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https://iopscience.iop.org/article/10.1088/1748-0221/13/09/T09002
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See details: indico link

MOST?2 task and indicators

tation and Assessment Methods

Assessment index

Spatial resolution

- Mid-term: produce 25*25 um pixel size chip

! 723 | Overview of Task 2:
- Final : 3-5 pm resolution in Beam test

. Can break down into sub-tasks:

- CMOS imaging sensor chip R & D
- Detector layout optimization, Ladder and vertex detector support structure R & D

+ Detector assembly

Radiation hardness

. Data acquisition system R & D

- mid-term: verified by TCAD simulation
- Final : Total ionization dose >1 Mrad

CMOS imaging
sensor prototyping

Beam test to
verify its spatial resolution

Detector module (ladder)

Full size vertex detector Prototype
Prototyping



https://indico.ihep.ac.cn/event/12322/

CEPC vertex study review

 CDR vertex:
* based on ILD
* ideal 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
« Realistic vertex detector for CEPC:
 based on vertex prototype (mechanics, electronics)

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

CEPC Day - 2021/01/22



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

Vertex layout optimization review CER

34°(c056=0.83) 24°(c050=0.91)

 Base on the design of vertex prototype (mechanics. ; »- R
electronics), we try to optimize the full-size vertex e imaniaton of COR VeS| e
detector (dO resolution as criteria): | o e

 Barrel optimization S
* The radius of vertex detector} U

)
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e The number of Iayers Layout with 3 equidistance
double layers is best

A\

] Full silicon tracker as outer tracker: FST
» The radius of second layer

Z. Drasal , W. Riegler » Not consider cable & cooling for the

 Lengthen the innermost layer transition region between barrel and endcap
* Disk optimization A A ] W
* The number of disks improve the dO resolution -~ Vertex_v2:longerfirst double layer
) ) ] in front region E ~with 3 double disks e i

« Single-disk or double-disk ! frontreg Bl | R

 The putting place of the disk I, |

e .

3 double-disks in endcap is the best . :
P All layout tuning results simulated by tkLayout, which
was developed by CMS, customized for CEPC tracker fast

CEPC Day - 2021/01/22 Simulation(on-going). More information in github. ¢


https://doi.org/10.1016/j.nima.2018.08.078
https://github.com/zenghaowhu/tkLayout

dxy vs momentum (8=85°)

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

« Beam pipe radius Reduce the beam

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

better - m
 Improve dO resolution 21% if reduce beam - by v momentum (0851

pipe radius to 10 mm f o coniant+ 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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Updates

* New beam pipe radius=10mm
» New ladder arrangements for innermost layer
* Long barrel vertex design
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New beam pipe with diameter of 20 mm CER

Detalled structure of the central beryllium pipe

350 ’

—_ =

[
-1
t

70 60° 50° 34%(cose=0.83) 24%(cose=0.91)

. T 160?:— _ e _32(Goshen 55) ——22eost-053)
165(outer Be pipe) £ "E I i
- - - 1o f— _ ; ) e
N =5 — WE o -vertex_v2: longer first double|layer o .
Q= B T - ] w— . with3doubledisks T
! _[I___-_LL = == i \E.Ela— aai—; . . . ) ' . |
. . e———y 8°(dos=0.99)
70(Alpipe) | | 160(inner Be pipe) | | ol e
Progress in the CEPC detector . . 2°?%
mechanical design, JI Quan 25(Be pipe) 25(Be pipe) G e S

According to processing capacity:
nner Be pipe.  0.20mm thick, P10{25+160+25)mm leng
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 N o

outer Beryllium layer: T=0.35 mm £ . - 222

Innermost layer will be inside the ol oo

boundary line, which defines the " -

vertex detector coverage. e L™
Shorter innermost layer is required | S

zlmml - o59

10 chips on both sides of the innermost ladder
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https://indico.ihep.ac.cn/event/13428/

7 ladders arrangement for innermost layer <&

At least 7 ladders for
Comparison of air-cooled structures with different vertex arrangements Our present ladder design: innermost layer

Single layer: Due to the limitation of detection angle, the smaller the 18
inner diameter, the smaller the number of chips

190 o

When the inner diameter 1 54-—1(BX2 56"'05)

15 @20 mm, only & and 7 =

chips are arranged 1 798(7X256+06)

Pros:
All silicon chips are in same radius and close
to the beam pipe.
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Cons:
It's hard to cool the inner silicon chips which N\ y — FF
close to the beam pipe using air-forced coolin = o H : .
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/ ladders arrangeme

0.1 mm gap between two
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S

7 ladders arrangement for innermost layer =&

dxy vs cosf (p=50GeV)

7ladders-6chips
7ladders-6chips-middle
7ladders-7chips
7ladders-7chips-middle

54, lum)
T TTTIT

» 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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0.1 mm gap between two adjacent chips
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8 ladders arrangement for innermost layer

241.2
231.2(9X25.6+0.8)

205.5(8X25.6+0.7)

Double layer:
S
Q ; _ER —
T T,
—L{,‘
Pros:

The area of cooling tunnel has been extended.

Cons:

The detecting distance of two layer is different

| 154.1(6X25.6+0.5) |
179.8(7X25.6+0.6)
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s, [um)

ratio

8 ladders arrangement for innermost layer 2200

dxy vs cosb (p=50GeV)

W =

— 8ladders-6chips

~ 8ladders-6¢hips-middle

B 8ladders-7chips
0= 8ladders-7chips-middle
10 =

8: - M‘“ﬂl‘
1.04
1.02 1
g_ ﬁ saadiigade i e igaiaiagiig e
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cnsh

7 chips on both sides for innermost
layer and second layer in the middle is
better.

5, lum]

ratio

Comparison of different ladder arrangements

for innermost layer:

dxy vs cosf (p=50GeV)
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- 7ladders-6¢hips-middle
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E w‘;
i '
1.08
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104 .
1.02 W o et e e .
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Q.08
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Q.04
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coso

» T-ladders arrangement is better

than 8-ladders arrangement.
> less material
» 7 ladders are close to beam pipe.

CEPC Day - 2021/01/22
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Best! Optimal vertex layout!
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Realistic long barrel vertex

Extending Al pipe

Be pipe

Supporting tube for vertex
1400
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489

(Ver. 20201015)

FoERARIER
267

» Feasible solution for air cooling

F-EBARIR

= » Simple structure

> Realistic long barrel vertex:
> stiffer carbon fiber ladder support
» more cable for read-out

\ - -
Interface LumiCAL Vertex (3 layers) > vibration of long ladder
with Acc.
Long barrel |Length of Chips / Readout No. of flex
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Radiation Lengths[x/X ]

Realistic long barrel vertex

Radiation Length by Component

- B T Mocule: Flex cabie I
0.14— | s 7 Mocule: Glue sensor
- IT Macule: Glue support
| B T Mocule: Ladder support
[ B 7 Moculs: Sensar
012 | mmm 17 Mocule: Dead Al
B IT Mocule: Dead Al wire
B T Mocule: Dead GF
0.1 o IT Mocule: Dead Epaxy
L I 7 Mocule: Dead Si
| | B T Module: Dead kapion
0.08]
0.06—
0.04—
B . N PI e
0.02 B 'y
0
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54, [um]
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06 07 08 09 1

cosé
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Radiation Lengths[x/X ]

Radiation Length by Component

I 1T Macule: Flex cable
0.14 RS T Module: Glue sensor
IT Matule: Glue support

I 1T Madule: Ladder support
1T Module: Sensar
T Module: Dead Al

S0 IT Madule: Dead Al wire
B T Module: Dead GF

T IT Module: Dead Epoxy
I T Module: Dead Si
BN 1T Module: Dead kapton

0.12

0.1

0.08

0.06

0.04

0.02

1
coso

dxy vs cosf (p=20GeV)

—— realistic long barrel

—— ideal long barrel

04 05 06 07 08
coso

CERC -
0T e 1Day 2021/01/22
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Radiation Length by Component

) > The material budget of realistic
PL S long barrel vertex is about
£ U (S twice as much as the ideal long
" barrel vertex.
" > Much more material in the
s front region than optimal
s vertex layout.
% 01 02 03 04 05 06 07 08 09 |

cos6

The dO resolution of realistic long barrel
vertex is worse about 7% than ideal long
barrel vertex.

17



QN1

Optimal vertex layout o
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£ e 4 T E —— optimal layout
120; / g R Vertex—vl - | :zzz:zi:: — - reallstIC |Ong barl'e|
wESS S s - A s | 10° == vertex_vi1
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2 o e cosh
A S The dO resolution of optimal vertex layout is much
90° 80° 70° 6_0" 50° 34°(cpse:0,83) 24"(5;959;‘10 91) . .
= 0 better than realistic long barrel vertex and vertex_ vl
o= Realistic lon - e (realistic implementation of CDR vertex) layout,
120 —— ) L o 16°(C0s6=0.96) . . .
= barrel d'é i ng I e especially in the front region (20% and even more).
wE- ST T an- > smaller radius of beam pipe
e — . > more disks
[ ——— > longer innermost layer
00",% -I- VI 750 -‘ l I 160 D 15‘;0 R 20|0 D 2510 D 360 D 35‘;0 . 40|0 e
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Vertex design
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CLIC spiral disk concept
CLICdp-Note-2014-002

rotate the disk, from Jinyu
CEPC Day

considering air coolin CER
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Summary & Plan

* New optimal vertex layout has been studied:
* beam pipe radius of 10mm & previous optimal vertex layout

« New ladder arrangements for innermost layer
7 ladders & 7 chips on both sides of each ladder
* Placing second layer in the middle is better considering both mechanics and performance.

 The dO resolution of this new 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 (WU Kewel)
» Global tracker consideration

R
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Gluckstern formulae

Nuclear Inst. and Methods in Physics Research, A 910 (2018) 127-132

journal homepage: www.elsevier.com/locate/nima

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

An extension of the Gluckstern formulae for multiple scattering: Analytic )

Check far

expressions for track parameter resolution using optimum weights e |

Z. Drasal “*, W. Riegler "*

" Charles University, Prague, Czech Republic
¥ CERN EP, Geneva, Switzerland

ARTICLE INFO ABSTRACT
Keywords: Momentum, track angle and impact parameter resolution are key performance parameters that tracking detectors
Tracking are optimised for. This report presents analytic expressions for the resolution of these parameters for equal

Multiple scattering
Impact parameter resclution
Momentm resolution

and equidistant tracking layers. The expressions for the contribution from position resolution are based on the
Gluckstern formulae and are well established. The expressions for the contribution from multiple scattering using

optimum weights are discussed in detail.

1. Introduction

The theory of track fitting using global »? minimisation is well
established [1,2] and some explicit expressions for geometries with
equidistant detector planes are presented in [3=5]. In this report we
derive analytic expressions for the resolution of particle momentum
as well as track angle and impact parameter in r—¢ and =z direction,
as defined in Fig. 1. The calculations are performed for a classic
solenoid spectrometer with a constant B-field using N + 1 equal and

anmidictant datarter nlanar Wa nracemt hath tha contribotinn fram

two concrete examples that we will discuss later. The parameters a; are
estimated by minimising y* defined as

N N M M
2= ¥ -3 ﬂ;g;{xm)] Won [¥a= 2, ﬂ.—s.-(x..}] M
=0 =B

m=l) r=1)

where W, is the weight matrix that still has to be defined. The above
relation can also be written in matrix form

2 =(y— Ga)" Wiy - Ga) (2)

CEPC Day - 2021/01/22
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Full silicon tracker layout

FST
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FST newFST

SOT R (m) +z(m) Type VXD R(m) z(m)
Layer 1 0.153 0.368 D Layer 1 0.017 0.064
Layer 2 0.321 0.644 D Layer2 0.019 0.064
Layer 3 0.603 0920 D  Layer3 0.038 0.128
Layer 4 1.000 1380 D  Layer4 0.040 0.128
Layer 5 1.410 1.840 D  Layer5 0.059 0.128
Layer 6 1.811 2.300 D Layer 6 0.061 0.128

EOT R;,,(m) Rgu(m) +z(m) Type EIT Ry (m) R, (m) =z (m)
Disk 1  0.082 0.321 0.644 D Disk1  0.030 0.151 0.221
Disk2  0.117 0.610 0.920 D Disk2  0.051 0.151 0.368
Disk3  0.176 1.000 1.380 D Disk 3

Disk4  0.234 1.410 1.840 D Disk 4

Disk 5  0.293 1.811 2.300 D Disk 5

|

500

vertex layout optimization

L
1000

1
1500

I 1 L
2000

0.80

* 4 parts: VXD,EIT,SOT,EOT

» Outer tracker (SOT + EOT): from FST
» The coverage of the whole tracker is

over cos0=0.99

» OQuter tracker disk has been adjusted for

mechanics
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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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dxy vs cos (p=20GeV) dxy vs cost (p=50GeV) dxy vs cost (p=100GeV)
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8 ladders arrangement for innermost layer

dxy vs cosb (p=1GeV)
10° =
= Bladders-6chips
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dxy vs coso (p=5GeV)
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dxy vs cosf (p=10GeVY)
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Comparison of different ladder arrangements for innermost layer =~

dxy vs cosh (p=1GeV) dxy vs cosf (p=5GeV) dxy vs cos (p=10GeV)
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dO resolution of optimal vertex layout CE.

dxy vs cost (p=1GeV)
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L —— long barrel !
= CDR ]

\\

| —
14
I.J%
12
11
1S s aaas aday Vapaaddaa ety ahad pbaa g g e g .
0.8
O.Bg
Q.7
0.8 s add PP PP
0.5 L L
0 0.1 02 03 04 05 06 07 08 &9 1
cnso
dxy vs cosb {p=20GeV)
10° =
= —— optimal layout
L —— long barrel
10 = CDR
10 = _..:
E *W""Mw-.“‘
?, N _ . M: M
3 T R BRI | L1 | IR B AR R
14
IJ%
12
11 CTE P TP PP P P P PP T e L AL E L PR LT LR L Py B PP trte” LT P
1 Ay .
0.8 A ARt b aakh iy L, ™
OT R TTL ]
06 *
0.5

J 02 03 04 05 06 07 08 09 H
cosh

=)

50, um]

ratio

50, um]

ratio

dxy vs cosf (p=5CeV)
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dxy vs cos® (p=10GeV)
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New long barrel

dxy vs coso (p=1GeV)

—— realistic long barrel

. —— ideal long barrel
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dxy vs cosb (p=10GeV)
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vertex_v2 performance

dxy vs cosh (p=1GeV)
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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)
Glue(Epoxy, 15um)
{ 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 .
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

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

Carbon fiber support:




New disk arrangements

3 double-layer disks

Upper ring set
closer to barrel

lower ring set
closer to barrel

Barrel : PXB1

Layer 1 2 3 4 5 3

r 17.116 19.041 37.667 39.577 5HB.914 60.842
Z_max 128.450 128.450 128.450 128.450 128.450 128.450

Endcap : FPIX_1 FPIX_2 FPIX_3 FPIX_4 FPIX_5 FPIX_6
Disk 1 1 1 1 1 1
z 221.000 223.000 295.000 297.000 368.000 370.000

Barrel : PXB1

Layer 1 2 3 4 5 3

r 17.116 19.041 37.667 39.577 58.914 60.842
128.450 128.450 128.450 128.450 128.450 128.450

Endcap : FPIX_inner
Disk 1 ? 3 4 5 6

Z_max

z 184.250 221.000 257.750 294.500 331.250 368.000
FPIX_outer
1 2 3 4 5 6
186.250 223.000 259.750 296.500 333.250 370.000

Barrel : PXB1

Layer 1 2 3 4 5 3
17.116 19.041 37.667 39.577 58.914 60.842
128.450 128.450 128.450 128.450 128.450 128.450

Endcap : FPIX_inner
Disk 1 2 3 4 5 ]

Z_max

z 184.250 221.000 257.750 294.500 331.250 368.000
FPIX_outer
1 2 3 - 5 6
186.250 223.000 259.750 296.500 333.250 370.000
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New disk arrangements

3 double-layer disks

20mm ring hole

Barrel : PXB1

Layer 1 2 3 4 5 3

r 17.116 19.041 37.667 39.577 5HB.914 60.842
Z_max 128.450 128.450 128.450 128.450 128.450 128.450

Endcap : FPIX_1 FPIX_2 FPIX_3 FPIX_4 FPIX_5 FPIX_
Disk 1 1 1 1 1 1
z 221.000 223.000 295.000 297.000 368.000 370.0

Barrel : PXB1

Layer 1 2 3 4 5 6
17.116 19.041 37.667 39.577 58.914 60.842

z_max 128.450 128.450 128.450 128.450 128.450 128.450

Endcap : FPIX_inner

Disk 1 ? 3 4 5 6

z 180.000 226.800 236.050 292.100 297.400 368.000
FPIX_outer
1 2 3 4 5 6
182.000 228.800 238.050 294.100 299.400 370.000
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New disk arrangements

dxy vs cost (p=50GeV)
= g =
= —
< F —— upper closer to barreal
— —— lower closer to barrel
B 20mm ring hole
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