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Perspective

This is illustrated by the red line in Fig. 1. The minimum of the potential, 
that is, the energetically most favourable choice for φ, lies at a value of φ 
that is non-zero, φ = 1. An important implication of the non-zero constant 
value of the Higgs field is the impossibility to carry angular momentum, 
or more technically having ‘spin 0’. A non-zero value for the spin would 
break at least one of the well-tested space–time symmetries. Hence, the 
excitation of the Higgs field, the Higgs boson, must be a spin-0 particle 
and it is in fact the only known fundamental particle with this property.

One of the reasons for the central importance of the discovery of the 
Higgs boson was that it finally made it possible to start testing the remark-
able theoretical picture outlined above. It is not possible to probe the 
interactions of a given particle with the Higgs field. However, one can 
instead measure a particle’s interaction with the excitations of the Higgs 
field, that is, with a Higgs boson. If the Standard Model provides the correct 
picture for the generation of mass, the strength of any particle’s interac-
tion with the Higgs boson has to be directly related to that particle’s mass.

Aside from providing a powerful way of testing the Higgs mecha-
nism, the interaction of the Higgs boson with other particles is intrigu-
ing because it implies the existence of a ‘fifth force’, mediated by the 
exchange of Higgs bosons. The fact that such a force is stronger for heavier  
particles makes it qualitatively different from all other interactions in 
the Standard Model, whose interaction strengths come in multiples 
of some basic unit of charge, like the electron charge for the electric 
force. The pattern is, if anything, more reminiscent of gravity, but with 

important differences. One is that the force mediated by the Higgs boson 
is active only at very short distances, whereas Einstein’s gravity acts over 
all distance scales. Another is that the Higgs boson couples directly only 
to elementary Standard Model particles. By contrast, gravity couples to 
the total mass. In ordinary matter, that total mass is much larger than 
the sum of the elementary particle masses, because the strong force 
contributes substantially to the proton and neutron masses14.

What we know so far and how
The Higgs mechanism provides the simplest model to explain particle 
masses in a way that is consistent with the electroweak interactions. As 
physicists we should seek to establish whether it is the model chosen 
by nature.

Experimental studies of the Higgs boson take place at particle colliders.  
The likelihood of producing a Higgs boson in a collision becomes larger 
when the particles that collide interact strongly with the Higgs field, 
that is, when they are heavy. At the high centre-of-mass energies that 
are required, particle physicists know how to collide just two things: 
protons and electrons, as well as their antiparticles. That poses an issue, 
because electrons and the particles that make up protons are light, that 
is, they interact only very weakly with the Higgs boson.

The approach of particle physicists is to exploit the occasional pro-
duction of heavy particles in the high-energy collision of light particles, 
and to then have those heavy particles produce a Higgs boson. CERN’s 
LHC collides protons, which are mostly made of up and down quarks 
and gluons. The most frequent way of producing a Higgs boson is for a 
pair of gluons, one from each proton, to collide and create a top quark 
and a top anti-quark as a very short-lived quantum fluctuation. The top 
quark is the heaviest known particle (about 184 times the proton mass) 
and so the top and anti-top quarks interact strongly with the Higgs 
field, thereby occasionally producing a Higgs boson. A short while 
later (about 10−22 s), the Higgs boson decays. About 2.6% of decays are 
to a pair of Z bosons, which themselves also decay almost immediately, 
for example each to an electron–positron or muon–anti-muon pair 
(so-called charged leptons), which gives a distinctive experimental 
signature. This sequence is illustrated in Fig. 2a.

The ATLAS and CMS experiments at the LHC select events with four 
such leptons and record the total of the energy of the leptons (in their 
centre-of-mass frame). There are a variety of ways in which four lep-
tons can be produced, but for those events in which they come from a 
Higgs-boson decay, the total energy is expected to cluster around the 
Higgs mass—the red peak in Fig. 2b. That red peak provides consider-
able information: (1) the existence of the peak near 125 GeV tells us 
that there is a new particle, the Higgs boson; (2) the position of the 
peak indicates the mass of the Higgs boson; (3) other features of the 
events in the peak, for example the relative angular distributions of  
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Fig. 1 | Higgs potential. The potential energy density V φ( ) associated with the 
Higgs field φ, as a function of the value of φ. The red curve shows the potential 
within the Standard Model. The Higgs field has a value corresponding to a 
minimum of the potential and the region highlighted in black represents our 
current experimental knowledge of the potential. Alternative potentials that 
differ substantially from the Standard Model away from that minimum (for 
example, the blue curve) would be equally consistent with current data.

Table 1 | Ways in which the Higgs boson affects the world around us

Particle whose mass is set by the 
interaction with the Higgs field

Role of the particle 
masses

Impact on everyday life Has the Higgs-particle interaction 
been experimentally confirmed?

Up quark (mup ≈ 2.2 MeV c–2) 
Down quark (mdown ≈ 4.7 MeV c–2)

Affects the mass  
of the proton and 
neutron

Differences in quark masses (mup < mdown) contribute to protons 
(made of two up and one down quarks) being lighter than 
neutrons (made of one up and two down quarks). As a result, 
protons are stable, as required for the existence of hydrogen.

No

Electron Atomic radius ∝ 1/me A different value of the electron mass would modify the energy 
levels and chemical reactions of all known elements.

No

W boson Radioactive beta  
decay rate ∝ 1/mW

4
Many radioactive decays, and the fusion reactions that power 
the Sun, involve the W boson. The W mass affects the rate of all 
of these reactions.

Yes

Three examples of how particle masses94 play a crucial role in determining the physical nature of the world in which we live. 
In all three cases, the Standard Model suggests that the corresponding particle masses arise from interactions of those particles with the Higgs field. The last column indicates whether  
or not we have clear experimental indications that confirm that hypothesis.

G. Salam, L.-T. Wang, G. Zanderighi, “The 
Higgs boson turns ten,” Nature 607 (2022) 
7917, 41-47
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Figure 1: Expected and observed 95% CL upper limits on the total HH signal strength, defined as the ratio of the
measured cross section to the sum of the ggF and VBF HH SM cross sections, for ATLAS, CMS, and the combination
from both experiments. The median expected limits on `HH are obtained under the hypotheses of no HH signal
(`Asimov

HH = 0) or assuming the presence of the SM HH signal (`Asimov
HH = 1). The ±1f and ±2f bands are computed

under the `Asimov
HH = 0 hypothesis.

combination improves the expected sensitivity on ^
_

by 10% and on ^2V by 8% with respect to the best
results to date, as given by the ATLAS and CMS individual combinations, respectively. The 95% CL
contours, obtained from a fit where ^

_
and ^2V are allowed to vary simultaneously, are shown in Figure 3.

The best-fit point in this plane corresponds to 1.8 for ^
_

and 1.0 for ^2V . All results are compatible with
the SM predictions.

Table 1 presents a summary of the individual sensitivities of the channels considered, of the single
experiment combinations, and of the ATLAS and CMS combination presented in this Letter. Results from
the individual channels and the single experiment combinations have been recomputed with respect to the
original references following the modifications to the signal normalization and ^

_
dependence for the HH

and H processes described above.

In summary, this Letter presents the first combination of ATLAS and CMS searches for Higgs boson
pair production. The searches are performed using the LHC Run-2 data sets with integrated luminosities
ranging between 126 and 140 fb�1. The upper limit at 95% CL on the total HH signal strength, defined as
the ratio of the measured cross section to the SM prediction, corresponds to 2.5, with an expected value of
1.7 (2.8) in the absence (presence) of SM HH production. The best-fit of the signal strength is observed
to be 0.8+0.9

�0.7, corresponding to an observed significance of 1.1 standard deviations, while the expected
significance is 1.3 standard deviations. The observed 95% CL constraints on the ^

_
and ^2V coupling

modifiers are �0.71 < ^
_
< 6.1 (�1.3 < ^

_
< 6.7 expected) and 0.73 < ^2V < 1.3 (0.66 < ^2V < 1.4

expected). The results of the combination are compatible within their uncertainties with the SM predictions
and represent the most comprehensive and most sensitive constraints on HH production to date.
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ATLAS+CMS HH 
combination with 

Run 2 data
arxiv:2602.23991

ATLAS Run2 + early Run 3 HH→bb𝛕𝛕, arXiv:2607.26879
expected sensitivity already reaching that of ATLAS Run 2 

combination, thanks to reanalysis of Run 2, trigger, b-
tagging and event classifier with transformers…
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(Only showing most 
sensitive ATLAS and 

CMS channels 
discussed today)

CMS Run2 + early Run 3 HH→bbbb, 
arXiv:2604.27044

- With 62 fb-1, 4b achieves a comparable sensitivity 
with Run 2; Run 2+3 4b almost reaches sensitivity of 
CMS Run 2 combination


- 30% improvement to Run 2 lumi scaling from trigger, 
b-jet selection and mass with a global transformer, 
improved background estimate



H(125) self-coupling

Channel kλ 95% CL Observed kλ 95% CLExpected Reference

ATLAS+CMS Comb Run 2 [-0.71,6.1] [-1.3,6.7] arxiv:2602.23991

CMS 4b Run 2 + 62 fb-1 Run 3 [-4.1,9.6] [-3.2,9.8] arxiv:2604.27044

CMS 2b2𝛕 Run 2 + 172 fb-1 Run 3 [-2.5,9.4] [-1.5,8.4] CMS-PAS-HIG-25-008

CMS 2b2γ  62 fb-1 Run 3 [-6.1,12.8] [-3.6,10.5] CMS-PAS-HIG-25-007

ATLAS bb𝛕𝛕 Run 2 + 56fb-1 Run 3 [-3.4,2.6]U[5.5,10.1] [-1.7,8.5] arXiv:2607.26879

- Partial Run 3 measurements appearing gradually, and for some of 
them, along with their combination with Run 2 data


- Searching for SM HH production, and decreasing the measurement 
uncertainty on the self coupling


- Run 2 combination still provides the best sensitivity, compared to that 
of measurements in dedicated channels at Run 2+ partial Run 3

- Shown here: the channels measuring kλ discussed today 

- Not shown here: also measuring k2V with Run 3 data, 

- Work towards including full Run 3 is ongoing, e.g. CMS 2b2𝛕: 172 fb-1 at 13.6 TeV, including 2024 data

- Expect also results expressed in the EFT framework and in BSM setups.
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(a) (b)

Figure 2: Expected negative log-likelihood (�2 ln⇤) values as functions of (a) ^
_

and (b) ^2V for ATLAS, CMS, and
the expected and observed values for the combination from both experiments. All the other Higgs boson couplings
are fixed to their SM predictions.

Figure 3: Observed and expected 95% CL contours for the simultaneous scan of the profile likelihood as a function
of ^

_
and ^2V . The expected constraints from the individual experiments are also shown. All the other Higgs boson

couplings are fixed to their SM predictions.
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Figure 2: Left: Expected ATLAS+CMS 3 likelihood scans for single decay channels and the combination for 3 ab�1 for
the S3 scenario, obtained fixing 

true
3 = 1. Right: The ATLAS+CMS projections for 2V in the S2 and S3 scenarios, fixing


true
2V = 1.

ab�1 in the S2 scenario, increasing to more than 7� with 3 ab�1 (to be compared to the 4� projection reported for
the previous European Strategy [1, 2]). Going from S2 to S3 brings 5% gain in precision, while the increase in lu-
minosity from 2 to 3 ab�1 brings a gain of 20% on the signal significance. While a single-experiment observation
is unlikely at 2 ab�1, it’s possibly in reach at 3 ab�1, also in view of further analysis optimization. A precision on
3 below 30%, namely -26% / +29%, can be obtained in the S3 scenario with 3 ab�1.

Figure 3: Comparison of the ESPPU 2020 and ESPPU 2026 projected
3 ab�1

HH sensitivities from various final states, and their combina-
tions.

A comparison of this projection to that
of the previous European Strategy (see Fig. 3)
shows how various improvements in the analy-
sis technique translate into a much stronger pro-
jection. Even neglecting the improvements com-
ing from the detector upgrades, it is expected
that further optimization in the ongoing LHC run
and during the HL-LHC phase would follow this
trend and the uncertainty on 3 will then be re-
duced well below 30%.

Modifications of the VVHH coupling are
parametrized by the 2V coupling modifier,
which can be accessed via the measurement of
vector boson fusion (VBF) HH production. Fig-
ure 2 (right) shows the sensitivity expected from
ATLAS+CMS on 2V with 2 and 3 ab�1, as-
suming 

true
2V = 

SM
2V = 1. The combined

projection is based on the ATLAS boosted VBF
HH ! bb̄bb̄ search [55, 56], as the sensitivity
of this process is dominant. In the S2 scenario, a
2V precision of ⇠ 13% is expected with 3 ab�1.

In Fig. 4 (left), the ATLAS+CMS projections on the precision of the 3 determination for different possible
values of the Higgs trilinear coupling are displayed for the S2 scenario and 3 ab�1. Because of a destructive
interference between the box diagram and the diagram with the trilinear coupling in ggF production, the HH
production cross section at the HL-LHC is minimal when the true value of 3 (true

3 ) is about 2.5. Regardless of
the consequent drop in signal yield, the ATLAS+CMS 3 combination can exclude the SM value of 3 at 95% CL
for 

true
3 & 1.7 and 

true
3 . 0.5. In addition, thanks to the improvement in precision, the shape of the expected

likelihood as a function of 3 has a unique minimum, regardless of the true value of 3 , i.e. the second local
minimum observed in the previous projection [3] is removed.
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arxiv:2504.00672 - Improvements exceed by far luminosity scaling.
- We know that this trend will continue in the near future
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Phys. Rev. D 110 (2024) 032012
Luminosity-based scaling

ATLAS
 searches-τ+τb b→HH

- The HL-LHC will be 
needed to achieve an 
evidence on the H 
self-coupling

-

HH production: how far are we from an 
observation with Run 2+3 datasets?

Example of ATLAS 
Run2 


+ early Run 3 
HH→bb𝛕𝛕, 


arXiv:2607.26879

arxiv:2504.00672 

- Lower cross section channels such 
as ttHH, unique for dedicated EFT 
sensitivity, will also be interesting 

-

Channel Best fit `C C̄��

1L �5+15
�15

SSML 5+17
�21

11̄WW �13+35
�6

Combination �3+11
�12

ATLAS, JHEP 08( 2026) 020



Discussion


