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Defense secretary: Hejiang Qu
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Personal Information

* Experience
* Bachelor: University of Science and Technology of China
* PhD: Joint PhD of University of Science and Technology of China &
University of Michigan
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Al NAME  WEICHUANSHUN DATE OF BIRTH 1995-11-04
SCHOLASTIC DEPT.  Department of Modern Physics NO. BA19004051
G r a d e S RECORD SPECIALITY  Particle Physics and Nuclear physics
DEGREE AWARDED DATE
TERM TITLE OF COURSE GRADE CR.HRS.
2018,Fall FL05301 IComprehensive English for Graduate Students PASS 2/40
2018,Fall PHO05101 IAdvanced Quantum Mechanics 75 4/80
2018,Fall PHO05102 IModern Physics Progress 82 4/80
2018,Fall PH14201 IGroup Theory in Physics 90 4/80
2018,Fall PH14203 Particle Physics(I) 94 4/80
2018,Fall PH24211 Technique of Particle Detection 90 4/80
2018,Fall PS05101a IDialectics of Nature PASS 1/18
2018,Fall PS05102a Theory & Practice of Socialist Construction PASS 2/36
2018,Fall PS06101a IChinese Marxism and the Contemporary Era PASS 2/36
2019,Spring ES15202 IAdvanced Nuclear Electronics 90 4/80
2019,Spring ES15204 IModern Information Proceesing 87 4/80
2019,Spring FL05303 (Oral English for Academic Purpose PASS 2/40
2019,Spring PH25201 (Collision Physics 81 4/80
2019,Spring PH26204 [Frontier of experimental particle physics 89 4/80
2026,Spring FORL7101U  |Academic Writing PASS 2/40

ALL course GPA: 3.6
GPA Calculation:

Centesimal Grade [95,100] [90,95) [85,90) [82,85) [78,82) [75,78) [72,75) [68,72) [65,68) [64,65) [61,64) [60,61) [0,60)

Letter Grade A+ A A- B+ B B- C+ C C- > (CourseCredit*CourseGP)
GPA=
Point Value 43 4 3.7 33 3 2.7 23 2 1,7 > CourseCredit
Graduate School of Univg Hnology of China
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ZE AR XESH TR EER BRI . BYRIFIEUAZRRNSB[ARXI=AIOEIRE, ETKERFIEN EATLASKE fRun-281E &, FRT

REMARANNAR. B XOEBREFEEZNRZE XMFEME, ﬁ%ﬁiWﬁ?’E;L ESZ%E% WXEMEE, BHEEW, BEILE RPEECSERERIHE ME

HMIERMARGZRANET MR, BEARBNBRIMNESKERZMRNEN. EXTERS SRIFMERRE T

c LIMTESERSEENZFEEENE: 1) BXE ZZ+° PWARESH, BEBENSXEK SIS ENARETIRE, KREFFEAHDNENEZAR ﬁ%rﬁfﬁrﬁau

EM7.0% B EREKEL6%, iEUTéHU.BTE_mF}# —ERBIVERBEBBHON—NEERERRE. 2) BREZASY, ETREREAUGRIERSE
WM REZIRE AR, TEET?I‘T/E#%&E’]#A%Q%?
2. 45T EAL BB RS ITYIERNERS]: 1) EMono-ZEEMFiE 3+, SIABDTE L, ¥HEMEEFATNREN XL ERABHEEE TBEREE
18.7%, AALLRDFERBRIBRFA. 2) FXEMERYFUIEE R 2HDM+atZ BIG Y, T A AHRIA R, FFREZ AU ASH TEERNLR TSN EERS, B
FIHIE R T MENAR N AR R ERE Y RAX B BB IS mIE M.
3. AFNFARME XBREG TR (EERESE TATLASRNSR ASRELHCHR X EE M T/E, MRFIFTH T 50N ELNMEEENERSE (sMDT) S ER N
AR SEMRENR. FEFELNRERRPAEMEHEHL-LHCHER, ARKREERFMHEVNNSEEYIERREE 7 BLAEFEM.
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fo? 1RHE(E, BWNEXE—XALREEAKHEFENRERE MNEEEK X,
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© EEREH
© EAR A FEARTE:

X XCET R BGR T XY E4] £ ATLASSLRE ZERun 258 REM £ 80140 fo? 1RT-RT WiESIE, BSA THEFERE NERHL R SHMERN R Xs BT,
ARG MR T =ZMEBRKNARLE. BXAOYEDTEFNE 22> WR FMAT NARSHREE, WZZEE FH~£8m# TR UE. ZRES
BRTRET RSHEEANEE8E, tREESNGITE. BRTAR—HUERTR T NEMREAXMEARNES, TRRETHEHRETHR
TRRE, ARAMETHFARFIATARE, ERET HENBYRIEETNESFTOMNERERN THNG KT —ESEREE. RE, WM AKSRELHCTH
K RintES MEM S EFIRB AR, ATLASERKN SR EAH#TEAN R, EXIEEBRESS T Z BT NAENZEEERVSOARSERTE. THT
50T BUsMDTEIE ERNs e BEAE K, BIRBRENG&. BEEEMNERENERSRAENRE . MIEAETHNRNSRET T BN RERFIFIMTE
Wik, BRFERENIK, ERKRH, sMOTRUS[NEEZEDHFHRMT 0 um, EEWEHLLHCHRFHNFT L HEARRK . WIIEAHTTR TIEANATLASE T
EXAHL-LHCH R RIFSBENR T ERE NHNMASRETE 7 BLNEM, RET RKRkSTERETYEMMTNTEM..

© BXHABZEMEIN:
(1) F*TECHMNE, RIZEHZEK. flINE—FN/LNE, UMEE=8nNE T E. REIIRIE=F—LEIH5IHN, AFAF5E—R?
(2) F=FMRME MREEEFAZAECUH, BREIZEHFH .

(3) F_EMNALTERL, XE-NXRATHXZERRER H—7TH, NRSEEXRTVIEEERKR, SA—MEFERENZL. HEW
REIRESH, TUEIIANBRFYE, 120 BRERE, 1.3NRBBIREEE, 1ANEREKNI2AR, 1.5MARKMIBHNE, 1.6NBIRXARTLHE.

(4) B, ZHISMABSMAABRITTFRZ, BNHERZZHELHSY (BENKENEENRBLTATEE) | REILEECchaptersHlchapter6 % —THI K
BAAR (BIEXMERERENAESE) Ik, FEENEDIE, AFENAXMNEME NFMEXEIT, N EEEE—Z2 7RI MEXERR
NEFASHADEFX, REEEIECTEZDN, JUBETEIANTENEEE. MEREEMNIEAT.
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© XEFEARXHFEATHE:

The research content of this doctoral dissertation is highly specialized and specific. Focusing on both theoretical research and experimental detection, itis confined to the
precise measurement of the ZZ boson pair production cross-section and the search for dark matter via the dilepton and invisible final states in the ATLAS experiment. Its
purposes are twofold: first, to test the Standard Model, and second, to probe dark matter. This indeed represents a frontier topic in current particle physics. The innovative
achievements are primarily threefold: First, the precise measurement of the total and differential cross-sections forthe pp>ZZ=>? ? ? ? w process, which improves the
measurement precision to 4.6%, thereby providing a high-precision test of the electroweak interaction in the Standard Model; Second, the search for dark matter particles via the
Mono-Z channel, which found no significant deviation from the Standard Model predictions and set robust exclusion limits within multiple theoretical frameworks; Third, the
construction and testing of the small-diameter monitored drift tube (sSMDT) detector chambers for the ATLAS detector upgrade at the High-Luminosity Large Hadron Collider (HL-
LHC), involving the rigorous assembly and quality control testing of 50 detector chambers. Overall, the above three aspects of innovation are incrementalin nature. While they
are conducive to the advancement of this research direction, they do not constitute disruptive breakthroughs within the field. The author possesses a solid theoretical
foundation and experimental competence, with multiple papers published inimportant domestic and international academic journals. The dissertation is written in accordance
with scientific norms, featuring clear logic, thorough narration, sound reasoning, and reliable conclusions. In summary, | co nsider this dissertation to have met the standards
required for a doctoral thesis.

© BXHREZ LM

09/03/26

As forthe future development of this research topic, on the one hand, regarding the test of the Standard Model, the author merely relies on the future capabilities of Run? 3 and
the HL LHC—this is overly narrow. In fact, the author could also consider the following two avenues: 1. Explore rarer processes: study processes such as ZZy (two Z bosons with
one photon) and tri boson production. These processes are highly sensitive to anomalous quartic gauge boson couplings (aQGC) in the Standard Model, and any tiny deviation
could be a sign of new physics. 2. Combine multi channel analyses: merge the results fromthe ZZ»? ? ? ? w™ channelwith those from other decay channels (e.g., 47

and? ? ? 7 jj) to maximize experimental sensitivity and provide the most stringent combined test ofthe Standard Model. On the other hand, for dark matter searches, the
author is currently only in the stage of “looking for signals”. In the future, the focus 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 contain a dilepton resonance peak from
the decay of anew Z' boson. 2. Combine multi messenger indirect detection: jointly analyze the collider results from Mono Z/ Z' with those from astrophysicalindirect detection
experiments (e.g., Fermi LAT, AMS 02) and underground direct detection experiments (e.g., LZ, XENONRNT).
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© WFMIRXHFERTEE:

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 0f21.0+1.0 fb with a total uncertainty reduced from 7.0% to 4.6%. It sets stringent constraints on anomalous gauge couplings and, using a BDT-
based search, limits the Higgs invisible branching ratio to <18.7% at 95% CL. The collider results are translated into WIMP -nucleon scattering limits,
demonstrating significant complementarity and a discovery advantage over direct detection experiments in the low dark matter mass region. Additionally, the
work includes hardware contributions to the construction and quality control of sSMDT chambers for the ATLAS HL-LHC upgrade. The researches presented in this
thesis are generally well-motivated. The thesis isrich in research content, well-structured, logically coherent, thoroughly detailed, and written in a rigorous and
formal academic style.

© BXHABZEMEIN:

09/03/26

Major comment: [t%ss not very clear what is the exact contribution of the author to the two ATLAS physics analysis when workingin a large collabaation. Please
emphasize this a bit more.

Minor comments:
* @23 : Please provide some references for the theory of Supersymmetry (SUSY), Extra Dimensions and Hidden Sector Models.

 @Figure 4.3 : What is the physics process used to determine the electron reconstruction and identification efficiency? What is the pileup level? Is the figure from Ref.
[82]? Maybe it%ss better to add such information in the caption.

*  @Period(s) are missing in a few places, e.g. 5.5.3 last paragraph, 5.5.5 first and second paragraphs

+ @5.6.1 OThe resonse matrix is notdefined here but later at page 97. OPoint 2. Since the systematic variation (e.g., a jet energy scale shift) affects not only the signal but
also the background shapes and normalizations, we should subtract the varied background (which has been re -estimated under the same systematic variation) before

unfolding, no? OPoint 4. For detector systematics, we should compare the unfolded varied distribution to the unfolded nominal distribution, not to the nominaltruth,
right?

* @5.7 : The profile likelihood method is already used here, right? Maybe it%ss betetter to introduce the statistical analysis method as shownin 6.1.2 a bit already here.
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Thanks!
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