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S5 Overview

CEE: csr External-Target Experiment, in Lanzhou China.

It will be the first-large nuclear physics experimental device at HIRFL-CSR
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Physical goals

>To study the bulk properties of strongly
interacting matter

>To study equation of state high baryon
density region

>To understand the quantum chromo
dynamics (QCD) phase diagram

A wide acceptance TPC:

> the core detectors

> the three-dimensional track measurement with
lightly charged particles

> lightly charged particle identification



Performance Indexes of the Readout Electronics

= requirements
‘ Number of channels 15000

Signal-to-noise 8: 1
v z ratio

Shaping Time 160ns

500 mm (X) x 800 mm (Y)x 900

DTSR &, p, d, t, 3He, “He, Li Dynamic range 1.2§C-110fC
GEEL BV R L 6,<500 pm, 6,<600 pm Events Rate 10K event/s
\"/
. The typical relative momentum _
Momentum resolution . .
resolution of z, pis 5% Requirement: high count rate, high

SRR GG 210000 integration, low power consumption
1 kHz
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“i- SAMPA chip

The SAMPA chip is a large-scale analog and digital mixed-signal ASIC chip
developed for Alice TPC front-end readout electronics specifically.
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Main performance Indexes:

- Eventrate :

50 kHz

32 channels per SAMPA chip ,

15mm

Original specifications of SAMPA

v

Specification TPC
Voltage supply 125V
Polarity Negative
Detector capacitance (Cd) 18.5pF
Peaking time (ts) 160 ns
Shaping order 4th

Equivalent Noise Charge (ENC)

< 600e@ts = 160 ns*

Linear Range

100 fC or 67 fC

Sensitivity 20 mV/fC or 30 mV/fC
Non-Linearity (CSA + Shaper) < 1%
Crosstalk < 0.3% @ts = 160 ns
ADC effective input range 2Vpp

ADC resolution 10-bit
Sampling Frequency 10 (20) Msamples/s
INL (ADC) < 0.65LSB
DNL (ADC) < 0.6LSB
ENOB (ADC)** > 9.2-bit
Power consumption (per channel)

CSA + Shaper + ADC < 15mW
Channels per chip 32

CSA, Shaper, ADC, DSP per channel

* triggered mode & continuous mode , power consumption : less than 15 mW/ch
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SAMPA electronics for CEE-TPC
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& The diagram of electronics for CEE-TPC

Technical solution: 4 SAMPA +FPGA per FEE board

TPC-FEE 88 b1 4

FPGA

SAMPA(4X)
32 channels

The block diagram of the FEE

TRERR

(Sub-Trig)

The block diagram of 1024-channel TPC readout system

DAQ/fE M4

(Test system)
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»The Trig Gen module provides global trigger

signals and fans out to all FEEs.

»The clk Gen module provides a global clock with

a frequency of 40Mhz and fans out to all FEEs.
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Hardware structure of TPC-FEE

€ The design of electronics for CEE-TPC

%&E
1%1‘51?
SFP+1

Main Functions of FPGA:

Configuration via IIC;

data read, processing and
transmission via SFP;
On-board temperature &
current monitor

Auto power-off protection for
Sampa chips



%> Hardware design
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in 2024 The batch production is completed, in 2025Completed the research and deve
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€ Firmware structure of TPC-FEE

SAMPA chip

Task requirements:
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Parameter config and control

Scientific data reading and
secondary packaging & sending

data transceiver interface SFP

Status telemetry,Auto Power-off
Ctrl
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voltage control system: Low voltage: for FEEs

TPC FEE LVPS Control System

Module Switching Modl

Mod 0 0 ON/OFF VSetted’'V.- VMon/'V  IMon/A  Setpoint Set? -
Modl @ (w0 @ 500 | 500 | 0009 [5.00 Set _
-~
Mod 2 8
® o @ 5.00 500 | 0009 5.00 Set i
Mod3 @ >
. O 5.00 500 | 0010 500 Set
Overall Operation 1
a0 5.00 500 | 0009 500 Set == ' ' v | ' '
21:19:30 21:20:00 21:20:30
Al On i
® as . O 5.00 500 | 0008 (500 Set HEHZ
’ - — .
as O 5.00 500 | 0009 500 Set
a6 O 5.00 500 | 0009 5.00 Set 3
« 2
E
ar O 5.00 500 | 0011 500 Set S
=

T T T T T T
71:19:30 21:20:00 21:20:30
2024-12-31
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Q% DAQ board

Maln functions: To achieve the correct collection, processing, assembly, transmission and
storage of scientific data
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mr> Testing

Baseline noise test of FEE in Laboratory

& EFRY W Roct T OBN—14355 ¢ oA @
adc spectrum for measurement 2007 hadd= 2 chanadd= 20 timecode=16 B h Pal'|lne |n|t
2400 hParline_init
- | Entries 4565
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2000 — | Std Dev 0.07391
_ . | ¥/ ndf 21.63/3
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1400 sigma: 0.1 | Sigma 0.0729 + 0.0007
1200 — ReS: °/00-081 5 “ |
1000 — 'i
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600 — | |
400 ||
200 — J 'l
,_ Lo L _"; ) | [ [
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Photo of baseline noise resolution

Photo of Baseline noise

Test conclusion: The sigma of baseline noise of 128 channel is <1ADC LSB(0.1fc), equal to 625e.
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The output test with different frequency input signal

Waveform iiforiidtioy conected at 20Hz Waveform-information-collectee at 20KHz
300 300
250 250
200 200
(ingut 30fc, delay 20us)
150 150
100 100
0 0

Test conclusion: TPC-FEE can respond to the input signal rate of 1Hz~20KHz, and
the output amplitude meets the expectation. T



Linearity and energy resolution test of TPC-FEE in Laboratory

Integrate the linear error of the ADC Output energy spectrum @ (1.4fC) input Output energyspecrum@40fC input
‘:‘ K max adc spectrum for all pulse _ o x ] integral adc spectrum for all pulses - o x|
[ = ]hadd=0&chanadd=27 integral adc 5D B OiD GinE ToE Help Eile Edit View Options Tools Help
—— Linear Fit of hadd=0&chanadd=27 integral adc — — = .
g max adc spectrum for all pulses integral adc spectrum for all pulses
2000 = hAdcMax - ' hAdclntegral
S ,/ 700— Entries 2268 250— . Entries 2821
© e F high: 715.1 Mean 13.34 r high: 228.2 Mean 739.3
© s 6003 Std Dev 1.307 = Szto/l Dg,fv 6 Sg.?gg
g 15001 - = . X2/ ndf 17.79/16 C :739.2 x/n :
x mean: .
£ // F mean: 13.3 Constant 715.1+18.5 200¢ Constant 2282452
N 500/ . Mean 13.32 +0.03 - lamas Mean 739.2 0.1
S 1000 e c sigma: 1.3 Sigma 1.255 +0.019 oF sigma: 4.8 Sigma 4.846 * 0.063
© 1 C 1 —
8 /.// 400~ Res: %9.4232 r Res: %0.6556
© L [
3 - 3001~ 100
& 500 e C B
bt N s C
hej % 200
8 './l' C 50—_
< C -
0 100~ L
T T T T T T T T T T T C | Dl ol o Lo de R v Lo Lo L 1
0 20 40 60 80 100 0y 5 0 s 20 25 600 650 700 750 800 850 900 950
V (fc)

Test results: The nonlinear error of integral ADC in 1-100fc is less than 0.29%, and the nonlinear error of max
ADC is less than 0.45%; The energy resolution (o) at the minimum input charge 1.4 fC is better than 10%.
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The time resolution (sigma) of 32 channels in one SAMPAs in FEE at 1.4 fC and 40 fC input charge signal
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Laboratory FEE test ' ic fi i Laboratory FEE with detector test
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Laser calibration test Large scale temperature environment test Beam test
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QLQ/!_S? FEE & Detector test: Iron source (*°Fe)

. 572A —CF8000—C04020— ""i68Cr Fan-out __
e I Board Trigger Signal
Host Computer
Cathode 142PC Fiber Converter #

blockMax of 3 block

Trigger Signal
P

= -
256 channels
l- Charge Signal

Host Computer 50
#2

€% 31>
o
28

Fiber Converter

mean: 821.5

sigma: 99.4

« 0
FEE Boa Res: %12.0944

o

rd #2 FEE Board #1 TPC Detector Prototype

(T NNy
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Partial block energy spectrum without edge effects and dead
channels (res=sigma/mean)
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hit num of all event
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« A multichannel readout electronics (128 channels/ board) has been
developed for CEE -TPC

> low noise, and high-speed FEE, with a readout system of 15,000 channels

> high case rates : adopting an advanced stream processing method and a 10-gigabit

optical fiber readout architecture

« The test results show that the TPC electronics meet the noise, dynamic

range, integral nonlinearity, trigger rate and other indicators.

« In 2024 The batch production is completed ,all performance testing
and assemble with CEE-TPC have been finished ,and the experiment is
about to start in 2025.
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