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ABSTRACT (TO BE UPDATED)

The Circular Electron Positron Collider (CEPC) is a large-scale collider facility that can
serve as a factory of the HiggsZ, and W bosons and is upgradable to run at thét threshold.
This document describes the latest CEPC nominal operation scenario and patrticle yields
and updates the corresponding physics potential. A new detector concept is also briey

described. This submission is for consideration by the Snowmass process.
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[. EXECUTIVE SUMMARY (JIA, ZHAO, YU, XUAI, MANQI, ZHEN,
LIAOTAO...)

Discovered in 2012 by the ATLAS and CMS Collaborations at the Large Hadron Collider
(LHC), the Higgs boson is crucial to the Standard Model. Exploring into Higgs precision
measurements is essential for deepening our understanding of crucial phenomena, such as
the origins of the electroweak scale, the characteristics of the electroweak phase transition,
and the reasons behind the matter-antimatter imbalance in the universe. Furthermore, the
Higgs boson serves as a gateway to exploring unknown aspects of physics, including dark
matter and its dark sector, heavy sterile neutrinos, among other areas. An electron-positron
Higgs factory, in comparison to the LHC, o ers vital and complementary insights that
could signi cantly broaden our comprehension of this mysterious particle and contribute to
resolving the aforementioned fundamental questions. Consequently, it is considered a top

priority among the various future collider projects proposed.

The Circular Electron-Positron Collider (CEPC) is a proposed high-energy lepton col-
lider, aimed at operating across multiple energy levels. This facility is designed as a versatile
platform for exploring the physics beyond what the Standard Model (SM) currently explains.

It is anticipated to play a crucial role in investigating exotic Higgs boson decays and other
particle phenomena, potentially revealing new knowledge about the new physics, e.g. super-
symmetry (SUSY) and dark sectors of physics. Moreover, the CEPC's advanced capabilities
are set to facilitate detailed investigations into light electroweakinos and sleptons, elements
vital for a deeper understanding of SUSY. These studies are expected to complement those at
the LHC, o ering fresh perspectives on the search for new physics. The collider also promises
a conducive setting for exploring dark matter candidates and particles within the dark sec-
tor, which could revolutionize our comprehension of the universe. Additionally, it aims to
detect particles with long lifetimes, o ering insights into critical issues like neutrino mass and
the origins of matter over antimatter. The CEPC will examine avor-changing processes,
highly indicative of new physics, providing indirect evidence that could challenge or con-
rm theories extending beyond the SM. It will examine the nature of the electroweak phase
transition, a phenomenon crucial to our understanding of the universe and the asymmetry
between matter and antimatter. Furthermore, the collider is set to contribute signi cantly

to the study of neutrino properties, potentially linking to broader theories of leptogenesis



and dark matter. It will explore a spectrum of unconventional scenarios, such as axion-like
particles and variations in lepton behavior, with extensive implications for physics beyond
the SM. The data collected by the CEPC will be vital for comprehensive analyses, re ning
and narrowing down the possibilities within various theoretical frameworks, including the
Standard Model E ective Field Theory (SMEFT), Two-Higgs-Doublet Model (2HDM), and
supersymmetry.

In summary, the CEPC stands as a groundbreaking advancement in particle physics,
ready to reveal new particles and interactions that could fundamentally alter our under-
standing of the universe. With its high-precision measurements, clean experimental con-
ditions, and exibility in energy levels, the CEPC emerges as a powerful instrument for
pushing the boundaries of our knowledge in particle physics and addressing some of the

most challenging questions in the eld.
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[I.  INTRODUCTION (JIA, ZHAO, YU, XUAI, MANQI, ZHEN, LIAOTAO...)

The beginning of this section has signi cant text overlap with 2205.08553. May trigger

the Arxiv plagiarism mechanism.

The Higgs eld is at the heart of many mysteries of the Standard Model (SM), such
as the origin of the electroweak scale, the nature of the electroweak phase transition, the
avor structure and so on. Meanwhile, it could be deeply connected with many fundamental
phenomena beyond the Standard Model, such as the origin of matter and anti-matter asym-
metry, the nature of dark matter and dark energy, and the fundamental forces that drove
in ation. The discovery of the Higgs boson, an excited state of the Higgs eld, completes
the SM patrticle spectrum and o ers an excellent probe for those fundamental mysteries and
phenomena. A Higgs factory that can measure the properties of the Higgs boson to an

unprecedented precision is vital for this exploration.

The LHC is a powerful Higgs factory. Ultimately, the high luminosity run of the LHC
(HL-LHC) will produce 100 million Higgs bosons in the coming decades. However, due
to the large backgrounds and the large theoretical/systematical uncertainties, the ultimate
accuracies of the Higgs property measurements at the HL-LHC are typically limited to a

few percent.

Compared to the LHC, the electron-positron colliders have signi cant advantages for
the Higgs property measurements. They are free of the QCD background. The ratio of
the Higgs signal versus the SM background is 7-8 orders of magnitude higher than the
HL-LHC. The electron-positron colliders have precisely known and adjustable initial states
and can determine the absolute values of the Higgs boson width and couplings. Multiple
electron-positron Higgs factories have been proposed, including the International Linear
Collider (ILC) [1], the Compact Linear Collider (CLIC) [2], the Future Circular Collider
(FCC) [3], and the Circular Electron Positron Collider (CEPC) [4, 5]. Meanwhile, many
new possibilities are also under consideration, such as a 125 GeV Muon collider [6], C3 [7],
ReliC [8] and CERC [9].

The CEPC is proposed by the High Energy Physics community right after the Higgs
discovery and is expected to be hosted in China. The CEPC working group kicked o in
September 2013. In 2015, the CEPC study achieved its rst milestone, the pre-CDR [4, 5],

in which the study group concluded there is no shower-stopper for this facility. Followed
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by intensive R&D activities and physics study, the CEPC study group delivered the CEPC
Conceptual Design Report (CDR) [10] in Nov. 2018.

The CEPC has the main ring with a total circumference of 100 km. It is designed to
operate at aroundEcy = 91:2 GeV as a Z factory, close to W pair production threshold
Ecw ' 160 GeV, atEcy = 240 GeV as a Higgs factory. The center of mass energy of
CEPC can be upgraded to 360 GeV, enabling the pair production. With an eye on future
upgrades, the tunnel is designed to be wide enough to accommodate both the CEPC and
SPPC [11].

In the CDR, the CEPC is envisioned to operate with two detectors. It has a ten-year
nominal operation plan which will deliver total combined integrated luminosities of 16, 2.6,
and 5.6ab ! for the Z, the W, and the Higgs operation, respectively. It will produce close
to one trillion Z bosons, 100 million W bosons, and over one million Higgs bosons. Billions
of bottom quarks, charm quarks, and tau-leptons will be produced in the Z boson decays,
making it a B-factory and a tau-charm factory.

After the delivery of the CEPC CDR, the CEPC study group continued its physics study
and technology R&D. The CEPC accelerator study entered the Technical Design Report
(TDR) phase, endorsed by CEPC International Advisory Committee (IAC). Key technolo-
gies are developed and validated, especially at the core accelerator sub-systems, including
high-quality Superconducting Radio-Frequency (SRF) system, high precision magnets for
the booster and collider rings, vacuum system, Machine-Detector Interface (MDI), and so
on. Multiple prototypes have been produced and tested, validating the design by achiev-
ing and surpassing the required performances. All these progress lead to an update of the
nominal run plan for the CEPC, shown in Figure 1. Currently, the CEPC Study group is
working toward project approval around the year 2027.

The CEPC plans to take a staging approach to realize its construction and the targeted
performance. The baseline CEPC will be operating at the center-of-mass energies ranging
from the Z mass to 240 GeV, with maximal synchrotron radiation power per beam limited to
30 MW. Increasing the power supply and the heat load capability of the cooling system, the
maximal synchrotron radiation power per beam can be increased from 30 MW to 50 MW,
resulting in a linear increase of the instantaneous luminosity. The center-of-mass energy can
be raised to 360 GeV by increasing the RF cavities.

A new nominal data-taking scenario is also developed from the upgraded performance
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FIG. 1: The updated run plan of the CEPC, with the baseline and upgrade shown in solid
and dashed blue curves, respectively. The run plans for several other proposals ofdghe

colliders are also shown for comparison. See [12] for details.

of the CEPC accelerator, emphasizing the scienti c program as a Higgs ar factory,
summarized in Table I. Detailed description of the updated running scenarios can be found
in another contribution to the Snowmass from the CEPC study group [12]. It aims at ten
years of data taking atEcy = 240 GeV, with two interaction points (IPs), accumulating

an integrated luminosity of 20ab !, and producing 4 million Higgs bosons. It also plans to
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Operation mode Z factory WW threshold Higgs factory  tt

P35 (Gev) 91.2 160 240 360
Run time (year) 2 1 10 5
Instantaneous luminosity
191.7 26.6 8.3 0.83
(10%%cm ?s 1, per IP)
Integrated luminosi
J v 100 6 20 1
(ab 1, 2 IPs)
Event yields 3 1012 1 10° 4 16 5 10

TABLE I: Nominal CEPC operation scheme, and the physics yield, of four di erent modes.
See [12] for detalils.

operate for at least two years near th& pole, which corresponds to an integrated luminosity

of 100ab !, and 3 trillion e"e ! Z ! qgevents. About one year will be devoted to the
WW threshold scan, providing MeV level accuracies on the W boson mass and width. After
the high energy upgrade, the CEPC will be operated for at least ve years at a 360 GeV
center-of-mass energy with a Ab ! integrated luminosity. About 500 thousandtt events
and 150 thousand inclusive Higgs events will be produced. A possible expansion to 4 IPs is

also under investigation. Hence, the statistics can potentially be further improved.

The CEPC Physics study groups have continued to explore the physics potential, fo-
cusing on a broad range of topics, including Higgs precision measurements, precise EW
measurements, Flavor Physics, QCD measurements, and direct new physics searches. In ad-
dition, the physics studies identi ed a handful of critical detector requirements, quanti ed
its impact on di erent physics benchmarks, and set clear performance goals for its detector
system. These requirements include the separation of nal state particles, the precise recon-
struction of energy/momentum of di erent kinds of nal state particles, the identi cation of
physics objects in high-multiplicity events, the monitoring, and calibration of beam energy
and instant luminosity, and so on. The CEPC detector group initiated a series of detector
technology R&D programs to satisfy the physics requirements better and leverage the latest

detector development technology.

Aiming at SM electroweak test as a central task, the CEPC is designed with world-leading
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performance in the precision measurement of the Higgs potential. Beyond the Standard
Model searches can benet immensely from the CEPC's precision in measuring the decay
of the Higgs boson, Z boson and the top quark. Section provides a comprehensive review of
exotic h=Z=t decay sensitivities at the CEPC and the expected sensitivity on non-SM Higgs
potentials. Supersymmetry, dark sector motivated decay signals, and the decay channels
yielding long-lived particles are emphasized as benchmark scenarios of particular interest.
Cross-check measurements on potential Higgs-like hints from existing LHC results are also
discussed.

Supersymmetry provides an elegant solution to the SM's gauge hierarchy problem and
has been extensively searched for by existing colliders. The CEPC o ers search windows
on many SUSY scenarios that are di cult for higher energy hadronic collisions. In Sec-
tion VII, we present the studies on the CEPC's direct search sensitivity on less massive
SUSY electroweakinos and charged sleptons, where robust improvements on existing limits
can be expected. It is also shown that SUSY induced exotic channels with large missing
energy and a diphoton signal yield strong limits on multi-TeV selectrons, much heavier than
the CEPC center-of-mass energy. Relatively light sleptons are of strong interest due to their
potential role in explaining the recent muong 2 excess, and their synergy with the CEPC
sensitivity is discussed in detail. The projected limits from ILC/CLIC SUSY search are also
included for comparison.

Dark sector and dark matter can be revealed via searches involving missing momentum,
and dark sector models with leptonic and eletroweak connections to the SM are of particular
interest for the CEPC. In Section V, we present the recent process on selected dark mat-
ter/sector models and their studies for the designed high luminosity at Z-pole, Higgs-factory
and 360 GeV runs of the CEPC. The projected sensitivities have been provided for a number
of such models, e.g. lepton-portal dark sectors, neutrino and electromagnetically interacting
dark particles, leptophilic dark matter, visibles in Z-decays, etc.

Long-lived patrticles (LLPs) has risen to a heated collider search target in recent years.
The LLP scenario typically features a massive BSM patrticle with a much prolonged lifetime
due to its near-degenerate mass to another particle, or highly suppressed couplings, and it
can leave a novel signal inside the collider's detectors. In Section VI, we rst brie y review
the computation methodology for LLP production, then we proceed to discuss the projected

sensitivities with the near-detector, proposed far-detector, and the beam dump. LLPs are
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predicted in a number of BSM theories, and LLP searches during Higgs and Z boson decay
are important benchmark scenarios at the CEPC. Dedicated sensitivity studies are presented
for supersymmetry, vector-like lepton extended models, axion-like particles, extra neutral
gauge bosons, etc.

The Z-pole run of CEPC can produce large samples of avored hadrons and leptons,
such asB; D mesons and leptons, which o er a powerful measurement of new physics with
avored couplings. A more comprehensive review of CEPC's avor physics is presented
in a dedicated white paper. In Section VIII of this document we summarize the CEPC's
potential in new physics search via avor portal. Important BSM search aspects include
potential corrections to the Cabibbo{Kobayashi{Maskawa matrix, testing the presence of
avor-changing neutral current, violation of lepton avor universality, etc. Precision testing
on the avor symmetries of the SM can test new physics e ects from a high energy scale. We
include recent studies on charged lepton avor violationb; chadron decays, and the search
for light BSM degree of freedom during avor transitions.

Encouraged by progress in gravitational wave observations, high-energy phase transitions
during the Early Universe gained much popularity in the recent years. The nature of the
electroweak phase transition sensitively depends on the details of the Higgs potential, and
the future colliders test of the CEPC o ers a unique cross-check on our Universe's early
phase-transition history. One of the essential questions to answer is whether the transition
is a cross-over like in the vanilla SM, or it may undergo a more violent process, esp. type-|
transition with bubble formation and contribute nontrivially to the cosmic baryon asymme-
try, stochastic gravitational wave background, etc. It is shown that the CEPC's precision
can test Higgs potentials that generate visible signals to future gravitational wave experi-
ments. In Section X we list the crucial measurements for electroweak phase transition,
including the Zh production cross-section, Higgs decay width and its decay branching ratios,
which are very sensitive to new physics corrections to the Higgs potential.

Neutrino oscillation provides a clear indication of physics beyond the Standard Model,
such as the seesaw mechanism. The precision of the CEPC will o er powerful tests for
the underlying neutrino models. Section X discusses the CEPC's advantage in neutrino-
related searches, and the potential connection to leptogenesis. Relevant scenarios include
the heavy neutrino search at the CEPC's near/far detectors and the beam dump, promptly

decaying heavy neutrinos with high lepton multiplicity and visible lepton-number violation,
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active-sterile neutrino transition and non-standard e ective neutrino interactions.

In addition, the CEPC features a unique opportunity for even more exotic physics
searches. In particular, the low hadronic background and high sensitivity to soft leptons,
photons and jets empower careful investigation of exotic physical processes with high lep-
ton multiplicity, or those that require good lepton reconstruction, energy resolution, and
avor recognition. Section XI discusses how exotic models involving lepton and photon in-
teractions can benet from such capability. For instance, the characteristic Chern-Simons
term between the phooton and axion-like particles can be probed to high precision at the
CEPC. At Tera-Z and Higgs factory runs, the rare decay of the Higgs boson and electroweak
gauge boson can be of particular interest. The high design luminosity at these runs o ers
a powerful probe into right-handed neutrino, extended scalars, exotic lepton models, etc.
Noticeably the high sensitivity with leptons also empowers precision tests on the SM lepton
interactions, such as the dipole moment of and leptons, e ective non-standard neutrino
interactions. These measurements provide a complementary test of underlying BSM theory
that generate large corrections to lepton form factors. In addition, strong interest in quan-
tum entanglement has started to emerge in collider physics. Section Xl also includes newly
completed analyses on its application in leptonic Higgs boson decays.

Recent developments in global tting techniques, like GAMBIT, etc., greatly strengthen
our ability to navigate through vast new physics model spaces. Global ts maximize data's
theoretical output by e ciently analyzing and comparing a large number of di erent models.
This powerful computation capability can quickly identify models or parameter spaces with
the highest priority, making robust references for theory interpretation. In Section XlI, we
include recent global- tting analyses for well motivated SMEFT, 2HDM and SUSY models,
based on the CEPC's design speci cs & -pole, Higgs factory andtt runs.

I1l. DESCRIPTION OF CEPC FACILITY, NOMINAL LUMINOSITY AND
TYPICAL DETECTOR PERFORMANCE (MANQI)

A. Key Collider Features

According to the CEPC CDR [10], the beam energy spread could typically be controlled

to the level of 0.1%. This, together with a detector that can reconstruct precisely the
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Operation mode Z factory WW threshold Higgs factory tt
P35 (Gev) 91.2 160 240 360
Beam size x ( m) 6 13 15 39
Beam size y ( m) 0.035 0.042 0.036 0.113
Bunch length (total, mm) 8.7 4.9 3.9 2.9
Crossing angle at IP (mrad) 33

TABLE II: Beam size, bunch length, and crossing angle at di erent operation modes of the
CEPC [12].

hadronic events { allowing for precise determination of missing energy/momentum { thus
enables relevant physics measurements with high precision; for instance, tagging leptonic
heavy quark decay and searching for dark matter candidates in hadronic events, especially
at the Z factory mode.

The CEPC uses a nano beam scenario and therefore the typical beam spot sizes are of
order m in the x direction, order nm in the y direction, and correspondingly of order a
few hundred m in the z direction. The beam sizes at di erent operation modes of the
CEPC are summarized in Table Il. The accelerator could stabilize the collision area with
a typical size of order m in the transverse direction and of order O (100) m along the
beam direction. The spatial uncertainty of the interaction point could therefore be limited,
enabling high precision measurements with nal states { for example, in dark matter

searches withz ! *  events atZ factory.

B. Key Detector Features

In general, the CEPC detector would have a large acceptance with a solid angle coverage
of at leastj cos | < 0:99. This detector would also have a low energy/momentum threshold
at the 100 MeV level in order to record and recognize low energy objects that characterize
certain hadron decaysg.g., soft photons and pions generated from excited heavy hadrons,

as well as some low energy hadrons that are essential for understanding relevant QCD
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FIG. 2: Multiplicities of di erent types of nal state particlesin Z! qq(91.2 GeV) and
Z(' q@H((! inclusive) (240 GeV) events.

processes [13].

To e ciently separate signal events from background, it is essential to identify the rel-
evant physics objects and to precisely reconstruct their properties { especially their en-
ergy/momentum. For a TeraZ detector, a typical benchmark is to reconstruct the interme-
diate particles, such as ° ! ,KQU 1 K*K , ! p , etc, inside hadronic
Z events. A more challenging case would be to identify the decay products of a target
heavy avor hadron which may decay intoO(10) particles with a complicated and rich de-
cay cascading order inside a jet. These decay products include not only charged nal state
particles (leptons and charged hadrons), but also photons, neutral hadrons, and the missing
energy/momentum induced by neutrinos. A hadroni@ event could has upto 100 nal state
particles, as shown in Figure 2. To successfully separate and reconstruct the relevant nal
state particles of the target particle is a key challenge for the measurements performed in
hadronic Z events, and it is necessary to employ the particle ow method [14, 15], which
emphasizes the separation of nal state particles and has been proven capable of providing
better reconstruction of both the hadronic system and of the missing energy/momentum.

In addition, good intrinsic resolution of sub-detectors,i(e., momentum reconstruction by
the tracker and energy measurement by the calorimeter), is always critical for avor physics

measurements. It not only leads to the precise reconstruction of physics properties such as
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particle masses, but also signi cantly reduces the combinatory background especially present
in physics measurements with narrow resonances. In particular, determining how to achieve
an excellent electromagnetic (EM) energy resolution with a particle ow oriented high-
granularity calorimeter is indeed challenging but necessary for the avor physics program,
since photons and neutral pions are common decay products in many fundamental avor
physics measurements. The benchmark analysis of CKM anglemeasurement viaB !

[16] suggests an EM resolution of orde@(3%zIO E) in order to ful Il the requirement of
3 separation betweerB° and B with a 30 MeV B-meson mass resolution.

Most of the avor physics measurements are relevant to hadronic events, especially di-jet
events at theZ pole. Itis essential to identify the origin of a jet, i.e., to determine whether it
is originated from a quark, an anti-quark, or even a gluon. The jet origin identi cation [17],
to a certain extend, shall be regarded as a natural extension of jet avor tagging, quark-
gluon jet separation, and jet charge measurements, which is indispensable in avor physics
measurements such as CKM an@P violation measurements.

A successful avor physics program also needs a high e ciency/purity PID. An e cient
PID not only suppresses the combinatory background induced by misidenti ed particles,
but also separates decays with similar topologies in nal states, such &(OS) ! L
By ! K'K ,andBp, ! K [18]. A decent PID is also critical for the jet origin
identi cation [17, 19] and relevant physics measurements such as the Higgs rare/exotic decay
measurement [17]. The benchmark analysis BE ! [20] shows that a relative sensitivity
of BR(Bs ! ) less than 2% at a TeraZ collider requires a 3 K=  separation for the
identi cation of charged hadrons, see the left panel of Figure 3. This requirement can be
addressed by multiple PID technologies. For instance, the CEPC baseline detector can
separate di erent species of hadrons usingE=dx information measured by TPC and TOF
information provided by either an dedicated TOF device, or combining TOF and ECAL
together. Detector optimization study[21] suggests thatE=dx needs to reach 3% with
combination of a TOF resolution of 50 ps to statisfy this PID requirement. In addition, the
dN=dx technology proposed by drift chamber of IDEA concept [22] is promising to further
improve the PID performance.

A high-precision and low-material vertex system is vital for the CEPC avor physics
program. Precise vertex measurements provide pivotal information to distinguish the species

of the initial quark that fragments into a jet, namely the jet origin identi cation. Precise



20

FIG. 3: LEFT: Sensitivity of measuring BRBs ! ) as a function of PID performance,
parameterized by theK= separation power [20]RIGHT: Precision variance of
measuring BRH,! H: ) as a function of detector vertex noise [23], with stared

reference point set by a vertex noise of 10m.

vertex information is also critical for determining the decay time or lifetime of heavy avor
hadrons with high precision. To match the characteristic timescales such as thoseBaf Bs
mixing (56 fs), of D5 decay ( 500 fs), and of decay ( 290 fs), the lifetime resolution

is required to reach ordetO(10) fs. This accurate lifetime measurement also bene ts avor
tagging and time-dependentCP violation measurements. In addition, a high-performance
vertex system can provide a precise reconstruction of the secondary vertices that characterize
some heavy avor hadron decays, such as the example shown in Figure 4. Such a system can
also help to suppress the background, especially from the IP. One concrete application can
be the measurements of FCCC-mediated BRi, ! H. ), where the Hy reconstruction
can signi cantly rely on the determination of the H. decay vertex and the measurement of
the muon track originating from the decay [23]. As shown in the right panel of Figure 3,
the reduced noise of vertex system can uniformly bene t these measurements, yielding an
improvement in precision ofO(10%) level.

The above-mentioned requirements are also highly bene cial for physics programs at
higher center-of-mass energiebe. the 160 GeVW™ W threshold scan, the 240 GeV Higgs
run, and the 360 GeV top operation. On top of their core physics programs, such\&smass
and precise Higgs/top properties measurements, the data samples and key detector features

also support an intensive avor physics program, see Secti@?.
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FIG. 4. Display of aZ ! hbevent with typical secondary vertices (SV).

To address these physics requirements, intensive e orts on detector conceptual design,
on physics performance study, and on key technology R&D have been performed. We refer
to two benchmark detector concepts in this white paper. These concepts are used in the
simulations in this manuscript, providing reference performance for relevant physics potential

studies.

The starting point of our discussion is the CEPC baseline detector as delineated in its
CDR study [10]. Guided by the particle ow principle, the CEPC baseline design features
a high-precision tracking system, a high-granularity calorimeter system, and a high mag-
netic eld. Shown in detail in Figure 5, the CEPC baseline detector consists, from inside
to outside, of a silicon pixel vertex detector, a silicon tracker, a time projection chamber
(TPC), a silicon-tungsten sampling EM calorimeter (Si-W ECAL), a steel-glass resistive
plate chambers sampling hadronic calorimeter (SDHCAL), a superconducting solenoid pro-
viding a magnetic eld of 3 Tesla, and a ux return yoke embedded with a muon detector.

Additionally, the Si-W ECAL could also be instrumented with a few timing layers to enable
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FIG. 5: Schematic layouts of the CEPC baseline detector [10] (left) and the IDEA
detector [24] (right).

time-of- ight (TOF) measurements with precision of 50 ps or even better [10, 25].

Alongside the CEPC baseline detector, an alternative detector concept known as IDEA
(Innovative Detector for Electron-positron Accelerator) [24] is also utilized in various studies
covered in this white paper. The IDEA detector also serves as a reference detector for
the FCC-ee project. In comparison to the CEPC baseline detector, the IDEA detector
incorporates a dual readout calorimeter system to attain superior energy resolution for both
EM and hadronic showers. Moreover, the IDEA detector operates with a reduced magnetic
eld of 2 Tesla while compensating for this reduction by o ering a larger tracking volume.
The overall structure of the IDEA detector can be seen in Figure 5.

By virtue of the particle ow oriented design, the CEPC baseline detector performs well
in e cient tracking, lepton identi cation, and precise reconstruction of hadronic systems.
These excellent features of the CEPC baseline detector provide a solid basis for avor physics
studies. The achieved performance of the CEPC baseline detector during its CDR phase is
summarized in Table Ill. Notably, the baseline tracking system demonstrates an e ciency
close to 100% and a relative momentum resolution approachi@y10 2) for individual tracks
with momenta exceeding 1 GeV within the barrel region, as illustrated in Figure 6. As
depicted in left panel of Figure 7, the baseline photon energy resolution is 11%/5 1%,
achieved by the sampling Si-W ECAL, which features the high granularity critical for particle
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Iltem Baseline [10] Objective Comments
Basic Performance
Acceptance jcos j < 0:99 [10]
Threshold 200 MeV [26, 27] 100 MeV For tracks & photons

Beam energy spread

Tracker momentum resolution

0(0:1%) [10]
0(0:1%) [10]
17% P E

3%=" E [16]

ECAL energy resolution 1% [10]
HCAL energy resolution 60% =p E 1% [10]
Vertex resolution 10{200 m [10]
Jet energy resolution 3{5% [10, 28] For 20{100 GeV
mis-ID < 1% [29] In jet, jpj > 2 GeV
K separation > 2 [10] > 3 [20] In jet, jpj > 1 GeV, TOF+ dE=dx

Flavor Physics Benchmarks (Depending on the Above)

(Muwz ) 3.7% [10] Hadronic decays
b-jet e ciency  purity 70% [10] In Z hadronic decays
c-jet e ciency  purity 40% [10] In Z hadronic decays
b-jet charge tagging . = (1 2!)? 15{25% [19, 30] For Bs
0 eciency purity & 70% [27] & 80% [16] In Z hadronic decays, jp oj > 5 GeV
Kg, , D eciency 60%-85% [31] In  Z hadronic decays, all tracks
eciency purity 70% [32] In WW ! q ¢f, inclusive
mis-ID 0(1%) [32] In WW ! q d° inclusive

TABLE I1l: Summary of detector performance of the CEPC baseline detector and some

objectives for avor physics benchmarks.

ow reconstruction. In terms of PID performance, the CEPC baseline design achieve&a
separation better than 2 in the momentum range up to 20 GeV by e ectively combining
TOF and dE=dx information, as shown in Figure 8. The inclusiveZ ! qq sample exhibits
an overall K identi cation e ciency and purity exceeding 95% [21]. Regarding hadronic
systems, the CEPC baseline detector attains a boson mass resolution (BMR) better than 4%
for hadronically decayingW, Z, and Higgs bosons, as illustrated in right panel of Figure 7.
This not only enables a separation exceeding ZoetweenW and Z bosons in their hadronic
decays, but also enhances the precision of missing energy/momentum measurements, which
are vital for avor physics investigations.

Following the completion of the CEPC CDR, there are still ongoing research e orts fo-
cused on the detector design to further optimize the baseline performance parameters and to

cater to the requirements for the CEPC avor physics program. These optimization e orts
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FIG. 6: Single track reconstruction e ciency (left) and momentum resolution (right) of
the CEPC baseline detector [10].

primarily concentrate on three key aspects: EM energy resolution, PID performance, and jet
charge measurements. To address the demand for improved separatioB8fand B with

EM nal states, a signi cantly enhanced EM energy resolution of S%p E [16] is pursued, as
compared to the baseline resolution of 17£/po E 1% shown in left panel of Figure 7. Accom-
panying this resolution enhancement, a corresponding photon energy threshold of 100 MeV
is envisioned. To attain this level of EM resolution while maintaining compatibility with
PFA performance, novel concepts for high-resolution and high-granularity crystal ECAL de-
signs have been proposed [33{35], and relevant R&D studies [36] are progressing. For PID
performance, ak= separation better than 3 is suggested. This improved PID capability
can be achieved by combining various techniques, including TOF [37, 38E=dx [21, 39],
and dN=dx [22] measurements. The performance of jet charge measurement is typically
characterized by the e ective tagging e ciency (power) . wg(l  21)2 where i is
the avor tagging e ciency and ! is the wrong tagging fraction. The study [19] devel-
ops a Leading Particle Jet Charge method (LPJC) and combines it with a Weighted Jet
Charge (WJC) method to form a Heavy Flavor Jet Charge method (HFJC). This study
evaluates the e ective tagging power for c/b jets at the CEPCZ pole operation and nds

it to be 39%/20%. Additionally, by implementing benchmark IP cuts of 0.02/0.04 mm to



25

FIG. 7: LEFT: Comparison of the CEPC baseline photon energy resolution achieved by
the sampling Si-W ECAL [10] and expected photon energy resolution of homogeneous
crystal ECAL. RIGHT Reconstructed boson masses of cleanedq, | g g, and
H; H ! ggevents [28].

distinguish the origin of the leading charged particle (whether from the decay of the leading
heavy hadron or QCD fragmentation), the e ective tagging power for c/b jets was found
to be 39.0%/26.8%. Furthermore, a dedicated b-jet charge tagging algorithm developed
speci cally for the study of B? ! J=  at the CEPC [30] achieved an e ective tagging
power of 20%. Consequently, a range of 2 [15 25]% is determined for the futureb-jet
charge tagging power at the Ter&. These advancements in performance parameters are
also summarized in Table Il

In addition, the conceptual detector of CEPC has a large geometric acceptance, a de-
cent performance in identifying nal state particles, especially charged hadrons, as well as
a precise low-material vertex system located close to the interaction point. These detector
properties are of great signi cance in the identi cation of jet origins. Furthermore, recent
advancements in machine learning algorithms, such as the ParticleNet algorithm [40] devel-
oped in the CMS experiments, provide necessary tools for this multi-category identi cation.
Through full simulated sample of HiggsZ to di-jet processes with CEPC conceptual de-
tector, ParticleNet can simultaneously identifyl/ b, ¢/ ¢, and s/ s quarks with avor tagging

e ciencies of 90%, 80%, and 60%, respectively [17]. Meanwhile, the misidenti cation rate
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