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Status of the CEPC HCAL

Weihao Wu (SJTU)
On behalf of the CEPC Calorimeter Group
CEPC Day, 3/25/2021 o,

4

- iF -
1IP:21
L %
LES Z INFINIS ., &
LYON et

S 2MEGA

Microelectronics

) /




Outline

® Background introduction

® Progress of AHCAL prototype

® Progress of SDHCAL

@ Summary
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&) Background

® The baseline Calorimeter detector option is
guided by the particle flow algorithm (PFA)

@ Physics requirement
® Linearity:+3%
60%

JVE(GeV)

® AHCAL: Scintillator + SiPM

® Resolution: @D 3%

— Progress of AHCAL Prototype
@ SDHCAL: RPC
— Progress of SDHCAL timing electronics
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Outline

® Background introduction

® Progress of AHCAL prototype

® Scintillator production and wrapping
® Batch test of detector cells

® HBU development
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® Summary
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Task: BMR < 4% and 60%/vE @ 3%

® validate the CEPC AHCAL option by designing,
building and testing a full AHCAL prototype

Prototype
® Transverse dimension: 72cm X 72cm
® Number of layers: 40
Single layer
® Stainless steel as absorber: 20 mm
® Scintillator as sensitive medium: 3 mm
® SPIROC2E as baseline; KLAUS as another option
Detector cells
® Cell size: 40mm X 40mm
® Sensor: SiPMs from HPK & NDL
® Total number of channels: 12,960

@n? A\
Structure of AHCAL Prototype

Single layer and detector part

Detector cell of

40mm x40mm x3mm
aaN—<uvif
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@ Scintillator Production and Wrapping

16000 scintillators have been produced using the
injection molding technique

1800 2880 1600 1180 1640 1640 1540 430 2160 890 410 16170

The light yield of each scintillator is about 40 p.e.,
tested by NDL-22-1313-15S

Automatic wrapping and labelling
® 100 scintillators cost 75min once

® The remaining tiles is expected to be finished pped Tiles| - Reinfore
by the next month

ﬁf”\%ﬂﬁ

@ CEPC Day 2021/3/25 /




® Auto-moving MIP source : Sr-90
® 144 channels each run

@ 3 batch testing platforms
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@ Test the uniformity of all scintillators
® 13360-1325PE SiPM @5V overvoltage

Batch Test of Detector Cells

Dark box
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@) Batch Test of Detector Cells

Uniformity within =15%
@ The difference between channels will be calibrated
The difference between 3 platforms will be calibrated
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Batch Test of Detector Cells

® 7000 SiPMs will be received in two months.

@ A SiPM test platform has been designed.

® A SiPM detachable fixer

® SKIROC2a readout or discrete-circuit readout

® Test quality: break down voltage, dark count, gain

HY |

i ADC » FPGA
10k L «
L 7 - l
Rf DAC
100T Z— h H
N 10k |In Amp cf » ADC
gy — I '|> L3
o v
10k 10n PreAmp Comparator SiPM Test Platform
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Development of HBU

® The sensitive size of one layer: 72X 72cm?

® A single layer is equally divided into 3 boards

® Each board is 78.5X24cm?and has 108 channels
® Every layer is controlled by one DIF board

@ All electronics parts have been tested and verified.

HBU:HCAL Basic Unit
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7 Schedule of AHCAL Prototype
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Outline

® Background introduction

® Progress of AHCAL prototype

® Progress of SDHCAL
® Timing electronics development

® GRPC construction

@Summary
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@) SDHCAL Prototype

@ Semi-Digital Hadronic CALorimeter technological prototype (SDHCAL)
@ High granularity calorimeter based on Glass RPC (cell size 1cm x 1cm)

® Hits associated to three thresholds:
® 15t threshold = 110fC

® 2"d threshold = 5pC

® 3" threshold = 15pC

@ 48 layers with GRPC as sensitive medium
— Dimensions: Im x Im x 1.3m

@ 6 Interaction length (64,)
— Semi-digital readout
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&) Motivation using Timing Information

® Timing could be an important factor to identify delayed neutron and
better reconstruct their energy.

Distance from shower axis Distance from shower axis (w/o neutrons)
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@) Motivation using Timing Information

@ Time information can be very helpful to separate close by showers and
reduce the confusion for a better PFA application.
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I:J {eventNumber==14&&time>6.7&&time<7.7} I:J {eventNumber==14&&time>6.78&&time<6.8}
- —9 — 56 —1

g0 [ ] g C —lo.o

- 54—

i |7 E —0.8
55:_ e 52:_ —0.7

N 5 > 50— 0.6
50— N 05

- ¢ a8 0.4
45:— 3 46; 0.3

E z - 0.2
40— 1 “- 0.1

4|0 4|2 4I4 dlﬁ 4.‘8I 5‘0 5|2 5I4 5|6 5|8 0 4%2_ I 4‘4 — 4|6 — 4‘8 — 5‘0 — 5|2 — 514 — 56 0
J J
/I \T=7SJTU m

CEPC Day 2021/3/25 /




@) Fast Timing Measurement

Purpose: => ldentify neutral and charged hadrons
Position, Energy and Timing => 5D HCAL

Adding MRPC layers in the SDHCAL
Fast timing readout electronics for MRPC readout
® PETIROC from Omega group (resolution: ~40 ps)

. Top steel plate
@ First step: Elcroncs
. : wyia- IO N
® Design a FE prototype with four ’ = (O)
PETI ROCZB ChipS e Bottom steel plate
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Prototype of Timing Electronics

® 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 Ve Y

ZCU102

FEE Interface <:::> Evaluation
Board

board

PETIROC2A PETIROC2A N ~

Block diagram of timing electronics prototype
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PR

128 pads with the
cell size 1cm x 1cm

FE Board

- IS I IS IS BN BN DN BN DN DEE BaE BaE Ban BaE BaE BaE Ban Bam Bam Bam Emm Emm Eam
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&Y Status of System Test

JTAG
The test platform has been setup.
® FEB, DIF, DAQ based on ZCU102 Ethernet
PETIROC Configuration works well 7CU102
® All of bias voltage values are correct. ~-
® Qutput data has been checked, after sending DIF Card

trigger signals

ILAStatus: Idle | 2. 360

oooooo Bias Voltage Value(V)
vref_inpdac 0.989
vref_time 1.664
vref_charge 0.976
0.133
0.961
vref time_pad 1.658

2 09 08 07 06 05

Test Platform
raaN—cntif
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Status of System Test

BeolplINC | +— D&

L] L] L] L]
DAQ system is based on Xilinx ZCU102 that contains 7. Eom e =
Release 2010.2 Feb 23 2021 - 16:51:14
y Wi [ |coma | |PMU-FH is not running, certain applications may not be supported.

[89:00:05.247] TCP client connecting to 192.168.1.180 on port 50081

A% (115200 =
s =1 |on tost: fun $ipert -5 45w

Processing System (PS) and Programmable Logic (PL).

et [ B

[ |None j

Start PHY autonegotiation
:05.253] Waiting for PHY to complete autonegotiation.
[09:00:09.261] autonegotiation complete

Embedded design (SDK) in ZCU102 (PS) is applied

™ SRRRE
P SRl

® UART communication works well

RILR
® ASCII “ Hex

I~ HEiik |1eee 3: ms

® Fthernet communication works we E

A R - o X
HHF) REE) MEV) PG R0 SHA) FHiHS) BEY) TEW) IR BEH)

Am @I PR Q «= aaai
/ﬁ . \ MERETTES ~ CulT> = )+
ZCU102 Evaluation Board o, Tine Seuree Protocol Length Info ~

Destination

365 124.045669 192.168.1.2 192 - > TCcP
Des naddress

366 125.001710 192.168.1.10 192.1 ECHO

54 7 » 52432 [ACK] Seq=1 Ack=12751 Win=64356 Len=0
156 Request

367 125.049194  192.168.1.2 192.168.1.10 Tcp 547 » 52432 [ACK] Segq=1 Ack=12853 Win=64254 Len=0
Q=D JTAG ﬂ_) 368 126.001727 192.168.1.10 192.168.1.2 ECHO 156 Request
R 369 126.056491  192.168.1.2 192.168.1.10 Tcp 547 » 52432 [ACK] Seq=1 Ack=12955 Win=64152 Len=0
Processing ) [Fe) S R
Programmable

System

Frame 368: 156 bytes on wire (1248 bits), 156 bytes captured (1248 bits) on interface \Device\NPF_{2DF@4B9D-FF3B-4BAF-8EA7-909C994D8BEA}, id @

Logic
(PL)

N

AXI

(PS)

FPGA

<>

Ethernet

UART

Ethernet II, sSrc:
Internet Protocol Version 4, Src: 192.168.1.10, Dst: 192.168.1.2
Transmission Control Protocol, Src Port: 52432, Dst Port: 7, Seq: 12853, Ack: 1, Len: 102

v Echo

Echo data: 48656c6c6T205761726c6421205375636365737366756C6C792053656e64205761726420...

Xxilinx @5:2c:fd (00:0a:35:85:2c:fd), Dst: Dell 7e:30:d6 (e4:54:e8:7e:30:d6)

e4 54 e8 7e

00 8e 00 be

o1 02 cc do
a9

30 d6 @@ @a 35 05 2c fd @8 0 45 0  T-~@--- 5, E

00 00 ff 06 37 5d co a8 01 @a co a8 7]

@0 07 00 00 S5e 5c 05 1d 4d 8¢
L]

a
d! Succe ssfully
Send Wor d From P|

Capture package tool

FPGA Logic Design Block Diagram

@ 7 Echo data (echo. data). 102 byte(s) S4: 370 - BETR: 3 (nooow) - BEF: 0 (oow) || BE: Default

re=rsrul L
2021/3/25
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@) Progress of GRPC Construction

Efficiency (%)

SJTU group built 50cm x 35cm, 100cm x 100cm RPCs

100

o4 e
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AHCAL:

® The production and batch test of scintillators will be finished before summer.
® The SiPM test platform will be completed soon.

® HBU electronics can work now, the mechanics design has been started.

® Production of all 40 prototype layers will be finished this year.

® The prototype construction will start before the end of this year, and the cosmic and
beam test are expected next year.

SDHCAL:

® The timing electronics including FEE and DIF, have been designed and manufactured.

@® Test platform have been constructed.
® PETIROC chips can be successfully configured.
® Ethernet and UART communication have been completed.

® The DAQ system is still under development.

m%ﬁﬂﬁ
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Thanks for your attention!
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Backup Slides
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@ Scintillator Production and Wrapping

® Massive production of scintillator tiles using the injection molding technique since
November 2020 in GNKD
® confirmation of craft: temperature, pressure, ratio of solute and solvent
® Tiles of around 16,000 have been produced

® The light yield of one scintillator is about 40 p.e. test by NDL-22-1313-15S

12 |3 14 |5 |6 |7 |8 |9 |10 |11 |Total

1800 2880 1600 1180 1640 1640 1540 430 2160 890 410 16170

Width 07312 + 02095

A e 150 injection molding tiles
40:_ MP 40.87 =049

30 10.29 +0.45

Entries

20F

1w}

C ro AP EPRPRPRPSN RPRPRPRP EPPRTATEN APSPRPIN PR ol | .
00 10 20 30 40 50 o0 70 B0 90 1MW

Light output[p.e.] 7 /\\f/\% JT m
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¥&Y The SiPM comparison

Z
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Z10 101

NDL-SiPM:
® High PDE, dark rate and
crosstalk

& HPK 13360-1325PE |

|
/
1 2‘
K]
N
3
Y

® Low breakdown

® Low price

HPK NDL
HPK-SiPM Type 13360-1325PE 14160-1315PS 22-1313-15S
® Low PDE,dark rate and G U R Y = il 0
o

crosstalk Crosstalk[%] 1.59 1.17 4.4
e High breakdown Dark Counts [kHZ] 120 290 550
. Breakdown[V] 53 38 27.5

® Low price

7 T \T=SJTU m
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&) Batch test of scintillators

® MIP source : Sr 90
® The scintillator light is detected by the SiPM 13360-1325PE working at the 5V

overvoltage
® The SiPM signal is read by the SPIROC2E chip
L r peak:/2Z2.26:/7.3 16001—
*F "‘ 1 v peak7?72 c:8.0 - HG Chipd Channelo
= (LT Deacaer 3078 | Mo = o
soo- HHITHH peak:940.15:6.3 m ey 180120
B 1 peak:993.4 c:6.3 1200 Width g;ssg:g_;
- peak:1046.2 6:5.2 - are 8120406 1433620
150/— 1 HG Chip0 Ghannel0 10001— T sty
B h Entries 28801 -
- Mean 1298 800—
— ‘ [ StdDev 3935 -
100— I 600
B J 400(—
50— -
- 200(—
B | 1| | | | 111 1 | 1| 1 ;th.-.l.l.l. Il ) | 11 1 | :I | 1 | 1 I | 11 1 1
800 1000 1500 2000 2500 3000 3500 4000 g 50010001500 5000 3800 3000 3500 4000
ADC ADC

The MIP Spectrum /I N\T—SJTU m
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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 measurement
® 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)
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&) Development of HBU

Challenge for HBU mechanics

® The weight of 72 cm X 72 cm X 2cm steel board is 81.5KG
® The connection between PCB boards
® The warping of the PCB

The concept design for AHCAL single layer structure
® Use part of the absorber to make a box for PCB

m*%@ﬂdﬁ
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@) Sub-component Design and Testing

® Front-End readout Board Design with pads and four petiroc2b

Srin_read
Srout_read
Ck_read

out_charge_mux

vth_discri_charge

adc_ramp

vth_rf

Trigb 1~31

Trigb 0

Trigb MUX
NOR32_time
NOR32_charge
Dout

Transmit_ON

out_charge_mux
out_inpdac_probe

analog_probe

digital_probe

FE Board

X unconnected

Dpin-2X30
Connector

R

Test Point
on FE

Block diagram of front-end electronics

| Back |
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Sub-component Design and Testing

@ Detector Interface Card Design: mainly jitter cleaner and power system

® DIF card will be in charge of the communication and data transfer with the FE
electronics(two headers) and ZCU102(two FMCs). More Details

® Analog and digital power are separated | 2th Version | (DCDC )

Header1 Header2 Adapter
Board

Voltage Regulator

Jitter Cleaner
LDO LDO (Si5345)

(TPS79501) (TPS79501)

DCDC ADC x4
(LTM4644) (5 MSPS)

S IN\T=sUTU |
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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).

UART test in PS side: =

2
3
4 #include "lwip/err.h"
5
7
8

-

 Mincioes et BooplINC +— DO
#include "xil_cache.h” S d
® H d rd ware on Iy N eed S g Bl PS code OB [09:00:03.120] Xilinx Zynq MP First Stage Boot Loader

Release 2019.2 Feb 23 2021 - 16:51:14

10 i ﬁ'
- 11  #define TX_SIZE 102 s 1 |comd J PMU-FW is not running, certain applications may not be supported.
12 At - BA- 5 :
P S t t ; ) . it (115200 j [09:80:05.247] TCP client connecting to 192.168.1.180 on port 5801
13  static struct tcp_pcb*connected_pcbh = NULL; 108 ¥ . . .
rocessing system par 17 st sttt ptvcamcte i O Host: fun Siperf -s - 5 w 2N
15 //Static Global Function, blind for external file i |8 ~| | |start PHY autonegotiation

[@9:86:85.253] Waiting for PHY to complete autonegotiation.

16 uint tcp_trans_done = @; R AL
O n ZC U 102 17 i E3&47 |None j [09:80:09.261] autonegotiation complete
. 6

18 //u_char data[TX_SIZE] = {@, 1, 2, 3, 4, 5, 6, 7, 8, 9}; . .
19 u_char data[TX_SIZE] = "Hello World! Successfully Send Word From PS Client"; [_-;-;]l-_i".,- 1 j link speed for phy address 12: 1090
20 -
21 int send_data() 3 5
. 21 i 4% |None R UART O p
® Write the C/C++ code £ utput
24 struct tcp_pcb *tpcb = connected_pcb; 1

P Hlur |
26 if (!tpcb)
and run on the hardware = - I
28 . =
29 [ARESERERE T LSRR RATALE F ashdir
30 if (TX_SIZE < tcp_sndbuf(tpcb)) {
£ //Mrite data for sending (but does not send it immediately). ™ SRkaE
p I atfo rm 32 err = tcp_write(tpcb, data, TX_SIZE, 1);
33 if (err != ERR_OK) { = A U RT D b . t t
[} 1k 7] t& z!
34 xil_printf("txperf: Error on tcp_write: %d\r\n", err);
35 connected_pcb = NULL; e u g SS I S a n
36 return -1; jﬁé l&ﬁ —

. . . 37 1
® Information is printedon = ... ... ..
48 err = tcp_output(tpchb); |— ||zjj'|l:{¢’: ’m ms

a1 if (err |= ERR OK) {
42 xil_printf("txperf: Error on tcp_output: %d\r\n",err); |5,ad j

t h e too I Wi n d OW t h ro u g h ;; . } retun COM4 OPENED. 115200, 8. NONE, 1. OFF | Foc: 449 Bvtes Tx: 0 Bvtes

UART port. ST
UART communication test
4 raaN—atif
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