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( )BR h µ µ+ −→

( ) ( )e ee e h BR h bbσ ν ν+ − → × →

*( )BR h WW→

 from LRA e e Zγ+ − →

( )BR h Zγ→

Anomalous hZZ & hW W Couplings

'  from cTGC s e e W W+ − + −→

( )e e Zhhσ + − →
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Prologue:  EFT Analysis of Higgs Self Coupling at ILC
SiD, ILD, Theory

T. B., K.Fujii, S. Jung, M. Peskin, J. Tian

•
•

• •
•

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 War

σ + − →
×

e e HHZ
SU U

saw basis of dim-6 operators,  the 10 CP-conserving dim-6 operators relevant to this analysis:
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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
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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, in particular o     n   WBc

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 ), (H ) from 
LHC+ILC will be used to constrain 

γγ γΓ → Γ →
+WW BB

Z
c c
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3The coefficients  
are determined by the 3 EWPO's

'HL HL HE T WB Wc c c c c c

and the 3 TGC's

4

4

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

κ
−

−

∆ ∆ = ×

∆ ∆ = ×g
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6

Through EWPOs and ILC measurements of TGC's the number of  independent 
EFT parameters has been reduce

'

d from 10 to just 4:  

With  ,  & tightly constrained by EWPO's &TGC's , ,  

H WW BB

T HL WB H WW

c c c c

c c c c c &  are obtained

through    ,  at the ILC and (H ),  (H ) at LHC+

 

C

 

IL . 
σ

σ γγ γ→ Γ → Γ →
Ω

n
ZH ffH

ZH

BB

d
c

Z
d
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6

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

+ − →

Z Z

e e ZHH
c

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

measurements, TGC measurements, and EWPO's.   The only unconstrained 
par

σ + − →e e HHZ

6ameter is  . c

( )6
3

0 0η λ− −Z c v h
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( )BR h µ µ+ −→ ILD
Shin-ichi Kawada
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( )BR h µ µ+ −→ ILD
Shin-ichi Kawada
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( )BR h µ µ+ −→ ILD
Shin-ichi Kawada

Combine this 14% ILC error
with 14% LHC error on 

( )  to reduce 
( )

1error by  relative to that
2

obtained from just one of 
the two measurements

h
h

µ µ
γγ

+ −Γ →
Γ →



12 12

( )BR h Zγ→ ILD
Junping Tian

( )Factor of 3 better than LHC 31%
( )
h Z
h

γ
γγ

Γ →
∆ =
Γ →



13 13

*( )BR h WW→ ILD
Hiroaki Ono

250 GeV  250 fb-1 Mh=120 GeV

We will use the ILD result
( ) ( * ) 0.77
( ) ( * )

to estimate CEPC ( ) ( * )

e e qqh BR h W W l qq
e e h BR h W W qqqq

e e qqh BR h W W l qq

σ ν
σ νν

σ ν

+ −

+ −

+ −

∆ → × → →
=

∆ → × → →

∆ → × → →

1

Combining the two modes and scaling 120 GeV result to 125 GeV:

( *) 6.4%    for 250 GeV,  250 fb
h h

ZH

M M

BR h W W sσ −

= =

∆ × → = =

( ) ( * ) 13.4%e e h BR h WW qqqqσ νν+ −∆ → × → → =

( ) ( * ) 10.3%e e qqh BR h WW l qqσ ν+ −∆ → × → → =

250 GeV  250 fb-1 Mh=120 GeV     note:  right-handed e- pol used to suppress  WW
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*( )BR h WW→ CEPC
Liao Li-bo
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*( )BR h WW→ CEPC
Liao Li-bo

.024.030

.019  (CEPC
error using 
ILD result)

}

.033?1CEPC error 250 GeV 5 ab  :−

Must obtain a CEPC error of 0.0075 in order to cut ILD ( *) 
in half.  Including ILD result for , *  and assuming error 
of 0.033 for , *     

( *) (1/ .014 1/ .019 

ZH

ZH

BR h WW
Z qq WW l qq

Z e e WW qqqq
BR h WW

σ
ν

σ

+ −

∆ × →

→ →

→ →

∆ × → = ⊕ 1

The blue box mode

 1/0.033) 0.011   .
We k

s

now then that w

 , *    , *
must have a total error of 0.011 to achieve factor 2 i

e can get a factor of .015/.011=1.4 improvem

mprove

e

m

nt. 

Z qq WW qqqq Z WW l qqνν ν

−

→ → ⊕ →

⊕ =

→
ent .    

1
2

1(1/ 0.019 1/ 0.024) 0.015

5000. * 0.067
250

015

−

 

⊕

= 
 

=



???

    black box modes,  ( *) 0.014   ZH BR h WWσ∆ × → =∑
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ILD
Junping Tian( ) ( )e ee e h BR h bbσ ν ν+ − → × →
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ILD
Junping Tian( ) ( )e ee e h BR h bbσ ν ν+ − → × →
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ILD
Junping Tian( ) ( )e ee e h BR h bbσ ν ν+ − → × →
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Anomalous ZZh & WWh Couplings ILD
Tomohisa Ogawa
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Anomalous ZZh & WWh Couplings ILD
Tomohisa Ogawa

Critical to showing that CP-violating EFT terms can be neglected:
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 from  at 250 GeVLRA e e Z f f sγ γ+ − → → = ILD
Junping Tian

Full MC study is required to evaluate systematic errors.
For example, how well do we need to control ?

Is the beam polarization measurement good enough?
f fM
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ILD 
Robert Karl'  from cTGC s e e W W+ − + −→
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'  from cTGC s e e W W+ − + −→

The scaling from 500 to 250 GeV is fine.

There is a problem though with the 500 GeV precision:

* * * *

This was not how the analysis was done at LEPII.  You need to form an optimal observable from 
all 5 angles       and use all decay mode combinations had - had, had - lep, lep - lep.

Doing it 
Wθ θ ϕ θ ϕ

1

4 4 4
1

this way with a fast MC the Tesla TDR claimed for 500 GeV &  500 fb
2.8 10     3.1 10     4.3 10

These numbers are probably closer to what can be obtained at 500 GeV, but we need to

Z

s
g γ γκ λ

−

− − −

=

∆ = × ∆ = × ∆ = ×

 understand
differences of full vs fast MC, and properly estimate the dominant systematic errors.   Alternatively
we could do a fast MC study where we bin 3 angles and only consider the lep-had decay mode.
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( )e e Zhhσ + − → ILD
Claude Duerig



25 25

Epilogue:  Higgs Self Coupling Systematic Error

    0.168Zhh

SM

σ
σ
∆

=
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