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J/𝝍 production in heavy ion collisions

卢鹏忠 中国ALICE实验学术研讨会

Early creation: J/𝝍 experience entire evolution of the quark-gluon plasma

Dissociation in QGP: static and dynamic

Other effects:
l (Re)generation
l Medium-induced energy loss
l Formation time
l Feed-down contributions
l Cold nuclear matter effects
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J/𝝍 production in heavy ion collisions

卢鹏忠 中国ALICE实验学术研讨会

l J/𝝍 mesons are produced in 2 ways:
• Prompt:

ü Directly from heavy ion collisions
ü Indirectly from heavier states as 𝝌𝒄 and 𝝍"

• Non-prompt from b-hadrons decays
ü No (re)generation effects
ü Mass dependent medium effects

l Different mechanisms of non-prompt and 
prompt J/𝝍

l Essential for understanding the 
charmonium suppression in heavy-ion 
collisions

A. Andronic, EPJC 76 (2016) 107

J. Adam JHEP 07 (2015), 051
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Inclusive J/𝝍 via standard method
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• The S/B is very challenging in the 

standard J/𝝍 analysis, particularly 

in Pb-Pb central collisions. 

• Multiple Variables Analysis (MVA) 

techniques is one of the approach 

to improve the S/B and suppress 

the large background.

standard method (Xiaozhi, Alena) 
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Datasets and pre-selection

卢鹏忠 中国ALICE实验学术研讨会

p Datasets:
ü LHC18q and LHC18r

p Event cuts:
ü 𝑇𝑃𝐶𝑉! < 10 𝑐𝑚, 𝑉𝑡𝑥 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑜𝑟 > 1
ü Physics Selection, INT7
ü Pile-up cuts

p Track quality cuts:
ü 1 𝐺𝑒𝑉/𝑐 < 𝑝" , 𝜂 < 0.9, Reject kinks
ü 𝐷𝐶𝐴#$ < 1 𝑐𝑚, |𝐷𝐶𝐴!| < 3 𝑐𝑚
ü 𝑇𝑃𝐶 𝑅𝑒𝑓𝑖𝑡, 50(70) < 𝑇𝑃𝐶 𝐶𝑟𝑜𝑠𝑠𝑒𝑑 𝑅𝑜𝑤𝑠 < 160
ü 𝑇𝑃𝐶 𝜒% < 3.0(2.5)
ü 0.8 < 𝑇𝑃𝐶 𝐶𝑟𝑜𝑠𝑠𝑒𝑑 𝑅𝑜𝑤𝑠 𝑂𝑣𝑒𝑟 𝐹𝑖𝑛𝑑𝑎𝑏𝑙𝑒 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑠
ü 𝐼𝑇𝑆 𝑅𝑒𝑓𝑖𝑡, 0 < 𝐼𝑇𝑆 𝜒% < 36, 𝑆𝑃𝐷 𝑎𝑛𝑦

p Electron PID cuts:
ü 𝑇𝑃𝐶 𝑛&' < 4.0(3.0)
ü 𝑇𝑃𝐶 𝑛&

()*+*, > 2.0(3.5)
ü 𝑇𝑃𝐶 𝑛&- > 2.0(3.5)

p Pair Prefilter 50 𝑀𝑒𝑉/𝑐#

Green color is standard method cut
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Input features and hyper-parameters
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Features importance: Features correlation maps:

• The features importance shows the impact on the output model

• Variables that carry similar physical information are strongly correlated

• Helps to determine the input features

The optimized Hyper-parameters:
nestimators max_depth learning_rate min_child_weight subsample colsample_bytree tree_method

139 4 0.0745 5 0.8567 0.9843 hist

trk1TPCn𝜎!
trk2TPCn𝜎!
trk2TPCn𝜎"
trk1TPCn𝜎"
trk1TPCn𝜎#
trk2TPCn𝜎#
trk1TPC𝜒$
trk2TPC𝜒$

trk2TPCcrossedRows
trk1TPCcrossedRows
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Model output of inclusive J/𝝍 via MVA
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Train and test model: Receiver operating curve (ROC):

Efficiency vs. BDT cuts:

• The signal and background  are well discriminated 

by the ML algorithm

• ROC shows the evaluation of the output model

• Principally, the larger AUC means more efficient to 

separate signal and background

signalBackground



9

MVA and standard method comparison

卢鹏忠 中国ALICE实验学术研讨会

• Both S/B and Significance are improved 

obviously w.r.t. the standard method

• Expect more improvement from the 

central collisions

S/B vs. BDT cuts Significance vs. BDT cuts

Significance relative improvement
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J/𝝍 signal extraction after ML

卢鹏忠 中国ALICE实验学术研讨会

Machine learning Standard method (Xiaozhi, Alena) 

• An example of the performance after BDT cuts (left) and classical cuts (right).

• Both S/B and Significance Improved obviously w.r.t. the standard method.
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Analysis of non-prompt J/𝝍

卢鹏忠 中国ALICE实验学术研讨会

J. Adam JHEP 07 (2015), 051

𝑒.

𝑒/

𝑳𝒙𝒚
PV

SV

Lifetime of b hadrons (𝒪(500) 𝜇𝑚/𝑐)

B

J/𝝍

• Non-prompt J/𝝍 with a larger decay 

length: ℓ$/& = 𝐿'(
)#/%

*&

• Measurements of non-prompt/prompt 

components with a 2D ML fit: invariant 

mass and pseudo-proper decay length
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Multi-classification in ML

卢鹏忠 中国ALICE实验学术研讨会

Train and test model:

Receiver operating curve (ROC):

• More efficient to 

separate 

combinatorial 

background and signal

• A larger ROCAUC 

between 

combinatorial 

background and signal

Inclusive input features + pseudo-proper decay length

Train and test model:

prompt
BkgNon-prompt Bkg promptNon-prompt

Non-prompt
prompt

Bkg
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Data-driven method to calculate 𝒇𝑩

卢鹏忠 中国ALICE实验学术研讨会

• 𝜺 is the acceptance times efficiency factor
• 𝑵 is the corrected yield of prompt and non-prompt mesons
• 𝐘 is the extracted raw yield after the BDT cuts

Need at least two equations

• 𝒏 different sets of cuts to obtain a system of 𝒏 equations
• Ideally, the system can be exactly solved in the case of two 

equations
• 𝐘 and 𝜺 are affected by statistical and systematic uncertainties, 

a number of sets of cuts lead to a better estimation of the 𝑵

𝜺𝑵 = 𝒀 𝜺𝑵 − 𝒀 = 𝜹
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ü The definition of the 𝝌𝟐

Data-driven method to calculate 𝒇𝑩

ü Leading by the minimum 𝝌𝟐 method

Related to 𝑵

• Principally, calculate efficiency and raw yields matrix

• Then we can calculate the corrected yields of prompt and non-prompt J/𝝍
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Efficiency matrix
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Pre-selection efficiency:

ML efficiency vs. BDT_FD:

ML efficiency vs. BDT_bkg:

ML efficiency vs. BDT_prompt:

• The Pre-selection 

efficiency part has 

checked with Xiaozhi`s

inclusive analysis

• ML efficiency vs. the 

three model_outputs

cut show as has been 

expected
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Raw yields matrix
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• Raw yields vs. BDT cut sets in the same pT and centrality bin

• Each cut is the subsample of the previous one

Raw yields vs. BDT cut sets:

BDT_bkg<0.10 & BDT_FD>0.20 BDT_bkg<0.05 & BDT_FD>0.20 BDT_bkg<0.03 & BDT_FD>0.20



𝒑+𝝅±

n𝝈𝒆 n𝝈𝒑n𝝈𝝅

Significant difference in n𝝈𝒉𝒂𝒅𝒓𝒐𝒏 between data and MC
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PID checks between data and MC
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𝒆±
• The TPC dE/dx of MC is similar 

with data after tuning on 

data.

• Observe some difference in 

the TPC dE/dx splines of p+

and 𝝅± between data and MC

• Need more works on it
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Summary and outlook

卢鹏忠 中国ALICE实验学术研讨会

ü Improved the S/B and significance of inclusive J/𝝍 via the MVA method

ü Implement ML on non-prompt J/𝝍 analysis

ü Set up the data-driven method to calculate the 𝒇𝑩
ü Pre-selection efficiency has been calculated

ü Methods to calculate the ML efficiency and raw yields  matrix has been established

p Verify the efficiency and raw yields matrix

p Calculate the 𝒇𝑩 vs. pTand vs. centrality

Summary:

Outlook:
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Backup 

卢鹏忠 中国ALICE实验学术研讨会



20

Analysis of non-prompt J/𝝍

卢鹏忠 中国ALICE实验学术研讨会

J. Adam JHEP 07 (2015), 051

ℓ$/& = 𝐿'(
𝑚$/&

𝑝6
𝑒.
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Lifetime of b hadrons (𝒪(500) 𝜇𝑚/𝑐)

B

J/𝝍

• Non-prompt J/𝝍 with a larger decay 

length: ℓ$/& = 𝐿'(
)#/%

*&

• Measurements of non-prompt/prompt 

components with a 2D ML fit: invariant 

mass and pseudo-proper decay length


