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Motivation
In relativistic heavy-ion collisions: 

    a) heavy quarks are produced much before the formation of deconfined medium consisting of quarks and gluons called quark-gluon 
plasma (QGP)  

   b) experience full evolution while propagating through the produced medium and lose energy by successive elastic and inelastic 
collisions in the fireball


  The study of Heavy Flavour (charm and beauty) production in proton-proton (pp) collisions at LHC energy regime:  

     a) provides an investigation of pQCD calculations.  

     b) as a baseline for the same measurement in heavy-ion collisions. 


The experimental study in ALICE Run 3 will allow subsequent increment in statistical significance and precision measurements.

 

The study of HFM production as a function of charged particle multiplicity ( ) in pp collisions => 

             i) could provide more insight of the interplay between the soft and hard physics with better precision. 

            ii) helps to improve understanding the phenomenological model to explain the underlying physics. 
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   Data Sample: LHC15n, muon_calo_pass2, AOD174, 25 runs with QA selection
   • MSL/MSH — pT threshold ~0.5/4.2 GeV/c , 3.18x107 /1.55x106 events after 
      Physics Selection & reconstructed vertex 

        from 
 heavy flavours

 from 
 primary , K, W,Z/γ*

 from 
 secondary , K

punch through 
hadrons

+ W, Z/γ*

Muon track selection
§ Acceptance & geometrical cuts
     select tracks in the spectrometer acceptance
§ pT cut at 2 GeV/c
     reject  from secondary , K 
§ Tracks matched with trigger
      reject hadrons crossing the absorber
§ p×DCA  in 6 σ 
      reject beam-gas interactions & particles 
      produced in the absorber

  b, c studies
§ Main remaining background: 
       primary , K decays
       W, Z/γ* 
       J/ψ
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Observations of features similar to Heavy-ion collisions for high multiplicity pp events at LHC=>


a) near side ridge [ Phys. Lett. B 765 (2017) 193  https://doi.org/10.1016/j.physletb.2016.12.009 ]

b) strangeness enhancement [ Nature Phys. 13 (2017) 535  https://doi.org/10.1038/nphys4111 ]


=> Understanding the phenomenology of hadronization mechanisms, huge kinetic energy is involved 
irrespective of collision system sizes.


=> More insight of the interplay between soft and hard physics. 


=> To understand the description of the final hadronic state of the underlying events :

    i) Multiple parton-parton interactions (MPI): average multiplicity is proportional to average number of 
MPI.

    ii) Colour reconnection (CR):  rearrangement of partons at the perturbative level just before 
hadronization => hadronization gets modified => could explain the flow like effect in pp collisions. 
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Particle production at high multiplicity in small systems
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Multiplicity dependence of HFM production in pp at  = 8 TeV s

42 ALICE Analysis Note 2017
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Fig. 50: Relative muon yields as a function of the relative charged-particle multiplicity. Three possible back-
ground dependences are considered (increasing, constant or decreasing as a function of multiplicity). Only central
points are displayed to increase visibility. y-axis is in logarithmic scale to appreciate the difference at low relative
multiplicity.
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Fig. 51: Relative muon yield as a function of the relative charged-particle multiplicity.
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=> Production of HFM is faster than the linearly increasing trend 
=> production of HFM is steeper at higher multiplicities.


=> EPOS prediction without hydrodynamics underestimated 
compared to data for all  ranges => hints to understand 
hadronization mechanism at high multiplicity events. 

pT

=> Study of multiplicity dependence for the production of HFM in pp 
collisions at  = 13.6 TeV with much higher precision measurements.


=> Investigation for the separation of charm and beauty component. 

s
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Muons produced via semi-muonic decays of open 

charm (D) and open beauty (B) hadrons at forward rapidity. 


Muon physics program suffered several limitations during Run 1 and Run 2, specially due to the multiple scattering experienced by 
the muon tracks inside hadron absorber =>  vertex region smears.


Matching of tracks reconstructed in the tracking system of Muon Spectrometer and that with MFT cluster => 

            i) Separation of prompt  from b-decay . 

           ii) Open charm and open beauty via semi-muonic decay can be distinguished. 

           iii) Study of heavy-flavor (HF) using single muons down to  ∼1 GeV/c.

J/ψ J/ψ

pT

Scope with MFT+ MuonSpectrometer of ALICE 

Heavy Flavor Decay Muon Production in proton-proton collisions at √s = 13 TeV 
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Introduction             
The Quark Gluon Plasma (QGP), a state of deconfined quarks (antiquarks) and gluons, is expected to be 
produced at extremely high temperature and/or density in heavy-ion collisions at ultra-relativistic energies. 
The study of the properties of such a state is being carried out using very high energy particle accelerators 
at the laboratories like Relativistic Heavy Ion Collider (RHIC) at BNL, Large Hadron Collider (LHC) at 
CERN. In such high energy experiments, it is expected that the heavy quarks (charm and beauty, M > 1 
GeV) are produced in the initial hard scattering processes. Heavy quarks are widely recognized as the 
excellent probes of QGP.

 Motivation 
    The initially produced heavy quarks pass through the hot and dense medium and lose energy by 
radiative and collisional processes and can be estimated using perturbative QCD calculations.  
    The energy loss vis a vis the nuclear modification factor (RAA) can be estimated through the decay of 
heavy flavoured mesons (HFM) to single muon from which the nature of the medium produced in heavy 
ion collisions can be inferred. 
               The measurement in pp collision serves as the baseline for AA collision.     
      The production of heavy flavor mesons (D and B) at relativistic high energy can be studied through the 
semi-leptonic decays of D- and B- mesons. 

Simulation of Single Muons decaying from Heavy Mesons 

The study of the production of heavy mesons (charm and bottom) can be simulated using PYTHIA event 
generators. This production is to be tuned to reproduce Fixed-Order Next-to-Leading Logarithm (FONLL) 
calculations for the production of bottom and charm quarks. The initially produced charm and bottom 
quarks hadronize into D- and B-mesons respectively through fragmentation [1]. The heavy-flavor mesons 
may undergo further decay to electron or muon through their semileptonic decay mode.                                                         

Future Work  
    The results obtained above will be compared to the theoretical model FONLL calculations. 

   The work on the interpretation of experimental data for pp at √s  = 13 TeV with the simulation study is in 

progress. 

   The y dependence of the heavy flavor decay muon production cross-section at forward rapidity region can 

be calculated.

References 
  [1] Taesoo Song, Hamza Berrehrah, Phys. Rev. C 96, 014905 (2017).  
  [2] ALICE Collaboration, B. Abelev et al.,  Phys. Lett. B 708, 265 (2012). 

HFM production at √s = 13 TeV                                                                                                                                                                                          
  The simulation is carried out for the muon decaying from heavy flavor mesons in forward-rapidity range 
  (2.5 < y < 4.0) within the ALICE Muon Spectrometer (MS) acceptance at √s  = 13 TeV. 

The simulation also done for the HFM production at mid-rapidity ( |y| < 0.5 )  region in pp at √s  = 13 TeV. 
                                                                                                                                                                                  

       
      The HFM production along with their heavy flavor contributions  are shown. 
      
   A comparison of the HFM production at forward rapidity region for two LHC energies in proton-proton  
   (pp) collisions at √s  = 7 TeV and √s  = 13 TeV is also done.

                                                                                                                                    
   The analysis of experimental results for HFM production in pp collisions at √s  = 7 TeV with ALICE has  
    been done already [2].

The PT-differential HFM production cross-section in mid-rapidity  
(|y| < 0.5) in pp collisions.

Study of Heavy Flavor Decay Muons  

 In this work, we study the single muons from heavy-flavor mesons (D & B) using PYTHIA event 
generator at √s  = 13 TeV for proton-proton collisions.   
  The muon can be produced from the semi-muonic decay of D-mesons (     and their                                       
charge-conjugate)  and B-mesons (                         and their charge-conjugate). 
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Muons can be produced directly from D- and B-mesons. 
Muons from D-mesons actually originated from B-mesons. 
Muons from quarkonia (       ) group (                                        ) 
which are basically from the decay of B-mesons. 

J/ψ, ψ(2S), Υ(1S), Υ(2S)

Bottom production is well 
dominated over charm at 
higher PT ranges at forward 
rapidity region. 

QQ

The PT-differential HFM production cross-section in 
forward-rapidity (-4.0 < y < -2.5) in pp collisions.
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Muon Selection

• Event Selection Cuts :  
     –  Sel8  
     –  Vertex: z-component of vertex selection within | | < 10 cm     Vz

pp collisions at  = 13.6 TeV

DataSet:  LHC22o_apass7

Number of events after selections : 57M

s

∼

Track Selection Cuts
Charged Tracks Muon Tracks

  

i) −0.8 < η < 0.8
ii)  GeV/cpT > 0.15

i)  −3.6 < η < −2.5 
ii) 17.6 cm <   < 89.5 cm
iii) pDCA: 6σ
   ……. 
iv) chi2  
v) 

Rabs

ΔpT
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   Data Sample: LHC15n, muon_calo_pass2, AOD174, 25 runs with QA selection
   • MSL/MSH — pT threshold ~0.5/4.2 GeV/c , 3.18x107 /1.55x106 events after 
      Physics Selection & reconstructed vertex 

        from 
 heavy flavours

 from 
 primary , K, W,Z/γ*

 from 
 secondary , K

punch through 
hadrons

+ W, Z/γ*

Muon track selection
§ Acceptance & geometrical cuts
     select tracks in the spectrometer acceptance
§ pT cut at 2 GeV/c
     reject  from secondary , K 
§ Tracks matched with trigger
      reject hadrons crossing the absorber
§ p×DCA  in 6 σ 
      reject beam-gas interactions & particles 
      produced in the absorber

  b, c studies
§ Main remaining background: 
       primary , K decays
       W, Z/γ* 
       J/ψ
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 spectra after applying different selection cutspT
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 vs  distribution for different type of reconstructed muon trackspT pDCA
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  (  standalone tracks -  global tracks ) distributionΔpT pT pT
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Comparison of  distributionRabs

IIT Bombay, INDIA
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Comparison of  distributionχ2
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 spectra of Muon Standalone Tracks and Global Muon TrackspT
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Comparison of  distribution between Muon Standalone tracks and Global Muon tracksη
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Comparison of  distribution at different  cutsη pT
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Charged Particle  Multiplicity at various T0M Multiplicity percentile
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Charged Particle Multiplicity Vs Inclusive Single Muon 
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Summary & Outlook

•  -spectra of muons at various selection cuts are observed.    
•  Matching the MCH tracks that with MFT clusters seen to have effect in reducing the beam induced 

background specially at high  region.  
•  Application of 6  cut on   is efficient to removed the beam induced background.

•  To explore study with MC including Acceptance times efficiency ( )correction. 
•   Need to explore tuning for , , pDCA values in matching the MCH-MFT tracks  in order to match 

the  spectra of Muon Standalone Tracks and  Global Muon Tracks. 
•The analysis task is committed in O2Physics repository:  https://github.com/AliceO2Group/O2Physics/pull/10435

• Analysis with full dataset in pp collisions at  = 13.6 TeV. 

pT

pT
σ p × DCA

A × ϵ
ΔpT χ2

s
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Selection cuts for globalTrack

https://aliceo2group.github.io/analysis-framework/docs/basics-usage/HelperTasks.html#track-selection
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