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Outline of Topics

• Implications of SUSY naturalness for LHC

• Light Higgsinos @ LHC

• Stop with light Higgsinos @ LHC 
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• Discovery of Higgs boson
completes the SM particle
zoo. But the origin of the
EWSB is still unclear.

• Naturalness problem
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1. Implications of SUSY naturalness for LHC



What are the natural sizes of parameters in the QFT?

• Dirac Naturalness (Large Numbers Hypothesis): 
“Any two of the very large dimensionless numbers occurring
in Nature are connected by a simple mathematical relation, 
in which the coefficients are of the order of magnitude 
unity.” P. A. M. Dirac, “New basis for cosmology," Proc. Roy. Soc. Lond.  
A165 (1938) 199-208.

• 't Hooft Naturalness (Technical Naturalness): 

“Coefficients can be much smaller than their Dirac natural            
value if there is an enhanced symmetry of the theory when 
the coefficient is taken to zero. e.g. fermion mass and chiral
symmetry.” G.'t Hooft et al. Plenum Press, New York, 1980, page 135.

Naturalness is one of guiding principles to extend the SM.
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SUSY
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Roadmap of NSUSY at LHC

100-300 GeV

< 2.5 TeV

< 3-4 TeV
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Is CMSSM still natural?

StauC(green)

AF (blue)

FP (yellow)StauC&AF (gray) 

AF&FP (pink)

StopC (purple)

Han, Hikasa, LW, Yang, PLB 769 (2017) 470-476
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• Compressed SUSY
• Stealth SUSY
• Dirac gaugino
• R-parity violation
• …….

UV models: RNS, NUGM, SuperNSUSY, Deflected AMSB…

On the other hand, bottom-up study is needed!
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2. Light Higgsinos @ LHC
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Han, Kobakhidze, Liu, LW, Yang
arXiv:1310.4274. JHEP
Cited by CMS Collaboration (arXiv:1709.04896)

2019年1月21日 中山大学，广州 14



CMS PAS SUS-16-048
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Monojet-like
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2. Stop with Light Higgsinos @ LHC

NSUSY
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Stop pair production



中山大学，广州

Han, Hikasa, LW, Yang, Zhang 
arXiv:1308.5307, JHEP

LHC-8TeV, 20 fb-1

Left-handed stop is constrained more tightly than right-handed stop!
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Inclusive SUSY analysis can give a stronger bound than specific stop searches

Kobakhidze, Liu, LW, Yang, Zhang
arXiv:1511.02371, PLB

Han, Ren, LW, Yang, Zhang
arXiv:1609.02361, EPJC
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13 TeV, 13 fb^-1
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Baer, Barger, Gainer, Sengupta, Serce, Tata, arXiv:1808.04844
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Phys.Rev. D93 (2016) no.3, 035003
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Single stop production



Backgrounds:
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Mono-top:



Event selections:
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Backgrounds:
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Mono-b:



Event slections:

2019年1月21日 中山大学，广州 25



中山大学，广州

Mono-top(hadronic)

Li, Hikasa, LW, Yang, 
arXiv:  PRD
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Mono-top(leptonic)

Duan, Hikasa, LW, Yang, Zhang, 
arXiv:  JHEP
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Mono-bottom
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Its cross section is larger than that of stop pair
when stop heavier than about 1.2 TeV

Tang, LW, arXiv:1902.xxxxx
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When two-body decay of stop are forbidden, the stops can form 
bound state near the threshold, if : 

(~1 GeV)
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Bound state of Stop



In contrast to existing direct stop pair searches,
stoponium if formed,

• will resonantly decay to a pair of the SM particles
and

• can be independent of the assumptions of the LSP
mass and the branching ratios of the stop.

Therefore, the search of stoponium can provide a
complementary probe to the direct stop pair
production at the LHC.
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Duan, LW, Zheng
arXiv:1706.07562, JHEP
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2σ
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LHC
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Conclusions

• LHC实验数据（Higgs和超粒子）正在改变我们对自然性的认识。

• SUSY模型构建可以多样，但简洁性和自然性似乎不易调和。

• 最小自然超对称虽受到了压力，但仍有大量参数空间存活。
限制自然性主要来自LHC，而非其他。期待150 fb-1的新结果。



Excess?
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Keep Your Faith,
Wait for more data !

37

Thanks!
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Backup
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Some predictions of SUSY

• Top quark mass, is within the range required to trigger a 
radiatively-driven breakdown of electroweak symmetry

• Higgs mass, fall squarely with the narrow window of MSSM 
prediction
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