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ILC	  e+e-‐	  

|  The	  main	  physics	  goals	  in	  ILC	  are	  top	  physics,	  
Higgs	   physics	   and	   Physics	   beyond	   the	  
Standard	  Model.	  	  

|  Precise	  measurement	  of	  top	  mass,	  width,	  top	  
Yukawa	  coupling	  	  are	  crucial.	  



MoTvaTon	  

|  Loop	  calcula-on	  with	  the	  target	  <1%	  precision	  
according	  to	  the	  data	  of	  experiment.	  

|  Polariza-on:	  (e-‐:	  80%),	  (e+:	  30%)	  

|  Full	  electroweak	  loop	  correc-on	  for	  1	  pair	  with	  
polariza-on.	  

- 



GRACE	  
| GRACE	  	  is	  	  a	  	  system	  	  to	  	  calculate	  	  tree	  	  and	  	  

loop	  	  cross	  sec-ons	  	  automa-cally	  	  with	  beam-‐
polariza-on	  	  based	  	  on	  	  	  SM	  	  and	  	  MSSM.	  

| GRACE-‐Loop	  system	  can	  calculate:	  
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Eẽ =

M2
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� =

Eb

me

� =

Pb

Eb

Eẽ =
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ẽ �M2

�̃

2Mẽ
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|  The	   renormalizaTon	   has	   been	   carried	   out	  
with	   the	   on-‐shell	   condiTon	   of	   the	   Kyoto	  
scheme1.	  

	  |  The	  non-‐linear	  gauge	  fixing	  Lagrangian	  
condiTon2:	  

	  |  The	  results	  must	  be	  independent	  of	  non-‐
linear	  gauge	  parameters	  (	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ).	  

1	  K.	  Aoki	  et	  al,	  Suppl.	  Prog.	  Theor.	  Phys.	  73	  (1982)	  1.	  
2	  Phys,	  Rept.	  430,	  117	  (2006)	  
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1 Motivation

1.1 Accelerator

e�e+ collider converts to e�e� future linear collider. What would be the ad-

vantage?
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The	  total	  cross	  sec-on	  is	  
	  

|  CUV	  (Ultra	  violet	  coefficient)	  independence	  

|  Photon	  mass	  (λ)	  independence	  

|  Gauge	  invariance	  

|  kc	  independence	  

Sog	  photon:	  
Hard	  photon:	  

Using	  the	  numerical	  check	  by	  GRACE,	  we	  confirmed:	  
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System	  checking	  
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PolarizaTon	  
Polariza-on:	  (e-‐:	  80%),	  (e+:	  30%)	  

|  e-‐e+:	  non	  polariza-on	  

|  e-‐e+:	  leg-‐right	  polariza-on	  

|  e-‐e+:	  right-‐leg	  polariza-on	  

To	  include	  polariza-on	  effect,	  we	  mul-ply	  
the	  projec-on	  operators	  into	  amplitude.	  
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Program	  size	  becomes	  much	  larger!!!	  
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Angular distribution 
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Angular distribution 
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ẽ �M2

�̃

2Mẽ
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Forward	  and	  Backward	  Asymmetry	  
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2

ẽ+
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3 Conclusions

Both of e�e+ and e�e� are important; however, e�e� has advantages. For

e�e� we can measure more precisely the cross section, using the advantage of
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The	  correc-on	  of	  AFB	  is	  sizableà	  we	  should	  take	  it	  into	  account	  at	  ILC.	  
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Because	  the	  number	  of	  Feynman	  diagrams	  	  
for	  6	  body	  final	  state	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
is	  too	  large.	  
	  
Full	  EW	  direct	  calcula-ng	  is	  almost	  impossible.	  

We	  use	  “narrow	  width	  
approxima-on”	  method.	  
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�

(q)M
d

��2

(q2 �m

2)2 +m

2�2

dq

2

2⇡
d cos ✓

q

d'

q

d⌦
m

d⌦
N�m

' 1

flux

X

�

Z ���M̃�

p

���
2
d cos ✓

q

d'

q

d⌦
N�m

Z ���M̃�

d

���
2
d⌦

m

Z +1

�1

1

(q2 �m

2)2 +m

2�2

dq

2

2⇡

On-shell condition q

2
0 = m

2

M̃�

p

= M
p

u

�

(q0)

M̃�

d

= M
d

u

�

(q0)

I =

Z +1

�1

1

(q2 �m

2)2 +m

2�2
dq

2

=
1

m

2�2

Z +⇡
2

�⇡
2

m�d✓

=
⇡

m�

Thus

Z ���M̃�

d

���
2
d⌦

m

Z +1

�1

1

(q2 �m

2)2 +m

2�2

dq

2

2⇡
=

1

�

1

2m

Z ���M̃�

d

���
2
d⌦

m

=
�
i

�
= Br

� = Production ·Branching ratio

�

Tree

=
���M̃T

p

���
2
·
���M̃T

d

���
2
·
���M̃T

d̄

���
2

�

Loop

= 2Re(M̃T

p

M̃L

p

)
���M̃T

d

���
2
·
���M̃T

d̄

���
2

+
���M̃T

p

���
2
2Re(M̃T

d

M̃L

d

)
���M̃L

d

���
2

+
���M̃T

p

���
2
·
���M̃T

d

���
2
2Re(M̃T

d̄

M̃L

d̄

)

+ �

Tree

�Tree

t

= 1.429

�Loop

t

= 1.524

O(↵)

1

GeV	  

Due	  to	  the	  top	  width	  is	  so	  narrow	  compared	  with	  
the	  top	  mass	  
	  	  	  
	  G
RA

CE
 

Full-‐ELWK	  corrected	  
one	  calculated	  for	  a	  
three-‐body	  decay	  of	  a	  
top-‐quark.	  



Narrow	  width	  approxima-on	  method	  

On-shell approximation

� =
1

flux

Z
|M|2 d⌦

N

=
1

flux

Z ��PM
p

u

�

(q)ū
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Summary	  

|  We	   are	   successful	   to	   calculate	   full	   electroweak	   one	   loop	  
correc-on	  for	  1	   pair	  with	  the	  effect	  of	  the	  polariza-on.	  

|  Thanks	   to	   the	   polariza-on,	   e-‐Le+R	   cross	   sec-on	   is	   larger	  
than	  e-‐Re+L	  one	  and	  the	  loop	  correc-on	  of	  e-‐Le+R	  	  is	  smaller	  
than	  that	  of	  e-‐Re+L.	  	  

|  Due	   to	   the	   sizable	   correc-on	   of	   forward-‐backward	  
asymmetry,	   higher	   order	   correc-on	   with	   beam	  
polariza-on	  should	  be	  considered	  at	  the	  ILC.	  

|  Six	  body	  final	  state	  with	  polariza-on	  can	  be	  included	  into	  
full	   electroweak	   loop	   correc-on	   by	   using	   GRACE	   with	  
narrow	  width	  method.	  

-‐	  
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