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ABSTRACT: The identification of heavy quarks and T leptons constitutes one of the core
physics objectives of the Circular Electron Positron Collider(CEPC). To achicve high-
precision reconstruction of decay vertices for short-lived particles, the vertex detector must
possess the capability to precisely measure the trajectory parameters of charged particles
near the interaction vertex. To this end, the CEPC vertex detector will employ two detector
schemes. The baseline scheme will utilise advanced Monolithic Active Pixel Sensors(MAPS)
technology to reduce detector mass per layer, with the first detector layer positioned 11 mm
from the collision point to optimise reconstruction precision for collision parameters dy and
zp. This will be complemented by an alternative scheme employing conventional Taichu
sensors to construct a dual-sensor detector, serving as a more robust and technologically
mature option. Both schemes cover polar angles from 8.1° to 171.9°, fulfilling CEPC’s
requirement for full solid-angle coverage. Simulations conducted using the CEPC software
(CEPCSW), assuming a single-point spatial resolution of 5 pm for the sensors, yield perfor-
mance parameters for the vertex detector baseline scheme. These include material budget,
detection efficiency, resolution of dy and 2, and the impact of dead sensors on performance.
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1 Introduction

(]
these questions, China’s particle physics community has proposed constructing the Circ
Electron-Positron Collider (CEPC). Designed as a high-luminosity "Higgs factory’ operating °
at a centre-of-mass cnergy of 240 GeV, it will feature exceptionally high instantancous
luminosity and a pristine experimental environment. This will enable measurements of
Higgs particle parameters—including mass, width, and couplings—with precision exceeding
1%. This will directly test whether the Higgs is a fundamental scalar or belongs to BSM
frameworks such as supersymmetry, composite Higgs models, or dark matter interactions.
The CEPC adopts a two-phase strategy: Baseline: Operating in the 91-240 GeV range
with a synchrotron radiation power of 30 MW, featuring a single collision point focused on
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Figure 1: CEPC detector overview [1]
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Figure 2: Overall layout of the CEPC vertex detector in the baseline configurations. The
bascline design combines four inner stitching-MAPS layers with two outer planar CMOS
layers. [1]
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Similarities and Differences with TDR
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Schematic diagram of the Inner layer placement of the vertex detector stitching scheme.

Figure 5: Azimuthal arrangement of the first four vertex detector layers in the baseline Table 4.3: Geometric configuration parameters. Radius and length, and material budget of the
Figure 3: Sensor partition on a single wafer for the baseline stitching-MAPS design. Each design. A staggered placement is adopted to reduce the overlap of dead zones in the r-¢ support structure fOl‘ cach layer Of (_he \,f']‘_)(1 as well as the arc length Corresponding o CVTX
region conts of RSUs and modules to satisfy the geometrical require- plane. [1] A .
and the height of ladder corresponding to PYTX.

ments of individual detector layers. [1]
CVTX/ radius length arclength height support thickness

4 different numb

PVIXX mm mm mm mm um

CVTX1 111 1614  69.1 - 45

new discussion on MWeal stagger CVIX2 166 2422 1037 - 32
) CVTX3 221 323.0 138.2 - 31

CVTX 4 27.6 4038 172.8 - 29
PVTX5 395 682.0 - 33 300
PVIX6 479 6820 - 3.3 300

A practical approach to determining the staggering angle involves calculating the prod-
uct of the number of modules in the phi direction for two given layers, denoted as n; and
n;. The maximum staggering angle A¢ required to offset the dead zones between these

layers is given by Table 2: Geometric configuration parameters of baseline scheme.

Ad = 360°/(n;i x nj). (3.1)
Applying this formula, the theoretical staggering angles for layers 2 through 4 relative to layer Nmodule radius [mm] Z length [mm] r¢ width [mm] support thickness [um]
:hc .:ftx;xling‘ l‘d)"(_‘l" ;:-u l:tli')", :t7f1°, :uhld f:/l.f"‘ Fu.rthfcz:mrc, :10 prx:\t'cilt luv‘v—ml:nfcu:%un CVTX1 4 1.1 161.4 69.1 15
:m .sr' umd;:m:;mu |::: y‘rm;'(.r.smf i ;-:m‘u zoni(::. (lx r:o.(.';i Ja(:ll: nzv{.x, rn t.l|tna.‘mg CVTX2 12 16.6 242.2 103.7 32
sta Crn| cctions ¢ Inplementes O successive layers. 1S L1mate) esults 1 a
. ‘ ) MBS e R e £ % N CVTX3 16 22.1 323.0 138.2 31
Figure 4: Schematic layout of the first four layers in the baseline vertex detector. The staggering scheme of 0°, 15°, 7.5°, and 12°.
o . —— ; . CVTX4 20 27.6 403.8 172.8 29
layers are formed by bent stitching sensors and assembled into semi-cylindrical structures Nevertheless, this configuration is optimal exclusively for high-momentum tracks. Un-
around the beam pipe. [1] der any given staggering scheme, tracks of a specific momentum will inevitably pass through PVTX5 « 39.5 682.0 17.5x24 300
i AR PIRS: PVTX5 24 47.9 682.0 17.3x24 300

two dead zones; thus, the primary design objective is to avoid scenarios where a track tra-

verses three consecutive dead zones. In practice, this is further complicated by variations
in dead zone dimensions. A performance comparison between this theoretically derived
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* Components and Material Budget
* New description and add figure on azimuthal angle
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(a) Azimuthal angle at 0 = 90°. (b) Polar angle averaging in ¢ direction.

Figure 6: Material budget for the CEPC vertex detector baseline scheme. The contribu-
tions from the beam pipe and individual detector layers are shown separately. (a) Azimuthal

angle at # = 90°. (b) Polar angle averaging in ¢ direction.
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Figure 4.7: Average material budget Xo as a function of the polar angle 6, averaged over the full
azimuthal angle ¢, for each layer of the VTX and the beam pipe, is shown in a stacked plot. As @
decreases (i.e., moving toward the forward region), the effective path length through the detector
increases, leading to a higher accumulated material budget. The four innermost curved MAPS
layers (CVTX 1 ~ 4) exhibit significantly lower X, values compared to the outer ladder-based
layers (PVTX 5 ~ 6), reflecting the advantage of the low-mass inner design.
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Figure 9: Tracklet efficiency of the base-
line vertex detector as a function of polar
angle and azimuthal angle. The efficiency
remains high over the full angular coverage
of the detector, and almost 100% at most of
coverage.
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* Add ecﬁ:)n Evaluation method: software overview
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Figure 7: Visunalization of the geometry of VTX described by DD4hep in CEPCSW.
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Figure 12: Resolution of d0 at different
magnetic field.
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Discussion and Conclusion
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