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Fig. 1: (Color online) Timing accuracy is affected by noise and phase (a)-(b), as well as slope/noise (c)-(d).

22l

I RGHE R R ZE & AT, GANEE R E R 2 &5 B BG5S A W (iR 22

2



Error(p). UL, SEERIFGHIEZE

ATymeasured = (Tstop - Tstart) + [Error((pstop) - Error((pstart)]~ (1)

WS Y ESE N R 22 RAE I T BRI Qstare = stop » PITIREMEIGH, BIEEIRE
N MIRIZER T BPREER, WESHMAZERK, REZFWRTIRME, AM-SEURZER E
RERE, FFAEMS ] 2238 b AT RE A RHAE MR XU 254 . OSBRI L (a)-(b) Fion. [, E1(c)-(d) &
R RN JREN 5 A JEE P S o

BEAL, SREERZERL, B A AR B IR SR . AERAUE T2, Gl R BORAE 5 TR
REPR; HAERCTACRIO T, ZIRTRAER, dAh) BT S RECRAERUN L, B(HREER, Sn 45 3 i
RERE o

EAEZHIREO TRIECTACE R TERE. BN, IR 7 Ak g b, Saik (28] A 5 GHz
AR AR AL LaBrs {55, 045 70T 300 ps (5@ AR, (HAT R A RT3 (213 mm
x 13 mm), SCHK [29] WA 100 MHz SRR LYSO SiRfFS, R EKRBRIMEE (MRI) FYI4HG
FERIMIE (IRI), ERREEEZIHN 700 ps.

2014 4F, SCHR [30] FOBE TR S BF N ETE v WA, ) 4 GHz SREEFX) @ 1.5 o) x
2 3i5) LaBry fhiAfF 52 ATAL R, BUrOrikgiis 1 375 ps MEMPG I, Wb TR 51K 240 ps. [A]
AR, SCER (31 FErP T RAT I ]I R S BT I, e TR RN, BRZAEMDREEZ) 500 ps.
2015 4%, SCHR [32] R SR U EE A BaF, FEINENEES, 78 500 MHz il 200 MHz SR
R, IHUERRTEEE 700 ps Zefi. SCHR [33] WIE MBS THIGZZEXF LaBrs & WP R, £
FAER 2R P FIDUELEH . 2018 47, SCRR [34] REHE T RGBS RIVERE, JFdd e b
THERR R ARSI T RSB, 2019 4F, SCiR [35] A1 [36] 23 BIPR M8 (B35 R B th5 2200k, %
LaBrs €IS EEHETH A 1361 ps A1 15543 ps, (HEIREZMEAE — e RefE L RR 72 A

LR ERTA, RUEE PR EAERCT A E RS BERT TS5 T USRI, (HC T AL 22 i) RS
Mo 5T ETHIT BRI L e R B, DBk Z 45t . A ORIl Bk, R
AIZH OUHRAGZERG S LM ) R HE IR R 2, DA (7 AL I R e
R

ACEABATEA TR, WARSET, MO E HE A A, J R E T IRIT L ZE A
W55 ETH R A PR B . ARSCER 2 AR, AL ko (55 R A ROR A, DA
PR ER k. 55 3 TRORBHUE RIIE. 9 4 LEATAERNEIE, TN AR AE—2

3



TR TARM T R

2 BmMEE

A LIS 5 1A T RAE . By A S 5 YR 5 B DA B PR BE A Al AR o

2.1 Bk A TR

ARHFFER LA 22 OBAUL A e 1 1 BRI 18] ko 55 -

yt) = A (e 5" — e, (2)

Forlr, SAC A CHIEIREE, ¢ 5 te MBI B GS_ E IR RS, o Mg,

VoA SR A R 2 (a) IR . TSN, T PR R T B AOR
BE, 2 (a) PIOZLE F7 FRR T 250 MHz REESE (T, = 4 ns) FHIRAES . WHISLIR RIS, 1
ARSI LB T — NP TENLEL, FERE A BENLE R O, FREER Onoise. i3S
PR TSR A TS, A0 A OR IR (35 5 F DUR R TR, T BT T

20

* Sampling points
a) — Simulated pulse

o
o
= , ‘ ‘ ‘
g« 0 40 80 120 160 200
< b o ' '
10} ° DCFD, * CFD filter points
(Teoarse) —— Threshold
0 , Threshold crossing (TC)
UDCFDJ-H Lot ®
[ ]
° o ®
=10 Tine ®ee® * i
26 46 66 86 106 126

Time [ns]

P 2: (MZERURZ ) SRAFMIE 5 € R B (a) —RhIESEEIE M 250MHz RAFHIE; (b) 48 CFD (4
PSR
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Table 1: Parameters and their meanings

Parameter Meaning

A Amplitude

t, Signal rise time

tq Signal decay time

to User-defined signal start time

At User-defined time difference between two signals

f Timing fraction (%)

tdelay Delay time

Oin Standard deviation of the user-defined input time difference distribution
Oout Standard deviation of the output time difference distribution

Onoise Standard deviation of noise
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Fig. 3 The effect of phase difference on the timing accuracy of CFD, the calculation of o,,; is based on

the standard deviation in statistics.
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Fig. 4: (Color online) Results of timing accuracy scans for pulse signals with different rising edge and
timing parameters at 100 MHz sampling rate. The red boxes in Subfigures (a)—(f) represent the timing
parameter combinations commonly used in experiments: tgejqy = 5 T, f=25%.
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Abstract

With the development of nuclear physics and detection technology, traditional analog data-acquisition
(ADAQ) systems struggle to meet the demands of large-scale detection arrays. At the same time, digital
data-acquisition (DDAQ) is widely employed due to the low per-channel cost, small dead time, and flexible
parameter setting. However, high-precision time measurements remain a critical technical bottleneck for
DDAQ), particularly when the desired resolution is smaller than the time interval between neighboring
samples. Interpolated algorithms between adjacent samples must be used in order to get a better timing
resolution. However, such Interpolated time information is significantly affected by the phase of signal,
sampling rate, intrinsic pulse shape, discrimination parameters, ‘and so-on. The current work aims at
quantifying the impacts of each aforementioned parameters on the timing precision in DDAQ. In this

simulation work, the pulses are generated with different parameters, digitalized by an adjustable sampling
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rate, and then processed by a Digital Constant-Fraction discrimination (DCFD) algorithm. By modifying
different parameters such as signal phase, pulse shape, and discrimination parameters, their impacts on
timing precision have been investigated. The results conclusively confirm the strong influence of signal
phase on the time accuracy in DDAQ. On the other side, if one wants the best time resolution, the rising
time of nuclear pulses can neither be too short nor too long, namely, with 4-6 samples on the leading edge

would be the best choice.

Keywords: Fast-timing; Gamma-ray spectroscopy; Constant-Fraction discrimination;
Digital data-acquisition; LaBrs;
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