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Background Review

* CDR vertex:

* based on ILD
* ideal concept vertex(Z. Wu et al 2018 JINST 13 T09002)

 Vertex prototype for MOST?2:
« realistic implementation of CDR vertex (barrel)

* mechanics: ladder design, support structure, ladder
arrangement

« electronics: chips, read-out
» cooling: air cooling
« Realistic vertex detector for CEPC:
 based on vertex prototype (mechanics, electronics)

* full-size vertex detector (barrel + endcap)
* beam pipe, MDI, cooling
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Vertex layout optimization rewew

« Base on the design of vertex prototype (mechanics, : -
electronics), we try to optimize the full-size vertex
detector (dO resolution as criteria):

 Barrel optimization

vertex_vl: realisti e
implementation of CDR vertex ]
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* The radius of vertex detector W o
« The number of Iayers Layout with 3 equidistance
) double layers is best
» The radius of second layer
 Lengthen the innermost layer
* Disk optimization £ e | T
] = ~ vertex_v2: longer first double|layer
* The number of disks improve the dO resolution f: | with 3 double disks - ] o
« Single-disk or double-disk ~ in front region NI | e
» The putting place of the disk z B
00:‘ = i ... ‘. 160, L '1ég 55“;0 T 9
3 double-disks in endcap is the best
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dxy vs momentum (8=85°)

%" _'_Rbeamplpe 10mm Ei j
- - = eam pipe= 1 2MM
Beam pipe study review R

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

Reduce the beam
pipe radius!!!

better - m
* Improve dO resolution 21% if reduce beam - v momentum (-85
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

 Innermost Au: T=5 um | thinneri!
« inner Beryllium layer: T= 0.5 mm 1"?%N
* gap: T=0.5 mm (coolant) b
* outer Beryllium layer: T= 0.35 mm —
« 24% worse If use paraffin coolant +Au T T
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
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New beam pipe with diameter of 20 mm =&

Detalled structure of the central beryllium pipe

350
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165(outer Be pipe) £ "E I e
- - - 140 — ) : e |
N =5 = WE /i -vertex_v2: longer first double|layer o .
Q= . ' o " ithadoubledisks
! _[—:L_L, = Ea— 80 i— . . _ . . e .
- . e 8°(g0s0-0.99)
70(Al pipe) | | 160(inner Be pipe) ol e
Progress in the CEPC detector _ , 2@%
mechanical design’ JI Quan 25(Be plpe) 25(Be plpe) L - T T R ) o T me e e ;ﬁ] 6

According Lo processing capacity:
nner Be pipe:  0.20mm thick, P10(25+160+25)mm long
Outer Be pipe. 0.15mm thick, L65mm long

. th I n ner 0.00 010 020 0.30 0.40 0.50 0.60 0.70 0.80 0.90

inner Beryllium layer: T= 0.5 mm / 01

outer Beryllium layer: T= 0.35 mm £ - e
Innermost layer will be inside the ol oo
border line, which is the limitation of "~ -
vertex coverage. = Lo
Shorter innermost layer is required = —__

100 ‘ ‘ ‘ ‘ 15‘0 ‘ : ‘ ‘ 20‘0 ‘ ‘ ‘ I 25‘0 ‘ ‘ ‘ I 30‘0 ‘ ‘ ‘ ‘ ::5‘[:1"]]' 1.[::58
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CEP )

At least 7 ladders for

7 ladders arrangement for innermost layer

Comparison of air-cooled structures with different vertex arrangements
Single layer:

Due to the limitation of detection angle, the smaller the

A

-

When the inner diameter

15 @20 mm, only & and 7
chips are arranged

Pros:

All silicon chips are in same radius and close

to the beam pipe.

Cons:

It's hard to cool the inner silicon chips which
close to the beam pipe using air-forced cooling
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/ ladders arrangement for innermost layer

Barrel modular parameters:
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7 ladders arrangement for innermost layer

The effect of whether placing second layer in the
middle or not on dO resolution is very small.
Using 7 ladders for the innermost layer improves dO

resolution a lot at cos9=0.

For mechanical consideration, | prefer placing second
layer in the middle.
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dxy vs cosf (p=50GeV)
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0.1 mm gap between two adjacent chips
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8 ladders arrangement for innermost layer ey

Double layer:

241.2
231.2(9X25.6+0.8)

_ 205.5(8X25.6+0.7) : /
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8 ladders arrangement for innermost layer
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54, wm)

ratio

8 ladders arrangement for innermost layer

dxy vs cosb (p=50GeV)
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7 chips on both sides for innermost
layer and second layer in the middle is
better.

54, um)

ratio

Comparison of different ladder arrangements
for innermost layer:

dxy vs cos® (p=50GeY)
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» T7-ladders arrangement is better

than 8-ladders arrangement.
» less material
» 7 ladders are close to beam pipe.
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Realistic long barrel vertex P

Extending Al pipe Be pipe Supporting tube for vertex
1400
695
FCERARLER
489
FoERFREAR
267
F-EBAEIR

(Ver. 20201015)

- » Feasible solution for air cooling

> Realistic long barrel vertex:

e e > stiffer carbon fiber ladder support
: o = > more cable for read-out
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Radiation Lengths[xfxﬁ]
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Realistic long barrel vertex

Radiation Length by Component
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The material budget of realistic long barrel vertex is

cosb
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about twice as much as the ideal long barrel vertex.
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dxy vs cosf (p=20GeV)
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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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Optimal vertex layout

Layer 1 2 3 4 5 b
r 17.116 19.041 37.667 39.577 58.914 60.842
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dO resolution of optimal vertex layout

(D
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dxy vs cosd (p=50GeV)
E 10° ;
b —— optimal layout
B —— realistic long barrel
10 = vertex_v1
- The dO resolution of optimal vertex layout is much better
Wl than realistic long barrel vertex and vertex_v1 (realistic
= -1 Implementation of CDR vertex) layout, especially in the
- . e front region (20% and even more).
3 S T T » smaller radius of beam pipe
% > more disks
éza S R T > longer innermost layer
5T 07 05 04 05 05 07 08 09 1
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Summary

* New optimal vertex layout which combines the new beam pipe design
and previous optimal vertex layout is studied.

* The arrangement with 7 ladders and 7 chips on both sides of each ladder is a
better choice for innermost layer.

* Placing second layer in the middle is better considering both mechanics and
performance.

» The performance of this new optimal vertex is much better than the realistic
Implementation of CDR vertex and realistic long barrel vertex (20% and even
more).
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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 cosb (p=5GeV)
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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)

107 =
- —— optimal layout
- —— long barrel :
0= CDR - *]
-
. N M
|.3""|"'| | | i | | | |
14
1.3§
1.2
11
Ggg u; R 0 L PP PP P P R P T P e T L
%0 01 02 03 04 05 06 07 08 09 1

cosA
dxy vs cos (p=20GeV)

—— optimal layout
—— long barrel
CDR

r
10 — -
= o
= .
e
ottt o
o - st T et
NI | 1 1 i 1 1 1 1
13
14
13
12
Ve -+ - " . s A bt A
HE PO PP PRTEFRTICT I, T TP
0.8 g -
o8 e b,
X g g,
a7 Haaas *
+
0.8
05,

02 03 04 05 06 07 08 09 1
cosf

o
o
ey

dxy vs cos® (p=5GeV) dxy vs cosd (p=10GeV)
10

10°

5 d, Jum]
54, [um]

—— optimal layout
—— long barrel
CDR 10°

—— optimal layout
—— long barrel
CDR

‘t
" 4
.
.J"- .“ _;'o
= P o
Ewwmw% - - e WW - P - art
[ i Lt i A S 8 i s A 8 vopoteibet M
3 v b by v by by by | | |3""| R AR | | | | il | |
Hé 124%
13 13
12 12
8 T B iiireesanuoe st sna e un et e ARt bbb et e et gt L
= 09 = 0.8
gg et e b bt st et abas bae s S aat st st ata b parian g_? an -n--.«.-“.n.-.n-““-«.a.“..nn«.“.«.-n..,..««..«--nan- .......
or a-aa-.-nanaa4a““‘a‘.‘.‘.““““‘““ D:E h ke T TP
oe ot . . . . . . . . . .
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
coshA cosh
dxy vs cose (p=50GeV) dxy vs cos® (p=100GeV)
T 10 = g0
2 E . E .
T E —— optimal layout g —— optimal layout

—— long barrel
CDR 107

—— long barrel
CDR

;‘

10 — 10
= o
E .
- M‘ y .w“""“
[— L
- NLW" Wﬂ‘
R I B Ll [ B [ R L [ B
5 13
14 14
1.3 1.3 N
L 12 e IR RN
2 ety a 2
§ 4 BHsImammn NN il LI e B Bt S T AR e R S £ i
e faag o M . o8 oy e M,
0.7 arv
06 .. 06 .
035, 05,

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

o
o

CEPC Physics and Detector Plenary Meeting - 2021/01/13 21



54, um]

ratio

5q, [um]

ratio

. —— ideal long barrel N

1.05

1
085

New long barrel

dxy vs coso (p=1GeV)

—— realistic long barrel

e

FOOT \HI|

lé|wwulu|||I||||I||||I||||I|||| TN TR R VI S A R

1.15

11

1.05 radaas Py -, FYLTPYOypwn

0.95

0.8

0.85

08 L

o
o
-y

dxy vs cosb (p=20GeY)

02 03 04 05 06 07 08 09 1

—— realistic long barrel

- —— ideal long barrel

\

1=

1.15

e L T e DT e R
kTP P PR

0.9

0.85

0.8

cnsA

0 01 02 03 04 05 06 07 08 09 1

54, um]

ratio

5q, [um]

ratio

1.05

dxy vs cost (p=5GeV)

—— realistic long barrel

. —— ideal long barrel

™

T T1II|

W2 v e b P b v Py P v e b b a

1.15

11

1.05 AR N Y A AN R A " g

0.95

0.8

0.85

08

o

cnsh
dxy vs cosB (p=50GeV)

01 02 03 04 05 06 07 08 09 1

—— realistic long barrel

- —— ideal long barrel

\

e

1.15

11

e sase,
wsaad ek ad b ad b baas aaba baad atag s Yeaatataas gttt aatad B Aad ey ot
Y o e e R T o esnt ]

.............

085

0.9

0.85

0.8

cnsA

CEPC Physics and Detector Plenary Meeting - 2021/01/13

0 01 02 03 04 05 06 07 08 09 1

54, um]

ratio

5d, lum]

ratio

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

22



5 d, um)

ratio

54, um)

ratio

vertex_v2 performance

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

Al wire 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)

{ Sensor(Si, 50um)

glue(Epoxy, 15um)

[ s Tum) (1) Sensor
< L Kapton(74um)
(2) Flex cable

Glue(Epoxy, 30um)

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

Glue(Epoxy,30um) (4) Flex cable
| < Kapton(74um) 5) Sensor
Al(26.7um)
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{ Sensor(Si, 50um)
Optimization
Thickness goal
. . Polyimide 25um 12
recent discussion shows that we need i 15
at least 2 layer Al in flex cable Kapton Soum 5 5
28um 15

Polyimide 25um 12



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



Vertex design including air cooling
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