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• Electroweak Baryogenesis only works if EWPT is 1st order
• In the SM, EWPT is 2nd order       no EW Baryogenesis
• New particles, coupled to the Higgs could lead to 1st order EWPT
• Almost all 1st order EWPT models predict large shift in Higgs self coupling
• In many 1st order EWPT models the Higgs couplings to gluons, γ’s, W/Z are shifted by 1-5%

⇒
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Direct LHC Searches and e+e- Precision Higgs Couplings Measurements
are Complementary.    For example, for SUSY:
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Excellent Model Discrimination with 
e+e- Precision Measurements of Many Higgs Couplings 
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General (2) (1) gauge invariant Lagrangian with 
dimension-6 operators in addition to the SM.

×SU U
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After EWSB 

similar qqhW, qqhZ contact terms
for hadronic W,Z decays in h WW,ZZ→
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The couplings   as well as TGC's & EWPO's  are functions of the dim 6 operator coefficients  .
                                                              Some examples:

η ζx x Jc

Higgs couplings

TGC's

EWPO's
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In the  framework SM Higgs couplings are scaled by factor  so that
                                           ( )
                                              ( *)

Relations such a

i

Z

Z

e e Zh

h ZZ

κ κ

σ κ

κ

+ − →

Γ →





s the following that are used to calculate the total Higgs width remain valid for 1:Zκ ≠

The  framework for parameterizing BSM Physics in Higgs Couplings is not model independent κ

In the dim 6 EFT framework the Lorentz structure for the  vertex includes the momentum-dependent  field strength tensor:hZZ Z

Integration over phase space gives different dependencies on   for cross sections and partial widths: Zζ

( )and we can't use  to extract 
( *) h

e e Zh
BR h ZZ
σ + − →

Γ
→
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                  framework using WW 
( )
( *)

fusion:

e e W

W

e e h

h W W

σ ν ν κ

κ

κ

+ − →

Γ →





In practice, since ( *) is so small, the WW fusion process is used in combination

with Higgsstrahlung  measurements to obtain  within the  framework, even at 250 GeVh

BR h ZZ

BR sκ

→

Γ =

[ ( ) ( )] ( )
( ) ( *) ( *) /

e e e e
h

h

e e h BR h bb e e h
BR h bb BR h W W h W W
σ ν ν σ ν ν+ − + −→ → →

= Γ
→ → Γ → Γ





This gives a more accurate estimate of  than ( ) and 

( *) at 250 GeV, but an even more accurate estimate 

is made if WW fusion data is collected at 350 or 500 GeV. 

h e e Zh

BR h ZZ s

s

σ + −Γ →

→ =

=

1

Within the  framework it is impossible to achieve better than 2% accuracy on any Higgs coupling

(other than ) by running soley at 250 GeV with a luminosity 2 ab  .   For this reason it 

was long 

hZZ s

κ
−=

advocated that ILC running at 350 GeV or 500 GeV was essential to obtaining interesting 
Higgs coupling accuracy.   As we shall see this is not the case in the EFT framework.  Many couplings

can be me

s =

1asured with (1%) running solely at 250 GeV with 2 ab  luminosity.  This is  due to the  
relationship between the  and  couplings in the (2) (1) invariant EFT framework:

s
hZZ hWW SU U

−Ο =
×

≈

(  is tightly constrained by precision electroweak constraints)Tc
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In order to estimate the Higgs coupling accuracy within the EFT framework 
a linear least squares fit of 20 parameters is performed using EWPO's, LHC 
measurements of ratios of Higgs partial widths, and ILC measurements of Higgs 
cross sections, Higgs cross section times branching ratios, and TGC's. 

20 parameters: 

9 operators modifying , , ,  interactions
5 operators modifying  coupling to ,  ,  ,  ,  
2 parameters to account for invisible and exotic Higgs decays
4 SM parameters , ', ,  that 

h W Z
h b c g

g g v

γ
τ µ

λ get shifted by the dim 6 operator coefficients

(also some qqhW & qqhZ contact terms that are controlled with precision measurements
of the W & Z boson widths)
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Measureables:

EWPO's:
(m ), , , , , ( ), ( )

LHC:
( ) / ( )

ILC TGC's:
, ,

ILC polarized ( )

Z F W Z h LR

Z

G m m m A l Z l l

BR h BR h ZZ

g

e e Zh

γ γ

α

γγ

κ λ

σ

+ −

+ −

Γ →

→ →

→



13 13

Measureables:

ILC BRσ ×

ILC Angular Analysis of e e Zh+ − →
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@ 500 GeV Higgs meas. give better
precision on  and  than EWPO'sHE HLc c

Evolution of EFT parameter measurements
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Higgs Coupling Precision (%)

1

ILC
250 GeV

2 ab
 fit

( ) 2.1
( ) 2.7
( ) 2.4

( ) 1.9
( ) 2.3
( ) 0.36
( ) 7.4
( ) 14

( ) / ( ) 0.85
( ) / ( ) 3.29

4.4
( ) 0.72

( ) 0.39
( ) 1.6

( )

h

g hbb
g hcc
g hgg

g hWW
g h
g hZZ
g h
g h

g hbb g hWW
g hWW g hZZ

e e Zh
BR h inv

BR h other
g hhh

κ

ττ

γγ
µµ

σ

−

+ −

Γ
→
→
→

−
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Higgs Coupling Precision (%)

1 1

ILC ILC
250 GeV 250 GeV

2 ab 2 ab
 fit EFT

( ) 2.1 1.0
( ) 2.7 1.8
( ) 2.4 1.6

( ) 1.9 0.65
( ) 2.3 1.2
( ) 0.36 0.66
( ) 7.4 1.2
( ) 14 5.5

( ) / ( ) 0.85 0.82
( ) / ( ) 3.29 0.07

4.4 2.4
( ) 0.

h

g hbb
g hcc
g hgg

g hWW
g h
g hZZ
g h
g h

g hbb g hWW
g hWW g hZZ

e e Zh

κ

ττ

γγ
µµ

σ

− −

+ −

Γ
→ 72 0.70

( ) 0.39 0.30
( ) 1.6 1.5

( )

BR h inv
BR h other

g hhh

→
→

− −
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Higgs Coupling Precision (%)

1 1 1 1

ILC ILC ILC
250 GeV 250 GeV 250 500 GeV

2 ab 2 ab 2 ab 4 ab
 fit EFT  fit

( ) 2.1 1.0 0.70
( ) 2.7 1.8 1.2
( ) 2.4 1.6 1.0

( ) 1.9 0.65 0.42
( ) 2.3 1.2 0.90
( ) 0.36 0.66 0.31
( ) 7.4 1.2 3.4
( ) 14 5.5 5.0

(

g hbb
g hcc
g hgg

g hWW
g h
g hZZ
g h
g h

g

κ κ

ττ

γγ
µµ

− − − −

+
+

) / ( ) 0.85 0.82
( ) / ( ) 3.29 0.07

4.4 2.4 1.8
( ) 0.72 0.70 0.62

( ) 0.39 0.30 0.29
( ) 1.6 1.5

( ) 27

h

hbb g hWW
g hWW g hZZ

e e Zh
BR h inv

BR h other
g hhh

σ + −

−
−

Γ
→
→
→ −

− −
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Higgs Coupling Precision (%)

1 1

ILC CEPC
250 GeV 250 GeV

2 ab 5 ab
EFT EFT

( ) 1.0 0.98
( ) 1.8 1.4
( ) 1.6 1.3

( ) 0.65 0.80
( ) 1.2 1.1
( ) 0.66 0.80
( ) 1.2 1.3
( ) 5.5 5.1

( ) / ( ) 0.82 0.58
( ) / ( ) 0.07 0.07

2.4 2.1
( )

h

g hbb
g hcc
g hgg

g hWW
g h
g hZZ
g h
g h

g hbb g hWW
g hWW g hZZ

e e Zh

ττ

γγ
µµ

σ

− −

+ −

Γ
→ 0.70 0.50

( ) 0.30 0.30
( ) 1.5 1.1

( )

BR h inv
BR h other

g hhh

→
→

− −
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Higgs Coupling Precision (%)

1 1 1 1 1

ILC FCC-ee ILC
250 GeV 250 350 GeV 250 500 GeV

2 ab   5 ab  + 1.5 ab 2 ab 4 ab
EFT EFT EFT

( ) 1.0 0.66 0.55
( ) 1.8 1.2 1.1
( ) 1.6 0.99 0.89

( ) 0.65 0.42 0.34
( ) 1.2 0.75 0.71
( ) 0.66 0.42 0.34
( ) 1.2 1

g hbb
g hcc
g hgg

g hWW
g h
g hZZ
g h

ττ

γγ

− − − − −

+ +
+

.0 1.0
( ) 5.5 4.9 5.0

( ) / ( ) 0.82 0.51 0.43
( ) / ( ) 0.07 0.06 0.05

2.4 1.5 1.5
( ) 0.70 0.22 0.61

( ) 0.30 0.27 0.28
( ) 1.5 0.94 1.2

( ) 27

h

g h
g hbb g hWW
g hWW g hZZ

e e Zh
BR h inv

BR h other
g hhh

µµ

σ + −

Γ
→
→
→

− −
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Higgs Coupling Precision (%)

1 1 1

ILC ILC
250 GeV 250 500 GeV

2 ab 2 ab 4 ab
EFT EFT

( ) 1.0 0.55
( ) 1.8 1.1
( ) 1.6 0.89

( ) 0.65 0.34
( ) 1.2 0.71
( ) 0.66 0.34
( ) 1.2 1.0
( ) 5.5 5.0

( ) / ( ) 0.82 0.43
( ) / ( ) 0.07 0.05

2.4 1h

g hbb
g hcc
g hgg

g hWW
g h
g hZZ
g h
g h

g hbb g hWW
g hWW g hZZ

ττ

γγ
µµ

− − −

+
+

Γ .5
( ) 0.70 0.61

( ) 0.30 0.28
( ) 1.5 1.2

( ) 27

e e Zh
BR h inv

BR h other
g hhh

σ + − →
→
→

−
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2Quantify model discrimination using  deviation of Model A given Model bχ



22 22



23 23



24 24



25 25



26 26

•
•

• •
•

Applying EFT to ILC Triple Higgs Coupling Measurement
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    0.168Zhh

SM

σ
σ
∆

=

Applying EFT to ILC Triple Higgs Coupling Measurement
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Applying EFT to ILC Triple Higgs Coupling Measurement

Note that at a hadron collider:
• Many more unknown dim-6 op coefficients
• Fewer measurements to constrain coeff
• Leading production process gghh is loop level

ILC uniquely positioned to extract Higgs self coupling 
from double Higgs production
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