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CEPC Physics Requirements

« Jet flavor tagging is important for CEPC Higgs study, s Mesrands  Detedtor  Performanc

~70% of Z, W, and H decay products are jets At IR A
« Jet flavor is determined with its vertex displacement and | "~ " R W) N gt
1 1 1 q WW+*, Zz* BR(H — qq, WW™, Z2* ECAL GJE'/ -
Kinematics — jet sub-structure o W ES@WWIT) Ly ey
AE/E =
. . . . . H — ~y BR(H — vv) ECAL _0® ao01
- 7 identification is also depending on the vertex
i ) Table 3.3 Ph_ysics processes and key observables used as benchmarks for setting the requirements and
dlsplacement and Jet Structure the optimization of the CEPC detector.
- . . —% tracks b jet
- Silicon vertex detector Is essential to measure the vertex I
displacement T e

285 secondary

 An impact parameter resolution of about 5 pm is required verex

‘ 7'§mary vertex
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CEPC Vertex Study Overview

 CDR vertex:
 Basedon ILD
« |deal 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)
 Considering beam pipe, MDI, cooling

vertex detector

02/29/2024 CEPC Vertex detector TDR weekly meeting


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

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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CDR Vertex Layout Implementation
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« total average material budget is about
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dxy vs momentum (6=60°)
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- - dxy vs momentum (6=87°)
» Changing the radius of vertex detector e B
« The dO resolution is no big difference for E B
different detector size at very low momentum :
like 0.1GeV to 1GeV ’
« While the dO resolution is different at higher i
momentum like 1GeV to 100GeV. s ECRm— !
* Dbigger vertex detector has better resolution with dy ratio vs momentum (9=87°)
momentum from 1GeV to 10GeV S s o) gl
« smaller vertex detector has better resolution with g oren B
momentum from 10GeV to 100GeV b b
0.41;" ' I ; 1‘0 p[Gevic";T ™
prototype_vl R=80mm R=100mm : :E: :i: yé
double-layer ~ R(mm)  R(mm) R (mm) o/ e
Lﬂ}l’ﬂl’ 1 13 18 13 z% zé
Layer 2 38 49 59 DR oE
Layer 3 60 80 100 S | I e
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IR

« Changing the number of layers Thes | e E e
* 0.1GeV-1GeV: The effect of number of 5 - 4layers - 4layers
layers on d0 resolution is very small. oL

» 1GeV-10GeV: The vertex with less layers
has better dO resolution, which is

1l M| M| R | 1L M| M| |

probably because material effect | z ool | z ool
dominate in this momentum range. Yy nM momentum (e=87=,+2|ayers P .M momentum (e=aoa,+2|ayers
« 20GeV-100GeV: The vertex with more e = B e T B Zeayen
layers has better dO resolution, which is o e
because vertex with more layers will UL I LR RIS /SICUCEUE S ST
have more measurement points for track b
reconstruction. ooF
° ! o ool o ! C wao§

2layers 3layers 4 layers

double-layer R (mm) R (mm) R (mm) : :;: : :%: __ : :E:
Layer 1 18 18 18 - o o
Layer 2 60 38 31 i/ o e
Layer 3 60 45 e N —
Layer 4 60 ﬁ%-% %‘é @n;
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« Changing the radius of second layer

» second layer radius has very small effect on d0
resolution.

* In addition, second layer closer to first layer has
better resolution for 10GeV and 100GeV tracks

« second layer closer to first layer will get worse
resolution for 1GeV tracks.

» However, second layer in middle is a better
choice for mechanics design.

rn=25mm »=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
Layer 2 25 32 39 46 53
Layer 3 60 60 60 60 60

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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dxy vs radius of second layer (6=87°)
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ong Barrel Vertex

Extending Al pipe Be pipe Supporting tube for vertex

1400

» Feasible solution for air cooling
» Simple structure
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Radiation Length by Component
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Radiation Length by Component

0.1 0.2 03 04 05 06 07 08 09
cos8

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

» 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.



ong Barrel Vertex Performance

dxy vs cost (p=50GeV) _ ;E P o e
i F —— con ‘:
: CDR barrel with 2 double disks o CDR(Z single dISkS) 058
CDR barrel with 3 double disks ®  Lom
10 = ——— long barrel design “‘"E —— ‘{_j_j_’_i_,_,_,f-—f-*""""_7 7
.E JMW‘%‘ '::: :
B nE 2 double disks L
3 E. | 1 1 | 1 Ll w; — B - -
k3 0.2 0.4 0.6 0.8 1 FIE
cnsh o [ om
i _ 3 double disks
» cos0: 0.82-0.96, disk version better than - — o —
long barrel design —_—
> cos0> 0.96: long barrel design better CDR . o o
barrel with disk version, because 3 | |
innermost layer of long barrel provides e Ideal long barrel design R
closer first hit to IP 5= | '
0:5" 4]
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Barrel Optimization Summary

90° 80° 70° 60° 50° 34°(cost=0.83) 24°(cost=0.91)

» Lengthen the innermost layer = : — P
> longer first layer design has the BV AYEyd . e
advantages of long barrel design and
disk design
» cos0: 0.82-0.96, same as CDR

» cos0> 0.96: similar to long barrel
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» Different position of 2 single-layer EeE T i
d ISkS - - ':Z%: . : e CDRdi k 056-0.97)
> not always improve resolution, some e I B ,
points better, some worse “E—— )
» moving disk closer to barrel can -
improve resolution at cos0 ~0.8 (more [ - | =T
hits) “E ~ First disk closer to barrel o
dxy vs cosd (p=50GeV) :: i 0%
E 10 = mf
2 — o i i | | | | | g
T E ——— closer 1st disk ® 0 E g # o ® L
— ——— closer 2 disks o a o a0 s 44(cos#-0.83) 24ic0s8=0.91)
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Disk Optimization: Number of

disks

Longer first layer with different number of disk: 77 - 7
2 ways to improve resolution: - 2single-layer d'5k3_____  foenre
» increase the number of disk ' T
> replace single disk with double disk
no worse resolution points
200 B I - —
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FAIL L

Disk Optimization

3 double-layer disks closer to barrel R BTN
» longer innermost layer with disk has better resolution = e P

than full barrel design in front region

» moving disk closer to barrel will enlarge the improved o 1

region = |

> considering the mechanics, putting 3 double disk at T [/

CDR disk position is a better design. — seprea
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 Base on the design of vertex prototype (mechanics.
electronics), we try to optimize the full-size vertex
detector (dO resolution as criteria):

 Barrel optimization
» The radius of vertex detector}

Layout with 3 equidistance
double layers is best

Z. Drasal , W. Riegler

» The number of layers

» The radius of second layer

 Lengthen the innermost layer
 Disk optimization

* The number of disks improve the dO resolution

« Single-disk or double-disk  In frontregion

* The putting ilace of the y

3 double-disks in endcap is the best

~ 90: 30 . ) 34%(cos6=0.83) .24-:(_cuss=?;;)a )
T Wb vertex_v1: realistic e
*E - implementation of CDR vertex e
:: % . e N IR SO 99)
.?.‘.:‘ """" 1007"' @ 0
[mm]
> Full silicon tracker as outer tracker: FST
> Not consider cable & cooling for the
transition region between barrel and endcap
;— A v'ertex_vz:_:long'éri'c rst double layer T s
"= with3double disks I
EU%% e R  etdoste099)
%: e E I S IS

All layout tuning results simulated by tkLayout, which
was developed by CMS, customized for CEPC tracker fast
simulation(on-going). More information in github.
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https://doi.org/10.1016/j.nima.2018.08.078
https://github.com/zenghaowhu/tkLayout

Beam Pipe Study

dxy vs momentum (8=85°)

» Beam pipe radius et
* Big effect on low momentum track R

« Beam pipe radius is smaller, resolution is
better

 Improve dO resolution 21% if reduce beam
pipe radius to 10 mm

« Beam pipe material

« Beam pipe structure:
innermost Au: T=5 um
* inner Beryllium layer: T= 0.5 mm
« gap: T=0.5 mm (coolant)
outer Beryllium layer: T=0.35 mm
« 24% worse if use paraffin coolant +Au

dxy vs momentum (8=85°)

—*— He coolant + Au
P —+*— paraffin coolant + Au
’ N

4 layers

. . . 0.001495

- might cancel the material effect if reduce o oot S 00ra00
beam pipe radius to 10mm ' | g
coolant 0 =0

total 0.001417 0.003905

Radiation length of beampipe
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Reduce the beam
pipe radius!!!

Reduce the beam
pipe material!!!
Make the beam pipe
thinner!!!

_— Helium gas coolant Paraffin coolant

0.001495

0.002409
0.001037
0.004941

17




 All the work | mentioned in the previous CEPC NOTE
slides are documented In a note. G
* Then we made a vertex prototype for MOST?2
p rOj e Ct ] ; Optimization studies for the CEPC Vertex Detector
 We did two test-beam at DESY. |

The MOST?2 project is very successful. 3

4 After the CEPC Conceptual Design Report was released, the optimization of detectors is
5 very important for the proposal of the Technical Design Report. A vertex detector prototype
s will be built around 2022. This note focuses on the optimization of the vertex detector
7 based on full silicon outer tracker and including mechanics structure. A preliminary optimal
8 vertex layout including 3 double disks and 3 same length barrel is obtained. Three new
9 disk arrangements considering air cooling are studied. The impact of different beam pipe
10 radius and different beam pipe material budget on vertex impact parameter resolution is
1 investigated. The study is based on a fast silicon tracker simulation tool tkLayout.

But it is not the end of the vertex story!!!

E-mail address: zenghao@ihep.ac.cn
© Copyright 2020 THEP for the benefit of the CEPC Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-3.0 license.
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New beam pipe with diameter of 20 mm

Detailed structure of the central beryllium pipe

8

a0° To° 60° 50° 34°%(cose=0.83) 24%cosB=0.91)

. 350 ~ E 50 ::_ .' - : B | 32"{1‘;6@8-0.351 L 22°(cos6=0.93)
o _165(outer Be pipe) _ = ~vertex_v2: longerfirst doublelayer oo
g . I ‘ ] B 100 %_ With 3dOUb|e dlSkS .. . | .14_.‘[.os9=0.9?}
| _1_ Ei)j ----------------------- @l_ EDE_ | 8°(gose=0.99)
70(Alpipe)| | 160(inner Be pipe) | |
Q. Ji |25(Be pipe)  25(Be pipe) )
z [mm]
: Inner Be pipe:  0.20mm thick, :215'25+16'D+25]mr*|Iurlg
Outer Be pipe: 0.15mm thick, 168mm long
f thinner
inner Berylllum Iayer- T: 0l5 mm 0.00 010 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.80
OUter Berylllum Iayer- T: 0'35 mm T 16077 r : ! /7 : V - = ’g:; 000 010 020 030 040 050 060 070 0.80 090
= o :223 ; ‘w?! [ / / , . . : o
Innermost layer will be inside the =~ o E" o
boundary line, which defines the .- 10 chips on both sides|of the innermost ladder .. » mE- gchlpz for b thﬂslldes:d 1
e E- econd layer in the middle. o
vertex detector coverage. )| [ . = — middle e
Shorter innermost layer is required *=————eeer —— | S ——— ) ]
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https://indico.ihep.ac.cn/event/13888/session/4/contribution/38/material/slides/0.pptx

New Optimal Vertex Layout

w ® T = o033 Bt e dxy vs cose (p=50GeV)
. "‘°§ } B _ ] E"' - —— optimal layout
wo; | vertex V] e — [ — = —— realistic long barrel
o . e T 10 == vertex_v1
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i : 1&0 g e T B R ° é_ 4
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o o 00 02 03 04 05 08 07 08 09 1
= [ cosh
N - The dO resolution of optimal vertex layout is much
o ow w @ w sremeat s better than realistic long barrel vertex and vertex_v1
eSS B o (realistic implementation of CDR vertex) layout,
= ~ Realistic long barrel design especially in the front region (20% and even more).
E " . > smaller radius of beam pipe
== R » more disks
== e e— > longer innermost layer
0GR — s e e O

z [mm)
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Vertex Design Considering Air Cooling
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CLIC spiral disk concept Rotate the disk, from Jinyu o _ o
CLICdp-Note-2014-002 Make a hole in disk, easy simulating in tkLayout
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Full Simulation of CEPC Vertex Detector

« The MOST?2 vertex geometry and ladder were implemented into the CEPCSW framework.
» Code was reviewed by Chendong and merged into the official CEPCSW github repository.

iad i M mirguest merged 10 commits into cepc:master from zenghaowhu:master

VXDCollection.position.y:VXDCollection.position.x
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Simulation hits distribution

Geometry (only barrel)
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Vertex Geometry Description

* Vertex xml description

* Layer parameters

« Ladder
e Support
* Flex

* Pixel sensor

layer id="0" ladder radius="17.4*mm" ladder offset="(8.4-1.5)*mm" n_sensors_per_ side="VXD1_half length*2/VXD_
n ladders="18" ladder clearance="0.1*mm"™ faces IP="1" is VWXD1="1" is VXD2="8"
isDoubleSided="true"

height="2*mm" length="200*mm" thickness="35@*um™ width="16.8*mm" mat="CarbonFiber"

TS I

n_layers="9
length="280*mm" thickness="15*um” width="16.
length="200*mm" thickness="12*um" width="16.
length="200*mm" thickness="15*um” width="16.
length="200*mm" thickness="13_.4*um" width="1
length="200%mm"” thickness="58%um" width="16.
length="280*mm" thickness="13.4*um" width="1
length="200*mm" thickness="15*um” width="16.
length="200*mm" thickness="12*um" width="16.
length="200*mm" thickness="15*um” width="14.

*mm™ mat="Epoxy"
*mm™ mat="Kapton™

co o o

*mm™ mat="Epoxy"
.8*mm" mat="G4 Al"

oo O

*mm" mat="Kapton"
.8*mm" mat="G4_Al"
*mm™ mat="Epoxy"
*mm™ mat="Kapton™

*mm™ mat="Epoxy"

O 0O 0O O

n_sensors="7" gap="0.1*mm" thickness="58*um" active length="25.6%*mm" active width="12.8*mm" dead width="2*mm" mat="G4 5i"
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Summary and Outlook

 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
 Barrel geometry done already

« Global tracker consideration, overall mechanics of the CEPC T h an k yO u !
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