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The Higgs self-interaction
Measuring the Higgs self-interactions is an essential step to understand 
the structure of the Higgs potential

‣ related to order of EW phase transition  (relevant for cosmology)

‣ distortions expected in many BSM scenarios

‣ limited precision at LHC due to small statistics
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The Higgs self-interaction
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Measuring the Higgs self-interactions is an essential step to understand 
the structure of the Higgs potential

‣ related to order of EW phase transition  (relevant for cosmology)

‣ distortions expected in many BSM scenarios

‣ limited precision at LHC due to small statistics �3 2 [0, 2] at 1�

✦ at high-energy lepton machines accessible 
mainly in HH production

✦ additional bonus: test strength of Higgs 
couplings at high energy  (VVHH coupling)
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Main double-Higgs channels

Two main channels
ZHH and νν̅HH
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Main double-Higgs channels
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Double Higgs-strahlung (DHS) Vector Boson Fusion (VBF)
dominant below 1 TeV dominant above 1 TeV

Two main channels
ZHH and νν̅HH
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Sensitivity to Higgs self-coupling
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ILC 500 GeV, P(e-,e+)=(-0.8,0.3), 0.23 fb
ILC 1 TeV, P(e-,e+)=(-0.8,0.2), 0.17 fb
CLIC 1.4 TeV, unpolarized, 0.08 fb
CLIC 3 TeV, unpolarized, 0.03 fb

ILC 500GeV (±16.8%)
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e+e- → ννhh
ILC 1 TeV, P(e-,e+)=(-0.8,0.2), 0.13 fb
CLIC 1.4 TeV, unpolarized, 0.15 fb
CLIC 3 TeV, unpolarized, 0.59 fb

ILC 1TeV (±37%)
CLIC 1.4TeV (±44%)

CLIC 3TeV (±20%)

The two channels provide complementary information

✦ ZHH gives stronger constraints on ��3 > 0

✦ νν̅HH gives stronger constraints on ��3 < 0

‣ dependence on        stronger at lower COM energy, maybe worth 
collecting more luminosity at CLIC 1.4 TeV

��3



Precision reach at CLIC

… but inclusive measurements at CLIC can not resolve the additional 
minimum at  ��3 ⇠ 1

Additional improvement:
‣ consider differential distributions

Precision at CLIC   ~25% at 68% CL  (combining 1.4 TeV and 3 TeV runs)

✦ ZHH helps to test the second minimum, but has impact 
(due to small cross section)

CLIC 1.4 TeV (1.5 ab

�1
) + 3 TeV (2 ab

�1
), unpolarized beams, e+e� ! ⌫⌫̄hh

bounds on �� 68% CL 95% CL

CLIC 1.4 TeV [�0.35, 1.51] [�0.60, 1.76]

CLIC 3 TeV [�0.26, 0.50] [ [0.81, 1.56] [�0.46, 1.76]

CLIC combined [�0.22, 0.36] [ [0.90, 1.46] [�0.39, 1.63]

+Zhh [�0.22, 0.34] [ [1.07, 1.28] [�0.39, 1.56]



Differential HH distributions
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Figure 2: Invariant mass distribution of the hh pair of e+e≠ æ ‹‹̄hh at CLIC 1.4 TeV
(left) and 3 TeV (right) at parton level, with the total number of events normalized to one.
The blue solid curve corresponds to the SM case while red dashed one corresponds to the
other solution of ”Ÿ⁄ for which the cross section equals the SM one. The cross sections
given by MadGraph is 0.18 (0.80) fb at 1.4 (3) TeV. The cyan dotted curves correspond to
”Ÿ⁄ = ≠1 (⁄3 = 0), with cross sections 0.51 (1.72) fb at 1.4 (3) TeV. They are normalized
with respect to the SM cross sections. (The total number of events is normalized to 0.51

0.18
(1.72

0.80) for 1.4 (3) TeV.) The interference term of the diagram with the triple Higgs coupling
and the ones without seems to be destructive both overall and at the threshold.

at ”Ÿ⁄ = ≠5.9 (besides ”Ÿ⁄ = 0). This also suggests that the linear approximation is
pretty good for the ILC 500 GeV e+e≠ æ Zhh measurement (if we do not worry about
the other solution of ”Ÿ⁄, which will probably be excluded by single Higgs measurements
anyway).

In Ref. [1], it was stated that the dependence on ”Ÿ⁄ was determined using WHIZARD,
parameterized by Ÿ as �⁄

⁄
¥ Ÿ · ‡hh‹e‹̄e

‡SM

hh‹e‹̄e

. The value of Ÿ was determined to be (negative)
1.22 (1.47) for 1.4 TeV (3 TeV), which gives �⁄/⁄ = 54%(29%) for 1.4 TeV (3 TeV). This
seem to only account for the linear dependence. Translating into the coe�cients of the
linear term of ”Ÿ⁄ in our Eq. (C.2), this gives -0.82 (-0.68) for 1.4 TeV (3 TeV), which are
a bit di�erent from my numbers, -0.97 (-0.65).

Some results on the constraints of ”Ÿ⁄ from di-Higgs process are shown in Fig. 13 and
Table 1. For these results, all other BSM parameters are set to zero.

2.2 loop contributions to single Higgs processes
discuss a bit about measurements at circular colliders (or ILC 250) and the results of
Ref. [2].

we can also put some of the technical details in the appendix
also mention that we have checked the contributions of ”Ÿ⁄ to hZ asymmetries (which

turns out to be negligible?)

5

The Higgs trilinear coupling strongly modifies the distributions

cross section equal 
to SM one

‣ differential analysis can exclude the second minimum

signal ev. bkg. ev.

CLIC 1.4 TeV ⇠ 20 ⇠ 40

CLIC 3 TeV ⇠ 60 ⇠ 100

bounds on �� 68% CL 95% CL

CLIC inclusive [�0.22, 0.34] [ [1.07, 1.28] [�0.39, 1.56]

2 bins in ⌫⌫̄hh [�0.19, 0.31] [�0.33, 1.23]

4 bins in ⌫⌫̄hh [�0.18, 0.30] [�0.33, 1.11]



Help from Single Higgs?



Self-Interaction from Single Higgs
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Higgs self-interaction can be also probed
indirectly through single-Higgs processes

[McCullough ’13]
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Single Higgs global analysis
Corrections to Higgs trilinear are usually not alone: accompanied by 
modifications of single Higgs couplings

global analysis is needed!

Several couplings can affect single-Higgs production

• Higgs couplings to gauge bosons

Minimal set in the Warsaw basis: 12 operators

• Yukawa’s

• triple gauge couplings

�cz, czz, cz⇤, cz� , c�� , cgg

�yt, �yb, �yc �y⌧ , �yµ

�z



Single Higgs global analysis

All the 12 operators can be well constrained by a global fit

Higgs self interaction can also be added to the list: 12+1 operators

‣ can be distinguished thanks to different impact on various processes



Single Higgs global analysis

eg. combination of 240 GeV and 350 GeV can lead to ~50% precision 
on Higgs trilinear

Further improvement with combination with HL-LHC 
(helps to lift additional HL-LHC minimum at             )��3 ⇠ 5
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✦ Single-Higgs channels are important for low-energy colliders
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Figure 3: Chi-square as a function of ”Ÿ⁄ after profiling over all other EFT parame-
ters. Three run scenario are considered for circular colliders, with 5 ab≠1 at 240 GeV and
{0, 200 fb≠1, 1.5 ab≠1} at 350 GeV, without beam polarization. The shaded areas cover dif-
ferent assumptions about the precision of TGC measurements. Left: circular lepton collider
measurements only. Right: combination with di�erential single and double Higgs measurements
at the HL-LHC.

We start our discussion of the fit results by considering the benchmark scenarios for
circular colliders. The profiled �‰2 fit as a function of ”Ÿ⁄ is shown in the left panel of
Fig. 3. The 68% CL intervals are also reported in Table 1.

The numerical results show that a 240 GeV run alone has a very poor discriminating
power on the Higgs trilinear coupling, so that only an O(few) determination is possible
(brown dashed lines in the plot). The constraint is also highly sensitive to the precision
in the determination of TGCs, as can be inferred from the significantly di�erent bounds
in the conservative and optimistic aTGCs scenarios. The inclusion of measurements at
350 GeV drastically improve the results. An integrated luminosity of 200 fb≠1 at 350 GeV,
is already su�cient to reduce the uncertainty to the level |”Ÿ⁄| . 1, whereas 1.5 ab≠1

leads to a precision |”Ÿ⁄| . 0.5.
It is interesting to compare the above results with the constraints coming from an

exclusive fit in which only corrections to the trilinear Higgs coupling are considered and
all the other parameters are set to zero. With 5 ab≠1 collected at 240/250 GeV, and
irrespectively of the presence of a run at 350 GeV, we find that such a fit gives a precision
of approximately 14% in the determination of ”Ÿ⁄. The strongest constraints come from
the measurement of the e+e≠ æ Zh cross section at the 240 GeV run, which is the
observable with the largest sensitivity to ”Ÿ⁄ (see discussion in Section 2.2 and left panel
of Fig. 2). Other processes at the 240 GeV run and the higher-energy runs have only a
marginal impact on the exclusive fit.

The exclusive fit provides a bound much stronger than the global analyses, signaling
the presence of a nearly flat direction in the global fits. We found that ”Ÿ⁄ has a strong

10

-2 0 2 4 6 8
0

2

4

6

8

10

δκλ

Δχ
2

CEPC/FCC-ee + HL-LHC

HL-LHC only
HL-LHC +240GeV(5/ab)
HL-LHC +240GeV(5/ab)+350GeV(200/fb)
HL-LHC +240GeV(5/ab)+350GeV(1.5/ab)

Figure 3: Chi-square as a function of ”Ÿ⁄ after profiling over all other EFT parame-
ters. Three run scenario are considered for circular colliders, with 5 ab≠1 at 240 GeV and
{0, 200 fb≠1, 1.5 ab≠1} at 350 GeV, without beam polarization. The shaded areas cover dif-
ferent assumptions about the precision of TGC measurements. Left: circular lepton collider
measurements only. Right: combination with di�erential single and double Higgs measurements
at the HL-LHC.

We start our discussion of the fit results by considering the benchmark scenarios for
circular colliders. The profiled �‰2 fit as a function of ”Ÿ⁄ is shown in the left panel of
Fig. 3. The 68% CL intervals are also reported in Table 1.

The numerical results show that a 240 GeV run alone has a very poor discriminating
power on the Higgs trilinear coupling, so that only an O(few) determination is possible
(brown dashed lines in the plot). The constraint is also highly sensitive to the precision
in the determination of TGCs, as can be inferred from the significantly di�erent bounds
in the conservative and optimistic aTGCs scenarios. The inclusion of measurements at
350 GeV drastically improve the results. An integrated luminosity of 200 fb≠1 at 350 GeV,
is already su�cient to reduce the uncertainty to the level |”Ÿ⁄| . 1, whereas 1.5 ab≠1

leads to a precision |”Ÿ⁄| . 0.5.
It is interesting to compare the above results with the constraints coming from an

exclusive fit in which only corrections to the trilinear Higgs coupling are considered and
all the other parameters are set to zero. With 5 ab≠1 collected at 240/250 GeV, and
irrespectively of the presence of a run at 350 GeV, we find that such a fit gives a precision
of approximately 14% in the determination of ”Ÿ⁄. The strongest constraints come from
the measurement of the e+e≠ æ Zh cross section at the 240 GeV run, which is the
observable with the largest sensitivity to ”Ÿ⁄ (see discussion in Section 2.2 and left panel
of Fig. 2). Other processes at the 240 GeV run and the higher-energy runs have only a
marginal impact on the exclusive fit.

The exclusive fit provides a bound much stronger than the global analyses, signaling
the presence of a nearly flat direction in the global fits. We found that ”Ÿ⁄ has a strong
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Single Higgs global analysis

Global analysis still important to assess robustness of the result

✦ Single-Higgs channels have a small impact on high-energy colliders 
that can access double-Higgs production
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Comparison of different colliders
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Reach at different colliders

Combined global fit
at ILC or CLIC

can reach ~20% precision
and select “correct” minimum

CEPC and FCC-ee
can reach ~40% precision



Conclusions



Conclusions
Lepton colliders allow to measure the Higgs trilinear self-coupling
✦ first “precision” determination (only O(1) possible at HL-LHC)

✦ VBF main channel at high-energy machines  (COM > 1 TeV)

✦ CLIC could reach a ~25% precision at 68% CL
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✦ differential distributions useful to improve measurement 
(remove additional minimum in the fit)


