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DCH Rout =200 cm

| DCH z=+ 200 cm
5 5 DCHRin = 30cm

Detector height 1100 cm

Cal Rin = 250 cm

Silicon Wrapper

N . Cal Rout = 450 cm

Advantage: the HCAL absorbers act as part

Muon+Yoke PFA HCal of the magnet return yoke.
Challenges: thin enough not to affect the jet
resolution (e.g. BMR); stability.

%dvantage: better 7%y reconstruction.

Challenges: minimum number of readout
| channels; compatible with PFA calorimeter;
| maintain good jet resolution.

|
|
/ e Drift chamber

/ \ that is optimized for PID

Advantage: Work at high luminosity Z runs

Challenges: sufficient PID power; thin enough
not to affect the moment resolution.

Si Tracker Si Vertex
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Full CMOS chip modeling, Pixel Analog, PLL block
Detector module (ladder) prototyping
Data acquisition system R & D
Vertex detector assembly and commissioning

[Tiip| th( CMOS sensor chip: Periphery Logic, LDO
IJ_lj( CMOS sensor chip: Bias generation, TCAD simulation
Sensor test board design
@‘j( Irradiation, test beam organization
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CMOS sensor chip: Pixel Digital
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CMOS 15 =A% Beas 0 1 e T Bk ik Monolithic Pixels

- BRI EE L CMOS A2 IEeas 0 Fr AN REHE 2 CEPCEL R
. 1% 2 JX~] /N> high resolution (3-5 pm)
. 1 EEIBEES]: >1 Mrad (per year)
+ =1 -> CEPC Z pole =15t 1a1T (40MHz HX 13 5115)

p++ substrate

particle track
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TaichuPix CRH]) s HUEE H 224
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m Pixel 25 pym X% 25 pm | 512 pixels ::
Continuously active front-end, in-pixel discrimination .
. . . . ' }
Fast-readout digital, with masking & testing config. logic Analog Analog |:

FE FE

m Column-drain readout for pixel matrix !

Priority based data-driven readout

Readout time: 50 ns for each pixel e >

. Double col. Reader Dcol. Reader DcoI. Reader | Dcol. Reader
m 2-level FIFO architecture DACs . ‘ \ \ \
trigger and match & FIFO1 .& FIFO1 & FIFO1 & FIFO1

L1 FIFO: de-randomize the injecting charge | [2b @ 40 MHz )

Group Readout Unit 1
Bandgap .
Data driven &
. Address Priotity
between core and interface
Pixel : .
m Trigger-less & Trigger mode compatible config Hierarchical data MUX 2:1

Trigger-less: 3.84 Gbps data interface

Slow l
Trigger: inciden | - ¥
goer: data coincidence by time stamp control Hierarchical data MUX

only matched event will be readout 5 MHz @ trigger

L2 FIFO: match the in/out data rate

CLK 40 MHz Clock 120 MHz @ triggerless
= Features standalone operation -l- Periphery

On-chip bias generation, LDO, slow control, etc.
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If lowering the threshold, cluster size
will be dominated by noise
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IDS on ladder

Laser tests on Taichupix chip on full ladder
(”CEPCV” pattern by scanning laser on different chips on ladder )
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Air Cooling for vertex prototype

- Dedicated air cooling channel designed in prototype.
- Measured Power Dissipation of Taichu chip: ~60 mW/cm2 (17.5 MHz clock in testbeam)
- Before turning on the fan, chip temperature can go above 41 °C.
.- With air cooling, chip temperature can reduced to 25 °C (in average)

- In good agreement to our cooling simulation

- No visible vibration effect observed in position resolution offline analysis when turning on the fan

Chip temperature under

cooling during beam test: Prototype cooling simulation: Max 33.3 °C
Max 28.9 °C




Test beam @ DESY

. 2"d testbeam: April 11-23 2023 DESY test beam in Germany (4-6GeV electron)
. Vertex detector prototype testbeam

. 1st testbeam: Dec 12-22 2022 DESY test beam in Germany (4-6GeV electron)
. TaichuPix Beam Telescope testbeam
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Carbon fiber Support structure of the ladder
. Fabricated support structure prototype of the ladder (IHEP designed)

4 layer of carbon fiber, 0.12mm thick for the whole support
- Shallow design inside ladder support to reduce material
2~3 time thinner than conventional carbon fiber in China
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R
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‘ A I
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Air cooling for CEPC vertex detector

- Air cooling is baseline design for CEPC vertex detector
- Sensor Power dissipation:

. Taichupix design : < 100 mW/cm?. (trigger mode), < 150 mW /cm? (triggerless mode),

. Taichupix measured result: ~60 mW /cm?(triggerless mode, 17.5MHz )

- CEPC final goal : <50 mW/cm?

. Cooling simulations of a single complete ladder with detailed FPC were done.
- Need 2 m/s air flow to cool down the ladder

Air speed
(m/s)
Power
Dissipation
mW/cmZ)

_----

26



Oftline analysis results of first test beam
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Spatial resolution measured by Laser tests ——

eSpatial resolution of Taichu2 can reach ~4 um in laser tests
eUse high precision 2D movable station in laser scan
elLaser was scanning with a step of 1 um

Laser beam spot during scan Laser test

Residual distribution

( measured position — expected position from station)
h_delta¥Y

Spatial resolution~ 4 fim  [Envies | 3200

Mean 0.1778
Std Dev 3.877

\‘IT\

\‘|T\

Resolution Overall error

(Lum) (Lum)
().
=()

\TI\‘\TI
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Vertex detector prototype structure optimization

Based on CEPC vertex detector conceptual design > Three double-layer barrel detector

- This project plan to prototype the important part of vertex detector (CDR design)

. The cost for the full vertex detector is high (eg: ~50 M CHF for ATLAS ITk pixel detector)

—> Plan to build full mechanical part of the detector
-> install a sector of ladders in prototype, not necessary to build full vertex for R & D

Optimize the geometry based on real ASIC and electronics dimension

- Optimize geometry based on its physics performance from simulation
- Engineering design of prototype structure This project

CEPC Vertex detector Vertex detector prototype design
Conceptual design (2016)
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Vertex detector: Physics goal

- Produce a world-class vertex detector prototype
22 [a] 7 #$3 3~5 um (pixel detector)
. PUiRIEMERE(>1 MRad)

. Physics motivation
Higgs precision measurement
H — bb precise vertex reconstruction
H — pyu (precise momentum measurement)

Need tracking detector with
high spatial resolution

- Main technology
Develop the know-how in China to build such detector

High spatial resolution technology — pixel detector

Radiation resistance technology
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layers

® CEPC Simulation EPC C[.)1R _
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CMOS MONOLITHIC PIXEL SENSOR

.- Conventional Hybrid pixel technology at Large Hadron Collider

- Need to bump bonding with readout ASIC

- Typical pixel size >=50um, much more difficult for bump bonding with smaller pixels
- CMOS Monolithic pixel (CIS process) is ideal for CEPC application

- Sensor and ASIC high integrated in one chip, easier for detector assembly

- Can have compact structure in pixel array design.
. Pixel size can be reduced to 25um or below = can achieve better spatial resolution

Readout Chip MonOIithic PiXEIS

p++ substrate
Passive Pixel Sensor

particle track
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Preliminary result of impact parameter resolution

- No real interaction point or real primary vertex (PV) in testbeam setup
- Define PV as the centre of the point in xy plane extrapolated from the up/downstream
. (Calculate the impact parameter between primary vertex and upstream/downstream tracks

6

m X?OI I 1 I | L | L L I I 1 1 1 I | L | L L | L I | L L I | L | L L
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- Approximate two times impact parameter, y-component d,
— Projection of the 3D impact parameter (minimum approach distange) y component, d, slightly smaller than
into this plane) approximate impact parameter (orange)




Estimated Material budget for vertex detector prototype
- Estimated material budget 0.026 X0 for three double ladders vertex detector ( 6 layers)

- Target for final CEPC vertex detector is 0.009 X0 (0.015% XO per layer)
- Copper in flexible PCB are major contributions
- Plan to replace copper into Aluminum in final CEPC vertex detector

+ Further thinning of silicon wafer (150um = 50um ) Estimated material budget

for this prototype
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