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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 con

e e HHZ
SU U

σ + − →
×

vention of  arXiv:1310.5150 we have, before EWSB, the following dim-6 operators:

Higgs Self Coupling Systematic Error
Uncer    tainties for in ( )

 
 + − →ZZHHZZH e egg HHZσ

•
•

• •
•

+  other operators that are not relevant or that violate CP

6Note there are only 8 EFT parameters:    H T W B HW HBc c c c c c c cγ
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Now add the CP violating terms:

3This gives 4 additional EFT p  arameters:  γ   HW HB Wc c c c
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And the CP violating piece   where
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( ) ( )The couplings   and  take the following form in our EFT: j j
xxx xxxxg g

6 is uniquely accessible through 
the Higgs self coupling measurement.
The other 7 EFT parameters appear 
in several pla

 

ces.
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The CP violating couplings       take the following form in our EF
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The parameters  are constrained by electroweak precision tests.
From arXiv:1410.7703 :

  ,   ,  W B Tc c c
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2By definition etc.  

We will assume in the following that, at the 10  level,
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25 4
neutron

3

3The CP violating parameters   ,  ,  are constrained by the
electric dipole moment of the n

| | 1.2 10    cm     2.5 10    and  even smaller (?)
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The TGC's  and  g  are related to EFT parameters by
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At ILC with the full H-20 scenario the error on the TGC's are
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Tesla TDR 

3

For H20 0.0039 / 8           0.0011
So we conclude 0 at the 10  level ,
 leaving us with one remaining CP violating parameter c
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Through EWPT's and ILC measurements of TGC's the number of  independent 
EFT parameters has been reduced from 12 to just 5:    ,  ,  , ,  γ γH HWc c c c c
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The parameters are related to the measured  ,   ,    ,   couplings via
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The " "  and " " parameters are the anomalous   Lorentz structure coefficients studied 
 by Fujii, Tian, Ogawa and others:

   arXiv:1011.5805
     Talk by T. Ogawa at LCWS15  http://agenda.linea

 HVV
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b b

rcollider.org/event/6662/
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The full EFT Lagrangian can be written using the measured variables   and the 
one remaining unconstrained EFT parameter 

7 1
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g

g g

 are tightly 
cons

µν µ
µ

µν µν µ µν
µν µν θ µ µν

θ

σ + −

+

 
+ + + + − + 

 

→

 

 

W

W

HZZ

HWWz z H Z

W

Z

W

z

Z h Z Z h

gZ Z h Z Z h c Z Z h Z Z h
v v c

b b
gM gM v

e e HH

b

Z

6

trained by the other Higgs coupling measurements, TGC measurements, and EWPT's.   
The only unconstrained parameter is the anomalous Higgs self coupling  ,  which is uniquely 
accessed through the mea

c
surement of ( ).

The unmeasured ZZHH quartic coupling is related to the HZZ and HWW  couplings, which are  
measured to 0.3% and 0.4%,  respectively,  at the ILC in  the H-20 scenario.   The syste

σ + − →e e HHZ

matic  
error due to the unmeasured quartic coupling is therefore very small.
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M. McCullough, arXiv:1312.3322

FCC-ee Higgs Self Coupling Measurement at Ecm=240 GeV 

 

 

fixed to SM valu ( 0)e  
fixed to SM value
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BSM physics
with 0 :zδ ≠

240 0.004  29%
0.014 0.014

σδδ⇒ = = =H
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240 0.0051  36%
0.014 0.014

:    Oft quoted 30% error comes from combining CEPC with 50% HL-LHC meas.

H

Note

σδδ⇒ = = =

M. McCullough, arXiv:1312.3322

CEPC Higgs Self Coupling Measurement at Ecm=240 GeV 
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M. McCullough,
 arXiv:1312.3322
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