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MAPS-based Upstream Tracker for
LHCDb Upgrade Il

Shugi Sheng (Ex+HIH) on behalf of the LHCb UT upgrade team

Institute of High Energy Physics (IHEP), Beijing, China

Introduction

LHCDb detector (Fig. 1) is dedicated to the flavour
physics studies, serving as a forward general-
purpose detector:

« Forward single-arm spectrometer with a unique
coverage in pseudo-rapidity (2 <n < 95)

 Observing 40% of the heavy quark production
cross-section in 4% of the solid angle

 Precision measurements in the beauty and
charm sectors

Fig. 1: LHCb Detector at Upgrade Il
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LHCb operates at £, = 2x10%3 cm™?s~! since 2022
with an upgraded detector. It will take data at
1.5x103* em~4s~! during Runs 5 & 6, about x7.5
times higher than Runs 3 & 4 (Fig. 2). The current UT
cannot cope with the data rate and the high
occupancy (up to ~ 10%).
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Fig. 2: Upgrade |l timeline

The upgrade Il UT (U2UT) detector will use CMOS Monolithic Active Pixel Sensors
(MAPS) technology. We present the proposed design, performance studies, and R&D plan.

Luminosity Simulation

Performance studies are based on simulation samples generated in Upgrade Il conditions
using the available Run 3 UT material & design in Geant4 and Run 5 luminosity.

The two relevant occupancy related quantities for the future UT design are the mean and
maximum hit density per bunch crossing, respectively.

Figure 3 shows the average hit densities per bunch crossings in p-p and Pb-Pb collisions.

« In p-p running conditions, the average density is 5.9 hits/cm?/BX in colliding bunch
crossings, or 4.0 hits/cm?/BX in all bunch crossings, while it is 2.9 hits/cm?/BX for
colliding Pb-Pb bunch crossings
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Fig. 3: The mean UT hit density per BX at the first plane per beam-beam colliding bunch
in (a and b) the p-p programme, and (c and d) the Pb-Pb programme

Detector Design and Layout

A potential detector layout is illustrated in Fig.4. A plane consists of 12 staves, which In
turn, is composed of multi-MAPS modules per stave.

 Fourteen chips in a7 x 2 array are interconnected to a flex circuit to form a module.

« The common HL-LHC radiation tolerant ASIC for data, timing, trigger and control,
known as the [pGBT, will be utilized for data acquisition.

A total of 36 modules are mounted alternately on both sides of a supporting bare
stave, in total 12 staves per plane.

A four-plane detector based on HVCMOS is proposed. Layout using other MAPS
technology like LVCMOS is similar.

| |
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| |
Modules MOdUIEZ
x J
Module4 Modulel

Fig. 4: Geometry construction using DD4hep

CMOS Sensor Options

The ongoing R&D studies indicate that monolithic active pixel sensors can be considered as
very strong candidates for UT.

To achieve substantial depletion in the sensing volume and improve the speed and radiation
tolerance of the detector, DMAPS implementations follow two different approaches, namely
large fill-factor or high-voltage (HVCMOS) and low fill-factor or low-voltage (LVCMOS) with
small electrode.

More details in Zhiyu's poster “Test of CMOS chip using 55nm process”.

charge signal

charge signal

B T I Vi

p-substrate

p-substrate

Fig. 5: The schematic of HV-CMOS (left) and LV-CMOS (right)

Reference and links:

[1] “Framework TDR for the LHCb Upgrade Il Opportunities in flavour physics, and beyond, in the HL-LHC
era”, CERN, Geneva, LHCb Collaboration, CERN (Meyrin)

Software Development

Detector description has been developed both in DetDesc and DD4hep
framework. “Fake digitization” study was based on MCTruth level. The material
budget scan was performed in two frameworks with consistent results.

Figure 6 shows the radiation length of the first layer of U2UT plane in x/y and n/¢
view. The last plot shows the projection map on the n axis.
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Fig. 6: Radiation length in DD4hep

Full Simulation Framework

The LHCb simulation framework consists of several software packages and tools
that work together to simulate the entire data flow process, from the initial
generation of events to the final reconstruction and analysis of the simulated data.
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Fig. 7: The LHCb data flow and the associated applications

Related studies are accomplished at Boole level:

 The hottest pixel occupancy(0.256%) was estimated based on 1.2K miniBias
MC events, consistent with estimation in FTDR.

« Particle response efficiency was treated as a function of particle momentum
per layer compared with the current UT, both with efficiencies around 95%.
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Fig. 8: 100 MCHits distribution in Gauss of first layer(left) and corresponding 100
MCDeposits in Boole(middle); particle response efficiency(right)

Comparison of UTDigits and MCHlits:

By decoding from MCDeposits to UTDigit,

we

get the ChannellD and ADC value. Decoded
hits are consistent with MC inputs.

 Position of each ChannellD of trajectory is

obtained.

 The decoded UTDigits are used for subsequent
track reconstruction.

The track
Moore is ongoing.

reconstruction framework added
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Fig.

9: Difference of UTDigits and

MCHits in x(Up) and y direction(Down)

Track Efficiency

In order to study alternative scenarios aiming to enhance the detector
performance for U2UT, the performance of 3- or 4-layer detectors were evaluated.
We found that the performance is significantly compromised with 3-plane solution.

Tracking efficiency of pions was studied for U2UT coverage optimisation using
B > D**n~,D*" - D7+, DY - K.n*n~, K. - ntn~ process, as shown in Fig.10.
The impact on the reconstruction efficiency was assessed by increasing the
horizontal coverage. And more decays will be studied afterwards.
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Fig. 10: Efficiency vs X Coverage and Number of Planes
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ML-based digitization for CEPC vertex detector

YiZhou Zhang, XiaoZhong Huang, Tao Lin, WeiDong L1
{zhangyz, huangxz, lint, iwd} @ihep.ac.cn

1. CEPC Vertex Detector

The Circular Electron Positron Collider (CEPC) ! is a large international
scientific facility proposed to explore the aforementioned physics program.

Advantage: the HCAL absorbers act as part
of the magnet retum yoke.

Challenges: thin enough not to affect the jet
resolution (e.g. BMR);

The Vertex Detector is an important sub-
detector of CEPC, and its main purpose is to
measure position and angles of charged
particle tracks to sufficient precision.

The CEPC Vertex Detector has three layers,
with detector units on both sides of each
layer.

2. Digitization

The simulation path of the HEP experiments includes Event Generation,
Detector Simulation, Signal Simulation, Reconstruction and Analysis.

Signal Simulation, which can also be called as Digitization, is the process of
converting from analog to digital form.

The main purpose of this project is to develop a ML-based Digitization
program for CEPC vertex detector.

Solenoid Magnet (3T /2T )
Muon+Yoke PFA HCal &

stability.

=g Transversa Crystal bar ECAL

Advantage: better %y reconstruction.
Challenges: minimum number of readout

channels; compatible with PFA calorimeter;
maintain good jet resolution.

Drift chamber
that i= optimized for PID

Advantage: Work at high luminosity £ runs

Challenges: sufficient PID power; thin enou gh
nat 1o affect the moment resalution.

RECONSTRUCTION I:> ANALYSIS

- ..

SIGNAL *
SIMULATION

DETECTOR

EVENT GENERATION SIMULATION

HEP simulation path

3. Methods

(1) Dataset

To meet the specific requirements of CEPC vertex detector, the MOST?2
project was launched to develop a fully functional pixel sensor.

The sensor was characterized at the DESY test beam facility on Dec. 2022 and
Apr. 2023. A beam telescope composed of 11 CMOS-based sensor chips
(TaichuPix-3) was tested by 4Gev electron beam in these experiments. (2]

512*1024 pixel

11 layers
i / Clusters of hits \ 8*8 pixel
: .—t——— _ 11 layers
: L | i (228 648) localize . \
| .
: (2}29 648) g {4,3}‘

Electron beam

TestBeam Data Sensors

50000 Events, 11 Chips [50000 * 11 * 8 * 8]

Cut the clusters in 8*8
windows as the train data

[50000 * 11 * 512 * 1024]

* The sensor size is 12.8mm™*25.6mm, the pixel size of which is 25um*25um.
* Localization: Collect the clusters of hits using a 8*8 pixels window, which is
used as the training dataset in the following NN model training.

(2) Model & Training

We developed a generative adversarial network (GAN) capable of digitization
for CEPC vertex detector.

In a GAN, two neural networks contest with each other in the form of a zero-
sum game, where one agent's gain is another agent's loss. 13!

Generated images Real images

11*8*8 pixel 117878 pixel

X

Image space

Image space

iIscriminative
Model D

Generator G :
Input Z : randomly sampled from the latent space

Goal: try to make output resemble real samples (train data) as much as possible.

Discriminator D :

Input: real sample or the output of G

Output: the possibility that input is a real sample
* For every 10 times the discriminator is trained, the generator is trained once.
* Loss Function: Wasserstein Distance

* Metric: relative entropy of real and generated samples

(3) Optimization

* Generator\discriminator with different network models (fully connected
neural network, CNN ...)

* Optimize the model with automatic hyperparameter optimization software
framework Optuna.

Generator fake
] conv3 : conv4
resize convl conv2 Img convS convb conv?
Z fc1 fc2
V4 / P
— — 19 (1 [~ i —
1x1x50 1x1x1696 4x4x106 4x4x78 4x4x14 real 4x4x51 2x2x86 2x2x93 1x1x1

8x8x14 8x8x 11 img 8 x 8 x 11

i ) convolutional + BatchNorm + LeakyRelLU

sampled from the latent space fully connected

’ ) convolutional + LeakyRel U upsample

Optimized network architectures for the best performance is shown above.
The relative entropy of real and generated samples is considered as the metric
of the performance, which of the different models is shown below.

Model NN NN Optuna |CNN_____CNN_Optuna

Metric(relative entropy ) 2.7548 2.1639 0.2393 0.0497

4. Evaluation

(a) Distribution of total clusters size per event

0.10 - Generated data
Real data 5

(b) Mean cluster size for each chip

® Generated data
Real data
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(c) Mean cluster size projected on X-direction/Y-direction
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The distribution of digitization generated by the current model is generally
as expected.
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5. Application

The model has been integrated in CEPCSW.

—~ 4—- EDM4hep::_ e EDM4hep:_:
- SimTrackerHit RawTimeSeries
/—"\
Model ,p'l: .SO | Wrapped Functions
— — C++O
o : W «—
. . L | rapper Ct PyTorch
O PyTorch r A N\ libtorch
Neural Network Load model() predict()

The simulation path for CEPC vertex detector:

* GEANT4 generates simulate track hit.

* Digitization Algorithm use trained ML model to generates clusters of hits
and stores them in EDM4hep::RawTimeSeries format.

We wrapped some features of libtorch in a .so file due to the conflict between

ROOT and libtorch. The wrapped function can load the trained generator

model and generates clusters.

6. Code
https://github.com/stch-zhangyzh/VDX_digitization

7. Reference

[1] CEPC Study Group. "CEPC Conceptual Design Report: Volume 2-Physics & Detector." arXiv preprint arXiv:1811.10545 (2018).

[2] Wang, Wei, et al. "Characterization of a CMOS Pixel Sensor prototype for the CEPC vertex detector.” Nuclear Instruments and
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment 1056 (2023).

[3] Schlegl T, Seebock P, Waldstein S M, et al. f-anogan: Fast unsupervised anomaly detection with generative adversarial networks[J].
Medical image analysis, 2019, 54: 30-44.

The Institute of High Energy Physics of the Chinese Academy of Sciences
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P Design progress of CEPC electromagnetic calorimeter
| Chang Shu , Quan Ji
Institute of High Energy Physics, Chinese Academy of Sciences

Abstract

CEPC electromagnetic calorimeter 1s mainly composed of three parts, including an external
honeycomb frame, an internal BGO crystal module and a BGO crystal readout unit. The main

update of this design includes the optimization of the size of the honeycomb frame, the optimization

of the size and arrangement of the internal crystal bars, and the discussion of different installation
methods.

Detalled Structure

The reference dimensions of ECAL are shown In the Detailed assembly of PCB and crystal bars

following figure. The reference length I1s 6700mm, the
outer diameter 1s 4400mm, and the Inner diameter Is 7/ long PCBs
3800mm. on one side
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Barrel ECAL geometry design

Barrel ECAL Is composed of 17 rings
along the beam direction, with each ring
.. C 4 layers per

containing 28 crystal modules welghm_g group with the
about 344kg; Each crystal module 1s  sameY direction
divided into 7 groups, with different sizes >'4°
of crystal bars in the X direction. The size
decreases from the center to the outer
edge. Each module contains 1134 crystal
bars, which are arranged orthogonally
between layers, readout from two ends.

Limitin
block

Curb pin
for crystal Crystal bar
bar support

The crystal bars in the X direction are supported by
steps every four layers, while the crystal bars in the Y
direction are supported by the crystal bars Iin the X
direction; The two ends of the crystal bars are fixed by

two curb pins, while the sides are fixed by two limiting
blocks.

Question : Assembly under honeycomb structure

* Assembly of a single crystal bar
Key issue: Inefficiency

Crystal module™ ’5'\’5&(0
external honeycomb
frame 1S 6660mm,
The welight IS
approximately 2.8
tons with carbon
fiber material, and
approximately 4.1
tons with aluminum » Assembly of unit module
material.

Key issue: Large amount of substance



AMS-02 LO Ladder Assembly Using
a Robotic Gantry

Baasansuren Batsukh’ on behalf of the AMS-02 upgrade team
Institute of High Energy Physics’, CAS

AMS-02 and LO upgrade

AMS is a multipurpose particle physics detector that was installed onboard the International
Space Station(ISS) in 2011. The objective of the experiment include indirect searches for dark
matter, the primordial anti-matter, and the origin and propagation of the cosmic ray. The AMS-
02 detector has a large acceptance of 0.5m?*sr and designed to carry out precise
measurements of charged cosmic rays. The detector includes: a silicon tracker, the four planes
of time-of-flight scintillation counter, transition radiation detector TRD, a ring imaging
Cherenkov detector, an electromagnetic calorimeter, and the permanent magnet.

New LO
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Layer 0 Silicon
Tracker upgrade
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The L0 layer consists of two planes. Each plane is made up of 36 ladders and there are three
types of ladders (with 8, 10 and 12 SSDs). The main responsibility of the Chinese team is to
build ladders with silicon strip detectors (SSDs) using robotic gantry. Alignment precision is to
be Sum . Each SSD bears four fiducial marks and with a pattern recognition, alignment
accuracy can be controlled. SSDs are glued on top of L0 Bias Board(LBB from now on) using
conductive and structural glues. With this upgrade, the acceptance of the current detector will
increase by 300% and the heavy ion identification will improve to the nickel.

4 )
dder LO tracker
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Characterization and Quality Assurance of SSD

1o select good SSDs for ladder production: visual inspection, 1V, CV measurements
are required.
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e
N -
Visual 3D Measuring System <
W"re Bonding Ma

.

(not visible from this angle)

-

| |

Probe Station
for Silicon Strip Detector Q/A

Pull Tester
for Q/A of wire-bonding

L0 Ladders and Assembly Procedure

Robotic gantry consists of two cameras and can move in X, y, z and 0. Two camera will
recognize two fiducial marks at the same time. This will provide the real-time coordinate
information of SSD position that will be used for alignment.

Specific vacuum pick-up tools are made by a company. These tools will be picked up by the
gantry head using vacuum pump. After this, vacuum pick-up tool will suck the SSD and bring it
to the desirable location on top of LBB. Before these procedures, glues will be dispensed.

Once the ladder is assembled, alignment precision is assessed using an optical metrology
system. The coordinates of all four fiducial marks on the SSDs are measured, and these
measurements determine the alignment. We fit the X and Y coordinates to assess deviations
along the vertical axis, as well as the vertical distances between two SSDs. The optimal
vertical gap between two SSDs should be around 150um. Thus far, we have achieved our goal
of Sum precision along the horizontal axis.
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Tracker optimization for the Fourth
Detector Concept of CEPC

Institute of High Energy Physics,

Xiaojie Jiang (ZENF1E) Contact:
on behalf of the CEPC tracker optimization team jlangxj@ihep.ac.cn

Chinese Academy of Sciences

1.Abstract

1 The tracking system of the fourth conceptual detector at CEPC consists of a silicon pixel vertex detector, a silicon tracker of HV-CMOS, and a drift chamber (DC). In addition to tracking, the DC
:plays an important role in particle identification which is essential for flavour physics programme. The layout design will be a trade-off between optimal tracking and PID performance. Large DC
:volume will benefit identification of various hadrons, but should not cost deterioration of momentum resolution of tracks. The study of tracking performance as function of CEPC DC volume is
1necessary, using two fast-simulation tool and two full-simulation tools validating each other.

2.Introduction

The 4™ CEPC conceptual detector
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» Tracking system consists with a silicon pixel vertex detector(\VVXD), a silicon tracker (SIT and SET)

of HV-CMOS, and a drift chamber (DC)

O Particle ID with a drift chamber is a key feature for the 4th
conceptual detector

O Most hadrons (K/pi) of CEPC are below 20 GeV/c |

O The tracker must have sufficient good momentum resolution
for tracks < 20 GeV/c (flavor and jet study)

O VXD has already been optimized by others '
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> Without DC

0 Two fast tools

hits

Analytic calculation w/o DC hits

» Tools used for calculation & simulation

« Analytic calculation based on python developed by Gang L.i et al

« LDT: a matlab fast simulation package developed by Wiener group

O Full simulation implemented in CEPCSW, CKF (Combined Kalman Filter) is used to track
finding, reconstructed by

« GenFit: developed by Yao Zhang et al
« MarlinTrk: ILCSoft tracking maintained by Chengdong Fu

100

5_}? _ 8p0_r(2)
p  0.3BL?

O Important features:

 the percentage error is proportional to the p
 theerror is inversely proportional to B

* theerror is inversely proportional to 1/L.2

 the error is proportional to spatial resolutio

» Momentum error with multiple scattering (MS)

measurement.
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4. Preliminary Results
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 The three lines has a small difference without DC
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e SIT’s location has a small effect on momentum
measurement
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» Resolution of Higgs Mass (H—up)
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0 Validation: GenFit and MarlinTrk, w/o DC Hits

* The results are very stmilar when we don’t use the DC hits,

* There are a little differences between these two, especially at low momentum

5. Physics Performance

The sigmas of Higgs Mass (H—uu)
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= = O For Higgs physics(at high
e o momentum), the DC volume

| [ et has little effect on momentum
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measurement
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; O Using DC will significantly
27 s 124 25 A% iz Improve higgs momentum
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measurement
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» With DC hits
Analytic calculation with DC hits
3 — 0.6~1.8 m
**—— 0.8~1.8 m
o 7 1.0~1.8 m
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O Validation: GenFit and MarlinTrk , with DC Hits

 The difference becomes more significant when DC Hits are used, in particular at low

momentum

 The results of other simulations are consistent with the analytic calculation

O The error on the radius is related to the sagitta error—-momentum error, and it’s easy to
get the relationship between sagitta and the 3 measurements:

* Necessary to have more measurements at the middle for better resolution

* The optimal allocation of measurements is 1:2:1

O Itis found to be complicated, when considering more factors on the momentum

O The left figures indicate that the MS affect the tracks, and the MS was influenced by
the amount of materials, layout, momentum,

O There are quite a few factors affect the momentum measurement, .
the relationships among them are shown in the right

3. Momentum Uncertainty

» Momentum error -Sagitta measurement without multiple scattering

Itself l

1 1
" 0s = 0y3 — 553’1 - 253’2

and so on

O Analytic calculation with DC hits

 The difference becomes more significant
when DC Hits are used, in particular at
low momentum

 DC Inner radius at 0.6m Is better for tracks
<40 GeV/c

Comparison with DC Hits:

—— 0.6~1.8 m, Marlin

—— (.8~1.8 m, Marlin
| 25—~ 1.0-1.8 m, Marlin
/,f. [ e 0.6~1.8 m, GenFit

| AR 0.8~1.8 m, GenFit /

. 1.0~1.8 m, GenFit
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6. Conclusion &

» Comments on tools
O Good agreement between AnaCalc & LDT

O Good agreement between GenFit and MarlinTrk

O Rough agreement between GenFit and MarlinTrks w/ DC

0 All trends of different tools are consistent
» Preliminary conclusion

0 DC useful for momentum measurement

- More consistent results of different methods need more tuning-

O Larger DC favored by low momentum (<20 GeV) tracks

O Larger DC also benefits PID

The 2023 international workshop on the high energy Circular Electron-Positron Collider (CEPC) , Nanjing, Oct 23-27, 2023

Discussion
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- Shapes and trends are constantly consistent for all results = . feism o
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Detector geometry and PFA reconstruction
for the crystal bar ECAL in CEPC

Weizheng Song!?, Yang Zhang'?, Fangyi Guo?, Linghui Wu?, Shengsen Sun'?, Yifang Wang?

Institute of High Energy Physics
2University of Chinese Academy of Sciences

Particle flow reconstruction

Circular electron positron collider (CEPC): Ojet~0trk D 0em D Tnaa D Gconfusion: COnfusion is an important limitation factor

Precise measurement of Higgs, EW, top, flavor, QCD...
BSM physics.

1.Larger Ry; & smaller 4;/X, and more shower overlap: need energy splitting.

2.Multi-particle ambiguity: need ambiguity removal.

Detector requirement:

. _ = L
For hadronic final states W% /Z/H — qg: BMR<4%. v §rSeo Ghost hits in 2y event
Sampllng SiW ECAL e Reconstruction [ D
. 50:— o . o . N
Particle Flow Approach: with threshold) £ zoziim o ) host hts
- = L Cross-location i
Ejet = Etracker + Epcar + Encal ‘ | ST ”’ (0 B0 Hits (11,3, Ered
Hardware: high granularity and compact shower. (] ] 22 l Y
. " . — . ook [T T T il |
Software: clustering and pattern recognition. [Sian]| [Somies] [wes | [Soui] | rec | cen | pics oo | 5or0Ge L d l Ghost hits in jet event
L i i ) Homogeneous ™ 1°°°§'ﬁ L '
CALICE: high granularity sampling calorimeter and PandoraPFA. SGOECAL @ : E R .
1 —2000; .
tracker ECAL HCAL tracker ECAL HCAL tracker ECAL HCAL ‘5°5 "'t EERY e - ~3000; i
=@ _om o o _oo 19455 ‘ R s [ e @'7(1')00 VR T v 1Y
. Hardware p’ |wmsmenaiis ﬁﬁ: Software P |ooooa0a358 éggg i
EREN A 822 0 | = yfeee-- |an2 ¥ A particle flow reconstruction algorithm aiming at - Ster.ng.
] I L A "] ——— . I — . : : : usteri
;!'i::'- 5 addressing key issues in long crystal bar ECAL design * Pattern recognition.
is progressing smoothly and show promising results. + Overlap: energy splitting.
] + Ambiguity problem.
Homogeneous crystal calorimeter:
Long history in particle physics precise measurement.
Bright light: o /E~3%/VE. w Reconstruction algorithm —
. . . | Crystal Scinﬁlla‘ior (eg. BGO, LYSO..)
Fast response: time information. f B ¢
“Photodetectors (eg. FPMT, SIPM_Y " g 2 photons, E,, = 5 GeV
¥ g

Based on preliminary detector geometry Distance =15 x 15 cm.

Novel crystal ECAL: orthogonal arranged crystal bars.
Double-end readout with SiPM (Q, T).
Cross-location by bars.

Less readout channels, lower cost.

|deal digitization and no supporting, mechanics, etc.

1. Clustering:
Global neighbor clustering in 2 directions.

___________

1
sty
HIIR - .'l
| I.. H1 B
B8 ,.°
o h

Crystal ECAL geometry

2. Shower recognition:
a. Use the local maximum to simplify the pattern
b. Three individual algorithms for different type:
c. A set of topological cluster merging.

Nearly cylindrical barrel ECAL: polygon configuration of inner boundary
With more polygon sides

1. minimize the gap between tracker and ECAL. 3. Splitting for the overlapped shower:

2. decrease outer radius of ECAL and reduce cost of outer subsystems like solenoid. Calculate the expected energy deposition from EM profile.

3. decrease volume of crystal. 4. Ambiguity removal:
4. more homogeneous in ¢ direction. trapezoid module Information from track, neighbor tower and time.
—
Track -
Neighbor ;(ILToe
module
Key issue in geometry construction:
Not self-supporting and need supporting mechanics: need deal with energy leakage. / AlgO rlth m pe rfOrma nce \
Photon recognition efficiency ~100% for y with E > 1GeV. A By
07 / :
Crystal placement H - yy reconstruction: o(m.,,)~0.32 GeV. :
v/ :
. « . . E/ -
: : . — — 1T separation efficiency ¥95% with distance > 30mm. é
Cracks between crystal modules: supporting structure (carbon fiber) and electronics y=r.v P y | R
(SiPM, PCB and ASIC) . o g T S CRTEETIRTERPRTRTERTISERR IS
2000;_ 1% @ 3%/VE smeering, o = 0.94 GeV _i g 100E /.ww*..._o-. : g 100_ S
Projective cracks cause a decrease of detection efficiency and energy leakage for oot T E g oo [ 5 %
. . . . . . . . . 1400 3 | E— —*— 2PFOs ] L R I &
neutral particles which will deteriorate physics results like mass distribution of H->yy. 000 E ] e T fn
3 3 401 : T~ positon + Energy ] 40 - o —— Position + Energy |
220G§ 120 - rec_ - - 233;— _i 20 / ................ __ 20
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Make cracks non-projective by displacement of crystals:
drop of detection efficiency is smeared out.

Conclusions

. <E A novel design of crystal ECAL for the future lepton colliders:

Entries

New homogeneous ECAL design, better energy resolution, less readout channels.

0.0 0.4 0.8 1.2 1.6 2.0 0.0 0.4 0.8 1.2 1.6 2.0
Energy / GeV Energy / GeV

Can be compatible with Particle Flow and match the physics requirement.
Trapezoids and upside-down trapezoids arranged in

sequence: make ECAL more homogeneous.

A nearly cylindrical barrel crystal ECAL geometry construction is proposed:
Make cracks non-projective by crystal displacement avoiding drop of detective efficiency.

Detector description including geometry and material (BGO) is complemented Geometry with trapezoids and upside-down trapezoids arranged in sequence.
using DD4hep in CEPCSW: parameterized and automated. A new pattern recognition PFA for this new design:

Main challenges in the software are the overlapping and ambiguity.
Series of algorithms are developed and show promising results.

Final reconstruction of jets and Boson Mass Resolution (BMR) is under developing.

@ songwz@ihep.ac.cn
on behalf of the CEPC ECAL software working group
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1 Introduction

CEPC plans to utilize a large-area, fine-pitch, low-material, fast-readout
and economic silicon-based tracker system to achieve exceptional spatial
resolution.

An alternative tracing system conceptual design.

CMOS technology presents an appealing solution due to its high performance
and cost-effectiveness. Compared to hybrid silicon pixel sensors, the CMO®S
process allows for a smaller size while guaranteeing a lower amount of
material budget. It is also a potential candidate for future upgrades to
other experiments, i.e., the LHCDb Upstream Tracker. Unlike many CMOS
processes that require modifications and enhancements to generate sufficient
signal, the commercially available high resistance wafer based High Voltage
CMOS (HVCMOS) is intrinsically radiation hard and has large capacitance
for signal acquisition. The potentially lifting noise and power consumption
of HVCMOS, compared to the small-electrode CMOS, are tolerable for
large area tracker. Moreover, the HVCMOS production process has further
developed in domestic foundry recently, could be customized commercially.

fro_nt-end
— charge charge
signal CMOS signal CMOS

electronics electronics

pixel \0

detector

p - substrate P p - substrate

particle
track

Hybrid silicon pixel sensor small-electrode CMOS high-voltage CMOS basic structure

2 MPW submission

The 1st design was submitted in October 2022 for MPW with 55nm low

leakage process. 12 layout designs integrated on a chip with an area

of 3 x 2 mm? FEach array contains 12 pixels, which minimum size is

25 x 150 pm? or 50 x 150 pm?, varying with or without P stop between
them. Simple charge sensitive amplifier structure was also added. Though
the high resistance substrate was not yet available, a similar deep N well
separating the transistors and the sensor part. The 2nd design has also been
submitted in August 2023, which will be the real validation of the sensor
with high resistance water. The updated analog amplifier, switch circuit and
variant diode structures were added in this version.
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The 1st layout design of CMOS chip and its production sample.

3 Lab test set up

The preliminary test, mainly IV and CV test, is based on production sample
from the 1st design. In order to stably measure reliable sensor characteristics

‘Test of CMOS chip using 55nm process

Yiming Li ® Dexing Miao ® Jianchun Wang ® Zhiyu Xiang ® Zijun Xu ® Xiaoyu Zhu

Institute of High Energy Physics,CAS YCerntral China Normal University

CEPC workshop 2023, 23-27
October, Nanjing

for different pixel array to prove the behavior whether is good diode like
or not. The chip was tested by connected to probes in a thermostatic and
magnetic shielded probe station. The Keithley 2470 source-meter was used
as a bias source meantime could measuring current with a stable accuracy
of 1 pA, and the capacitance of pixel array was measured by E4980A LCR

instrument with an accuracy of several tenth fF approximately. The accuracy
is sufficient for a single small diode of 0.1 ~ 0.2 pF and a leakage current ot
10 pA in estimation.

The IV and CV test probe station.

4 IV /CV results || Discussion

The IV test results show very good diode behavior with low leakage ~ 10 pA
for all diode design, as expected. It is obvious that there is clear positive
conduction, and gradually reverse breakdown begins as voltage increases to
—9V ~ —10V. bSignificant improvement in reverse breakdown voltage is
expected with the use of high resistivity substrate and high voltage process.
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A typical IV test result, the leakage as low as ~ 10 pA.

The CV test results are comparable for different diode design The

capacitance tends to stabilize as the diode is depleted and is proportional to
the number of pixels in parallel After subtracting the external capacitance
of the testing system, around 0.5 pF, a good linear relationship between
pixel array capacitance in inverse square and voltage can be obtained. For
single small pixel, the calculated capacitance is compatible with predictions

0.1 ~ 0.2 pkF.

0.15F

0.1F

0050 .

-
\S _III|IIII|IIII|IIII|IIII|II_
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<

An example of CV test result, where the left plot shows a single pixel and the right for the result of ten pixels
in parallel. Note that the external capacitance of ~ 0.5 pF has been subtracted.

As a conclusion, first test results from CMOS chip show that the technology
of 55 nm process with low leakage is promising. The preparation for test the
HVCMOS in the near future is ongoing:

« [V/CV test under different conditions.

 Prepared laser system to verify pixel size and spatial resolution.

 Using nucleon beam in SNC, DESY or CERN to investigate real response
of the HVCMOS chip to the MIP, and also study the radiation resistance.



The Luminosity Measurement of the CEPC and ATLAS with the LGAD
B ml, Rkt 2248 ER XK, M. Bruschi2, Jodo Guimardes da Costa'
Lo 2 5 5 A A B 5
2 INFN (Bologna) Italy

/\27: = N R L3 Sl
128 BMAS E X 14eEHIEE R

WNE3F4, FE20224EFM2023 4 AR LI Ji . BMAR A K IZME B K fa et . Gl s FREIE
J& . f#i ] TTHEP-IME LGADFBMARFR E M R IF, 3ATLAS R EIRNEZSZ —LUCID2% I, H
T EAmMufREE . FEARNHE— BB AE IE 5 HAT 5 ks B I 8 5 B AR T i o

AR ERRR T XYL (HL-LHC) FHERUS . 5 RE IR R AN 5 B 1 BB 7E 1 % LA o run2
0 A 0 5 R SRS R R TR . SRESE SR BRI B o 155 RE T BT — IR 25 5 R 2
(LGAD) FIYERHIE (2.5 x15 Neq/em?) FEIRG 5 0RFF RLAFHIfEMREL . IULRE ATLASE . R4
AR AT 5 BE DI . F HTLGADBOR M 235 B T AR IE 5 - XL DR A M b DAGR
TIEH o P N P A B ) B 3 R S B o

T T T T T T ] L] I

1.1

§ - E— T T T _l T T - T T T T L—
g . ATLAS Preliminary x2/ndf = 1.566032 4
2ron Tereen ¢ [ Data2023,Vs=13.6TeV p0 = 0.9803 + 0.0010 |
Cathode o - -
§ [ g - Run 456409,30 < p < 60 p1 =0.00010 = 0.00003 -
i < 1.05— _
Eaat _
] Active range = 1200 pm X B 7]
§ § - -
5 5 L ]
- =
. Anode — ! -
Figure 1: (left) Sketch of the LGAD structure (not to scale), 0.95 __ —_
(right) THEP-IME LGAD sensor which could survive after 2.5 x15 Neg/cm? irradiation . = -
ATLAS ZEMLFHREBMAR R KL - .
0’9 T 1 1 1 L I 1 L L 1 l 1 1 1 L l 1 1 1 1 l 1 l_
ATLASIHZE E AR £ 8 R G HARIER NG, DURIER A SE BN AR E TN St B 30 35 40 45 50 @ >
FAaEVE R . Hrp—& HHL-LHC rund 55 500 58 BERI R 5 M AATLAS AU B PRI 2% ( Beam . BMA
Monitor for ATLAS, BMA), %5F20224F, RN T MOHL-LHCTHUR 32 B FHH R B 4 1 — 1K Figure 3: Mu dependence of BMA
SHEFFIE (mu 60 ->200) HFRAFEMEPR . BMAZSEEATLAS SIS B Bl A IFC34L , #7:k
R T Wi/MHEP-IME LGAD f&/&#% (1.7mm?) o BAT 5 TAp4E AN A T 2B A& 1 Ao
BMAEI’UH:; m?ﬁﬁﬁ*iﬁ???‘ﬁﬁmﬂﬁﬁo § 1.4 _l T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | |_
5 B o © BMA CTP, threshold 10 mV ]
s ATLAS Preliminary A BMA DAQ, threshold 7.3 mV -
{ 1.2 __ Data 2023, Vs=13.6 TeV BMA DAQ (gain-corrected), threshold 7.3 mV__
3 [ ]
140"(%"&2{'"%'“1\ """""""""""""""""" i o T ]
- 0oLl A BN AN ppp A -
n o AAAANSS BAA A, _
- ° g o %AAIA A .
o b %, A A
L o =
| Gain adjusted %q o ]
0.6— for BMA DAQ oooo& —
- (gain-corrected) %0, .
- 04 & -
0.4\— ®%o
Two LGAD PADS T 1 1 1 1 l 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l l—
2 0 5 10 15 20 25 30
1.7 mm area & Integrated Luminosity [1/fb]
Figure 4: Ratio of the run-integrated-luminosity of BMA wrt to LUCID
LUCID Run-4
prototype
More on this:
Talk at TIPP 2023
Figure 2: ATLAS 7% B MIRAR M2 BMA 224 R B R o
CEPC RiE=EH M1t
CEPCIH 5% B I 75 B P 1) 45 H 58 B2 1A JE, UG PRk ] Dl e o 488 o ek B 2t R R4 B o AR AL
BURECEPCEE BE M35 5 [ Barbar [ i, HGeVIUHLT . ZERAFBIMA A ARIFR, FLZE10mfiL LGAD1 LGAD?2
BAb, 25T L mrad RIS AOREE. HESBERTHEREFHAMSEHR L. Fik, H
THATFE R PRI, TR LGAD R TER R 10mAL, 5o 5 17 g lmrd SERT,  HL 5 00X FRTE
B, WESHIR. RALGADMHEFIMAL MR, S PR RAC SRR S R, BICR A i 22 I &

ETRTHEE. HHBRARTEREE .

Figure 5: LGAD& R MIE I ERZEE, (up) LGADNF CEPC i /7 Imraddk  (down) P
ANLGAD SRk T S 5 1 )



G Research of the JadePix-3

- Beam Telescope

Abstract: JadePix-3, one of the prototype designs for the CEPC vertex detector, prioritizes the investigation of two crucial performance met-

rics: spatial resolution and power consumption. Developed using the TowerJazz CIS 180nm process, JadePix-3 is a fully functional, large-scale
detector chip. It achieves a remarkable spatial resolution of less than 5um and an integration time of under 100us, while maintaining a power
consumption of approximately 50 mW/cm?2. These parameters have surpassed international standards, positioning JadePix-3 as an ideal candi-
date for beam telescope design due to its low noise level and high resolution capabilities. By utilizing the beam telescope, further advance-

ments can be made in exploring the potential of CMOS silicon pixel detectors with enhanced precision, based on the foundation of JadePix-3.

THE JADEP1X-3

« 6.1 mm . 2015 2017 2019 2020 2021
JadePix-1 JadePix-2/MIC4 JadePix-3 JadePix-4/MIC5
Key parameters: Sector | Diode Analog | Digital | Pixel layout
1. Pixel array. 512 rows and 192 columns 0 2192 um | FE VO DGT VO | 16 x 26 'JIIlQ
2. Minimal pixel size: 16 x 23.11 um 1 24+ 92 um | FE VO DGT V1 16 % 26 1m2
E 3. Rolling shutter readout: 512 rows x 192ns/row = 98.3 us/frame 5 >+ oum | FEVO | DGT V2 | 16 x 23 11 m?
% 4. Four parallel sectors, scalable in z direction 3 2+ 2um | FEV1 | DGT.VO0 | 16 x 26 pm?

Characterisation Results :
1. Minimum threshold: 90e" to 140e
2. Noise: below 1x10-"%frame/pixel
3. Power consumption: 127 mW

4. Spatial resolution: 3um (tested by infrared laser beam)

I II I .: k =
1 R
(LR Al | R

S

Publications:
1. The DAQ and control system for JadePix3

Layout of JadePix-3 Chip bonding Characterization and evaluation platform 2. Design and Characterization of the JadePix-3 CMOS pixel sensor

TELESCOPE DESIGN

DUT
Beam Telescope Design: Z
1. Synchronized clock fanout system
2. IPbus’ based distributed readout and control
system y X
Electron
3. Corryvereckan? integrated for offline data analy- Beam

Sis
' IPbus: a flexible Ethernet-based control system for xTCA hardware

2 Corryvreckan: a modular 4D track reconstruction and analysis software
for test beam data

JadePix-3 telescope framework JadePix-3 telescope layout
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Beam Telescope Performance (Preliminary):

1. Best efficiency: 99.3%
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2. Best resolutions in the row and column directions
of JadePix-3: 5.2um, 4.5um
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Beam test setup 2023 @DESY TB21 Location of different cluster size event
of JadePlIx-3 telescope: 2.6um, 2.3um
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prototype In 55nm for CEPC

Karlsruher Institut fr Technologie

Ruoshi Dong*2?, lvan Peric?, Hul Zhang?, Yang Zhou?!, Hongbo Zhu3, Jianchun Wang?, Yiming LI*
Keywords: HVYCMOS, Pixel sensor, Readout, UVM

1 The Institute of High Energy Physics of the Chinese Academy of Sciences (IHEP-CAS)
2 Karlsruhe Institute of Technology (KIT)
3 Zhejiang University (ZJU)

1. Introduction N

Monolithic Active Pixel Sensor (MAPS) In high-voltage CMOS
(HVCMOS) technology Is one of the most advanced detectors for
high-energy particle detection. It Is a high performance and cost
effective choice for particle tracking in CEPC. In order to make
research on new circuit structures and test their performance on a
more advanced process node, an HYCMOS pixel sensor prototype Is
designed by a collaborative team from KIT and IHEP for Multi
Project Wafer (MPW) running using the 55 nm process.

In this analog-digital mixed prototype, a 26X26 pixel matrix and
related digital readout circuits are integrated. The digital module
receives hit pulses from the pixel matrix and it is responsible for the
timestamp measurements and data uploading. A readout structure
based on quad pixel units together with joint transmission of address
and hit pulse is developed. Additionally, a more standardized design
process using Universal Verification Methodology (UVM) is utilized
within this design. This poster provides an introduction to the digital
design of this pixel sensor prototype.

2. Design of digital module

The digital module of the CEPC HVCMOQOS pixel is responsible for
receiving hit pulses from the front-end pixel array via the address bus
and performing time-to-digital conversion. The left-most two
columns of pixels are dedicated to digital readout, while other pixels
produce analog hit outputs. As a result, multi-readout strategies are
almed to be verified In this prototype. In this 26x2 pixels on digital
readout, a 2x2 pixel array Is divided as a quad pixel unit (QPU),
resulting In a total of 13 QPUs. Each QPU Is assigned a unique
address, numbered from 1 to 13, with address O reserved to indicate
no hit on the pixels. Pixels within the same corner direction across all
QPUs share a common address bus, resulting in a total of four
address buses as Inputs to the digital module. When a pixel Is hit, it
drives out Its 4-bit address on its address bus and this achieves a
mixed transfer of hit pulse and address.
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A C | serialized async SPI
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Fig. 1. QPU and address bus (left), and diagram of digital module (right)

The digital logic comprises four timestamp measurement modules, a
data readout state machine, an asynchronous serializer, and a
configuration block. An Internal counter operates under the
timestamp clock and produces timestamp values In gray code. The hit
pulse from the address bus Is operated with an OR logic In the
timestamp measurement state machine to capture the leading and
trailing edges. As the address bus iIs wired-OR driven, 1t could
happen that multiple pixels generate overlapping hit pulses
simultaneously. To address this, two check position parameters are
set for a double check on the hit address, Issuing an error bit in case
of a mismatch. Additionally, to control the data rate and shield the
noise spurs, a maximum detect length parameter Is set. When a hit
pulse Is detected, the state machine locks for a specified clock period
by this length, even if a trailing edge has already been detected. In
the event of an exceptionally long hit pulse, potentially due to
overlapping on the address bus, the state machine will terminate the
current detection after reaching this maximum length. The
measurement results are pushed into four parallel FIFOs and sent to
the readout module. All of these parameters can be configured via the
SPI configuration module.

v serialized out
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4 The readout module performs polling check among the four FlFOS\

and generates a 48-bit data package for each hit. When a FIFO 1Is
enabled for reading, the readout state machine locks Its number,
captures the data package and waits for the byte shifter from the
output interface to load the data package. Once this Is complete, the
readout state machine returns to the polling check state for the next

data paCkage' data from readout
timestamp fifo[36:0] x4 lstate machine
J, ,l, ¢ ,L . byte shift output marker (testpattern
—>{ Checkring | O 2 »>1>0>0->0->0~>0
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output interface slow serial output

Fig. 2. Diagram of readout module and data interface

Two mutually exclusive readout Interfaces are Implemented for
readout logic test, which can be selected active by configuration. In
the slow serial output Interface, the data package Is transmitted on a
single bit under the readout state machine's clock domain. In the
asynchronous readout Interface, the data package Is sent on byte set
to the serializer. The serializer locks the byte data with a ping-pong
register, ensuring a sufficient setup time when crossing the clock
domain. With this structure, the data can be readout on bit under an
asynchronous clock whose frequency is eight times faster than that of
the state machine.

3. Functional Verification by UVM

testcase

async serial output

environment
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driver receive
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hit driver —>{ SPI driver I
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Fig. 3. UVM verification platform

For functional verification of the digital module, a UVM platform is
established, as shown In Fig. 3. This testbench mainly focuses on two
functions: configuration and readout. Two sequence classes are
defined for generating SPI transactions and hit transactions
separately. Correspondingly, two drivers control the start of these
sequencers. The SPI driver starts the SPI sequence, randomizing a
certain number of transactions and drives them to the DUT interface
as random data/address configuration operations. It can also control
the generation of abnormal short/long configuration operations to
verify that the configuration module doesn’t crash during Incorrect
operations.

The hit driver starts the hit sequence to generate a series of hit pulses
on the address bus. This includes random, super long, spurs and
overlapped pulses under different test cases when simulating various
hit conditions. It also declares parameter settings to the SPI driver via
a put-port. The driver monitor collects the hit pulse information and
calculates expected output data packages, and in parallel, the receive
monitor deserializes the output of the logic module Into received data
packages. Transactions from both monitors are sent to the scoreboard
via tim-analysis-fifo for matching and the scoreboard gives out the
final verification result.
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ABSTRACT Guard ring & pixels
To explore process for next generation HV-CMOS pixel sensors, a prototype was HVDi25  Two p-well outer rings N-well Guard ringP-stop
designed and submitted in August 2023 using a 55nm HV-CMOS technology with a prveel
1kQ-cm substrate. This prototype includes a guard ring with a width of 170um, a | S ,

P-type substrate

32 X 20 pixel-matrix, and 5 diode arrays. The pixel matrix comprises 6 flavor charge

Top view of single pixel :
P-well
Deep N-well

Figure: Cross-section and top view of the guard ring and pixel design.

sensing diodes with a constant pixel size of 40um X 80um. Charge sensing amplifier

and discriminator are integrated in pixels. The peripheral block includes row/column

selection, bias DACSs, a bandgap reference, and readout buffers.

INTRODUCTION

Table: 6 flavor charge sensing diodes comprised In the section 1&2.

Monolithic Active Pixel Sensors (MAPS) utilizing a specialized High-Voltage

Diodes flavor Specifications
CMOS technology (HV-CMOS) have proven to be a promising choice for the CEPC Pix D10core Single DNW size: 30um X 70um, With P stop
silicon tracker. By applying a high reverse bias voltage (> -50V) to a highly resistive Pix_D10core_wps |distance between two diodes 10pm Without P stop
substrate (>a few hundreds of Q-cm), it becomes possible to create a depletion depth Pix_D15core Single DNW size: 25um X 65pum, With P stop
of a few tens of microns. This results in superior time resolution and enhanced Pix_D1score_Wps |distance between two diodes 15um Without P stop
radiation hardness compared to standard CMOS processes. Pix_DZ0core SG]E DINE Slles 2 X6 viitn P stop
Pix_D20core_wps |distance between two diodes 20um Without P stop

Over the past decade, the development of HV-CMOS MAPS has primarily

focused on the 180/150 nm processes. Transitioning to a smaller technology node Charge Sensing Amplifier & Discriminators
not only enhances the current design's performance (power dissipation, readout

T : A.in-pixel electronics B. Amp schematic vbb
speed, TID, etc.) but also opens up new possibilities. With a smaller technology _ CsAoutput j)‘”f’"
. . - . . . . T D4 vdda
node, more transistors and functionalities can be integrated into each pixel. [ k R s el el T AmpOut
bias \ A
| | Il | ‘ Amp"lo( ': :I }» VCAS
| Amp >F 1l _
PROCESS SPECIFICS N ! .y vt
eI Comparator IBN%J( ':
[1 55nm Ilgh-VOItage CMOS DroCess; AV-MARS - . » C. comparator and output stage
[j' @ ................ comparater . A buffer  ~
O 1kQ-cm p-type substrate; | VDD H VoD El H
- s oL
0 Custom designed 10; s} tH 54' i ﬁ‘ Pad N A 3
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O Deep n-well/p-substrate breakdown Voltage > 50V;

O 10-metal layers is possible for fine pitch routing, including 2 thick metal Figure: One version in-pixel electronics in the 15t section (two different versions in total).
Both the analogue and digital signals are output.

layers for power;
620.0 (a)
= = 540.0
ayout of the submission s
B
380.0
m;@@wﬁw%ﬁﬁ%&%%mﬁ;ﬁmzm T ﬁ;;;aﬁmag;;;%g e \
Y R R S AP e [ L e — ——— 220.0
;;ﬁz i & Fl e e e T ol i 133
- . 113 b
%i!!!iii! s )
o 0.7 -
; 0.5 E
0.3
0.1 .
0.1 1 [
WWWWWWWWWWWWWWW
05 1.0 15 20 25 3.0 35 40 45 5.0 55 6.0 65 7.0 7.5 80 85 9.0
time (us)

Figure: Output transients voltage of the output of (a) CSA, (b) the discriminator for different
charge varied linearly between 2ke- and 18ke in 4ke" steps (simulation results, C;,, ;= 150fF)
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CONCLUSION AND PERSPECTIVES

Figure: layout of the first submission on the 55nm HV-CMOS process. 3 independent sections

are included for different purpose. The whole chip size is 4mmx 3mm. The initial submission utilizing the 55nm HV-CMOS process was completed in

O 1t section: a 32X 20 pixel matrix comprises various diodes and in-pixel August 2023. It incorporated various versions of charge sensing diodes, in-pixel
amplifier and discriminator design for process validation; electronics, and readout structures. Currently, efforts are underway for preparation of

O 2" section: 5 diode array for charge sensing diodes 1-V/ C-V study; design validation. The forthcoming test results are anticipated to offer vital insights,

O 3" section: a 26 X 26 pixel matrix with relative digital readout periphery for serving as essential benchmarks for the future advancement of HV-CMOS pixel
new electronics structure study; (Hui Zhang’s talk & Ruoshi Dong’ poster) sensors for the CEPC tracker.
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: ® CEPC Detector Magnet HTS version Magnet parameters: :
) Magnetic |3+ | current 28000 A

Magnet fleld I

I _ .Inner 4060 Inductance| 1.27 H I

I I ECAL u diameter | mm I

Outer 4960 | Stored
: - — g g diameter | mm | energy 200 M|
W €am pipe . ) A2TE-04 oo 2960668 o 1.92129 0 . 2.8819%2 1
¢ ® Coil layout: Magnet 20| cold mass | 27 ton !
l — thickness | mm I
== - HTS cable

| S B (Sl " | °7 | 1074 |

B . . — | | ASTC I
I Total weight |48 ton . 16.6 ton

- e T Alalloy606l Welght I

| @ Al stabilized Stacked HTS Tape Conductor (ASTC) development

» Superconducting cables are the key to detector magnets. In 2017, IHEP proposed a high temperature superconducting (HTS) scheme for detector
magnet and innovatively designed a aluminum stabilized HTS stacked conductor, then began the development of small-scale sample cable.

HTS tape HTS stack

O Develop'n processof ASTC:

1 Object: single tape core Ic > 100 A@ /77K, considering the self-field effect, After three years of research and development, the

lThe critical current of a 14-core cable is larger than 830 A@ 77K, self-field. performance of the Cable has met the expected requ|rements
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® CEPC Detector Magnet LTS version |

f B /
' Rutherford cable \ -

o8t | Box configuration superconductor is obtained through a secondary co-extrusion ".

process on the outside of aluminum-stabilized superconducting cable.

oS

40( Aluminium rod

By experimenting with different alloy
aluminum materials and preheating I
temperatures of the forming molds, I
finally we achieved the box configuration
superconductor from the electrical grade I

N
=)
e 4

‘ "g N\

360( Extrusion wheel

2

Rutherford cable

fig3. schemtic diagram of co-extrusion 16 strands

Solenoid
5-module coil (4 layers) Cryostat vacuum tank

181¢| Aluminium stabilized superconductor: l

d bl
» Dimension:4.7mm*15mm eesiny Shenpdie

Box superconductor

coc-onps o Development of Aluminium stabilized superconducto
7200 ot Progress of Box configuration superconductor I
/ arming mo “||
56*22mm 56%22mm aluminum and 4.7mm™*15mm cable by a

.|
||| Aluminium alloy* g0 04nical grade  second coextrusion process.

| » Number of Strands:16 Aluminium copper4.7mm*15 4, . . 4 7%{5mm I
""""""""""""""""""""""""""""""""""""""""""""" » The residual resistivity ratio (RRR):>800 stabilized mm e '
6983 5863 4143 2350 O(IP) > Yield strength of supercondcutor:>150 MPa. cable I

» Shear strength between the aluminum and Al stabilized cable 4.7mm*15mm > Rutherfod cable

20.5%2.15mm
32 strands of NbTi I
pitch: 129mm
fill factor: 86%
Ic decay after stranding:

<5%

» First extrusion:

» Diameter of Strands:1.2mm BESSETE

Tracking volume

Before coextrusion: 1501A@5.5T,4.2K

the Rutherford cable:>20 MPa.
After coextrusion> 1,350 A@5.5T, 4.2 K.

» Critical current of a single strand:

- NbTi/Cu cable
| Pure Aluminum
.11l High Strength and High RRR Aluminum Alloy

B B BN B N T e—

.| High Strength Aluminum Allo | * Rutherford cable ' |
"""" g 9 Y | , : | | ". 10mm*33mm B3 sleena k. first co-extrusion second co-extrusion ,"‘

; ; | Dimensions: 15%4. Fmm? Long cable » Second extrusion: pure Aluminum Electrical grade

' ' o _ Number of strands : 14 +Rufhe|~fopd lumi +cable f

figd. micro view of bonding surface Materiel : COPPER+A1(99.99% purity) zzmm*56mm aluminum+cabile Trom
CEPC CEPC Complete time:2017.8 cable last step
: . Shear strength (COPPER &Al) -
I Option A Option B _ -35MPs I



The status of SiPM developed by IHEP
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Silicon Photomultipliers (SiPM) has advantages such as
low operating voltage, high gain, high photon detection
efficiency, and resistance to magnetic field interference,
making it a high-performance device for photon counting.
SiPM is also a key component in major scientific projects
such as CEPC, LACT, and HERD. Self-developed SiPM can
reduce the construction cost of the detectors, conduct
personalized customization, and will have high vyield, high
consistency, and sufficient production capacity. Preliminary
structural and technological design of radiation resistant
SiPM based on the existing domestic radiation resistant
LGAD design. At present, preliminary performance testing
has been completed for SiPM sample produced along with
radiation resistant LGAD, and its structural design and some
technologies have been verified.

Introduction to SiPM Structure
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SiPM size: Formal tape-out plan:
*7.6mmXx7.6mm * Submit design layout at the end of October
*3.0mmXx3.0mm .

Complete the first version of tape-out by the
end of the year

January to February 2024: Testing

*1.5mmXx1.5mm
* 152 x 152 pixels .

Pixel size: « March to April 2024: Optimize the design and
100um. 50um. submit the second version of the tape-out
10um

20um-

f SiPM sample produced along with LGAD pre-production (IHEP SiPM v0)

gy

]
SiPM tes!lboarcl
T ﬂ o'
Pulse generator —
Synchronous LED/Laser
¥ pulse X
' Signals SiPM
i readout board
Amplifier
Oscilloscope — Data analysis
tys trigger

IHEP's self-developed radiation resistant SiPM based on LGAD's existing excellent technologies and structural design will be used for collider
experiments and space experiments. At present, we have produced SiPM samples, and after preliminary testing, the energy resolution and
leakage current need to be optimized. The official wafer layout has been designed and SiPM wafers are planned to be completed by the end
of this year for further testing and optimization to develop SiPM with radiation resistance and large dynamic range. e

The 2023 International Workshop on The High Energy Circular Electron Positron Collider

Nanjing, October 23-27, 2023



Offline analysis for the beam test of CEPC vertex

detector prototype
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» CEPC?

¢ Circular Electron Positron Collider"! proposed by Chinese
particle physics community
® Double-ring collider with electron and positron beams
circulated in opposite directions in separate beam pipes
® Precise measurement of properties of Higgs, W and Z bosons
> Vertex detector ?

® H — bb precise vertex . . .
rEeeRsTUGTeR High spatial resolution G~ 5 pm)

Radiation hard ¢G1Mrad)

® H — uu precise momentu
measurement

Introduction

> CMOS pixel sensor prototypes?

* TaiChuPix3 pixel sensor developed for the vertex detector
1024 x 512 Pixel array
25um x 25 um per pixel — high spatial resolution
Process: CIS 180nm process

modified process:
Standard process (baseline option)

faster charge collection

Modified process!?! (an extra low dose n-type layer)
159 mm

" Boaw test @ DESY

> DESY T821 beam line [3]
® 4 ~6 GeV electron beam

TEST BEAM

-

> Offline data analysis flow
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Track fitting |¢= | Alignment <= Clustering

T T
Before alignment
- After alignment
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® Clustering: geometric center of the
gravity of the neighboring fired pixels

° Alignment: Millipede!*!

¢ Track fitting: Straight line fit and
General broken line fit”

00r .
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Test beam on vertex detector pro’roiype

> Mechanical prototype assembly

* Doubled ladder with 2 TaichuPix3 chips on each side '\ \+
* 6 ladders mounted on the mechanical prototype

05

002
residual(x,,,, -

Biggest collimator available (2 5x2. 5
cm?) focus on the installed chips

Hitmap of one ladder on one side

> Cluster size

Cluster Size

The DUT with the standard
process shows more charge-
sharing effects

xedirection
= yidivection

Cluster Size

yedirection

S——

% T

%
DAC code of ITHR.

> Detector efficiency

Efficiency [%]

The detection efficiency also
can reach 99% for the vertex
detector prototype at the
lowest setting threshold

Efficiency (%]
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DAC code of ITHR

> Unbiased residual width

The unbiased residual width
before and after correction
for multiple scattering

T
DAC cods of ITHR.
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-

Test beam on pixel sensor prototype

> Setup

® 6 equally spaced (

DUTA: modified process
DUTs: standard process

) detector module with TaichuPix3
Hitmap of one DUT

> Spatial resolution

* Estimation of intrinsic resolutionf!
ull, =, = b 1,,: biased residual
PUlly =Pp = 7 Oint: Intrinsic resolution
Ot — Ofp 0, ,- biased track uncertainty
* Resolution vs. Threshold
e o Higher threshold — less
g o % o < arcton cluster size — less charge|
§ g sharing effects — worse
% _ spatial resolution
il T o
> Detection efficiency
§ _§ The detection efficiency
I S b oo for both process can reacl
99% at the lowest
threshold
iR I e e
® The spatial resolution of TaichuPix3 sensors can be < 5 pm for both
processes
® The detection efficiency is larger than 99% for both processes of
TaichuPix3 sensors.
L]

The vertex detector beam test results show nearly identical results
to the sensor beam test.
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Status and progress of UV light in studying the gaseous detector for CEPC
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Introduction

-

['PC (Time Projection Chamber) is a promising candidate for track resolution and time resolution as the baseline track detector concept design in CEPC (Circular Electron Positron Collider),

r

I'PC can easily meet the spatial resolution demand at the Higgs mode, just there are massive electrons and ions in gas chamber when running 7 pole, which leaded to the distortion of track.
The massive electrons or ions in the gaseous detector chamber is a critical issue affecting the spatial resolution that need to study. Aimed to simulate this situation and accorded to the
interaction mechanism and research of UV light and the materials, UV light triggers mainly two reaction in a TPC prototype. Photoelectric effect occurs on the surtace of metal materials
(placed inside the chamber), and two-photon ionization occurs in the interaction between the UV light and gas molecules in the chamber. These two effects can be used in simulating the

space charge effect and particle tracks inside TPC respectively. The feasibility of such simulations is promised in this experiments.

Generating mimic space charg

e In our experiment, Aluminum plates with different LPI is placed inside the TPC prototype o The TPC detector with a drift length of 500 mm and a diameter of 380 mm, supported
and radiated by UV deuterium lamp. The electrons generated by photoelectric effect are by four brackets is enveloped by a UV laser calibration system.
expected to mimic the space charge in the working environment of TPC. e UV laser system can generate 6 straight laser beams simultaneously at predefined posi-
O tions along the TPC drift volume.
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Figure 1: A sketch and the installation of our experiment generating and testing the mimic space charge with
UV deuterium lamp.

Energy
&
DOI 10.1088/1748-0221/18/07/C07015

Figure 4: Picture of the TPC prototype integrated with UV laser beams (Left) and Principle of generating
multiple laser tracks in the TPC prototype (Right).

Result of the UV deuterium
electrons by photoelectric eft

Laser Track Reconstruction

e The photocurrent is measured with different LPI Aluminum surfaces and electric field. e The middle four laser tracks, which are at z=50 mm, 160 mm, 270 mm, and 380 mm,
. are reconstructed successfully after event selection.
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Figure 5: An event display of the reconstructed laser tracks. 3-D track fit for the middle four laser tracks

Figure 2: The result of the massive electrons current created by photoelectric effect with UV deuterium lamp, (ILstto) il e ettt it e s polerve @ e fhmsih lerer el (Rt

showing a stable output.

Spatial Resolution & dE/dx r

Photocurrent amplification

e Massive electrons caused by UV deuterium lamp are amplified by Micromegas in different
working gas (Ar/iC4Hqyg = 95/5, T2K, CFy)

e The spatial resolution can be less than 100 pm (@50 mm drift length) and the N/ is
(43.6 + 6.2) without magnetic field.

e dE/dx resolution is determined to be (8.9+0.4)% for a single laser track (38hits). Ex-
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™ Figure 6: The spatial resolution as a function of drift distance (Left). The dE/dx resolution versus the track

Figure 3: The measure of amplified current shows a ideal gain curve in different kinds of working gas. lemetih i & pseinde-tmadk off varions lamsiihs (Right)

Acknowledgment

This study was supported by National Key Programme for S&T Research and Development (Grant NO.: 2016YFA0400400) , the National Natural Science Foundation of China (Grant NO.:
11975256) , the National Natural Science Foundation of China (Grant NO.: 11535007 , the National Natural Science Foundation of China (Grant NO.: 11775242 , and the National Natural
Science Foundation of China (Grant No.: 11675197).




Surface defect detection of silicon sensors
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Introduction

The AMS experiment is a dark matter and antimatter searching experiment mounted on the International Space Station. AMS experiment will be
upgraded in 2024 with a new layer of silicon detector layer (LO detector) which contains ~ 1000 silicon micro-strip sensors. The CMS experiment is a
general purpose particle detector at LHC, CMS experiment will be upgraded with a new end-cap high granularity calorimeter (HGCal), which contains ~
27,000 silicon sensors and will be installed in the next long shut-down of LHC. Silicon sensors in both detectors need to be checked before installation.

These large-scale applications bring about a challenge during the construction process of semiconductor detectors: surface quality inspection.

Why is surface quality inspection necessary?

Surface damage - inadequate detector performance.

Why is surface quality inspection a problem in large-scale production processes?

The need to visually inspect the damage — a large number of images to be analyzed.
How to solve this problem?

Automatically identifying defects on sensors through machine vision methods.

Meth()d()l()gy and ApprOaCh What is the final result obtained?

AMS LO detector:

The First Step: Taking photos

Automated capturing of SSD surface photos is performed on the
Mitutoyo QV-X606 device. Each SSD scan takes ~ 1 hour (>4k photos)
and is automatically completed overnight.

Each SSD photo will be divided into
O categories, and a more detailed

| l defect detection will be performed

n . on each category.

CMS HGCal:

The Second Step: Classification(standard mapping method) What s the new problem?
Noise handling. Due to severe noise and shallow traces, traditional

Select one image as the standard image for each category and subtract methods of noise processing have become ineffective.
it from the image to be processed for classification.

color gray binary

standard Test image Result | -

y scratches
! [
Gauss fit threshold . )
noise points
[
J

The Third Step: Defect detection

How to solve the problem?

The original OpenCV functions have low accuracy in defect recognition, The "two-step screening " method is used. The first judgment
so we propose a highly accurate "strip-by-strip recognition method". is performed to eliminate some noise and determine the region

But high-precision recognition also represents more influencing factors,
such as the influence of lighting during photography, regional

for the second judgment. The second judgment employs multiple
criteria to differentiate between noise and traces.

>
background grayscale and fine noise. What's thflnal result Otld

|
|

7
6
6
6
6
6
5
5
5
5
5
4
4
4
4
4
3

The blue color represents the
result after the first screening.

lighting during photography regional background grayscale the influence of fine noise

The above influencing factors can all lead to inaccurate threshold

results.

The red color represents the
Using different methods for different situations can yield good results. P

result after the second screening.

Summary and Prospect

* Summary:
Our work aims to achieve recognition of surface defects on detectors through machine vision, in order to free up previous human investment in this area. Through the
development of machine vision programs, it is now possible to achieve defect detection for AMS and CMS, and it also has good applicability for defect identification on

other detectors(such as CEPE).
* Prospect:
In the future, machine learning will be introduced to achieve more intelligent and versatile visual detection, while also incorporating detection of more complex areas

(containing characters or irregular graphic areas) that cannot be recognized at present. We will also try to develop a fault monitoring program for detector processing
and operation in the future.

Contact: The 2023 International Workshop on the High Energy

202100101139@mail.sdu.edu.cn caosb1121@mails.jlu.edu.cn Circular Electron Positron Collider
liuhb1121@mails.jlu.edu.cn zhanglusen@hnu.edu.cn 23-27, October 2023
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Prospect of ~ Analysis at CEPC

Mustapha Biyabi, Siya Feng, Jiabao Gong, Shudong Wang,

advancing our understanding of parice physics.

oxu Zhang, Yaquan Fang, Gang Li, Hongbo Liao, Lei Zhang

lepton

y systom,
the top electroweak couplings can be gained.

Moreover, it s of significant importanc for Higgs complementary
meastrements and BSM searches.
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FCC SR powerbeam < 50 MW
CepC SR powerbeam < 30 MW

The importance of tudying top electroweak couplings:
(@Seting constraints on new physics scale

@High sensitvty to BSM physics

@Test of composite Higgs models
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two observables can be measured:
©Cross-sacton: to measure the sirength of the interaction.
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Regarding the fulure perspectives of tbar analysis:

@improve the analysis incuding fully leptonic inal states.




