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Outline

Purpose of using timing in SDHCAL

Detector and electronics upgrade
Front-end readout ASIC of PETIROC2B
The front-end Electronics and DAQ Development

Summary
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Semi-Digital Hadronic CALorimeter

e SDHCAL is one of high granularity PFA (Particle Flow i

Algorithm) calorimeter E

e Connect first hits and then their clusters using distance and I
orientation information

* The energy information helps to optimize the connections of <z
hits belongs to the same shower.

* A SDHCAL prototype based on Glass RPC

* Semi-digital readout: hits associated to three different |
thresholds
e 1st threshold = 110fC
e 2nd threshold = 5pC
* 3rd threshold = 15pC

e 48 layers with GRPC as sensitive medium

* Dimensions: 1mx1mx1.3m SDHCAL prototype at testbeam in 2015
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Motivation of using Timing Information

Distance from shower axis

* Timing could be an important factor to identify delayed
neutrons.

* Time information can be very helpful to separate close-
by showers and reduce the confusion for a better PFA
application.

I:d {eveniNumberas14&atimesa.T&alme7.7) I:J {eventNumber==148&time>6.78&time<6.8}

Tk 9 - 56 1
60—
B =} 8 r -
- 54_.
L 7
55— 5ol
i i -
5 50—
o = E
4 asl-
45— ‘ 3
- 45_
- = i -
B bl
40— ) n
Colood ! [EPRTEN ESTATI IRTUTIN ST AP UNITIN AR A 0 4] c L L L b L 1 o
40 42 44 46 48 50 52 54 56 58 2 44 46 48 50 52 54 st
J

1 ns resolution 100ps resolution

5/19/2022 CALOR2022 Conference

Distance (cm)

Distance (cm)

histo

[33]
o
T TTTT T

Entries 2.142819e+07

Mean x
Meany

11 ]| RMS x

&l

2.643
8.671
2733
7.748

=

Distance from shower axis (w/o neutrons)

Time (ns)

10°

histoNK

@
[=]

[33]
o

=L T [ LT T T T T TTT17

==

= n
o o

o
e

|
|

b o |

H\ \‘\‘

I‘VL i

(Ill Y rui‘ b !
I " MM\ i L‘N |I i
]

b
‘ af;llul T

i

Entries 1.8728796+07 )°

Mean x
Mean y
RMS x
RMSy

T

2216
7612
1.391
6454 |

Time (ns)




Shanghai Jiao Tong University

SDHCAL with Timing Measurement

e Goal: Extending the SDHCAL to include timing information for a 5D-calorimeter
(Position, Energy and Timing)

* Implementation: Building multi-gap RPC (MRPC) detectors equipped with a new
version of readout electronics with high timing performance

* Timing resolution < 100ps

* The use of MRPC will improve the intrinsic timing of the detector
* MRPC > 4 gaps

First functionality tests
looks promising
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Timing Electronics for SDHCAL

—

HARDROC3B PETIROC2A
* SDHCAL: electronics based on HARDROC * Time measurement with 10 bits TDC interpolating
e Size: Im x 1m; cell size: 1cm x 1cm 40MHz clock
* Noof channels: 440K e Timing resolution below 40 ps
« HARDROC2 _
« 64 input channels * 32 input channels
* 3-threshold: 110fC, 5pC, 15pC * charge and time measurement

* Not for timing measurement

* Power consumption: ImW/chan @ continuous
mode; 10 pW/chan @ pulsing mode

* Power consumption: ~6mW/channel
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E Readout ASIC: PETIROC

F

* Timing measurement: g
M bi 9-bi Coarse b (i
« fast pre-amplifier + discriminator + TAC + ADC ramp R ot || Twiose g e pod e o
Z Cloc =
e 10-bit TDC interpolates 40MHz clock, resolution of ~40ps Ramp stop

r _/_
TrighN » Fine time (analogue)

To ADC

* Trigger output for 32-channel
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A o Pre-Amp Threshold
—/W‘% - A )  —
j"' SCA f _/‘b— Charge<i>
ADC . I

I~ Charge measurement = 2
'n;J‘;'t I Charge<31> Time
- ultiplexed_charge Trigger
I—Charge Measyre m Do st
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Common to the 32 channels
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FEE Prototype

* The FEE prototype includes four PETIROC chips, 128 readout pads on the PCB bottom
side for MRPC induction signals.

* Detector Interface(DIF) card was designed to connect FEE and FPGA board
* Data transmission, power rail and clock source.

* The DAQ system should be developed to transfer data between FEE and PC.

PETIROC2A PETIROC2A
e | Zcu102
FEE <}:{> lné?)r;?ge | Evaluation
S ‘ ) board
PETIROC2A PETIROC2A
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Design of Front-end Board

12 layers PCB

Many induction units are at the bottom

Laser-drilled Via Technology (small size: ~0.1mm)

~ between outside two layers

Buried Vias with the size 0.3mm
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Hardware of Timing Electronics Prototype

128 pads with the
cell size 1cm x 1cm

FE Board
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DAQ System

Petalinux Python TCP
Drive Application

Petiroc Clock
Configuration Configuration

g GUI Software

AXI Interface

&=

Petiroc Data FE Data Event
Decoder Blild LRV Zyng UltraScale+ FPGA

\ PL 1 PS /

Front-end interface: Petiroc configuration and data output decoder

AXl interface between PL and PS, through DDR memory

The PetaLinux tools allows to customize embedded Linux solutions on Xilinx processing systems.

Python application access PS memory via linux driver, and communicates with PC via ethernet
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Shanghai Jiao Tong University

DAQ Software

* The DAQ software is a Python GUI application.

* The GUI is designed via QT designer, which is set of cross-platform C++ libraries that implement high-
level APIs.

* PyQt5 modules binding with QT v5.

{81 MainWindow = X Main settings = EN/PP  Calibration  Connect test

Main settings EN/PP Calibration = Connect test
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Time and Charge Threshold Voltage T¢ gt [ vaic)
_inpdac 0.989
vref_time 1.664
. vref_charge 0.976
 All of bias voltage values are correct. vref_tdc 0133
vref adc 0.961
e Output data has been checked, after sending trigger signals. vref time_pad 1658
* Time threshold is correct according to the voltage value with 10bit DAC.
* Time and Charge threshold can be well controlled.
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Status of System Test
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* Crossstalk exists in the injection test!
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New version of FE Hardware

Scheme: two Petiroc chips +
clock chips + power chips + FMC
connector

* Purpose: test Petiroc timing
measurement performance

* Remove jump cables to reduce
noise and crosstalk.

* Schematic and layout design has
been finished, will be fabricated
soon.
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Toward Larger prototypes

* Board with 8 ( could be extended to 12) Petircoc2B
ASICs

e Pads 2cm x 2cm, 256 channels . Zoner
* Local FPGA (Xilinx Spartan-6 TQFP) embedded on
board
Top view

A

- RN

33cm

Eﬂmﬂ B

"""""""" Bottom view

33cm
50cm
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Summary

* Timing information helps to identify neutrons and separate close-by showers.
 MRPC detector is being built, which has an improved timing performance.

* A front-end prototype and a interface card has been designed and tested.

* The Xilinx ZCU102 board is used as the DAQ system.

* The firmware and software of DAQ system has been developed.
* A new version of hardware has been designed, and will be fabricated soon.

* A larger prototype is being developed simultaneously.
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“ Introduction of PETIROC chip -

* Time measurement with 10bits TDC interpolating 40MHz coarse time
Charge measurement ( Q>50fC ) with 10bits DAC
Voltage input amplifier, 2000hm matching

High bandwidth preamp (GBWP> 1.2 GHz)
* PETIROC parameters:

* One chip with 32-channels and mixed analog/digital
The 32chs input connected with PAD (detector unit) ,
One channel split into two parts, respectively for charge and time BRI
Internal DAC for each channel to adjust the amplitude of the input signal

Lower power consumption (~6mW/channel)

Jitter ~18 ps RMS on trigger output (4 photoelectrons injected)

lllllIIll!llfllHHffHrfHHHHh’h‘n’n‘ﬁ‘n‘-’-‘-‘-‘n‘n’n’n’ﬂ’ .,‘
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Embedded design based on FPGA -- UART

* The embedded design in ZCU102(PS side) mainly contains serial port
communication(UART), ethernet communication(TCP/IP) and PETIROC

configuration(Slow Control).

P . . @
® UART test in PS side:
( do ) Bo plIBC +— D&
. H a rd Wa re On Iy need S PS Co e HORR [09:00:03.129] Xilinx Zyng MP First Stage Boot Loader
o Release 2019.2 Feb 23 2021 - 16:51:14
. % 11 |coma j' PMU-FW is not running, certain applications may not be supported.
LAt 100:05. 1i i A 5 8
P roceSSI ng Syste m pa rt Pt [m ([]:9Hggt?sni:7li;§l:fc':elj§ ;ut-\:e;;mg to 192.168.1.100 on port 5001
¥i{i |8 - Start PHY autonegotiation
[09:00:05.253] Waiting for PHY to complete autonegotiation.

Kt ﬁione—j [09:00:09.261] autonegotiation complete
p kg [1—:1 link speed for phy address 12: 1000

# 4% [None -

2 J| UART Output

biLVd 4]

® ASCII  Hex

on ZCU102.
® Write the C/C++ code :

and run on the hardware — - b

platform. S R e sy 7w UART Debug Assistant

35 connected_pcb = NULL; p—
. . . , return -1; FORVER
® Information is printed on eneaieni s e
; ™ A&k 1000 3: ms
M 42 tx r on tcp_output: Xd\r\n®,err); Isad _',J
the tOOI WI ndOW th rough COM4 OPENED, 115200, 8, NONE. 1, OFF | Rx: 449 Bvtes Tx: 0 Bvtes

UART port. UART communication test
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Particle Identification using BDT

* PS and SPS testbeam at CERN in 2015
* PS beamline: 3,4,5,6,7,8,9, 10, 11 GeV
* SPS beamline: 10, 20, 30, 40, 50, 60, 70, 80 GeV
* Contamination particles: eletrons and muons

https://arxiv.org/pdf/2202.09684.pdf

* A testbeam data analysis draft recently has been submitted to Jinst.
* Use BDT to reject electron background from pion samples in the energy range of 10 to 80 GeV
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