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Introduction

The ALICE detector

Dimuon mass spectra and background subtraction

Signal extraction

Results in Pb-Pb collisions at √s
NN 

= 5.02 TeV

φ p
T
 distributions (NEW)

φ nuclear modification factor R
CP 

(NEW)

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



 φ meson (    state) excellent probe of strangeness production in heavy-ion 
collisions

 Quite long lifetime (~45 fm/c) with respect to the average lifetime of the 
fireball (~10 fm/c) 

 Not affected by rescattering/regeneration during the hadronic phase → 
spectra should not be altered

 Observables considered in nucleus-nucleus collisions: 

 evolution of p
T
 spectra as a function of centrality (different shapes for different 

production mechanisms)

 nuclear modification factor R
CP

 Dileptons are not influenced by strong final-state interactions → vector mesons 
studied through their decay into muon pairs

φ meson as a probe of the Quark-Gluon Plasma
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s s̄

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



The ALICE detector
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Muon Spectrometer

−4<η<−2.5

Central Barrel

∣∣0.9

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC

B = 3 Tm

B = 0.5 T



Low mass analyses in ALICE
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pp collisions @ 13 TeV
→ see Boris Teyssier's 

poster
ID: G09

pp collisions @ 7 TeV
Phys. Lett. B 710 (2012) 557

pp collisions @ 2.76 TeV
arXiv:1506.09206 [nucl-ex]
Accepted by Phys. Lett. B

p-Pb collisions @ 5.02 TeV
arXiv:1506.09206 [nucl-ex]
Accepted by Phys. Lett. B

Plus: ongoing analyses in pp collisions at √s = 5.02 TeV and 8 TeV

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



Data sample and selections
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 Data sample collected in Pb-Pb collisions at √s
NN

 = 5.02 TeV in 2015

 Integrated luminosity: 225 μb-1

 Analysis of opposite-sign muon pairs
Each muon track is required to match the muon trigger (p

T
 trigger threshold ~ 1 GeV/c)  

Cut on single muons: 2.5 < η
lab

 < 4, p
T 
> 0.85 GeV/c

Cut on dimuons: 2.5 < y < 4, p
T 
> 2 GeV/c (low acceptance for low mass, low p

T
 dimuons)

 Combinatorial background evaluated through event mixing

 Like-sign muon pairs are used for background normalization (in the low 
mass range like-sign pairs are supposed to be uncorrelated)

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



Dimuon mass spectra vs combinatorial background
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Dimuon mass spectrum and 
combinatorial background in 
five centrality bins for 
2 < p

T
 < 7 GeV/c

φ and ρ+ω peaks become 
more defined going from 
central to peripheral collisions

                                 

0-10% 10-20%

40-50% 60-70% 80-90%

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



Opposite-sign pairs/combinatorial background ratio
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Ratio between opposite-sign pairs and combinatorial background at the φ mass grows 
from ~0.05 in the most central bin (0-10%) to ~5 in the most peripheral one (80-90%)

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



                                                                    

Fits to the mass spectra
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Mass spectra after background 
subtraction in several centrality 
bins for 2 < p

T
 < 7 GeV/c

Fit up to M
μμ

 = 2 GeV/c2

Ingredients of the fit: dimuon 
decays of light resonances and 
semi-leptonic decays of open 
heavy flavours

Free parameters in the hadronic 
cocktail: η, ω, φ and open charm 
normalizations

0-10%

40-50%

80-90%

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



φ R
CP 

as a function of < N
part 

>
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RCP=
(d N ϕ/d y)

central
/ ⟨T AA ⟩

central

(d N ϕ/d y )
peripheral

/ ⟨T AA ⟩
peripheral

Calculated in each centrality
 
bin as:

T
AA

:  nuclear overlap function in Pb-Pb collisions

R
CP

 decreases from 
peripheral to central 
collisions → production in 
central collisions 
suppressed with respect to 
peripheral collisions

Sources of systematic uncertainties

 Nφ
raw  (from ~7% to ~13%)

 Shape of the input kinematic distribution in the 
Monte Carlo (~4%)

 Tracking and trigger efficiencies (3% and 3.6%, 
respectively)

 φ branching ratio into dielectrons (~1%)

 T
AA 

(from ~3 to ~6%)

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



φ p
T
 spectrum integrated over centrality
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p
T
 spectrum integrated over centrality at √s

NN 
= 2.76 TeV fitted with an exponential 

(p
T
 range between 2 and 5 GeV/c)

Analysis at √s
NN 

= 5.02 TeV: p
T
 range extended to 7 GeV/c → data for 2 < p

T
 < 5 GeV/c could 

still be described by an exponential, but power law  function                               needed to 
describe the entire p

T
 range 

d N
d pT

∝
pT

[1+( pT/ p0 )
2 ]

n

d N
d pT

∝ pT e
−m T/T

Exponential

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



Evolution of p
T
 spectrum with respect to centrality
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PHENIX, Phys. Rev. C 83 (2011) 024909

Pb-Pb at √s
NN 

= 5.02 TeV: power law function fits well all 
centralities

p
T
 distributions of peripheral collisions have a harder tail 

than the central ones 
Similar behavior observed by PHENIX in Au-Au and   

Cu-Cu collisions at √s
NN 

= 200 GeV (Levy-Tsallis fits) and 
by ALICE in Pb-Pb collisions at √s

NN 
= 2.76 TeV (blast 

wave fits) 

ALICE, Phys. Rev. C 91 (2015) 024609

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



φ R
CP 

as a function of p
T
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Similar trend observed in Au-Au collisions at 
√s

NN 
= 200 GeV at mid-rapidity by STAR

STAR, Phys. Rev. C 79 (2009) 064903

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC

R
CP

 (0-10%)/(60-90%): decreases for p
T
 > 4 GeV/c

R
CP

 (40-60%)/(60-90%): effect much less 
pronounced
→ φ-meson production suppressed in the 
intermediate/high p

T
 region in central collisions



Summary
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 New results in Pb-Pb collisions at √s
NN

 = 5.02 TeV  

 Signal extracted for 9 different centrality classes, for 2 < p
T 
< 7 GeV/c  

 φ p
T
 spectra in different centralities all well fitted by a power-law function

 φ p
T
 spectra in peripheral collisions have a harder tail than in central ones

 φ R
CP

 vs  N
part

 decreases from peripheral to central collisions (suppressed φ production in 
central collisions)

 φ R
CP

 vs p
T
 decreases for p

T
 > 4 GeV/c in central collisions (suppressed φ production in the 

intermediate/high p
T
 region)

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



THANK YOU!
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BACK UP SLIDES

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



Dimuon mass spectra vs combinatorial background 
(remaining centrality bins)
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Dimuon mass 
spectrum in several 
centrality bins for 
2 < p

T
 < 7 GeV/c

φ and ρ+ω peaks 
become more 
defined going from 
central to peripheral 
collisions

                                 

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC



Fits to the mass spectra (remaining centrality bins)
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NN

 = 5.02 TeV with ALICE at the LHC



Evolution of p
T
 spectrum with respect to centrality
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Power law function well fits all centralities
p

T
 distributions of peripheral collisions have a harder tail than the central ones:

fixing p
0
 parameter at 1.63 GeV/c (value of p

0
 parameter from the fit at integrated 

centrality), n parameter decreases from central to peripheral 

Centrality 0-10% 10-20% 20-40% 40-60% 60-90%

n param 4.34 ± 0.15 4.22 ± 0.14 4.17 ± 0.11 4.00 ± 0.13 3.74 ± 0.17

φ meson production in Pb-Pb collisions at √s
NN

 = 5.02 TeV with ALICE at the LHC
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