4.611 
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Constant  9.1±  1033 

Mean      0.006± 4.371 

   σ  0.0037± 0.7307 
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Constant  9.1±  1033 

Mean      0.006± 4.371 
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Constant  6.3± 535.7 

Mean      0.01±  4.84 

   σ  0.0053± 0.7867 
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Constant  6.3± 535.7 

Mean      0.01±  4.84 
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Constant  5.3± 469.2 

Mean      0.009± 5.418 

   σ  0.0052± 0.8902 

0 2 4 6 8 10 12 14 16 18 20
0

50

100

150

200

250

300

350

400

450
Constant  5.3± 469.2 
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Constant  7.9± 783.5 

Mean      0.007± 4.348 

   σ  0.0046± 0.7651 
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Constant  8.4± 841.3 

Mean      0.006± 4.175 

   σ  0.0041± 0.7143 
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Constant  6.2± 643.3 

Mean      0.008± 5.361 

   σ  0.0048± 0.9354 
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Constant  8.0± 801.9 

Mean      0.006± 4.511 

   σ  0.0043± 0.7516 
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Constant  8.9±  1012 

Mean      0.01±  4.41 

   σ  0.004± 0.759 
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Constant  8.9±  1012 

Mean      0.01±  4.41 
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Constant  6.2± 719.7 

Mean      0.008± 5.723 

   σ  0.005± 1.059 
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Constant  6.2± 719.7 

Mean      0.008± 5.723 

   σ  0.005± 1.059 

Ch8_1

Constant  6.1± 494.3 

Mean      0.009± 4.635 

   σ  0.0061± 0.8294 
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Constant  6.1± 494.3 

Mean      0.009± 4.635 
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Constant  6.7± 553.1 

Mean      0.008± 4.242 

   σ  0.0053± 0.7438 
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Constant  7.8± 794.6 

Mean      0.01±  4.31 

   σ  0.0042± 0.7578 

0 2 4 6 8 10 12 14 16 18 200

100

200

300

400

500

600

700

800 Constant  7.8± 794.6 

Mean      0.01±  4.31 

   σ  0.0042± 0.7578 

Ch10_0

Constant  6.2± 622.1 

Mean      0.01±  4.91 

   σ  0.0057± 0.9724 
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Constant  6.9± 686.1 

Mean      0.01±  4.77 

   σ  0.0049± 0.8619 
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Constant  8.1± 794.8 

Mean      0.007± 4.162 

   σ  0.0046± 0.7472 
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Constant  9.0±  1015 

Mean      0.006± 4.212 

   σ  0.0037± 0.7406 
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Mean      0.007± 4.691 
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Constant  6.4± 531.5 

Mean      0.008± 4.357 

   σ  0.0056± 0.7909 
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Constant  4.6± 395.3 

Mean      0.010± 5.613 

   σ  0.007± 1.062 
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Constant  6.7±   679 

Mean      0.008± 4.752 

   σ  0.0051± 0.8947 
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Constant  7.1± 730.2 

Mean      0.007± 4.656 

   σ  0.0045± 0.8283 
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Constant  6.7± 690.8 

Mean      0.007± 4.884 

   σ  0.0047± 0.8753 
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Calibration&–&S/N&and&ENE.

Crystal idx
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Calibration&constant.
Crystal( APD0( APD1(

0. 1.077. 0.952.

1. 1.476. 1.426.

2. 1.286. 1.366.

3. 1.130. 1.163.

4. 1.200. 1.213.

5. 0.969. 1.033.

6. 1.402. 1.297.

7. 1.303. 1.311.

8. 1.267. 1.074.

9. 1.097. 1.009.

10. 1.275. 1.390.

11. 1.230. 1.445.

12. 1.063. 1.083.

13. 1.026. 0.766.

14. 1.171. 1.395.

15. 1.247. 1.203.
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Photons&background.

•  Not constant 
•  Depends on primary beam multiplicity on target 
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Scan&Cut&on&energy&.

•  Default use 3 times the RMS of the baseline 
o  Tested 1xRMS and 4xRMS 

23/01/15 A. Rossi 24 

Constant  3.5± 118.7 
Mean      1.5±  1145 

   σ  1.20± 64.26 
   α  0.490± 2.551 

 (ADC counts)depE
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140 Constant  3.5± 118.7 
Mean      1.5±  1145 

   σ  1.20± 64.26 
   α  0.490± 2.551 

Constant  2.29± 81.85 
Mean      2.2±  1110 

   σ  1.51± 92.17 
   α  0.238± 2.413 

Constant  2.05± 60.27 
Mean      3.8± 949.2 

   σ  2.5± 105.7 
   α  0.898± 2.655 

Cut 1xRMS
Cut 3xRMS
Cut 4xRMS

Total Energy RUN166 - 450MeV
Constant  4.5± 202.3 
Mean      1.3± 877.7 

   σ  0.85± 61.76 
   α  0.393± 2.776 

 (ADC counts)depE
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240 Constant  4.5± 202.3 

Mean      1.3± 877.7 
   σ  0.85± 61.76 
   α  0.393± 2.776 

Constant  2.6± 125.3 
Mean      1.8± 826.9 

   σ  1.2± 101.8 
   α  0.770± 2.708 

Constant  3.75± 87.97 
Mean      6.9± 669.9 

   σ  4.1± 108.5 
   α  1.485± 2.803 

Cut 1xRMS
Cut 3xRMS
Cut 4xRMS

Total Energy RUN168 - 300MeV

Constant  3.8± 111.5 
Mean      1.7± 690.6 

   σ  1.30± 55.94 
   α  0.303± 2.372 

 (ADC counts)depE
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140 Constant  3.8± 111.5 
Mean      1.7± 690.6 

   σ  1.30± 55.94 
   α  0.303± 2.372 

Constant  1.89± 64.18 
Mean      2.6± 635.5 

   σ  1.8±   103 
   α  0.256± 2.064 

Constant  2.22± 42.66 
Mean      6.9± 471.3 

   σ  5.1± 116.7 
   α  0.1±     2 

Cut 1xRMS
Cut 3xRMS
Cut 4xRMS

Total Energy RUN169 - 200MeV
Constant  3.08± 70.88 
Mean      2.3± 523.6 

   σ  1.64± 54.03 
   α  0.382± 3.546 

 (ADC counts)depE
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90 Constant  3.08± 70.88 
Mean      2.3± 523.6 

   σ  1.64± 54.03 
   α  0.382± 3.546 

Constant  1.7±  37.1 
Mean      3.8± 466.2 

   σ  2.8± 108.1 
   α  1.000± 2.419 

Constant  1.14± 23.05 
Mean      7.2± 274.1 

   σ  7.9± 156.4 
   α  0.285± 2.556 

Cut 1xRMS
Cut 3xRMS
Cut 4xRMS

Total Energy RUN170 - 100MeV

Constant  3.5± 121.6 
Mean      1.5±  1056 

   σ  1.17± 64.15 
   α  0.38±  2.36 

 (ADC counts)depE
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Constant  3.5± 121.6 
Mean      1.5±  1056 

   σ  1.17± 64.15 
   α  0.38±  2.36 

Constant  2.23± 81.72 
Mean      2.2±  1015 

   σ  1.49± 95.53 
   α  0.919± 2.694 

Constant  2.8±  63.8 
Mean      5.2± 836.7 

   σ  3.9± 104.8 
   α  0.231± 2.296 

Cut 1xRMS
Cut 3xRMS
Cut 4xRMS

Total Energy RUN167 - 400MeV

Better results 
with 1xRMS cut 
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Energy&Fraction&3xRMS.

23/01/15 A. Rossi 25 

[Tot]dep[0,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.141

10

210

310

Energy fraction - Xtal0 Apd0

[Tot]dep[1,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal1 Apd0

[Tot]dep[2,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal2 Apd0

[Tot]dep[3,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

Energy fraction - Xtal3 Apd0

[Tot]
dep

[4,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal4 Apd0

[Tot]
dep

[5,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

1

10

210

Energy fraction - Xtal5 Apd0

[Tot]
dep

[6,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

1

10

Energy fraction - Xtal6 Apd0

[Tot]dep[7,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

Energy fraction - Xtal7 Apd0

[Tot]
dep

[8,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

3
10

Energy fraction - Xtal8 Apd0

[Tot]
dep

[9,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25

1

10

210

Energy fraction - Xtal9 Apd0

[Tot]
dep

[10,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25

1

10

210

Energy fraction - Xtal10 Apd0

[Tot]
dep

[11,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal11 Apd0

[Tot]dep[12,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal12 Apd0

[Tot]dep[13,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal13 Apd0

[Tot]dep[14,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal14 Apd0

[Tot]dep[15,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

3
10

Energy fraction - Xtal15 Apd0



Energy&Fraction&1xRMS.

23/01/15 A. Rossi 26 

[Tot]
dep

[0,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.141

10

210

310

Energy fraction - Xtal0 Apd0

[Tot]
dep

[1,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal1 Apd0

[Tot]
dep

[2,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal2 Apd0

[Tot]
dep

[3,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

Energy fraction - Xtal3 Apd0

[Tot]dep[4,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

3
10

Energy fraction - Xtal4 Apd0

[Tot]dep[5,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

1

10

210

Energy fraction - Xtal5 Apd0

[Tot]dep[6,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

1

10

210

Energy fraction - Xtal6 Apd0

[Tot]dep[7,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

Energy fraction - Xtal7 Apd0

[Tot]dep[8,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal8 Apd0

[Tot]dep[9,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25

1

10

210

Energy fraction - Xtal9 Apd0

[Tot]dep[10,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25

1

10

210

Energy fraction - Xtal10 Apd0

[Tot]dep[11,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal11 Apd0

[Tot]dep[12,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.141

10

210

310

Energy fraction - Xtal12 Apd0

[Tot]dep[13,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal13 Apd0

[Tot]dep[14,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal14 Apd0

[Tot]dep[15,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal15 Apd0



Energy&Fraction&4xRMS.

23/01/15 A. Rossi 27 

[Tot]dep[0,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

3
10

Energy fraction - Xtal0 Apd0

[Tot]dep[1,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

3
10

Energy fraction - Xtal1 Apd0

[Tot]dep[2,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.141

10

210

310

Energy fraction - Xtal2 Apd0

[Tot]dep[3,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal3 Apd0

[Tot]
dep

[4,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal4 Apd0

[Tot]
dep

[5,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

1

10

210

Energy fraction - Xtal5 Apd0

[Tot]
dep

[6,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

1

10

Energy fraction - Xtal6 Apd0

[Tot]
dep

[7,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal7 Apd0

[Tot]dep[8,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal8 Apd0

[Tot]dep[9,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25

1

10

210

Energy fraction - Xtal9 Apd0

[Tot]dep[10,0]/EdepE
0 0.05 0.1 0.15 0.2 0.25

1

10

210

Energy fraction - Xtal10 Apd0

[Tot]dep[11,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal11 Apd0

[Tot]dep[12,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal12 Apd0

[Tot]dep[13,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal13 Apd0

[Tot]dep[14,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal14 Apd0

[Tot]dep[15,0]/EdepE
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

1

10

210

310

Energy fraction - Xtal15 Apd0



Resolution.

23/01/15 A. Rossi 28 

Energy (GeV)
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

/E
 (%

)
E

σ

0

5

10

15

20

25
a         0.2794± 3.532 
b         0.1567± 1.572 
c         0.1742± 1.174e-11 

Resolution

a         0.172± 3.005 
b         0.04861± 3.668e-14 
c         0.3035± 1.323 


