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Motivation: (beta)decay spectroscopy studies at RIBF
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Requirements

Scale of a decay spectroscopy experiment at RIBF

- 3-50~collaborators

- 1-2 weeks beam time

- Variety of detector type: semiconductor, gaseous, MCP,
scincillation

- Number of channels: few 100s

Requirements
- Rlidentification (BigRIPS/MRTOF)
- Coincidence/correlation with different time-ranges:
- Prompt (ns~us) coincidence between in-flight Rl,
implantation and y-rays/neutron signals
- Delayed (ms~s) coincidence between beta-
implantation

- Forisomeric decay spectroscopy: high rates torrelance

=> Traditional triggered system (A/QDC, TDC) with common
busy global trigger scheme is no longer an ideal solution
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Why digitial DAQ system? 0 =X

- Common triggered DAQ:
Hardware: Q/ADC, (multi-hit) TDC

Dead time in Common trigger DAQ

Feature Triggered DAQ Digital DAQ

Data Recording Event-driven Continuous

Event Selection

Trigger . Hardware-based, Software-based,
— and Time
Dead time = OR of Busy ﬂxed ﬂ.eXi ble
l Correlation
Gate Conversion Time Readout Time .
CAMAC A [ Data Volume Lower Higher
cAMAC B Processing Lower Higher
vMmEA Requirements

Slide from H. Baba | Risk of Missing Higher

Lower
Dead time = the slowest front-end Events

Time and energy
Data handling data are separated | Together
(TDC-Q/ADC)

Digital DAQ:
Hardware: Waveform digitizer (flash-ADC) + FPGA
- Continous acquistion from per-channel on-

board memory in parallel with readout Time o Less important
- No need for EOB management synchronization

More important
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Infrastructure of the Digital DAQ system

DAQ computers with
CAEN digitizers SpAitri Customized RCDAQ software installed

_":]

Ext. Clk. In thical
Eplipligh link/Ethernet Analysis servers
Clk. O,Ut ' pmonitor framework NAS
Epligigl

RAID

 LUPO timestamping modules x2

* V1730x8 =128 channels

14 bits, 500 MS/S with full FPGA firmwares (DPP-PSD, DPP-PHA...)
* V2745 x1 =64 channels

16 bits, 125 MS/S, digitizer 2.0 with DPP-PSD, DPP-PHA firmwares
* V1740(D) x 8 =512 channels

12 bits, 82.5 MS/S, waveform recording firmware

* V1741 x4 = 256 channels

16 bits peak sensing ADC firmware

— Record waveform and FPGA-
processed data
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DAQ software ﬂ "}X

» Based on the RCDAQ software developed by Dr. Martin L. Purschke for the sPHENIX experiment at RHIC, BNL
(My PhD time summer-school teacher)

* Modularity

« Data integrity, robustness and resilience

* No exposure of analysis code to internals
 Binary payload format agnostic

* No preferred endianess

» Support for data compression

 Different event types

 Set of tools to inspect / display / manipulate files
 Online monitoring support

 Electronic Logbook support

* OS integration

* Interface to community analysis tools ( these days: root and 3rd-party frameworks)

M. Purschke slide, International School in Real Time Systems 2016, Ho Chi Minh City, Vietnam
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RCDAQ is originally designed for triggered system

readout loop

If triggered

Device 1
Packet 1

Packet n

Write to disk (single .evt file)
/ Attaloh offline
¢ x

)

[

o
S
X <~ | Ana. program1
o £ E
Packet 2 v\o? < | Ana. program 2 %
O ,f’ Ana. program n

RCDAQ client RCDAQ client
command lines scripts

K < .
< | pmonitor

* Main RCDAQ program does not known about any hardware
* Users write a “plugin” for each kind of device and add to the
readout loop

rcdaqg_client load librcdagplugin_CAENdrs2.so
rcdaqg_client create_device device_caen_v1740zsp 15000
rcdaqg_client load librcdagplugin_XIA.so

rcdaqg_client create_device device_xia_pixie16 1600 1
rcdag_client daq_begin #start the run

rcdag_client daq_end #end the run

=> Highly customizable, one can readout any
hardware given a library or a sample code

RS

2025/03/25

Vi Ho Phong, Active stoppers for decay experiments, 2025



RCDAQ plugins for digitizers

« RCDAQ plugins for all available CAEN digitizers have been developed
* Text format configuration file for the V1740 => Compatible with input of the wavedump program developed by CAEN
 Excel format configuration file for V1730 and V2745 => Easy to modify, clones and optimize parameters.
’
* ForV1740 modules: software zero-suppression mode has been implemented to discard data bellow threshold
1 H skokokskokskokskskskskskskokskokskokskokskskakskskakskskskskskokskokskok skok sokok sk kokok caendppconfig.xlsx - LibreOffice Calc - O x
2 # WaveDump Configuration File File Edit View Insert Format Styles Sheet Data Tools Window Help x|
3 # H-=-0-- Uma £ EE- S8 G- S FH-E- ALY BlR Q-4Q 2 A
4 Arial -0 |+ BT UA-©.=== S —=|— ®M-%74FE 000) =& @H-£ -
5 # NOTE: — — - —
. . . C1:C1048576 v fx £ ~ = |Channel No hd 43
6 # The lines between the commands @OFF and @ON will be skipped. A g Y B ‘ 0 | i ‘ A | o [ a8 | A | A6 | AW | & =
7 # This can be used t}) exclude parts of the file. Name Inputdynamic Self trigger Threshold Trigger holdaff  Fast Discriminat Input rise time Rise Time Val Trap rise ime Trap flattop  Trap pole zere Peaking time E
MNote: 10-1: 2 Vpp, 0.5 Vpp Equalto twice thrInunitof&ns | Options: 1;2;4;+In ns In sample: pileIn ns In ns Inns Float (0-100 % of Tra
8 0|CHO 0 1 24 100! 4 104/ 40 5100 1600 46500 80 %
1/CH1 0 1 24 100! 4 104/ 40 5100 1600 49500 80
> # o : % 100 i 10 W G0 100 32000 of &
10 # Settings common to all channels 2 L % 100 4 104 20 e 1000 52000 LR |
11 # 6/CHB 0 1 50 100! 4 104 40 5100 1600 52000 EGI
7CHT 0 1 50 100 4 104 40 5100 1600 52000 80 f(
12 [COMMON ] 8/CHs 0 1 50 100 4 104 40 5100 1600 52000 80
13 10icH10 o ; % 100 i o1 T —— %
50 5100 L}
14 # OPEN: open the digitizer e : . e R G
15 # options: USB 0 @ Desktop/NIM digitizer through USB M1 g ! 2 10 4 o 40 a1 1o0d 22000 o
16 # USB @ BA VME digitizer through USB-V1718 (BA = BaseAddress of the VME board, 32 bit hex) jeone 0 ! o "““ ‘. b - B oo e o
17 # PCI 00 @  Desktop/NIM/VME through CONET (optical link) R ' Read Conf|gu ration W sw0 100 52000 e
18 # PCI 0 @ BA VME digitizer through V2718 (BA = BaseAddress of the VME board, 32 bit hex) B . 104 - s e e e
22CH22 g g 40 5100 1600 52000 80
19 #OPEN USB 0 @ 2 parametersin excel file FOREE I, x
20 #OPEN USB 0 32100000 25 CH25 0 1 50 100 4 104 40 5100 1600 52000 80
21 OPEN PCI 2 0 0 53 ot 0 : E 100 a 101 pr I S 0
28 CH28 0 1 50 100 4 104 40 5100 1600 52000 80
22 #OPEN PCI 0 0 32100000 + DPP-PSD DPP-PHA DPP2-PSD DPP2-PHA WRITE_REGISTER list_of _write_register_command
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Customized RCDAQ
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.evtfile n
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* Use of ZeroMQ protocol => Network transparent
* Multiple readout loops (DAQ instances) => Parallel readoutin
multi-cpus and in different computers

RCDAQ client
scripts

RCDAQ client
command lines

Rt
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Structure of the user analysis program: myanalysis.cc ﬁ "}X

» User analysis program built within the sPHENIX Event Libraries and pmonitor Package
» We provide a comprehensive template for making a data analysis program:

Declare histograms, variables outside of callable methods

Init() => Initialize histograms objects and parameters

OpenFile() => Initialize file and trees

ProcessCorrelatedEvent(CorrelatedDataStructure*) => Event reconstruction with us correlation time
=> Fill histograms, trees after event building

- ProcessHit(SingleHitDataStructure™)

=> Fill histograms, trees before event building, fill std::mmap object for correlations

- DoUpdate() => Automatically call every fix period for monitoring purpose

- CloseMe() => Actions when data stream close (finish reading)

Decoder functions
Event building functions using timestamp (TThread functions run in background)
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GUI support for online monitoring and Digitizer parameters configuration

DAQ ONLINE CONTROLS DAG Monitor 1 - o
DAQ: trols File Edit View Options Tools He
* GUIl and web-browser based | ] o] pne) pvel |
n W r W r 20 Eniries 1206 Enkries.
‘Online Control: E Mean Aa7g R Mean
l. . - b d ’7 Pause Online | Resume Online | Clear Histograms | ‘ r Std Dev a1 E St Dev
£ g
online monitoring can be made : :
1000 Set AutoUpdate Timer| [10000  Set Rate Cal. Timer| ‘ 1s0f so00f—
. = .
from the user analysis template e -
reToY E F
htrgtraced Plot Spectr u -
hdptraceid Blot Specira i 1000—
hapitraceid C E
hap2tracetd L. | 1 | | | 1 1 | | C 1 | | | | 1 1 | |
hap1trace2d OverLay Spectra A HEa0 A0 A0 B0 B0aD  BiG0 oot 300 9400 000 400D 6000 8000 16000 12000 14000 16DG0 18000 200K
hap2trace2d
hapitrace1d hap2trace2d
_
| g o
. . . = s For P
E F St Davy £749
: =
Optimization of - : A
E 10000
) o g
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3000~ E
Trapezoid 3 "
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p B TR N T = i e e woe
I I I Clear Histograms
ROOT onl !ne Server nezu nexyu
heZd ﬁexﬂ
1000 400(
JSROQT version 6.3.x 31/10/2023 - m E N m
Hierarchy in json and xml format Mean x 119.8 = Mean x 348.4
G Monitoring (grid 22~ Meany 607 00— Wean y a1
e ev X eV X
1 all load | cle —
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2500—
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Online web ok
1500—
server
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Std Dev x 15.86
Std Dev y Std Dev y 15.58

) WaveForm2D
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) DP12D
) DP22D
) Energy
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Interactive session (CUI) for online/offline analysis

.Jana => Attach online stream

.Jana rawdatafile.evt => Attach offline data

RS

paw-like commands for manipulating

myonline.root

.Jana rawdatafile.evt output_rootfile.root => Make root file ) TTree

ymonitor [@] help
-- pmonitor commands

)
prun{nevt)

pidentify()
pidentify(5)
pidentify(@)
pclearidentify()

pupdate(TCanvas *cl, int
pendupdate(TCanvas *cl)
pendupdate()

Additional commands

1s list of directorie
cd dir

zone no of columns no of rows

1c list of canvases

brief status of pmonitor

PRDF file

file with a list of prdfs

events (nevt=0
the n

the ne:
all e

stop updati

stop updating

s/histos

create a canvas

CC Canvas num pad num change

ht histo id option dr
hn pad num{or) option dr
hnn pad num{or) option dr
htt histo id option dr
ft Fit TH1 and TH2
ftt

2025/03/25

rents in background (nevt=0 -= all
-= all events)
i from the data stream
nts read %rom the data stream (lots of output!)

esets bidentify{ﬂ}

Canvas cl
all Canva

TTree

hpid
hpide
hpidl
hpidout

d from the data stream

histograms, including functions for peak fitting

d1l
hpidout

hz

he1d25

File Edit View Search Terminal Tabs|

de
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Implementation of digital RCDAQ for beta decay studies p. ‘\'"

* Fall 2017: BRIKEN experiment around 8Ni and mid-shell region A~100 (~2 weeks
beamtime)

 Spring 2021: BRIKEN experiment around Rare-Earth and N=126 region (~3 weeks)

 Fall 2021: ZD-MRTOF mass measurement experiments with Zerodegree PID (~1 week)

e Spring 2024: Parasitic experiments with ZD-MRTOF, decay station and Zerodegree PID
(~1 months)

* Fall 2024: DTAS experiment N>126, Decay station, ZD-MRTOF, Zerodegree PID (~ 3

weeks)
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BRIKEN 2017 experimental campagain
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Some online plots
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Selected results in comparison with AIDA
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BRIKEN 2021 experimental campaign
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Remote collaborative works to prepare online/offline
analysis codes (task sharing)

- 0. Hall, Phong => WASS3ABI

- M. Pallas, A. Tolosa Delgado => He,;, HpGE
- Other online participants => Start and stop run,

eck offline data
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Data: WAS3ABI and only one HPGe clover

T.T.Yeung, A. |. Morales, et. al. PRL 133, 072501 (2024)
T.T. Yeung’s talk
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DTAS experiment 2024 (N>126 region)

High-gain
p- X10 Dual dynamic ranges:
1§ » V1740s | 0-2 MeV for junction side
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T See Marco’s talk
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Some plots from nearline analysis
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ProjectionY of binx=[31,40] [x=30.0..40.0]

Performance of WAS3ABi with digital DAQ @ =
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Entries 8388425
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Std Dev 233

- DAQ rates

- BRIKEN2017: (16x16x4) => 50 cps (78Ni, 100Br region)
BRIKEN2021: (32x32x2) => 100 cps (Rare earth, N~126 region
DTAS2024: (64x64x2) => 150 cps (N>126 region)
- Maximum DAQ rates, assuming 1 implantation ~ 6 beta decay
(100Br region):

- 3000 cps beta => 500 cps implantation rate

- The maximum DAQ rate does not depend on number of

X-rays
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fRC []AQ BigRIPS DAQ sub. 1 ZDMRTOF DAQ sub, 2 Advanced Decay Station ADS DAG
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Decay station with neutron-TOF detector array

LaBr;

3 "
2 . Gated on 18
= 1332 keV peak of LaBr3#0
m I.— 14
- .
o -
@ I &
ET g
= _2:‘ A
. . . T TR R T R T T B . \ iy 1 il 2. "' \
Information about GARi Active Energy (keV) LaBra#1 ¥ g g = |:
stopper: Quanbo’s talk _ T S L 2Br; array [ Implantation
" A, e Uil ~ , detector
hTOFU_EvsT12 600 [\ P e el 74 ” - —
- 500 Tail due / I — '010313;c:+:0;;-' ] a 4 A e - .LIL
: R bl ' 2 ' ' g—
Integrated, " oo source | [ | [ =
single TOFU bar ““[position | £ 6=103(3) ps g g
’ 107 j: \ +
10 Time different (ns)

1 150 200 250
TOF+offset (ns)

2025/03/25 Vi Ho Phong, Active stoppers for decay experiments, 2025 23



New decay station behind MRTOF-MS
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Summary and outlook ﬁ"}%

*» Digital DAQ system with waveform digitizer has been developed since 8 years for
beta-decay studies at RIBF
** Customized RCDAQ software framework with many “Really Cool” features
**Versatile, scalable and easy-to-understand framework for setting up DAQ and
data analysis
s Successful implementation in various experiments
s Performance of digital DAQ for 3 active stopper systems: WAS3ABi, GARi and
MCP-Si, has been demonstrated

*»* For future experiments, our collaborators can help writing DAQ plugins for their
devices and analysis codes based on templates provided
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Thank you for your attention!
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