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Z, �Top	  couplings	  to	   (W,H)
(later)	  



Z, �Top	  couplings	  to	  

at	  sub-‐percent	  precision	  level	  

experimental	  systemaFcs	   	  theoreFcal	  systemaFcs	  

This	  work	  

Matrix	  Element	  Method	  





LO	  

more	  precisely,	  we	  fit	  devia8ons	  with	  respect	  to	  SM	  values.	  



�FZ
2V

Single-‐parameter	  fit	  

MulF-‐parameter	  fit	  

QuadraFc	  dependence	  in	  “r”	  

(as	  an	  example)	  

fSM includes selection e�ciency

r theoretical parameter

! !r, !̃r kinematical expressions



	  
Probing	  New	  Physics	  using	  top	  quark	  polariza8on	  in	  the	  e+e−	  →	  G	  ̄	  
process	  at	  future	  Linear	  Colliders	   arXiv:1503.04247	  

(no	  fit,	  but	  analyFcal	  expressions)	  

(17.5	  k	  events)	  

%	  level	  



	  Our	  target	  is	  to	  study	  NLOew	  correcFons	  from	  	  
both	  experimentalist	  and	  theorist	  viewpoints:	  
	  
How	  precisely	  can	  ILC	  unfold	  NLOew	  correcFons	  	  
to	  unravel	  New	  Physics	  ?	  

	  	  



Analyzed	  though	  SM-‐LO(r)	  framework	  

SM-‐LO	  	  
6fLO	  
NLO	  

Grace	  events	  

Goal	  is	  to	  detect	  
deviaFon	  from	  SM	  
couplings,	  here	  in	  

form	  of	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

New	  developments	  since	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  :	  arXiv:1503.04247	  

(unpolarized)	  

r 6= 0

Diamond	  sieve	  



(100’s	  different	  components	  in	  	  	  	  	  	  	  	  	  	  	  	  	  	  )	  	  |M|2
Very	  rich	  structure	  in	  9	  dimensions	  

|Mfull|2

|M
no interference

|2

| (t"t̄" + t"t̄# + t#t̄" + t#t̄#)� + (t"t̄" + t"t̄# + t#t̄" + t#t̄#)Z |2



�2

LO

�2
rec : cut to keep 90% of events

Fit with top and W masses free to vary

reconstructed masses within 10 GeV of nominal values

overall 85% selection e�ciency

if only �2
cut : bias close to 1%

Top and W widths + wrong b-jet : e↵ect is small

bias	  

�FZ
2V

Within	  85%	  cut,	  bias	  appear	  to	  be	  well	  below	  the	  percent	  level	  





�FZ
2V = 0.0134± 0.00226fLO (105 events)

Six Fermion e↵ect is small : not a serious issue

(too)	  

10 parameter fit : the e↵ect is diluted (4 104 events)

�FZ
2V

mbl⌫ mbl⌫

(but	  detectable)	  

Sanity	  	  
check	  





NLO
�FZ

2V = �0.1070± 0.0050

Fake	  CP	  violaFon	  
	  	  	  	  (understood)	  

10-‐parameter	  fit	  

10	  fits	  each	  with	  a	  single	  parameter	  

A	  part	  of	  the	  (huge)	  effect	  stems	  from	  very	  large	  	  |!̃ij |

(23k	  events)	  

outliers	  



Goodness of fit

Is	  SM-‐LO(r)	  	  able	  to	  describe	  NLO-‐Data	  	  
Can	  NLO	  effects	  be	  absorbed	  into	  form	  factors	  

|!̃ij |  10
10-‐parameter	  fit	  

|Mfull|2

|M
no interference

|2
outliers	  

Outliers	  removed	  (shouldn’t)	  

NLO	  

LO	  

!6

LO	  

NLO	  



Garbage?	  



Not	  explicitly	  present	  in	  the	  Likelihood	  

10-‐parameter	  fit	  

moments	  

	  	  	  Using	  these	  moments,	  one	  can	  take	  the	  fit	  by	  
surprise	  and	  quanFfy	  the	  goodness	  of	  the	  fits.	  

ri as given by the fit



NLOLO

Goodness of fit

1.6	  
10.	  

⌦i

⌦̃ij

6fLO	  

(scaled	  to	  10k	  events)	  

0.9	  

42	  “number	  of	  sigma”	  indicated	  in	  color	  codes	  
(linear)	  

(quadraFc)	  

h!ii
h!̃iji



NLOew	  analyzed	  through	  SM-‐LO(r)	  framework	  
	  	  	  	  	  	  	  	  	  	  	  	  ,	  but	  Badness	  of	  fit	  !	  

	  
	  

e+e� ! b l+⌫l b̄ l�⌫l
appears	  promising	  as	  a	  very	  sensiFve	  tool	  	  

to	  search	  for	  new	  physics	  

Many	  things	  to	  do,	  not	  to	  menFon	  …	  detector	  effects.	  

Conclusion	  

r 6= 0

LO	  

6fLO	  

NLOew	  

Good	  News	  


