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Digital CFD
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Figure 1: Top: S′
i CFD

Trace, Bottom: Si

Sampled Data

▶ Reference: [1], CAEN AN3251
▶ CFD Trace computation:

▶ Si → S′
i = ΣL

j=1{k · Si−j − Si−j−d}
▶ Si : Sampled data point, S′

i : CFD Trace
▶ L: Length of the running average, d: Delay, k: Fraction

1. Set a threshold to arm the search of the zero crossing
2. Find the zero crossing identifying the two consecutive samples across it.
3. Compute a linear interpolation using the two points and find the
intersection with the zero axis.

4. k, d, L values can be chosen based on the time resolution obtained.

▶ Benefits:
▶ No signal amplitude dependence on a computation.
▶ Therefore, no baseline / underline dependence.
▶ Used in many applications.
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∆t distribution from DCFD
▶ Stable∆t distribution obtained on combination
with:

▶ Delay d: [0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0] ns
▶ Fraction k : [0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0]
▶ Length L : [1, 2, 3, 4, 5] points

▶ Fitting spectra
▶ Obtained∆t distributions are fitted with a Gaussian function.
▶ QA plots of fitting parameters (µ, σ), P and number of entry
(N ) are shown in the next slides.
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Figure 2:∆t distribution (d = 0.4ns,
k = 0.3, L = 2)

Bong-Hwi Lim (UniTo) Study on DCFD ITS3 WP3 Study | December 19, 2022 4 / 23



. .. .. .. .. .. .. .
Digital Constant Fraction Discriminator (CFD)

. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
CFD Trace with different running averages (L)

Examples of ∆t distribution from DCFD
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Figure 3:∆t distribution (d = 0.2ns,
k = 0.2, L = 2)
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Figure 4:∆t distribution (d = 0.3ns,
k = 0.2, L = 2)
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Figure 5:∆t distribution (d = 0.3ns,
k = 0.7, L = 2)
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QA plots from fit result of ∆t distribution #1
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▶ Left: µ of the Gaussian fit, Right: σ of the Gaussian fit
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QA plots from fit result of ∆t distribution #2
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QA plots from fit result of ∆t distribution #3
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▶ Top: CFD trace, Bottom: original signal

▶ From left to right: L = 1, 2, 3, 4, 5 bins

▶ Note that the trace becomes smoother as the running average increases
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▶ Left: µ of the Gaussian fit, Right: σ of the Gaussian fit
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CFD Trace with different running averages (L)

QA plots from fit result of ∆t distribution #3 (L =2)
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▶ Left: µ of the Gaussian fit, Right: σ of the Gaussian fit
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QA plots from fit result of ∆t distribution #3 (L =3)

598 232 509 762 1009 1273

274 638 977 1303 1563 1768

486 970 1406 1711 1915 2084

692 1254 1625 1898 2071 2205

837 1353 1733 1936 2073 2176

0.2 0.3 0.4 0.5 0.6 0.7
) of the signalkFraction (

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65)
d

D
el

ay
 (

400

600

800

1000

1200

1400

1600

1800

2000

2200

 )σ 3 ± µ t| < ∆ t distribution (|∆Total entry of 

▶ Total number of entries in the∆t distribution with in the range of µ± 3σ.

Bong-Hwi Lim (UniTo) Study on DCFD ITS3 WP3 Study | December 19, 2022 16 / 23



. .. .. .. .. .. .. .
Digital Constant Fraction Discriminator (CFD)

. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
CFD Trace with different running averages (L)

QA plots from fit result of ∆t distribution #1 (L =4)

0.31455 0.162262 0.161739 0.159017 0.155847 0.152888

0.160135 0.160009 0.156547 0.153329 0.14834 0.14818

0.163031 0.157599 0.152916 0.14729 0.14961 0.148345

0.159396 0.155945 0.154757 0.148977 0.151001 0.148216

0.156002 0.15334 0.154528 0.153666 0.152282 0.160551

0.2 0.3 0.4 0.5 0.6 0.7
) of the signalkFraction (

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65)
d

D
el

ay
 (

0.13

0.135

0.14

0.145

0.15

0.155

0.16

0.165

0.17

0.175

0.18

 t distribution∆ of µ

1.60783 0.0832431 0.0754577 0.0873342 0.0970028 0.113444

0.0729511 0.0795577 0.0904795 0.107594 0.118392 0.142624

0.0921538 0.0942079 0.1163 0.134703 0.15709 0.173353

0.100851 0.121094 0.143221 0.167842 0.182691 0.205988

0.123207 0.153819 0.172814 0.187905 0.218402 0.243558

0.2 0.3 0.4 0.5 0.6 0.7
) of the signalkFraction (

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65)
d

D
el

ay
 (

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

 t distribution∆ of σ

▶ Left: µ of the Gaussian fit, Right: σ of the Gaussian fit
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▶ Left: µ of the Gaussian fit, Right: σ of the Gaussian fit
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. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
CFD Trace with different running averages (L)

Summary of the update

▶ DCFD method
▶ Very promising approach.
▶ Tested with several different combinations of the parameters.
▶ Suitable result from k = 0.4, d = 0.3ns
▶ running average method did not affect the result significantly.

▶ Outlook:
▶ Apply this method to the TB data from November
▶ Correlate with the output from the Corryvreckan
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