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Figure 4. 95% C.L. allowed region in the cos(� � ↵)-tan� plane with CEPC Higgs precision mea-
surements. The central red region is the global fit result with the best-fit point indicated by the black
star. Benchmark point of mH = mA = m

±
H

⌘ m� = 800GeV,

p
�v2 = 300GeV is used here. The

constraints from individual couplings are given with the color codes: blue (b), orange (c), purple
(⌧ ), green (Z), cyan (g). The region enclosed by the dashed black lines shows the tree-level two-
parameter global fit result for comparison. Two solid horizontal black lines represent the upper and
lower limit for parameter tan� from theoretical constraints.

the benchmark point m� = 800GeV,

p

�v2 = 300GeV. We note that the upper bound on

tan� and the lower (negative) bound on cos(��↵) coming from g is mainly due to the large

contribution from b-quark loop with a enhanced b. The overall range is slightly smaller than

that obtained from the tree-level only result, shown by region enclosed by the dashed lines.

The distorted shape of the global fit results, comparing to the tree-level only results is due to

the interplay between both the tree-level contribution and loop corrections. Note that while

Z can be measured with less than 0.2% precision, it is less constraining comparing to other

couplings given the 1/ tan� (tan�) enhanced sensitivities for t,c (b,⌧ ) at small (large) tan�

region.

To illustrate the dependence onm� and �v
2, which enter the loop corrections, in Fig. 5, we

show the 95% C.L. allowed region in the cos(��↵)-tan� plane given CEPC Higgs precision,

for m� = 800 GeV,
p

�v2 = 0, 100, 200, 300, 400 GeV (left panel) and m� = 2000 GeV,
p

�v2 = 100, 400, 500, 600 GeV (right panel), indicated by di↵erent colored lines. In general,

including loop corrections shrinks the allowed parameter space, especially for extreme values

of tan�, and for small m� and large �v
2. The small (large) tan� regions are removed due
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Higgs Han

๏ Spin 0 Boson 
๏ Mass unprotected from quantum fluctuations  
๏ Interact with many  
๏ Develops a VeV, provide mass to other 
particles 
๏ SM not complete without Higgs

๏ Never alone →  Boson 
๏ Unprotected from drink fluctuations 
๏ Interact with many  
๏ … 
๏ Pheno world not complete without Han
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decoupling region

black dots: 123 < mh0 or mH0 < 127 GeV 
blue dots:  σXBr (gg→ h0, H0 →γγ)MSSM > 80% (σXBr)SM
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Light Neutralino dark Matter: Direct/Indirect Detections and Collider Searches 
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Type-I 2HDM Under the Higgs and Electroweak Prevision Measurements 
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Type-II 2HDM Under the Prevision Measurements at the Z-pole and a Higgs Factory 
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Figure 2. 95% C.L. allowed regions in the �i-�j plane (i, j = t(c), b, ⌧, Z) from the tree-level
results under the current LHC limits. Results of Type-I, II, L and F are indicated by the red, green,
blue and orange colors, respectively. The regions outside the solid, dashed and dash-dotted lines in
the corresponding colors indicate the 5� discovery reaches of CEPC, HL-LHC and LHC (300 fb�1).

machines is indicated by crossing arrows with the consistent line styles. Also shown are the

values of cos(� � ↵) and tan� by solid and dashed white contour lines. For the two upper

panels, the overlapping two types in the second and fourth quadrants share the same white

contour lines, whereas for the middle left panel, Type-L and Type-F have the opposite sign

in cos(� � ↵): the labeled values are for Type-L. The white contours in the last three panels
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๏ a dedicated mentor and supporter 
๏ a dear friend and someone just fun to hang out with



To Tao 
๏ a great physicist and community leader  
๏ a dedicated mentor and supporter 
๏ a dear friend and someone just fun to hang out with

The party is on … 


