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Introduction	
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�  Top quark is the heaviest particle in the standard 
model. 

�  The mass of top quark is very large, therefore top 
quark has large decay width. 

�  Top quark decay into b quark and W boson before 
hadronization. 

�  We expect  the precise measurement of top quark at 
the ILC. 

�  Measuring the top momentum, we can estimate the 
top decay width. 



Simulation Set Up	
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�  mtop=１７４GeV 
�  √s=３４７GeV 
�  ILD simulation 
�  ４-jet mode (ee->tt->bWbW->bqqblν)  
�  Lint[eL(-80), pR(+30)]=100fb-1  
�  Lint[eR(+80), pL(-30)]=100fb-1  

6.1 ৴߸ࣄ 33

< ੵϧϛϊγςΟ >

ILCͰ 350 GeVۙͰՔಇ͢Δ࣌ͷੵϧϛϊγςΟ 200 fb−1͕༧ఆ͞Ε͍ͯΔɻͦͷͨ
ΊɺຊղੳͰ͖רࠨͱӈ͖רͰͦΕͧΕ 100 fb−1ͷੵϧϛϊγςΟΛఆ͢Δɻ

6.1.2 ่յϞʔυ

τοϓ΄ͱΜͲ bΫΥʔΫͱW Ϙιϯʹ่յ͢Δ͜ͱ͕Θ͔͍ͬͯΔɻͦͷͨΊɺWͷ่յ
ϞʔυʹΑͬͯ৴߸ࣄΛྨ͢Δɻ͜ΕΛ౿·͑ͨͱ͖ɺτοϓ่͕յ͢Δաఔ྆ํͷW

͕ΫΥʔΫͱΫΥʔΫʹ่յ͢Δաఔ tt̄ → bWbW → bqqbqq (”6-Jet”ͱݺশ͢Δ)ͱɺยํ
ͷW ͕ΫΥʔΫͱΫΥʔΫɺ͏ҰํͷW ͕ϨϓτϯͱχϡʔτϦϊʹ่յ͢Δաఔ tt̄ →
bWbW → bqqblν (”4-Jet”ͱݺশ͢Δ)ͱɺ2ͭͷW͕྆ํϨϓτϯͱχϡʔτϦϊʹ่յ͢Δա
ఔ tt̄ → bWbW → blνblν (”2-Jet”ͱݺশ͢Δ) ͕ଘ͢ࡏΔɻ͜ͷதͰ 6-Jetͱ 2-Jetߏ࠶ʹ͓
͚Δτοϓͷࣝผ͕͍͠ɻӡಈྔଌఆͰߏ࠶͢ΔτοϓͷࣝผॏཁͰ͋ΔͨΊɺຊղੳ
Ͱ 4-JetΛ৴߸ࣄͱ͢Δɻ͜ͷ࣌ͷϑΝΠϯϚϯਤΛਤ 6.2ʹࣔ͢ɻγϛϡϨʔγϣϯʹ͓͍
ͯɺτοϓͷ࣭ྔΛ 174 GeVɺαs = 0.12ɺVtb = 1ɺmW = 80 GeVʹઃఆͨ͠ɻ

ਤ 6.2: ৴߸ࣄͷϑΝΠϯϚϯਤ tt̄ → bWbW → bqqblν (4-Jet)



Reconstruction	

�  Isolated Lepton Tag (# of lepton = １) 
�  Jet reconstruct (# of jet = ４) 
�  b quark tag (most likely b and second most likely b) 
�  reconstructing W- and W+ (One is residual ２-jet and  

the other is Isolated Lepton + missing ４ momentum) 
�  reconstructing top (from W+ boson + b quark) and                   

reconstructing anti-top (from W- boson + anti-b 
quark) 
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Analysis	

�  wrongly reconstructed top quark 
     (W+ +    )  and    (W-  +    )  

W+	

W-	

b
t

b

t
b bt t

To decrease the wrong combination, we check the three 
components of b and anti-b quark momentum	
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Correct Assignment	
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イメージを表示できません。メモリ不足のためにイメージを開くことができないか、イメージが破損している可能性があります。
コンピューターを再起動して再度ファイルを開いてください。それでも赤い x が表示される場合は、イメージを削除して挿入して
ください。

Pbbar_y_rec-Pbbar_y_MC	

σz=１.８６	

Pbbar_x_MC - ５σx  <   Pbbar_x_rec   <   Pbbar_x_MC + ５σx  
Pbbar_y_MC - ５σy  <   Pbbar_y_rec   <   Pbbar_y_MC + ５σy 	
Pbbar_z_MC - ５σz   <   Pbbar_z_rec   <   Pbbar_z_MC + ５σz 	

Pbbar_x_rec-Pbbar_x_MC	 Pbbar_z_rec-Pbbar_z_MC	

σy=１.９５	

イメージを表示できません。メモリ不足のためにイメージを開くことができないか、イメージが破損している可能性がありま
す。コンピューターを再起動して再度ファイルを開いてください。それでも赤い x が表示される場合は、イメージを削除して挿
入してください。

σx=１.９７	

We confirm that six components(bx, by, bz, bbarx, bbary, bbarz ) satisfy these 
conditions. 
If so, Correct Assignment(CA)=+1.   
If not so, CA=-1 
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イメージを表示できません。メモリ不足のためにイメージを開くことができないか、イメージが破損している可能性があります。コ
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σx=１.９７	 σy=１.９５	 σz=１.８６	



Correct Assignment(χ２)      	
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6.2 τοϓΫΥʔΫରͷߏ࠶ 37

6.2.6 τοϓΫΥʔΫͷߏ࠶ͱ χ2ʹΑΔΈ߹Θͤ

bΫΥʔΫͱW ΛΈ߹Θͤͯෆม࣭ྔΛΉ͜ͱͰτοϓΛߏ࠶͢Δɻ͜͜Ͱɺ·ͣط
ଘͷํ๏Ͱ͋Δ χ2ΛͯͬδΣοτͷΈ߹ΘͤΛબఆ͢Δɻχ2ࣜ (6.5)Ͱఆٛ͞ΕΔɻ

χ2
4−Jet =

(mt −m3jet)2

σ2mt

+
(mw −m2jet)2

σ2mw

+
(mt −mj+l+ν)2

σ2mt

(6.5)

͜ͷ χ2͕࠷খʹͳΔΈ߹ΘͤΛબͿɻ͜͏ͯ͠ߏ࠶ͨ͠τοϓʹରͯ͠ࣄબผΛ͍ߦɺͦ
ͷޙͰӡಈྔଌఆʹదͨ݅͠Λ͍ͯ͑͘ߟɻ１８７６１	

８５８８	



Correct Assignment(cosθbW is minimum)	
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Correct events increase １４.８% 	

１４７０６	

１２６４３	



ΔPt=|Pt_rec – Pt_MC|	
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6.2 τοϓΫΥʔΫରͷߏ࠶ 37

6.2.6 τοϓΫΥʔΫͷߏ࠶ͱ χ2ʹΑΔΈ߹Θͤ

bΫΥʔΫͱW ΛΈ߹Θͤͯෆม࣭ྔΛΉ͜ͱͰτοϓΛߏ࠶͢Δɻ͜͜Ͱɺ·ͣط
ଘͷํ๏Ͱ͋Δ χ2ΛͯͬδΣοτͷΈ߹ΘͤΛબఆ͢Δɻχ2ࣜ (6.5)Ͱఆٛ͞ΕΔɻ

χ2
4−Jet =

(mt −m3jet)2

σ2mt

+
(mw −m2jet)2

σ2mw

+
(mt −mj+l+ν)2

σ2mt

(6.5)

͜ͷ χ2͕࠷খʹͳΔΈ߹ΘͤΛબͿɻ͜͏ͯ͠ߏ࠶ͨ͠τοϓʹରͯ͠ࣄબผΛ͍ߦɺͦ
ͷޙͰӡಈྔଌఆʹదͨ݅͠Λ͍ͯ͑͘ߟɻ

cosθbW is minimum(θ~２π)	

Black : total 
Red    : CA=+1 
Blue   : CA=-1	

Black : total 
Red    : CA=+1 
Blue   : CA=-1	

χ２
４-jet is minimum	

b	W+	 t	

If we choose the CA=+１, large ΔPt(>２０GeV) events decrease.	



Top Quark Momentum Distribution(eL-８０,pR+３０)	
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Black : MC truth (２７３４９) 
Blue : Reconstruct(Ozawa-san’s result) (２７３４９) 
Red : Correct Assignment = +１（１２６４３） 
Green : Correct Assignment = -１（１４７０６）	



Uniforming the Event Number (#=２７３４９)	
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Black : MC truth 
Red    : CA=+１ 
Blue   : Ozawa-san’s result	



Peak Position of Momentum Distribution	
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P_peak=１８.５±０.２４８GeV 

Ozawa-san’s result	 CA=+１	 MC truth	

P_peak=１９.９±０.２４３ GeV	 P_peak=１７.５±０.２５０ GeV	

The value of peak position closes to MC truth, but statistic uncertainty is not so good. 
 
Peak :  １９.９ -> １８.５　 
Statistic uncertainty : ０.２４３ -> ０.２４８	



Summary	

�  We expect  the precise measurement of top quark at the 
ILC in the threshold region of top pair production. 

�  Measuring the top momentum distribution and fitting 
the distribution into the distribution function which 
parameter is the top decay width, we can estimate the top 
decay width.  

�  If we  define the Correct Assignment (CA) and require 
CA=+１, we can decrease the wrongly reconstructed top 
quark. 

�  If we require the CA=+１, The value of peak position 
closes to MC truth, but statistic uncertainty is not so 
good. 
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Plan	

�  I will explore the event of CA=-１, and I will check 
what is wrong. 

�   I will try to fit the top momentum distribution for all 
range, using the distribution function[fmomentum(Γtop)].  
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