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Hardware

Common clock board Trigger fan out board KCU105 & protoboard x4

Crystal

Adapter board

¢ Clock & Trigger &
Power cable xN

Signal generator x1 High Voltage Supply



FAQ

¢ Must insert jumper J14 on the FPGA board

< If you have multiple protoboard and FPGA board, you need a common clock input

RED: " P sde

Manual HV On/Off




Programming FPGA

¢ Install & Launch Vivado (no need license key) Quick Start

© Open Hardware Manager Create Project >
Cpen Project »

¢ Connect JTAG to PC and power on FPGA board
¢ Click Open target on the left Panel

Open Example Project >

¢ Open the device
¢ Right click on it and Click “Add Configuration Memory Device” TaSkS
¢ Select device “mt25qu256-spi-x1_x2_x4” and continue

. “ " . M P>
© Select file “frame_protoboard_v2.mcs” (version v4.11) anese

Open Hardware Manager »

¢ Program it Vivado Store »

¢ Firmware: v4.11
¢ https://web.tresorit.com/l/86zmAH#BE8fqp4of3N8pFNz-

cXpgg&zZ8blfjDItISr5gvdDoZYuGsgz6L.DmMOQ Lea r-nl ng Ce nte r
¢ Programming guide: KCU_Flashing.pdf e
¢ https://web.tresorit.com/l/86zmAH#BE8fqp4of3N8pFNz- Quick Take Videos

cXpgg&GYtZ9jQtioHk1QwaqwK5nizBt2rLRRpSt

What's Mew in 2022.2 »



FPGA IP address

< DIP Switch on KCU105
O FPGA IP address = 10.1.2.208 + DIP SWITCH[2:0]
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Software environ

o Almalinux 9.5, Use AnaConda
¢ conda create -n hgc

¢ conda activate hgc
¢ conda install -c conda-forge pygame pyside6 numpy matplotlib loguru pandas tgdm

¢ Ubuntu 24.04, Use python venv
¢ sudo apt-get install python3-pip python3-venv libxcb-cursor-dev net-tools

¢ mkdir myenv

¢ python3 -m venv myenv

& source myenv/bin/activate

¢ pip install pyside6 numpy matplotlib loguru pygame pandas tgdm

©Windows 11, Use AnaConda
¢ the same as AlmaLinux 9.5, Use AnaConda, you can install git with conda

© baremetal, other ...



Software H2Gconfig

©H2GConfig
¢ conda activate hgc
¢ cd workspace

5e478442b 2025/2/26

¢ git clone https://gitlab.cern.ch/sjia/H2GConfig.git

¢ cd ~/workspace/H2GConfig
¢ python H2GConfig.py

@ nitial System Dialog@Iocalhost.localdomain

H2GCROC

v 0.3

@ % OAK RIDGE

National Laboratory

2026/4/1

Number of KCUs:

Number of ASICs per KCU:

Confirm

[ @ H2GConfig@localhostlocaldomain

Calibration | Human Mode | RobotMade E
Il
o

-- Top Register --
Top
-- Global Analog Registers --
Global_Analog_1

Global_Analog_0

-- Reference Voltage Registers --

Reference_Voltage_1
Reference_Voltage_0
-- Master TDC Registers --
Master_TDC_1
Master_TDC_O
-- Digital Half Registers --
Digital_Half_1
Digital_Half_0

- Channel Wise Registers --

M2 CM_3
Channel_36 Channel_37
Channel_38 Channel_39
Fhoannal A0 Fhannal 41

=

Select a register to view its content

- O X

-- Current Config --
FPGA selection: FPGAOQ
ASIC selection:  ASICO

-- Register Selection --
Use half-wise registers

V| Use channel-wise registers

-- Config File Info --
not set
Load Save Save As

-- Link Info --

IP Address: 10.1.2.208

Port: 1000

Readback

Ping FPGA

Send Current ASIC Config

Send All Configs



https://gitlab.cern.ch/sjia/H2GConfig.git

Software H26bAQ

& The same virtual environ work for H2GDAQ

¢ conda activate hgc
¢ cd workspace

8317963 2025/4/25

¢ git clone https://gitlab.cern.ch/sjia/H2GDAQ.git

¢ cd ~/workspace/H2GDAQ
¢ git checkout dev-0Ov12
¢ python H2GDAQ.py

0 Initial System Dialog@localhost.localdomain

H2GCROC

AQ_

v 0.12

2026/4/1

P @ %0 rivce

Number of KCUs:

L

Number of ASICs per KCU:

2 3

-

l Confirm

H2GDAQ®@ localhostlocaldomain

Working Folder

fhome/shyac/workspace/H2GDAG-
main

Select Folder Print to Terminal

Online Monitoring
Run Monitoring

Select Monitoring Folder

DAQ Settings )

event 1

~

time [sec] |1 -

v manual

Reset Pack Counter

~
Run Number 1
AYs
Data Count -- byte
Auto Phase Scan
Set IODELAY
‘ Start DAQ
Stop DAQ

Generator Debug

=== Data Collection ==~

Data Coll En[7:0]
Trig Coll En[7:0]

=== Generator ---
Gen Prelmp En
Gen Pre Int

Gen Nr Cycles

Gen Interval

=== External Trigger ---

Ext Trg En
Ext Trg Delay

Ext Trg DeadT

=== Fast Command ---

DAGQ FCMD
DAQ Push FCMD
Gen Pre FCMD
Gen FCMD

=== Machine Gun ---
Machine Gun

Send Gen Config before DAG
Send Gen Config

CX <D 4 b [ IRE

»

High Voltage

DAQ + Generator START/STOP
DAQ Push

Start Generator

Stop Generator

Reset/Ad|
Fo AD
Send HV Settings



https://gitlab.cern.ch/sjia/H2GDAQ.git

Software Ha2ccalib

H2GCROC Calibration GUI - (] x

¢ Create a virtual environ for H2GCalib or add package to hgc environ
¢ conda activate hgc 101 Socktfoo

Controller for 101_SocketPool:

¢ conda install -c conda-forge pygame pyside6 numpy matplotlib loguru tgdm pandas
© Cd Workspace 8dce2723fb 2025/5/9

¢ git clone https://gitlab.cern.ch/sjia/H2GCalib 3B

¢ cd ~/workspace/H2GCalib_3B

¢ Usage 1: GUl mode
¢ python 100_Ul.py

© Usage 2: console mode
¢ Python 000_SocketPool.py
<> Y

¢ Python 010_ToTCalib.py

Start 101_SocketPool


https://gitlab.cern.ch/sjia/H2GCalib_3B

Ethernet communication

& Connect ethernet cable between PC & FPGA board

& Set PC IP address to 10.1.2.207
S IF=enp4s2

S sudo ifconfig S{IF} 10.1.2.207 netmask 255.255.255.0 e FPGAselection: FPGAD

ASIC selection:  ASICO

@ H2GConfig@localhostlocaldomain = O =
g

. . £ -
S Sudo Ifconflg S{IF} mtu 9000 up __E; -- Top Register - N -- Register Selection --
K Top Use half-wise registers
. ] -- Global Analog Registers - se channel-wise registers
©make sure your switch, cable and network card | 2 B ——
support 1 Gbps speed, 100 Mbps will not work = G P ot Bosesiearen X o
E -- Reference Voltage Registers -- o Successfully pinged FPGA 5 times _
S sudo ethtool S{IF} | grep Speed 3 Reference Votage 1 | Lload || Save | Saveds

Reference_Voltage_0 | ‘OK |

Speed: 1000Mb/S — Master TDC Registers -

Master_TDC_1

Select a register to view its content

¢ H2GConfig has a button “Ping FPGA” can test the kit~

-- Digital Half Registers --

. . . IP Address: 10.1.2.208
connection, it don’t support under windows Digta ot por 11000
Digital_Half_0 Readback
<> P i n g —- Channel Wise Registers — Ping FPGA
CM_2 CM_3
end Curren onfi
© On Linux: ping 10.1.2.208 -s 32 Charne 2 ][ Channe 7 B ——
Channel_38 Channel_39 Send All Conﬁgs

¢ On Windows: ping 10.1.2.208 -| 32 . -

2026/4/1 10




Ethernet communication

¢ Network Optimization (optional)

¢ Create config file 50-h2gcroc.conf and add the following lines:
¢ net.core.rmem_max=8388608

¢ net.core.wmem_max=8388608

¢ net.core.rmem_default=8388608

¢ net.core.wmem_default=8388608

¢ net.core.netdev_max_backlog=250000

¢ net.ipv4.udp_mem=8388608 8388608 8388608
¢ net.ipvd.udp_rmem_min=16384

¢ net.ipvd.udp_wmem_min=16384

¢ Then run the following command to apply the changes:
¢ sudo cp 50-h2gcroc.conf /etc/sysctl.d/

¢ sudo sysctl -p

2026/4/1 11




Ethernet Firewall

& Almalinux 9.5

© DAQ and Calibration programs use UDP port 11000 ~

[root@localhost ~]# firewall-cmd --zone=public --add-interface=enp87s0@ --permanent
success
[root@localhost ~]# firewall-cmd --zone=public --add-port=11000-11100/udp --permanent
success
[root@localhost ~]# firewall-cmd --reload
success [root@localhost ~]# firewall-cmd --zone=public --list-all
public (active)
target: default
icmp-block-inversion: no
interfaces: enp86s@ enp87s0
sources:
services: cockpit dhcpv6-client ssh
ports: 11000-11100/udp
protocols:
forward: yes
masquerade: no
forward-ports:

source-ports: Note interface enp86s@ connect to office network

icmp-blocks: interface enp87s0 is for h2gc data transfer
IIIIIIIIIIIIHHHlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIIIII



Architectural

1

Th

4 CM (only connect to ADC internally)
2 Calibration channel

H2GCROC3b: architectural overview

e overall block diagram is described as per below.
phase | _ [ Lo—_1 Decoded clock40M | 320MHz Clock input
Shifter L1A = — - Fag‘m‘;f’n'f’;gr’;ds < Command link (L1A is trigger input)
Clock and control path BxRst - — 5 :
5 |_P0|'ntas & Logic ||
e L1 v Readout path
. . ADC decoding H
72 channels of analog signals input b - I 1 Al
, Data
TOA Latency TOT | IH mf Trglgefed M readout .
e ent | M Two lane for data output:
manager encodng A Circular i FIFO | manager
M| “Sitfer M + CRC Speed 1.28Gbps
TOT M rRAMZ |G 2x Data Charge info, Time info...
MR A Ik
G
X78 channels (72 + 4 CM + 2 calibration channels)
& T
] -
i Digttal 7 bits Trigger Four lane for trigger generation
Ling::;iion : 2 | Truncation ;zida(]glgr 1.28Gbps x4
, .
40r9 Compression )
i (#0r9) 4x Tngger
per channel Triggeér path 16y / 8x trigger cell unit link
N DAC Bandgap Slow control . .
‘fﬁj‘é’;ﬁﬂ.ﬁ‘" ToT/ToA | Voltage comm. Port [312C interface read/write 7900
thresholds References et 12C para meters
CC: Current conveyor (VFE), calibration SiPM gain variation [ - Triplicated

2026/4/1

PA: Preamplifier
TOT: Time Over Threshold, dedicated discriminator and TDC (50ps), 12 bit
TOA: Time Of Arrival, dedicated discriminator and TDC (24ps), 12 bit




Default register value

The default config value of H2GCROC after power up

"Channel_0-71
"CM_0-3

"CALIB_©-1

"Global Analog 0-1
"Reference_Voltage 0-1
"Master_TDC_0-1
"Digital Half ©-1

"HalfWise ©

"Top

2026/4/1
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Il37
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00 00

00 00

00 00
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00 3c
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00
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28
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00
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00
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00

28
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80

00
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00 9a

do 00

bo 02
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03 85
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00
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9a
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00
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00

00
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00

00
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00

00

8a

00

80

00

00

00

00 00 00 00
00 00 00 00

00 00 00 00

50 4b 4b 68
00 00 00",
08 bo 02 00
90 00 00 19

00 00 00 00

00 00 00 00

eell B
e@ll B

e@ll B

6f",

00 00",

00 B8 cc cc cc Oc cc cc cc cc of 01 ev",

e@ll ,

00 00 00 00 00 00 00"




Operation Procedure

©H2GCROC can generate a pulse signal internally and inject it to input channel, with adjustable
amplitude

©H2GCalib_3B

¢ Set IODELAY — adjust the data/trigger line delay between FPGA and H2GCROC, this parameter is provided
for FPGA, not for H2GCROC.

¢ ADC pedestal
¢ TOA calibration — adjust the channel threshold to make the output value close to the user's target value
¢ TOT calibration —adjust the channel threshold to make the output value close to the user's target value

¢ Repeat this procedure for all FPGA and H2GCROC combination and generate configuration files

2026/4/1 15




Operation Procedure

> H2GDAQ
¢ Set IODELAY — this step is the same as calibration

¢ H2GConfig
¢ Send All configs — upload all calibration values to all H2GCROC

S H2GDAQ
< Start DAQ

¢ Decode data or Online Monitoring

2026/4/1 16




H2GCalib 3B

> Modify file H2GCalib_3B/config/common_settings 3B.json

"udp": {
"h2gcroc_ip": "10.1.2.208",
"pc_ip": "10.1.2.207",
"h2gcroc_port": 11000,
"pc_cmd_port": 11000,
"pc_data_port": 11001

2026/4/1 17




H2GCalib 3B — socket Pool

¢ python H2GCalib_3B/ 000_SocketPool.py

[Pool] Control - 127.0.0.1:6002
[Pool] Data - 127.0.0.1:6001

© This program maintains multiple network connections, and other calibration programs use this as
a relay, keep this program running in the background

2026/4/1 18




H2GCalib 3B — 10 delay

¢ python 007 _10Delay.py
¢ You can also use H2GDAQ's 10 Delay button to do this, but it don’t generate report

ASIC 0 10 Delay Scan

1.0 1

0.8 1

Locked Status
[ =]
o

©
S
f

0.2 1

0.0 A1

100 200 300 400 500
10 Delay Value

19

2026/4/1




H2GCalib 3B —ADC pedestal calibration

©This program try to get the best pedestal value, it start from config “default_2024Aug_config.json”

¢ python 005_PedestalCalib.py

T T L1l Ll T T T m 1L T
1000 ' * 1 1 === Dead channel 0 1000 4 o Al - - 1l 1 === Dead channel 0
1 1 1
Global scan resul:ls H H S =e-pr— Fine channel wisg trimming attempt 16 ! -pr—
[ i o I —== Dead channel 38 : ” ” 1 —-==- Dead channel 38
i 1 1 1 —-- Dead channel 75 : ” :: :: ——- Dead channel 75
H H i i === Dead channel 76 | i i 0 -=-- Dead channel 76
! b i i ——- Dead channel 113 ! " i i —-- Dead channel 113
800 | | i B 0 —== Dead channel 114 800 i i i n --- Dead channel 114
: :: :: :: ==~ Dead channel 151 : “ ” :: —=- Dead channel 151
: “ ” ” === Max 0 1 1] 1] " ——~ Target Pedestal: 80
1 1] 1l " === Max 1 : ” :: :: { ADC mean value
i i i i Max 2 i i i i i
| ii ii - | | == ii |
{ ADC mean value ! n n
] 1 1l 1 ] | 1 1 1] 1 1
600 1 il 1l 1 1 600 1 1 1] 1 1
o 1 1 1 1 1 @ 1 1 1] 1] 1
3 1 1 1 1] 1 El 1 1 1] " 1
T 1 1l 1 1 1 © i 1 1] 1 1
> 1 n 1 n 1 > 1 1 1 " 1
c 1 1l 1 1 1 c 1 1 1] 1 1
3 1 1 1] 1] 1 2 1 1 1] 1] 1
£ 1 1l 1] 1 1 £ 1 1 1] 1 1
1 il 1l 1 1 1 1 1] 1 1
2 : ; ; i : g : ; ! g :
< 400 A i n 1 1 1 < 400 1 1 1 1 ]
1 il 1 1 i 1 1 1] 1 1
1 1l 1 1 I 1 1 1] 1] 1
1 1 1 1 1 1 1 1] " 1
i il 1l i i i 1 1] 1 i
1 1 1 1 1 1 1 1] 1 i
1 1l 1 1 I 1 1 1] 1 1
: i ! ! ! : ! ! ! !
1 1] 1 1
’ ] | b ’ i i i i !
g : 2. | ’ 201 | | i !
av SRS . ! A T - ; i i -
x PN PP AT ! g : i ! ! |
i ST ! y : : : ; -
! b i o f [ tesesnanerastantt tasnes tre o el g t t
i i i 1] 1 [ ST 1" 1] dl d rge
1 il 1 1 i 1 1 1 1] 1
1 n 1] 1] 1 i ii ii ii i
01 04
! !! t i ! . ! : . .
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Channel number Channel number

Before calibration ADC pedestal After calibration ADC pedestal

2026/4/1 20




H ZG\Ca ib 3B — ADC pedestal calibration

© Run calibration again but base on the previous output but it don’t work, TODO

¢ python 005_PedestalCatibpy -i python 005 PedestalCalib.py -i
dump/005_PedestalCalib_data~20250625 135655/config_pede _af 20250625 135817.json,dum
p/005_ PedestalCalib_data 20250625 135655/config_pede_aT 20250625 135817.json

previous ADC pedestal calibration result final ADC pedestal calibration result

2026/4/1 21




H2GCalib 3B —ToA Calibration

¢ python 006_ToACalib.py -t 50 -i
dump/005_PedestalCalib_data 20250625 135655/config_pede a0 20250625 135817.json,dum
p/005 PedestalCalib_data 20250625 135655/config_pede _al 20250625 135817.json

1000

k2 ToA Values

29
800

35

41
600 3

m

47
400
200

71 |
0

0
Ch | mb

Before calibration ToA After calibration ToA

1000

' ToA Values

20 800

40

600
60

80

12b DAC Value
12b DAC Val

400

w
w

100

\
Ll J”||||||||

Channel Number

wun
o

200

[=)]
(%)}
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H2GCalib 3B — ToA Calibration

¢ Run calibration again but base on the previous output TODO

¢ python 006_ToACalib.py -t 50 -i
dump/006_ToACalib_data 20250625 143708/config_toa a0 20250625 151028.json,dump/006

ToACalib_data 20250625 143708/config toa _al 20250625 151028.json

previous ToA calibration result final ToA calibration result

2026/4/1 23




H2GCalib 3B —ToT Calibration

¢ python 010 _ToTCalib.py -t 300 -i
dump/006_ToACalib_data 20250625 143708/config_toa a0 20250625 151028.json,dump/006
ToACalib_data 20250625 143708/config toa_al 20250625 151028.json

e ToT Values 190
200 210 250
275 230
- 200
£ 270
48]
150
290
310
100
330
50 350
50
370
775
0 J 0
0 0

Channel Number Channel Number
Before calibration ToT After calibration ToT

w
)
w
=
9,
o

=Y
~
w

12b DAC Value
=
o
o

12b DAC Val

wu
)
w

o
]
(%]
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H2GCalib 3B — ToT Calibration

¢ Run calibration again but base on the previous output TODO

¢ python 010 ToTCalib.py -t 300 -i
dump/006_ToACalib_data 20250625 143708/config_toa a0 20250625 151028.json,dump/006

ToACalib_data 20250625 143708/config toa _al 20250625 151028.json

previous ToT calibration result final ToT calibration result

2026/4/1 25




H2GCalib 3B —inject 2V5 signal

¢ modify file, line 282

¢ python 009 _IntInjection_2V5.py -i
dump/010_ToTCalib_data_20250625_152005/config_tot_a0_20250625_155055.json,dump/010_

ToTCalib_data 20250625 152005/config_tot al 20250625 155055.json

1000 A - —4— Chn1 1000

800

600 600
o 1 g
2 i 2
400 400
200 1 200
0 . . . ; 0 r . : : ;
0 50 100 150 200 250 0 50 100 150 200 250
Time [ns] Time [ns]
ASICO (ch1~9) ASIC Tis fine (ch 77 ~ 85)
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Operation Procedure - DAQ

r

@ H2GDAQ - O X
H d =4 Working Folder Generator | Debug DAQ + Generator START/STOP
(a] S —
Dl re Cto ry to Sto re ata 1 Pp:\workspace\h2gc\H2GDAQ - Data Collection - DAQ Push
Select Folder || Print to Terminal Data Coll En[7:0] 3 < Start Generator

Trig Coll En[7:0]

=

L. Stop Generator
Online Monitoring R ——
Gen PreImp En High Voltage | Reset/Adj

| Select Monitoring Folder | | Gen Pre mnt

Gen hir Cydes | o ¥ ¥ <7 high voltage relay setting

Run Monitoring

DAQ Settings |_$ Gen Interval [200 | _
DAQ Stop Condltlon: By " vent 20 - . En—--ExternaITrigger--- . AO - ASlC O Only
. —_— > ~ —_—
event count, by time or R il o Al = ASIC1 only
manual T FO = ASICO and ASIC1 both
Output RUn040.h2g — e o of 20=me =
pata Count -- bytd Gen FCMD 750
— Machine Gun —

Auto Phase Scan |

A\ Machine Gun 19

(Do | Send command to turn

Start/Stop DAQ button = On/Off the relay base on the
~ swismamgremeona 9 [|(D) settings above. You also

Stop DAQ Send Gen Config Send HV Settings [
| o Gen Cord L ‘ ~ 1 need to turn on your power
supply

<>
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Operation Procedure - Config

©H2GConfig
¢ The GUI can read the configuration file and display it graphically. It allow you to modify register bit by bit
¢ It can upload configuration to the ASIC
¢ There is also a Ping FPGA button for you to test the ethernet connection

@& HaGConfig — O b4

FRGA0 -- Current Cenfig --
ASICO ASIC1 FPGA selection:  FPGA O

v ASIC selection:  ASICO
% -- Top Register -- = -- Register Selection --
2 Top Use half-wise  registers
E -- Global Analog Registers -- V| Use channel-wise registers
g Global_Analog_1 -- Config File Info -
z Global_Analog_0 D:jworkspace/h2gc/H2GConfig/
s _E - Reference Voltage Registers -~ _| config_tot_a0_20250618_221027 json
e i § Reference_Voltage_1 — d f H
Reference_Voltage 0 9 Save Save As Loa CO n lg u ratl O n
s -- Master TDC Registers --
H ZGCROC T F \aster TG 1 Select a register to view its content
Master_ TDC_0 -- Link Info --
Number of ASICs per KCU: -- Digital Half Registers -- IP Address: 10.1.2.208
. Digital_Half_1 Port: 11000
=8 Digital_Half_0 Readback
- Channel Wise Registes | Ping FPGA l—— Test network connection
vo3 @ %P*KIHDGE Confirm M2 M3

Send Current ASIC Config

Channel_36 Channel_37

Channel_38 Channel_39 . @ Send All Configs
2026/4/1




O pe ration Procedure- online_monitoring

¢ https://github.com/tlprotzman/h2g_online_monitoring

¢ dependence: ROOT

¢ developed by Tristan Protzman from Lehigh University

S git clone https://github.com/tlprotzman/h2g_online_monitoring.git

S cd ~/workspace/h2g_online_monitoring

S make

S export DATA_DIRECTORY="/workspace/H2GDAQ
S export MONITORING_PORT=12345

S root -q -b -x -I RunMonitoring.c\(RunNumber\)

Processing RunMonitoring.c(9)...

Parsing config file eeemcal_20sample.cfg
Key: MAX_SAMPLES, Value: 20

Key: NUM_FPGA, Value: 4

Key: DETECTOR_ID, Value: 2

Configuring for detector ID 2: EEEMCal
Configuration values:

NUM_LINES: 5

NUM_FPGA: 4

NUM_CHANNELS: 72

2026/4/1

S cat eeemcal_20sample.cfg
MAX_SAMPLES=20
NUM_FPGA=4
DETECTOR_ID=2

NUM_LINES: 5

MAX_SAMPLES: 20
MACHINE_GUN_MAX_TIME: 600
PACKET_SIZE: 1452

Configuring for detector ID 2: EEEMCal
Configuration values:

NUM_LINES: 5

NUM_FPGA: 4

NUM_CHANNELS: 72

NUM_LINES: 5

MAX_SAMPLES: 20
MACHINE_GUN_MAX_TIME: 600
PACKET _SIZE: 1452

huh??

Info in <THttpEngine::Create>: Starting HTTP server on port 12345
Attempting to open file /home/shyao/workspace/H2GDAQ/Run009.h2g

Starting at byte 828
Building events... done!




ROQT online server
JSROOT version 7.8.1 22/01/2025
Hierarchy in json and xml format
[ Monitoring
expand all | collapse all | reload | dlear
@ rooT
] QA Plots.

] Spectra

[ FPGA_3
+(_] Waveform
{2 DAQ Performance
9 EEEMCal
23 16 Individual
|5 Waveforms_eeemcal _individ
] SiPM 0
3 5iPM 1
21 siPM 2
23 SiPM 3
£ siPM 4
] SiPM 5
{3 5iPM 6
1 5iPM 7
1 siPm 8
1 siPM ©
1 SiPM 10
{23 SiPM 11
1 SiPM 12
{23 SiPM 13
1 SiPM 14
1 SiPM 15
2 16 Parallel
3 4x4 Readout
(5 realistic_waveforms_eeemca
{5 useful_aveforms_eeemcal_a
1 SiPM 0
23 SiPM 1
] SiPM 2
3 5iPM 3
I Clear_Histograms

Operation Procedure - online_monitoring

& Launch web browser and connect to localhost: 12345

Run 009 ADC per Channel FPGA 0

_ = o= =
Run 008 TOT per Channel FPGA 0

Run 012 ADC per Channel FPGA 0

L
Run 012 TOT per Ghannel FPGA 0

s L
Run 009 TOA per Channel FPGA 0

200} =

100)

o |
|

L L
Run 012 TOA per Channel FPGA 0

before calibration

After calibration



Ope ration Procedure - online_monitoring

¢ Inject light to crystal, each crystal use 4x4 SiPM. The light comes from an LED with a pulse width of 100ns

ROOT online server
JSROOT version 7.8.1 22/01/2025

g

|' I|[III‘IIIII||I|IIII|IﬂI|III|||III|I||||IIII|I||||

Run 037 ADC per Channel FHES

8
<]

Hierarchy in json and xml format

|| Monitoring 200
expand all | collapse all | reload | clear 0
@ roOT
13 QA Plots
-] Spectra a0
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[+ Waveform 100
-] DAQ Performance

El-C3 EEEMCal 4000)
- 16 Individual

% Waveforms_eeemcal_individ
-] SIPM O
-] SiPM 1
-] SiPM 2
-] SiPM 3
-] SiPM 4
B GiPM 5
-] SiPM 6
-] SiPM 7
[
[
[
E
£
£
[

E iCrosstalk and Light leaking

7-{") SiPM 8
7-{] SiPM 9 _ — — —
t-{_] SiPM 10 ——
#-{] SiPM 11
1] GiPM 12
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-] 16 Parallel 800
7] 4x4 Readout
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Operation Procedure - online_monitoring

¢ Draw in crystal Array, it depend on your channel mapping

ROOT online server

JSROOT version 7.8.1 22/01/2025

Hierarchy in json and xml format

expand all | collapse all | reload | clear
@ rooT

B3 QA Plots
EH{) Spectra
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%'ihh
b
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RN

- f,-.m r,. f,m

E14-3 16 Individual

ararars

s i
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B [ B | | = | = N — 1

Sl |

B0 5i|-|1 Light inject to tHi
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siPmag
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#] SiPM 15

(] 16 Parallel Other|channel
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Ope ration Procedure - online_monitoring

¢ Inject light to crystal, without leaking

ROOT online server
JSROQT version 7.8.1 22/01/2025

Run 039 ADC per Channel F

Hierarchy in json and xml format

expand all | collapse all | reload | clear
@ roOT

El--3 QA Plots

Light inject to this 16 channels

-] Waveform

-] DAQ Performance

[+ EEEMCal

E-43 16 Individual

{5 Waveforms_eeemcal_individ
-] SiPM 0
B SiPM 1
B SiPM 2
B SiPM 3
-] SiPM 4
B SiPM 5
B SiPM 6
B SiPM 7
B
B
B
B
[#
B
B

L
Run 039 TOT per Ghannel Fﬁ Crosstalk (in H2GCROC)

#-{_] SiPM &
H-"] SiPM 9

H (] SiPM 10
#-{] SiPM 11
£ SiPM 12
{7 SiPM 13
v SiPM 14
E-] SiPM 15
-] 16 Parallel
[ 4x4 Readout
- p Clear_Histograms




Operation Procedure - decode

< https://github.com/tlprotzmman/h2g_decode
¢ dependent ROOT, developped by Tristan Protzman from Lehigh University

¢ It provide a library h2g_decode and a executable h2g_run

S cd ~/workspace

S git clone https://github.com/tlprotzman/h2g_decode.git
S cd ~/workspace/h2g_decode

S mkdir data build; cd build; cmake ..; make

S export DATA_DIRECTORY="/workspace/H2GDAQ,

S export OUTPUT_DIRECTORY="/workspace/h2g_decode

S ./build/h2g_run
Usage: h2g decode -r <run_number> [-d <detector_id>] [-n <num_kcu>] [-g] [-G LEVEL] [-T]
-r, --run Run number (required)
-d, --detector Detector ID (default: O, LFHCAL: 1, EEEMCAL: 2)
-n, --num-kcu  Number of KCUs (default: 4)
-g, --debug  Enable debug output with INFO level ** Data file is named with “Run%03d.h2g”
-G, --debug-level Set debug level explicitly:
0: OFF, 1: ERROR, 2: WARNING, 3: INFO, 4: DEBUG, 5: TRACE
-T, --truncate Enable ADC truncation
-h, --help Show this help message
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Operation Procedure - decode

¢ Convert rawdata to root file for future analysis.

$ ./build/h2g run -r 14 -d @ -n 1
$ root
root [1] TFile f(“Run@l4.root™)

root [2] events->Print()
3k 3k 3k 3k 3k >k >k >k >k 3k 3k 3k 3k 3k 3k 3k >k >k 3k 3k 3k 3k 3k 3k 3k >k >k 3k 3k 3k 3k 3k sk >k >k >k >k 3k 3k 3k sk sk ok ok >k >k >k >k sk sk ok ok 3k 3k 3k >k >k 3k %k 3k 3k 3k 3k >k >k >k >k >k 3k %k sk 3k >k k %k k k >k

*Tree revents : Events *
*Entries : 98258 : Total = 7360953537 bytes File Size = 492028194 *
* : : Tree compression factor = 14.96 *
sk >k 3k sk sk sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk ok sk sk sk sk ok sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk skok kok
*Br @ :event_number : event_number/i *
*Entries : 98258 : Total Size= 395183 bytes File Size = 138994 *
*Baskets : 18 : Basket Size= 51200 bytes Compression= 2.84 *
* *
*Br 1 :timestamps : timestamps[1]/i *
*Entries : 98258 : Total Size= 395145 bytes File Size = 114179 *
*Baskets : 18 : Basket Size= 51200 bytes Compression=  3.45 *
* *
*Br 2 :num_samples : num_samples/i *
*Entries : 98258 : Total Size= 395161 bytes File Size = 4019 *
*Baskets : 18 : Basket Size= 51200 bytes Compression= 98.15 *
* *
*Br 3 :adc : adc[144][32]/1 *
*Entries : 98258 : Total Size= 1811620311 bytes File Size = 408563585 *
*Baskets : 5745 : Basket Size= 7088128 bytes Compression=  4.43 *
* *
*Br 4 :toa : toa[144][32]/1 *
*Entries : 98258 : Total Size= 1811620311 bytes File Size = 22647543 *
*Baskets : 5745 : Basket Size= 7088128 bytes Compression= 79.99 *
* *
*Br 5 :tot : tot[144][32]/1 *
*Entries : 98258 : Total Size= 1811620311 bytes File Size = 8514786 *
*Baskets : 5745 : Basket Size= 7088128 bytes Compression= 212.75 *
* *
*Br 6 :hamming : hamming[144][32]/1 *
*Entries : 98258 : Total Size= 1811643307 bytes File Size = 8529147 *
*Baskets : 5745 : Basket Size= 7089664 bytes Compression= 212.39 *
* *
*Br 7 :hit_max : hit_max[144]/1 *
*Entries : 98258 : Total Size= 56630819 bytes File Size = 21343750 *
*Baskets : 353 : Basket Size= 221184 bytes Compression=  2.65 *
* *
*Br 8 :hit_pedestal : hit pedestal[144]/i *
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Operation Procedure - online_monitoring

¢ To modify channel mapping: online_monitor.cxx

// EEEMCal mapping - instead of "layers", we have a single plane, where each crystal
is one connector
// FPGA IP | ID

// 208 | o int
// 209 | 1
// 210 | 2 it
// 211 | 3 in
int
int
int
// ASIC | ID .
/] © | o / .
/] 1 | 1 int eeemcal_16i_channel_a_map[16] = { 2, 6, 11, 15, o, 4, 9, 13,
int 1, 5, 10, 14, 3, 7, 12, 16};

int eeemcal_16i_channel_b_map[16] =

|
—~
N
(]

-
N
N

<

29, 33, 18, 22, 27, 31,
19, 23, 28, 32, 21, 25, 30, 34};

int eeemcal 16i_channel_c_map[16] {67, 63, 59, 55, 69, 65, 61, 57,

// Connector | ID 70, 66, 60, 56, 68, 64, 58, 54};

A 0
;; B i 1 int eeemcal 16i_channel_d_map[16] = {50, 46, 40, 36, 52, 48, 42, 38,
1/ c | 2 51, 47, 43, 39, 49, 45, 41, 37};
*
// D | 3 /
int
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Trigger path

e ADCO . DAQ
& ADC1 = ADCO — ADC_pedestal _ path
-
& ADC2 = (ADC1 < ADC_TH) ? 0: ADC1
O ***if set ADC_pedestal =ADC_TH=0
O FFXADC2 = ADCO
©TOT1 = (TOTO < TOT_THn) ? (TOT_THNn—TOT_Pn) : (TOTO—TOT_Pn) |, Charge
o **% if set TOT_THn =TOT_Pn =0 E’fﬂ;bgr» 1 ) (TP)
¢TI0 =T0T0 B T _. 1
¢ Charge = (TOTO |=0) ? TOT1 * MultFactor : ADC2 0

TOTO 8 bit DAQ

TOT > bath
12 bit
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Trigger path

& ADC [ADC counts] is 10 bit
O TOT [TOT counts] is 12 bit

¢ linearization 6000 — TC 2, TotPed=108 ]

5000
=" 2 ADC [ADC counts]

*g 4000{ - :TOT[TOT counts]
3 g - - - Trigger data before compression ‘
8 g (calculated from DAQ data) -
¢y 530001 - :Trigger Data [ADC counts] .7 MultFactor
2 ’Hri:." J
2000 N P
TOT_THn e
A TOT
1000 & =
/ P///
0 : : : : : : : : :
0 250 500 750 1000 1250 1500 1750 2000
calib dac
160 fC 1.2 pC
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Trigger board front

é i
< & NP

Clock board power Trigger board power
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Hardware @NCU

¢ Device ¢ Cable
© PbWO/LYSO Crystal 1/1 < SMA male to male cable 3/8
¢ SiPM board 1/1 < SMA to BNC connector 2/6
¢ Adapter board 2/4 < SMA to <unknown> cable for clock board connect to
o protoboard 3/4 <unknown input>0/1
o KCU105 1/2 © SMA to <unknown> cable for trigger board connect to

signal generator 0/1
< Power cable for Clock distribution board 1/1
© Power cable for Trigger board 1/1
¢ Equip © SiPM board to Adapter board ?/? not sure

©PC1/1 © Network Cable 1GbE 1/2

¢ Power supply (for Clock distribution board and
Trigger board) 1/1

¢ Signal generator 1/1 Assume 2 KCU105 and 4 protoboard setup
& Network Switch 1GbE 1/1

¢ Clock board 1/1
© Trigger board 1/1
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Current environment




About 12V Power

¢ Shared FPGA evaluation board power supply via splitter

KCU 105 Trigger ngrd

y ¥ OAK llllll)clz
_National Laboratory

b 3
30 UNIVERSITY of

1.8V, LVTTL
6x TRIGGER/CLK Output

KCU105 Power supply

.

LFHCAL-TRIGD

S_@OAK RIDGE

National Laboratory

& 1} f 1 D
- sV TIL ) ok e (7 2 °m O
£1717518 TRIGGER/CLK Input =) . R = - : e anTn
| B W

NC NC NC ND| NC | 12V WSND NC 12\m SND GHD NC
GND [ NC | 12V ND| NC | 12V END NC 12v“ NC | 12V | 12v
[ A [ A
A t _______________________________ f ““_A _____________________________________________________________________________________________________ ;. y

GND GND 12V
onp 12v 12v € Connect all them together, your cable will be

2026/4/1




Clock board

The output of 7P and 6P

2026/4/1

7 Dec 2025
83148

)
v [0 o) R
' ~ ¥ OAK RIDGE | { 1N
_National Laboratory il
: [
e, UNIVERSITY of i
f' = m

Tektronix

P DEBRECEN

GND ""
o

W 1p

p—

._" S
| :; IS ;

| o |l

ariee :
- O ' d 23" O
n [

! y L 3 E\71 707
d | CLOCK DITREUTION 1V0 G L‘

-F )
B A 202¢ -Wo9
} Mios CZELLER / Golwr NAGY

14 40MHz
Jumper select:

Int: On board 40MHz 0.5ppm clock
Ext: External input

Triggered




external trigger signal

© 1.8V output, 10Hz, Pulse width 25ns
¢ Send to Trigger input

Pulse,ON,500 | n p Ut
Frequency  10.000,000 Hz
High Level 1.800V

Low Level 0.000V

Phase 0.000°

Pulse Width 25.0ns

Edge Time 8.4ns

CH1 Waveform

Sine Square | Ramp |[ |
4) G/ N

~o :“PJ'_‘IE? | Trl/.':\nglc“ More

[fy1of2

asure

If the input signal voltage decreases, the output
width will decrease. Smaller than 0.8V output

disappears S : == Output

Ch1
500 mV/div

jorizontal Trigger WM Acquisition ’

P | B sidiv | .~ 40.0 mV S-nile o Stopped
1imMa ° - - 0 GS/s Single: 2/2 6 Jan 2026
200 MHz Sl RL10 kpts M < 10 Hz
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V4.11

UDP packet format (FPGA -> PC)

Normal frame N=0"~ 36
1452 ?r 8972 Bytes JUMBO frame N=0 "~ 224

©a UDP packet

Ethernet, IP, UDP

Header
PP header:
2B Byte Counter (0~ 36) *40
2B Packet Counter 0~ 65535 Data (40B):
8B  String (“0”) Data (4B) Data (4B) Data (4B) Data (4B) Data (4B) Data (4B) Data (4B) Data (4B)
Data-format header: Timestamp:
1B Header b0-3: Asic address. b4-7: OxAO 32B Timestamp Guess: Unit 25ns, for time sync
1B Fpga board address  0x00 ~ 0x07 SEiLRE F GRS
1B packet type TRO: 0x20, TR1: 0x21, TR2: 0x22,
TR3: 0x23, DQO: 0x24, DQ1: 0x25
1B packetid o~4

47
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V4.11

UDP packet format (FPGA -> PC)

© 0One read command generate ten of 40B packet (400Bytes), Two ASIC is 800 Bytes

¢ Timestamp field is duplicated

_ Data (4B) Data (4B) Data (4B) Data (4B) Data (4B) Data (4B) Data (4B) Data (4B)
[ DagH cm CHO CH1 CH2 CH3 CH4 cHs |
CH6 CH7 CH8 CH9 CH10 CH11 CH12 cHi3 |
DQO, Half - CH14 CH15 CH16 CH17 Calib CH18 CH19 CH20 ‘ﬁ
H2GCROC CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 j
CH29 CH30 CH31 CH32 CH33 CH34 CH35 RG22 |
[ DagH ™ CHO CH1 CH2 CH3 CHa cHs | Possibly crosses UDP
CH6 CH7 CH8 CHY CH10 CH11 CH12 CH13 packet boundaries
DQ1, Half - CH14 CH15 CH16 CH17 Calib CH18 CH19 cH20 |
H2GCROC CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 :
CH29 CH30 CH31 CH32 CH33 CH34 CH35 CRC32 |

(fpga id, asic id, packet type, packet id)
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A DAQ frame (Next page)
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V4.11

DAQ frame (H2GCROC->FPGA)

¢ Aread command, send a DAQ frame (From datasheet)

© 40 * 32bit = 1280 bits 41 X 32bits
1
DagH ™ CHO CH1 CH17 Calib CH18 CH35 CRC-32 IDLE
DagH: CH#, Calib:
4b hd Ob1111 CASE1, CASE2 CASE3 CASE4
12b BxCounter Value of the Bunch Crossing Counter (BCD) on 12 bits. (40MHz). Range: 1 - 3564. Reset value: 1 10b TOA TOA TOA
6b  Event Value of the Event Counter (EC), to detect if a L1 trigger has been sent but 10b ADC TOT TOT
related data wasn't saved (RAM2 full). Range: 0 - 63. Reset value: 1 10b  ADC-1 ADC-1 ADC
3b  Orbit Value of the Orbit Counter (OC). Range: O - 7. Reset value: 0. Increase 1 when BCD wrapping 1b To To To
b  H1 Error during hamming decoding in Header 1b 0 1 Te
b H2 Error during hamming decoding in channels from CM to CH17 (1st Quarter)
. . — . CASE1: Charge Q < TOA Threshold, TOA=0
b  H3 Error during hamming decoding in channels from Calib to CH35 (2nd Quarter) CASED: Ch TOT Th hold TOA> 0
4b  tr 0b0101: no first event flag ’ arge Q< reshola, >
0b0010: first event flag CASE3: Cha rge Q>TOT Threshold
CM: ~ 89us BxCounter wrapping CASE4: Debug mode
10b CM1ADC ~712us OC wrapping Tp: TOT-In-Progress
10b CMOADC Tc: TOT Complete
19 | Ot -1: Previous BX ?
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Decode

UDP_TX_Packet_Counter: 57 ByteCounter: 1440

H2: @ H3: 0

@ packet_type:
@ packet_type:
@ packet_type:
@ packet_type:
@ packet_type:

timestamp differ 181656266

hd: 15 H1: o
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
hd: 15 H1: o
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
hd: 15 H1: o
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
hd: 15 H1: o
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:
FPGA: © ASIC:

2026/4/1

H2: @ H3: 0

PR R RPR

H2: @ H3: 0

0 packet_type:
@ packet_type:
@ packet_type:
@ packet_type:
@ packet_type:

H2: @ H3: o

PR R BRPR

packet_type:
packet_type:
packet_type:
packet_type:
packet_type:

packet_type:
packet_type:
packet_type:
packet_type:
packet_type:

tr:

25
25
25
25
25

tr:

24
24
24
24
24

tr:

24
24
24
24
24

tr:

25
25
25
25
25

5 BxCounter:
packet_id:
packet_id:
packet_id:
packet_id:
packet_id:

5 BxCounter:
packet_id:
packet_id:
packet_id:
packet_id:
packet_id:

5 BxCounter:
packet_id:
packet_id:
packet_id:
packet_id:
packet_id:

5 BxCounter:
packet_id:
packet_id:
packet_id:
packet_id:
packet_id:

00
o1
02
03
04

00
o1
02
03
04

00
o1
02
03
04

00
o1
02
03
04

2827

timestamp:
timestamp:
timestamp:
timestamp:
timestamp:

3130

timestamp:
timestamp:
timestamp:
timestamp:
timestamp:

2827

timestamp:
timestamp:
timestamp:
timestamp:
timestamp:

3130

timestamp:
timestamp:
timestamp:
timestamp:
timestamp:

Event: 13 Orbit: o
Pad3daca Data:
Pad3daca Data:
Pad3daca Data:
Pad3daca Data:
Pad3daca Data:

Event: 13 Orbit:

Data:
Data:
Data:
Data:
Data:
Event: 13 Orbit:

Pad3daca Data:
@ad3daca Data:
@ad3daca Data:
@ad3daca Data:
@ad3daca Data:
Event: 13 Orbit:

@ad3daca Data:
@ad3daca Data:
@ad3daca Data:
@ad3daca Data:
@ad3daca Data:

@ad3daca
@ad3daca
@ad3daca
@ad3daca
@ad3daca

fbob3405
06500000
08000000
09e00000
07000000

fc3a3785
06900000
09800000
05100000
08900000

fbob3405
06400000
0400000
03100000
06000000

fc3a3785
05d00000
04100000
07600000
05d00000

00017000
07100000
05200000
0600000
08500000

0001c400
08500000
08100000
08500000
07200000

00013000
07900000
06600000
04700000
07600000

00017800
05200000
08000000
06300000
08e00000

06800000
06200000
04600000
06700000
05b00000

09200000
08e00000
09600000
08600000
07boo0o0oo

06100000
05900000
05700000
05200000
3100000

06200000
06d00000
06900000
03f00000
07200000

09600000
06800000
07200000
09200000
07d00000

03boooeo
08400000
08b0000o0o
08c00000
08100000

06400000
07800000
05700000
06300000
06b0000o0o

05500000
05300000
06400000
05600000
01900000

08b00000O
07900000
05800000
06100000
0600000

07200000
08200000
05900000
06b00000O
07100000

08d00000
03100000
05600000
05800000
05e00000

03600000
06d00000
07000000
05c00000
06200000

06600000
0500000
06100000
05500000
08b00000O

05b00000
08600000
09000000
07800000
07100000

07d00000
07c00000
03100000
03e00000
05800000

05100000
06000000
04600000
05c00000
02b00000o

07800000
06200000
07200000
09300000
05100000

08100000
08000000
07800000
07400000
06200000

0a500000
04900000
04200000
04e00000
04400000

06100000
05600000
07500000
04200000
05200000

07800000
07900000
07b00000
07200000
ecd330c

05c00000
0830019b
07d00000
07900000
5133d9f4

06000000
0700000
03200000
05200000
ec98fblf

07000000
04900000
05600000
03200000
dedc3d7c
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[shyao@cats myprj]$ od -Ax -t x4 -N 12 data/rawdata.10.bin V411
00000000009909 00000000  UDP Header
00000cC

Ra W D ata [shyao@cats myprj]$ od -Ax -t x4 -j 12 -w40@ -N 1452 data/rawdata.10.bin
00000Cc 00240020 |9c626808 85ad3cf5 00280100 0009005 0VVOIOO5 ©VVV6008 0VVV1001 0009 000ObOOS
000034 01240020 |9c626808 000VaPOS 0VVVaLOT 00VObOOS 0004007 ©VVObOO3 ©VVO5007 00VOTOO3 0087
00005c 02240020 |9c626808 0VOO60V4 0002006 00VOTO3f 00OOTO3f 00004005 000OTO3f 00002004 ©0VVe002

000084 ©32400a0 (9c626808 00008002 0VVO5004 000204 0V0VOTOOS 00002005 0VOO9003 0VPOCOO4 0005005
0000ac 042400a0 [9c626808 00OObOO5 00VOTO3f 0VVOTO3f 0VVO5006 00VV605 0VRRTO3f ©VBdEe3|cb3a5347

< A custom program cCan send 0000d4 §02500al 9c626808 05ad6bf6 00730100 GPAOCON6 POPO5005 POABSE03 0BEREAO5 PPOACOBS 0PB02007
0000fCc 01250031 9c626808 0POOFONS POAPaNO5 POAOIAO6 PPOAE05 OAOEO06 0POR1006 POPA9RR5 POAEIRSA

sta rt_daq and store UDP paCket 000124 022500a1 9c626808 0OOOFOO4 POAO400S 0OP0aV06 VPO2006 POPO3007 POAO5004 0PE02007 OOOO6O0S
00014c 032500al 9C626808 0POAS0A7 POOAEAG6 GOAG2004 GOGLaBO5 0PG5 GEAEdE05 0PGE1004 0PEAJEV3

o : : 000174 042500al 9c626808 0POAIOAS POEP2009 GOAGaRE7 OAGEIG01 0PGRaB6 PBEAJER2 PEEAeAB5 da35dee?
red boxed fields require byte 00019C 00250020 9c626808 85ad3cf5 41010400 0EAO1010 0PGAGEAS PGEA9ARO GPRG1000 CAGERG10 0PE1000
swapping, i.e. Bi g_end|an 0001c4 01250030 9C626808 0OOA1000 POOGOAGO GEAO1000 CPGEPORS PGEA1000 POAGIR17 0EAO1000 OAGREO15

PO0lec 02250020 9c626808 00PP9018 GPEO1015 00GEE0CO 0GPO1000 GEEO1010 000P1000 0BR1010 PREOF17
000214 03250020 9626808 00PP0GP0 0PPO3018 00OR1000 00PR1001 0PPOGE00 0POGE00S 0OPR0O19 BRE01010
00023Cc 04250020 9c626808 00POdO16 GPEV1010 00GEEO1A 0BEE8E19 fCO10000 000R1019 0802010 625bl2chb
000264 002400al 9c626808 ©5ad6bf6 GOC80100 00OREOR9 0BPRIEO3 BREV2007 00ORa0B5 0BR2008 PROB9905
00028c 012400al 9c626808 00PVaGR6 GPOV4008 00OOFOO8 0OPOEGOS BOEV1008 0OOPS008 0BROFE07 PP0V4008
0002b4 022400al 9c626808 00PP6009 PGS 00GO3009 0BPPaGRS BEEO7005 000RFEE8 0BPE8ER7 PPBHEO7
0002dc 032400al 9626808 00PP0RR6 GPOO3008 DOOR6008 0OPOSEOS BREVaR06 000R7007 0BRO5007 PPB9007
000304 042400al 9c626808 00PPaRRS GPEO1007 00ORdO07 0VPOFEO7 BREOFO06 000RFER6 0BROFER5 ce6C3496
00032C 00240020 C5626808 85b13df5 00300100 POGRa0R5 0PROCORS PPOG3008 00GR1001 0PROCAR9 0OOBHOOS
000354 01240020 C5626808 00POCOR5 GPOO600F 00ORa0R5 0BPR4007 BOECHEO3 00OR5007 0BRE0BR4 PROO6007
00037C 02240020 C5626808 00008004 00002006 00VOFO3f 0VPOFE3f GPG2005 00RRTFO3f 0PPO6004 00BRFEE2
0003a4 03240020 C5626808 000ObAO2 GOOV4004 D0GOCOB4 0PPOROS PPOB3005 00BRa0R3 0PROFER4 0O0B800S5
P003cC 04240020 C5626808 00PPOR5 0POOFO3F 00VRFO3f 0OPO5006 POOO600S 00LRFO3f 0PPOFE3 808accas
0003f4 002500al C5626808 ©5b16cf6 00780100 00ORIOO6 0OPR4005 BOEE9003 00OReOB5 0BPReBR5 PP01007
00041c 012500al C5626808 00PP0GR6 PPOI005 00ORdO06 0OPR4005 GPPOFO06 000B1006 0PGRS BEEOLEV4
000444 022500al C5626808 00000RO5 GPOV4008 D0BRa0B6 0PPO5006 PRG2007 00GR4004 0PRO5007 0OOB6005
00046C 032500al C5626808 00POSGO7 GPOO8006 00ORFOO3 0OPPaGR5 GOEOFOOS 00OPeOB5 0BROFER3 PPOd03
000494 042500al C5626808 00POIER5 GPOOGEOS 00GR9007 0BPESEO1 BREOCPO6 000Rd0s2 08RRdeRS5 flbe7c7b
0004bc 00250020 C5626808 85b13df5 41010400 000P1010 0OPPOCRO GPEEJ000 000G1000 0OPR0O10 BRE01000

For firmware V4.11, the last UDP packet IS  0004e4 01250020 5626808 00001000 OOOOOGOO 0GOV1000 VOOOOORO OPRO1000 000R9017 0POO1000 0BER6015
00050C 02250020 C5626808 00PP9018 GPEO1015 00GPE0CR 0GPE1000 GPEO1010 000R1000 001010 PPEOFO17

tru ncated. And it aIso send da fuII ero 000534 03250030 5626808 00VVVVVO 0VV3018 VVVO1000 0PVP1001 VOVVORO VPPV VP19 0VLV1010
ket wh t ) DA 00055Cc 04250020 C5626808 000OdO16 ©PVO1010 00POPO10 VPVRSO1O VOV PPR1O19 00002010 70dclcad
packet wnen stopping Q. 000584 002400al 5626808 O5b16CF6 GOCA0100 0APO1009 OPOAJEA3 POEA1007 GOAEHAOS 0PGO2008 ABOACOVS
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V4.11

DAQ mode

¢In practice, the external trigger signal is sent to the FPGA.

¢ Four possible mode
¢ DAQ Push

¢ Generator
¢ Internal trigger
¢ External trigger

& Common parameter - Machine Gun
¢ The FPGA firmware generates a series of read commands and sends them to H2GCROC.

¢ The real number of fast read commands sent will be the setting value plus 1.
¢ This field has 8 digits, but the reasonable value range is 1 to 31.
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V4.11

DAQ Push

> S ft t . | @ H2GDAQ®@Iocalhostlocaldomain - 0O %
oftware trigger
a Working Folder Generator | Debug DAQ + Generator START/STOP
& Send th |S trl er b user I nte rfa ce /home/shyao/workspace/H2GDAG- —- Data Collection ——- S
main
gg y Data Coll En[7:0] a 7
| Select Folder Print to Terminal >~ ST ST
Trig Coll En[7:0] o : Stop Generator
|
Online Monitoring - Generator —-
Run Monitoring Gen Prelmp En HighVoltage | Reset/Adj
Select Monitoring Folder Gen Pre Int o 7 o "
Gen Nr Cycles o
DAQ Settings o) Gen Interval o
~ --- External Trigger ---
: event |1 v Ext Trg En
~ Ext Trg Dela o~
time [sec] 1 - : b o .
Ext Trg DeadT )
v manual
=== Fast Command ---
Reset Pack Counter DAQ FCMD 0 7
Ca) ~
Run Number ] DAG Push FCMD o -
A4
Gen Pre FCMD o
Data Count -- byte ~
Gen FCMD o 7
Auto Phase Scan =
=== Machine Gun ---
Set IODELAY Machine Gun ) :
Start DAQ ‘
Send Gen Config before DAG
Stop DAQ Send Gen Config Send HV Settings
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External trigger

V4.11

Pulse,ON,50Q
N-Cycle Burst,Trig Man

Frequency  32.000,000,00kHz
High Level 1.800 V
Low Level 0.000V

Pulse Width 25.0ns

Lead Edge 8.4ns Cycle Count 1.000kCyc
Trail Edge  8.4ns

CH1 Trigger/Sync

Source Trigger | Trig Out Sync Sync Src Syn:
| Manual || Setup || Setup | off on | [cH1 GHZI e

14 Setup

Meas & [ 1]
Mean

2.01 mv.

Mith g Stopped

2 7 480 my o
S5R:500 MS/s : 9 Jan 2026
Rt | <o

test signal : 1MHz, 10 pulse

2026/4/1

Working Folder

/home/shyac/workspace/H2GDAQ-
main

Select Folder Print to Terminal

Online Monitoring
Run Monitoring

Select Monitoring Folder

DAQ Settings «)
event 1 C

time [sec] 1 C

v manual

Reset Pack Counter

Ca)
Run Number 1

A4
Data Count -- byte

Auto Phase Scan

Set IODELAY

Start DAQ ‘

Stop DAQ

Generator Debug

--- Data Collection ---

Data Coll En[7:0] ~
Trig Coll En[7:0] ~
--- Generator ---

Gen Prelmp En
Gen Pre Int -~
Gen Nr Cycles
Gen Interval

--- External Trigger ---
Ext Trg En
Ext Trg Delay -~
Ext Trg DeadT

=== Fast Command ---
DAG FCMD -~
DAG Push FCMD -~
Gen Pre FCMD ~
Gen FCMD -~

=== Machine Gun ---

Machine Gun -~

Send Gen Config before DAG

Send Gen Config

= O >

DAQ + Generator START/STOP
DAG Push
Start Generator

Stop Generator

High Voltage Reset/Adj

Fo AB

Send HV Settings




V4.11

Generator

©The generator function is enabled by user commands and is executed once after being enabled.

©Three parameters
¢ Pre Interval — delay before the first fire, 16 bit, Unit 25ns

¢ Generator Cycle - fire how many time, 32 bit
& Generator Interval — Time between two fires, 32 bit, Unit 25ns

¢ Number of fast read command send = (Generator Cycle) * (Machine Gun + 1)

= = = = = = = B t

N
Generator Cycle

7
Pre Interval

‘Generator Interval + 1
<> Machine Gun +1
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Generator

V4.11

¢ Send parameter by user interface |

2026/4/1

| €
&

| o H2GDAQ@localhostlocaldomain

Working Folder

/home/shyac/workspace/H2GDAQ-
main

Select Folder Print to Terminal

Online Monitoring

Run Monitoring

Select Monitoring Folder

DAQ Settings «)

~

event 1

w

~

time [sec] 1

v
v manual

Reset Pack Counter

Ca)
Run Number 1
A4
Data Count -- byte
Auto Phase Scan
Set [ODELAY
Start DAQ ‘
Stop DAQ

Generator Debug

--- Data Collection ---
Data Coll En[7:0]

Trig Coll En[7:0]

-=- Generator ---

»

4

(]

= O >

DAQ + Generator START/STOP
DAQG Push

Start Generator

Stop Generator

Gen Prelmp En
Gen Pre Int

Gen Nr Cycles

Gen Interval

»

High Voltage

--- External Trigger ---
Ext Trg En
Ext Trg Delay

Ext Trg DeadT

=== Fast Command ---
DAQ FCMD

DAG Push FCMD
Gen Pre FCMD
Gen FCMD

=== Machine Gun ---

>

4

[ IRE A TR ]

Machine Gun

>

Send Gen Config before DAG

Send Gen Config

Reset/Ad]
Fo L]
Send HV Settings




Internal trigger

¢ No way was found to enable this feature from the user interface. Try using custom code.

¢ FPGA firmware manual say it only support ASIC O
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Data rate / trigger rate

¢ Each channel generates 4 bytes of data (include TOA, TOT, ADC) every 25 nanoseconds.
oA DAQ Frame is 1280+32 bits, it takes 1.025 microseconds to transmit data to FPGA.

< If maximum consecutively read (Machine Gun = 31)
¢ It takes 32.8 microseconds to transmit data to FPGA.
¢ Maximum trigger rate is about 6kHz

1.28Gbps
1.28Gbps

S Network Switch O
1.28Gbps

1.28Gbps

syYDd4 19410
$2d 49410

Data transfer in parallel, Each lane
handle half channels. ~5 Gbps

1312 bits = header + half channel + crc + idle

2026/4/1
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DAQ test

¢ Set generator parameter to 1KHz rate, 100k cycles. Set machine gun to 32 read

¢ Set High voltage to 28V.
ADC1 CH2 T ADC1 CH2 =

Sid Dev x 8233 Std Devx 8.233

% 1000~ Std Dev y 5-37’__ % 1000FE StdDevy 160.4
800r=_ 8001 :
- B 600 i
400+
200 :
I | | | i I | ] I I | I i i i [l | | | | | | L 1 i I 1 I | | | | I | I | | I i i 1 1 | | Il [l L | Ll i i I L
5 10 15 20 25 30 5 10 15 20 25 30
X25ns x25ns
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TOT

©TOT is 12 bit in ASIC, but send 10 bit only

Enfries 4064

TOT _CH2 = In ASIC:

Std Devx 8233

E 4000  — — __ StdDevy 345&1 _ b8 | b7 | b6 | bS | b4 | b3 | b2 | bl | b0
C — — 3 \ )
35003—_ - - = - _ if all are zero decode
3000; B - _ Send: - b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | bO
25005—— - B — Otherwise send: - b1l | b10 | b9 | b8 | b7 | b6 | bS | b4 | b3
20005— - -
15005—
10005— E
5005—
:IIIIIIIIIIIIIIIIIII|IIII|IIIIII
5 10 15 20 25 30
x25ns
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TOA

©TOA output is not zero when signal over the threshold
¢ ] use it as the filter

© 28V, Efficiency: 4736/32/98258 =~ 0.1% ~ 0.3%

Eniries 4736 Entries 4778

ADC_CHO Vewny 1822 TOA_CHO P TOT_CHO denx a3

Std Devx 8.233 Cid Devx  9.233

E 1000 Std Devy 120‘ 5 1000 — — — g&i; B.ﬁg % 4000__ — Stheiy 2443
E S - = _ 3500F— . - - =
800 — goo- — - - - - B -
= = —— - - _= - - — - — = 3000
== = — - - 600F—  — ~ - T T 200 T - E
—_—_=_=-:__—_—_ —_— ——= i - - C - -
— = Tl = —_] - - = _— 2000
—= = T=— =—/— == - I - C
= — === = 5 400F - - - — - -
e - — - i F
——————— - o = - = 1000:—
== —— 200 — :
R = - - 500
oo v s byw oy by vy by vy by s 1y b b e b L S L e 1 -,,,.l....l....l....|||||||||||
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5

10 15 20 25 30
x25ns x25ns ¥25ns
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Noise

¢ 28V. Event Filter: (TOA == 0)

¢ pedestal calibration is wrong

5 F
= 180
160 1 H ]l
140[

Mﬂ

100f

805—
605—
405—
203—
NI P S U P I P P P

0 20 40 60 80 100 120 140
Channel

28V Noise




Noise

¢ Event Filter: (TOA == 0)

ADC noi ; ADC noise
) noise ADC noise ADC noise
§ 100 i i i L i
ii ; 100: ! !i l{ : }{{ i!
90 i i - : ; : f ;
- I T L C I
8 it o W PR R P | il i ﬂ * %
m!ﬁ :i .'ﬂ‘ &“Pj o il mﬁlkwl.ﬁﬁiﬁﬂﬂ*ﬁfgﬁﬁ! ﬂﬁi !ﬁﬂlﬁm#ﬁﬂfﬁﬁ
70| - i i t
i i
60| ; 40:— i
50 i : i i ' i . i f t i t
20
40 —[ { ,
30 i oféiﬁ mmmmm ! - i i
TR ESTETEN TSN BRTArE AT RATRr ST | ETEEN RFRTETEN RTSTATEN RATETES SRS AR AR v b Lo L L Lo |l v b by b by by by |
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 40 60 80 100 12%h 14? 0 20 40 60 80 100 120 140
Channel Channel anne Channel
float 0}V 10V 28V
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Count

& 28V
TOA COUNT TOT COUNT
Entries  1.414915e+07 Entries  1.414915e+07
= - o[
S 30— . S 30+
@) B - (@] B
O - . o
251 30 251 10
2o 10 201 10
15( 15~
- 10¢ B 10¢
10p 10
B 10 i 10
511 i 5
. “inii 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 | i | *I 1 1 1 1 1 | 1 1 1 | 1 1 1 || 1 1 1 | 1
100 120 140 60 80 100 120 140
Channel Channel
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ProjectionY

¢ 28V. Event Filter: (TOA > 0)

=z
Z 1000

800

600

ADC_CHO

Entries

400 ——

200

2026/4/1

5 10 15 20 25 30
x25ns

5184

40U

400

350

300

250

200

150

100

50

o

ADC CHO Entries 5184

l..L...lJ I 1 | -

200 \400 600 800

All channel there is a




HGCROC ,ProtoBoard"” — 5.069 T e ——— Pl ikl
V2 (Blue) V3 (Green) Setup for KCU105 T P R e - CONZEA P | 1 FratoBoard: use the fight side (LPC) o

)20 ) - 2 ProtoBoard: use both
Lol

AN

S0 00000 MHLREL, S Row .l e e g (0050
_ 0cooo [MGRL. w8 0 g0 T Ty AL SR 00000 @ Adre i

FW version example: 5.64
5" - Main version / 64" - Sub version

Subversion Start From: High Voltage A and High Voltage B is

0..- 10GbE LPC / 64.. - 10GbE LPC+HPC (R 4 not connected to each other
128..-1GbELPC /192._ - 1GbELPC+HPC ® L 1
FW handles 12C address shifting. Set the ASIC addresses to 0 and 1.
A UNIVERSITY of AK
No resistor soldering / changing is necesarry! 7 3 DEBREC'EN &9&5,‘3} DEE
. %

Ext. CLK (40MHz) In P - LVDS

Ext. CLK (40MHz) In N - LVDS B = % - m—
Ext. Trigger In - CMOS 1.8V , i) ”u =40 | : : B
. - .._, 3 I - ! P 2. B, - : Ll
Ext. Sync In- CMOS 1.8V ) m__m;’g ” g A mwan s i o
4'-‘ o - -‘ ® ASSY uum 5' m -{ &% 5 ]
: "m i '1 ) { . ) i 2 5 ‘x_' == ’?‘:"m' -. ': ::? L:L 14 E_ N “;\!: ’ ."
Not Used o) S A B BTN k.”j {—'ﬁ’*—*@%*ﬁ KFBF s'. S ‘.'.*Ee?t%\u;;
o -~ v i Lt v : — «

.3 i § - oy M
-3 aﬁlﬁq 18 ::Ei, I P-H"‘gi - “ 1€

.' .!| b ) ‘, -
1GbE Connection H=— 2

For Board Programming _ % ‘@ -
FIASN b T

ooooo

— . [ e e e Ny i RS L g o
Packet Size: Vi YT b Loy ' o Pt u B U g S T
- Control - 46 Byte (Complete: 74+14 < : : e ¥ ' 1 TGN : X
ontro yte (Complete: 74+14) - % : P T — ; e T e e = SN ; o 3 1.2V after boot

! Don’t forget to install this Jumper !

o RPN alea
bl g =t
wials b o 1 MRS

Manual HV On/Off for Right/A side (E)
Manual External Sync (N) - Not Used

C Pos. 1 (Left) - On: External Clock / Off: OnBoard Clock Board RESET (C)
temperature is over 50°C | Pos. 2 - On: Dataport = 11001 / Off: Dataport = 11000 Manual External Trigger (S) - Not Used
(SW can overwrite) Pos. 3-4: Board Address: P3-Bit1, P4-BitO >> 4 different address Manual HV On/Off for Left/B side (W)




10G RW

¢ FMC Cable: HDR-169468-01

¢ https://www.digikey.tw/zh/products/detail/samtec-inc/HDR-169468-01/6678214
© 10GDbE, SFP to RJ45: TP-Link TL-SM5310-T

¢ For PC with Thunderbolt 4: QNAP gna-t310glt
¢ https://www.gnap.com/zh-tw/product/gna-t310g1t

©10Gbps Switch — Netgear XS512EMv2 NT$39000

¢ CAT6a/CAT.7 Cable, SSD

Il | NTS 1900 x4
o todo

(= e

NTS 5084 x4

- NTS 6990 x1
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https://www.digikey.tw/zh/products/detail/samtec-inc/HDR-169468-01/6678214
https://www.qnap.com/zh-tw/product/qna-t310g1t

10G Hardware is ready

©2026/3/4

} 10G is work
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Test FMIC Cable

©The cable is very stiff, unable to insert

T -y Dy
" ans,

P )

The LPC connector damaged and frequent failures in 1/O delay adjustment.
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Test FMC Cable

LT

4 3 Iy : l
. ity IIIIIIIIIIIIII!IIIIIMIH
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Test O delay with FMC cable

©The |/O alignment script provided by the new firmware seems to work correctly.

©The LPC connector damaged and frequent failures in I/O delay adjustment. This is an old problem,
but the advent of FMC cables has made it even more serious.

$ python 003_10G_Test_Align.py
Test ASIC O...
Delay: 46

ASIC CMD DLY10 AR Datal Data@ Trig3 Trig2 Trigl Trige
Iteration #000: ©Oxa@ 0x0c 2e/2e Oxl1ld 06666666 accccccc 2ccd444cd accccccc V6666666 accccccc
Iteration #001: ©Oxa@ 0x0c 2e/2e Oxl1ld 06666666 accccccc acccCCCC accccccc V6466666 accccccc
Iteration #002: ©Oxa@ 0x0c 2e/2e Oxld 06666666 accccccc 24444444 accccccc 06666666 2ecd4646
Iteration #003: ©Oxa@ 0x0c 2e/2e Ox1ld 06666666 accccccc accccdcd accccccc V6466666 accccccc
Iteration #004: 0Oxa@ 0x0c 2e/2e Ox1ld 06666666 accccccc acccCCCC accccccc V6464666 accccccc
Iteration #005: ©Oxa@ 0x0c 2e/2e Oxld 06666666 accccccc 2ccc4444 accccccc 06666666 accccccs
Iteration #006: ©Oxa@ 0x0c 2e/2e Ox1ld 06666666 accccccc acccCccc accccccc 96444446 accccccc
Iteration #007: ©Oxa@ 0x0c 2e/2e Ox1ld 06666666 accccccc acccCCCC accccccc V6464666 accccccc
Iteration #008: ©Oxa@ 0x0c 2e/2e Ox1ld 06666666 accccccc accCcCCCC accccccc V6466666 accccccc
Iteration #009: ©Oxa@ 0x0c 2e/2e Ox1ld 06666666 acccccccC acccCCCC accccccc 04444444 accccccc
Iteration #010: ©Oxa@ 0x0c 2e/2e Ox1d 06464666 acccccccC acccCCCC accccccc 04444444 accccccc
Iteration #011: ©Oxa@ 0x0c 2e/2e Ox1ld 06666666 accccccC accCCCCC accccccc 04444444 accccccc
Iteration #012: ©xa® 0x0c 2e/2e Ox1ld 06666666 accccccc 2ccdd444 accccccc V6666666 accccccld
Iteration #013: ©Oxa@ 0x0c 2e/2e Ox1ld 06666666 accccccc accCCCCC accccccc 04444444 accccccc
Iteration #014: ©0xa® 0x0c 2e/2e Ox1ld 06666666 accccccc accd4cdd4d accccccc 6666666 accccccld
Iteration #015: ©Oxa@ 0x0c 2e/2e Ox1ld 06666666 accccccc accccccd accccccc V6466666 accccccc
Iteration #016: ©Oxa@ 0x0c 2e/2e Ox1ld 06666666 accccccc accCCCCC accccccc V6466666 accccccc
Iteration #017: ©Oxa@ 0x0c 2e/2e Ox1ld 06666666 accccccc accccccd accccccc V6466666 accccccc
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Channel

2026/8 beam test size, need 8 H2GCROC

od

3x3 3x3 3x3

3x3

H2GCROC 1

H2GCROC 2

1 EMCAL = 9 Super module

1 Super module = 9x 3x3 Crystal

3x3Crystal = 2 H2GCROC
=>

1 EMCAL =162 H2GCROC = 20.16 FPGA

2026/4/1

3Ix3x16 =144 SiPM
144 = 2x H2GCROC
How to connect
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Newer FPGA firmware

5.000

o Firmware 5.069 => main version 5, subversion 69
¢ subversion 0 - 63: 10GbE + LPC
¢ subversion 64 - 127: 10GbE + LPC + HPC
¢ subversion 128 - 191: 1GbE + LPC
¢ subversion 192 - ???: 1GbE + LPC + HPC

5.001

wm
fa]
=1
=

o
[}
£n
=l

¢ Since main version 5, the communication format has changed, need newer software.

w
Q
=1
o

©The newer calibration software develop by Shihai Jia, it combine H2GConfig &
H2GCalib
o https://gitlab.cern.ch/sjia/h2gcalibx

m
g
&

5187

2183

n
[=]
=]
=]

¢ Need a new DAQ software to replace H2GDAQ, online monitoring and decode
© aSk them {} 200.10G_Test_ 00.py

— releasetxt

toplevel_test_teng.bit
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Multiple FPGA Setting

© DIP1 Select Clock: OFF = on board clock, ON = External clock.
¢ DIP2 Data Port: OFF =11000, ON = 11001
© DIP3 & DIP4: Select IP address

DIP3, DIP4 FPGA IP Config. Port PCIP PC Config Port | PC Data port

OFF,OFF 10.1.2.208 11000 10.1.2.207 11000 11000 + DIP2
OFF,ON 10.1.2.209 11000 10.1.2.206 11000 11000 + DIP2
10.1.2.210 11000 10.1.2.205 11000 11000 + DIP2
10.1.2.211 11000 10.1.2.204 11000 11000 + DIP2

Configuration

11000 Short packet 11000_
7|
Data 11001

10.1.2.209 Long packet 10.1.2.206
JUMBO packet
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Ethernet firewall

¢ Use external and internal firewall zone

¢ Add 10G interface enp46s0

$ firewall-cmd --zone=public --remove-interface=enp46s0
$ firewall-cmd --zone=internal --add-interface=enp46s0
$ firewall-cmd --zone=internal --add-port=11000-11100/udp
$ firewall-cmd --runtime-to-permanent
$ firewall-cmd --zone=internal --list-all
internal (active)
target: default
icmp-block-inversion: no
interfaces: enp46s0
sources:
services: cockpit dhcpv6-client mdns mountd nfs nfs3 rpc-bind samba samba-client ssh
ports: 11000-11100/udp
protocols:
forward: yes
masquerade: no
forward-ports:
source-ports:
icmp-blocks:

rich rules: Almalinux 9.5
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multiple IP

¢ Setting PC IP address for 10G device

$ nmcli con down "enp46s@"
$ nmcli con modify "enp46s0" ipv4.addresses "10.1.2.207/24" ethernet.mtu 9000 ipv4.method manual
$ nmcli con up "enp46s0"

¢ For testing, assign multiple IP addresses to a single interface

$ nmcli con down "enp46s@"

$ nmcli con modify "enp46s0" ipv4.addresses
"10.1.2.207/24,10.1.2.206/24,10.1.2.205/24,10.1.2.204/24" ethernet.mtu 9000 ipv4.method manual
$ nmcli con up "enp46s0”

$ nmcli dev status
$ nmcli con show

AlmalLinux 9.5
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S Oftwa re h cha | I bX Top Tab config/common_setting_ 4 11 208.json

¢ git clone https://gitlab.cern.ch/sjia/h2gcalibx

58e4fd28c9f44 2026/2/23 "
<& con d a cre ate -N h ch -C CON d a —fo rge UDP JSON File: /home/shyao/workspace/h2gcal ibx/conf.. Browse UDP JSON

"python=3.12.3" loguru matplotlib numpy pandas |[EEiEETE—
textual tgdm pytest textual-image pymupdf pillow
gnuplot

FPGA Settings

¢ conda activate h2gc

¢ python 200 _Ul.py

This user interface renders all content in the
terminal and is responsive to mouse input.

Start Socket Pool

2026/4/1

“n New FPGA tab ~w ose FPGA tab g Quit application



Side Tab Registers

¢ After calibration, you can use this Ul to upload
parameter to ASIC

Non 1in

Read from All A
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tab g Quit



201 I0DelayX

¢ Phase setting =12

¢ FMC Cable problem (or connector problem)

¢ The user interface always displays success, but
the data is actually being lost silently.

¢ After removing the cable, | can continue working,
but there are only two ASIC chips.

6/4/1

Phase settin

7

Al—

ters before I0 de

ng delay n £
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LLLLLLLLLLLLL L
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ASIC 1
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LLLLULY

1 L d S

LULLLLLLLLLLLLLLLL

I0 del
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Start Socket Pool

201 IODelay
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202 PedestalX =

282 PedestalX

Target pedestal:

¢ Pre-amp reset default setting = N e
°Rf=8 => 80K Ohm e
¢ Cf=10 => 500 fF T
o Cf_Comp =10 =>500 fF sl
o1 =Rf *(Cf + Cfcomp) = 80ns = 3 samples

¢ Conveyor Gain default setting
©CC=8 => Gain =0.2

CC 0.025, 0.05, 0.1, 0.2 Sl e

Cd (pF) 5, 10, 20 At the conveyor output and at the e
preamplifier input. To ensure the e :
preamp stability

Rf (Ohm) 10K, 20K, 40K, 80K In parallel, these resistors provide 15
values to be adjusted with the Cf and
Cf_comp values

Cf(ﬂ-‘) 50, 100, 200, 400 Added with the Cf comp capacitors,
provide the preamplifer constant time
Wlth Rf Stop Pedestal Scan
Cf _comp (fF) 50, 100, 200, 400 Same purpose than Cf capacitors but
connected differently to improve the
Start Socket Pool Close Socket Pool
preamplifier stability.
[Pool] C
[Pool]
[Pool]
[Pool] REG . : i e Fd34f1 » ('cmd', 11068,
2026/4/1 EEEEH SgﬂggTIEIEF e pebddfd34fl + ('data', 11801,

MNew FPGA tab Close FPGA tab Quit application




202 PedestalX

& The same as before
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203 ToAX

¢ By inject known signal, calibration ToA

threshold
¢ Target TOA =50

2026/4/1

meaning?

[Pool]
[Fool]
[Pool]
[Pool]
[Pool]
[Pool]

CalibX

283 ToAX

Read from 202 Output

/home /shyao/workspace/h2gcalibx edestalCalibX_20260323_181539/asi final_i2c_settings.json| Browse
/home /shyao/workspace/h2gcal edestalCalibX Browse

Channels injected in parallel:

Channels per ASIC to scan:

Start ToA Scan

Start Socket Pool Close Socket Pool

GISTER b
UDP port 118

New FPGA tab Close FPGA tab Quit application palette



203 ToAX

seems broken

1000 1000

ToA Values - ToA Halves Scan Final ToA Values

800 800

=
5
7 600 E 600
£ s
< 2
e a
- =l
(1] ™~
g 400 ~ 400
[C]
200 H 200
0 0

Channel Number Channel Number

2026/4/1




204 | O | X 302 TOT Omega? S

¢ By inject known large signal, calibration ToT R e e e e b
h h |d Channels injected in parallel:
thresho

Channels per ASIC to scan:

¢ Target TOT = 350 meaning?

hannels:

414 414 414
414 414 414 414 414 414 414 414 414

Start ToT Scan

Start Socket Pool Close Socket Pool

Pool] Bound UDP purf 1
Pool] REGISTER

[FPool]

[Pool]

[Pool]

2026/4/1 [Pool]




Global ToT Threshold

150

180

210

240

270

300

330

360

390

420

450

480

510

204 TOTX (302 TOT Omega

< 00ps

2026/4/1

Channel Number

something wrong ?

600

500

400

300

200

100

302

318

334

350

366

382

398

414

Final ToT Values

Channel Number

300

250

200

150

100

50




28 Calibx LR Y]

FPGA Settings
Registers 285 Injection
201 I0DelayX

[ ] [ ]
202 PedestalX Injection DAC:
203 ToAX
204 ToTX Enable 2.5V Injection Enable High Range Injection

285 Injection

206 ScanDAC Machine Gun: 7] Pre-Inj: 15
Template JSONs: Read from 204 Output
/home /shyao/workspace/h2gcalibx/. _ Browse

/home /shyao /workspace/h2, 3 Browse

o0 12bit DAC for calibration

Channels per ASIC to scan: 76

% 12b DAC O - around 1 \/ ASIC © Chn 39 (0-363):

per 72 H2GC

ASIC 1 Chn 39 (0-361):

¢ DAC_2V5:0-2.5V

-- Inj_LowRange: DAC 2048, Channels: ee, 36, 61, 37, 62, 38, 83, 39
-- Inj_LowRange: DAC 2048, Channels: 04, 48, 85, 41, 06, 42, 87, 43
-- Inj_LowRange: DAC 2848, Channels: 88, 44, 89, 45, 18, 46, 11, 47
S There IS also 3 12b|t DAC OUt ut to PCB —- Inj_LowRange: DAC 2048, Channels: 12, 48, 13, 49, 14, 50, 15, 51
F) -- Inj_LowRange: DAC 2048, Channels: 16, 52, 17, 53, 18, 54, 19, 55
-- Inj_LowRange: DAC 2048, Channels: 20, 56, 21, 57, 22, 58, 23, 59
-- Inj_LowRange: DAC 2048, Channels: 24, 66, 25, 61, 26, 62, 27, 63
<> DAC ALDO' O - 2\/ -- Inj_LowRange: DAC 2848, Channels: 28, 64, 29, 65, 30, 66, 31, 67
—_ __ ° -- Inj_LowRange: DAC 2848, Channels: 32, 68, 33, 69, 34, 78, 35, 71

- Phase 13: Starting injection DAC 20848 scan
-- Inj_LowRange: DAC 2048, Channels: e, 36, 61, 37, 62, 38, 83, 39
Per channel (x39) -- Inj_LowRange: DAC 2848, Channels: 84, 48, 05, 41, 06, 42, 87, 43
-- Inj_LowRange: DAC 2848, Channels: ©8, 44, 89, 45, 18, 46, 11, 47
-- Inj_LowRange: DAC 2048, Channels: 12, 48, 13, 49, 14, 50, 15, 51
-- Inj_LowRange: DAC 2048, Channels: 16, 52, 17, 53, 18, 54, 19, 55
12h DAC . -- Inj_LowRange: DAC 2048, Channels: 20, 56, 21, 57, 22, 58, 23, 59
Cf_comp -- Inj_LowRange: DAC 2048, Channels: 24, &8
-- Inj_LowRange: DAC 2848, Channels: 28, 64, 29, 65, 38, 66, 31, 67
-- Inj_LowRange: DAC 2048, Channels: 32, 68, 33, 69, 34, 70, 35, 71

- Phase 14: Starting injection DAC 20848 scan
—-- Inj_LowRange: DAC 2848, Channels: e, 36, 81, 37, 62, 38, 83, 39
-- Inj_LowRange: DAC 2848, Channels: 84, 48, 85, 41, 06, 42, 87, 43
-- Inj_LowRange: DAC 2048, Channels: 8, 44, 89, 45, 18, 46, 11, 47
-- Inj_LowRange: DAC 2048, Channels: 12, 48, 13, 49, 14, 50, 15, 51
-- Inj_LowRange: DAC 2048, Channels: 16, 52, 17, 53, 18, 54, 19, 55
-- Inj_LowRange: DAC 2848, Channels: 20, 56, 21, 57, 22, 58, 23, 59
-- Inj_LowRange: DAC 2848, Channels: 24, 68, 25, 61, 26, 62, 27, 63
-- Inj_LowRange: DAC 2048, Channels: 28, 64, 29, 65, 38, 66, 31, 67

12b DAC_2V5 f inpa —-— Inj_LowRange: DAC 2048, Channels: 32, 68, 33, 69, 34, 70, 35, 71
- Saved output files to
- Generating plots to
Strobe -I

- Plot generation complete:

# Injection Scan completed successfully.

Start Injection Scan Open Result PDF

Start Socket Pool Close Socket Pool

8% -—1-—:—-

Use external signal to calibration all ASICs? (Poot] Bound U port 116

[Pool] REGISTER  f79472bd-2eb2 , 11861, '18.1.2.288')
[Pool] Closed UDP port 11668
[Pool] UNREGISTER f78472bd-2eb2 cmd', 11680, '10.1.2.208')
[Pool] Closed UDP port 116861

2026/4/1 [Pool] UNREGISTER f79472bd-2eb2-4« , 11081, '10.1,2.208')

New FPGA tab Close FPGA tab Quit application palette B



ToA (VAL2) - Channels 0 to 7

T TT
: 1 ~4— Ch 0, Max@Phase 7 —4— Ch 4, Max@Phase 2
1000 | ~4—~ Ch 1, Max@Phase 2 —4— Ch 5, Max@Phase 3
: —4— Ch 2, Max@Phase 2  —4— Ch 6, Max@Phase 2
° ° : ~4— Ch 3, Max@Phase2  —4— Ch 7, Max@Phase 3
1
|
|
I I I I I
|
|
i
. 6001 i
o~ |
g |
2 i
< i
© i
¢ Change phase i
|
]
i
|
200 A |
]
]
|
o | LA A LA | | 4
0 20 40 60 100 120

ADC (VALO) - Channels 0 to 7

Phase/MG samples

TOA

ToT (VALL) - Channels 0 to 7

T | ;
4001 ! i —4— Ch 0, Max@Phase 7 —4— Ch 4, Max@Phase 13 i
1 ~4— Ch1, Max@Phase 13 —4— Ch 5, Max@Phase 12 601 m
; 3 ~—4— Ch 2, Max@Phase 12 —4— Ch 6, Max@Phase 12 1 I
3501 : " —4— Ch 3, Max@Phase 13  —4— Ch 7, Max@Phase 12 ! |
! 1 I I
! 1 1 I
| 1 50 4 : :
300 ! i el
| 1 | I
| 1 1 }
* i LIl
2501 | i 40+ - IBERE
| 1 : :
S : : : i) 1 ! ~—4— Ch 0, Max@Phase 12 —4— Ch 4, Max@Phase 7
£ 2001 i i < R 4~ Ch1,Max@Phase7  —— Ch ', Max@Phase 7
e H " 304 : : ~—4— Ch 2, Max@Phase 7 ~4— Ch 6, Max@Phase 7
é | i i e e —4— Ch3,Max@Phase7  —— Ch 7, Max@Phase 7
1
1 I
150 4 ! " | e
1 1" ] I}
L aad i 20 i 1
g i [
1
100 1 | i
i i it
1 1 : :
1 1]
1 1 10 A i 1
50 - | " : 1
1 R I
I 1 1 ]
1 1 I
: i . !
04 | l 1 l J
{ < s10m3n )10, 11213:25: o10/1213105 70 9100 basis 2 75 91038 74 9louzass 2 1001213115 77 s100azas 10013001516 1 23 15 ¢ 7 6 9100IRBASE 1 23 45 (76 10NIANASIG1 23 45 £ 7 £ HIOIAASE 1 2 74 9100230516 2 7491023005161 23 4 5 ¢ 7 ¢ 310 RS 72 s 2
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Phase/MG samples

ADC

Phase/MG samples

TOT




|ntc1e51 ! HR Choice_cinj HR  Choice_cinj Per channel (x39)

I |

. | N £
Register = e

500fF

Global {

¢ Channel wised register: ExtCtest? i T

¢ HR, LR, Cf, Cd, Rf, Cf _comp 126 DAC 205 o6 J\' l _ - {>
_ smbe.”:%J ‘I‘

e
=n

5—»

© % H2GC register: [P — i
o IntCtest, ExtCtest, ExtCtest 2V5, choice cinj  as  ~_ | \sw Sonal in? Indep. to Sipwm
: capacitance
?

behind CC?

ExtCﬁest 2V5

The following tables show how to select the different configurations for internal/external calibration:

DACLR DAC HR CIN) 3pF  CINJ 3pF*N CTEST 3pF CTEST 3pF*N

HighRange 0 1 1 1 0 0
LowRange 1 0 0 0 0 0
Choice_cinj X 1 0 0 0 0
Cinj_120p 0 0 0 1 0 1
IntCtest 1 1 0 0 0 0
ExtCtest_2V5 0 0 0 0 1 1
Calib INPA 0-500fC 0-8pC - - - -
Calib IN - - 0—3pC 0—3pC*N - -

Calib Ext Inj = - - - CTEST * (0 —3pC) CTEST * (0 — 3pC*N)

Normal ? 0 0 0 0 0 0

2026/4/1 88




206 ScanDAC

¢ Take long time, many hours
¢ DACO—-4095, Step =1, phase =0 -15

¢ not complete

6/4/1

Calibx

206 DAC Scan

DAC Min:
Injection
206 ScanDAC Enable

chine Gun:

Channels injected in parallel:

Channels per ASIC to scan:

Star
Runnin, 0 —-ui --plot

—inj-mg 7

x_udp] INFO MD Por
Loaded I2C s

Stop Injection Scan

Start Socket Pool

[Pool]
[Pool]
[Pool]
[Pool]
[Pool]
[Pool] REGIST

New FPGA tal Close FPGA tab Quit application

DAC M,

418082

Close Socket Pool

Read from 204 OQutput
Browse
Browse




software update?

¢ Asking the update of software about H2GDAQ, online monitor and decode

2026/4/1 90




UDP packet

< Firmware V4.12
¢ Short packet = 40B = OB (UDP header) + 40B (DATA)

¢ Long packet = 1452B = 12B (UDP header) + 40B (DATA) * 36
¢ Jumbo packet = 8972B = 12B (UDP header) + 40B (DATA) * 224

¢ Firmware V5.069
¢ Short packet = 46B = 6B (UDP header) + 40B (DATA)

¢ Long packet = 1358B = 6B (UDP header) + 8B (RFU) + 192B (DATA) * 7
¢ Jumbo packet = 8846B = 6B (UDP header) + 8B (RFU) + 192B (DATA) * 46

2026/4/1

91



UDP Long packet format V5 (FPGA -> PC)

© One read command generate two %> H2GC Data per ASIC, each H2GC Data is 160 Bytes

¢ A UDP Long packet contain:

UDP header

PACK1

PACK7

2026/4/1

|

A

DagH

CH6 CH7 CH8 CH9 CH10 CH11 CH12 CH13
CH14 CH15 CH16 CH17 Calib CH18 CH19 CH20
CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28
CH29 CH30 CH31 CH32 CH33 CH34 CH35 CRC-32

DagH

CH6 CH7 CH8 CH9 CH10 CH11 CH12 CH13
CH14 CH15 CH16 CH17 Calib CH18 CH19 CH20
CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28
CH29 CH30 CH31 CH32 CH33 CH34 CH35 CRC-32

¥ H2GC DATA
A DAQ frame
(Next page)

2 H2GC DATA
A DAQ frame
(Next page)




Internal trigger V5

¢ No way was found to enable this feature from the user interface. Try using custom code.

0-1023
© ADC i > ot
& ADC_pedestal: One per channel, 8bit, default =0 MMMO
¢ ADC_TH: One per % H2GC, 5bit, default =0
¢ ADC2 = (ADCO— ADC_pedestal > ADC_TH) ? ADCO-ADC_pedestal : O;
STOT
¢ TOT_THn: One per Group, 8bit, default =0 . Charge
¢ TOT_Pn: One per Group, 8bit, default =0 — (TP)
¢ MultiFactor: One per % H2GC, 5bit, default = 25
©Two kind of Group
& TC4: 8 Groups each 4 channels, use TRO, TR1, TR2, TR3
¢ TC9: 4 Groups each 9 channels, use TRO, TR2
12bit 070 TOT THa DAQ

2026/4/1 93




Internal trigger V5

o Huh
Bits 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCO 0 0 0 0 0 0 0 0 0 0
ADC Pedestal 0 0 0 0 0 0 0 0
ADC Threshold 0 0 0 0 0
TOTO 0 0 0 0 0 0 0 0 0 0 0 0
TOT Pedestal 0 0 0 0 0 0 0 0
TC4: MultiFactor 1 1 0 0 1
ADC2 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOT2 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOT2 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

2026/4/1




shyao@cats myprj od -Ax -t x1 -j @ -N14 data/runl.bin
[shyao@ yprjls J / \/5.X

000000 00 1c 49 af do f9 ee 00 00 00 00 0O 00 00 UDP Header
[shyao@cats myprj]$ od -Ax -t x4 -j 14 -w32 -N1358 data/runl.bin

a W a a 00000e [24015aaa 01000000 04000000 00VVOVVO VVVOVO 40000000 VOOV VOOV
00002e [050681f1 00c40100 00004009 0000d003 0VVO4007 00VOLOOS 00001008 000205

00004e (00009006 00001008 0000eOO8 0VVO5008 0000VVV8 00VO5008 00VOCOO7 00004008
00006e00005009 0000007 00VV1009 0VVVE0O8 0VVO80V5 ©VVOTOO8 VVVO5007 ©BOLOOT7
00008e (00001006 00002008 00004008 0009008 000026 00VV9VV7 00003007 PLLRRARAY

o 0000ae 00009008 000B2007 0000007 00001008 PPP01007 00003007 00003006 H4C6bef?
A custom program can send 000Cce 24005aaa 01000000 04000000 000PEE00 PPEEEEO0 40000000 0PEEELEE 00000000
start daq and store UDP packet 0000ce 8505a9f9 00300100 0OA1006 GOOA3006 GOOPEOOS BOAOIOO7 OOPO400a OOABCOOS

00010e 00001006 0000O5006 000O90V5 00VO80Y7 00VOCOO3 00O’/ 0006004 00009007
00012e 00009004 00004006 00004005 0006005 00003005 00003003 00008004 00002003

Olred boxed [fields require byte 00014e 00001003 00PO5004 00PO2005 0OPO1006 0OPO500S5 0OPOEO3 0OOVeRs OOOODOOS
, _ , , 00016e 00002006 00OO4007 0OOO3006 0OPOaVO6 OAROCORS 0OPO9IORS 0POV4004 3f196eds
swapping, i.e. Bi g—end|an 00018e 25015aaa 01000000 04000000 ©0OE0EG0 GOPGEE0 40000000 PEEPEERE BRG0G0

000lae 050681f1 00740100 0VOOCOO6 0VVO5005 0VVO8003 0VVeOOS 0VVOCOOS 00OOO7
0001ce 0000aPOS 0VVO6LO5 0VOOCOO6 00VV2005 000206 POVOTOO5 005005 00004004
000lee 0000COO4 00001008 00VV60V6 00002006 00006 00004004 00004007 00009005
00020e 00009007 00VOO60V6 00VV2004 00VOdOOS 00VOTOO5 00VVeOOS 00004004 00OOCOO3
00022e 0000005 00001009 00VVeOO7 0PVOdOO1 00VOdO06 00VV2003 00001006 81lbd3bf4
00024e 25005aaa 01000000 04000000 000VVVVO 000VVVVO 40000000 000VLVVO 000D
00026e 8505399 00700100 0PPObOO6 0POOCOO9 0VVO1009 ©OPOBOO6 0VVO7007 ©BOaBO7
00028e 00003006 00002007 0VPOAOO5 00VO9VV6 0VVObOO7 ©VVO1006 00001006 00007
0002ae 00001008 000OIOO5 009004 000908 0VVO7005 ©OPO5007 0V0VVeO7 0BOOCOO7
0002ce 0000V0OLOOa 0VOOTOO6 0VOOBOO6 0VVVOVOO 0VVOTOO6 POVO6005 0VVVak9 004007
0002ee 000V6007 00VOB008 0VVO1006 0VVOTOO7 0004007 ©0VOTOO8 0VVO5005 ©984db82
00030e 24005aaa 01000000 04000000 01000000 00000VVO 4000000 000VVVVO 0000V
00032e 8509aaf9 002c0100 00VO1006 00VO1006 0OVOVVOS 0VPVaLO7 0VVO500a ©OVACOOS5
00034e 00001006 00OO6POE6 0VVVaVO5 0PVO7007 0VVOCOO3 0VPOAOO7 0008004 000007
00036e 0000d004 0004006 0VOV6005 00VV4005 00005005 00VO3003 0VVO7004 00002003
00038e 00002003 00005004 00001005 00002006 0OVO5005 ©0POdOO3 0VVOTO4 002005
0003ae 00002006 0005007 0VVV4006 0VVOCOO6 0VVOIOO5 ©0PVakLR5 00005004 15627d3d
0003ce 24015aaa 01000000 04000000 01000000 0000VVVO 4000000 000VLVVY 0000V
0003ee 050a82f1 00Cc40100 00VV4009 0004 0002007 ©VPO9VRS5 00002008 ©OLOCOOS5
00040e 0000206 0004008 00OV 0PVO5008 0VVOTOO7 0OVO5008 0VVOdOO7 00002008
00042e 00005009 000008 00002000 00VO8VV8 0VVO8VV5 00008 00004007 0000COO7
00044e 00000006 00001008 000O5008 00VV9VV8 00VVaVY6 00VVakY7 00001007 00009007
00046e 00009008 00001007 0VOOCOO7 00002008 00VV2007 0VVV2007 0VOO5006 9149760
00048e 00 01000000 04000000 01000000 000VVVVO 4000000 000OVVO 000V
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Decode V5

[shyao@cats myprjl$ ./build/debug/ana/ana decode data/runl.bin

Open rawdata file

data/runl.bin

udp_tx_counter: 1853871 fpga_ip_address: 208 fpga_send_port: 249 RFU: ee 00 00 00 00 00 00 00

Address: 01 header: aa5a packet_type: 24 Trigger_IN_Counter: 1 Trigger OUT_Counter: 4 Event_Counter:
hd: 15 H1: @ H2:

11810605 0001c400
06900000 08100000
09500000 07100000
06100000 08200000
08900000 07200000

©@ H3: @ tr: 5 BxCounter: 385 Event: 1 Orbit: 4 BX _NEW timestamp diff: 64

09400000 03d00000 07400000 ©5b0V0O 08100000
08200000 08500000 0800V0VVVO ©8500000 07O
09100000 08600000 05800000 08100000 07500000
08400000 08900000 06200000 07900000 07300000
07d00000 08100000 07100000 07300000 06300000

Address: 00 header: aa5a packet_type: 24 Trigger_IN_Counter: 1

hd: 15 H1l: 0 H2:

9290585 00013000
06100000 06500000
04900000 06400000
03100000 04500000
06200000 07400000

© H3: 0 tr: 5 BxCounter: 2473 Event: 1
06100000 06300000 0800000 0700000 0©a400000
05900000 07800000 ©3CcPOOOO 070000 04600000
05400000 05600000 05300000 03300000 04800000
05200000 06100000 05500000 03000000 0400000
06300000 06200000 ©5c00000 05900000 04400000

Address: 01 header: aa5a packet_type: 25 Trigger_IN_Counter: 1
@ H3: @ tr: 5 BxCounter: 385 Event: 1 Orbit: 4 BX_NEW

hd: 15 H1l: 0 H2:

11810605 00017400
05200000 05600000
0400000 08100000
07900000 06600000
05e00000 09100000

06Cc00000 05500000 03800000 0500000 0500000
06C00000 05200000 06200000 0510000 05500000
06600000 06200000 06€00000 04400000 07400000
04200000 05000000 05100000 0500000 04400000
0700000 01d00000 06000000 03200000 06100000

Address: 00 header: aa5a packet_type: 25 Trigger_IN_Counter: 1

hd: 15 H1l: © H2:

19290585 00017000
06800000 07200000
08100000 05d00000
02000000 06100000
07600000 08800000

2026/4/1

© H3: 0 tr: 5 BxCounter: 2473 Event: 1
06b0000O 09CPVV0O 09100000 V6800000 07700000
05000000 06900000 07b0VVOO 06100000 06100000
04900000 08900000 05700000 07500000 0700000
06800000 09000000 06100000 ©5600000 09200000
06100000 07100000 07400000 08100000 05500000

05200000
08400000
07b00000
07900000
f7bece6d4

Trigger_ OUT_Counter: 4 Event_Counter:

Orbit: 3 BX_NEW timestamp diff: 64
05c00000
07900000
03200000
05bo0000o
d56e193f

Trigger_OUT_Counter: 4 Event_Counter:

07000000
04400000
05900000
03c00000
f43bbd81

Trigger_OUT_Counter: 4 Event_Counter:

Orbit: 3 BX_NEW
07200000
07200000
07c00000
07400000
82db8409

0 timestamp:

0 timestamp:

0 timestamp:

0 timestamp:

64

64

64

64

V5.X




DAQ

< Custom...

¢ Generator = 100000, period = 40000, Machine Gun = 31, Voltage = 28V

3k 5k >k 3k ok >k 5k >k ok 3k ok >k %k ok >k 3k ok >k 5k >k >k %k ok ok >k ok >k 3k >k >k >k ok >k 3k ok >k %k ok >k 3k >k >k %k ok >k %k ok >k %k >k >k %k ok >k %k ok >k %k ok >k %k >k >k 5k ok >k >k 5k >k >k >k >k %k >k *k >k ok %

*Tree :events : A Tree with Events *
*Entries : 90432 : Total = 2501195088 bytes File Size = 273825839 *
* : : Tree compression factor = 9.13 *
3k sk sk sk sk sk 3k 3k sk sk sk sk sk sk ok ok sk sk sk sk sk 3k ok sk sk sk sk sk sk sk sk sk sk sk sk sk >k 3k 3k sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk >k 3k ok ok ok sk sk ok ok ok ok sk sk sk sk sk kokok
*Br 0 :toa : toa[144][32]/s *
*Entries : 90432 : Total Size= 833731575 bytes File Size = 14359615 *
*Baskets : 3227 : Basket Size= 3200512 bytes Compression= 58.05 *
* *
*Br 1 :tot : tot[144][32]/s *
*Entries : 90432 : Total Size= 833731575 bytes File Size = 3972140 *
*Baskets : 3227 : Basket Size= 3200512 bytes Compression= 209.86 *
* *
*Br 2 :adc : adc[144][32]/s *
*Entries : 90432 : Total Size= 833731575 bytes File Size = 255423704 *
*Baskets : 3227 : Basket Size= 3200512 bytes Compression=  3.26 *
* *

total 90432 entries

2026/4/1




Analysis

< After convert to root file,

Court

Count

Court

analysis is the same

E ADC_CHO Entres2258992 R ADC_CH1 Entriex2260357 5 ADC_CH2 Eniriex2280382
[ s b &
WE
10°F
10°F
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