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The research content of this doctoral dissertation is highly specialized and specific. Focusing on both theoretical researc
h and experimental detection, it is confined to the precise measurement of the ZZ boson pair production cross-section an
d the search for dark matter via the dilepton and invisible final states in the ATLAS experiment. Its purposes are twofol
d: first, to test the Standard Model, and second, to probe dark matter. This indeed represents a frontier topic in current pa
rticle physics. The innovative achievements are primarily threefold: First, the precise measurement of the total and differ
ential cross-sections for the pp—ZZ—? ? ? ? vv~ process, which improves the measurement precision to 4.6%, thereb
y providing a high-precision test of the electroweak interaction in the Standard Model; Second, the search for dark matte
r particles via the Mono-Z channel, which found no significant deviation from the Standard Model predictions and set ro
bust exclusion limits within multiple theoretical frameworks; Third, the construction and testing of the small-diameter m|
onitored drift tube (sMDT) detector chambers for the ATLAS detector upgrade at the High-Luminosity Large Hadron C
ollider (HL-LHC), involving the rigorous assembly and quality control testing of 50 detector chambers. Overall, the abo
ve three aspects of innovation are incremental in nature. While they are conducive to the advancement of this research d
irection, they do not constitute disruptive breakthroughs within the field. The author possesses a solid theoretical founda
tion and experimental competence, with multiple papers published in important domestic and international academic jou
rnals. The dissertation is written in accordance with scientific norms, featuring clear logic, thorough narration, sound rea
soning, and reliable conclusions. In summary, I consider this dissertation to have met the standards required for a doctor
al thesis.

TSI Z AR

As for the future development of this research topic, on the one hand, regarding the test of the Standard Model, the auth
or merely relies on the future capabilities of Run? 3 and the HL LHC —this is overly narrow. In fact, the author could al
so consider the following two avenues: 1.Explore rarer processes: study processes such as ZZy (two Z bosons with on

e photon) and tri boson production. These processes are highly sensitive to anomalous quartic gauge boson couplings (a
QGC) in the Standard Model, and any tiny deviation could be a sign of new physics. 2.Combine multi channel analyse
s: merge the results from the ZZ—? ? ? ? vv~ channel with those from other decay channels (e.g.,4? and? ? ? ? j
j) to maximize experimental sensitivity and provide the most stringent combined test of the Standard Model. On the othe
r hand, for dark matter searches, the author is currently only in the stage of “looking for signals”. In the future, the focu
s should shift toward “characterizing the properties of dark matter particles”. The following two aspects are suggested:
1.Search for new signals such as “dark radiation”: look for final states that, in addition to missing energy, also contai

n a dilepton resonance peak from the decay of a new Z' boson. 2.Combine multi messenger indirect detection: jointly an
alyze the collider results from Mono Z/Z' with those from astrophysical indirect detection experiments (e.g., Fermi LA
T, AMS 02) and underground direct detection experiments (e.g., LZ, XENONnNT).
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This thesis presents the most precise measurement of Standard Model ZZ boson pair production at 13 TeV using 140 fb-
1 of ATLAS data, achieving a fiducial cross-section of 21.0+1.0 fb with a total uncertainty reduced from 7.0% to 4.6%. |
t sets stringent constraints on anomalous gauge couplings and, using a BDT-based search, limits the Higgs invisible bran
ching ratio to <18.7% at 95% CL. The collider results are translated into WIMP-nucleon scattering limits, demonstratin
o significant complementarity and a discovery advantage over direct detection experiments in the low dark matter mass 1
egion. Additionally, the work includes hardware contributions to the construction and quality control of SMDT chamber
s for the ATLAS HL-LHC upgrade. The researches presented in this thesis are generally well-motivated. The thesis is ri
ch in research content, well-structured, logically coherent, thoroughly detailed, and written in a rigorous and formal aca
demic style.

TSI Z AR

Major comment: [t%ss not very clear what is the exact contribution of the author to the two ATLAS physics analysis wh
en working in a large collaboration. Please emphasize this a bit more. Minor comments: 2.3 : Please provide some refe
rences for the theory of Supersymmetry (SUSY), Extra Dimensions and Hidden Sector Models. ®Figure 4.3: Whatist
he physics process used to determine the electron reconstruction and identification efficiency? What is the pileup leve

1?7 Is the figure from Ref. [82]? Maybe it%ss better to add such information in the caption. ®Period(s) are missing in a fe
w places, e.g. 5.5.3 last paragraph, 5.5.5 first and second paragraphs 5.6.1 oThe resonse matrix is not defined here but |
ater at page 97. oPoint 2. Since the systematic variation (e.g., a jet energy scale shift) affects not only the signal but als
0 the background shapes and normalizations, we should subtract the varied background (which has been re-estimated un
der the same systematic variation) before unfolding, no? oPoint 4. For detector systematics, we should compare the unf
olded varied distribution to the unfolded nominal distribution, not to the nominal truth, right? €5.7: The profile likelih
ood method is already used here, right? Maybe it%ss betetter to introduce the statistical analysis method as shown in 6.
1.2 a bit already here.
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