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Motivation

CDR vertex detector concept \ertex detector prototype

+ mechanics 2 layers of DEPFET pixel detector ( PXD)

v

+ electronics Belle Il Vertex Detector

v

+ cooling system

v

+ cable

v

Layer 1 16 62.5 0.97 2.8

Layer 2 18 62.5 0.96 6 4 layers of Double-sided
Layer 3 37 125.0 0.96 4 silicon strip detectors (SVD)
Layer 4 39 125.0 0.95 4

Layer 5 58 125.0 0.91 4

Layer 6 60 125.0 0.90 4 .




Fast simulation tool - tkLayout

" Tool to evaluate |

tracker layouts
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Places modules in

3D space

Standalone | \ /
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to the volumes

Makec, an a priori

estimate on
tracking
. performances

* Compare different detector

layouts

Fair comparison of layouts
with a prior1 estimate of
[.)el'f()l‘lna_n(‘e(()(‘(‘up;uwy, tracking
and trigger approximate efficiencies,
approximate financial cost, power
consumption)

Narrow down the parameter
Space

* Pre-optimized designs

Does not depend on
optimised reco algorithms

* IS NOT a replacement for

the MC simulation
* estimate impact on trigger
* physics channels
* occupancy
* efhciency

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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Barrel : PXB1 Total
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Z_max 62.500 62.500 125.000 125.000 125.000 125.000 " Layer 3 37 125.0 0.96 4
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Vertex geometry S|mulat|on 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

Ladder support

End Ring (CFRP): fix the end of
ladder support.

Half support barrel



Layer 1
Layer 2
Layer 3
Layer 4
Layer b
Layer &

Vertex geometry simulation results
* Prototype V1 geometry
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/Contact with tkLayout

authors to modify
source code

Add skewed layer mode

Now it can build our
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Vertex geometry simulation results

« Comparison
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Number of hits

Vertex geometry simulation results

 Hit coverage

Number of hits(CDR) Number of hits(prototype_V1)

Number of hits = 4
~— CDR

* prototype V1
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PrototypeV1 material

deadAreaExtraWidth

Carbon fiber with an
equivalent thickness
of 450 microns

Outer pixel mod
Sensor (2
Chip (3)

inner pixel module:
Hybrid (1)
Sensor (2)

Top view:
Only consider the sensor area:
12.8mm x 25.6mm
Not consider the sensor dead area
and electronics
Side view:

5 symmetric layer, gluing together.
From Jinyu(replace copper with
aluminum)

<I Sensor(Si, 50um)

glue(Epoxy, 15um)
Al(12um)
Adhesive(Epoxy, 15um)
Kapton(50um)
Adhesive(Epoxy, 15um)
Al(12um)
Glue(Epoxy, 15um)
>_Ladder support(carbon fi ,
ue(Epoxy,15um)
Al(12um)
Adhesive(Epoxy, 15um)
Kapton(50um)
Adhesive(Epoxy, 15um)
Al(12um)

Glue(Epoxy, 15um)

Sensor(Si, 50um)

I hollow support

(1) Sensor

() FPC

3) Ladder support
i 4) FPC
5) sensor

/ -




PrototypeV1 material budget

Components detalils:
Radiation Length by Component

<Z B . IT Module: FPC

2 0.03F

E’ : . IT Module: Glue sensor

@

= i
Average (eta = [0, 4.0]) Radiation length Interaction length é 0.025— IT Module: Glue support
IT Module: FPC 0.00256 0.00092 ] B
IT Module: Glue sensor 0.00021 0.00010 ® B .

o - IT Module: Ladder support
IT Module: Glue support  0.00021 0.00010 0.02 —
IT Module: Ladder support 0.00444 0.00221 =
IT Module: Sensor 0.00256 0.00052 . . 1T Module: Sensor
Services 0.00000 0.00000 0.015-
Supports (.00000 (0.00000

0.01

= Material budget below 0.15% X, per layer;

0.15% x 6 =0.9% < 0.01
We still have too much material!
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Nuclear Interaction Lengths[A. ]
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. IT Module: FRC
. IT Module: Glue sensor

IT Module: Glue support

. IT Module: Ladder support
. IT Module: Sensor
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n

15 2

10



r [mm]

PrototypeV1 material budget

Material distribution:

0

Radiation length map Interaction length map
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PrototypeV1 material budget

Weight(pixel):
pxb1

MODULE mass (kg)
IT Module: FPC 0.1
IT Module: Glue sensor 0.0
IT Module: Glue support 0.0
IT Module: Ladder support 0.2
IT Module: Sensor 0.0
TOTAL MODULE 0.3
TOTAL PXB1 0.3

grand total (kg): 0.284519

r [mm]

70
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20

All material volumes, (RZ) view




PrototypeV1 material

] ] ] Top view:
Another ladder design from Mingyi: Only consider the sensor area:
12.8mm x 25.6mm
Si pixel chips (Soum ) Not consider the sensor dead area
e —— and electronics
Carbon Fiber (100um) . .
Side view:
5 symmetric layer, gluing together.
From Mingyi(replace copper with

, I !inu)
on

Carbon Fiber
flex cable
Si pixel chi

M sensor(si, 50um) F
B glue(Epoxy, 15um)
Al(17.8um)
Kapton(50um)
Glue(Epoxy, 15um) (1) Sensor
Ladder support(carbon fiber,100um) 2) FIeX Cable
| PMI foam(1.5mm) ——%3) Ladder support
Ladder support(carbon fiber,45um) 4) FIeX Cable
Outer pixel mod Glue(Epoxy,15um) 5) sensor
Sensor (2)
Chlp Kapton(50um)
Al(17.8um)

Carbon fiber with an Glue(Epoxy, 15um)

equivalent thickness _ _ .
. inner pixel module: SEEeE, SO
of 350 microns Hybrid (1)/
Sensor (2)
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o

Radiation Lengths[X ]

Interaction Lengths[h ]

Ladder material comparison

Radiation Length by Component(Jinyu}

0.035

- IT Module: FPC
- IT Module: Glue sensor

IT Module: Glue support
- IT Module: Ladder support

- IT Module: Sensor

o

0.035

0.03

Radiation Lengths[X ]

Interaction Length by Component(Jinyu)

0.014

0.012

- IT Module: FPC
- IT Module: Glue sensor

IT Module: Glue support

- IT Module: Ladder support

- IT Module: Sensor

0.014

0.012

Interaction Lengths(A ]

0.0

0.008

0.008

0.004

0.002

Radiation Length by Component{Mingyi)

- IT Medule: Flex cable
- IT Medule: Glue sensor

IT Module: Glue support
- IT Module: Ladder support

- IT Medule: Sensar

Interaction Length by Component(Mingyi)

- IT Medule: Flex cable
- IT Medule: Glue sensor

IT Medule: Glue support
- IT Medule: Ladder support

- IT Medule: Sensar

25

3.5

“

CDR:

= Material budget below 0.15% X, per layer;
0.15% x 6 = 0.9%
For Mingyi’s new ladder design,
We still have too much material
even in the perpendicular direction!
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Prototype V1
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5 d, [um]

10°

107

10

Prototype V1

Impact parameter resolution plots:

dxy vs 6 (prototypeV1)

—a— p = 0.1GeV material

p = 1GeV material
B —ea— p = 10GeV material
—a— p = 100GeV material
| —i— p = 0.1GeV no material
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— . . —a— p = 10GeV no material
~ -, —a&— p = 100GeV no materia
— a
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dxy vs momentum (prototypeV1)
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Layouts comparison

» Detector size
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Number of hits
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Hit coverage comparison
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3 d, [um]

3 d, [um]

Layouts comparison

e Detector size(resolution across 0)

dxy vs 6 (p=0.1GeV
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Layouts comparison

* Detector size(resolution across p)

dxy vs momentum (6=87°)

—a— prototypeV1{material)

—&— r = 100mm{material)

—e— r = 150mm{material)

o T IIIIIH|

dxy vs momentum (6=42°)
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Layouts comparison
e Different number of_la_vers
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Hit coverage comparison

Number of hits{(CDR 3 layers)
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Layouts comparison

4
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Layouts comparison

4
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dxy vs 6 (p=0.1GeV
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Strange points
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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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Possible answer

High momentum track

0.1mm gap 0=9(Q°

Low momentum track

Z=0

High momentum track can pass through this small gap at 6 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.
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New beam pipe design

Vertex detector Arccos(0.99) (30 ~ 100)mrad (20 ~ 80)mrad

500.00 \ 184.00 \

/ \\ NN\

L —

H

s

115(OMEE K )
118N B 1) { '
: ) _ \l Luminosity detector
Design by Ji Quan first layer:  @33mm, +z=130mm

second layer: @68mm, +z=255mm
third layer:  @103mm, +z=380mm
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Layouts comparison
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Layouts comparison

 Resolution for different z length:
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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.



Thank you!
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Introduction of tkLayout

» Layout Configuration Structure

support . . .
e Cooling Titanium ©  component ©  element
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| stations BPIX Service Cylinder near @ power wires © component element
I r . rod ©
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Introduction of tkLayout
 Output webpage:

OT_V4_100_IT_Vv4_0_0_0

layouts

info geometry QEELIEEINFCVE bandwidth  trigger cpus  irradiation (outer) irradiation (pixels) material (outer) material (pixel) material (total) weights (outer) weights (pixel) resolution (pixel) resolution (tracker)

resolution (trigger) patternreco trigger log page

layers and disks

Barrel : PXB1 Total
Layer 1 2 3 4 5 ]

r 16.004 18.004 37.003 38.995 57.989 59.995
z_max 62.500 62.500 125.000 125.000 125.000 125.000
#rods 10 10 1 11 17 17

#mods 40 40 a8 a8 136 136 528

Endcap : Total
Disk
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# rings
#mods 0

endcaps : additional info

modules
plots

e o e i s s P [r——

e b 8 i i

layer coverage (hit)
layer coverage (1 stub <-> (>= 2 hits))
layer coverage (1 stub <-> (>= 3 hits))



Introduction of tkLayout
 Output webpage:

OT_V4_100_IT V4 0 0 0

layouts

info geometry geometry (pixel) bandwidth trigger cpus irradiation (outer) irradiation (pixels) material (outer) material (pixel) material (total) weights (outer) weights (pixel) EESIUEEIR{REE]
resolution (trigger) patternreco trigger log page

track resolution for const pt across n (material)
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resolution (tracker)
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Introduction of tkLayout
 Output webpage:

OT_V4_100_IT_V4_0_0_0

layouts

info geometry geometry (pixel) bandwidth trigger cpus irradiation (outer) irradiation (pixels) material (outer) ENEWSSEINMPEVE material (total)

weights (outer) weights (pixel) resolution (pixel) resolution (tracker)

resolution (trigger) patternreco trigger log page
overview (full volume)
Average radiation length in full volume (eta = [0, 4.0]) 0.00000

Average interaction length in full volume (eta = [0, 4.0]) 0.00000
e === Bill of materials: materials pixel.csv

categories details (full volume)
components details (full volume)
services details (full volume)

1d overview (tracking volume)
components details (tracking volume)
services details (tracking volume)
material distribution

st wm Vst w1 ras

g

§ i & B

§ i & B

nuclear interactions




5 d, [um]

3 d, [um]

Material vs no material

* Detector size(resolution across 0)

dxy vs 6 (p=0.1GeV

IIIIIII| T IIIIII|
- -
B ]
A
-

r

¥

A

v

- A

r=60rmm material
r=100mm material
r=150mm material
r=60mm no material
r=100mm no material

r=150mm no material

- A

LR
o A
-

20

30

dxy vs 8 (p=10GeV)

40

70

80 90
6[deg]

u
» AW
LERE]
k]

AmAR

-
ELY

ELY

a4 -

- mAw

-

A AR

- A

An

LY

[ —

r=60mm material
r=100mm material
r=150mm material
r=60mm no material
r=100mm no material

r=150mm no material

6[deg]

8 d, [um]

3 d, [um]

dxy vs 6 (p=1GeV)

L —

r=60mm material
r=100mm rmaterial
r=150mm material
r=60mm no material
r=100mm no material

r=150mm no material

-
-

- A
-
- A

10 20 30 40 50 60 70

80
6[deg]

dxy vs 6 (p=100GeV)

=
a uam —

LER R | —
I B I |

r=60mm material
r=100mm material
r=150mm rmaterial
r=60mm no material
r=100mm no material

r=150mm no material

50

6[deg]

39



Material vs no material

* Detector size(resolution across p)
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Material vs no material

* Different number of layers(resolution across 0)
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Material vs no material

* Different number of layers(resolution across 0)
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Material budget

Nuclear interactions:
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