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CDR baseline vertex

CEPC vertex study overview

 CDR vertex:
e basedon ILD
* 1deal concept vertex(Z. Wu et al)

* Vertex prototype for MOST?2:
« realistic implementation of CDR vertex (barrel)
* mechanics: ladder design, support structure, ladder arrangement (indico
link)
« electronics: chips, read-out
« cooling: air cooling

« Optimization for a realistic vertex detector for CEPC:

 based on vertex prototype (mechanics, electronics)
* Module and material
* full-size vertex detector (barrel + endcap)
 Barrel optimization
 Disk optimization
« Long barrel vertex design

* beam pipe, MDI, cooling

MOST CEPC Project 2021 Annual Meeting (April 22, 2021)


https://iopscience.iop.org/article/10.1088/1748-0221/13/09/T09002
https://indico.ihep.ac.cn/event/11339/

Module and 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.

&

™~

Polyimide

kapton

Polyimide

Thickness goal
25um 12
28um 15

17.8um ?
S0um 50
17.8um ?
28um 15
25um 12

{ Sensor(Si, 50um)

glue(Epoxy, 15um)

( Al(26.7um)

(1) Sensor
(2) Flex cable

L Kapton(74um)

Glue(Epoxy, 30um)

%{ Ladder support(carbon fiber,350um) }—"’(3) Ladder Support

Glue(Epoxy,30um) (4) Flex cable
Kapton(74um) 5) sensor
Al(26.7um)

o
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material of flex cable: We can do oimization £ somors,soum

Al: 17.8um*1.5=26.7um
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One half dead area:

Sensor(Si, 25um)

Al wire

glue(Epoxy, 7.5um)
Al(26.7um)
Kapton(74um)
Glue(Epoxy, 52.5um)

Ladder support(carbon fiber,175um)



Layer 1

Vertex layout optim

» vertex_v1: realistic implementation of -

CDR vertex

 Barrel: 3 double-layers
« Endcap: 2 single disks g
 Only consider the barrel for MOST?2 project

« total average material budget is about 1.3%
for vertex barrel, much more than CDR 0.9%

(0.15% x 6)
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dxy vs momentum (6=87°) dxy vs momentum (6=60°)
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« Changing the radius of vertex detector

« the dO resolution is no big difference for
different detector size at very low momentum ! s :
like 0.1GeV to 1GeV ™ I B
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Barrel optimization

« Changing the number of layers

* 0.1GeV-1GeV: The effect of number of
layers on dO resolution is very small.

* 1GeV-10GeV: The vertex with less layers
has better dO resolution, which is
probably because material effect
dominate in this momentum range.

« 20GeV-100GeV: The vertex with more
layers has better dO resolution, which is
because vertex with more layers will have
more measurement points for track

1
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dxy vs radius of second layer (6=87°)

Barrel optimization

dxy vs radius of second layer (6=60°)

£ 30 F 30
3; —s—p=1.0GeV/c 30 ——p=1.0GeV/c
« Changing the radius of second layer =
» second layer radius has very small effect on d0 =~ o 20 e
resolution. : S S
. . 15— h_ﬁ_i._i_'___._—_. 15—
 In addition, second layer closer to first layer has |
better resolution for 10GeV and 100GeV tracks - tor
 second layer closer to first layer will get worse  .f s
resolution for 1GeV tracks. S S, S G
» However, second layer in middle is a better =R LR T e, o SRR Y e
choice for mechanics design. |
H=25mm r»=32mm »=39mm r»=46mm r>,=53mm
double-layer R (mm) R (mm) R (mm) R (mm) R (mm) ‘ |
Layer 1 18 18 18 18 18 = N — ——
Layer2 25 32 39 46 53 R T T T 1zoz[m:na]oe - (- T nzloz[m:]oe N AT nzloz[m:na;oe
Layer 3 60 60 60 60 60 D | | |
Finally, we choose the barrel with a radius of 60mm |
and 3 equispaced double-layers considering the
mechanics and material, which is the CDR layout. :
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Long barrel vertex

Extending Al pipe Be pipe Supporting tube for vertex
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» Feasible solution for air cooling
» Simple structure
-» Realistic long barrel vertex:
S— e — > stiffer carbon fiber ladder support
e e > more cable for read-out
- > vibration of long ladder

(Ver. 20201015)
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Radiation Lengths[x/X ]

Radiation Length by Component

Long barrel vertex
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» The dO resolution of realistic long barrel
vertex is worse about 7% than ideal
long barrel vertex.
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» The material budget of realistic
long barrel vertex is about
twice as much as the ideal long
barrel vertex.

» Much more material in the
front region than disk version
layout.



Long barrel vertex performance

ratio

dxy vs cosb (p=50GeV)

cos0: 0.82-0.96, disk version better than long

barrel design

10° =
— —— CDR
— ———— CDR barrel with 2 double disks
B CDR barrel with 3 double disks
L = ——— |ong barrel design
10— 1"
E _‘M":-,:“
I .‘MW
s Ll 1 1 Ll 1 I Ll
6
14 ;—
12 ;—
=
0BE- e *ty
0 0.2 0.4 0.6 1

cos0> 0.96: long barrel design better CDR
barrel with disk version, because innermost

layer of long barrel provides closer first hit to

IP

MOST CEPC Project 2021 Annual Meeting (April

¥ [mm]

r [mm)

000 010 020 030 0.40 0.50 0.60 070

]

0.80

090 091 paz

0493
160 —
0.94
140 [— 095
120 = 096
100 | . .
- CDR(2 single disks
80 [ -
80 | 0%
i
40 e
= ——
) S S R[S Y S N S S Y N S Y S S Y B 1.00
(1] 50 100 50 40
zlmml - gogp
000 D010 020 D030 040 050 0.60 070 080 090 09 0.92
[ / Vi g - %3
160 — noe
140 [— 085
= 0.96
120 - —
- 2 le disk .
100
= | oo
80 [
&0 _ |-oee
—
i —
40 _ -
0 L L 1 L PR S T TR TR N S ST SN AN ST TR S EN SN TR ST S [N SN SN TR SN AN TR TR S S | 1.00
(1] 50 100 00 350 400
zmml gosn
000 010 020 030 040 050 060 0.70 0.80 080 091 0.92
l ! / / d . / 0.93
160 |— a4
140 | — 095
= 0.96
120 — . I
= le disk -
100 —
E 0.98
B0 [— .
60 |0
= _ M
= P o
0 L L L n P P SR (SN SN S SR SN [ SO S S T | _1_ P - 11 100
0 50 100 00 350 400
90° 80° 70° 60° 50° 34°(c0s8=0.83) 24°(c0s6=0.91)
P " 22°(c056-0.93)
160 —
wl - : ] _
» ldeal Iong barrel dESIgﬂ - 167e56-09
= ’ i 14°%(cos6=0.97)
100 — . B . et
ol '
60— 8°(c0s0=0.99)
40—
S
W=
| e N H N H | L T R 0
50 100 150 200 250 300 350 400
22 2021) <t

10



» Lengthen the innermost layer
» longer first layer design has the advantages of

8d, [um]
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long barrel design and disk design
» cos0: 0.82-0.96, same as CDR

Barrel optimization

» cos0> 0.96: similar to long barrel design
(even a little better), better than CDR
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Disk optimization
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Disk Optl mization Better layout after barrel optimization and disk optimization
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dxy vs momentum (8=85°)
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I:{beam pipe—

beam pipe™

beam pipe™

Beam pipe study overview

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

e
beam pipe

Reduce the beam
pipe radius!!!

better - m
* Improve dO resolution 21% if reduce beam - gy momertun (-6
pipe radius to 10 mm ? ~+ Hocoolat + Au

« Beam pipe material
« Beam pipe structure:

~—#*— paraffin coolant + Au
o CDR Reduce the beam
pipe material!!!

.| Make the beam pipe

iInnermost Au: T=5 um . . . thinnern
* inner Beryllium layer: T= 0.5 mm 1;‘?2‘N
4 layers g
» gap: T=0.5 mm (coolant) £
outer Beryllium layer: T=0.35 mm ——
« 24% worse If use paraffin coolant +Au = P
o mlght C_a.ncel the material effect If reduce Beryllium 0.001417 0.002409 0.002409
beam pipe radius to 10mm coolant 0 ~0 0001037
total 0.001417 0.003905 0.004941

Radiation length of beampipe
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New beam pipe with diameter of 20 mm
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Optlmal vertex Iayout
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140 —

= vertex vl

169(cos8=0.96)

= 3> sMaller radius of beam pipe
» more disks

The dO resolution of optimal vertex layout is much
better than realistic long barrel vertex and vertex_ vl
(realistic implementation of CDR vertex) layout,
especially in the front region (20% and even more).
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Summary & Plan

 Considering the mechanics, electronics and the beampipe, we got an
optimal vertex layout which contains three double-layers in the barrel
and three double-disks in the endcap.

 The dO resolution of this optimal vertex is much better than the
realistic implementation of CDR vertex and realistic long barrel vertex
(20% and even more).

e Next:

« Air cooling for this optimal vertex layout
« thermal simulation,
« vibration studies

 Implement this layout using Geant4 full simulation
» Global tracker consideration, overall mechanics of the CEPC
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Radiation Lengths[xfxn]

Material budget vs cos6

Radiation Length by Component(He + Au)

0.04
C | [ oo
0.035 - IT Mogule: Flex cable
E IT Module: Glue sensor
0.03— - IT Module: Glue suppert
; Il 7 vocue: Lacder suppon
0.025 IT Mocule: Sensor

0

0 01 02 03 04 05 06 0.7 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 Moule: Flex cable
E IT Module: Glue sensor
0.03— - IT Module: Glue support
; I 7 t1ocue: 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 cable
0.03 :_ - IT Madule: Glue suppert
C - IT Madule: Ladder support
0 025 :— IT Madula: Sensor
0.02-
0.015
0.01
0.005
% 01 02 03 04 05 06 0.7 08 09 1
cosb
Average (cos = [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
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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
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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 cosB (p=5GeV) dxy vs cose (p=10GeV)
T 10 = 3 10 = E o E
f=N — = — = —
5 —— upper closer to barreal ¢ E —— upper closer to barreal ¢ E —— upper closer to barreal
— —— lower closer to barrel — —— lower closer to barrel — —— lower closer to barrel
20mm ring hole 2] B 20mm ring hole B 20mm ring hole
1= —— 3 double disks - = —— 3 double disks 1= —— 3 double disks
10 = 10 i'__— M““ 10 E .‘_.-,,
L& | | | || | | | L} | | | | | | | | L& | | | | | | | |
115 115 115
11 11 11
B T e e et 2ot 2ttt bt B ettt et et it et 42 ettt et et e ] B e ettt et ettt ]
£ 095‘ £ 0.95] £ ODSI ----
09 098 0%
085 085 085
08 L L L L 08 L L L L 08 L L L L
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
cosh cosh cnshA
dxy vs coso (p=20GeV) dxy vs coso (p=50GeV) dxy vs cos® (p=100GeV)
5 10° = T 10° = B w =
= — =1 — =1 —
¥ —— upper closer to barreal € —— upper closer to barreal ¢ F —— upper closer to barreal
— —— lower closer to barrel I —— lower closer to barrel » —— lower closer to barrel
B 20mm ring hole B 20mm ring hole B 20mm ring hole
0= —— 3 double disks W= —— 3 double disks 10 = —— 3 double disks
10 = .‘ 10 = 0=
E o = A E )
- e F - - -
— W — . -M""'.
L& | | | IR | | | | l_& | | | | | | | | L& | | | | | | | |
115 115 115
11 11 11
o 105 o 105 . o 105 RN
TR ttieimirimiok i ik im0 8 ik it i e o i i i e At T D i o i 8 o 1 8 8 s o A2 o diad TR [ttieimiiiok ik o b e 8 i o 0t i 0t o i i i PPPRSPERE Iy iy
E o vana E o E o ¢
08 [i%:3 . 0.9 ‘.
085 085 a 0.85
08 L L L L 08 L L L L 08 L L L L
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
cosh cosh cnsh



Optimization thickness of beryllium pipe

Relationship table between diameter, thickness and pressure: (P63mm)

inner Be pine R1(inner radius) thickness Gap R2(outer radius) R E(GPa) U Pcr(MPa)
BESIII(63 PP 315 0.8 0.8 323 319 303 01 12068
(63) . de Di [o]f ) Pw(MPa)
outer Be pipe
33.1 e 662 33.7 110 1 1.9760
Relationship table between diameter, thickness and pressure: (®28mm)
. . R1(inner radius) thickness Gap R2(outer radius) R E(GPa) u Pcr(MPa)
inner Be pipe
CEPC(28) 14 0.35 05 14.35 14.175 303 0.1 11518
(safety) outer Be pipe de Di o] 0} Pw(MPa)
1485 [0S 207 15.1 110 1 1.8364
. . R1(inner radius) thickness Gap R2(outer radius) R E(GPa) M Pcr(MPa)
inner Be pipe
CEPC(28) 14 0.3 0.5 14.3 14.15 303 01 0.7292
H t
(Performance) outer Be pipe oe Di [0] O] Pw(MPa)
14.8 e 296 15 110 1 1.4765
Relationship table between diameter, thickness and pressure: (®20mm)
. . R1(inner radius) thickness Gap R2(outer radius) R E(GPa) o Pcr(MPa)
inner Be pipe
CEPC(20) 10 0.25 0.5 10.25 10.125 303 0.1 11518
(safety) Al pipe 10 0.5 10.5 10.25 68.2 0.32 2.2049
H e
outer Be pipe oe Di [0] ol Pw(MPa)
1075 G2 215 10.95 110 1 2.0276
. , R1(inner radius) thickness Gap R2(outer radius) R E(GPa) v Pcr(MPa)
inner Be pipe
CEPC(20) 10 0.2 0.5 10.2 101 303 0.1 0.5941
(Performance) Al pipe 10 0.5 10.5 10.25 68.2 0.32 2.2049
. de Di [o] (o) Pw(MPa)
outer Be pipe
10.7 aEsEa s 10.85 110 1 15313

The thinner the Beryllium pipe

.=

The less the mass

E:

The better the performance

The optimization results show:

Under the same flow channel pressure,

The smaller the diameter,
the smaller the thickness

In the choice of thickness, we have two options

@ Safety first
inner diameter ©28mm

Thickness of outer Be pipe: 0.35 mm
Thickness of inner Be pipe: 0.25 mm

iInner diameter ©20mm
Thickness of outer Be pipe: 0.25 mm
Thickness of inner Be pipe: 0.20 mm

@ performance first
Thinner (As shown in the left table)
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7 ladders arrangement for innermost layer =&

dxy vs cosf (p=50GeV)

7ladders-6chips
7ladders-6chips-middle
7ladders-7chips
7ladders-7chips-middle
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» The effect of whether placing second layer in the
middle or not on dO resolution is very small. 0

» Using 7 ladders for the innermost layer improves dO
resolution a lot at cos0=0.

» For mechanical consideration, | prefer placing 10
second layer in the middle.
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8 ladders arrangement for innermost layer ey
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7 ladders arrangement for innermost layer

dxy vs cosb (p=1GeV) dxy vs cosb (p=5GeV) dxy vs cosd (p=10GeV)
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8 ladders arrangement for innermost layer

dxy vs cos (p=1GeV)
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dxy vs coso (p=10GeV)
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Comparison of different ladder arrangements for innermost layer

dxy vs cos (p=1GeV) dxy vs cosb (p=5GeV) dxy vs coso (p=10GeV)
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dO resolution of optimal vertex layout

dxy vs cosh (p=1GeY)
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dxy vs cosd (p=10GeV)
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dxy vs cosb (p=10GeV)

—— realistic long barrel

. —— ideal long barrel

T 49 IIII|

léuuuuluuuu b e b e b b v B e P by a

115

1.1

PITTTT YOy - - W

1.05 A g i

B e e e e e E s EEmsE s msEmesmsmsmmmmsmsmrmmmmner e n ]

0485

0.8

0.85

0.8 L

0 01 02 03 04 05 06 07 08 09 1
cosh

dxy vs cosd (p=100GeV)

—— realistic long barrel

- —— ideal long barrel

T I\Ilw
L3

e

115

1.1

105

" -
SR LA S AR AL A LG L AR T iy e s s adtag et S AR et |

085

0.8

0.85

0.8

0 01 02 03 04 05 06 07 08 09 1
cnso

39



5 d, um)

ratio

54, um)

ratio

vertex_v2 performance

dxy vs cost (p=1GeV)
10° =
= —— vertex_v2
- —— realistic long barrel 9
L]
10 = vertex_v1
10—
) | | | L | | | I
14
13
5
0.-5‘\ S S A SO S S e 2 S S S S (2L e S gaa?
07
06
05 . . . . . . . . .
0 01 02 03 04 05 06 07 08 09 1
cosh
dxy vs cosP (p=20GeV)
10 =
= vertex v2
- —— realistic long barrel
10 = vertex vi
10 = ‘.‘
E ﬁ . NWWMM—@*
b e L o e b b Lo Lo L
14
13
12
": St 98 st taaads 2 ded n:eccﬁhﬂceéﬂﬂ:::eﬁiﬁ::cdﬁaét:tﬂ1:!tctlﬁi:é:::::::::::ﬁattcan
bH]
a7 N
08 *
05, L L L L L L . ! ! =
0 01 02 03 04 05 06 07 08 09 1
coso

54, um]

ratio

s, fum]

ratio

dxy vs cosd (p=5GeV)
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dxy vs cosd (p=10GeV)
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Ladder of realistic long barrel vertex

detector layers 5-6: width 16.8 mm, high 4 mm
surface thickness: 0.25 Carbon fiber support:

inside ribs thickness : 0.6 number: 2 intotal

detector layers 3-4: width 16.8 mm, high 3 mm
surface thickness: 0.2

inside ribs thickness : 0.6 number: 2 intotal



