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Precision: Higgs mass

LHC Run-I:
𝑚ℎ = 125.09 ± 0.24 GeV

CEPC:   Δmℎ = 5.9 MeV

Theory: 𝛿mℎ = 3 GeV



Precision: Higgs couplings

• Yukawa and gauge Higgs couplings



Precision: Higgs couplings

• Loop-induced Higgs couplings



MSSM

General SUSY : symmetry between the fermions and bosons:

arxiv: hep-ph/9709365
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Physical particle: ℎ ,𝐻, 𝐴, 𝐻±

𝑚ℎ=125 GeV
𝑚𝐴 ≈ 𝑚𝐻 ≈ 𝑚𝐻±



MSSM Higgs sector

LHC Run-I: 𝑚ℎ = 125.09 ± 0.24 GeV

Tree-level Loop-level 

mℎ,tree ≤ m𝑍 = 91.18 GeV < 125 GeV

Mass



MSSM Higgs sector

Loop-level

𝛿𝑚ℎ = 3 GeV,  MSSM uncertainty
> 0.24 GeV,  LHC Run-I
>> 5.9 MeV, CEPC

𝒎𝑨, 𝒎𝑺𝑼𝑺𝒀= 𝒎 𝑸 = 𝒎 𝒖,

𝐭𝐚𝐧 𝛃 𝑿𝒕= 𝑨𝒕 − 𝝁 𝐭𝐚𝐧𝜷

0407244: S. Heinemeyer

Package: FeynHiggs

Mass



MSSM Higgs couplings

Tree-level: mixing angle 𝛼 Loop-level: 𝛼𝑒𝑓𝑓

𝐻
ℎ

=
cos 𝛼𝑒𝑓𝑓 sin 𝛼𝑒𝑓𝑓
−sin 𝛼𝑒𝑓𝑓 cos 𝛼𝑒𝑓𝑓

𝐻𝑑

𝐻𝑢

hZZ:sin(𝛽 − 𝛼𝑒𝑓𝑓)

hbb: −sin 𝛼𝑒𝑓𝑓 / cos 𝛽 …

Loop modified effective Higgs couplings

Yukawa and gauge couplings



MSSM Higgs couplings

ℎ𝛾𝛾 and ℎ𝑔𝑔 couplings 

1412.3107 J. Fan, M. Reece, L. Wang



Study strategy

Higgs mass + ℎ𝛾𝛾 and ℎ𝑔𝑔 + Yukawa and gauge (FeynHiggs) 

𝝌 𝟐

Higgs mass

ℎ𝛾𝛾 and ℎ𝑔𝑔,
Yukawa and gauge

Δ𝑚ℎ = 3 GeV 



Study strategy

• Relevant parameters and some considerations

mA, tan 𝛽, mSUSY, Xt, 𝜇 = 500 GeV

Not discussed here: m b, X b , m  𝑔 , M1, M2…

Plane:mSUSY vs Xt
Plane:mSUSY vs mA

Plane:mA vs tan𝛽

Three-dimension fit, projected to two-dimension plane: Δ𝜒2 = 7.82



Results: mSUSY vs Xt
tan 𝛽 = 30, 𝜇 = 500 GeV,𝑚𝐴 = 2000 GeV

𝑚𝑆𝑈𝑆𝑌 (GeV)

)

mass ℎ𝑔𝑔, ℎ𝛾𝛾 Yukawa, gauge



Results: mSUSY vs Xt
tan 𝛽 = 30, 𝜇 = 500 GeV,𝑚𝐴 = 2000 GeV

𝑚𝑆𝑈𝑆𝑌 (GeV)

)

mass ℎ𝑔𝑔, ℎ𝛾𝛾 Yukawa, gaugetotal



Results: mSUSY vs Xt

tan 𝛽 =3, tan 𝛽 =7, tan 𝛽 = 50

Strongly constrained by Higgs mass precision



Results:mA vs tan β

𝑋𝑡 = 6 𝑚𝑆𝑈𝑆𝑌



Results:mA vs tan β

𝑋𝑡 = 6 𝑚𝑆𝑈𝑆𝑌

For tan 𝛽 ≤ 20, 𝑚𝐴 ≤ 1000 GeV excluded, complementary with LHC Run-II

1502.05653, A. Djouadi



Results:mSUSY vs mA

𝑿𝒕 = 0

mSUSY:
Small tan β , mass precision
Large tan β, mass + Yukawa,gauge

mA:
Yukawa,gauge



Results:mSUSY vs mA

𝑿𝒕 = 𝟔𝒎𝑺𝑼𝑺𝒀

mSUSY:
tan β ≥ 7, ℎ𝑔𝑔 + ℎ𝛾𝛾

mA:
Yukawa,gauge



Summary of Higgs precision

Xt = 6mSUSY

𝑚𝑆𝑈𝑆𝑌 (GeV)

)

𝑚𝐴 (GeV) 𝑚𝐴 (GeV)

)



Z pole precision on MSSM



Z pole precision on MSSM

EWPT (Electroweak Precision Test)

FCC-ee, ILC, CEPC  1010~1012, 
precision of Rb 10

−4~10−5

𝛿𝑅𝑏 = 2 × 10−5



Z pole precision on MSSM
𝑅𝑏:

Advantages:

1、Loop-level 𝑍 → 𝑏 𝑏 vertex effects are sizable

2、Weak dependence on oblique corrections

3、Measurable 

stop, sbottom, charged Higgs, neutral Higgs



Results: stop correction

• Condition：

 𝜒1
±: 100 - 200GeV

• Result:

 𝑡1
𝑅 > 530 GeV



Results: sbottom correction

• Condition：

 𝜒1
0: 100 - 200GeV

• Conclusion:

 𝑏1 > 850 GeV if  tan 𝛽 > 32



Results: charged Higgs correction

• Conclusion:

𝑚𝐻± > 1000 GeV if  tan 𝛽 > 28



Results: neutral Higgs correction

• Conclusion:

tan 𝛽 < 46 is allowable



conclusion

Higgs Precision

Z Precision: 𝑅𝑏

Higgs mass + ℎ𝛾𝛾 and ℎ𝑔𝑔 + Yukawa and gauge

mSUSY vs Xt:  strong constraint on stop sector

mA vs mSUSY ∶ precision to constraints
𝑚𝐴 vs  𝑡𝑎𝑛𝛽 : complementary with LHC Run-II

stop, sbottom, charged Higgs, neutral Higgs





Results: mSUSY vs Xt

mSUSY vs X t

tan 𝛽 =3, tan 𝛽 =7, tan 𝛽 = 50

Yukawa and Gauge couplings



𝑚𝑆𝑈𝑆𝑌 (GeV)

)







Higgs precision on MSSM

mSUSY vs tan𝛽

mA = 700
mA = 1000
mA = 1500
mA = 2000



Results: gluino correction

• Conclusion:

Because gluino required by 
experiments is so heavy that its 
correction is negligible.

Because gluino and neutralino are 
both electroneutral, they have same 
Feynman diagrams 



Higgs precision on MSSM

• Higgs mass is well-measured (compared to theory estimation)

• ℎ𝛾𝛾 and ℎ𝑔𝑔 channels are well studied

Current researches





Higgs precision on MSSM

fit with 13 TeV data

Current researches

1710.11091 



Further research

• Direct search 

• Higgs precision

• Electroweak Precision

• Theoretical constraints(1310.4174)

• Dark Matter



Higgs precision on MSSM

Direct search 
7+8 TeV

Current researches

CMS-HIG-16-007-pas



Results: 𝛿𝐴𝐹𝐵
𝑏

41
Two order  in need for  𝛿𝐴𝐹𝐵

𝑏


