
Rafael	  Derradi	  de	  Souza	  
For	  the	  ALICE	  Collabora0on	  

UNICAMP	  –	  Brazil	  

XLV	  Interna0onal	  Symposium	  on	  Mul0par0cle	  Dynamics	  
Wildbad	  Kreuth,	  4-‐9	  Oct	  2015	  

Mul1plicity	  dependence	  of	  strange	  and	  mul1-‐
strange	  hadron	  produc1on	  in	  pp	  collisions	  at	  
√s=7	  TeV	  measured	  with	  the	  ALICE	  experiment	  

(supported	  by	  FAPESP	  Grant	  2014/09167-‐8)	  



Outline	  

§  Introduc1on	  
–  A-‐A,	  p-‐A	  and	  pp	  systems	  

§  The	  ALICE	  Experiment	  

§  Mul1plicity	  Selec1on	  
–  Forward	  rapidity	  es0mator	  

§  Strange	  Hadron	  Measurements	  
–  K0S,	  Λ,	  Ξ	  and	  Ω	  

§  Results	  
§  Summary	  

R.D.	  de	  Souza	  -‐	  ISMD	  2015	  -‐	  7	  October	  2015	   2	  



Introduc1on:	  A-‐A,	  p-‐A	  and	  pp	  

R.D.	  de	  Souza	  -‐	  ISMD	  2015	  -‐	  7	  October	  2015	  

of !=K0
S and "!=K0

S are the same but they are offset by
about 20% and have peak values around 10% higher, and,
respectively, lower, than the ALICE data. This comparison
between LHC and RHIC data shows that the position of the
maximum shifts towards higher pT as the beam energy
increases. It is also seen that the baryon enhancement in
central nucleus-nucleus collisions at the LHC decreases
less rapidly with pT , and, at pT ! 6 GeV=c, it is a factor of
2 higher compared with that at RHIC.

Also shown in the right panel of Fig. 2 is a hydro-
dynamical model calculation [24–26] for most central
collisions, which describes the !=K0

S ratio up to pT about
2 GeV=c rather well, but for higher pT progressively devi-
ates from the data. Such decoupling between the calcula-
tions and measurements is already seen in the comparison
with pT spectra [27]. The agreement for other charged
particles is improved when the hydrodynamical calcula-
tions are coupled to a final-state rescattering model [28].
Therefore, it would be interesting to compare these data
and their centrality evolution with such treatment. For
higher pT , a recombination model calculation [5] is pre-
sented (Fig. 2, right). It approximately reproduces the
shape, but overestimates the baryon enhancement by about
15%. We also show a comparison of the EPOS model
calculations [29] with the current data. This model takes
into account the interaction between jets and the hydro-
dynamically expanding medium and arrives at a good
description of the data.

In conclusion, we note that the excess of baryons at
intermediate pT , exhibiting such a strong centrality depen-
dence in Pb-Pb collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 2:76 TeV, does
not reveal itself in pp collisions at the center-of-mass
energy up to

ffiffiffi
s

p ¼ 7 TeV. For pT > 7 GeV=c, the mea-
sured!=K0

S ratios become constantwithin our uncertainties
for all centralities and equal to that of the previously
reported pp data. This agreement between collision sys-
tems suggests that the ratio of fragmentation into! and K0

S

at high pT , even in central collisions, is not modified by the
medium.
As the collision energy and centrality increase, the

maximum of the !ð "!Þ=K0
S ratio shifts towards higher pT ,

which is in qualitative agreement with the effect of
increased radial flow, as predicted in Ref. [4]. The ratio
of integrated ! and K0

S yields does not, within uncertain-
ties, change with centrality and is equal to that measured in
pp collisions at 0.9 and 7 TeV. This suggests that the
baryon enhancement at intermediate pT is predominantly
due to a redistribution of baryons and mesons over the
momentum range rather than due to an additional baryon
production channel progressively opening up in more cen-
tral heavy-ion collisions.
The width of the baryon enhancement peak increases

with the beam energy. However, contrary to expectations
[7], the effect at the LHC is still restricted to an
intermediate-momentum range and is not observed at
high pT . This puts constraints on parameters of particle
production models involving coalescence of quarks gen-
erated in hard parton interactions [30].
Qualitatively, the baryon enhancement presented here as

pT dependence of !=K0
S ratios, is described in the low-pT

region (below 2 GeV=c) by collective hydrodynamical
radial flow. In the high-pT region (above 7–8 GeV=c), it
is very similar to pp results, indicating that there it is
dominated by hard processes and fragmentation. Our data
provide evidence for the need to include the effect of the
hydrodynamical expansion of the medium formed in Pb-Pb
collisions in the mechanisms of hadronization.
The ALICE Collaboration would like to thank all its

engineers and technicians for their invaluable contributions
to the construction of the experiment and the CERN ac-
celerator teams for the outstanding performance of the
LHC complex. The ALICE Collaboration acknowledges
the following funding agencies for their support in building
and running the ALICE detector: State Committee of
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FIG. 2 (color online). Left: !=K0
S ratios as a function of pT for different event centrality intervals in Pb-Pb collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼
2:76 TeV and pp collisions at

ffiffiffi
s

p ¼ 0:9 [11] and 7 TeV [20]. Right: selected !=K0
S ratios as a function of pT compared with !=K0

S

and "!=K0
S ratios measured in Au-Au collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 200 GeV [23]. The solid, dashed, and dot-dashed lines show the
corresponding ratios from a hydrodynamical model [24–26], a recombination model [28] and the EPOS model [29], respectively.
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S ratios as a function of pT compared with !=K0

S
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Fig. 2. (Color online.) Ratios K/π = (K+ +K−)/(π+ +π−), p/π = (p+ p̄)/(π+ +π−)

and Λ/K0
S as a function of pT in two multiplicity bins measured in the rapidity

interval 0 < yCMS < 0.5 (left panels). The ratios are compared to results in Pb–Pb
collisions measured at mid-rapidity, shown in the right panels. The empty boxes
show the total systematic uncertainty; the shaded boxes indicate the contribution
uncorrelated across multiplicity bins (not estimated in Pb–Pb).

0.2–1.5 GeV/c, 0–1.5 GeV/c, 0.3–3 GeV/c and 0.6–3 GeV/c have
been used for π± , K± , K0

S , p(p̄) and Λ(Λ̄) respectively. They have
been defined according to the available data at low pT and based
on the agreement with the data at high pT, justified considering
that the assumptions underlying the blast-wave model are not ex-
pected to be valid at high pT. Excluding the K0

S and Λ(Λ̄) from the
fit causes a negligible difference in the fit parameters.

The results are reported in Table 5 and Fig. 6. Variations of the
fit range lead to large shifts (∼10%) of the fit results (correlated
across centralities), as discussed for Pb–Pb data in [9,10].

As can be seen in Fig. 6, the parameters show a similar trend
as the ones obtained in Pb–Pb. Within the limitations of the
blast-wave model, this observation is consistent with the presence
of radial flow in p–Pb collisions. A detailed comparison of the re-
sulting fit parameters between Pb–Pb [9,10] and p–Pb (Table 5)
collisions shows that at similar dNch/dη the values of parameters

Fig. 3. (Color online.) p/π ratio as a function of the charged-particle density
dNch/dη in three pT intervals in p–Pb (measured in the rapidity interval 0 < yCMS <

0.5) and Pb–Pb collisions (measured at mid-rapidity). The dashed lines show the
corresponding power-law fit (top). Exponent of the p/π (middle) and Λ/K0

S (bot-
tom) power-law fit as a function of pT in p–Pb and Pb–Pb collisions. The empty
boxes show the total systematic uncertainty; the shaded boxes indicate the contri-
bution uncorrelated across multiplicity bins (not estimated in Pb–Pb).

for Tkin are similar for the two systems, whereas the ⟨βT⟩ values
are significantly higher in p–Pb collisions. While in Pb–Pb colli-
sions high multiplicity events are obtained through multiple soft
interactions, in p–Pb collisions the high multiplicity selection bi-
ases the sample towards harder collisions [57]. This could lead to
the larger ⟨βT⟩ parameter obtained from the blast-wave fits. Under
the assumptions of a collective hydrodynamic expansion, a larger
radial velocity in p–Pb collisions has been suggested as a conse-
quence of stronger radial gradients in [58].

In a hydrodynamically expanding system, the flow coefficients
vn are also expected to exhibit a characteristic mass-dependent or-
dering depending on the transverse expansion velocity. To probe
this picture, the pT distributions are fitted simultaneously with
the elliptic flow coefficient extracted from two particle correlations
v2 of π± , K± , p(p̄) measured in [59], with the extension of the
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higher pT , a recombination model calculation [5] is pre-
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shape, but overestimates the baryon enhancement by about
15%. We also show a comparison of the EPOS model
calculations [29] with the current data. This model takes
into account the interaction between jets and the hydro-
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increased radial flow, as predicted in Ref. [4]. The ratio
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S yields does not, within uncertain-
ties, change with centrality and is equal to that measured in
pp collisions at 0.9 and 7 TeV. This suggests that the
baryon enhancement at intermediate pT is predominantly
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momentum range rather than due to an additional baryon
production channel progressively opening up in more cen-
tral heavy-ion collisions.
The width of the baryon enhancement peak increases

with the beam energy. However, contrary to expectations
[7], the effect at the LHC is still restricted to an
intermediate-momentum range and is not observed at
high pT . This puts constraints on parameters of particle
production models involving coalescence of quarks gen-
erated in hard parton interactions [30].
Qualitatively, the baryon enhancement presented here as
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S ratios, is described in the low-pT

region (below 2 GeV=c) by collective hydrodynamical
radial flow. In the high-pT region (above 7–8 GeV=c), it
is very similar to pp results, indicating that there it is
dominated by hard processes and fragmentation. Our data
provide evidence for the need to include the effect of the
hydrodynamical expansion of the medium formed in Pb-Pb
collisions in the mechanisms of hadronization.
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FIG. 2 (color online). Left: !=K0
S ratios as a function of pT for different event centrality intervals in Pb-Pb collisions at
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sNN

p ¼
2:76 TeV and pp collisions at
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p ¼ 0:9 [11] and 7 TeV [20]. Right: selected !=K0
S ratios as a function of pT compared with !=K0

S

and "!=K0
S ratios measured in Au-Au collisions at
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p ¼ 200 GeV [23]. The solid, dashed, and dot-dashed lines show the
corresponding ratios from a hydrodynamical model [24–26], a recombination model [28] and the EPOS model [29], respectively.
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Fig. 2. (Color online.) Ratios K/π = (K+ +K−)/(π+ +π−), p/π = (p+ p̄)/(π+ +π−)

and Λ/K0
S as a function of pT in two multiplicity bins measured in the rapidity

interval 0 < yCMS < 0.5 (left panels). The ratios are compared to results in Pb–Pb
collisions measured at mid-rapidity, shown in the right panels. The empty boxes
show the total systematic uncertainty; the shaded boxes indicate the contribution
uncorrelated across multiplicity bins (not estimated in Pb–Pb).

0.2–1.5 GeV/c, 0–1.5 GeV/c, 0.3–3 GeV/c and 0.6–3 GeV/c have
been used for π± , K± , K0

S , p(p̄) and Λ(Λ̄) respectively. They have
been defined according to the available data at low pT and based
on the agreement with the data at high pT, justified considering
that the assumptions underlying the blast-wave model are not ex-
pected to be valid at high pT. Excluding the K0

S and Λ(Λ̄) from the
fit causes a negligible difference in the fit parameters.

The results are reported in Table 5 and Fig. 6. Variations of the
fit range lead to large shifts (∼10%) of the fit results (correlated
across centralities), as discussed for Pb–Pb data in [9,10].

As can be seen in Fig. 6, the parameters show a similar trend
as the ones obtained in Pb–Pb. Within the limitations of the
blast-wave model, this observation is consistent with the presence
of radial flow in p–Pb collisions. A detailed comparison of the re-
sulting fit parameters between Pb–Pb [9,10] and p–Pb (Table 5)
collisions shows that at similar dNch/dη the values of parameters

Fig. 3. (Color online.) p/π ratio as a function of the charged-particle density
dNch/dη in three pT intervals in p–Pb (measured in the rapidity interval 0 < yCMS <

0.5) and Pb–Pb collisions (measured at mid-rapidity). The dashed lines show the
corresponding power-law fit (top). Exponent of the p/π (middle) and Λ/K0

S (bot-
tom) power-law fit as a function of pT in p–Pb and Pb–Pb collisions. The empty
boxes show the total systematic uncertainty; the shaded boxes indicate the contri-
bution uncorrelated across multiplicity bins (not estimated in Pb–Pb).

for Tkin are similar for the two systems, whereas the ⟨βT⟩ values
are significantly higher in p–Pb collisions. While in Pb–Pb colli-
sions high multiplicity events are obtained through multiple soft
interactions, in p–Pb collisions the high multiplicity selection bi-
ases the sample towards harder collisions [57]. This could lead to
the larger ⟨βT⟩ parameter obtained from the blast-wave fits. Under
the assumptions of a collective hydrodynamic expansion, a larger
radial velocity in p–Pb collisions has been suggested as a conse-
quence of stronger radial gradients in [58].

In a hydrodynamically expanding system, the flow coefficients
vn are also expected to exhibit a characteristic mass-dependent or-
dering depending on the transverse expansion velocity. To probe
this picture, the pT distributions are fitted simultaneously with
the elliptic flow coefficient extracted from two particle correlations
v2 of π± , K± , p(p̄) measured in [59], with the extension of the
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of !=K0
S and "!=K0

S are the same but they are offset by
about 20% and have peak values around 10% higher, and,
respectively, lower, than the ALICE data. This comparison
between LHC and RHIC data shows that the position of the
maximum shifts towards higher pT as the beam energy
increases. It is also seen that the baryon enhancement in
central nucleus-nucleus collisions at the LHC decreases
less rapidly with pT , and, at pT ! 6 GeV=c, it is a factor of
2 higher compared with that at RHIC.

Also shown in the right panel of Fig. 2 is a hydro-
dynamical model calculation [24–26] for most central
collisions, which describes the !=K0

S ratio up to pT about
2 GeV=c rather well, but for higher pT progressively devi-
ates from the data. Such decoupling between the calcula-
tions and measurements is already seen in the comparison
with pT spectra [27]. The agreement for other charged
particles is improved when the hydrodynamical calcula-
tions are coupled to a final-state rescattering model [28].
Therefore, it would be interesting to compare these data
and their centrality evolution with such treatment. For
higher pT , a recombination model calculation [5] is pre-
sented (Fig. 2, right). It approximately reproduces the
shape, but overestimates the baryon enhancement by about
15%. We also show a comparison of the EPOS model
calculations [29] with the current data. This model takes
into account the interaction between jets and the hydro-
dynamically expanding medium and arrives at a good
description of the data.

In conclusion, we note that the excess of baryons at
intermediate pT , exhibiting such a strong centrality depen-
dence in Pb-Pb collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 2:76 TeV, does
not reveal itself in pp collisions at the center-of-mass
energy up to

ffiffiffi
s

p ¼ 7 TeV. For pT > 7 GeV=c, the mea-
sured!=K0

S ratios become constantwithin our uncertainties
for all centralities and equal to that of the previously
reported pp data. This agreement between collision sys-
tems suggests that the ratio of fragmentation into! and K0

S

at high pT , even in central collisions, is not modified by the
medium.
As the collision energy and centrality increase, the

maximum of the !ð "!Þ=K0
S ratio shifts towards higher pT ,

which is in qualitative agreement with the effect of
increased radial flow, as predicted in Ref. [4]. The ratio
of integrated ! and K0

S yields does not, within uncertain-
ties, change with centrality and is equal to that measured in
pp collisions at 0.9 and 7 TeV. This suggests that the
baryon enhancement at intermediate pT is predominantly
due to a redistribution of baryons and mesons over the
momentum range rather than due to an additional baryon
production channel progressively opening up in more cen-
tral heavy-ion collisions.
The width of the baryon enhancement peak increases

with the beam energy. However, contrary to expectations
[7], the effect at the LHC is still restricted to an
intermediate-momentum range and is not observed at
high pT . This puts constraints on parameters of particle
production models involving coalescence of quarks gen-
erated in hard parton interactions [30].
Qualitatively, the baryon enhancement presented here as

pT dependence of !=K0
S ratios, is described in the low-pT

region (below 2 GeV=c) by collective hydrodynamical
radial flow. In the high-pT region (above 7–8 GeV=c), it
is very similar to pp results, indicating that there it is
dominated by hard processes and fragmentation. Our data
provide evidence for the need to include the effect of the
hydrodynamical expansion of the medium formed in Pb-Pb
collisions in the mechanisms of hadronization.
The ALICE Collaboration would like to thank all its

engineers and technicians for their invaluable contributions
to the construction of the experiment and the CERN ac-
celerator teams for the outstanding performance of the
LHC complex. The ALICE Collaboration acknowledges
the following funding agencies for their support in building
and running the ALICE detector: State Committee of
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FIG. 2 (color online). Left: !=K0
S ratios as a function of pT for different event centrality intervals in Pb-Pb collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼
2:76 TeV and pp collisions at

ffiffiffi
s

p ¼ 0:9 [11] and 7 TeV [20]. Right: selected !=K0
S ratios as a function of pT compared with !=K0

S

and "!=K0
S ratios measured in Au-Au collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 200 GeV [23]. The solid, dashed, and dot-dashed lines show the
corresponding ratios from a hydrodynamical model [24–26], a recombination model [28] and the EPOS model [29], respectively.
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explore	  the	  transi0on	  between	  
A-‐A	  and	  pp	  

§  Progressive	  release	  of	  canonical	  
suppression	  
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Fig. 2. (Color online.) Ratios K/π = (K+ +K−)/(π+ +π−), p/π = (p+ p̄)/(π+ +π−)

and Λ/K0
S as a function of pT in two multiplicity bins measured in the rapidity

interval 0 < yCMS < 0.5 (left panels). The ratios are compared to results in Pb–Pb
collisions measured at mid-rapidity, shown in the right panels. The empty boxes
show the total systematic uncertainty; the shaded boxes indicate the contribution
uncorrelated across multiplicity bins (not estimated in Pb–Pb).

0.2–1.5 GeV/c, 0–1.5 GeV/c, 0.3–3 GeV/c and 0.6–3 GeV/c have
been used for π± , K± , K0

S , p(p̄) and Λ(Λ̄) respectively. They have
been defined according to the available data at low pT and based
on the agreement with the data at high pT, justified considering
that the assumptions underlying the blast-wave model are not ex-
pected to be valid at high pT. Excluding the K0

S and Λ(Λ̄) from the
fit causes a negligible difference in the fit parameters.

The results are reported in Table 5 and Fig. 6. Variations of the
fit range lead to large shifts (∼10%) of the fit results (correlated
across centralities), as discussed for Pb–Pb data in [9,10].

As can be seen in Fig. 6, the parameters show a similar trend
as the ones obtained in Pb–Pb. Within the limitations of the
blast-wave model, this observation is consistent with the presence
of radial flow in p–Pb collisions. A detailed comparison of the re-
sulting fit parameters between Pb–Pb [9,10] and p–Pb (Table 5)
collisions shows that at similar dNch/dη the values of parameters

Fig. 3. (Color online.) p/π ratio as a function of the charged-particle density
dNch/dη in three pT intervals in p–Pb (measured in the rapidity interval 0 < yCMS <

0.5) and Pb–Pb collisions (measured at mid-rapidity). The dashed lines show the
corresponding power-law fit (top). Exponent of the p/π (middle) and Λ/K0

S (bot-
tom) power-law fit as a function of pT in p–Pb and Pb–Pb collisions. The empty
boxes show the total systematic uncertainty; the shaded boxes indicate the contri-
bution uncorrelated across multiplicity bins (not estimated in Pb–Pb).

for Tkin are similar for the two systems, whereas the ⟨βT⟩ values
are significantly higher in p–Pb collisions. While in Pb–Pb colli-
sions high multiplicity events are obtained through multiple soft
interactions, in p–Pb collisions the high multiplicity selection bi-
ases the sample towards harder collisions [57]. This could lead to
the larger ⟨βT⟩ parameter obtained from the blast-wave fits. Under
the assumptions of a collective hydrodynamic expansion, a larger
radial velocity in p–Pb collisions has been suggested as a conse-
quence of stronger radial gradients in [58].

In a hydrodynamically expanding system, the flow coefficients
vn are also expected to exhibit a characteristic mass-dependent or-
dering depending on the transverse expansion velocity. To probe
this picture, the pT distributions are fitted simultaneously with
the elliptic flow coefficient extracted from two particle correlations
v2 of π± , K± , p(p̄) measured in [59], with the extension of the
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V0’s	  (single-‐strange	  hadrons)	   Cascades	  (mul@-‐strange	  hadrons)	  

K0
S ! ⇡+ + ⇡�

⇤ ! p+ ⇡�

⇤̄ ! p̄+ ⇡+

- B.R.:	  63.9%	  
- cτ:	  7.89	  cm	  
- mass:	  1115.68	  MeV/c2	  

⌅� ! ⇤+ ⇡�

⌅̄+ ! ⇤̄+ ⇡+

⌦̄+ ! ⇤̄+K+

⌦� ! ⇤+K�

- B.R.:	  69.2%	  
- cτ:	  2.68	  cm	  
- mass:	  497.61	  MeV/c2	  

- B.R.:	  99.9%	  
- cτ:	  4.91	  cm	  
- mass:	  1321.71	  MeV/c2	  

- B.R.:	  67.8%	  
- cτ:	  2.46	  cm	  
- mass:	  1672.45	  MeV/c2	  
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§  Spectra	  become	  harder	  for	  higher	  mul0plici0es	  
§  Ra0os	  seem	  to	  saturate	  for	  pT	  above	  approximately	  3	  GeV/c	  

9	  



Results:	  pT	  Spectra	  (II)	  

R.D.	  de	  Souza	  -‐	  ISMD	  2015	  -‐	  7	  October	  2015	  

-1 )c
)  

(G
eV

/
yd Tp

/(d
N2

 d
ev

N
1/

-710

-610

-510

-410

-310

-210

-110

1

10

V0M multiplicity event classes
)7 2×0-1% ( )6 2×1-5% (
)5 2×5-10% ( )4 2×10-15% (

)3 2×15-30% ( )2 2×30-50% (
)1 2×50-70% ( 70-100%

Levy-Tsallis fit

=7TeVsALICE Preliminary - pp 
+

Ξ+-Ξ
|y|<0.5

)c (GeV/
T
p

0 1 2 3 4 5 6 7

R
at

io
 to

 [0
-1

00
%

]

-110

1

10

Tot. Syst uncertainty on ratio

ALI−PREL−98899

-1 )c
)  

(G
eV

/
yd Tp

/(d
N2

 d
ev

N
1/

-610

-510

-410

-310

-210

-110

V0M multiplicity event classes
)4 2×0-5% ( )3 2×5-15% (

)2 2×15-30% ( )1 2×30-50% (
50-100%

Levy-Tsallis fit

=7TeVsALICE Preliminary - pp 
+

Ω+-Ω
|y|<0.5

)c (GeV/
T
p

0 1 2 3 4 5 6

R
at

io
 to

 [0
-1

00
%

]

-110

1

10

Tot. Syst uncertainty on ratio

ALI−PREL−98960

10	  



Results:	  pT	  Spectra	  (II)	  

R.D.	  de	  Souza	  -‐	  ISMD	  2015	  -‐	  7	  October	  2015	  

-1 )c
)  

(G
eV

/
yd Tp

/(d
N2

 d
ev

N
1/

-710

-610

-510

-410

-310

-210

-110

1

10

V0M multiplicity event classes
)7 2×0-1% ( )6 2×1-5% (
)5 2×5-10% ( )4 2×10-15% (

)3 2×15-30% ( )2 2×30-50% (
)1 2×50-70% ( 70-100%

Levy-Tsallis fit

=7TeVsALICE Preliminary - pp 
+

Ξ+-Ξ
|y|<0.5

)c (GeV/
T
p

0 1 2 3 4 5 6 7

R
at

io
 to

 [0
-1

00
%

]

-110

1

10

Tot. Syst uncertainty on ratio

ALI−PREL−98899

-1 )c
)  

(G
eV

/
yd Tp

/(d
N2

 d
ev

N
1/

-610

-510

-410

-310

-210

-110

V0M multiplicity event classes
)4 2×0-5% ( )3 2×5-15% (

)2 2×15-30% ( )1 2×30-50% (
50-100%

Levy-Tsallis fit

=7TeVsALICE Preliminary - pp 
+

Ω+-Ω
|y|<0.5

)c (GeV/
T
p

0 1 2 3 4 5 6

R
at

io
 to

 [0
-1

00
%

]

-110

1

10

Tot. Syst uncertainty on ratio

ALI−PREL−98960

§  Similarly	  as	  for	  K0S	  and	  Λ	  
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Results:	  <pT>	  
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Rising	  trend	  of	  <pT>	  as	  a	  func1on	  
of	  mul1plicity	  for	  all	  iden1fied	  

par1cles	  
(dashed	  lines	  are	  logarithmic	  fits	  to	  guide	  the	  eye)	  

The	  dependence	  of	  the	  <pT>	  
with	  mul1plicity	  shows	  the	  
“hardening”	  of	  the	  spectra	  

clearly	  



Results:	  Λ/K0S	  vs	  pT	  in	  pp	  
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Λ/K0S	  as	  a	  func1on	  of	  pT	  for	  highest	  
(0-‐1%)	  and	  lowest	  (70-‐100%)	  mul1plicity	  
selec1ons	  compared	  to	  the	  mul1plicity-‐

integrated	  (0-‐100%)	  selec1on	  

The	  trend	  observed	  for	  the	  
mul1plicity-‐integrated	  case	  seems	  
closer	  to	  the	  one	  observed	  for	  the	  
highest	  mul1plicity	  selec1on	  

Clear	  separa1on	  between	  highest	  and	  
lowest	  mul1plicity	  selec1ons	  
	  

The	  posi1on	  of	  the	  maximum	  is	  shited	  
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Results:	  Λ/K0S	  vs	  pT	  in	  pp,	  p-‐Pb,	  Pb-‐Pb	  
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p-‐Pb,	  Pb-‐Pb:	  ALICE,	  PLB	  728	  (2014)	  25-‐38	  

The	  dependence	  of	  the	  ra0o	  with	  the	  event	  mul0plicity	  in	  pp	  seems	  
qualita0vely	  similar	  to	  what	  is	  observed	  for	  p-‐Pb	  and	  Pb-‐Pb	  

`	  
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Results:	  Λ/π	  vs	  mul1plicity	  in	  pp	  
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Consistent	  behavior	  
observed	  between	  the	  
results	  from	  pp	  and	  p-‐Pb	  

Good	  agreement	  with	  pp	  
INEL	  at	  low	  mul1plici1es	  

GC	  satura1on	  value	  reached	  
in	  the	  higher	  mul1plici1es	  



Results:	  Λ/π	  vs	  mul1plicity	  in	  pp	  
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Consistent	  behavior	  
observed	  between	  the	  
results	  from	  pp	  and	  p-‐Pb	  

Good	  agreement	  with	  pp	  
INEL	  at	  low	  mul1plici1es	  

Pythia	  6	  and	  8	  predic1ons	  
using	  several	  tunes	  show	  
strong	  disagreement	  with	  
the	  observed	  trend	  in	  pp	  

collisions	  

Effects	  of	  color	  reconnec0on	  (CR)	  in	  the	  simula0on	  does	  not	  
produce	  significant	  changes	  
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GC	  satura1on	  value	  reached	  
in	  the	  higher	  mul1plici1es	  



Results:	  Ξ/π	  and	  Ω/π	  vs	  mult.	  in	  pp	  
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§  Similarly	  to	  what	  was	  shown	  for	  Λ/π,	  the	  trends	  observed	  for	  pp	  and	  p-‐Pb	  
are	  very	  similar	  

§  Pythia	  6	  and	  8	  predic1ons	  also	  show	  strong	  disagreement	  with	  the	  
observed	  trend	  for	  Ξ/π	  and	  Ω/π	  

§  Comparing	  to	  thermal	  model	  predic1ons	  (THERMUS/GSI-‐Heidelberg	  
models),	  Ξ/π	  seems	  to	  reach	  the	  GC	  satura1on	  value	  but	  Ω/π	  stays	  below	  

15	  



Results:	  pp	  and	  p-‐Pb	  scaled	  by	  ppINEL	  
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The	  rela1ve	  increase	  with	  
mul1plicity	  is	  more	  

pronounced	  for	  baryons	  
with	  higher	  strangeness	  

content	  

The	  observed	  increase	  
seems	  to	  be	  strangeness-‐

related	  rather	  than	  
baryon-‐related	  since	  for	  
protons	  the	  ra1o	  remains	  
constant	  up	  to	  the	  highest	  

<Nch>	  probed	  

16	  



Summary	  
§  Measurements	  of	  strange	  and	  mul@-‐strange	  hadrons	  have	  been	  

performed	  as	  a	  func@on	  of	  charged-‐par@cle	  density	  in	  pp	  collisions	  at	  
√s	  =	  7	  TeV	  with	  the	  ALICE	  experiment	  

§  The	  spectra	  shape	  are	  observed	  to	  become	  harder	  as	  one	  selects	  on	  
higher	  mul1plicity	  events	  	  

§  The	  trend	  of	  Λ/K0S	  vs	  pT	  for	  different	  mul1plicity	  selec1ons	  observed	  in	  
pp	  is	  similar	  to	  the	  corresponding	  observa1ons	  in	  p-‐Pb	  and	  Pb-‐Pb	  

§  Increase	  of	  yield	  ra1os	  (Λ/π,	  Ξ/π,	  Ω/π)	  with	  mul1plicity	  also	  follows	  the	  
same	  trend	  observed	  in	  p-‐Pb	  

§  Comparisons	  with	  predic@ons	  from	  Monte	  Carlo	  generators	  Pythia	  6	  
and	  8	  show	  strong	  disagreement	  for	  all	  cases	  

R.D.	  de	  Souza	  -‐	  ISMD	  2015	  -‐	  7	  October	  2015	   17	  

Thank you for the attention! 
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(backup)	  Mul1plicity	  Selec1on	  Classes	  
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K0S	  and	  Λ	   Ξ	   Ω	  
V0M	  
Classes	   <dNch/dη>|η|<0.5	  

V0M	  
Classes	   <dNch/dη>|η|<0.5	  

V0M	  
Classes	   <dNch/dη>|η|<0.5	  

0	  –	  1%	   21.29±0.04±0.64	   0	  –	  1%	   21.29±0.04±0.64	  
0	  –	  5%	   17.47±0.02±0.52	  

1	  –	  5%	   16.51±0.01±0.50	   1	  –	  5%	   16.51±0.01±0.50	  

5	  –	  10%	   13.46±0.01±0.35	   5	  –	  10%	   13.46±0.01±0.35	  
5	  –	  15%	   12.48±0.01±0.38	  

10	  –	  15%	   11.51±0.01±0.35	   10	  -‐15%	   11.51±0.01±0.35	  

15	  –	  20%	   10.08±0.01±0.30	  
15	  –	  30%	   8.99±0.01±0.27	   15	  –	  30%	   8.99±0.01±0.27	  

20	  –	  30%	   8.45±<0.01±0.25	  

30	  –	  40%	   6.72±<0.01±0.21	  
30	  –	  50%	   6.06±<0.01±0.19	   30	  –	  50%	   6.06±<0.01±0.19	  

40	  –	  50%	   5.40±<0.01±0.17	  

50	  –	  70%	   3.90±<0.01±0.14	   50	  –	  70%	   3.90±<0.01±0.14	  
50	  –	  100%	   2.89±<0.01±0.14	  

70	  –	  100%	   2.26±<0.01±0.12	   70	  –	  100%	   2.26±<0.01±0.12	  



(backup)	  π	  and	  p	  spectra	  
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(backup)	  2φ/(π++π-‐)	  vs	  mul1plicity	  
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(backup)	  Acceptance	  ✕	  Efficiency	  
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