CEPC Vertex Detector
Optimization

Hao Zeng, Joao Guimaraes Costa, Gang L1, Zhijun Liang,
Mingy1 Dong, Jinyu Fu, Kewei1 Wu
2020/07/15




Outline

e Full silicon tracker

* Vertex layout optimization
» Ladder material update
 Barrel optimization
* Disk optimization

* Air cooling — 1nvestigate new disk arrangements
* Beam pipe study

* Beam pipe radius
* Beam pipe material

* Summary & Plan



Full silicon tracker layout
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vertex layout optimization



Pixel module material

Top view:

active area: 12.8mm x 25.6mm

dead area: 4mm x 25.6mm (only 2mm Si)
Side view:

5 symmetric layer, gluing together.
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Material budget vs cos0
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CDR barrel with different disk
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CDR barrel with different disk

dxy vs cosh (p=50GeV)
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Longer first layer :
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Longer first layer
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dxy vs cosB (p=50GeV)

—— longer first layer
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» longer first layer design has the advantages of
long barrel design and disk design

» cos0: 0.82-0.96, same as CDR
» cos0> 0.96: similar to long barrel design
(even a little better), better than CDR



Different position of 2 single-layer disks
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Different position of 2 single-layer disks

dxy vs cost (p=50GeV)
v 0 E
& — closer 1st disk
I ——— closer 2 disks
i further 1st disk : :
gl B » not always improve resolution, some
= points better, some worse
L » moving disk closer to barrel can improve
I resolution at cosf =0.8 (more hits)
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Longer first layer with
different number of disk
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Longer first layer with different number of disk
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2 ways to improve resolution:

» increase the number of disk

» replace single disk with double disk
not have worse resolution points



3 double-layer disks closer

to barrel
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3 double-layer disks closer to barrel
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dxy vs cosB (p=50GeV)

107

I I‘I“‘I‘IIII|

—— 3 double disk

—— closer 3 double disks

long barrel design
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» longer innermost layer with disk has better
resolution than full barrel design in front
region

» moving disk closer to barrel will enlarge
the improved region

» considering the mechanics, putting 3
double disk at CDR disk position is a better
design.
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Optimal layout
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Optimal layout

dxy vs cosB (p=50GeV)
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¥ —— 3 double disk(optimized)
— — long barrel design
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Vertex design including air cooling
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CLIC spiral disk concept rotate the disk, from Jinyu Make a hole in disk
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New disk arrangements

Barrel
Layer
-
Z_max

3 double-layer disks

Disk
z

Barrel :
Layer

-
Z_max

Endcap :

Upper ring set .
closer to barrel oo

Barrel :
Layer

-
Z_max

lower ring set

closer to barrel

Endcap :
Disk
z

: PXB1

1 2 3 e ¥ 6
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Endcap : FPIX_1 FPIX_2 FPIX_3 FPIX_4 FPIX_5 FPIX_6
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New disk arrangements

5d, fum]

ratio

10°

10

1.18
i1
1.05

0.85
0.9
0.85
08

dxy vs cos8 (p=50GeV)

; —— upper closer to barreal

il ——— lower closer to barrel

[ 20mm ring hole

=2 —— 3 double disks

F

_"-"-‘—-r-" bt et L "W

0 0.2 0.4 06 0.8 1
cnsf

» not make resolution worse much, event
improved in some region

» still need considering mechanics and
cooling simulation

21



r [mm]
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Beam pipe radius simulation

Beam pipe radius: 10mm
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Beam pipe radius:12mm
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other/14mm
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other14mm
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Impact parameter resolution

dxy vs momentum (8=85°)

dxy vs momentum (8=60°)

5d, [um]

10

—.—R

T

=
beam pipe=‘I Omm 4 S I:{beam pipe=-I Omm
beam pipe=1 2mm I beam pipe=1 2mm
beam pipe=1 4mm 5 beam pipe=1 4mm
beam |::;ipe=1 6mm beam pipe=-I 6mm

Big effect on low momentum track
Beam pipe radius is smaller, resolution is better

Improve resolution 21% if reduce beam pipe radius to 10mm
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Beam nine material

Detail structure
&y 400+550+550=1500 mm

Central Be pipe:
400.00
- 85.00(%7) 230.00(%%)
OL inlet outlet
oL 8 - N . - s P " . . < NI
Q S 8
80.00(%7) 240.00(%%)
From Ji Quan
s [ on i ot | o
innermost Au: T=5um
inner Be: T=0.50mm L=400mm(240+80+80) D(inner)=@28mm 0001495 0.001495 —) ~0.15%

gap: T=0.50mm Beryllium 0.001417 0.002409 0.002409
outer Be: T=0.35mm L=230mm D(inner)=@30mm
coolant 0 ~0 0.001037

CDR beam pipe: 500um Beryllium total 0.001417 0.003905 0.004941

Paraffin coolant: x/X_0=0.85mm/35.28cm + 0.50mm/48.22cm + 5um/0.3344cm = 0.00494 1
Helium gas coolant: x/X 0= 0.85mm/35.28cm + 0.50mm/5.671e+05cm + 5um/0.3344cm = 0.003905
» CDR beam pipe: x/X_0=500um/35.28cm = 0.001417
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Radiation Lengths[xfxn]

Material budget vs cos0

Radiation Length by Component(He + Au)

0.04
L | [ e e
0.035— - IT Magule: Flex cabie
E IT Module: Glue sensar
0.03— - IT Module: Glue suppert
; Il 7 vrocue: Ladder supon
0.025 IT Macula: Sensor

0.1 0.2 03 04 05 06 07 08 09 1

cosé
length
Beam pipe 0.00558
IT Module: Flex cable 0.00312
IT Module: Glue sensor 0.00037
IT Module: Glue support 0.00037
IT Module: Ladder support 0.00643
IT Module: Sensor 0.00444
total 0.02031

Radiation Lengths[xfxo]

Radiation Length by Component(paraffin + Au)

0.02

0.015

0.04
L | i oo e
0.035— - IT Mogule: Flex cabie
E IT Module: Glue sensor
0.03— - IT Mogule: Glue support
; Il 7 t1ocuie: Ladder suppon
0.025 IT Macule: Sensor

0.01

0.005

% 0.1 02 03 04 05 0.6 07 08 09 1
cosé

length

Beam pipe 0.00707

IT Module: Flex cable 0.00312

IT Module: Glue sensor 0.00037

IT Module: Glue support 0.00037

IT Module: Ladder support 0.00643

IT Module: Sensor 0.00444

total 0.02180

Radiation Lengths[xfxo]

Radiation Length by Component(CDR)

0.04
: - Beam pipe
0.035 :_ - IT Madule: Flex cabla
0.03 :_ - IT Marule: Glue suppert
C - IT Madule: Ladder support
0 025 :— IT Madula: Sensor
0.02|-
0.015
0.01
0.005
% 04 02 03 04 05 06 0.7 08 09 1
coso
Average (cos6 = [0, 0.99]) Radiation
length
Beam pipe 0.00203
IT Module: Flex cable 0.00312
IT Module: Glue sensor 0.00037
IT Module: Glue support 0.00037
IT Module: Ladder support 0.00643
IT Module: Sensor 0.00444
Total 0.01676

26



5 d, [um]

other/CDR

Impact parameter resolution

dxy vs momentum (6=85°)

il —*— He coolant + Au
—*— paraffin coolant + Au

CDR

24% worse if use paraffin coolant +Au

54, [um)

other/CDR

10

13
1.25
1.2
1.15

1.05

0.85
LR ]

dxy vs momentum (8=60°)

— —*— He coolant + Au

—*— paraffin coolant + Au

10 10°

—

might cancel the material effect if reduce beam pipe radius to 10mm

27



Summary & Plan

* An optimal vertex layout was got (longer innermost layer + 3 double disks), it has
better resolution than CDR design and full barrel design.

* Some new disk arrangements for air cooling have been investigated, perhaps
providing new choice for vertex air cooling.

* Beam pipe radius and beam pipe material have been studied, smaller beam pipe
radius might cancel material effect.

 Next.

* Investigate new arrangements
 Fast sitmulation tool tkLLayout customizing and cross-checking
 Full simulation validation of optimal design
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Longer first layer
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Different position of 2 single-layer disks
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Longer first layer with different number of disk

ad, [um]

ratio

54, um)

ratio

e

1.08

0.95

'OCJ
& i

D-lIHlIIIIlIHI'

dxy vs cost (p=1GeV)

—— 2 double disks
—— 3 double disks
CDR

D L F oL

0.2 0.4 0.6 0.8

O-Hlllll

dxy vs cosb (p=20GeY)

cosh

—— 2 double disks
—— 3 double disks
CDR

¥l

B B T PR S P TR PRSP P S e

----- adead

0.2 0.4 0.6 0.8

50, lum)

ratio

54, lum]

ratio

1.05

0.95
0.
0.85

dxy vs cosh (p=5GeV)

—— 2 double disks
—— 3 double disks
CDR

Ea iRl E

) 0.2 0.4 0.6 0.8 1
cose
dxy vs cosd (p=50GeV)

= —— 2 double disks

- —— 3 double disks

= CDR

i __u_,_.,gw'"*”:
PN S T T T T Y I N T T T T T [T T Y VN NNV O T Y O SRR A

O-IHIlIIIIlIHI',HIIlIIII

0.2

04 0.6 0.8 1

cosh

&d, [um]

ratio

54, [am)

ratio

T

1.05

0.85

'GO
5 i

T

1.08

0.85

'C’Cl
& i

dxy vs cose (p=10GeV)

—— 2 double disks
—— 3 double disks
CDR

A Sk e L b b

FRPRS N

Bhaiid s s sdiaa s

D-HII|IIII|HII.',HII|IIII

0.2

0.4 0.6

0.8

0.2

0.4 0.6

cose
dxy vs cosd (p=100GeV)

- —— 2 double disks

= —— 3 double disks

= CDR

B _‘M“:

P S NI RV N S N T T N T T U T T T T T T W [ S T W 0 O A
; ““““““ "
0



3 double-layer disks closer to barrel
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Optimal layout
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New disk arrangements

dxy vs cost (p=1GeV) dxy vs cosd (p=5GeV) dxy vs cose (p=10GeV)
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