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Higgs Precision Measurements
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Δμ𝑖
obs =

(σ×Br)obs

(σ×Br)SM
- 1



Common strategies

Experimental Observables: Δ𝜇 𝑖

Kappa-scheme: 𝜅 𝑖 Coeff of EFT operators

Parameters in New Physics Models

Fitting

𝜅 𝑖 =
𝑔(ℎ𝑖𝑖)

𝑔(ℎ𝑖𝑖; SM)
, i = f, V

𝜒2 =
(𝜇𝑖

𝐵𝑆𝑀−𝜇𝑖
𝑜𝑏𝑠)2

(Δ𝜇 𝑖)
2 ,    𝜇𝑖

𝑜𝑏𝑠 = 1

4

𝑂𝐻/Λ
2 = 0.5 (𝜕𝜇|𝐻|

2)2/Λ2…

2HDM, S+SM, MSSM S+SM, Composite Higgs

𝜇𝑖
𝐵𝑆𝑀 =

(σ × Br)𝐵𝑆𝑀
(σ × Br)𝑆𝑀



2HDM: Brief Introduction

 Two Higgs Doublet Model
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Parameters (CP-conserving, Flavor Limit, 𝑍2 Symmetry)

𝑚11
2 , 𝑚22

2 , 𝜆1, 𝜆2, 𝜆3, 𝜆4, 𝜆5

Soft 𝑍2 symmetry breaking: 𝑚12
2

𝑣, tan 𝛽 , 𝛼,𝑚ℎ , 𝑚𝐻 , 𝑚𝐴, 𝑚𝐻±

246 GeV 125. GeV



2HDM: Tree Level
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2HDM Type-II

Alignment limit :
cos 𝛽 − 𝛼 = 0
𝑔 2𝐻𝐷𝑀 = 𝑔(𝑆𝑀)

2
.5

2
5



2HDM: One-Loop Level

① Loop + degenerate: cos β − α = 0, 𝑚Φ ≡ 𝑚𝐻 = 𝑚𝐴 = 𝑚𝐻±

② Tree + Loop + degenerate: cos β − α ≠ 0 ,  𝑚Φ ≡ 𝑚𝐻 = 𝑚𝐴 = 𝑚𝐻±

③ Tree + Loop + non-degenerate: Δ𝑚𝐴 = 𝑚𝐴 −𝑚𝐻 , Δ𝑚𝐶 = 𝑚𝐻± −𝑚𝐻
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Φ

h h h h

Φ

Main contributionParameter : 𝐜𝐨𝐬 𝛃 − 𝜶 , 𝐭𝐚𝐧𝜷, 𝒎𝑯,𝒎𝑨,𝒎𝑯± ,𝒎𝟏𝟐
𝟐



2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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Tree-level

cos β − α ≠ 0,
𝑚Φ ≡ 𝑚𝐻 = 𝑚𝐴 = 𝑚𝐻±



2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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Tree-level

Loop-level

180x.xxxx ( N. Chen, T. Han,
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2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒

14

Tree-level

Loop-level

180x.xxxx ( N. Chen, T. Han,
S. Su, Y. Wu )



2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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Tree-level

Loop-level

180x.xxxx ( N. Chen, T. Han,
S. Su, Y. Wu )

Loop-level decouple



2HDM: 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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CEPC fit, 
Type-II

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡𝑠:

−1252GeV2 < 𝜆v2 < 6002GeV2



2HDM: 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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CEPC fit, Type-II

−1252GeV2 < 𝜆v2 < 6002GeV2

Sqrt(𝜆v2 ) 𝒎𝚽 >

100 400

300 500

500 1100
(GeV)



2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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Tree+Loop



Higgs direct search at LHC
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Craig et. al., 1605.08744 S. Su et. al., 180x.xxxx



2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑛𝑜𝑛 − 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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Δ𝑚A = 𝑚𝐴 −𝑚𝐻 ,
Δ𝑚𝐶 = 𝑚𝐻± −𝑚𝐻 ,
𝑚𝐻 = 700 GeV

𝑚𝐻± = 𝑚𝐻

𝑚𝐻± = 𝑚𝐴

Z Pole Precision
CEPC fit



2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑛𝑜𝑛 − 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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Z Pole Precision

Complementary to each other

Higgs Precision Combined

𝑚𝐻 = 700 GeV



2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑛𝑜𝑛 − 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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Z Pole Precision

Complementary to each other

Higgs Precision Combined

𝑚𝐻 = 2000 GeV



Conclusion: Higgs precision 
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Tree vs Loop
Alignment vs Non-alignment
Degenerate vs Non-gedenerate

Complementary to 

Z pole precision

LHC direct search

2HDM



Thanks for your attention



BACKUP 1
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MSSM: study strategy

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

𝝌 𝟐

Higgs mass

ℎ𝛾𝛾 and ℎ𝑔𝑔,
Yukawa and gauge

Δ𝑚ℎ = 3 GeV 

18



MSSM: one feature

19

MA, MSUSY, tan β



MSSM: one feature
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180x.xxxx ( H. Li, H. Song, S. Su, J. Yang )



MSSM: one feature
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1502.05653, A. Djouadi



Conclusion
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MSSM: MA, MSUSY, tan β

𝝌 𝟐
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2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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Tree-level

Loop-level

180x.xxxx ( N. Chen, T. Han,
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2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒

14

Tree-level

Loop-level

Loop-level decouple



Z-pole Precision Measurements

As a complementary, 
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CEPC-preCDR , TLEP Design Study Working Group, ILC Operating Scenarios
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𝐜𝐨𝐬 𝜷 − 𝜶 , 𝒕𝒂𝒏𝜷,
𝒕𝒂𝒏𝜷, 𝒎𝜱 ≡ 𝒎𝑯 = 𝒎𝑨 = 𝒎𝑯±，
𝚫𝒎𝒂 = 𝒎𝑨 −𝒎𝑯, 𝜟𝒎𝒄 = 𝒎𝑯± −𝒎𝑯



2HDM: Tree Level

7

Other three types



2HDM: Tree Level

7

Other three types



2HDM: Tree Level Model Distinction
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Varying tan 𝛽

cos(𝛽 − 𝛼)



2HDM: 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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Varying tan 𝛽



2HDM: 𝐿𝑜𝑜𝑝 + 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒
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−1252GeV2 < 𝜆v2 < 6002GeV2

𝜆 ∈ ( −0.26, 5.95 )
𝜆4 = 𝜆5 = 𝜆3 − 0.258 = −𝜆

Theoretical constraints

λv2 ≡ mΦ
2 −m12

2 /sβcβ

cos β − α = 0,
𝑚Φ ≡ 𝑚𝐻 = 𝑚𝐴 = 𝑚𝐻±



Conclusion
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Higgs precision measurement                 

constraints on model space ( 𝛽, 𝛼, heavy Higgs mass)

Complementary to LHC direct search

Complementary to Z pole precision



BACKUP3
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2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑛𝑜𝑛 − 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒

17

𝑚𝐻± = 𝑚𝐻

𝑚𝐻± = 𝑚𝐴

Δ𝑚𝑎 = 𝑚𝐴 −𝑚𝐻 ,
Δ𝑚𝑐 = 𝑚𝐻± −𝑚𝐻



2HDM: Tree + 𝐿𝑜𝑜𝑝 + 𝑛𝑜𝑛 − 𝑑𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒

17Complementary to Z pole precision



Difference at tree level

• Δ = −sin 𝛼/ cos 𝛽 − 1 ≈−tan𝛽 cos(𝛽 − 𝛼) ≤ 1%, 
tan 𝛽 enhancement 
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loop: λv2 ≡ 𝑚Φ
2 −  𝑚12

2 𝑠𝛽𝑐𝛽 = −𝜆5v
2

2HDM: One-Loop Level Model Distinction



Composite Higgs

Higgs coupling precision:  ee collider 1 order better than HL-LHC

EFT operator scale :  Λ lager than 3TeV (CEPC)

44/14



2HDM: Δ𝑚𝑎 = 𝑚𝐴 −𝑚𝐻, Δ𝑚𝑐 = 𝑚𝐻± −𝑚𝐻

16

Type-II
























