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model independence in kappa framework (elementary school)
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• recoil mass technique —> inclusive σZh 

• σZh —> κΖ —> Γ(h->ZZ*) 

• WW-fusion νeνeh —> κW —> Γ(h->WW*) 

• total width Γh = Γ(h—>ZZ*)/BR(h->ZZ*) 

• or Γh = Γ(h—>WW*)/BR(h->WW*) 

• then all other couplings

PoS EPS-HEP2013 (2013) 316

Nucl.Part.Phys.Proc. 273-275 (2016) 826-833

https://arxiv.org/abs/arXiv:1311.6528
http://inspirehep.net/record/1467957


the key: inclusive σZh (independent of h decay modes)
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Yan, et al, Phys.Rev. D94 (2016) 113002;  
Thomson, Eur.Phys.J. C76 (2016) 72

bias < 0.1 in leptonic recoil mode

still need effort to achieve bias in hadronic recoil mode < 1%



question 1: how can we determine λhhh if there are   
anomalous hhVV, hVV, hhh couplings?
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question 2: can we assume σ(e+e- ->Zh) ∝ Γ(h->ZZ*)?
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question 3: can we determine hWW precisely at √s = 250 GeV?
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some quick answers
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Ogawa, Fujii, Tian, EPS-HEP 2017

(SM-like) (CP-even) (CP-odd)

LhZZ = M2
Z(

1

v
+
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�
)hZµZµ +

b

2�
hZµ�Zµ� +

b̃

2�
hZµ�Z̃µ�

• measure directly hVV couplings (tensor structure) using 
σ, dσ/dX, in e+e- —> Zh process

• measure hhVV couplings and λhhh simultaneously using 
σ, dσ/dX, in e+e- —> Zhh process 

https://indico.cern.ch/event/466934/contributions/2588482/


determine tensor structure of hVV couplings

8example: how b/b~ changes dσ/dX

e+ + e� � Zh � ff̄h @
�

s = 250GeV

e+ + e� � Zh � ff̄h @
�

s = 250GeV



determine tensor structure of hVV couplings (full simulation)
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LhZZ = M2
Z(

1

v
+
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�
)hZµZµ +

b

2�
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for 2 ab-1 @ 250 GeV —> κΖ ~ 3%

� = 1 TeV



hhVV, hVV and  λhhh in e+e- —> Zhh
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long answer: SM Effective Field Theory

11“The leptonic future of the Higgs”, Durieux, et al, 1704.02333



SM Effective Field Theory
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(“Warsaw” basis)

+ 4 SM parameters: g, g’, v, λ
10 operators (h,W,Z,γ): cH, cT, c6, cWW, cWB, cBB, c3W, cHL, c’HL, cHE

+ 5 operators modifying h couplings to b, c, τ, μ, g
+ 2 parameters for h->invisible and exotic



EFT input: EWPOs (7)
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EFT input: TGC (3)
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�(g1Z , ��) = 41.0%

�(�� , ��) = 38.5%

�(g1Z , ��) = 70.1%

2000 fb-1 @ 250 GeV, simultaneous fit

Barklow, Karl, List,  
preliminary results, extrapolated from 500 GeV (1TeV) full simulation studies; 

�g1Z = 3.8 � 10�4

��� = 4.5 � 10�4

��� = 3.8 � 10�4



EFT input: BR(h->γγ)/BR(h->ZZ*), BR(h->γZ)/BR(h->ZZ*)
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(2: HL-LHC)



EFT coefficients
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+ 4: g, g’, v, λ

10: cH, cT, c6, cWW, cWB, cBB, c3W, cHL, c’HL, cHE

can already be determined,  
except c6, cH

—> Higgs observables @ e+e-



Higgs couplings in EFT
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EFT input: σ(e+e- —>Zh), σ(e+e- —> Zhh)
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• cH has to be determined by inclusive σZh measurement

• c6 has to be determined by double Higgs measurement



question 1: how can we determine λhhh if there are   
anomalous hhVV, hVV, hhh couplings?
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answer to Q1: determine λhhh in EFT
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question 2: can we assume σ(e+e- ->Zh) ∝ Γ(h->ZZ*)?
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• σ(e+e- ->Zh)  κ2(hZZ) Γ(h->ZZ*) not any more: 
EFT is more general than kappa-framework
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answer to Q2:



• hWW/hZZ ratio can be determined to <0.1%: feature 
of a general SU(2) x U(1) gauge theory
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SM-like hVV

anomalous hVV

custodial symmetry

ci ~ O(10-4-10-3)

answer to Q3: hWW coupling can be as precise as hZZ @ √s = 250 GeV



typical precisions by EFT: combined EWPO+TGC+Higgs fit
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coupling ∆g/g kappa-fit EFT-fit

hZZ 0.38% 0.63%

hWW 1.9% 0.63%

hbb 2.0% 0.89%

Γh 4.2% 2.1%

(for hZZ and hWW couplings: 1/2 of partial width precision)

ILC H20: ∫Ldt = 2 ab-1 @ 250 GeV



homework from EFT (limiting factors other than usual 
Higgs observables)
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• TGC: full simulation at 250 GeV 

• improve hγZ couplings: using both h->γZ and e+e- ->γh 

• better constrain contact interactions: 

• improve ALR (AFB) 

• improve Γ(Z->ee) 

• improve Γ(W->eν)
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Higgs is a window to new physics
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coupling deviation patter in BSM benchmark models



typical parameters of benchmark models
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model discrimination by EFT

• given the coupling deviations in two models, this χ2 
gives the most appropriate separation power, taking 
into account all correlations
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gA, gB: vector of couplings in Model A, B

Vij: linear dependence of coupling gi    
      on EFT coefficient cj

C: covariance matrix of EFT coeffs



discrimination between BSM models (ILC250 stage)
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backup
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comments on beam polarizations
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• not changed: important for systematics control, nature 
of new particle (once found), e.g. Higgsino, WIMPs 

• new roles in EFT
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ILC500 
H20

ILC250 
H20 staged

top physics starts 
after > 16y 

in total ~ 6y longer
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after the 250 GeV stage (~11y): >3σ for all models
after ~18y): >5σ for all models
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34
pin down the story after 250 + 500 full ILC
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ILC Scenario H-20-E-dBS
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evolution of coupling precisions: H-20 (-CD/E/F)


