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We are working on a data acquisition system for
RIKEN RIBF that is a Rl beam facility in Japan.
For example, various Rl beams are produced from

To perform the TOF measurement without dead
the reaction of uranium beams.

time, we have been developing a new system
based on Xilinx RFSoC.

TOF measurements at high rate and high time
resolution are required for particle identification
of Rl beams.

Goal of this development is :

it can process more than 100kHz trigger rate
with less than 2bps timing resolution in o.

The RFSoC device includes 4GHz FADC, FPGA, and
CPU, so it includes all necessary functions for the
measurement.

RIKEN RIBF

/CU111 Evaluation kit

¢ v’

S Timing Resolution @ Timing Resolution

v;: i th signal value

21

/. In general, Timing determined by \ ag 2
leading edge discriminator In general, the timing information is determined by . _ . 2 _ _ o
Noise the leading edge timing. However, this method can dg = v dv; (l X dv;) . The .Slgn.al—to.—nmse ra’ug is important to
‘ $‘ Jitter (Time Erron not be applied to waveform processing. errorof g "\ L \ lgbtaolln high tlTe r;?O'Utrl]Qtﬂ- | t
1 or denominator, the white-noise componen
MWM% Therefore, we have studied extrapolation of the Calculation Range is cancelled by simple integration.
;li iy Discriminator Threshold rising slope, zero-cross timing, and centroid ) _
Timing Jitter = Onoise calculation. ~ : On the other hgnd, we have to consider the
| |d_V L | error propagation of the numerator g. (see
\ du Here, Centroid Calculation was adopted. ~200— I equation) _
B I The effect of noise becomes very large due
/. In case of FADC, a.pply \ The centroid calculation is independent of the ool : Smoothing to each dv is multiplied by the clock number i.
waveform processing slope form and can be applied to any waveforms. i I and To minimi ot of noi
— j— lclk : : : Lo b = I o minimize effect of noise,
°e (250ps) g @@ ® urthermore, in this equation, G is timing, and the ~600 | Range first, white noise is canceled by smoothing
L o denominator is charge, so : et Fore ’ _
11 AN n , time and charge information can be obtained B | as far as possible. _
. 3 2V X simultaneously. ~800— I In addition, by limiting the calculation range,
1] G = Ny _ I low-frequency noise that cannot be removed
e i Vi 1000 by smoothing is reduced.
\_ o ~Centrold Caleulation o 50 00 15040 550600 50 00 %0
C

® Waveform Drocessing © Timing resolution with centroid calculation

-200

/ \ E 0_
~400— L
input signal =»  smoothing =  peak search - 10000/— -200]
—600:— B [ —400:
~800 s 2000 -6002
* Integration(charge) B 800
* centroid(timing) I T N P P T T 6000— i Simulated Pulse
100 120 140 160 180 200 220 240 260 280 — -1000{—
K + / first-order - o""st)"‘aéa"aéa".a_éa‘“zs',o"‘géa"aéa"af')a"as'a"l‘k
outline Qf waveform 3[1"(] Jifferentiation 4000
rocessin — ela i . . : :
P & y 100 i o = 9ps The time resolution obtained by centroid
AlclK] 2000— calculations is shown.
c 0 B L] L] L]
, Blclk] B In this case, a pulse that simulated a plastic
> < > . . . oo by e b b e b by 1 1 1
| « Determined calculation range - zero-cross point 53 02 0.1 0 0.1 0.2 0 scintillator signal was used.

based on peak position corresponds "

oeak position X waveform analysis by software
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The result was 9 ps in o.
Very good time resolution was achieved.
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@ Algorithm of centroid calculation ~Simulation summary

Simulation (VHDL)
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smoothing

Now, we are developing VHDL
code to implement real-time
waveform processing in FPGA.

 Developed waveform processing system without dead time using
RFSoC devices.

This picture shows the simulation.
 Adopted centroid calculation for waveform analysis method

— + A very good timing resolution of ¢ = 9ps was obtained
- Successfully developed waveform processing algorithm.

peak detection

|

- Development of the VHDL code is in progress.

Here you can see calculation

Integration(charge) results using delayed signal.

centroid(timing)

Thanks for your attention!
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Particle identification Energy resolution

« Calculate with FPGA without dead time particle identification at Rl beam experiment with RFSoC . Comparison energy spectrum
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We are working on a data acquisition system for
RIKEN RIBF that is a Rl beam facility in Japan.
-or example, various Rl beams are produced from
the reaction of uranium beams.

TOF measurements at high rate and high time
resolution are required for particle identification
of Rl beams.

Goal of this development is :

it can process more than 100kHz trigger rate
with less than 2bps timing resolution in o.
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o perform the TOF measurement without dead

time, we have been developing a new system
nased on Xilinx RFSoC.

The RFSoC device includes 4GHz FADC, FPGA, and
CPU, so it includes all necessary functions for the
measurement.
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© Timing resolution with centroid calculation
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Simulation (VHDL)
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Here you can see calculation
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summary

 Developed waveform processing system without dead time using
RFSoC devices.

 Adopted centroid calculation for waveform analysis method
— + A very good timing resolution of ¢ = 9ps was obtained
- Successfully developed wavetorm processing algorithm.

- Development of the VHDL code is in progress.

Thanks for your attention!
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e Calculate with FPGA without dead time
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Particle identitication & Energy resolution
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