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Resume (after PhD)

Research experience:

2021.1 ∼ present: Postdoc at USTC. Supervision: Prof. Zhengguo Zhao.

Physics Heavy neutrino search, Vector Boson Scattering.
Upgrade HGTD Demonstrator R&D.

2017.12 ∼ 2020.12: Postdoc at Shandong University. Supervision: Prof. Lianliang Ma.

Physics H → bb̄, diboson resonances search, heavy neutrino search.

Publications within the ATLAS Collaboration with direct contributions
“Measurement of the associated production of a Higgs boson decaying into b-quarks with a vector boson at high transverse
momentum . . . ”, Phys. Lett. B 816 (2021) 136204, 2021

“Search for heavy diboson resonances in semileptonic final states . . . ”, Eur. Phys. J. C 80 (2020) 1165, 2020

“Determination of jet calibration and energy resolution . . . ”, Eur. Phys. J. C 80 (2020) 1104, 2020

“Observation of H → bb̄ decays and VH production . . . ”, Phys. Lett. B 786 (2018) 59, 2018.

Talks in international conferences and workshops:
The 6th China LHC Physics Workshop (CLHCP2020), 6-9 November 2020, On-line,
“Search for heavy diboson resonances in semileptonic final states with the ATLAS detector”

QCD@LHC 2018, 27th-31st August, 2018, Dresden, Germany,
“Effects of parton shower and underlying event modelling in Higgs measurements and searches”
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Previous work and achievements

Higgs coupling measurements and beyond the Standard Model searches.
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First H → bb̄ observation Phys. Lett. B 786 (2018) 59
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H → bb̄ dominant decay (58%) for MH = 125 GeV:
I Direct test of Yukawa couplings to b-quarks.
I Best sensitivity to ZH and WH production modes.

Contributions on the statistical framework and on producting
final plots like the “money” plot.
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H → bb̄ boosted regime Phys. Lett. B 816 (2021) 136204
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Boosted regime with higher sensitivity to physics beyond the Standard Model.

Performance studies for possible improvements to the analysis:
I Usage of substruture variables to increase sensibility.
I Usage of tracker and calorimeter based clusters to form large-R jets.

Evaluation of the diboson modelling uncertainties.

Event displays for paper

Results compatible with SM with significance of 2.1 σ.
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Diboson resonance search in semi-leptonic final states Eur. Phys. J. C 80 (2020) 1165

Probe extensions of the SM that predict heavy resonances decaying into VV.

Paper editor

General search for a new resonance (X ):
I Testing three physics models:

Spin 0 Randall Sundrum radion
Spin 1 Heavy Vector Triplet Z ′/W ′

Spin 2 Randall Sundrum graviton

I X produced by ggF/DY or VBF
I X → VV → {``, `ν, νν}qq

F Semi-leptonic decay
F Compromise between full hadronic (more BG) and full leptonic (lower BR) decay modes.

I V → qq reconstructed with two small-R jets (resolved) or 1 large-R jet (boosted).
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Diboson resonance search results Eur. Phys. J. C 80 (2020) 1165

Contributions in: 1-lepton analysis,
signal and background modelling
uncertainties, statistical framework.

First limit set in the RS radion.

Cross-section limit is a factor of 3
w.r.t the VV → JJ final state.

Similar limits to what was obtained
with combination of full-leptonic,
semi-leptonic and full-hadronic
searches with smaller dataset.
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Current work and plans

Probe electroweak symmetry breaking and search for new physics beyond Standard Model.

Phase II upgrade of the ATLAS detector.
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Heavy neutral leptons search associated to tt̄
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Figure 1. Normalized branching ratio of top rare decay t →
bl+l+qq̄′.

process e+e− → N(→ ℓW, νLiZ, νLiH)νLi , the LEP
experiment puts a 95% C.L. upper limit on the mixing
parameter |VeN,µN |2 < O(10−5) in a heavy neutrino mass
range between 80 and 205 GeV [52]. Recently, the CMS
collaboration has performed searches for heavy Majorana
neutrinos through the Drell-Yan process qq̄ → W ∗ →
Nℓ and photon initial process γq → W ∗q′ → Nℓq′ in
trilepton and same-sign dilepton final states, which give
the current stringent limits on |VeN,µN |2 from O(10−5) to
unity in the masses of heavy neutrinos between 20 GeV
and 1600 GeV [53, 54].

As a top-rich environment, the Large Hadron Col-
lider (LHC) can produce copious top quark events and
may give a good opportunity to test the low-scale see-
saw models [55–57]. In this work, we will demonstrate
that the top quark neutrinoless double beta decay process
t → bjjℓ+ℓ+ (see Fig. 1) provides a new way to search
for the GeV scale-electroweak scale heavy Majorana neu-
trino, which will give the signature of the same-sign dilep-
ton plus multi-jet through tt̄ production at the LHC. In
the following calculations, we will show that our strategy
has a better sensitivity of probing the light-heavy neu-
trino mixing parameter VµN than other existing methods
when 15 GeV . mN . 80 GeV.

SEARCH FOR 0νββ DECAY OF TOP QUARK

As a phenomenological study, we will parameterize the
low-scale Type-I seesaw as a single RH Majorana neu-
trino mass scale MN and a single flavor light-heavy neu-
trino mixing ViN . Such a framework allows us to remain
agnostic of the detailed UV-physics, yet still capture the
feature of low-scale Type-I seesaw. The effective interac-
tions between Majorana neutrinos and charged leptons

in the mass eigenstates is given by,

L = − g

2
√
2
VijW

+
µ liγ

µ(1− γ5)N
c
j +H.c. (4)

In our study, we assume that the mixing effects in other
flavors ℓ′ 6= ℓ are sub-dominant. This will enables us to
derive generic bounds on the mixing parameter, which
can be translated or scaled appropriately in the context
of particular neutrino mass models. Besides, we will focus
on the semileptonic decay of the W boson, because it is
impossible to determine whether the leptonic channel is
induced by the Majorana neutrino.
In Fig. 1, we present the dependence of the nor-

malized branching ratio of the top rare decay channel
t → b l+l+qq̄′ on the Majorana neutrino mass mN , where
the effective mixing Cij ≡ |ViNVjN |2/∑k=e,µ,τ |VkN |2.
From Fig. 1, we can find that the normalized branch-
ing ratio can be as large as 10−4 to 10−2 when 15 GeV
< mN < mW . With the increase of mN , the branch-
ing ratio will decrease rapidly due to the suppression of
phase space. As such, we will focus on the kinematical
region of mN < mW in our study.
In order to understand the mass generation mechanism

and flavor structure of neutrino sector, it is essential to
measure the mixing parameter and mass of each kind of
neutrino at the LHC. It should be noted that the limit
on the mixing parameter |VτN |2 strongly depends on the
identification of same-sign di-tau, which is quite difficult
and has low efficiency in the realistic collider simulation
at the LHC. Therefore, we estimate that the current LHC
sensitivity for the mixing parameter VℓN (ℓ = e, µ) can
be improved significantly for the heavy neutrino mass
range of interest, i.e. 15 GeV < mN < mW . Then, we
will carry out the Monte Carlo simulation of the following
signature,

pp → tt̄ → 2b+ ℓ+ℓ+ + 4j (5)

where t → bℓ+ℓ+jj and t̄ → bjj. The contribution of the
process pp → tt̄ → 2b+ ℓ−ℓ− +4j is also included. Since
there are two same sign leptons (2SSLs) plus multi-jets
in our signal, the main SM backgrounds include:

• multiple prompt leptons: they mainly come
from events with two vector bosons, such as
W±W±+jets and tt̄W±. Besides, the processes of
WZ+jets and ZZ+jets can lead to 2SSLs, if one
or more of the leptons fail the reconstruction or
selection criteria.

• misidentified leptons: The fake leptons can be
misidentified hadrons that are from heavy-flavor
jets. These fake leptons are generally less isolated
than a prompt lepton from a W/Z boson decay.
The main contribution arises from tt̄ events.

• sign mismeasurement: The events that have two
opposite-sign leptons with jets could contaminate

This search probes the Type-I seesaw mechanism to explain the origin mass of neutrinos by
introducing three singlet right-handed neutrinos.

This process has a lepton number violation of |∆L| = 2 that would be the smoking-gun.

Both ATLAS and CMS have searches for heavy neutrinos produced with direct W boson.

The search for HNL production associated with the tt̄
process will be pioneered in ATLAS.

Profits from additional particle (top) mass constraints to
reduce backgrounds.

Objective: set new limits for HNL in 15-75 GeV mass range.

Leading analyser and paper editor.

Currently finalizing analysis strategy.

4

It can be seen that the tt̄ process is the dominant back-
ground, which is followed by tt̄W± process. After impos-
ing the requirement of same-sign muons, the cross section
of tt̄ process is reduced to the same order as that of sig-
nal process. Then, the small /ET < 25 GeV, large jet
multiplicity N(j) ≥ 6 and 0.4 < ∆R < 2.5 conditions
further suppress the cross sections of all backgrounds by
an order of O(102). In the end, the cluster mass cut will
remove the WW+jets background events and reduce the
tt̄W± background events to negligible level. Thus with
the above cuts, we expect we can have a promising sen-
sitivity of probing our parameter space because of very
few background events.
In order to estimate the signal significance (α), we

adopt the following formula,

α = S/
√
B + (βB)2 (6)

in which S and B stand for number of signal and back-
ground events after our cuts, respectively. L is the inte-
grated luminosity of the collider. It should be mentioned
that the main systematic uncertainty is related to the
misidentified-lepton backgrounds. By combining other
sources, we include a systematic uncertainty of β = 5%
in our calculations.
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Figure 3. The contour of 2σ exclusion limits from search of
signal events pp → 2µ± + 2b+ 4j on the plane of mN versus
|VµN |2. Other limits are also shown: the electroweak precision
measurements [44], search for neutral heavy leptons produced
in Z decays at LEP [52], and searches of same-sign leptons [53]
and trileptons events [54] at the LHC.

In Fig. 3, we present 2σ exclusion limits of the signal
process pp → tt̄ → µ±µ± + 2b + 4j on the plane of mN

versus |VµN |2. To compare our results with others, we
also plot the limits from electroweak precision measure-
ments, LEP search for neutral heavy leptons produced
in Z decays, and LHC searches of same-sign leptons and
trileptons events. It can be seen that the light-heavy

neutrino mixing parameter |VµN |2 > 2.5 × 10−6 can be
excluded at 2σ level in the masses of heavy neutrinos
between 15 GeV and 80 GeV at 13 TeV LHC with the
luminosity of 36 fb−1, which is stronger than other ex-
isting bounds. Such a limit will be further improved to
|VµN |2 > 2.3×10−6 at future HL-LHC with the luminos-
ity of 3000 fb−1.
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Figure 4. Same as Fig. 4, but for the signal process pp →
2e±+2b+4j. The indirect constraint from the search of neu-
trinoless double beta decay with the GERDA experiment [43]
is plotted as well.

Besides, we also studied the sensitivity of the electron
channel pp → e±e±+2b+4j in Fig. 4. The exclusion lim-
its on the mixing parameter |VeN |2 is of the same order
as |VµN |2, which is |VeN |2 > 1.1 × 10−6 at 13 TeV LHC
with the luminosity of 36 fb−1 and |VeN |2 > 7.2 × 10−7

at the HL-LHC. This bound is weaker than that from the
current GERDA search of neutrinoless double beta decay
of 76Ge [43]. However, it should be mentioned that 0νββ
constraint is usually model dependent. For example,
there is no such a limit in models with nearly-degenerate
heavy Majorana neutrinos [66]. Also, in radiative neu-
trino mass models, the cancelation effects between differ-
ent amplitudes induced by the Majorana phase [67] can
significantly weaken this bound. Therefore, it is still nec-
essary to analyze the electron channel while performing
a complementary search for heavy neutrinos at colliders.

Finally, we comment that our analyses have not in-
cluded pileup effects. In a fully realistic analysis it is
important to include the effects from pileup and the ef-
fects of applying the appropriate pileup removal tech-
niques [68–70]. For the analyses presented in this paper,
however, events are selected with two hard same-sign lep-
tons so we expect such additional considerations will not
significantly alter the results.

Phys. Rev. D 101, 071701 (2020)
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Electroweak Vector Boson Scattering search

q′

q

q′′

W/Z

W/Z

q′′′

g

q′

q

q′′

W/Z

W/Z

q′′′

1

Probing the electroweak symmetry
breaking.

Integrated luminosity of 35.6 fb−1

with an observed significance of
2.7 σ.

Phys. Rev. D 100, 032007 (2019)
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ATLAS , Observed-1=13 TeV, 35.5 fbs

For on-going analysis:

Using full Run 2 dataset.

New machine learning algorithms.

New vector boson tagging on large-R jets.

Dedicated signal samples to study anomalous quartic gauge coupling.

Aiming for the first observation of the EW VVjj process.

Mário José Sousa (USTC) Chung-Yao Chao Fellow Interview 2021 June 7th, 2021 10 / 12

http://dx.doi.org/10.1103/PhysRevD.100.032007


High Granularity Timing Detector (HGTD)

Detector Cooling loop Part of Phase II ATLAS upgrade.
I USTC involved with the upgrade.

Covers 2.4 < |η| < 4.0 range.

Provides high time resolution.

Together with ITk improves particle
reconstruction by addressing the
extreme pileup expected: µ ∼ 200.

Participation on the HGTD heater
demonstrator activities.

I Uses a cooling plate to validate CO2

thermal calculation to be used in
HGTD cooling loop.

Participation on the HGTD full
demonstrator activities.

I 5-10 HGTD modules to be tested.

Demonstrator
assembled

Temperature of probes
during test run
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Summary

Achievements:
I First observation of the H → bb̄ decay.
I First analysis of H → bb̄ in boosted regime.
I Improvement of a factor of 3 in the limits obtained in heavy diboson resonance search.

Plan:
I First search of a heavy neutrino in association production with tt̄ event.
I First observation of the electroweak vector boson scattering.
I Participation in the demonstrator of the HGTD for ATLAS upgrade to HL-LHC.

Thank you for your consideration
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Backup
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Supervision and outreach considerations

Supervision of PhD students @ SDU

Zhongyukun Xu: DBL VV.

Han Jingyi: Boosted Vh and VH legacy.

Tongbin Zhao: Heavy neutrino search.

Others students @CERN.
I Tong Li: DBL Vh resonance.

Outreach

Participation in IPPOG Master-classes.

CERN/ATLAS underground guide.

Participation in CERN Open days.

Event display for Hbb boosted.

Wh→ µν + 1 fat jet.
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Diboson VV resonance search VBF results

First limit set in the RS radion.

Cross-section limit is a factor of 3
w.r.t the VV → JJ final state

Similar limits to what was obtained
with a combination of full-leptonic,
semi-leptonic and full-hadronic
searches with a smaller dataset.

Excluded mass limit
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Selection flow of the analysis

Diboson resonance search strategy
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Event production topology classified
by a recurrent NN score.

In the merged categorization, use of
TCC jets with a dedicated V-tagger.

40 signal regions.

24 control regions to extract
normalizations for the leading
backgrounds:

I Top and V+jets.

Fit in signal and control regions.

Final discriminants: mT (ννqq),
m(`νqq) and m(``qq).
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