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Barklow, et al, arXiv:1708.08912;  
Durieux, et al, arXiv:1704.02333
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X

j

xijcjknown:

Yi: EWPO (9) + TGCs (3) + LHC Higgs (3) + ILC Higgs (12 x 2)

not known: how important is every measurement (Yi)?

what are the limiting factoring for determining 
certain EFT operator / Higgs coupling?

framework for Higgs coupling determination at e+e-: SMEFT
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not known: how important is every measurement (Yi)?

what are the limiting factoring for determining 
certain EFT operator / Higgs coupling?

ci =
X
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yijYjsolution:

ci: including both EFT coefficients and Higgs couplings

framework for Higgs coupling determination at e+e-: SMEFT



examples

2 ab-1

g(hZZ) 0.68%

g(hbb) 1.1%

g(hcc) 1.9%

8 ab-1

0.50%

0.64%

1.0%

why?
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full formalism (23 parameters)
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+ 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

full formalism 
23 parameters

+ 2 for contact interaction with quarks

starting point:
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—> decipher importance of every measurement

start with no beam polarization case 
(almost no redundant observables)



solutions: (1)

�gW =
1

2
�GF + �mW

Z

Z
H e

+

e−

W

e

ν
gW

Z

Z
H e

+

e−

Z

eL

gLZ

Z
H e

+

e−

Z

eR

gR

�gL = �1

2
�mZ +

1

2
��l +

1

16
�Al

�gR = �1

2
�mZ +

1

2
��l �

1

12
�Al



solutions: (2)

8cWB = �GF � 2�e+ 2�mW � 0.081�Al + �A,eff

gZ = 1.3�GF + 2.6�mW +
1

2
�mZ � 1

2
��l +
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53
�Al + �gZ,eff



solutions: (3)

�ZW = 8cWW �ZA =
1
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8cWW = �GF � 2�e+ 2�mW � 1

12
�Al + �A,eff

+
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8cBB = �GF � 2�e+ 2�mW � 1

12
�Al + �A,eff

+
1

159
���� � 1

159
���Z

�ZZ = 1.3�GF � 2.6�e+ 2.6�mW � 1

9.5
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solutions: (4)

c0
HL

= �0.5�GF + 0.23�e� �mW � 0.38�mZ

+0.38��l + 0.014�Al � 0.77�gZ,eff

cHL = �0.5�GF + 0.09�e� �mW � 0.38�mZ + 0.38��l

+0.014�Al � 0.23�gZ,eff + 0.3�A,eff

cHE = �0.28�e� 0.46�gZ,eff + 0.60�A,eff



P(e-,e+)=(0.,0.)

solutions: (5)

cH = �0.44�GF � 11�e� 11�mW + 2.5�mZ � 2.3�mh � 8.9��l

�0.21�Al � 2.8�gZ,eff + 3.2�A,eff � 1

92
����

� 1

36
���Z � ��Zh



comparing uncertainties between global fit and my analytic calculation

solutions: validations

pars. g g’ v gW gL gR gZ

δ (global 
fitting) 11.0 3.37 5.34 0.622 7.64 9.18 7.09

δ (my 
formula) 11.1 3.41 5.34 0.622 7.64 9.18 7.09

δ = ΔΧ / Χ, in unit 10-4

√s = 250 GeV; 2000 fb-1; P(e-,e+)=(0.,0.)



comparing uncertainties between global fit and my analytic calculation

solutions: validations

pars. cT 8cWW 8cWB 8cBB cHL cHL’ cHE cH

Δ (global 
fitting) 5.21 21.3 9.30 21.4 4.39 5.34 8.56 198

Δ (my 
formula) 5.21 21.6 9.30 21.6 4.39 5.34 2.65 150

Δ = ΔΧ, in unit 10-4

√s = 250 GeV; 2000 fb-1; P(e-,e+)=(0.,0.)



P(e-,e+)=(0.,0.)

solutions: examples

�ghZZ = 3.5�GF + 7.4�e+ 6.9�mW � 2.3�mZ + 8.9�mh � 6��l

�0.11�Al + 4.6�gZ,eff � 2.5�A,eff � 0.006����

�0.015���Z + 0.34��Z + 0.5��Zh



⇥10�4

mh

Γl

Al

gZeff

κΑeff

h->γZ

σZh

P(e-,e+)=(-0.0,+0.0)

solutions: examples to see importances

�ghZZ = 11� 62� 10� 20� 14� 46� 35� ..



P(e-,e+)=(0.,0.)

solutions: examples

⇥10�4

mh

Γl

Al gZeff

h->γZ

σZh
h->bb

h->WW*

�ghbb = 10� 55� 9� 14� 11� 50� 35� 23� 81� ..

κΑeff



redundancy (i): impact of WW-fusion measurement

e+e- —> ννh

impact: ~10% relative improvement for hWW, hZZ couplings



redundancy (ii): impact of differential measurement



redundancy (iii): impact of beam polarizations

σ(e+e- -> Zh) / σSM = 1 + 2a + 5.7b
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