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Motivation

▶ A scalar with mass 125 GeV has been discovered in 2012.
▶ In order to confirm that this is the Standard Model Higgs

boson, its couplings have to be measured.
▶ Triple coupling: ghhh ∼ m2

h
v . It can be measured in the

pp → hh process.
▶ Standard Model prediction for the pp → hh cross section is

40 fb for √s = 14 TeV. That can only be measured at
HL-LHC.

▶ What if there are other scalar particles?
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Scalar sector:

Φ =

(
ϕ+

1√
2
(vΦ + ϕ+ iη)

)
, X = vX + χ

Potential:
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Mixing: (
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H

)
=

(
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− sinα cosα

)(
ϕ
χ

)
.
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1. ∂V1
∂ϕ

∣∣∣
ϕ=0, χ=0

= 0,

2. ∂V1
∂χ

∣∣∣
ϕ=0, χ=0

= 0,
3. vΦ = 246 GeV from the Fermi coupling in muon decay.
4. h is associated with the SM-like higgs, so mh = 125 GeV.

Remaining model parameters: sinα and mH.
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H decay widths:

Γ(H → W+W−) =
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Hsin2 α
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h double production cross section:

σ(pp → H → hh) = σ(pp → h)SM · sin2 α · Br(H → hh)

E. V. Zhemchugov pp → hh in the SM with an extra isosinglet 1503.01618 4/11



Experimental data (signal strength):

µi ≡
σpp→h · Γh→fi/Γh

(σpp→h · Γh→fi/Γh)SM

In the model with an isosinglet: µi = cos2 α.
Experiment results:
ATLAS µ = 1.18+0.15

−0.14[±0.10 (stat.) ± 0.07 (syst.)+0.08
−0.07 (theor.)]

CMS µ = 1.00+0.14
−0.13[±0.09 (stat.) ± 0.07 (syst.)+0.08

−0.07 (theor.)]
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A fit of the Standard Model to electroweak precision observables with
mh = 125.14 GeV computed with the help of LEPTOP program.
Observable Experimental value Standard Model Pull
ΓZ, GeV 2.4952(23) 2.4966(14) −0.5895
σh, nb 41.541(37) 41.475(14) 1.7746
Rl 20.771(25) 20.744(18) 1.0831
Al

FB 0.0171(10) 0.0165(2) 0.6572
Aτ 0.1439(43) 0.1484(7) −1.0452
Rb 0.2163(7) 0.2158(0) 0.7699
Rc 0.1721(30) 0.1722(0) −0.0277
Ab

FB 0.0992(16) 0.1040(5) −3.0303
Ac

FB 0.0707(35) 0.0744(4) −1.0565
s2l (QFB) 0.2324(12) 0.2313(1) 0.8771
ALR 0.1514(22) 0.1484(7) 1.3822
Ab 0.923(20) 0.9349(1) −0.5941
Ac 0.670(27) 0.6685(3) 0.0567
MW, GeV 80.3846(146) 80.3725(67) 0.8322
mt, GeV 173.24(95) 174.32(89) −1.1370
1/ᾱ 128.954(48) 129.023(37) −1.4378

χ2/nd.o.f. = 19.6/13 (was 18/12 [arXiv:0904.4570]).
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A fit of the Standard Model with an extra isosinglet to electroweak
precision observables.
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A fit of the Standard Model with an extra isosinglet to electroweak
precision observables and µ measurements.

200 300 400 500 600 700 900800
mH, GeV

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

sin
α

∆χ2 = 1 (39%)

∆χ2 = 4 (86%)

∆χ2 = 9 (98.9%)

χ2
min/nd.o.f = 19.6/11

E. V. Zhemchugov pp → hh in the SM with an extra isosinglet 1503.01618 8/11



R ≡ σ(pp→H)Br(H→ZZ)
(σ(pp→h)Br(h→ZZ))SM

= sin4 α

sin2 α+
Γ(H→hh)

ΓSM
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12 6 Results

Alternative shapes are introduced to account for statistical and systematic errors on these ob-
servables. In the Category I, alternative shapes of VD arise from the comparison with different
generators and underlying event tunes. The change in VD shape is found to be negligible for
variations of the jet energy scale. Several uncertainties are taken into account for the shape of
pT/m4`: QCD and PDF scales variation, resummation effects, as well as the effect of finite top
quark mass in gluon fusion production mechanism.

For the 2`2τ channels, signal and background shape templates are taken from simulation, with
the background yields normalized to the data-driven yields described above. Shape variations
due to τ energy scale uncertainties are accounted for by vertical template morphing. Due to the
limited number of simulated events, the reducible background shape was taken with relaxed
isolation requirements on the second Z boson. Normalizations for backgrounds vary within
the uncertainties. All systematic uncertainties are included in the likelihood with log-normal
distributions.

The upper limits obtained from the combination of the 4` and 2`2τ channels are shown in
Fig. 5 (left). The SM-like Higgs boson is excluded by the four-lepton channels at 95% CL in the
range 130–827 GeV (for an expectation of 113.5–778 GeV). The local p-values, representing the
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Figure 5: Observed and expected 95% CL upper limit (left) on the ratio of the production cross
section to the SM expectation. The expected 68% and 95% CL ranges of expectation for the
background-only model are also shown with green and yellow bands, respectively. Signifi-
cance of the local excess (right) with respect to the SM background expectation as a function of
the Higgs boson mass in the full interpretation mass range 110-1000 GeV.

significance of local excesses relative to the background expectation, are shown for the full mass
range as a function of mH in Fig. 5 (right). The minimum of the local p-value is reached around
m4` = 125.8 GeV, near the mass of the new boson [10], and corresponds to a local significance
of 6.7σ (for an expectation of 7.2 σ). This constitutes an observation of the new boson in the
four-leptons channel alone. As a cross-check, we have also studied 1D (m4`) and 2D (m4`, KD)
models (see Fig. 6, right) and observed a local significance of 4.7 and 6.6 σ, for an expectation
of 5.6 and 6.9 σ, respectively.

Experiment: R < 0.1 for 200 GeV < mH < 400 GeV
(CMS PAS HIG-13-002).
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σ(pp → H → hh) for √s = 14 TeV
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Conclusions

▶ pp → H → hh cross section at √s = 14 TeV can reach 0.4 pb,
ten times larger than the Standard Model value.

▶ pp → H → ZZ is the golden mode for the heavy higgs boson
discovery. Experimental data start to be sensitive to the
isosinglet model for maximally allowed values of sinα.

▶ Keep an eye open for extra scalar particles!
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