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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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Θ
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 =  polar production angle
*, * = fermion polar and azim. angle in  rest frame
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The correlated distributions of these 5 angles are used as a polarization
analyzer to separate out the multiple combinations of transversely and 
longitudinally polarized  and  bosons.W W+ −



6 6

How well can TGC's be measured at ILC 250? 

In order to properly estimate the TGC sensitivity a full detector simulation
study of signal and background processes is required.  Such a study
is ongoing, but results are not yet available.  Three alternative methods
are presented here:



7 7

Statistical Error Calculation 
(referred to as MC  method in following tables)truth

1 df
dx
σ

σ
=



Solid angle detector coverage and global efficiency are included
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 Statistical factor 1/
 Factor 1/  to account for en

Extrapolation of TGC precision from Energy A to En

ergy dependence of
           (2) (1) diagra

ergy B

m cancellation

L
s

SU U

σ

×





For the extrapolation of the full sim results at 500 GeV to 250 GeV one 
additional correction is required.   The full sim analysis at 500 GeV only 
used the three angles , *, * and only used the semilθ ϕΘ eptonic event 
topology.  The correction factor  is therefore applied where

 precision 3 angles, semileptonic only
 precison 5 angles, semileptonic + fully hadonic

as calculated with the statis

h

h

k
TGCk

TGC
=

tical method mentioned previously.
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0 max

1 1 1 1
par

             MC  parameters:        | cos | 0.85      MC eff=0.684

     
Lumi

Method Processes ( ) ( ) N
LEP2  & 0 0.68 3 420 540 360 0.17 0.62 0.15
MC 0 200

truth

cm

pol Z Z Z

truth

E
e GeV fb g g g

W W We
W W

γ γ γ γ γ γκ λ κ λ κ λ
ν

− −

+ −

+ −

Θ =

− − −
0.68 3 640 1000 340 0.86 0.23 0.09

MC 0.42 * 200 0.68 3 420 680 340 0.68 0.30 0.19
MC 0.8 250 2000 3 2.8 4.1 3.9 0.04 0.38 0.36
MC 0 250 5000 3 4.9 5.7 2.5 0.84 0.14 0.17

LEP2  & 0 0.68 1 270 550 270
L

truth

truth

truth

W W
W W
W W

W W Weν

+ −

+ −

+ −

+ −

− − −
± − − −
± − − −

− − −

EP2 0 0.68 1 270 680 270
MC 0 200 0.68 1 260 420 270
MC 0.8 250 2000 1 2.5 3.7 3.3
MC 0 250 5000 1 2.3 2.7 2.1

* try  to mimic inclusion of single 

truth

truth

truth

W W
W W
W W
W W

W

+ −

+ −

+ −

+ −

±

4stat error ( 10 )−× correlation

 

Pure  results from LEP2 are only available
for 1 parameter fits.      The statistical analysis seems
to overestimate the precision a little bit.

e e W W

γκ

+ − + −→
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2.8 4.1 3.9 -0.04 -0.38 -0.36

2.5 3.7 3.3



11 11



12 12

Toward a Full Simulation TGC Result at ILC 250
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Summary 

4 TGC's will be measured with accuracy of 4 - 6  10
  Work is ongoing to provide a definitive full simulation 

       estimate of the precision
  Compared to HL-LHC, ILC250 provides significantly be

−×





1

tter 
      precision for  and  and comparable for 
      

Zgγ γκ λ
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