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The identification of heavy-flavored quarks and t leptons is an important physics goal of the Circular Electron Positron Collider (CEPC). The Vertex Detector (VTX) of the
CEPC is capable of obtaining precise track parameters of charged particles in the vicinity of the Interaction Point to reconstruct the decay vertex of short-lived particles.
The CEPC vertex detector currently employs an advanced sensor design scheme to achieve low mass and low dead zone objectives. The first four layers of the VIX are
formed using stitched Monolithic Active Pixel Sensor (MAPS), while the fifth and sixth layers are constructed using traditional MAPS. This dual-sensor approach
substantially reduces the detector mass to an average of 0.134% X, per layer while enabling stable construction for high-precision d, and z, resolution of 3.4 um @ 10 GeV
and 3.7 ym @ 10 GeV respectively. Additionally, we present the performance of the VIX under scenarios involving partial chip damage or even complete layer failure.
Furthermore, considering potential deformations of the chips after the installation of the VTX, we have explored a feasible alignment solution.
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a) The arrangement of stitching frames on a 300 mm
wafer. The shorted-dashed line area represents a
module consisting of several RSUs, one LRB, and
one RPB.

b) The Type C sensor is diced into a two-module
sensor and bent along the ¢-direction to form a

a) Full view of a ladder;

b) Close-up view of a ladder showing sensors wire
bonded to the FPC.

c¢) Schematic transverse cross-section of a double-
sided ladder structure used in layers 5 and 6,

a) and c) Diagram of the VIX. The composition of
the first four layers is shown on the left. The last
two layers is shown on the right. Geometric
configuration parameters seen in Table 1.

b) Considering the inefficient region in the ¢
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* Figure (c) illustrates the tracklet efficiency of charged Geantino particles at 20 GeV
energy, originating from the interaction point and traversing the VTX, as a function ot

- the cos(0).
-4 -3 -2 -1 0 1 2 3 4
X (cm)
(a) CEPCRefTOR do =z CEPC Ref-TDR  6=20° 6 = 85°
. . . . : 103 o 6=20° (baseline) | HOE T T THIE T T HEHITE TTHHE T (el b desdiayer mp | | {]]]
* Alased-based online alignment monitoring system | [[ 78 (R iinll JR ) L i bdasager o/ L1111
e 6=85" (alternative) ¢ # dead layer =3
10°F°, 1F i [ ‘. 11 e # deadlayer =4
=1 - i — l — — n_ [ " 1t . I 11 e #deadlayer =5
=1 - l B P — ® — | i e # deadlayer =6
. e ——_ £ i = o 18 e # dead sensor = 10
== S = .. e # dead sensor = 100
© Lot 1 66’101: ® 1F e # dead sensor = 1000 -
| : : El3 . = : o 1t :
, = = = i * il ST i i ° 11 8 '
e - 1 . = | arel g - Pl @ -
| H | | il L AN T)
* Laser beam spot on the Layer 2 from (13 mm, 0, -85 mm) in cylindrical system. e SRPF') DU VNI MU0 VSO WRULUUH | DU SO S S W S OOt
10 = Y 3] L 0 =85" (baseline/alternative) - 1.2 - 1L i
F CEPC Ref-TDR : 210l it | ovf oo e e
5_"_ i 2 :.. i g © 1[oe o : ml.l-— -+ é [ ‘e ® : L] i ® '.'
'g" E ARSU area ] i L SR 1t t e s e * " Zio)e [ T o © s .‘ . y )8 §¢ i o H ' 8 o8
E ' - o 0'5—, Ll i 144l U P Y L T LI 0.9-— - n -
E of 10° G V1/01 U 10° G V1/01 L B T s .- T, T S T.E
© : J p [GeVic] p [Gevic] p [GeV/c] p [GeV/c]
_55— —5 (e) (f)
-10E : : ' : - : o o
=0 ~60 i 20 0 * Figure (e): 05, = 3.4 pm @ 10GeVand 85, g, =~ 3.7 um @ 10GeV and 85 ;
z [mm] 0 Z0

. : : : : : , * The performance of baseline design is better than alternative design.
When simulating deformation by radially displacing the second layer outward by * Figure (f) demonstrates that as the number of damaged sensors increases and the

d = .10 nm, t.he Obse.rved c.iifference corresponds to a distance of 50 pm, which is damaged detector layer approaches the collision point, resolution deteriorates, with a
consistent with relatlonshlp d/tanf =~ 57um. maximum decline of 25% compared to the baseline.

Summary

* VTX achieves an extremely low material budget due to its use of stitched MAPS.

* The tracklet etficiency remains above 99.6% across all polar angles, demonstrating robust tracking performance.

* The VTX can achieve excellent resolution, and the damage to the innermost layer results in the largest performance drop, which does not exceed 25%.
* The laser calibration system can infer positional changes through the distribution of pixel IDs, and the expected precision is at the micrometer level.
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