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-La funzione di fit 
-Performance nella misura di ampiezza e tempo vs. 
frequenza di sampling 
- 500MHz 
- 2MHz



Esempi di fit alla forma d’onda 

La funzione di fit e’ una gaussiana “biforcata” (σleft != σRight) che si raccorda a 
un’esponenziale. L’idea sarebbe di fissare tutti i parametri nel fit tranne 
l’ampiezza massima, aMax, e il tempo corrispondente, tMax. In realtà, per rendere 
il fit ragionevolmente stabile, devo lasciare libera anche la σRight. 
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Dati: raggi cosmici su cristallo di 
Cs(Tl) di Belle. 
 Waveform filtrata con CR-(RC)4 
con costante di tempo 500ns



sampling 500MHz - 
Fit alle forme d’onda - i primi 8 eventi

Errore sui singoli punti 180μV (tipico RMS del noise sui dati)
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Sampling 500MHz - Ampiezze
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Come atteso, il fit non aggiunge informazioni

4



Sampling 500MHz - 
t(PIN1)-t(PIN2) @ max amplitude

 / ndf 2χ  108.2 / 88
Prob   0.07094
const1    6.9±  69.6 
mean1     1.640± 2.913 
sigma1    3.15± 38.32 
const2    7.74± 15.24 
mean2     4.155± -3.901 
sigma2    12.75± 81.18 
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Prob   0.07094
const1    6.9±  69.6 
mean1     1.640± 2.913 
sigma1    3.15± 38.32 
const2    7.74± 15.24 
mean2     4.155± -3.901 
sigma2    12.75± 81.18 
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Risoluzione temporale dalla differenza tra i tempi dei 
due fotorivelatori ~ 30ns



Sampling 500MHz - 
t(PIN1)-t(PIN2) from fit

 / ndf 2χ  92.31 / 92
Prob   0.4712
const1    4.54± 75.52 
mean1     1.3250± 0.3657 
sigma1    1.99± 35.83 
const2    4.64± 15.78 
mean2     3.776± -7.478 
sigma2    7.20± 79.23 
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 / ndf 2χ  92.31 / 92
Prob   0.4712
const1    4.54± 75.52 
mean1     1.3250± 0.3657 
sigma1    1.99± 35.83 
const2    4.64± 15.78 
mean2     3.776± -7.478 
sigma2    7.20± 79.23 
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— Fit

Come atteso, il fit non aggiunge informazioni 6



sampling 2MHz - 
Fit alle forme d’onda - i primi 8 eventi

 / ndf 2χ   1.27 / 9
Prob   0.9985

aMax      0.15± 11.96 

tMax      15.1± 906.4 
sigmaRight  31.8± 919.3 
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 / ndf 2χ   1.27 / 9
Prob   0.9985

aMax      0.15± 11.96 

tMax      15.1± 906.4 
sigmaRight  31.8± 919.3 

WF linear CRRC4 24 samples Chan 0 evt 1  / ndf 2χ  11.87 / 9
Prob   0.2208

aMax      0.15± 11.86 

tMax      15.0± 927.8 
sigmaRight  29.3± 865.5 

[ns]
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 / ndf 2χ  11.87 / 9
Prob   0.2208

aMax      0.15± 11.86 

tMax      15.0± 927.8 
sigmaRight  29.3± 865.5 

WF linear CRRC4 24 samples Chan 1 evt 1  / ndf 2χ  3.949 / 9

Prob   0.9148

aMax      0.14252± 0.02471 

tMax      7028.2±  1817 

sigmaRight  232469.7± -1616 
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 / ndf 2χ  3.949 / 9

Prob   0.9148

aMax      0.14252± 0.02471 

tMax      7028.2±  1817 

sigmaRight  232469.7± -1616 

WF linear CRRC4 24 samples Chan 0 evt 2  / ndf 2χ  4.012 / 9
Prob   0.9106

aMax      0.1118± 0.1456 

tMax      839.8± -547.6 
sigmaRight  1607.1±  1356 
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 / ndf 2χ  4.012 / 9

Prob   0.9106

aMax      0.1118± 0.1456 

tMax      839.8± -547.6 
sigmaRight  1607.1±  1356 

WF linear CRRC4 24 samples Chan 1 evt 2

 / ndf 2χ  6.685 / 9
Prob   0.6699

aMax      0.150± 6.945 

tMax      25.0±  1003 
sigmaRight  46.6± 793.7 
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 / ndf 2χ  6.685 / 9
Prob   0.6699

aMax      0.150± 6.945 

tMax      25.0±  1003 
sigmaRight  46.6± 793.7 

WF linear CRRC4 24 samples Chan 0 evt 3  / ndf 2χ  8.961 / 9
Prob   0.4409

aMax      0.150± 6.272 

tMax      28.0± 986.4 
sigmaRight  47.7± 765.7 
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 / ndf 2χ  8.961 / 9
Prob   0.4409

aMax      0.150± 6.272 

tMax      28.0± 986.4 
sigmaRight  47.7± 765.7 

WF linear CRRC4 24 samples Chan 1 evt 3  / ndf 2χ  2.942 / 9
Prob   0.9665

aMax      0.15±  9.89 

tMax      18.1± 863.9 
sigmaRight  33.6± 880.9 
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 / ndf 2χ  2.942 / 9
Prob   0.9665

aMax      0.15±  9.89 

tMax      18.1± 863.9 
sigmaRight  33.6± 880.9 

WF linear CRRC4 24 samples Chan 0 evt 4  / ndf 2χ  4.492 / 9
Prob   0.8762

aMax      0.146± 7.685 

tMax      23.1± 868.8 
sigmaRight  43.8± 887.9 
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 / ndf 2χ  4.492 / 9
Prob   0.8762

aMax      0.146± 7.685 

tMax      23.1± 868.8 
sigmaRight  43.8± 887.9 

WF linear CRRC4 24 samples Chan 1 evt 4

 / ndf 2χ  2.057 / 9
Prob   0.9905

aMax      0.147± 8.963 

tMax      19.5± 905.7 
sigmaRight  35.0± 836.3 
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 / ndf 2χ  2.057 / 9
Prob   0.9905

aMax      0.147± 8.963 

tMax      19.5± 905.7 
sigmaRight  35.0± 836.3 

WF linear CRRC4 24 samples Chan 0 evt 5  / ndf 2χ  4.803 / 9
Prob   0.8511

aMax      0.145± 8.615 

tMax      20.1± 862.7 
sigmaRight  39.0± 898.6 
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 / ndf 2χ  4.803 / 9
Prob   0.8511

aMax      0.145± 8.615 

tMax      20.1± 862.7 
sigmaRight  39.0± 898.6 

WF linear CRRC4 24 samples Chan 1 evt 5  / ndf 2χ  9.245 / 9
Prob   0.415

aMax      0.144± 6.884 

tMax      24.9± 849.9 
sigmaRight  47.1± 890.1 

[ns]
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 / ndf 2χ  9.245 / 9
Prob   0.415

aMax      0.144± 6.884 

tMax      24.9± 849.9 
sigmaRight  47.1± 890.1 

WF linear CRRC4 24 samples Chan 0 evt 6  / ndf 2χ  7.324 / 9
Prob   0.6035

aMax      0.148± 6.789 

tMax      27.0± 883.7 
sigmaRight  54.4± 915.5 

[ns]
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 / ndf 2χ  7.324 / 9
Prob   0.6035

aMax      0.148± 6.789 

tMax      27.0± 883.7 
sigmaRight  54.4± 915.5 

WF linear CRRC4 24 samples Chan 1 evt 6

 / ndf 2χ  7.256 / 9
Prob   0.6105

aMax      0.149± 2.472 

tMax      71.3± 950.2 
sigmaRight  141.8± 860.1 
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 / ndf 2χ  7.256 / 9
Prob   0.6105

aMax      0.149± 2.472 

tMax      71.3± 950.2 
sigmaRight  141.8± 860.1 

WF linear CRRC4 24 samples Chan 0 evt 7  / ndf 2χ  5.953 / 9
Prob   0.7446

aMax      0.167± 1.946 

tMax      121.2± 923.8 
sigmaRight  374.4±  1149 
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 / ndf 2χ  5.953 / 9
Prob   0.7446

aMax      0.167± 1.946 

tMax      121.2± 923.8 
sigmaRight  374.4±  1149 

WF linear CRRC4 24 samples Chan 1 evt 7  / ndf 2χ  2.372 / 9
Prob   0.9841

aMax      0.143± 1.952 

tMax      90.5± 813.8 
sigmaRight  150.5±   853 
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 / ndf 2χ  2.372 / 9
Prob   0.9841

aMax      0.143± 1.952 

tMax      90.5± 813.8 
sigmaRight  150.5±   853 

WF linear CRRC4 24 samples Chan 0 evt 8  / ndf 2χ  7.881 / 9
Prob   0.5461

aMax      0.143± 2.367 

tMax      62.9± 969.3 
sigmaRight  78.3± 603.2 
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 / ndf 2χ  7.881 / 9
Prob   0.5461

aMax      0.143± 2.367 

tMax      62.9± 969.3 
sigmaRight  78.3± 603.2 

WF linear CRRC4 24 samples Chan 1 evt 8
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Entries  3000

Mean     6.41

RMS     3.567
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Sampling 2MHz - Ampiezze

— Max 
— Fit

Anche nel caso di sampling a 2MHz, 
il fit non aggiunge informazioni alla 
misura dell’ampiezza
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Entries  3000

Mean   -13.04

RMS      79.7

Underflow     153

Overflow      202

Integral    2645
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Sampling 2MHz - 
t(PIN1)-t(PIN2) @ max amplitude

— Max
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Sampling 2MHz - 
t(PIN1)-t(PIN2) from fit

 / ndf 2χ  95.96 / 89
Prob   0.2882

const1    4.88± 75.38 
mean1     1.2839± -0.4199 
sigma1    2.17± 37.49 
const2    5.15± 13.62 

mean2     4.322± -5.092 
sigma2    9.31± 80.84 
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Prob   0.2882

const1    4.88± 75.38 
mean1     1.2839± -0.4199 
sigma1    2.17± 37.49 
const2    5.15± 13.62 

mean2     4.322± -5.092 
sigma2    9.31± 80.84 

tMaxFitThreshCRRC4[0]-tMaxFitThreshCRRC4[1]

— Fit

Time resolution from waveform fit @2MHz as good as @ 500MHz
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Conclusioni (per ora)

• La procedura funziona ragionevolmente 
✓ La funzione di fit usata non è al momento quella ufficiale di Belle II: 

la ho determinata in modo euristico dai dati di cosmici con filtro 
CR-(RC)4 con tau=500ns 

✓ facilmente generalizzabile ad altre forme funzionali 

• La risoluzione temporale con il fit alla forma d’onda con 
sampling a 2MHz (σt~30ns per τ=500ns) confrontabile 
con quella con sampling a 500MHz 

• Il prossimo passo sarà la determinazione di ampiezza e t0 
applicando il fit a eventi con pile-up 
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