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OTP Status in 2025
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OTP Type Required Fullfilled

Class 1&2 (online/offline shifts) 354 48.01

Class 3 (CP, MC, etc) 6.52 FTE 3.12 FTE

Class 4 (Computer service) 2.15 FTE

Upgrade 12.5 FTE 17.44 FTE

๏ Upgrade reaching at ~ 140% fullfillment


๏ Class 4 OTP from computer service


๏ Class 3 efforts on e/gamma /muon/tau software/reconstruction/performance, reaching ~47% 
fullfillment 


๏ Class 1 &2 (online/offline shifts):   fullfillment is a bit low, need to make more effort in future



Appointments in ATLAS (2025 - 2026)
❖ 2 Level-1 leadership: 

๏ Zhijun Liang, deputy project leader for HGTD project (2025.3 - 2027.2) 
๏ Bruce Mellado, Tile System Deputy Project Leader (2024.6 - 2028.2) 

❖ ATLAS Speaker committee member: Yanping Huang (2024.10 - 2027.9) 
❖ 8 Level-2 convenorship: Bruce Mellado, Da Xu, Jie Zhang, Mei Zhao, Zhijun, Lei Fan, 

Zhaoru 
❖ 3 Level-3 convenorship: Shuo Han, Yanping Huang, Yunyun Fan
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Appointment Member Start date End date

HGTD System Deputy Project Leader // High Granularity Timing Detector (HGTD) ZHIJUN, Liang 2025/3/1 2027/2/28

Tile System Deputy Project Leader Bruce Mellado 2024/6/1 2025/2/28

Tile Calorimeter Phase-II Upgrade Resource Coordinator Bruce Mellado 2023/5/1 2026/12/31

Tile Calorimeter Phase-II Upgrade  Power Supplies Coordinator Bruce Mellado 2018/3/1 2026/12/31

Speakers Committee member // Speakers Committee YANPING, Huang 2024/10/1 2027/9/30

DP - Reprocessing Coordinator // Data Preparation DA, Xu 2024/4/1 2025/3/31

LHC Higgs working group (ggF) Yanping Huang 2025/7/1 2027/6/30

HGTD Electronics Coordinator  // High Granularity Timing Detector (HGTD) JIE, Zhang 2023/3/1 2027/2/28

HGTD Sensors Coordinator // High Granularity Timing Detector (HGTD) MEI, Zhao 2023/3/1 2027/2/28

HGTD Module Assembly Coordinator  // High Granularity Timing Detector (HGTD) ZHIJUN, Liang 2023/3/1 2027/2/28

HGTD Schedule and Risk Manager // High Granularity Timing Detector (HGTD) ZHAORU, Zhang 2023/3/1 2027/2/28

HGTD HV System Coordinator  // High Granularity Timing Detector (HGTD) LEI, Fan 2023/3/1 2027/2/28

HGTD support unit Coordinator // High Granularity Timing Detector (HGTD) YunYun Fan 2025/3/1 2027/2/28

HGTD Peripheral Electronics Coordinator  // High Granularity Timing Detector (HGTD) JIE, Zhang 2023/3/1 2027/2/28

Convener of subgroup: Photons  // Higgs and Di-Higgs Physics group SHUO, Han 2024/10/1 2026/3/31

UK/China cluster production manager: Xin Shi 2022/3/1 2027/2/28
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ATLAS Inner Tracker (ITK)
❖ IHEP lead China-ATLAS ITk barrel team responsible for 1000 strip modules (~10m2，10%)   

๏ Xin Shi as UK/China cluster manager，coordinating 50% of barrel production，passed 
production readiness review


๏ Finished 13 PRODUCTION strip modules at IHEP 

๏ Passed Sensor Qualification Assurance（QA）site review (CSNS as irradiation site / IHEP as 

testing site)

๏ Contributed to ~150 modules at RAL
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Physics Topic
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Higgs property measurement Higgs Self-coupling New Physics

SM precision measurement

which contributes 15%. The remaining improvement is from the larger dataset and a more favourable
signal-to-background ratio at

→
𝐿 = 13.6 TeV.
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Figure 2: 𝑀𝑁 invariant mass distributions of weighted data events across all categories for (a) Run-3 only and (b)
the combined Run-2 and Run-3 dataset. The black points represent the data, with statistical uncertainties shown as
error bars. Each event is weighted by ln(1 + 𝑂68/𝑃68), where 𝑂68 and 𝑃68 are the signal and background yields in
each category, estimated from the fit to the data, in an 𝑄𝐿𝑀 window expected to contain 68% of the signal. The
signal-plus-background fit (solid blue curve) and the background model (dashed line) are overlaid. In the bottom
panels, the residuals between the data and the background model (black dots with error bars) are compared to the
signal model (red solid line). All curves represent the weighted sum of the individual category models.
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Figure 3: Profiled likelihood scan of the signal strength for the (a) expected and (b) observed results. Both plots show
the results obtained by this analysis of the Run-3 dataset (dashed blue line), by the previous analysis of the Run-2
dataset [23] (long dashed red line), and their combination (solid black line).

8.2 Run-2 and Run-3 combination

These results based on Run-3 data are combined with those from the previous ATLAS search for 𝑅 ↑ 𝑀𝑁

decays using Run-2 data [23]. The theoretical uncertainties, including branching ratios, QCD scale, and 𝑆𝑁

13

H→Zγ

of the total. The leading systematic contribution arises from
background modeling, followed by theory uncertainties,
muon-related effects, and the knowledge of the integrated
luminosity.
The signal-plus-background model is used to fit to the

observed mμμ spectra in the 23 categories simultaneously.
Events in Fig. 1 are weighted by lnð1þ S=BÞ, with S and B
denoting the observed signal and background yields,
respectively, as extracted from the fit to data in the mμμ ¼
120–130 GeV range. The corresponding values for S, B,
and other relevant quantities for each category are sum-
marized in Table II.
The best-fit value of the signal-strength parameter,

defined as the ratio of the observed signal yield to the
SM expectation, is μ ¼ 1.6% 0.6, and corresponds to an
observed (expected) significance of 2.8 (1.8) standard
deviations, σ, with respect to the background-only hypoth-
esis. The measured signal strengths in each group of
categories, together with the combined Run-3 result, are
shown in Fig. 2. The compatibility of the measured signal
strengths between the 23 categories is tested by repeating
the fit after allowing each category to have its own signal
strength parameter. The probability of compatibility is at
the 68% level. Using the same methodology, the probability
of compatibility between the signal strengths of the six
groups of categories shown in Fig. 2 is 54%.
The results presented in this Letter are combined with the

analysis of the full ATLAS Run-2 dataset [8]. Experimental
uncertainties are taken as uncorrelated between the two

datasets, while theory sources are treated as fully corre-
lated, except for those related to PDFs. An excess of events
over background is observed with an observed (expected)
significance of 3.4 ð2.5Þσ. The measured signal strength in
the combined fit is μ ¼ 1.4% 0.4, and the individual results
for Run 2 and Run 3 are compatible within 68%. The
measured signal strengths for the Run-2 and Run-3 data-
sets, as well as their combination, are shown in Fig. 2.
Assuming the SM values for the Higgs-boson production
cross sections, this result corresponds to a branching
fraction of BðH → μμÞ ¼ ð3.0% 0.9Þ × 10−4.
In conclusion, the ATLAS experiment sees evidence for

the rare decay of the Higgs boson into two muons, and
hence for the Higgs-boson Yukawa coupling to second-
generation fermions, with an observed (expected) signifi-
cance over the background-only hypothesis of 3.4 ð2.5Þσ.
The result is obtained by analyzing 165 fb−1 of pp data
collected at

ffiffiffi
s

p
¼ 13.6 TeV and combining with the results

from 140 fb−1 of data collected at
ffiffiffi
s

p
¼ 13 TeV. This

result is compatible with the SM expectation.
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FIG. 2. Best-fit values of the signal-strength parameters for the
analysis of the Run-3 data and the full Run-2 dataset. Results are
first shown for Run 3 by grouping the signal strength parameters
into six major categories (tt̄H, VH, VBF, 2-jet, 1-jet, and 0-jet),
where the systematic uncertainties reported in the legend are
symmetrized. In the lower part of the plot, the full Run-2 and
Run-3 results are given, as well as their combination.
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FIG. 1. Observed dimuon invariant mass spectrum combining
all of the Run-3 categories. The events and probability density
functions (pdfs) are weighted by lnð1þ S=BÞ, where S and B are
the signal and background yields, respectively, evaluated in the
mμμ ¼ 120–130 GeV window. These yields are extracted from
the fit performed in the mass range mμμ ¼ 110–160 GeV,
providing a signal strength of μ ¼ 1.6% 0.6. The background
and signal pdfs are obtained from the fit to the data. The lower
panel shows the data with the background model subtracted, and
the fitted signal pdf, normalized to the signal best-fit value. Error
bars represent the data statistical uncertainties.
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Table 1 
Impact of the various systematic uncertainties in the ob-
served 𝜔

𝜀𝜀
 measurement. For each uncertainty group, 

the error on 𝜔
𝜀𝜀

 is obtained from a !t with only those 
corresponding nuisance parameters "oating and all oth-
ers !xed to their best-!t values. The impact is then calcu-
lated from the subtraction in quadrature of this error and 
the error when all nuisance parameters are !xed. The up 
(down) columns indicate the impact on the upper (lower) 
𝜔
𝜀𝜀

 error. When the up and down impacts are found to 
be compatible within 30%, the values are symmetrised 
in the table for better readability. Asymmetric impacts 
primarily result from the asymmetric QCD scale + 𝜗top
signal uncertainty, and the fact that the lower endpoint 
of the 68% CL error on the signal strength is close to 0. 
The heavy-"avour content uncertainty in the table refers 
to single Higgs boson production.
 Source of systematic uncertainty  Relative impact (in %)

 Up  Down
 Experimental
 Photon energy scale +22 ω34
 Photon energy resolution +14 ω7.5
 Photon e#ciency +13 ω2.5
 Jet +10 ω6.9
 Luminosity +6.7 ω1.2

 Theory
 QCD scale + 𝜗top, PDF+𝜛

𝜚
+35 ω5.2

∱(𝜀  𝜍𝜍 , 𝜑𝛻𝜑) +10 ω2.1
 Parton showering model ±15
 Heavy-"avour content ±30

 Background model
 Spurious signal ±7.2

to 0.04%, while for ggF production, with the addition of the top-quark 
mass scheme uncertainty included according to Ref. [22], they amount 
to +6% and ω23%.

The PDF and 𝜛
𝜕
 uncertainties are estimated separately for Run 2 and 

Run 3 and separately for di$erent processes (single Higgs boson, ggF 
𝜀𝜀 and VBF 𝜀𝜀 events). The PDF+𝜛

𝜕
 uncertainties for the ggF (VBF) 

𝜀𝜀 cross sections amount to 3.0% (2.1%). These uncertainties are eval-
uated for the SM case and their magnitude is parameterised in terms of 
ℵ
ℶ
. The parton shower model uncertainty is estimated by using alter-

native simulation samples. In particular, for the 𝜀𝜀 and single Higgs 
boson processes the alternative samples use Herwig 7 [106,107] for par-
ton showering.

In addition, branching ratio uncertainties are taken into ac-
count [108]. Speci!cally, for all 𝜀𝜀 and single Higgs boson processes, 
a 2.9% uncertainty is applied to the 𝜀  𝜍𝜍 branching ratio. An addi-
tional 1.7% uncertainty from the 𝜀  𝜑𝛻𝜑 branching ratio is included for 
the 𝜀𝜀 signal.

The impact of the various systematic uncertainties on the observed 
𝜔
𝜀𝜀

 measurement is shown in Table 1. For each uncertainty group, 
the error on 𝜔

𝜀𝜀
 is obtained from a !t with only those corresponding 

nuisance parameters "oating and all others !xed to their best-!t val-
ues. The impact is then calculated from the subtraction in quadrature 
of this error and the error when all nuisance parameters are !xed. The 
up (down) columns indicate the impact of the upper (lower) 𝜔

𝜀𝜀
 error. 

When the up and down variations are found to be compatible within 
30%, the impacts are symmetrised in the table for better readability. 
Asymmetric impacts primarily result from the asymmetric QCD scale + 
𝜗top signal uncertainty, and the fact that the lower endpoint of the 68% 
CL error on the signal strength is close to 0. The heavy-"avour content 
uncertainty in the table refers to single Higgs boson production.

Fig. 5. Weighted di-photon invariant mass distribution summed over all cate-
gories and the two data-taking periods. The events in each category are weighted 
by log(1 + 𝜚SMεℷ). 𝜚SM is the expected signal yield assuming 𝜔

𝜀𝜀
= 1, while ℷ

is the continuum background yield obtained from a !t to the sidebands plus 
the single Higgs boson background obtained from simulation, all in a ±5 GeV 
window around the Higgs boson mass. The lines show the !t results for the con-
tinuum background only (light dotted), adding single Higgs boson backgrounds 
(black dotted) and the full !t (solid).

7.  Results

The search results are derived with a simultaneous pro!le-likelihood 
!t to the di-photon invariant mass distribution in all event categories, 
with a procedure similar to that described in Ref. [29]. The parameters 
of interest are !tted together with a set of nuisance parameters repre-
senting the systematic uncertainties, and the normalisation and shape 
of the continuum background. Uncertainties and con!dence levels are 
derived using the asymptotic approximations [95], which agree within 
10% with those from pseudo-experiments. Upper limits on the signal 
strength are derived using the CLs approach [109]. It is always assumed 
that the Higgs boson satis!es exactly all SM predictions apart from the 
parameter under study.

Fig. 5 shows the di-photon invariant mass distribution summed over 
all categories and the two data-taking periods, where the events in each 
category are weighted by log(1 + 𝜚SMεℷ), where 𝜚SM is the expected 
signal yield assuming 𝜔

𝜀𝜀
= 1, while ℷ is the continuum background 

yield obtained from a !t to the sidebands plus the single Higgs boson 
background obtained from simulation, all in a 5 GeV window around 
the Higgs boson mass.

The best-!t value for the signal strength modi!er is 𝜔
𝜀𝜀

= 0.9+1.4ω1.1 =
0.9+1.3ω1.0 (stat.) ± 0.5 (syst.) for an expected value of 𝜔

𝜀𝜀
= 1+1.3ω1.0 in the SM. 

Fitting the data from Run 2 and Run 3 separately results in 𝜔
𝜀𝜀

 val-
ues compatible with each other with a ℸ-value of 0.40. The statistical 
signi!cance for Higgs boson pair production is 0.78 ⊳, where 1.01 ⊳ is 
expected. The systematic uncertainty is dominated by the uncertainties 
in the heavy-"avour content in single Higgs boson production, the pho-
ton energy scale and resolution, and the calculation of the Higgs boson 
pair production cross section. An upper limit at 95% CL of 𝜔

𝜀𝜀
< 3.7

is derived assuming SM 𝜀𝜀 kinematics. Assuming no 𝜀𝜀 production 
the expected limit is 𝜔

𝜀𝜀
< 2.6, while assuming 𝜔

𝜀𝜀
= 1, the expected 

limit becomes 𝜔
𝜀𝜀

< 3.7. Fig. 6 compares the separate !t results for Run 
2 and Run 3 as well as their combination in terms of the signi!cance and 
the 95% CL upper limit. The same de!nition of the analysis categories is 
used for all !ts. Compared to Ref. [29] the signi!cance in 𝜔

𝜀𝜀
 improved 

by approximately 20% due to the new 𝜑-tagging algorithm and an ad-
ditional 5% comes from the kinematic !t. The improvement from the 
additional data is approximately 60%, with 50% attributed to increased 
statistics and 10% to the optimisation of the analysis categories, made 
possible by treating the background shapes in the two datasets as cor-
related.
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The effect of the above reweighting procedure in CR1,
where the reweighting function is derived, is illustrated in
Fig. 6 for the mHH distribution of the ggF-selected events
and in Fig. 7 for the xWt distribution of the VBF-selected
events. The reweighted “2b” distributions agree with the
corresponding “4b” distributions to within about 10% for
most of the phase space, with some larger deviations
observed in bins near the tails of the distributions where

fewer data events are available. A large number of
additional kinematic variables were also studied before
and after applying the reweighting in order to validate
the performance of the NN. For all variables, the level of
agreement, as quantified by the χ2 metric, either improves
after the reweighting or, for variables where the “2b”
and “4b” distributions are already similar, changes
only slightly.

TABLE IV. The set of input variables used for the 2b to 4b reweighting in the ggF and VBF channels respectively.

ggF VBF

(1) logðpTÞ of the 2nd leading Higgs boson
candidate jet.

(2) logðpTÞ of the 4th leading Higgs boson
candidate jet.

(3) logðΔRÞ between the closest two Higgs boson
candidate jets.

(4) logðΔRÞ between the other two Higgs boson
candidate jets.

(5) Average absolute η value of the Higgs boson
candidate jets.

(6) logðpT) of the di-Higgs system.
(7) ΔR between the two Higgs boson candidates.
(8) Δϕ between jets in the leading Higgs boson

candidate.
(9) Δϕ between jets in the subleading Higgs boson

candidate.
(10) logðxWtÞ.
(11) Number of jets in the event.
(12) Trigger class index as one-hot encoder.

(1) Maximum dijet mass from the possible pairings of
he four Higgs boson candidate jets.

(2) Minimum dijet mass from the possible pairings of
the four Higgs boson candidate jets.

(3) Energy of the leading Higgs boson candidate.
(4) Energy of the subleading Higgs boson candidate.
(5) Second-smallest ΔR between the jets in the leading

Higgs boson candidate (from the three possible
pairings for the leading Higgs candidate).

(6) Average absolute η value of the four Higgs boson
candidate jets.

(7) logðxWtÞ.
(8) Trigger class index as one-hot encoder.
(9) Year index as one-hot encoder (for years inclusive

training).

(a) (b)

FIG. 6. Comparison of the 2b (yellow histogram with hatching) and 4b (black points with error bars) mHH distributions, for events in
control region 1 (CR1) of the ggF signal region from the 2018 data: (a) before the kinematic reweighting of the 2b events, with only a
normalization factor applied; and (b) after the kinematic reweighting of the 2b events. The error bars indicate the statistical uncertainty of
the 4b data, while the hatching indicates the statistical uncertainty of the 2b data. The latter is only the Poisson uncertainty of the 2b data,
in (a), while in (b), it also includes the uncertainty from the bootstrap procedure described in Sec. VII. The hatching in (a) is narrower
than the line width of the plotted histogram.
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Main outcomes of Oxford workshop

● Channel consistency - some improvement, but not quite there yet

● Remaining discrepancy unlikely to be explained by electron calibration
○ Multijet background? Double-check the “Powheg v2 SumET” patch?

3

5 TeV    13 TeV

H→aa→4τ



Higgs CP measurement

❖ Run2+ Partial Run3: Yaquan, Fangyi (Contact), Peng (Editor), Shudong (Approval talk) 
๏ Run3 constraints on CHW shows a 38% improvement with 29% arising from refined techniques 
๏ Constraint on polarization coupling reduced by a factor of ~3 w.r.t. H->WW 

❖ First CP combination on CHW etc:  40% improvement w.r.t. individual limits
8
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Figure 1: Representative lowest-order Feynman diagrams of vector-boson fusion production of a Higgs boson and
subsequent decay into two photons 𝐿 → 𝑀𝑀 via (a) a top-quark loop and (b) a 𝑁-boson loop.

Run-2 result, most notably the implementation of more sophisticated machine learning techniques for
signal and background classification. Furthermore, the polarisation studies, performed here for the first
time in the VBF 𝐿 (→ 𝑀𝑀) channel, benefit significantly from the clean experimental signature and
manageable background composition of the diphoton plus jets final state. In contrast, prior measurements
in 𝐿 (→ 𝑁𝑁

↑
→ 𝑂𝑃𝑄𝑃) events were limited by the modelling of the complex background composition

and the associated uncertainties, despite the larger Higgs boson branching fraction.

2 Theoretical framework and analysis methodology

2.1 CP Violation in the EFT Framework

For the studies testing the CP-invariance of the Higgs boson coupling to vector bosons, the SMEFT
framework is used to parameterise possible deviations from the SM. The SMEFT framework supplements
the SM Lagrangian with operators O𝐿 of mass-dimension 𝑅 > 4 that are invariant under the SM gauge
group 𝑆𝑇 (3)𝑀 ↓ 𝑆𝑇 (2)𝑁 ↓𝑇 (1)𝑂 . The resulting e!ective Lagrangian is expressed as:

LSMEFT = L𝑃𝑄 +

∑
𝐿

𝑈
(𝑅)

𝐿

ω𝑅↔4 O
(𝑅)

𝐿
(1)

where ω is the energy scale of new physics, and the dimensionless Wilson coe"cients 𝑈𝐿 govern the
strength of the new interactions. Since the dimension-5 operator is typically ignored as it violates lepton
number conservation [36], dimension-6 operators are expected to provide the leading contributions to
physical observables.

Among the complete sets of dimension-6 operators, the Warsaw basis is the most widely adopted for
LHC results [37]. In this basis, the three CP-odd operators Oε𝑆

, Oε𝑆𝑇
, and Oε𝑇

, along with their
corresponding Wilson coe"cients 𝑈

𝑈𝑆
, 𝑈

𝑈𝑆𝑇
, and 𝑈

𝑈𝑇
, contribute to the 𝐿𝑉𝑉 vertex. In the VBF

𝐿 → 𝑀𝑀 process, these couplings a!ect both the production vertex and the loop-induced decay. While all
three interactions modify the Higgs boson branching ratio, the 𝐿 → 𝑀𝑀 decay itself remains insensitive to
CP-violating e!ects. This is because in two-body decays of a spin-0 particle, all kinematic observables
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Constraint CP-odd coupling via OO sensitive to HVV vertex 
Constraint polarization coupling via Δφjj
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Figure 5: Weighted post-fit distribution of the data events compared with the signal and background contributions for
the 𝐿𝐿𝐿 spectrum, summed over the tight (T), medium (M), and loose (L) analysis regions and optimal observable
intervals. Events are weighted by ln(1 + 𝑀/𝑁), where 𝑀 and 𝑁 are the best-fit signal and background yields in each
analysis region and optimal observable interval. The signal and background contributions are fixed to the values
obtained from the best fit at 𝑂

𝑀𝑁
= 0.24.
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Figure 6: Expected and observed likelihood curves as a function of the Wilson coe!cient 𝑂
𝑀𝑁

. Fits using
parameterisations with linear-only terms and linear+quadratic terms are shown. The dashed horizontal lines indicate
the ωNLL values corresponding to the 68% and 95% CL intervals. Results are obtained assuming a new physics
scale of ε = 1 TeV.
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0 0.5 1 1.5 2 2.5 3
Parameter value

 (shape-only)La

 (shape+rate)La

 (shape-only)Ta

 (shape+rate)Ta

ATLAS
-1 = 13.6 TeV, 164 fbs

Best Fit 95% C.L.

1.10 [0.84, 2.02]
[0.77, 1.65]

1.04 [0.93, 1.17]
[0.89, 1.13]
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0.91 [0.70, 1.14]
[0.77, 1.25]

Expected Observed

Figure 9: The expected and observed measurements of the polarisation-dependent coupling-strength scale factors for
an integrated luminosity of 164 fb→1 at

↑
𝐿 = 13.6 TeV. The dots and 95% CL bars show the best-fit values with

statistical and systematic uncertainties, and the grey bands centred at one show the expected 95% CL intervals. The
best fit values and 95% CL observed (expected) limits are also explicitly stated on the right-hand side of the plot in
black (grey).

Table 2: Breakdown of the relative contributions to the uncertainty in the best-fit parameters of interest (i.e. either
𝑀
𝐿𝑀

, 𝑁L, or 𝑁T) for the CP and polarisation studies. The relative impact of each group of nuisance parameters is
defined as the square root of the di!erence between the squares of the total uncertainty obtained when treating all
nuisance parameters as free and the uncertainty obtained when that group of nuisance parameters is fixed to their
best-fit values, normalised to the total uncertainty. The statistical uncertainty component is determined by fixing all
nuisance parameters to their best-fit values. The sum in quadrature of the individual components may di!er from the
total uncertainty due to correlations between the di!erent groups of nuisance parameters.

Source 𝑀
𝐿𝑀

(Linear-only)
𝑀
𝐿𝑀

(Linear+quad.)
𝑁L

(shape-only)
𝑁L

(shape+rate)
𝑁T

(shape-only)
𝑁T

(shape+rate)

Total statistical 99% 99% 98% 79% 98% 89%

Total systematic 10% 7.4% 20% 61% 20% 45%
Spurious Signal 12% 11% 9.1% 7.4% 9.3% 7.4%
G4-AF3 discrepancies 3.3% 4.8% 2.1% 18% 3.3% 12%
Photons < 1% < 1% 2.9% 22% 3.9% 16%
Jets 7.0% 9.3% 10% 38% 12% 24%
Luminosity + Pile-up 1.6% 1.9% < 1% 9.4% < 1% 7.0%
VBF theory 5.8% 5.4% 8.8% 31% 9.5% 23%
ggF theory 2.9% 4.0% 5.0% 5.1% 6.1% 5.9%
Other Higgs boson theory < 1% < 1% < 1% < 1% < 1% < 1%

9.2 Combination of searches for CP violating e!ects using Run-2 and Run-3 results

The results obtained from the Run-3 dataset are combined with the previous ATLAS search for CP-violating
e!ects in VBF 𝑂 ↓ 𝑃𝑃 events using Run-2 data [21]. To maximise the sensitivity to 𝑀

𝐿𝑀
, a simultaneous

fit to the Run-2 and Run-3 datasets is performed. Theoretical uncertainties in the parton shower model, are
treated as fully correlated across both datasets. The QCD scale uncertainty is correlated for the ggF process
but uncorrelated for the VBF signal. This accounts for the di!erent uncertainty calculation procedures
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(a) (b)

Figure 5: Observed negative log-likelihood ratio (2ωNLL) scans as a function of 𝐿
𝐿𝑀̃

considering the (a) linear-only
and the (b) linear plus quadratic terms for the individual channels (in di!erent colors) and their combination. The
dashed horizontal lines show the values of ωNLL thresholds defining the 68% and 95% confidence intervals, assuming
the asymptotic approximation.

(a) (b)

Figure 6: Best-fit values and 95% CL intervals for 𝐿
𝐿𝑀̃

obtained in single-parameter fits for each of the individual
analyses and the combined result, for both (a) linear-only and (b) linear and quadratic interpretations. For the
𝑀𝑁,𝑁 → 𝑂𝑂̄ linear and quadratic result, the best-fit value is valid in the 𝐿

𝐿𝑀̃
range [↑1.5, 1.5] and no 95% CL

interval is defined, as explained in the text.
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H→Zγ Rare decay Search
• Probe the higgs loop interaction 
• Unique missing part for the suite of Higgs decays into electroweak boson pairs 
• Challenge: only ~1 H→Zγ event with leptonic decay in 1013 pp events

9analyses. However, approximate correlation strategies were
investigated for the integrated luminosity [46–50], scale,
and PDF uncertainties; they are found to have a negligible
impact and are not adopted in the following results. One
difference between the ATLAS and CMS analyses is the
assumed value of mH taken to be 125.09 GeV [51] in the
former and 125.38 GeV [52] in the latter. The results of
the combination are determined for bothmH values, and the
different mass assumptions have a negligible impact within
the precision reported in this Letter.
The Zγ invariant mass distribution observed in data is

shown in Fig. 2. To demonstrate the sensitivity of this
likelihood analysis, the events in each category are
weighted by lnð1þ S=BÞ, where S and B are the observed
signal and background yields in that category in the range
120 < mZγ < 130 GeV, as determined by the minimiza-
tion of the test statistic. The negative log-likelihood ratio as
a function of the signal strength is shown in Fig. 3.
The observed (expected) signal strength at the 68% con-
fidence level is μ ¼ 2.0þ1.0

−0.9 (1.0% 0.9) for the ATLAS
analysis, μ ¼ 2.4þ1.0

−0.9 (1.0þ1.0
−0.9 ) for the CMS analysis, and

μ¼2.2%0.6ðstatÞþ0.3
−0.2ðsystÞ¼2.2%0.7 [1.0% 0.6ðstatÞ%

0.2ðsystÞ ¼ 1.0% 0.6] for their combination. Expressed
in standard deviations σ, the observed (expected) local
significance, with respect to the μ ¼ 0 hypothesis of no
H → Zγ signal, is 2.2σ (1.2σ) for the ATLAS analysis,

2.6σ (1.1σ) for the CMS analysis, and 3.4σ (1.6σ) for their
combination. The uncertainties in the H → Zγ branching
fraction and the background modeling are the largest
systematic uncertainties. Assuming SM Higgs boson pro-
duction cross sections, the measured branching fraction
for H → Zγ decay is ð3.4% 1.1Þ × 10−3. In contrast to the
signal strength measurement, the uncertainty in the SM
branching fraction prediction is not included in this fit. The
uncertainties in the results are dominated by the statistical
fluctuations of data.
The combined result is compatible with the measured

signal strengths from individual categories with a p-value
greater than 12%. The p-value for compatibility with the
SM hypothesis (μ ¼ 1) is about 6%, and the observed local
significance with respect to the SM is 1.9σ. The goodness
of fit of the model to the data is evaluated with a likelihood-
ratio test [53], and has a p-value greater than 90%.
Tabulated results are provided in the HEPData record for
this analysis [54].
In summary, a combined analysis of ATLAS and CMS

searches for theHiggs boson decay to aZ boson and a photon,
where the Z boson decays into an electron or muon pair, is
presented. The results are based on the 13 TeV proton-proton
collision data recorded by the ATLAS and CMS experiments
at the CERN LHC, amounting to integrated luminosities
of 139 and 138 fb−1, respectively. Evidence for H → Zγ
decay is established, with an observed significance of 3.4
standard deviations. The observed signal yield is 2.2% 0.7
times the SM prediction. The measured H → Zγ branching
fraction is ð3.4% 1.1Þ × 10−3. The result agrees with the SM
prediction within 1.9 standard deviations.

FIG. 2. The Zγ invariant mass distribution. Events from all
categories in the ATLAS and CMS analyses are shown. As
different ranges in mZγ are used in the two analyses, only the
common subrange is visualized here. The data (points with error
bars) in each category are weighted by lnð1þ S=BÞ, where S and
B are the observed signal and background yields in that category,
in the 120–130 GeV interval. The S and B values are derived from
the fit to data. The error bars are invisible because of their small
values. The fitted signal-plus-background (background) proba-
bility density functions (pdfs) in each category are also weighted
in the sameway and summed, and represented by a red solid (blue
dashed) line. The lower panel shows the background-subtracted
results with the same data and pdfs.
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Higgs boson masses assumed by ATLAS and CMS have a
negligible impact on the results.
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❖ ATLAS-CMS combination: 3.4σ (Obs.) / 1.6σ (Exp.) 
❖ ATLAS Run2 + Partial Run3: 2.5σ (Obs.) / 1.9σ (Exp.) 

• 19% better expected significance than Run2 ATLAS-CMS 
combination

PRL 132 (2024) 021803

which contributes 15%. The remaining improvement is from the larger dataset and a more favourable
signal-to-background ratio at

→
𝐿 = 13.6 TeV.
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Figure 2: 𝑀𝑁 invariant mass distributions of weighted data events across all categories for (a) Run-3 only and (b)
the combined Run-2 and Run-3 dataset. The black points represent the data, with statistical uncertainties shown as
error bars. Each event is weighted by ln(1 + 𝑂68/𝑃68), where 𝑂68 and 𝑃68 are the signal and background yields in
each category, estimated from the fit to the data, in an 𝑄𝐿𝑀 window expected to contain 68% of the signal. The
signal-plus-background fit (solid blue curve) and the background model (dashed line) are overlaid. In the bottom
panels, the residuals between the data and the background model (black dots with error bars) are compared to the
signal model (red solid line). All curves represent the weighted sum of the individual category models.
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Figure 3: Profiled likelihood scan of the signal strength for the (a) expected and (b) observed results. Both plots show
the results obtained by this analysis of the Run-3 dataset (dashed blue line), by the previous analysis of the Run-2
dataset [23] (long dashed red line), and their combination (solid black line).

8.2 Run-2 and Run-3 combination

These results based on Run-3 data are combined with those from the previous ATLAS search for 𝑅 ↑ 𝑀𝑁

decays using Run-2 data [23]. The theoretical uncertainties, including branching ratios, QCD scale, and 𝑆𝑁
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❖ Prospect in HL-LHC based Run2 results: 
• ATLAS-only: 5σ could be achieved already with 

2ab-1


• ATLAS-CMS combination:  precision of ~14% 
with 3ab-1

3.2 𝜴 → 𝜶𝜷

The 𝐿 → 𝑀𝑁 decay channel has a small branching ratio in the SM: B(𝐿 → 𝑀𝑁) = (1.5 ± 0.1) ↑ 10↓3 [8].
The most sensitive measurements of this process proceed through the reconstruction of 𝑀 boson decays
to electron-positron or muon-antimuon pairs, whose branching ratio is only 6.7%, leading to an overall
Higgs boson branching ratio B(𝐿 → 𝑀𝑁 → 𝑂𝑂𝑁) ↔ 10↓4 (𝑂 = 𝑃, 𝑄). The photon and leptons from
the 𝐿 → 𝑀𝑁 → 𝑂𝑂𝑁 decay are produced with low transverse momenta, making it di!cult to e!ciently
reconstruct these final states with good background discrimination. For these reasons, the measurement of
the 𝐿 → 𝑀𝑁 signal strength and the corresponding scale factor of the e"ective coupling strength (𝑅𝐿𝑀) is
dominated by statistical uncertainties. Recently, evidence for the 𝐿 → 𝑀𝑁 decay with a significance of
three standard deviations was obtained by a joint interpretation of searches performed by ATLAS and CMS
with their full Run 2 datasets [17] (total luminosity of about 280 fb↓1); a signal strength 𝑄 = 2.2 ± 0.7 was
measured.

The extrapolations shown in this document are based on the published ATLAS Run 2 analysis [11]. The
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Figure 5: The projected (a) significance 𝑀0, (b) signal strength uncertainty 𝑆𝑄, and (c) coupling strength scale factor
uncertainty 𝑆𝑅𝐿𝑀 of a SM 𝐿 → 𝑀𝑁 signal measured by the ATLAS experiment with integrated luminosities between
1000 and 3000 fb↓1. Three systematic uncertainty scenarios as defined in the text, namely Run 2 (blue open squares),
baseline (red open triangles), and no systematic uncertainties (black open circles), have been considered. The
prediction of the previous projection prepared for European Strategy for Particle Physics Update in 2020 (ESPPU
2020) [2] in a scenario (S2) similar to the baseline one for an integrated luminosity of 3000 fb↓1 is also shown
(magenta star).
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cantly enhance the precision of most of the coupling modifiers. To eliminate the dependence on the Higgs boson’s
total width and mitigate common systematic uncertainties, the projected measurement of ratios of Higgs boson
coupling modifiers is also provided. A key reference parameter, ωgZ = ωgωZ/ωH , is introduced to represent the
high-precision measurement of the gg → H → ZZ production rate. The cross-sections in other channels are
then reformulated in terms of ωgZ and a set of coupling strength scale factor ratios, defined as εXY = ωX/ωY .
The results are presented in Fig. 1 (right). The properties of the Higgs boson will be also probed through other
measurements such as cross-section times branching fractions. Unlike the measurements of the coupling modifiers
ω, these measurements will not be limited by large theory uncertainties.
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Figure 1: The projected uncertainty in the combined coupling signal strength modifiers (left) and their ratios (right) with
3 ab→1 of pp collisions under the S2 systematic uncertainty scenario, assuming that the Higgs boson decays only to final states
predicted by the SM.

Finally, assuming the SM, the ATLAS+CMS combination of the H → ZZ off-shell cross section can
constrain the Higgs width with an uncertainty of 0.7 MeV with 3 ab→1 [27], projecting the current measurements
under the S2 scenario.

3 Di-Higgs boson physics

The measurement of HH production is sensitive to modifications to the BEH potential, since it directly probes
the deviation of the trilinear coupling parameter ε3 from the SM, parametrized via the coupling strength modifier
ω3 = ε3/ε

SM
3 . In recent years, major improvements to the analysis techniques have increased the sensitivity of

ATLAS and CMS to this rare process. In particular, the use of graph-based architectures for deep-learning based
jet tagging has enhanced the sensitivity to various decay modes (e.g. H → bb̄ and H → ϑ

+
ϑ
→) at both small

and large Higgs boson pT , where the Higgs boson decay products are boosted and overlap. Figure 2 (left) shows
the combination of the ATLAS and CMS extrapolations for the decay modes listed in Table 2. The details of the
assumptions used in the S2 and S3 scenarios can be found in Refs. [12, 20]. In this study, the S3 scenario is defined
considering a 5% improvement both in b-jet tagging [37–39] and hadronic tau reconstruction efficiencies [52],
expected already for the incoming Run-3 results. Beyond Run 3, additional improvements are expected, in terms
of trigger, detector, and analysis techniques. In the combination, the ATLAS bb̄ϑ

+
ϑ
→ projection [13], the CMS

resolved and boosted projections bb̄bb̄ [20], the ATLAS multilepton [14] and ATLAS bb̄ϖ
+
ϖ
→ [12] projections

have been adopted for both experiments, since they can reach similar sensitivity by using the same experimental
techniques. In the case of the bb̄ϑ

+
ϑ
→ channel, the CMS Run-2 sensitivity was limited by the trigger. An improved

trigger has already been deployed by CMS for Run 3 [53], achieving similar performance as the ATLAS trigger.
The bb̄ϱϱ projection is based on independent ATLAS [54] and CMS [20] projections.

Table 2 shows the expected significance on the HH signal yield and the corresponding 68% confidence
intervals (CIs) on ω3. Values are quoted per decay channel and per experiment, for the two scenarios. The combi-
nation of ATLAS and CMS projections result in an expected > 5ς observation of HH production already with 2

4



Run2 legacy Higgs Coupling Global Measurement

❖ Update w.r.t. Nature paper:  reanalysis/more data for H→WW/ττ/bb/cc 
๏ Global signal strength precision ~6% 
๏ Improvement: ~28% (ggF), 44%(VBF), 39% (VH), 45%(ttH), 22% (tH) 

❖ STXS measurement with refined binning 
❖ H+HH combination: 7% improvement on the κλ w.r.t. HH-only, 15% improvement w.r.t. previous 

round analysis
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Higgs Self-Coupling measurement
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HH Decay Modes

Clean 
final  
state

Large 
branching 

ratio

All channels have trade-offs between 
branching ratio vs final state

No single ‘golden channel’

bb WW ττ ZZ γγ

bb 34%

WW 25% 4.6%

ττ 7.3% 2.7% 0.39%

ZZ 3.1% 1.1% 0.33% 0.069%

γγ 0.26% 0.10% 0.028% 0.012% 0.0005%

IHEP group has been conducting a comprehensive research on Higgs self-coupling measurement 
• HH→bbbb , HH→bbγγ, HH→bbττ 
• HH→bb+ll 
• HH→multi-lepton 
• HH combination



Search for HH→bbγγ

❖ Full-Run2 legacy:  4× SM (5× SM) 
❖ Run2+partial Run3:  

๏ First HH results to reach 1σ expected significance 
๏ Obs.(Exp.) HH XS: 3.8× SM (2.6× SM) 

๏ Limits set on Higgs self-coupling : [-1.7, 6.6], competitive 
with the Run2 legacy HH combination [-1.2,7.2]    

❖ Run2 + Full Run3 is ongoing

κλ

12

all other coupling modifiers are equal to their SM predictions are shown in Figure 5. The observed
(expected) constraints under this hypothesis are �1.4 < ^_ < 6.9 (�2.8 < ^_ < 7.8) and �0.5 < ^2+ < 2.7
(�1.1 < ^2+ < 3.3) at 95% CL. Two-dimensional constraints at 68% and 95% CL in the (^_, ^2+ ) plane
are also shown in Figure 6, when all the other coupling modifiers are fixed to their SM predictions.

(a) (b)

Figure 5: Observed (solid line) and expected (dashed line) value of �2 ln⇤ as a function of (a) ^_ and (b) ^2+ , when
all other coupling modifiers (including, respectively, ^2+ or ^_) are fixed to their SM predictions.

Figure 6: Likelihood contours at 68% (solid line) and 95% (dashed line) CL in the (^_, ^2+ ) parameter space, when
all other coupling modifiers are fixed to their SM predictions. The corresponding expected contours are shown by the
inner and outer shaded regions The SM prediction is indicated by the star, while the best-fit value is denoted by the
cross.

The impact of the systematic uncertainties on the results is small, leading to an increase of the upper limits
on the signal strengths by 6%–7% and to a widening of 95% CL confidence intervals for the coupling
modifiers by 2%–3% relative to the case in which systematic uncertainties are neglected.

Compared to the previous analysis of Ref. [32], the new event classification procedure leads to a reduction
in the expected upper limit on `�� by 12% and a reduction in the width of the expected one-dimensional
confidence interval for ^_ (^2+ ) by 6% (17%), based on a consistent statistical procedure for evaluating the
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Table 1 
Impact of the various systematic uncertainties in the ob-
served 𝜔

𝜀𝜀
 measurement. For each uncertainty group, 

the error on 𝜔
𝜀𝜀

 is obtained from a !t with only those 
corresponding nuisance parameters "oating and all oth-
ers !xed to their best-!t values. The impact is then calcu-
lated from the subtraction in quadrature of this error and 
the error when all nuisance parameters are !xed. The up 
(down) columns indicate the impact on the upper (lower) 
𝜔
𝜀𝜀

 error. When the up and down impacts are found to 
be compatible within 30%, the values are symmetrised 
in the table for better readability. Asymmetric impacts 
primarily result from the asymmetric QCD scale + 𝜗top
signal uncertainty, and the fact that the lower endpoint 
of the 68% CL error on the signal strength is close to 0. 
The heavy-"avour content uncertainty in the table refers 
to single Higgs boson production.
 Source of systematic uncertainty  Relative impact (in %)

 Up  Down
 Experimental
 Photon energy scale +22 ω34
 Photon energy resolution +14 ω7.5
 Photon e#ciency +13 ω2.5
 Jet +10 ω6.9
 Luminosity +6.7 ω1.2

 Theory
 QCD scale + 𝜗top, PDF+𝜛

𝜚
+35 ω5.2

∱(𝜀  𝜍𝜍 , 𝜑𝛻𝜑) +10 ω2.1
 Parton showering model ±15
 Heavy-"avour content ±30

 Background model
 Spurious signal ±7.2

to 0.04%, while for ggF production, with the addition of the top-quark 
mass scheme uncertainty included according to Ref. [22], they amount 
to +6% and ω23%.

The PDF and 𝜛
𝜕
 uncertainties are estimated separately for Run 2 and 

Run 3 and separately for di$erent processes (single Higgs boson, ggF 
𝜀𝜀 and VBF 𝜀𝜀 events). The PDF+𝜛

𝜕
 uncertainties for the ggF (VBF) 

𝜀𝜀 cross sections amount to 3.0% (2.1%). These uncertainties are eval-
uated for the SM case and their magnitude is parameterised in terms of 
ℵ
ℶ
. The parton shower model uncertainty is estimated by using alter-

native simulation samples. In particular, for the 𝜀𝜀 and single Higgs 
boson processes the alternative samples use Herwig 7 [106,107] for par-
ton showering.

In addition, branching ratio uncertainties are taken into ac-
count [108]. Speci!cally, for all 𝜀𝜀 and single Higgs boson processes, 
a 2.9% uncertainty is applied to the 𝜀  𝜍𝜍 branching ratio. An addi-
tional 1.7% uncertainty from the 𝜀  𝜑𝛻𝜑 branching ratio is included for 
the 𝜀𝜀 signal.

The impact of the various systematic uncertainties on the observed 
𝜔
𝜀𝜀

 measurement is shown in Table 1. For each uncertainty group, 
the error on 𝜔

𝜀𝜀
 is obtained from a !t with only those corresponding 

nuisance parameters "oating and all others !xed to their best-!t val-
ues. The impact is then calculated from the subtraction in quadrature 
of this error and the error when all nuisance parameters are !xed. The 
up (down) columns indicate the impact of the upper (lower) 𝜔

𝜀𝜀
 error. 

When the up and down variations are found to be compatible within 
30%, the impacts are symmetrised in the table for better readability. 
Asymmetric impacts primarily result from the asymmetric QCD scale + 
𝜗top signal uncertainty, and the fact that the lower endpoint of the 68% 
CL error on the signal strength is close to 0. The heavy-"avour content 
uncertainty in the table refers to single Higgs boson production.

Fig. 5. Weighted di-photon invariant mass distribution summed over all cate-
gories and the two data-taking periods. The events in each category are weighted 
by log(1 + 𝜚SMεℷ). 𝜚SM is the expected signal yield assuming 𝜔

𝜀𝜀
= 1, while ℷ

is the continuum background yield obtained from a !t to the sidebands plus 
the single Higgs boson background obtained from simulation, all in a ±5 GeV 
window around the Higgs boson mass. The lines show the !t results for the con-
tinuum background only (light dotted), adding single Higgs boson backgrounds 
(black dotted) and the full !t (solid).

7.  Results

The search results are derived with a simultaneous pro!le-likelihood 
!t to the di-photon invariant mass distribution in all event categories, 
with a procedure similar to that described in Ref. [29]. The parameters 
of interest are !tted together with a set of nuisance parameters repre-
senting the systematic uncertainties, and the normalisation and shape 
of the continuum background. Uncertainties and con!dence levels are 
derived using the asymptotic approximations [95], which agree within 
10% with those from pseudo-experiments. Upper limits on the signal 
strength are derived using the CLs approach [109]. It is always assumed 
that the Higgs boson satis!es exactly all SM predictions apart from the 
parameter under study.

Fig. 5 shows the di-photon invariant mass distribution summed over 
all categories and the two data-taking periods, where the events in each 
category are weighted by log(1 + 𝜚SMεℷ), where 𝜚SM is the expected 
signal yield assuming 𝜔

𝜀𝜀
= 1, while ℷ is the continuum background 

yield obtained from a !t to the sidebands plus the single Higgs boson 
background obtained from simulation, all in a 5 GeV window around 
the Higgs boson mass.

The best-!t value for the signal strength modi!er is 𝜔
𝜀𝜀

= 0.9+1.4ω1.1 =
0.9+1.3ω1.0 (stat.) ± 0.5 (syst.) for an expected value of 𝜔

𝜀𝜀
= 1+1.3ω1.0 in the SM. 

Fitting the data from Run 2 and Run 3 separately results in 𝜔
𝜀𝜀

 val-
ues compatible with each other with a ℸ-value of 0.40. The statistical 
signi!cance for Higgs boson pair production is 0.78 ⊳, where 1.01 ⊳ is 
expected. The systematic uncertainty is dominated by the uncertainties 
in the heavy-"avour content in single Higgs boson production, the pho-
ton energy scale and resolution, and the calculation of the Higgs boson 
pair production cross section. An upper limit at 95% CL of 𝜔

𝜀𝜀
< 3.7

is derived assuming SM 𝜀𝜀 kinematics. Assuming no 𝜀𝜀 production 
the expected limit is 𝜔

𝜀𝜀
< 2.6, while assuming 𝜔

𝜀𝜀
= 1, the expected 

limit becomes 𝜔
𝜀𝜀

< 3.7. Fig. 6 compares the separate !t results for Run 
2 and Run 3 as well as their combination in terms of the signi!cance and 
the 95% CL upper limit. The same de!nition of the analysis categories is 
used for all !ts. Compared to Ref. [29] the signi!cance in 𝜔

𝜀𝜀
 improved 

by approximately 20% due to the new 𝜑-tagging algorithm and an ad-
ditional 5% comes from the kinematic !t. The improvement from the 
additional data is approximately 60%, with 50% attributed to increased 
statistics and 10% to the optimisation of the analysis categories, made 
possible by treating the background shapes in the two datasets as cor-
related.
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Fig. 6. (a) Observed and expected statistical signi!cance of the 𝜔𝜔 signal, and (b) the 95% CL upper limits on the signal strength, obtained with separate !ts to 
Run-2 and Run-3 data as well as their combination. When computing the signi!cance or upper limit for one data-taking period only, 𝜀

𝜔𝜔
 of the other period is left 

free to vary. All other parameters of interest are !xed to their SM expectation. The expected limit assuming 𝜀
𝜔𝜔

= 0 from Ref. [29] is also shown in (b).

Fig. 7. Observed and expected pro!le likelihood scan of (a) 𝜗
𝜛
 and (b) 𝜗2𝜚 . (c) Contours at 68% CL (solid line) and 95% CL (dashed line) in the (𝜗

𝜛
, 𝜗2𝜚 ) parameter 

space. The corresponding expected contours are shown by the inner and outer shaded regions. The SM prediction is indicated by the star, while the best-!t value is 
denoted by the cross. The scans are performed by varying only the coupling modi!er of interest, while all other relevant coupling modi!ers are !xed to unity. For 
the two-dimensional !t the individual results are 𝜗

𝜛
= 2.8+2.2ω3.0 and 𝜗2𝜚 = 1.6+0.6ω1.8, where the errors are one dimensional standard deviations.
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Advantage: high photon efficiency and well resolution for H→γγ signal extraction

Main improvements over Run2 legacy 

๏ More data! 140 fb-1 → 308fb-1 (50%) 

๏ New GNN-based tagger GN2 (20%) 

๏ Correlation between Run2 and Run3 events in BDT 
and category optimization (10%) 

๏ Kinematic Fit for  resolution improvement (5%)mbb



HH combination

❖ Run2 ATLAS HH combination: 
๏ Obs. (Exp.) HH: 2.9× SM (2.4× SM) 

๏  limit dominated by  and  

๏  limit dominated by 4b boosted signature, 
 excluded at  

κλ HH → bbγγ HH → bbττ
κ2V
κ2V = 0 > 4σ

13

the radiation of additional heavy-flavor jets in the ggF
single-Higgs-boson background production process
[39–43], affecting μHH by 25%. The observed (expected)
significance of μHH is 0.4 (1.0) standard deviations, with
respect to the hypothesis of no HH production. No
significant HH signal is observed above the expected
background, and a 95% CL upper limit of 2.9 is placed
on μHH. If HH production is absent, the expected 95% CL
upper limit is 2.4, and in the SM case (μHH ¼ 1) the
expected upper limit is 3.4. The expected upper limit is
17% lower than in the previous combination [4]: 13% from
improvements in the bb̄τþτ−, bb̄γγ, and bb̄bb̄ analyses and
an additional 4% from the inclusion of the multilepton and
bb̄llþ Emiss

T channels. This combination provides the best

expected sensitivity to the HH production cross section to
date. Figure 2 displays the limits from the individual
searches and their combination [44] highlighting the
bb̄τþτ− channel as the one expected to constrain μHH
the most. The p value for compatibility between the μHH
value measured in the combination and those measured in
the individual searches is 0.16. The observed and expected
95% CL upper limits on σggFþVBFðHHÞ from the combi-
nation are 86 and 71 fb, respectively, derived in this case
excluding theoretical uncertainties in the HH production
cross section.
The self-coupling modifier κλ is explored in the ggF and

VBF HH production processes. The impact of κλ on the
single-Higgs-boson background productions and the Higgs

(a) (b)

(c)

FIG. 3. Expected values (dashed lines) of the test statistic (−2 lnΛ) as functions of (a) κλ and (b) κ2V . These results are shown for the
decay channels bb̄γγ (purple), bb̄τþτ− (green), multilepton (cyan), bb̄bb̄ (blue), and bb̄llþ Emiss

T (brown), as well as their combination
(black). The observed values from the combined data are depicted by solid black lines. These results are computed with the assumption
that all other Higgs boson couplings follow the SM predictions. (c) The expected 95% CL contours in the κ2V -κλ plane, corresponding to
the individual decay channels and their combination, are illustrated using dashed lines. The observed contour from the combined results
is depicted by a solid black line. The SM prediction is marked by a star, and the combined best-fit value is indicated by a cross.

PHYSICAL REVIEW LETTERS 133, 101801 (2024)

101801-4

PRL 133 (2024) 101801 arxiv: 2602.2399

❖ Run2 ATLAS-CMS HH combination: 
๏ Obs. (Exp.) HH: 2.5× SM (1.7× SM w.o SM HH/ 2.8× SM w SM 

HH) 
๏ Obs. (exp) significance: 1.1  (1.3 ) 

๏ Obs. (exp) : [-0.71, 6.1] ([-1.3, 6.7]) with improvement of 10% 
              : [0.73, 1.3] ([0.66, 1.4]) with improvement of 8%

σ σ
κλ

κ2V



The quest to discover supersysmmetry

• Summary paper (Run2): gluinos, squarks, and electroweakinos for scenarios with and 
without R-parity conservation, models with long-lived particles 

• IHEP group made leading contributions for most of involved analyses
14

Phys. Rep. 1116 (2025) 261-300



Summary paper: PRC-TO-RPV

• Achieve significantly improved sensitivity to a diverse range of long-lived particle signatures 

• Leading contribution: Take as paper editor (Xuai), analysis contact (Yuchen) and give  HMBS approval 
talk (Jiarong) 
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arxiv:2603.15007 (Moriond EW)

A broad class of RPV framework with 
variable RPV coupling13 results optimized with RPC/RPV SUSY

Reinterpretation



Summary

❖ Achieved important results based on Run2 and Partial-Run3


❖ Significant room for further sensitivity improvement: more data, 
better reconstruction/identification/trigger, novel deep learning 
techniques


❖ It is important for the cooperation among different institutes/
universities on hardware/software/physics
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