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Verification for 𝑉 ± 𝐴 coupling  
in 𝑡𝑡  Forward-Backward Asymmetry 

with Dilepton Channel 



Outline 
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-Motivation 
-Analysis Flow 
-Weighting by Matrix Element 
-Production Angle 
-Δy for ttbar, Δ𝜂 for leptons asymmetry 



ttbar Production & Decay  

-History of Universe @Fermilab- 3 

Categorize ttbar events into 3 decay types according to W decay mode 

Dilepton 

• 2 lepton 

• 2 b-jet 

• MET 

All Hadronic 

• 6 jet(2 b-jet) 

Lepton+Jet 

• 1 lepton 

• 4 jet(2 b-jet) 

• MET 
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Production Angle of top quark  (V) 

assume “ V ” coupling 
 -spins in the initial state face in same direction 
 -spins in the final state also tend to face in same direction 
  when they are relativistic 
 -ttbar don’t have favorite direction 
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Production Angle (𝑉 ± 𝐴) 

assume “ 𝑉 ± 𝐴 ” coupling 

-proton direction is favored for top in both cases of 𝑉 ± 𝐴  
”Positive Forward – Backward Asymmetry  ” 
Δ𝑦 = 𝑦𝑡 − 𝑦𝑡  has “ + ” bias 

 
-CDF suggests larger positive asymmetry in  
 Δ𝑦 for tt, Δ𝜂 for ll  
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Analysis Flow 
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Determine ttbar’s spinors from flight direction of a lepton 

Calculate the Matrix Elements of V, V-A and V+A coupling 

Generate events put event-by-event weight of 
Σ𝑞𝑞 𝔐𝑉,𝑉±𝐴

2

Σ𝑞𝑞𝑡𝑡 𝔐𝑉
2  

Evaluate the ttbar Asymmetry from the distribution of the  
Δ𝑦, Δ𝜂, distribution of flight direction of lepton 

Kota Kasahara will talk 



Generate 𝑉, 𝑉 ± 𝐴 Events 
We use MC events of qqbar->ttbar in ttop25, where spin correlation  
is not taken into account. (correspond to Σ𝑞𝑞𝑡𝑡 𝔐𝑉

2) 

put event-by-event weight of 
Σ𝑞𝑞 𝔐𝑉,𝑉±𝐴

2

Σ𝑞𝑞𝑡𝑡 𝔐𝑉
2  

𝔐𝑉 ∝  𝑣 𝑞 𝛾
𝜇𝑢𝑞 𝑢 𝑡𝛾

𝜇𝑣𝑡  

𝔐𝑉±𝐴 ∝  𝑣 𝑞 𝛾
𝜇(1 ± 𝛾5)𝑢𝑞 𝑢 𝑡𝛾

𝜇 1 ± 𝛾5 𝑣𝑡  

where 𝑢𝑡 = 𝑁𝑡
𝜙𝑡

𝛼𝜎3𝜙𝑡
 , 𝑣𝑡 = 𝑁𝑡 

−𝛼𝜎3𝜒𝑡 

𝜒𝑡 
 

with 𝜙𝑡 𝜃𝑙  , 𝜙𝑙  =
𝑒−𝑖𝜙𝑙 /2𝑐𝑜𝑠

𝜃𝑙 

2

𝑒𝑖𝜙𝑙 /2𝑠𝑖𝑛
𝜃𝑙 

2

 , 𝜒 𝜃𝑙 , 𝜙𝑙 =
−𝑒−𝑖𝜙𝑙/2𝑐𝑜𝑠

𝜃𝑙

2

−𝑒𝑖𝜙𝑙/2𝑠𝑖𝑛
𝜃𝑙

2

  

ttbar’s spinors are determined from flight direction of leptons,  
and we can calculate ME using them at event-by-event 
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Production Angle of Top quark 
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V V+A V-A 

𝑐𝑜𝑠𝜃∗ 𝑐𝑜𝑠𝜃∗ 𝑐𝑜𝑠𝜃∗ 

no favorite direction same as direction 
of proton 

same as direction 
of proton 

p 

tbar 

𝜃∗ pbar 



Δ𝜂 for leptons 
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Δ𝜂 asymmetry for leptons 

𝑉 + 𝐴 𝑉 − 𝐴 

in case of V+A, A Δ𝜂  inheriting from A Δ𝑦𝑡  is enhanced 
in case of V-A, A Δ𝜂  inheriting from A Δ𝑦𝑡  is suppressed 
 



Δ𝑦 and Δ𝜂 distribution 
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Δ𝑦 

Δ𝜂 

V V-A V+A 

Δ𝑦 Δ𝑦 Δ𝑦 

Δ𝜂 Δ𝜂 Δ𝜂 

“+” bias “+” bias 

“+” bias 



Δ𝑦 , Δ𝜂 Asymmetry 
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𝐴𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑦 ≡
𝑁+ − 𝑁−

𝑁+ + 𝑁−
 

V V+A V-A 

Δ𝑦 −0.002
± 0.003 

0.538
± 0.002 

0.541
± 0.002 

Δ𝜂 0.001
± 0.003 

0.722
± 0.002 

−0.095 
±0.002 

MC.Stat.Only 

for V+A, A(Δ𝜂) is enhanced, 
for V-A, A(Δ𝜂) is suppressed 

Same positive A Δ𝑦  in both cases of V+A and V-A 



Production Angle after E.S. 
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Event Selection 
𝑙𝑒𝑝𝑡𝑜𝑛𝑠; 𝑃𝑡 ≥ 20 𝐺𝑒𝑉 , 𝜂 ≤ 1.0 
 𝑏 𝑗𝑒𝑡𝑠; 𝑃𝑡 ≥ 15 𝐺𝑒𝑉, 𝜂 ≤ 2.5 
𝑀𝐸𝑇 ≥ 20 𝐺𝑒𝑉  

V V+A V-A 

𝑐𝑜𝑠𝜃∗ 𝑐𝑜𝑠𝜃∗ 𝑐𝑜𝑠𝜃∗ 



Δ𝑦 and Δ𝜂 distribution after E.S. 
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Δ𝑦 

Δ𝜂 

V V-A V+A 

Δ𝑦 Δ𝑦 Δ𝑦 

Δ𝜂 Δ𝜂 Δ𝜂 

“+” bias “+” bias 

“+” bias 



Δ𝑦 and Δ𝜂 Asymmetry after E.S. 
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𝐴𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑦 ≡
𝑁+ − 𝑁−

𝑁+ + 𝑁−
 

V V+A V-A 

Δ𝑦 −0.003
± 0.004 

0.332
± 0.005 

0.614
± 0.004 

Δ𝜂 0.000
± 0.004 

0.517
± 0.004 

−0.001 
±0.005 

MC.Stat.Only 

for V+A, A(Δ𝜂) is enhanced, 
for V-A, A(Δ𝜂) is suppressed 

positive A Δ𝑦  in both cases of V+A and V-A 



Summary 
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-can be measured “POSITIVE” A(Δ𝑦) if V-A or V+A coupling 
-can be measured “POSITIVE” A(Δ𝜂) if V+A coupling 
 (for V-A, A(Δ𝜂) is suppressed) 

Plan 
-take into account the detector acceptance 
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The End 
Thank you!! 



(𝑐𝑜𝑠𝜃0, 𝑐𝑜𝑠𝜃1) distribution 
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Vqqtt V V+A V-A 



Fit 
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(𝑐𝑜𝑠𝜃0, 𝑐𝑜𝑠𝜃1) distribution after E.S. 
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Back Up 



top spinor 
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𝑢 𝑏𝛾𝜇 1 − 𝛾5 𝑢𝑡 𝑢 𝜈𝛾𝜇 1 − 𝛾5 𝑣𝑙  = −2{𝑢 𝑏 1 + 𝛾5 𝑢𝜈
𝐶}{𝑣 𝑙  

𝐶 1 − 𝛾5 𝑢𝑡} 

𝑣𝑙  = 𝑁𝑙  
𝜎 ∙ 𝑙   𝜒

𝑙  

𝜒
𝑙   

 𝑢𝑙 = 𝑁𝑙

𝜙𝑙

𝜎 ∙ 𝑙 𝜙𝑙
 

= 2{𝑢 𝑏 1 + 𝛾5 𝑢𝜈 
𝐶 } 𝑖𝜎2𝜙𝑙

∗ † 1 + 𝝈 ∙ 𝒍 𝜒𝑡  

= 2{𝑣 𝑏 1 + 𝛾5 𝑢𝜈 
𝐶 } 𝑖𝜎2𝜒𝑙  

∗ †
1 + 𝝈 ∙ 𝒍  𝜙𝑡  

for anti-top, similarly 

If take the quantizing axis of top along with  
the lepton flight direction 

1 + 𝜎 ∙ 𝑙   = 1 + 𝜎 ∙ 𝑙 = 1 + 𝜎3 =
2 0
0 0

 

𝜙𝑡 = 𝜒𝑡 =
1
0
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𝑢𝑡=
 𝜑𝑡

0
     𝑣𝑡 =

0
χ𝑡 

 

lepton 

for top 
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Rapidity;  𝑦 = tanh−1
𝑃𝑧

𝐸
 

Δ𝑦 =
2 𝑒

𝑃𝑧
𝐸 + 𝑒−

𝑃𝑧
𝐸

𝑒
𝑃𝑧
𝐸 − 𝑒−

𝑃𝑧
𝐸

 

same direction of proton’s; 𝑃𝑍 > 0 → Δ𝑦 > 0 
against direction of proton’s; 𝑃𝑍 < 0 → Δ𝑦 < 0 

Pseudo Rapidity; 𝜂 = −𝑙𝑛𝑡𝑎𝑛
𝜃

2
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