ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-201612.00403

hhh Coupling in SUSY Models after LHC Run I
postprint

Authors: Wu,L,, Yang,JM, Yuan,C, Zhang,M

Date: 2016-12-28T00:00:00+00:00

Abstract

We examine the Higgs triple coupling in MSSM and NMSSM under cur-
rent constraints, which include the LHC measurements, Higgs data, B
physics, electroweak precision observables, relic density and so on. The ratio
MSSMhhh/ SMhhh hhhMSSM/ hhhSM ~{M
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We examine the Higgs triple coupling in the MSSM and NMSSM under current
constraints, which include LHC measurements, Higgs data, B physics observ-
ables, electroweak precision observables, relic density, and other constraints.
The ratio )\thShSM / )\il,\fh is above 0.97 due to the highly constrained parameter

space, while the ratio )\E%SSM can reach 0.1 under current constraints. Precise
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measurements at future colliders will provide tighter constraints on the Higgs
triple coupling in both MSSM and NMSSM.

Introduction

The discovery of a 125 GeV Higgs boson [?, ?] has completed the Standard
Model (SM) particle spectrum. However, to fully describe the Higgs potential
and confirm the SM, we still need to determine the Higgs self-couplings. In new
physics models containing more than one Higgs boson, the Higgs self-coupling
can change significantly, and such modifications are crucial for many theoreti-
cal and phenomenological problems, such as baryogenesis and vacuum stability.
Therefore, it is important to calculate how large these changes can be under
current experimental constraints.

An interesting feature of the MSSM Higgs sector has been shown in [?]. Even
though the stop loop corrections to the Higgs self-coupling are significant, such
large new physics contributions can always be absorbed by redefining the Higgs
mass. Consequently, after carefully matching the Higgs mass and its self-
coupling, the MSSM exhibits a decoupling property: when all non-SM parti-
cles are very heavy, the low-energy physics reduces to the SM. This matching
between the Higgs mass and its coupling can be automatically obtained using
the effective potential method [?, 7, 7, ?]. As suggested in [?], we employ the
effective potential method for our calculations.

II. Higgs Sector in MSSM and NMSSM
The MSSM Higgs sector contains two doublets:

HY HY
H ) \Hy

The tree-level Higgs potential can be expressed as:
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Using the minimization conditions, the soft masses m?, m3, and Bu can be
expressed in terms of M 4, tan 8, and other SM parameters. Thus, the tree-level
MSSM Higgs sector is determined by M, and tan 8. All couplings in the tree-
level MSSM Higgs sector are gauge couplings, while the stop/top sector provides
large quantum corrections to the tree-level potential.

In addition to the two Higgs doublets, the NMSSM Higgs sector is extended by a
singlet (S), which introduces an effective i term through spontaneous symmetry
breaking. The tree-level Higgs potential in the NMSSM is:
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where A and x are dimensionless parameters, and A, and A, are dimensional

trilinear terms. The most significant difference between the MSSM and NMSSM

Higgs sectors lies in the Higgs couplings at tree-level. As mentioned previously,

the Higgs couplings in the MSSM are all gauge couplings, whereas the Higgs

couplings in the NMSSM can be very different, being subject only to theoretical

constraints such as perturbativity at high energy scales, vacuum stability, and

phenomenological constraints from Higgs data. Consequently, the Higgs triple

coupling in the NMSSM can differ substantially from both the SM and MSSM

predictions.

Next, we present the precise numerical values of the Higgs triple coupling in the
MSSM and NMSSM under current experimental constraints.

ITI. Numerical Calculations and Results

The input SM parameters are taken from [?]: m, = 173.5 GeV, my, = 80.385
GeV, m, = 91.1876 GeV, m}S(m;) = 4.18 GeV, a (M) = 0.1184, a(m,) ! =
128.962. The masses of sleptons, first and second generation squarks, and gaug-
inos are all set to 2 TeV. We further require My = My, = Mp, and 4, = A,.
We then use NMSSMTools-4.4.1 [?] to perform random scans.

For the MSSM (which can be treated as a limiting scenario of the NMSSM,
allowing NMSSMTools to be used for MSSM scans), the scan ranges are: 1 <
tan 8 < 60, 0.2 TeV < M, <1 TeV, |u| <1 TeV, 0.1 TeV < Mg, <25 TeV,
and |4, <3M,,, .

The scan ranges for the NMSSM are: 0 < A < 0.7, |« < 0.7, 0.2 TeV < A4, <1
TeV, |4, <1 TeV, 1 < tan < 20, 0.1 TeV < p1 < 1 TeV, 0.1 TeV < M, < 1
TeV, and |4, < 3M,,,.

The constraints included in our analysis are: - Higgs data: HiggsBounds-4.2 [?]
and HiggsSignals-1.3.0 [?] are used to exclude points outside the 20 region. - B
physics observables: B — Xy, B, — ptp~, B; — X,uTp~, and Bt — 7tv
are required to be within the 20 region. - Precision electroweak observables are
required to be within the 20 region. - Relic density is required to be below the
20 upper bound from Planck [?]. The neutralino-proton scattering cross-section
must satisfy the direct detection bound from LUX [?]. - The physical vacuum
must be stable.

To quantify new physics effects, it is convenient to show the ratio )\;L]Z;LMSSM / /\%}\fh.

If this ratio deviates from one, it indicates SUSY effects, and the larger the
deviation, the more significant the SUSY effects.

Fig. 1 and Fig. 2 show our main scan results. The deviation of the Higgs triple
coupling in the MSSM is too small to be observed at future colliders, whereas
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the deviation in the NMSSM is large enough to be detected. Moreover, large
triple coupling deviations in the NMSSM always correspond to a scalar in the
vicinity of the 125 GeV Higgs. Detailed discussions can be found in our longer

paper [?].

IV. Constraint on HHH Coupling at Future Colliders

Large deviations in the Higgs triple coupling occur when the SM-like Higgs mixes
substantially with other non-SM scalars. However, such significant mixing also
causes deviations in the AVV and hff couplings. Therefore, if we can measure
the hVV and hff couplings more precisely, the constraints on the Higgs triple
coupling will become more stringent. Here we show only the NMSSM results in
Fig. 3.

V. Conclusion

In this talk, we have shown the deviation of the Higgs triple coupling in the
MSSM and NMSSM under current constraints. The ratio AMSSM /APM {5 above
0.97, while the ratio ANMSSM /ASM “can reach 0.1 under current constraints. Pre-
cise Higgs coupling measurements at future colliders can constrain deviations in
the Higgs triple coupling more stringently.

Acknowledgement

We thank Roman Nevzorov, Ulrich Ellwanger, Archil Kobakhidze, and Michael
Schmidt for very helpful discussions. This work was partly supported by the Aus-
tralian Research Council, by the CAS Center for Excellence in Particle Physics
(CCEPP), the National Natural Science Foundation of China (NNSFC) under
grants Nos. 11305049, 11405047, 11275245, 10821504 and 11135003, by the
Specialized Research Fund for the Doctoral Program of Higher Education un-
der Grant No. 20134104120002, and by the U.S. National Science Foundation
under Grant No. PHY-1417326.

[1] G. Aad et al. (ATLAS Collaboration), Phys. Lett. B 710, 49 (2012). [2] S.
Chatrachyan et al. (CMS Collaboration), Phys. Lett. B 710, 26 (2012). [3] W.
Hollik and S. Penaranda, Eur. Phys. J. C 23, 163 (2002) [hep-ph/0108245]. [4]
M. Carena, J.R. Espinosa, M. Quiros and C.E.M. Wagner. Phys. Lett. B355
(1995) 209-221. [5] Howard E. Haber and Ralf Hempfling. Phys. Rev. D48
(1993) 4280-4309. [6] Ellis J, Ridolfi G, Zwirner F. Physics Letters B, 1991,
257(1): 83-91. [7] Okada Y, Yamaguchi M, Yanagida T. Progress of Theoret-
ical Physics, 1991, 85(1): 1-5. [8] R. S. Gupta, H. Rzehak and J. D. Wells,
Phys. Rev. D 88, 055024 (2013) [arXiv:1305.6397 [hep-ph]]. [9] S. Kanemura,
Y. Okada, E. Senaha and C.-P. Yuan, Phys. Rev. D 70, 115002 (2004) [hep-
ph/0408364]. [10] J. Beringer et al., Particle Data Group, Phys. Rev. D 86,
010001 (2012). [11] U. Ellwanger, J. F. Gunion and C. Hugonie, JHEP 0502
(2005) 006; U. Ellwanger and C. Hugonie, Comput. Phys. Commun. 175 (2006)
290; G. Belanger et al., JCAP 0509:001 (2005). [12] P. Bechtle, et al., Comput.

chinarxiv.org/items/chinaxiv-201612.00403 Machine Translation


https://chinarxiv.org/items/chinaxiv-201612.00403

ChinaRxiv [$X]

Phys. Commun. 182, 2605 (2011); Comput. Phys. Commun. 181, 138 (2010).
[13] P. Bechtle et al., Eur. Phys. J. C 74, 2711 (2014) [arXiv:1305.1933 [hep-
ph]]; Comput. Phys. Commun. 181, 138 (2010) [arXiv:0811.4169 [hep-ph]]. [14]
P. A. R. Ade et al. [Planck Collaboration], arXiv:1303.5076 [astro-ph.CO]. [15]
D. S. Akerib et al. [LUX Collaboration], arXiv:1310.8214 [astro-ph.CO]. [16] L.
Wu, J. M. Yang, C. P. Yuan and M. Zhang, arXiv:1504.06932 [hep-ph].

Figure Captions:

FIG. 1 [Figure 1: see original paper]|: Scatter plots of the MSSM samples
surviving all experimental constraints, projected on the planes of tan [ versus
m, and mg .

FIG. 2 [Figure 2: see original paper|: The dependence of )\g,i\/ISSM versus
A and the singlet component |Oy,| in hy, where m,, < 2m,, . The ILC (1 TeV,
1 ab™!) and HL-LHC (14 TeV, 3 ab™!) sensitivities are also plotted (the region
below each horizontal line is detectable).

Note: Figure translations are in progress. See original paper for figures.
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