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The Standard Model (SM)
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Discovery of the SM
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Higgs discovery：July 4th , 2012
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Higgs data: couplings
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The SM: not a final theory

∙ hierarchy
problem

∙ gauge couplings
can not unify

∙ lack dark matter
candidates

∙ possible anomaly
at the LHC???
150 ↦→3000 fb−1

∙ ... ...
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Supersymmetry (SUSY)

Martin, arXiv:9709356

Δ𝑚2
𝐻(𝑎) = −

|𝜆𝑓 |2

8𝜋2
Λ2
UV + ...

Δ𝑚2
𝐻(𝑏) =

𝜆𝑆

16𝜋2

[︀
Λ2
UV − 2𝑚2

𝑆 ln(ΛUV/𝑚𝑆) + ...
]︀

Jingya ZHU (Wuhan U.) Light Sectors in NMSSM-NUHM Nov. 08, 2020 8 / 29



The CMSSM/mSUGRA
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The CMSSM vs experiments

∙ 125 GeV SM-like Higgs mass
∙ High mass bound of the gluino

𝑚𝑔 ≈ 2𝑀1/2 & 2 TeV
∙ Dark matter relic density and
direct detection
𝑚𝜒0

1
≈ 0.4𝑀1/2 & 400 GeV

∙ Muon g-2
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The Higgs potential in the NMSSM
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The parameters in the NMSSM-NUHM
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The electroweakino sector in NMSSM-NUHM
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Constraints

∙ Theoretical constraints of vacuum stability, and no Landau pole below 𝑀GUT

∙ The lower mass bounds of charginos and sleptons from the LEP
∙ Constraints from B physics, such as 𝐵𝑠 → 𝜇+𝜇−, 𝐵𝑑 → 𝜇+𝜇−, 𝑏 → 𝑠𝛾, etc.
∙ A SM-like Higgs with mass 123∼127 GeV and signal rates fitting data globally

∙ The DM relic density Ωℎ2 from WMAP/Planck, with upper bound Ωℎ2 ≤ 0.131,
considering there may be other sources of DM; where the dark matter
observables are calculated by micrOMEGAs 5.0 inside NMSSMTools.

∙ The spin-independent DM-nucleon cross section is constrained by XENON1T,
where we rescale the original values by Ω/Ω0 with Ω0ℎ

2 = 0.1187;

∙ The muon g-2 at 2𝜎 level including all errors. 𝛿𝑎𝜇≡𝑎ex
𝜇−𝑎SM

𝜇 =(27.4±9.3)×10−10,

where 𝑎SM
𝜇 contains no Higgs contribution. The central value of SUSY

(including Higgses) contribution to muon g-2, can be 5.8∼49.0×10−10, left out
the theoretical error of SUSY contribution about 1.5×10−10.

∙ The upper limit of Higgs invisible decay, 19% by CMS
∙ The lower mass bound of 𝑔, 𝑞1,2, >2 TeV
∙ The CMS constraints on charginos and neutralinos inside NMSSMTools-5.5.2
∙ The SUSY search results implemented inside SModelS v1.2.2
∙ The Higgs search results at the LEP, Tevatron and LHC, with HiggsBounds-5.5.0
∙ The sparticle search results, with CheckMATE-2.0.26 (arXiv 1911.08319)
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Mixings in the Higgs sector

Jingya ZHU (Wuhan U.) Light Sectors in NMSSM-NUHM Nov. 08, 2020 15 / 29



Light Higgs scalars
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Light Higgs scalars
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Higgs decay to light scalars
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Higgs decay to light scalars
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Higgs decay to light scalars
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Higgs decay to light scalars
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Light dark matter
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Light dark matter
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Funnel annihilations of light dark matter and the invisible Higgs decay
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Light Higgsino NLSPs: decay mode
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Light Higgsino NLSPs: decay mode
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Light Higgsino NLSPs: detections
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Several light (s)particles: benchmark points
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Summary and Outlook

∙ New light (s)particles are possible in NMSSM-NUHM
I Light Higgs (pseudo)scalars (10∼60 GeV)

⋆ mixing between up-doublet, down-doublet, singlet fields
⋆ tuning to get an appropriate exotic decay ℎ → 𝑠𝑠
⋆ loop effects in the exotic decay
⋆ detection at HL-LHC and leptonic colliders

I Light LSP dark matter (1∼60 GeV)
⋆ machine learning to get right relic density (see Kun WANG’s talk)
⋆ four funnel-annihilation mechanisms for light LSP dark matter
⋆ correlation between annihilation mechanism and Higgs invisible decay

I Light Higgs partners (100∼200 GeV)
⋆ simulation for signal at the LHC
⋆ multi-lepton channel most effective to check light Higgsino
⋆ can be checked in the near future with 𝑚NLSP−𝑚LSP>𝑚𝑍

I Light sleptons
⋆ can coexist with light dark matter, Higgs scalar, Higgsino

∙ The decay mode of heavy (s)particles can be changed, thus new
detecting methods are needed, or current experimental results need
to be reinterpreted.

∙ The new (s)particles may play important roles in precision
measurements.
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Thank you!
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