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FLOWCHART FOR FLAVORTAGGINGIN LCFIPLUS

Primary Vertex Finder

Secondary Vertex Finder

JetFinder(Jet Clustering)

Jet Vertex Refiner

Flavor Tagging
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Å Good track selection for vertexing
Å Find Primary vertex

Å Find secondary vertex candidates

Å Cluster PFOs into Jets

Å Integrate vertices in jets into upto 2
corresponds to B/D vertices

Å Jet flavor is evaluated
MVA is used for flavor separation

Å Vertex finding strategyof LCFIPlus:

ÅVertex finding first, Jet finding second
Å All the vertex candidates in a event are checked
Å Jet finding with replaced particles

Reconstructed vertices are regarded as one particle



FLAVORTAGGER
ºUse Multivariate Analysis(MVA)

· Classifier: Boosted Decision Tree(BDT)

· For Flavor separation of b/c/uds jets

· Categorize using vertex condition in a jet and train independently

This categorization is coming from JetVertexRefiner

ºVtx: no, 1vtx,              1vtx+1single track,    and      2vtx

· 2 output type: b- likeliness and c- likeliness

º Example: distribution of each Higgs decay mode:
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HĄbb HĄcc HĄgg



TOPICSDEVELOPEDSINCEDBD

º Jet clustering algorithms

· Durham

· Anti- kT

· Valencia

· Beam jet rejection included

º Joint Probability distribution using histograms

ºExtract all the input variables available for flavor tagger 
construction
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JET CLUSTERINGALGORITHMS

ºDurham

· the only implementation at DBD ver. LCFIPlus

º Introduce beam induced jets rejection 

ºώ
ȟ

ȟώ

smaller beam rejection becomes stronger

· Particle i with yij>ybeamis discarded
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JET CLUSTERINGALGORITHMS

º kT algorithm

·Mainly used for beam pileup rejection in CLIC

ºώ
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Rparameter: beam rejection parameter

smaller beam rejection becomes stronger

· Particle i with yij>ybeamis discarded
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JET CLUSTERINGALGORITHMS

ºValencia

· Intermediate of Durham and kT

ºώ
ȟ

ȟώ ὖὸ

Rparameter: beam rejection parameter

smaller beam rejection becomes stronger

· Particle i with yij>ybeamis discarded
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JET CLUSTERINGWITHBEAMBACKGROUNDREJECTION
ºCompare the performance between Durham, Kt and Valencia
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w/o beam b.g. rejection
Kt
Durham
Valencia

Å 2 jet clustering
Å Parameters are tuned 

for better result



JET PROBABILITY

º Joint probability

· Product of PDF on signed impact 

parameter(d0/z 0) significance that 

the track comes from the primary vertex

ºDBD ver. : PDF is formed using hard- coding simple function

·Optimized within DBD ver. framework

·Will not be good when vertex configuration is different

Use histograms 
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JOINT PROBABILITYHISTOGRAMS

ºWe added histogram in vertex probability file to be used as 
Joint probability instead of the hard- coded function

· Default PDF histograms are already provided

º In addition, we included the macro which can create Joint 
probability PDF histogram files for any jet situation

ºBug: SEGV with old vertex probability files

soon be fixed
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LCFIPLUS IMPROVEMENT

º For better flavor tagger, we need
· Find secondary/tertiary vertices as many as possible

· Perfect reconstruction of B/D meson mass
ºPerfect attachment of charged particles

ºRecover lost component(especially neutrals)

· Better variables which can separate jet flavors

ºWe found that we can acquire flavor tagging improvement:
· Vertex finding efficiency improvement introduce a new algorithm

· Vertex Mass Recovery using escaping 0s

· Better flavor separation for jets of 0 vtx

ºMuch help is necessary!:
· Particle IDis one of the key to flavor tagging improvement

º To classify vertices

· Pi0 reconstruction is other key for vertex mass recovery
º First of all, pi0 is necessary!
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ADAPTIVEVERTEXFITTING
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º To introduce the effect of multi- vertex fitting 
· Introduce weight function to estimate vertex which a track belongs to 

·Weight function definition: k- th - th vertex

· Parameter: temperature T 
º If T very small minimization(almost same as DBD LCFIPlus) 

º If T large, multi- vertex effect becomes large

· In multi- vertex environment, weight on 

a vertex will degrade

becomes harder to attach tracks to vertices

in multi- vertex environment

can reject fake tracks well!

º Thanks to weight function, we can loosen 

the track quality selection 

vertex finding eff. will be improved!
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IMPACTOF ADAPTIVEVERTEXFITTING
ºCommonparameters are set at same values for comparison

º Same event sample(qqHHsample@500GeV) 19889 events

º 6 jet clustering, jet matching with MCtruth is performed

ºNum. of jets with vertex:

º Total jets with vtx: 1.4%increased

· Jets with 2vtx: ~22% increased good for bjet ID!

· Jets with 1vtx: ~3% increased good for uds jet separartion!

º Fake track rate per vtx: how many fake tracks contaminate on 
vertices?

· Almost same slightly better!
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method bjet with 2vtx bjet with 1+1vtx bjet with 1vtx total

DBDLCFIPlus 10581 9104 12847 32532

AVF 13190 6576 13233 32999

method bjet with 2vtx bjet with 1+1vtx bjet with 1vtx

DBD LCFIPlus 0.029 0.001 0.013 0.0012 0.055 0.002

AVF 0.025 0.001 0.012 0.0013 0.055 0.002



IMPACTOF ADAPTIVEVERTEXFITTINGFOR C JETS
ºCommonparameters are set at same values for comparison

º Same event sample(nnHsample@500GeV) 100k events

· H cc about 7k events

º 2 jet clustering, jet matching with MCtruth is performed

º Total jets with vtx: 4.8%increased

· Jets with 2vtx: increased but too small to say something

· Jets with 1vtx: ~5% increased good for uds jet separartion!

º Fake track rate per vtx: how many fake tracks contaminate on 
vertices?
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method cjet with 2vtx cjet with 1+1vtx cjet with 1vtx total

DBDLCFIPlus 46 153 5987 6186

AVF 64 145 6283 6492

method bjet with 2vtx bjet with 1+1vtx bjet with 1vtx

DBD LCFIPlus 0.00 0.00 0.012 0.006 0.0014 0.004

AVF 0.00 0.00 0.018 0.006 0.0012 0.004



BNESS TAGGER
º Flavor separation of 0vtx jet is most difficult situation
·Only impact parameter implies the existence of secondary vertices for 

flavor separation

ºBNesstagger will be worth trying in this case!
· Developed in CDF

· Focus on individual tracks and evaluate jet flavor only using single track

· potential for coming from heavy flavor particle(D&B meson and 
baryons) should be evaluated(using MVA)

ºDifficulty in ILC
· In CDF, it is important to separate b and other quark 

separation is not required

· In ILC, separation among b, c and bc separation 
is a key for flavor tagger 

ºHow is bc(& bl) separation using BNesstagger? 16



BNESS OUTPUT
ºCollect Highest score BNesstrack in 0vtx jets

º Final BNessis defined as BNess(bl)+ BNess(bc) 

ºWell separated between bjets and l jets

ºDifference can be seen between bjets and cjets
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BNess(bc)

BNess(bl)

bjet
cjet
ljet



RESULTSOF BNESS TAGGERON FLAVORTAGGING

ºConstruct 

· Convert nominal input variables to BNesstaggervariables

· Compare with ROC curve

ºBoth of bc and bl separation cases, 

some improvement can be obtained

ºNeed optimization

ºEspecially, precise study of b- c- l flavor 

separation is necessary
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BETTER

BETTER



VERTEXMASSRECOVERY
ºUsing pi0s which escape from vertices

· Need to choose good pi0 candidates construct pi0 vertex finder

· Key issue pi0 kinematics, very collinear to vertex direction

ºParticle ID is the other key to classify vertices

· Different particle patterns have different vertex mass patterns 

ºConstruct Pi0 Vertex finder

using MVA

· Identify which vertex pi0s are coming from
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3 tracks in bjet
Reconstruction
Perfect
Pi0 finder 

Pi0 from vertex
Pi0 from primary

K+


