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The experimental study of the Higgs boson discovered in 2012 is a clear priority of the

high-energy frontier. The currently observed properties of the Higgs particle are beautifully

compatible with those of the minimal Standard Model (SM) Higgs boson. However, experi-

mental constraints on the couplings of the Higgs boson to itself and to other SM particles will

improve dramatically at the High-Luminosity Large Hadron Collider (HL-LHC) and other

future colliders. If the SM is assumed to be correct, these couplings are predicted at the

percent level by other measurements, so the measurement of these couplings can be viewed

as a search for physics beyond the SM that is complementary to direct searches.

In this Letter, we highlight the fact that any deviation of the Higgs couplings from SM

predictions not only implies new physics beyond the SM, but also gives a model-independent

upper bound on the scale of the new physics from unitarity considerations. The reason is

that the SM is the unique UV-complete theory with the experimentally observed particle

content, and so any experimental measurement that cannot be accommodated within the

SM implies either new light degrees of freedom, or the breakdown of the theory at high

energies, manifested in a loss of tree-level unitarity. Unitarity arguments applied to the

Higgs sector of the SM in the 1970s were instrumental in motivating and guiding the LHC,

which indeed discovered the Higgs boson in the predicted energy range. We propose that the

same considerations applied to Higgs coupling measurements can help motivate and guide

future high-energy collider experiments.

Below we give some examples of model-independent bounds on new physics from Higgs

coupling measurements. The results are based on Ref. [1] and a forthcoming paper by the

authors of this Letter, and we refer to these for details of the method and calculations. Here

we confine ourselves to summarizing the main ideas and giving some example results.

We consider the situation where one or more measurements of Higgs couplings have

given results incompatible with SM predictions, but no new physics has been found in direct

searches. In this case, the most natural interpretation is that the observed deviation is due

to new physics at high energies. At low energies the deviations can be parameterized by the
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Here LSM is the SM Lagrangian, h is the real scalar that parameterizes the physical Higgs

boson (with 〈h〉 = 0), Zµ, W±
µ are the SM gauge fields, and t is the top quark field. The δ

parameters represent fractional deviations from SM predictions, for example,

δ3 =
ghhh − g

(SM)
hhh

g
(SM)
hhh

, δZ1 =
ghZZ − g

(SM)
hZZ

g
(SM)
hZZ

, (2)

while the cn are couplings that are not present in the SM.1 A nonzero value of any of the

δ or c couplings implies that the theory violates unitarity at high energies. The reason

is that unitarity of the SM at high energies is guaranteed by cancelations among different

diagrams enforced by SM relations between different couplings. Any deviation from the SM

will destroy these cancelations and lead to unitarity violation at high energies. The relevant

amplitudes are those involving longitudinally polarized gauge bosons, Higgs bosons, and

third-generation quarks.

For example, Fig. 1 gives the upper bound on the scale of new physics Emax as a function

of the observed value of the Higgs cubic coupling. The blue band gives an estimate of the un-

certainty of the ‘model independent’ prediction for Emax that is independent of the infinitely

many unmeasured couplings in Eq. (1), while the orange line bounds the ‘optimal bound’

that is obtained by marginalizing over the unobserved couplings. Note that a deviation that

can be observed at the HL-LHC would indicate a scale of new physics below 10 TeV, a scale

that can be plausibly explored by future colliders.

Similarly, Fig. 2 gives the bound on Emax arising from a measured deviation in the hZZ

and hWW couplings, and Fig. 3 gives the bound on Emax arising from a measured deviation

on the ht̄t coupling. In both cases, we see that current measurements allow for deviations

that imply a value for Emax in the range 1–10 TeV. Measurements of these couplings at

the HL-LHC can therefore point to a scale of new physics that can be explored at future

colliders.

1Note that the δ parameters are precisely equivalent to the ‘κ parameters’ used to report LHC measure-

ments of Higgs couplings [2].
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Fig. 1. The unitarity bound as a function of the deviation in the h3 coupling.

The optimal bound lies between the model independent and SMEFT estimates.

The band around the model-independent scale results from varying the unitarity

bound to 1
2 ≤ |M̂| ≤ 2. For comparison, we show projected 95% C.L. limits on

δ3 from a combination at HL-LHC and a 100 TeV pp collider from [3].
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Fig. 2. The unitarity-violating scale that depends on δZ1 and δW1 assum-

ing that custodial symmetry is not preserved. The solid black line represents

the current ATLAS constraints while the dotted black line gives the HL-LHC

projections [4].

To summarize, unitarity bounds provide a model-independent quantitative relationship

between precision of Higgs coupling measurements and the scale of new physics. Using these
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Fig. 3. Unitarity violating scales given values of δt1 and δV 1. The solid line

represents the 95% C.L. at the LHC [5] and the dashed line is the HL-LHC

projection [6].

bounds one can see that increased precision in coupling measurements translates directly into

probing higher energy scales. We would be interested in partnering with other researchers

making projections for these measurements to present them in this way.
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