
→The measuring the H self-coupling ( ) will be (one of) the major HL-LHC results   λHHH

While minimal, this extension presents several interesting features, including universal modifications of the Higgs
boson couplings to SM particles, the presence of an additional scalar state that, if sufficiently heavy, can decay into
a pair of Higgs bosons, and modified 3 and 4. The enriched scalar potential dynamics enable the possibility of
a strong FOPT, as explored in [67, 71–73]. This phase transition could also be probed in a complementary way
through gravitational wave observations [68]. Additionally, the stability of the vacuum for large field configurations
can be affected [5, 7], potentially leading to further constraints.

Figure 6: (Top) BEH potentials in various models which predict a
first-order phase transition [70]. The models are compared with the
SM BEH potential. Two approaches (SMEFT 6 and HH-driven) are
used to show the expected uncertainties on the Higgs self-coupling
achieved by combining ATLAS and CMS at 3 ab�1 in the S3 sce-
nario. The dashed lines show the boundary of the regions for which
the alternative models predict a strong first-order phase transition. The
arrows indicate the region where the strong first-order phase transition
happens. Further details can be found in the text. The bottom panel
shows the difference between the potential V (�) and its SM expecta-
tion VSM (�). Here, the 68% and 95% CL uncertainty bands on the
shape of V (�) are shown, for the HH-driven and SMEFT 6 poten-
tials (see text). (Bottom) A zoom into the V (�)� VSM (�) difference
around the minimum of V (�), corresponding to the validity range of
the HH-driven band.

Given the broad phenomenology of the
singlet extension, a comprehensive set of preci-
sion measurements and searches conducted by
the ATLAS and CMS Collaborations can be uti-
lized to constrain the model. These searches are
very powerful in excluding effectively the param-
eter space configurations that would otherwise
allow a strong FOPT as shown in the following.

The first category of searches involves
resonant scalar decays into vector bosons (V V )
and HH . These constraints can be further
strengthened by limits on 3 obtained from non-
resonant HH searches, as discussed in Section 3.
Additionally, upper bounds on universal modifi-
cations to Higgs boson couplings with SM par-
ticles provide further restrictions on the model’s
viability.

A summary of the expected ATLAS+CMS
exclusions with 3 ab�1 is presented in Fig. 7
(top-left) in the plane of the scalar portal cou-
pling, a2, versus the scalar singlet mixing angle
✓ [70], for a given exemplary choice of the the-
ory parameters mS , b3, and b4 [70] for which
a strong FOPT is possible. A significant por-
tion of the viable parameter space is excluded,
thanks to the interplay between measurements
and searches. The dark blue hatched region iden-
tifies the parameter space where a strong FOPT
is possible, leading to an explanation of the uni-
verse matter-antimatter asymmetry. Note that the
exclusion by the searches is different here than in
the case of a strong FOPT within the EFT frame-
work (see Fig. 6), as here the symmetry breaking
dynamics can be richer with a two step transi-
tion with different low energy scales. The EFT
approach, on the other hand, is valid only in the
assumption that the scale of new physics is suffi-
ciently high.

Figure 7 (top-right) shows the 68% and
95% CL HL-LHC exclusion reach in the plane
of the Higgs boson coupling to ZZ relative to
the SM one versus 3 , as discussed for exam-
ple in Ref. [74]. The projected bounds on 3 and
the Higgs boson coupling to ZZ are compared
to the exclusion regions from the direct searches
for S ! HH and S ! ZZ, for the same choice
of mS , b3, and b4 as in the top-left plot of Fig. 7.
Most of the strong FOPT phase space is excluded
for this choice of parameters by the complementarity of measurements and searches. Similar or stronger conclu-
sions can be reached in Figs. A.6 and A.7 for a benchmark of few representative choices of the mS , b3, and b4
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→The final measurement will be preceded by  

→ Combinations 

  Combining various decay-productions channels is mandatory (not a golden channel many silver ones) 
  Combining experiments is crucial 

Lorenzo Santi  - 15.07.2025

Introduction
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V(H) = m2
H

2 H2+λvH3+ λH4

4

gluon-gluon Fusion (ggF) leading production mode @ LHC 
-  @ 13 TeVσSM

ggF(SM) = 30.8+2.0
−7.1 fb

Direct evidence of Higgs self-coupling ( ) remains one of the major missing pieces of Standard Model  
Huge implications on the Higgs potential shape: EW stability, Phase Transition, Baryogenesis etc.  

Best way to probe the self-coupling is via the Higgs-Pairs production (single-Higgs possible at NLO) 

Results are provided in upper limits on the signal-strength  

Or in the -framework where we aim to measure  

λ

μHH

κ κλ = λ/λSM

2 (3?) steps are achievable using the whole LHC dataset  
(Run1+Run2+Run3 ~ 500/fb)

Observation of HH production  


    Evidence of HH production


        95% CL sensitivity  for HH production  

            Exclusion of  = 0 (e.g. triangle diagram exists)λHHH

HH production

Roberto Salerno - HiggsHunting 2025



Could we improve the optimization of our decay channel coverage?

The merged-boosted and ggHH-VBF categories are optimally managed in terms of coverage?

Lorenzo Santi  - 15.07.2025

HH Decay Channels

6

Several decay channels are combined together to  maximize the sensitivity!

Decay channels Analysis categories 

Roberto Salerno - HiggsHunting 2025



Lorenzo Santi  - 15.07.2025

Run 2 HH Combination

16

Observed HH SM Signi!cance: 0.4  

Expected HH SM Signi!cance: 1.0 

σ
σ

Improvements in the combination: 
- Reanalysis of Run 2 for  and   
- New boosted VBF  
- Added extra channels 

Observed (Expected) upper limits @ 95% CL  
on :  
17% improvement wrt previous result: 
- 13% leading channels 
- 4% other channels

HH(bb̄τ+τ−) HH(bb̄γγ)
HH(bb̄bb̄)

μHH 2.9(2.4) × SM

Higgs Pair Production Cross-SectionHiggs Pair Production Cross-Section 8/138/13

Inclusive Cross-Section VBF Cross-Section

I Observed (Expected) Results
Inclusive: 3.5(2.5) ◊ ‡SM

HH

VBF: 79(91) ◊ ‡SM

VBF

I HH æ bbbb, bb·· and bb““ analyses
play a significant role in the HH
combination

CMS-PAS-HIG-20-011
Lorenzo Santi  - 15.07.2025

35

Run 2 + partial Run 3 HH( )bbγγ
Simultaneous !t in the 14 categories 

Observed (Expected) upper limits @ 95% CL  
on :  ✨ 
! Comparable with Full Run 2 HH Combination

μHH 3.8(2.6) × SM

Observed HH SM Signi!cance: 0.8  

Expected HH SM Signi!cance: 1.0 

σ
σ

ATLAS - CMS combination (on-going) of Run2 analysis could be <1.7 
We can expect it to reach ~1 with new improvements, given 500/fb (Run1+Run2+Run3)

O(20%) improvements

Run2 Run3 getting in the game 

Similar sensitivity from ATLAS and CMS but different hierarchy across channels

Results are limited by stat. uncertainties

Opportunity to maximise the analysis 
sensitivity (data streams, triggers, object 

reconstruction, analysis techniques)

Roberto Salerno - HiggsHunting 2025



(a) (b)

Figure 1: Expected (a) HH significance and (b) 68% CI on µHH , under the SM hypothesis, with 3000 fb�1 of
data at

p
s = 14 TeV in the di�erent uncertainty scenarios. For (b), a variation of the baseline scenario where the

uncertainties in the HH cross-section are removed is also shown. This uncertainty is strongly asymmetric so the
e�ect is only visible on the upper bound of the 68% CI and it has a negligible impact on the lower bound.

the upper limit on the VBF HH signal strength can be constrained at 95% CL to be less than 9.7 times the
SM prediction. The evolution of the upper limits with the integrated luminosity is shown for the di�erent
uncertainty scenarios in Figure 2(a), while the contribution of individual channels in the baseline scenario
with 3000 fb�1 of data is shown in Figure 2(b).

(a) (b)

Figure 2: (a) Evolution of the combined 95% CL upper limit on µVBF-HH with the integrated luminosity in the
di�erent uncertainty scenarios, and (b) breakdown of the limits on µVBF-HH for each channel with 3000 fb�1 of data
in the baseline scenario, assuming the absence of a signal (µVBF-HH = 0) and fixing the contribution of ggF HH to
its SM prediction.
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HH evidence at the end of Run3  
combining ATLAS and CMS?
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Excluded Excluded

Observed          Median expected
Excluded           68% expected    
Theory prediction 95% expected    
SM prediction                            

CMS Preliminary

 = 1tκ  = 12Vκ = Vκ

 (13 TeV)-1138 fb

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Theory

σ HH) / →(pp σ95% CL limit on 

Expected: 0.9

-11000 fb

Expected: 0.6

-12000 fb

Expected: 0.5

-13000 fb

                      68% expected   
Median expected 95% expected   
                                            

CMS Projections Preliminary
 = 12Vκ = Vκ = tκ = λκ S2 scenario

(14 TeV)

        95% CL sensitivity for HH production 
combining ATLAS and CMS. 

Sensitivity with single experiment?

Sensitivity to exclude of  = 0 
by the the end of Run3 

λHHH

Single experiment 1000/fb projection as a gauge of two experiments combinations 
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