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Measurement of b jets
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• Tag jets coming from fragmentation of beauty quarks:  
- unbiased selection on the kinematics of the hard scattering, even in the 

presence of an (underlying) heavy-ion collision 
- allow the study of energy loss redistribution in Pb-Pb collisions 

• Main analysis steps: 
1. Jet-finding: jet reconstruction with charged tracks 
2. b-jet tagging: exploit long lifetime (cτ ~ 500 μm) and large mass  (~ 5 GeV/c2) 

of B mesons 
3. Corrections: unfold jet energy resolution and correct for b-tagging efficiency 

and charm/light flavour contamination 

• b-jet tagging:  
- impact parameter of tracks within jet cone  
- reconstruction of secondary vertexes (SV) and its properties 
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b-jet tagging via track impact parameter

jet axis

primary 
vertex

secondary 
vertex

DCA

θ

sign : sign of scalar product of jet direction and the vector 
from primary vertex to the point of DCA 

θ < π/2 → positive (+) 
θ > π/2 → negative (-)

Jet Axis

track originated from the primary vertex

resolution effect is symmetric wrt primary vertex,

Thus yield of positive SIP tracks are same as the 

yield of the negative SIP tracks

δ<0 δ>0

axis perpendicular 
to the jet axis

• Signed impact parameter :
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• Signed impact parameter : Impact parameter distribution of all tracks (pT > 1 GeV/c) 
inside given flavor jet

b-jet tagging via track impact parameter
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Track counting method

The probability to have several tracks with high positive values is high for b jets due to the 
displaced secondary vertex. 

1. Sort tracks in a jet by decreasing values of the signed impact parameter  
2. Impact parameter of the Nth most displaced track used as discriminator 
3. Select jets which have large discriminator exceeding certain threshold (d0min) 
4. Subtract contamination from charm and light-flavour jets and correct for efficiency
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Estimation of b-tagging efficiency and contamination

Njet = Nbjet +Ncjet +Nljet

• Before applying tagging algorithm : too small S/B 

• After applying tagging algorithm :

N tagged
jet = N tagged

bjet +N tagged
cjet +N tagged

ljet

N tagged
jet = ✏bjet ⇥Nbjet + ✏cjet ⇥Ncjet + ✏ljet ⇥Nljet

(Nbjet < Ncjet ⌧ Nljet)

Nbjet =
1

✏bjet
⇥

⇣
N tagged

jet � ✏cjet ⇥Ncjet + ✏ljet ⇥Nljet

⌘

•  Correct MC to resemble data and estimate Ncjet, Nljet, !bjet, !cjet and !ljet based on 
corrected MC 
1. For Ncjet, Nljet : Correct yields of charm and light components in MC based on data 
2. For tagging (mis-tagging) efficiency (!bjet, !cjet,!ljet) : Correct sIP distribution of each 

flavor jet in MC based on data
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MC correction done in b→e analysis 
•  Weighting procedure : statistically varying the yield (do not create or remove the 

track) in MC
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•  As a result : 
➡ pT dependent yield of each hadrons was corrected in MC 
➡ Since the IP distribution difference is caused by different composition of each hadrons 

and different pT spectrum shape of each hadrons, the discrepancy of impact 
parameter distributions between data and MC was automatically corrected 
(resolution difference was considered separately → effect was small ) 
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Weighting procedure in b-jet analysis 
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• Problem :  
- Weighting procedure done in b→e analysis (statistical variation) cannot affect 

on jet reconstruction 
- It’s not trivial to estimate correct Ncjet, Nljet 
- Estimation of b-jet yield with following equation is not straightforward : 

Nbjet =
1

✏bjet
⇥

⇣
N tagged

jet � ✏cjet ⇥Ncjet + ✏ljet ⇥Nljet

⌘

• Linus’ approach :  
- Make discriminator (signed impact parameter of nth most displaced track) 

templates of b-jet, c-jet and light-jet and fit the data directly after jet 
reconstruction 
➡ Correction is done for sIP distribution of each flavor jet in MC  

- pT shape of each hadrons and their relative composition in each flavor jet 
- Resolution correction  



Minjung Kim, Inha University

sIP templates for b-jet tagging
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✓  Cannot change the discriminator 
track itself (i.e. if we apply the 
global weighting, the probability 
to take the track from certain 
source as discriminator would be 
changed (ex. B→π+ to K0s→π+))   

• sIP templates for each flavor jet :  
- Make discriminator (signed impact parameter of nth most displaced track) templates 

of b-jet, c-jet and light-jet and fit the data directly after jet reconstruction 
➡ Correction is only needed for sIP distribution of each flavor jet in MC  

- Linus’ procedure  
1. Calculate the weighting factor using standalone MC (same configuration of MB 

MC sample, for better statistics) 
2. Global mean and sigma of impact parameter correction on MC (for calibration/

resolution difference correction) 
3. Once the discriminator track is selected, apply the weighting factor and fill the 

sIP template 
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LHC14g3a

LHC14g3a (b,c enhanced sample)
red : b-jet 

green : c-jet 
blue : light jet

✤ Category based on ALICE measurements : 
• Primary particles (particles from quark and gluon) are categorized as itself

• Remove resonances (i.e. k*), since their decay daughters are already included in 

measured spectra

• feed-down pion from light mesons are categorized as primary pion

• feed-down protons from Xi baryons are excluded from proton and labelled as Xi


✤ “Else” consists of muon and electron directly decaying  from short lived 
particles 

✤ For B hadrons, FONLL spectra should be used 

Source category for weighting procedure  



Minjung Kim, Inha University
11

b
Λ

cB sB ±B 0B cΛ s
D ±D 0D -Ξ 0Ξ Λ protonneutron s

0K
L
0K ±K 0π ±π else

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

hsbeauty_b
Entries  5037302
Mean    69.29
Std Dev     15.11

LHC14g3b

LHC14g3b (light enhanced sample)
red : b-jet 

green : c-jet 
blue : light jet

Source category for weighting procedure  



Minjung Kim, Inha University
12

Discriminator distribution of light flavor jet 
hcom
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Weighting procedure for sIP template
• Different weighting procedures for sIP template :  

- Linus’ method  
1. Sort the tracks by their signed impact parameter 
2. After choosing the discriminator track, check its source 
3. Fill the discriminator template with weighting factor  

  
- Sampling method 

1. Loop over the all tracks in given jet and check their source and weighting factor (w) 
2. If w is less than 1, remove the track with probability 1-w, using random sampling.     

If w is larger than 1, copy the track information (sIP, weighting factor,..) and add to 
next jet with probability w-1 
✤ Assumption : adding the tracks to next jet is equivalent to adding it to random jet 

3. Sort the added and survived tracks by their sIP and make the discriminator 
template  

ex.)  If a track has w = 1.2, copy it and add into next track with w-1 = 0.2 probability.  
                   If a track has w = 0.8, remove the track with 1-w = 0.2 probability 
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2nd most displaced tracks 
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jet pT  > 10 GeV/c 
global tracks only 

track pT > 1 GeV/c 
DCA to Jet axis < 0.07cm

Applying constant weighing factor 1.5 for tracks originating from K0s

pure MC 
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LHC14g3b

Weighting procedures for sIP template
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sampling method / pure MC Linus method / pure MC 

2nd most 
displaced tracks 
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yield of tracks from K0s 
→more chance to have 
larger sIP value as 2nd 
most displaced tracks 
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by resolution effect 

➡ difference is less 
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tracks from k0s by 1.5

Weighting procedures for sIP template
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2nd most displaced tracks 

cm cm

3rd most displaced tracks 
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Weighting procedures for sIP template
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Weighting procedures for sIP template
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Outlook 
• sIP template fit :   

- Make weighting factors (Data/MC) for current MC (LHC14g3a, LHC14g3b)  

- Using the random sampling method, get corrected sIP templates for each flavor jet 

- Since different composition and pT shape is expected between global tracks and jet 
constituents, in principle, weighting factor should be obtained based on jet constituents 
(only few measured data available) 

•  Alternative strategies :   
- Jet probability method : instead of using sIP of Nth most displaced track, use all (or 

several qualified) tracks sIP information together (https://cds.cern.ch/record/1427247) 

✓reduce bias from selecting one tracks among jet constituents 

✓still have a issue on correcting MC 

- Adopt “embedding” framework : correct MC before Jet reconstruction  

✓reduce bias from jet reconstruction procedure 

✓It will takes some time to introduce the framework into current workflow (http://
alidoc.cern.ch/AliPhysics/master/_r_e_a_d_m_eembedding.html) 
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Backup
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MC correction
The difference of impact parameter distributions between data and MC is due to 
the following reasons :  

1. MC can’t perfectly describe pT and η distribution of each hadrons  
2. Different composition of hadron species in data and MC 
3. Resolution difference between data and MC 

➡ In b→e analysis, we resolved 1) and 2) by re-weighting MC based on measured 
spectra 

0 1 2 3 4 5 6 7

3−10

2−10

1−10

1

K0s_min_bias

parameterize measured spectrum  
(i.e. Levi-Tsallis function)

 (GeV/c)
T

p
2 4 6 8 10 12 14 16 18 200

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

pion
eta
omega
phi
etap
rho
lambda
k0s
kaon

Ratio between particle yields for (cocktail parameterization)/HIJING

calculate weighing factor (data/MC) Apply weighting factor 
during the analysis

0.3− 0.2− 0.1− 0 0.1 0.2 0.3

5−10

4−10

3−10

2−10

before applying weighting factors

after applying weighting factors

 e impact parameter→d 

1 GeV/c < pT < 2 GeV/c red: weighted  
black : pure MC 

dca(cm)



Minjung Kim, Inha University
23

MC correction
The difference of impact parameter distributions between data and MC is due to 
the following reasons :  

1. MC can’t perfectly describe pT and η distribution of each hadrons  
2. Different composition of hadron species in data and MC 
3. Resolution difference between data and MC 

➡ In b→e analysis, we resolved 3) by smearing resolution difference in MC

Evaluate the resolution effect by 
Gaussian fit in data and MC

  9

Checks and Corrections - Resolution

● Electron dca distributions cannot be compared to 
data, but hadrons are mostly from primary vertex

● Pion DCA distribution can be looked at with TPC 
cut around pions

● Some pions produced at the primary vertex, some 
come from secondary decays

● Get a comparison of the resolution by fitting a 
Gauss only in the peak region (+- RMS of 
distribution)

● Result shows about 10% worse resolution in data 
where background is dominant

● Ratio of the widths gives ratio of resolutions

● Not in the correlation matrices of the track 
parameters

● Correction method (to keep statistics correct):

– Make resolution worse for every single track by 10% 
given that tracks resolution

– This is done by adding a (Gaussian) random value to the 
dca in such a way that

● Final resolution lower, but with Poisson statistics 
intact 

σ final

2 =σ initial

2 +σGauss

2

Dca distributions with Gaussian fits

Add a (Gaussian) random value to the dca in such a way : 

σfinal
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2 +σGauss
2  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