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Outline
• Physics motivation 

• The ALICE(A Large Ion Collider Experiment) @ 
LHC (Large Hadron Collider) 

• Results from p-Pb collisions 

• (Upcoming) Results from Pb-Pb collisions 

• Summary and Outlook
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Physics Motivation
• In Pb-Pb collisions resonances probe the evolution of the fireball  

- resonances with their short lifetime & strong coupling to the dense and hot 
medium are suggested as a signature of the early stage of the fireball created in a 
heavy ion collision. 

• pp and p-Pb collisions provide reference for heavy ion measurement  
- pPb : contribute to the study of the system size dependence of re-scattering  
- pp :  are used to build reference spectra for RAA and RpPb  

Yield in Pb-Pb collisions

cross section of particle 
production in pp collisions

Nuclear modification factor : RAA 
- to learn about particle production mechanism

# of binary nucleon-nucleon collisions
inelastic nucleon-nucleon cross section=

Normalized by geometric nuclear 
overlap function 
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Physics Motivation

Data to be compared with thermal model 
predictions. Yield of Ξ*0 will be between Ξ 
and Ω. 
(J.Stachel,A.Andronic,P.Braun-Munzinger,K.Redlich,J.Phys.: 
Conf. Series 509 (2014) 012019).  

• In Pb-Pb collisions resonances probe the evolution of the fireball  
- resonances with their short lifetime & strong coupling to the dense and hot 
medium are suggested as a signature of the early stage of the fireball created in a 
heavy ion collision. 

• pp and p-Pb collisions provide reference for heavy ion measurement  
- pPb : contribute to the study of the system size dependence of re-scattering  
- pp :  are used to build reference spectra for RAA and RpPb  
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The ALICE at LHC
• Heavy-ion experiment designed 

to study strongly-interacting 
matter at very high energy 
density 

• Explores.. 
- phase transition to the QGP 
- its phase diagram & properties  

• Particle identification capability 

• Measurement from very low 
transverse momenta



The ALICE experiment
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Dataset √SNN

2010 pp 7 TeV

2011 pp 2.76 TeV

2010 Pb-Pb 2.76 TeV

2011 Pb-Pb 2.76 TeV

2013 p-Pb 5.02 TeV



The ALICE experiment

7TPC and ITS are mainly used in the analysis

Trigger 
detector

  V0 scintillator detectors :
  ➜ centrality definition in Pb-Pb (V0A and V0C)
  ➜ multiplicity event class in p-Pb (V0A)



The ALICE experiment

8TPC and ITS are mainly used in the analysis

Tracking 
detector

  Time Projection Chamber (TPC) 
   - primary vertex
   - global tracking
   - Particle Identification via dE/dx in gas
 
  ➜ Identification of π, proton for analysis



Ξ*0 baryon
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s
s

Ξ*0
Ξ⁻

Λ

3rd π+

2ndπ-

1st π- 

p
*Casacade decay*

quarks Mass (MeV/c2) Width/cτ (MeV/c2) Decay channel Branching ratio (%)

Ξ(1530)0 uss 1531.80 ±0.32 9.1± 0.5 Ξ⁻ + π⁺ 66.7

• Called the cascade particles 
because of their unstable state 

• They decay rapidly into lighter 
particles through a chain of 
decays  
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Candidates selections

• Minimum bias events is selected 
(p-Pb) 
MB, Central, SemiCentral events 
are selected (Pb-Pb) 

• Pile-up events are rejected  
- via SPD detector 

• -10 < Vz < 10 cm

Event selection

MB : V0A & V0C 
tool to reject background

beam-gas collision 
(Background)

Selected events 

beam-beam collision
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Candidates selections

• Minimum bias events is selected 
(p-Pb) 
MB, Central, SemiCentral events 
are selected (Pb-Pb) 

• Pile-up events are rejected  
- via SPD detector 

• -10 < Vz < 10 cm

Event selection

• Pt > 0.15 GeV/c 

• SetTPCminNClusters proton (60) 

• SetTPCminNClusters 1st pion (60) 

• SetTPCminNClusters 2nd pion (60) 

• SetTPCminNClusters 3rd pion (60)

Track Cuts

Scheme view of TPC inner TPC wall

outer TPC wall

0

158

eg. 6 clusters
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Candidates selections

• Minimum bias events is selected 
(p-Pb) 
MB, Central, SemiCentral events 
are selected (Pb-Pb) 

• Pile-up events are rejected  
- via SPD detector 

• -10 < Vz < 10 cm

Event selection

• Pt > 0.15 GeV/c 

• SetTPCminNClusters proton (60) 

• SetTPCminNClusters 1st pion (60) 

• SetTPCminNClusters 2nd pion (60) 

• SetTPCminNClusters 3rd pion (60)

Track Cuts PID

• Using TPC 
- N(σ) dE/dx <3

for all tracks

Particle Identification
• Specific energy loss in TPC as a 

function of momentum for Pb-Pb 
collisions at √SNN = 2.76 TeV  

• The Bethe-Bloch curves for 
various particle species are 
superimposed with black line
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Data samples

Data
LHC13b + LHC13c 
- After physical selection :  
   ~ 91.6 M events 

MC
LHC13b2_efix_p1,p2,p3,p4  
- After physical selection :  
   ~ 98 M events

Data
LHC11h (20runs, total ~100runs) 
- After physical selection : 
   Central (0-10%)  4 M events  
   SemiCentral(10-50%)3.5 M events 

MC
LHC14a1a (0 -10%) 
LHC14a1b (10 -50%) 
LHC14a1c (50 -90%)

p-Pb @ 5.02TeV Pb-Pb @ 2.76TeV

(peripheral) 10-50% (Semi-central) 0-10% (Central)

Not yet
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14 Voigtian fit for Signal, pol(4) for BG

p-Pb 
@ 5.02TeV

• p-Pb is very clean 
• Signal visible before BG subtraction
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PDG  
Ξ(1530)0 Mass : 1531.80 ± 0.32 MeV 
Ξ(1530)0 Width : 9.1 ± 0.5 MeV

Ξ*0 Mass & σ

PDG value
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p-Pb 
@ 5.02TeV

• Uncertainties on fit parameter 
only 

• Mass : small tendency  
- PT<2GeV/c: less than PDG  
- 2<PT<4GeV/c : higher than 
PDG 

• Sigma 
- in pp : around 0.0025  
- need detailed fit study



h_Xispectrum

Entries  9

Mean      0.4

RMS    0.005229

 (GeV/c)
T

p
0 1 2 3 4 5

-1
 (G

eV
/c

)
T

N
/d

yd
p

2 d E
1/

N

-510

-410

-310
h_Xispectrum

Entries  9

Mean      0.4

RMS    0.005229

= 5.02 TeVspPb 
h_Xispectrum

Entries  9

Mean      0.4

RMS    0.003568

 (GeV/c)
T

p
0 1 2 3 4 5

-1
 (G

eV
/c

)
T

N
/d

yd
p

2 d E
1/

N

-510

-410

h_Xispectrum

Entries  9

Mean      0.4

RMS    0.003568

= 5.02 TeVspPb 

16

Ξ*0 Spectrum

Multiplicity class 
● 0 - 20 
● 20 - 40 
● 40 - 60 
● 60 - 100

Multiplicity class 
● 0 - 100

p-Pb 
@ 5.02TeV
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Signal extraction
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Pb-Pb @ 
2.76 TeV

10-50% (Semi-central)

Integrated PT

0-10% (Central)

0-10% Central Pb-Pb 
√SNN=2.76 TeV 

|y| < 0.8

0.1<PT<10

Mean=1531.653±0.6753355 
RMS=4.478246±0.6734226

- Gauss+pol(3)
-  Pol(3) 

10-50% Semi-Central Pb-Pb 
√SNN=2.76 TeV 

|y| < 0.8

0.1<PT<10

- Gauss+pol(3)
-  Pol(3) 

Ξ*0→Ξ⁻ + π⁺
Ξ*0→Ξ⁺ + π⁻

Signal

LikeSign bg→Ξ⁻ + π⁻ 
→Ξ⁺ + π⁺

ɸ(1860) 
pentaquark

Mean=1532.743±0.7336724 
RMS=5.066029±0.8911821
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Signal extractionPb-Pb @ 
2.76 TeV 10-50% (Semi-central)

√SNN=2.76 TeV 
|y| < 0.8
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Signal extractionPb-Pb @ 
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10-50% (Semi-central)

0-10% (Central)

PDG  
Ξ(1530)0 Mass : 1531.80 ± 0.32 MeV 
Ξ(1530)0 Width : 9.1 ± 0.5 MeV

Ξ*0 Mass & σ

These results are very !! 
first look. 

Need deeper & detailed 
analysis

Pb-Pb @ 
2.76 TeV



Summary & Outlook
• Ξ*0 analysis with p-Pb collisions and Pb-Pb 

collisions to get RAA and RpPb
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Pb-Pb @ 
2.76 TeV

p-Pb 
@ 5.02TeV

• Under cross checking 

• Systematic study is feasible

• 1st look on Pb-Pb (2011) datasets 

• Promising results 

• Full statistics are deeded 

• MC simulation is on the way



Backup
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Multiplicity class 
● 0 - 100

Levy fit of Ξ*0 yields 

dN/dy(10-3) C (MeV) n

pp 2.48±0.07±0.24 404±20±21 16.9±3.9±1.9

p-Pb 18.25±0.82 259±10 7.97±0.54

Production of Σ(1385)± and Ξ(1530)0 
in proton-proton collisions at √s=7 TeV

p-Pb 
@ 5.02TeV
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      0 < y CMS < 0.5 
-0.5 < y CMS < 0 

   -0.3 < y CMS < 0.3

V0AV0C

0 1 2-1-2
yLAB = 0

yCMS = 0 (yLAB = -0.465)

      -0.465 < y LAB < 0.035 
      -0.965 < y LAB < -0.465 
     -0.765 < y LAB < -0.165

Pb

p
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PT 2.4-3.2 PT 3.2-4.0 PT 4.0-4.8 PT 4.8-5.6

Ξ* & Ξ* PT dependence
Centrality 0-20%0 < yCMS < 0.5

Data

Voigtian fit for Signal, pol(4) for BG
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p6        4.312e+00± 3.705e+04 

p7        2.810e+00± -2.269e+04 

p8        1.743e+00± -2.651e+04 

p9        1.013e+00± 1.202e+04 

1.48 1.5 1.52 1.54 1.56 1.58 1.6

40

60

80

100

120

140

160

180

200
hXiStar2_5

Entries  205356

Mean    1.538

RMS    0.03475

 / ndf 
2
χ  110.5 / 121

Prob   0.7426

p0        0.0731± 0.9378 

p1        0.000± 1.534 

p2        0.000511± 0.005184 

p4        8.609e+00± -1.086e+05 

p5        6.30e+00± 9.66e+04 
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p5        6.30e+00± 9.66e+04 

p6        4.312e+00± 3.705e+04 
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p4        2.22± -88.71 
p5        1.626± 5.369 
p6        1.12± 26.74 
p7        0.74± 18.91 
p8        0.461± 4.379 
p9        0.270± -8.022 
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PT 0.8-1.2 PT1.2-1.6 PT 1.6-2.0 PT 2.0-2.4

PT 2.4-3.2 PT 3.2-4.0 PT 4.0-4.8 PT 4.8-5.6

Ξ* & Ξ* PT dependence
Centrality 20-40%0 < yCMS < 0.5

Data

Voigtian fit for Signal, pol(4) for BG
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p4        8.2± -3603 

p5        6.0± 409.5 

p6        4.2±  1195 

p7        2.7± 796.9 

p8        1.7± 144.1 

p9        1.0± -400.7 
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p7        3.6±   971 

p8        2.3± 163.6 

p9        1.3±  -492 
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p6        4.9± 742.4 

p7        3.2±   476 

p8        1.99± 76.34 

p9        1.2± -243.6 
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p6        5.038e+00± 5.646e+04 

p7        3.278e+00± -3.593e+04 

p8        2.032e+00± -4.107e+04 

p9        1.182e+00± 1.888e+04 
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p5        7.375e+00± 1.504e+05 

p6        5.038e+00± 5.646e+04 
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p9        1.182e+00± 1.888e+04 

hXiStar3_5
Entries  83808
Mean    1.538
RMS    0.03433

 / ndf 
2
χ    172 / 121
Prob   0.001613
p0        0.0480± 0.4903 
p1        0.001± 1.533 
p2        0.00060± 0.00535 
p4        5.6± -1628 
p5        4.1± 218.9 
p6        2.8± 556.4 
p7        1.8± 358.1 
p8        1.14± 56.78 
p9        0.7± -185.7 
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p5        2.04± 69.12 

p6        1.4± 191.7 

p7        0.9± 126.1 

p8        0.57± 21.34 

p9        0.33± -64.92 
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p7        0.50± 24.87 

p8        0.3±     4 

p9        0.2± -12.8 
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PT 0.8-1.2 PT1.2-1.6 PT 1.6-2.0 PT 2.0-2.4

PT 2.4-3.2 PT 3.2-4.0 PT 4.0-4.8 PT 4.8-5.6

Ξ* & Ξ* PT dependence
Centrality 40-60%0 < yCMS < 0.5

Data

Voigtian fit for Signal, pol(4) for BG
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p6        2.880e+00± 1.923e+04 

p7        1.890e+00± -1.118e+04 

p8        1.179e+00± -1.358e+04 

p9        0.7±  6066 
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Data

Voigtian fit for Signal, pol(4) for BG
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