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Motivation
CDR vertex detector concept Vertex detector prototype

Belle II Vertex Detector

+ mechanics

+ electronics

+ cooling system

+ cable
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Fast simulation tool - tkLayout
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⚫ Comparing radically different layout 

options

⚫ Optimizing given layouts

⚫ Generating a realistic material description

⚫ Preparing detector description for full 

simulation

⚫ Key tool for the design of two large 

detectors(different level of development 

stage):

– CMS Tracker for HL-LHC

– Tracker for FCC-hh proposal

⚫ Useful tool for CEPC vertex prototype

layout optimization



Vertex geometry simulation results
• CDR vertex detector geometry
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Vertex geometry simulation results

• Prototype V1 design:

• Designed by Fu Jinyu

• three layers with double-sided 
ladder

• Only need to rotate one ladder 
around Z axis at a fixed angle to 
cover the whole barrel

• Sensors are on both sides of the 
yellow slash region
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Vertex geometry simulation results
• Prototype V1 geometry

Calculated value Output value of tkLayout

Contact with tkLayout

authors to modify 

source code 

Add skewed layer mode

Now it can build our 

geometry
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Vertex geometry simulation results
• Comparison
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CDR

Prototype V1



Vertex geometry simulation results
• Hit coverage
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On average, more hits across η 

for prototype V1, that’s because 

there are more overlaps in 

prototype V1.

More stripes in 2D hits distribution.

At Φ direction, our prototype V1 is not 

so uniform.



PrototypeV1 material
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deadAreaExtraWidth

deadAreaExtraLength

(1) Sensor

(2) FPC

(3) Ladder support

(4) FPC

(5) sensor

Sensor(Si, 50um)

glue(Epoxy, 15um)

Al(12um)

Adhesive(Epoxy, 15um)

Kapton(50um)

Adhesive(Epoxy, 15um)

Al(12um)

Glue(Epoxy, 15um)

Ladder support(carbon fiber,450um)

Glue(Epoxy,15um)

Al(12um)

Adhesive(Epoxy, 15um)

Kapton(50um)

Adhesive(Epoxy, 15um)

Al(12um)

Glue(Epoxy, 15um)

Sensor(Si, 50um)

Outer pixel module:

Sensor (2)

Chip    (3)

inner pixel module:

Hybrid (1)

Sensor (2)

Top view:

Only consider the sensor area: 

12.8mm × 25.6mm

Not consider the sensor dead area 

and electronics

Side view:

5 symmetric layer, gluing together.

From Jinyu(replace copper with 

aluminum)

hollow support

Carbon fiber with an 

equivalent thickness 

of 450 microns

0.1mm



PrototypeV1 material budget
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Components details:

0.15% × 6 = 0.9% < 0.01

We still have too much material!

CDR:



PrototypeV1 material budget
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Material distribution:



PrototypeV1 material budget
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Weight(pixel):

All material volumes, (RZ) view



PrototypeV1 material
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(1) Sensor

(2) Flex cable

(3) Ladder support

(4) Flex cable

(5) sensor

Sensor(Si, 50um)

glue(Epoxy, 15um)

Al(17.8um)

Kapton(50um)

Glue(Epoxy, 15um)

Ladder support(carbon fiber,100um)

PMI foam(1.5mm)

Ladder support(carbon fiber,45um)

Glue(Epoxy,15um)

Kapton(50um)

Al(17.8um)

Glue(Epoxy, 15um)

Sensor(Si, 50um)

Outer pixel module:

Sensor (2)

Chip    (3)

inner pixel module:

Hybrid (1)

Sensor (2)

Top view:

Only consider the sensor area: 

12.8mm × 25.6mm

Not consider the sensor dead area 

and electronics

Side view:

5 symmetric layer, gluing together.

From Mingyi(replace copper with 

aluminum)

Carbon fiber with an 

equivalent thickness 

of 350 microns

Another ladder design from Mingyi:

Al



Ladder material comparison
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0.15% × 6 = 0.9% 

For Mingyi’s new ladder design, 

We still have too much material 

even in the perpendicular direction!

CDR:



Prototype V1
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Prototype V1
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Impact parameter resolution plots:



Layouts comparison
• Detector size
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Layer 1: 18mm

Layer 2: 38mm

Layer 3: 60mm

Layer 1: 18mm

Layer 2: 58.5mm

Layer 3: 100mm

Layer 1: 18mm

Layer 2: 83.5mm

Layer 3: 150mm

Z lengths are 

the same



Hit coverage comparison

increase radius, number of stripes approaches 10.

Equal to the number of ladders of the first layer.
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Layouts comparison
• Detector size(resolution across θ)
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Layouts comparison
• Detector size(resolution across p)
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Detector become larger, 

resolution will be better.



Layouts comparison
• Different number of layers
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Layer 1: 18mm

Layer 2: 38mm

Layer 3: 60mm

Layer 1: 18mm

Layer 3: 59mm

Layer 1: 18mm

Layer 2: 31mm

Layer 3: 45mm

Layer 4: 59mm



Hit coverage comparison
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More layers, more stripes.



Layouts comparison
• Different number of layers(resolution across θ)
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Layouts comparison
• Different number of layers(resolution across θ)
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Strange points



Layouts comparison
• Different number of layers(resolution across p)
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Layouts comparison
• Different number of layers(resolution across p)
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3 layers better 

than 4 layers???



Possible answer
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Z = 0

θ=90°

Double layer

Low momentum track

High momentum track

0.1mm gap

High momentum track can pass through this small gap at θ around 90°, there will 

be no hits in this double layer.

So the resolution of high p will be worse if there are gaps at z=0.



New beam pipe design
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Arccos(0.99) (30～100)mrad (20～80)mrad

Luminosity detector

Vertex detector

Design by Ji Quan first layer:      Ø33mm, +z=130mm

second layer: Ø68mm, +z=255mm

third layer: Ø103mm, +z=380mm



Layouts comparison
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New beam pipe:

Layer 1: Ø33mm, +z=130mm

Layer 2: Ø68mm, +z=255mm

Layer 3: Ø103mm, +z=380mm



Layouts comparison
• Resolution for different z length:
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No gap at z=0 for

protoV1 first layer 

barrel



Layouts comparison
• Material comparison
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Summary

• Prototype V1 layout geometry has been studied

• Material budget simulation has been done for 2 ladder design, we still 
need to reduce our ladder material.

• Layout comparison with different size, layers and barrel length has 
been done.
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Thank you!



Backup
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Introduction of tkLayout
• Layout Configuration Structure
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Introduction of tkLayout

• Output webpage:
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Introduction of tkLayout

• Output webpage:
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Introduction of tkLayout

• Output webpage:
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Material vs no material
• Detector size(resolution across θ)
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Material vs no material
• Detector size(resolution across p)
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Material vs no material
• Different number of layers(resolution across θ)
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Material vs no material
• Different number of layers(resolution across θ)
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Material budget
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Nuclear interactions:


