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We assume that  ( ) can be described by an effective field theory (EFT) containing
a general (2) (1) gauge invariant Lagrangian with dimension-6 operators in addition to the SM.

 Using the "W

σ + − →
×

e e HHZ
SU U

arsaw" basis,  with the pure Higgs operators in the "SILH" basis, these are the 
 10 CP-conserving dim-6 operators relevant to this analysis:

Higgs Self Coupling Systematic Error Uncertainties for 
(and other, BSM, coup   lings) in 

 
 ( )+ − →ZZH ZZHHg e eg HHZσ
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In addition there are 4 CP violating terms:

3

and 4 CP-violating coefficients:   
   WW WB BB Wc c c c

3

6

In summary there are 10 CP-conserving coef  ficients:  
'HL HL HE T WB W

H WW BB

c c c c c c
c c c
c
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After EWSB we have, +   where∆ = ∆ ∆ + ∆h eehZ TGCL L L L

0 1 2 2In the SM  at tree level           1 , and all others =0 κ η η η η η= = = = = = = = =A Z V V H Z Z W Wg e g gc g

,=V A Z



5 5 

3And the CP violating piece   where∆ = ∆ + ∆
CPCP hCP VL L L

In the SM  at tree level all   ,   ,  ,  =0 ζ ζ κ λ  

x xx x x

† † † †
3 2 2

γµν µ νλ µν µ νλ
γ µ ν λµ ν µ ν λµ ν

λ λκ κ∆ = + + +
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The couplings ,    g , TGC's & EWPO's  take the following form in our EFT: θ η ζh x x xZH

6 is uniquely accessible through the Higgs self coupling measurement.
The other 9 EFT parameters appear in several pla

 
ces.

c

The TGC's depend on   through the Goldstone bosons that 
are eaten by th

  , '  ,  
e  and  fields

T HL WB

W
c c

Z
c

2Note the relationship between the SM  &  couplings &  η ηZ Zhzz hhzz

EWPO's also depend on many of the Higgs-related 
operator coefficients, again through EWSB.

Precise measurement of (H ) from LHC+ILC will be used 
to constrain 

γγΓ →
+WW BBc c



7 7 

3The coefficients  
are determined by the 3 EW

'
PO's as follows:

HL HL HE T WB Wc c c c c c

and the 3 TGC's

*Basic set of observables:   ( ) ,  ,  , α α≡ Z F Z hM G m m

4

4

At ILC with the full H-20 scenario the error on the TGC's are
                   ( ) 2 10
                   ( ) 8 10

κ
−

−

∆ ∆ = ×

∆ ∆ = ×g



8 8 

6

Through EWPOs and ILC measurements of TGC's the number of  independent 
EFT parameters has been reduced from 10 to just 4:  

With  and  tightly constrained by EWPO's &TGC's ,  is ob' tai

H WW BB

T HL H

c c c c

c c c ned
through a measurement of  using a combination of the  measurement and an
angular analysis of  , Z , ,  (more on this later).

η σ

µ µ+ − + − + −→ →
Z ZH

e e ZH e e q q

With  tightly constrained by EWPO's &TGC's. & are obtained 
through measurements of (H ) (from LHC+ILC) and the HZZ
Lorentz structure parameter  measured at the ILC with the angular an

  

al

 
γγ

ζ
Γ →

WB WW BB

Z

c c c

ysis
of  .   The relationship between these two measurements and the
coeff   icients & is given b  y

+ − →

WW BB

H
c

e e
c

Z

 At LCWS16 T. Ogawa obtained  0.001ζ∆ =Z

 Combining LHC and ILC gives g 0.01γγ∆ =H
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( ) ( )

6

6

2 2
3 2

0 0 2
0 0 0

Let's now rewrite the Lagrangian using our measured variables
  and the one remaining unconstrained EFT parameter 

2 1 (2 1)
2

                

µ µ µ
µ µ µη η η η

ζ

η ζ

λ= − − + − ∂ ∂ + + −

+

Z Z

Z
Z

Z
Z Z Z

M Mv h h h h Z Z h Z Z h
v v v

c

cL

2
2

0 02 4

In this EFT approach all of the couplings in the calculation of 
( ) are tightly constrained by the other Higgs coupling 

measurements, TGC measurements, and EWPT's.   

µν µν
µν µν

ζ

σ + −

+

→

Z ZZ Z h Z Z h
v v

e e HHZ

6

6

The only unconstrained 
parameter is  If the best match to the measured ( ) 
is within sys+stat errors then we have observed SM Higgs self coupling.

. 
0   

σ + − →
=

e e H
c

HZc

( ) 16.8%      0.005    0.001
( )

η
η

σ ζ
σ

∆∆
= = ∆ =Z

Z
Z

ZHH
ZHH
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( ) can be measured with a precision of 16.8% at the ILCσ ZHH
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0 0

0 0

12 1               0.005
4
1                            0.001
4

ηη
η

ζ ζ

∆ = + = ∆ = ∆ = Λ Λ 

= ∆ = ∆ = ∆ =
Λ Λ

Z
Z

Z

Z Z

v va a a

v vb b b
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( ) 0.00029                  0.00035

( ) 1 ( ) 0.00015
2 ( )

+ −

+ −

∆
= ∆ =

   ∆ − ∆∆Γ →
= + =   − Γ →     

W

Z

L R

L R

M s
M

g g sZ e e
g g Z e e s

At ILC with the full H-20 scenario
 ( ) 0.0008               0.005
 ( ) 0.0002               0.001κ

η

ζ

∆ ∆ = ∆ =

∆ ∆ = ∆ =
g Z

Z

( ) ( )
2

3
0 0

0 0
2

2 2
2

0 0

6

2
0

Let's include operator coefficients constrained by TGC's & EWPO's.
2 1

                  (2 1 3 )
2 2 4

        

'

  

µ µ
µ µ

µ µν µν
µ µν µν

η η

ζ

λ η

ζη

= − + − + − − − ∂ ∂ +

+ − − + +

T T HLZ Z Z

Z Z
Z

Z

Z
T

Mv h h h h Z Z h
v v
M Z Z h Z Z h Z Z h

c c c

c

c

v v v

L

2
0

2
0 0 0 0

' 1        ( )( ) ( )
2

µ
µ µγ γ

 
 − + + +  

 
LHL HL L RH REc c ce h he e e e Z

c s v v

2 2 2
* are linear combinations of /  , , '  ,  ,      , ( ) ,  ,  κ− ∆ ∆T HL H W Z L RE gL H M M gc s gc c c
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 In an EFT approach all but one of the couplings in the calculation of  ( ) are tightly 
   constrained by the other Higgs coupling measurements, TGC measurements, and EWPT's. 

  The unmeasure

σ + −• →

•

e e HHZ

d ZZHH quartic coupling is related to the HZZ couplings, which are 
    measured to 0.1% 0.5%  at the ILC in the H-20 scenario.   The systematic 
    error due to the unmeasured quartic coupling is ther

−
efore very small.  A full error

    analysis is underway to propagate the errors due to all EWPO, TGC and Higgs measurements.

 A simplified similar analysis using  only at CEPC indicates, on the+ −• →e e ZH

6 6

 one hand, 
   that a measurement of double Higgs production from someplace else is required to close the limit contours 
    in ( , ) space.  But it also demostrates that the CEPC improves the ( ,H Hc c c c ) limits compared to HL-LHC
    or ILC alone.

 It is not sufficient, in the context of EFT's, to measure (ZH) in order to obtain the hZZ coupling.   
   The Higgsstrahlung cross section (ZH) ( , ) 

σ
σ η ζ

•
= Z Zf and so one must also perform the angular analysis of 

     , Z , ,   in order to distinguish   from .
   This angular analysis is therefore not some backwater BSM search, but rather a

µ µ η ζ+ − + − + −→ → Z Ze e ZH e e q q
 Higgs measurement of 

   fundamental importance at 250 GeV.=s
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