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b-t a g g i n g  i n  T o p  P h y s i c s
Grant Gorfine 

(W u p p e r t a l )

• Motivation
• I nte r e s ts  in b -tag g ing  top ic s
• P r og r e s s  in b -tag  c al ib r ation
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Motivation
• B u i l d i n g  p i x e l  d e t e c t o r  � n a t u r a l  t o p i c  i s  b-t a g g i n g
• I m p r o v e m e n t s  i n  b-t a g g i n g  a n d  c a l i br a t i o n  a n d  u n d e r s t a n d i n g  t h e  be h a v i o u r o f  b-t a g g i n g  i n  t o p  e v e n t s  � I m p r o v e m e n t s  i n  t o p  m e a s u r e m e n t s  a n d  u n d e r s t a n d i n g  o f  s y s t e m a t i c s .
• T o p  e v e n t s  c a n  be  u s e d  t o  c a l i br a t e  b-t a g g i n g  a n d  p o s s i bl y  c h a r m  t a g g i n g  a n d  l i g h t  j e t  r e j e c t i o n .  I m p o r t a n t  i n  c o m m i s s i o n  p h a s e  a s  w e l l  a s  l a t e r .
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B-t a g g i n g  I n t e r e s t s  o f  
W u p p e r t a l G r o u p
Aim: Improvements to both b-ta g g ing  a nd  top a na l y sis

– C a l i b r a t i o n  o f  t a g  e f f i c i e n c y  a n d  r e j e c t i o n  u s i n g  t t b a r (G r a n t  
G o r f i n e )

– O p t i m i z a t i o n  o f  s e l e c t i o n
– J e t  a l g o r i t h m s  – a s s i g n m e n t  o f  t r a c k s  t o  j e t  (M a r i s a  S a n d h o f f )

• C o m p a r i s o n  b / n K t  a n d  c o n e  a l g o r i t h m s
– V e r t e x i n g (T a t j a n a L e n z )
– T r a c k i n g  (S e b a s t i a n  F l e i s c h m a n n )
– C h a r m  t a g g i n g  (S e b a s t i a n  R e u s c h e l )
– U s e  o f  f l a v o u r t a g  w e i g h t s  i n  k i n e m a t i c f i t .  I m p r o v e m e n t s  o f  f i t .

• R e p e a t  a n d  e x t e n d  w h a t  w a s  d o n e  i n  D Ø.
– I n f l u e n c e  o f  d e t e c t o r  r e a l i s m  – e g m i s a l i g n m e n t  (G r a n t  G o r f i n e )
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B-t a g g i n g  c a l i b r a t i o n
• J e t  c o u n t i n g

– C o m p a r e  0 ,  1 ,  2  t a g g e d  b -j e t s .
• E x p e c t  t w o  a n d  o n l y  2  b-j e t s .
• I f  o n e  c a n  s e l e c t  s a m p l e  o f  e v e n t s  t h a t  h a v e  h i g h  f r a c t i o n  o f  t r u e  t t ba r t h e n  e f f i c i e n c y  ba s e d  o n  c o u n t i n g  t a g g e d  j e t s  i s  l e s s  s e n s i t i v e  t o  w r o n g  j e t  c o m bi n a t i o n s .

• “b-j e t ” s a m p l e
– S e l e c t i o n  t o  g e t  h i g h  p u r i t y  b -j e t  s a m p l e  ( e g b y  t i g h t  c u t s  o n  t o p  m a s s )  � c a n  t h e n  l o o k  a t  b -t a g  w e i g h t  d i s t r i b u t i o n

• N o  b-t a g g i n g  o r
• U s e  b-t a g g i n g  o n  o n e  s i d e  o n l y  ( e g l e p t o n  s i d e )  a n d  m e a s u r e  b-t a g  w e i g h t  o f  b-j e t  f r o m  o t h e r  s i d e  ( e g h a d r o n i c s i d e ) .
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Light Jet and charm jet calibration
• C a n  p o s s i b l y  e x t r a c t  i n f o r m a t i o n  f r o m  j e t  
c o u n t i n g .
– O n l y  e x p e c t  t w o  b -j e t s  � P r e s e n c e  o f  t h r e e  
j e t s  t a g g e d  a s  b -j e t s  g i v e s  i n f o r m a t i o n  o n  m i s -
t a g  r a t e  f r o m  l i g h t  j e t  a n d / o r  c h a r m  j e t .

• U s e  W ’s  f r o m  t t b a r t o  l o o k  a t  l i g h t  j e t  a n d  
c h a r m  j e t  w e i g h t s .
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Progress so far
• J u s t  s t a r t i n g  – r e s u l t s  p r e l i m i n a r y
• L o o k e d  a t  t t b a r e v e n t s ,  n o  b a c k g r o u n d  

– C S C  T 1  s a m p l e  - s e m i l e p t o n i c t t b a r e v e n t s  u s i n g  M C @ N L O .
– ~ 1 0 k  e v e n t s

• L o o k e d  a t  j e t s  i n  b -t a g  c o l l e c t i o n  
– C o n e 4  j e t s  b y  d e f a u l t

• C h e c k e d  t a g g i n g  e f f i c i e n c i e s
• J e t  c o u n t i n g  ( c o m p a r i s o n  o f  0 , 1 , 2  t a g g e d  b -j e t s )
• L o o k e d  a t  t r u t h  i n f o  t o  s e l e c t  e v e n t s .
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Tag Efficiency
T1 sample - t t b ar

IP3D_SV1

l i g h t -j e t s

b-j e t s
εb
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Jet Counting
• U n f i l l e d  h i s t o g r a m

– n u m be r  o f  j e t s  t a g g e d  a s  b-j e t  ( w e i g h t  >  w e i g h t C u t ,  w e i g h t C u t =  5  h e r e )
• R e d  h i s t o g r a m

– n u m be r  o f  j e t s  t a g g e d  a s  b-j e t  A N D  l a be l e d  a s  t r u e  b-j e t .
• D i s c r e p a n c y  m o s t l y  d u e  t o  c h a r m  j e t s

0 1 2 3 4 5
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Jet Counting …
• J e t  c o u n t i n g  (0,1,2 tagged jets)

– ε =  εb x  ε j e t  r e c o n s t r u c t e d  a n d  s e l e c t e d
= Efficiency of b from top being reconstructed and tagged.

– A ssu m i n g h i gh  r ejec ti o n  an d o n l y  2 tr u e b -jets
P rob (2  bj et)  = ε2               = n2 /  n t o t
P rob (1  bj et)  = 2 ε(1 -ε)  = n1 /  n t o t
P rob (0  bj et)  = (1 -ε)2       = n0 /  n t o t
W e get v arious ex pressions for ε ,  eg
ε = 1 / (1 + n1 / 2 n2)    (Eq n 1 )
ε = 1 / (1 + 2 n0 / n1)    (Eq n 2 )
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Jet Counting …

0.347 ± 0.01 40.36 3 ± 0.02 00.445 ± 0.0041 0
0.48 1  ± 0.01 30.51 5 ± 0.01 20.6 1 8  ± 0.0045
0.6 2 1  ± 0.01 30.6 8 0 ± 0.0070.79 1  ± 0.0030
(E q n 2 )(E q n 1 )εbW e i g h t  

ε =  1 / (1 + n 1 / 2 n 2 )   (E q n  1 )ε =  1 / (1 + 2 n 0 / n 1 )   (E q n 2 )

• N o  e v e n t  s e l e c t i o n ,  
• J e t  pT > 1 5 G e V ,  | η| <  2 .5– S t a n d a r d  c u t s  u s e d  w h e n  q u o t i n g  b  –t a g  e f f i c i e n c i e s  
• N o  b a c k g r o u n d

� D i f f e r e n c e s  d u e  t o  n o t  a l l  b -j e t s  b e i n g  r e c o n s t r u c t e d  a n d  
s e l e c t e d ,  o v e r l a p p i n g  j e t s ,  …
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Jet Counting …

0.412 ± 0.0180.43 3  ± 0.0200.444 ± 0.00510
0.56 1 ± 0.0170.6 06  ± 0.0120.6 18  ± 0.0055
0.7 07  ± 0.0180.7 7 4 ± 0.0070.7 9 1 ± 0.0040
(E q n 2 )(E q n 1 )εb *W e i g h t  

• S e l e c t  “g o o d ” t t b a r e v e n t s  u s i n g  t r u t h
– B o t h  b  q u a r k s  f r o m  t o p  a r e  c l o s e  t o  a  r e c o n s t r u c t e d  j e t  
(d e l t a R <  0 . 3 )  

– U n a m b i g u o u s  a s s o c i a t i o n  - n o  o t h e r  q u a r k s  f r o m  t t b a r
n e a r b y  (d e l t a R >  0 . 7 )   - a v o i d  m e r g e d  j e t s

* εb calculated using only b’s f r om  top

� W i t h  g o o d  e v e n t  s e l e c t i o n  e x p e c t  t o  b e  a b l e  t o  e x t r a c t  b -j e t  
e f f i c i e n c y .  N o t  d e p e n d e n t  o n  w r o n g  j e t  c o m b i n a t i o n s .
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Next steps
• N e x t  s t e p s

– U n d e r s t a n d  r e m a i n i n g  d i s c r e p a n c i e s  a n d  
i n f l u e n c e  o f  l i g h t  q u a r k  a n d  c h a r m  q u a r k  o n  
t h e s e  r a t i o s .

– R e p e a t  w i t h  s o m e  r e a l i s t i c  t t b a r a n a l y s i s  a n d  
w o r k  o n  e v e n t  s e l e c t i o n
• U s i n g  k i n e m a t i c f i t  f r o m  D Ø.   

– L o o k  a t  b a c k g r o u n d s

– C a n  b e n e f i t  f r o m  j e t  a l g o r i t h m  w o r k  b e i n g  d o n e  
i n  g r o u p  � b e t t e r  j e t  a s s i g n m e n t s .  
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Summary
• I n t e r e s t s

– C a l i b r a t i o n ,  s e l e c t i o n ,  j e t  a l g o r i t h m s ,  v e r t e x i n g ,  
t r a c k i n g ,  c h a r m -t a g g i n g ,  k i n e m a t i c f i t t i n g .

• S t a r t e d  w i t h  i n v e s t i g a t i n g  t a g g e d  j e t  
c o u n t i n g  i n  t t b a r e v e n t s .
– R e s u l t s  s o  f a r  a r e  e n c o u r a g i n g


