
by

Pi =

∫ ∞
b/σb

f(x)dx
∫ ∞
0 f(x)dx

.

For a set of N tracks the probability that all N tracks originate from the IP
is

PJ = y
N−1
∑

k=0

(− ln y)k

k!
, y =

∏

i

Pi .

The joint probability is the observable PJ , calculated for the set of tracks that
pass the track selection cuts described in Section 2.2 as well as an upper cut on
impact parameter of 5 mm and on impact parameter significance of 200. It is
calculated separately for the R-φ and the R-z impact parameter significances.
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Fig. 7. Joint probability for all tracks in the jet passing the track selection cuts to
originate from the primary vertex. This probability is calculated separately from (a)
the R-φ impact parameter significances and (b) the impact parameter significances
in R-z.

As can be seen from the resulting PJ distributions shown in Fig. 7, light quark
jets tend to have values closer to 1, while the distributions for b and c jets
peak at zero.

In the case that more than one vertex is found, observables derived from these
additional vertices provide a more powerful means to distinguish between b, c
and light quark jets. The following set of eight variables is used in that case:

• The decay length and decay length significance of the vertex with the largest
decay length significance in three dimensions with respect to the IP;

• The momentum |p| of the set of tracks assigned to the decay chain (see
below);

• The pT -corrected vertex mass, calculated as described below;
• The number Ntrk,vtx of tracks in all non-primary vertices;
• The secondary vertex probability of the tracks assigned to the decay chain; a
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LCFIVertex	

2	

Calo / VXD 
Hits	 Tracking	

Particle Flow 
(Pandora)	

Jet Clustering 
(Durham)	

Vertex Finder 
(ZVTOP)	

Flavor Tagging 
with Neural 

Net 

Vertex Charge 
Reconstruction User Analysis	

LCFIVertex Package	
NN training	
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Status of LCFIVertex	

•  Work on LCFIVertex has 
been on hold since ~2007 

•  #e work by UK group is 
now well-documented; 
NIM paper published 

•  Asia group will take over 
responsibilities for 
maintenance and 
development 	

3	
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LCFIVertex Tasks	
•  fundamental improvements 
–  jet-clustering, $avor-tagging 

•  impact on detector optimization 
–  parton charge identi%cation 
–  (performance check using beam background) 

•  maintenance work 
–  validation of LCFIVertex results when other code 

changes 
–  (redesign LCFIVertex output for consistency with 

LCIO philosophy) 
–  (monitoring tools) 

4	T. Tanabe	ILD Workshop 2010, Paris	



LCFIVertex Task List	

Task	 Assignment	
Jet Clustering / Flavor Tagging	 T. Suehara, T. Tanabe	
Parton Charge Identi%cation	 (TBD)	
LCFIVertex Validation	 Y. Takubo	
Coordination	 H. Ono, A. Miyamoto	
FPCCD Digitizer	 K. Yoshida, Y. Takubo	

5	

See	  talks	  by	  K.	  Yoshida	  in	  Detector	  OpMmizaMon	  WG	  Phone	  MeeMngs	

Details	  next	  slides.	

New	  email	  list	  for	  LCFIVertex	  development	  
SVN	  accounts	  are	  set	  up	  (thanks	  to	  Frank)	  
People	  with	  permanent	  posiMons	  are	  responsible	

T. Tanabe	ILD Workshop 2010, Paris	
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Jet Clustering & Flavor Tagging	
•  many important analyses use ≥6 jets 

(e.g. ZHH, ttH) 
–  improvement in jet-clustering/$avor-

tagging is essential in order to achieve the 
target precision 

•  jet-clustering could be improved by: 
–  use of vertex information 
–  physics-motivated jet %nding (mass-like 

constraint) 
•  $avor-tagging could be improved by: 

–  using jet substructure information (sub-
jets, multiplicity) 

–  using kinematic variables (which are not 
currently included) 

6	

t-‐>bW	

t-‐>bW	

H-‐>bb	
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Lepton Momentum
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Lepton pT Shape	

Tail	  is	  due	  to	  error	  in	  
reconstructed	  jet	  direcMon	
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Parton Charge ID	
•  Motivated e.g. by 

measurement of ALR in 
e+e- -> Z -> bb/cc 

•  Provides quantitative tools 
to optimize the detector 
–  basically the track 

momentum cut should be 
as low as possible and the 
beam pipe as thin as 
possible 

•  Performance check for 
two-jet events is available; 
will check for many-jet 
events. 

9	

Chris	  Damerell	

imperfecMons	  e.g.	  
due	  to	  missed	  tracks	
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Validation: v01-07 vs. v01-06	

•  Comparison of LCFIVertex performance 
between ilcso! v01-07 and v01-06 (by 
Y. Takubo) 

•  Neural-net retraining was done using Z->qq 
samples 
–  Independent samples are used for the training and 

the performance checks 
•  Performance seems to get worse (!) despite the 

distributions are similar	

10	T. Tanabe	ILD Workshop 2010, Paris	



Neural Net Variables	

b-‐tag	

c-‐tag	

b/c	  tag	  	  	  	  b-‐tag	  for	  Nvtx=2	

Most	  important	  variable	  for	  2	  jet	  samples	  at	  Ecm=91.2	  GeV	

Most	  important	  variable	  for	  2	  jet	  samples	  at	  Ecm=500	  GeV	

c-‐tag	

b-‐tag	

b/c	  tag	  for	  Nvtx=3	  
c-‐tag	  for	  Nvtx=2	

(only	  the	  primary	  vertex	  is	  found)	

Flavour tag inputs - 2+ vertices

• PT-corrected mass (MPT)

• Calculate vertex mass Mvtx and 

momentum p using tracks of decay 

chain before corrections, assigning 

pion masses to the tracks;

• p2 (1-cos2 !vtx) ! " Mvtx
2, where "=3 

is a user-defined parameter, !vtx is the 

angle between the seed vertex and the 

vertex momentum.

If condition fails, MPT = 0;

• Minimise vertex PT wrt vertex axis, 

seed vertex is recalculated.

(error matrix of vertex is used).

• MPT ! "corr Mvtx, "corr is a user-defined 

parameter.

9

MPT =
�

M2
vtx + |pT,vtx|2 + |pT,vtx|

Friday, 12 June 2009
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Impact Parameter Signi%cance 

d0	

d0/σd0	

z0	

z0/σz0	

v01-‐07	  
v01-‐06	

v01-‐07	  
v01-‐06	

#e %t to the signi%cance was performed using Zqq samples. 

•  #e %t result is similar to v01-06. 

ILD Workshop 2010, Paris	 12	Y. Takubo	

Neural-net retraining was done using the new %t results.	



Efficiency vs. Purity 
#e efficiency vs. purity was checked with Zbb/cc/uds samples.  
•  bb/cc/uds events are normalized to the BR of Z decays. 

  BR(bb): 15.12% 
  BR(cc): 12.03% 
  BR(uds): 42.76% 

•  Background is de%ned as: 
  b-tag: cc/uds   
  c-tag: bb/uds 
  bc-tag: bb 

Purity-‐efficiency	  in	  v01-‐07	  is	  
worse	  compared	  to	  v01-‐06.	

Efficiency	

Pu
ri
ty
	

b-‐tag	

bc-‐tag	

c-‐tag	

v01-‐06	  
v01-‐07	
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Distribution of joint probability (rφ) 
•  #e distributions of the joint probability for r-phi were 
compared with that of v01-06. 

•  #e distributions are similar (also for r-z).	

v01-‐07	

uds	

cc	

bb	

v01-‐06	

uds	

cc	

bb	

Distribu1ons	  of	  joint	  probability	  for	  rφ	
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Decay Length, pT Corrected Vertex Mass, Secondary Vertex 

v01-‐07	

v01-‐06	

v01-‐07	

v01-‐06	

v01-‐07	

v01-‐06	
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Summary	

•  A!er a short hiatus, the development and 
maintenance of LCFIVertex will now continue. 

•  Ongoing and planned studies for jet-
clustering/$avor-tagging/parton charge (%rst 
round of updates around 2010 Q3-Q4) 

•  LCFIVertex performance gets worse in v01-07; 
the cause will be investigated.	

16	T. Tanabe	ILD Workshop 2010, Paris	


