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Abstract

The production of the hypertriton nuclei3
ΛH and3

Λ̄H has been measured for the first time in Pb–Pb
collisions at

√
sNN = 2.76 TeV with the ALICE experiment at LHC energies. The total yield,

dN/dy ×B.R.(3
ΛH→3He,π−) = (3.86±0.77(stat.)±0.68(syst.))× 10−5 in the 0–10% most central col-

lisions, is consistent with the predictions from a statistical thermal model using the same temperature
as for the light hadrons. The coalescence parameterB3 shows a dependence on the transverse momen-
tum, similar to theB2 of deuterons and theB3 of 3He nuclei. The ratio of yieldsS3 = 3

ΛH/(3He×Λ/p)
was measured to beS3 = 0.60± 0.13 (stat.)± 0.21 (syst.) in 0–10% centrality events; this value is
compared to different theoretical models. The measuredS3 is fully compatible with thermal model
predictions. The measured3

ΛH lifetime, τ = 181+54
−39(stat.)± 33(syst.) ps is compatible within 1σ

with the world average value.

∗See AppendixA for the list of collaboration members
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1 Introduction and Physics Motivations

High-energy heavy-ion collisions offer a unique way to study the behaviour of nuclear matter under
conditions of extreme energy densities. At LHC energies, particles carrying strangeness are abundantly
produced and light clusters of nucleons and hyperons, called hypernuclei, are expected to be formed [1].
Since their first observation [2], there has been a constant interest in searching for new hypernuclei as they
offer an experimental way to study the hyperon-baryon (Y N) and the hyperon-hyperon (YY ) interactions,
which are relevant for nuclear physics and nuclear astrophysics. For instance, theY N interaction plays a
key role in understanding the structure of neutron stars [3–6]. The production of hypernuclei in heavy-
ion collisions has been proposed and studied for a long time [7, 8] and at ultrarelativistic energies it
is possible to produce particles otherwise inaccessible, such as anti-hypernuclei. In fact, while many
Λ-hypernuclei have been observed, the first observation of ananti-hypernucleus is rather recent and
was reported from the analysis of Au–Au collisions at

√
sNN = 200 GeV by the STAR Collaboration at

RHIC [9]. Since hypernuclei are weakly bound nuclear systems, theyare sensitive probes of the final
stages of the evolution of the fireball formed in the heavy-ion collisions [10]. The yield of hypernuclei
can distinguish between different production scenarios, usually described using two different theoretical
approaches. The first one is based on a coalescence model [11], while the second one is based on the
assumption that all the particle species can be described using a statistical thermal model [12]. In the
statistical thermal model a constant entropy over baryon ratio [13] could explain why objects with such
a small binding energy (few MeV) could survive the high temperature (≈ 170 MeV) expanding fireball.
On the other hand, if hypernuclei are produced through coalescence of protons, neutrons and hyperons at
freeze-out [14], they will provide a measurement of the local correlation between baryons and hyperons
(strangeness) [15].
This letter presents a study of hypertriton and anti-hypertriton production at

√
sNN = 2.76 TeV Pb–Pb

collisions by the ALICE collaboration.The paper is organised as follows. In Section2 the ALICE detector
is briefly described. The data sample, analysis details and systematic uncertainties are presented in
Section3. In Section4 the obtained results are compared with theoretical models.Finally the conclusions
are drawn in Section5.

2 The ALICE detector

A detailed description of the ALICE detector can be found in [16] and references therein. For the
present analysis the main sub-detectors used are the V0 detectors, the Inner Tracking System (ITS) and
the Time Projection Chamber (TPC), which are located insidea 0.5 T solenoidal magnetic field. The
V0 [17] detectors are placed around the beam-pipe on either side ofthe interaction point: one covering
the pseudorapidity range 2.8 < η < 5.1 (V0-A) and the other one covering−3.7 < η < −1.7 (V0-C).
The collision centrality is estimated by using the multiplicity measured in the V0 detectors along
with a Glauber model simulation to describe the multiplicity distribution as a function of the impact
parameter [18,19]. The ITS [20] has six cylindrical layers of silicon detectors with radiibetween 3.9 and
43 cm from the beam axis, covering the full azimuthal angle and the pseudorapidity range of|η |< 0.9.
The same pseudorapidity range is covered by the TPC [21], which is the main tracking detector. Hits in
the ITS and found clusters in the TPC are used to reconstruct charged-particle tracks. These are used to
determine the primary collision vertex with a resolution ofabout 10µm in the direction transverse to the
beams for heavy-ion collisions. The TPC is used for particleidentification through the dE/dx (specific
energy loss) in the TPC gas.

3 Analysis

The (anti-)hypertriton (3Λ̄H) 3
ΛH is the lightest observed hypernucleus and is a bound state formed by

a (anti-)proton, a (anti-)neutron and a (anti-)Λ. The 3
ΛH and 3

Λ̄H production yields were measured by
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detecting their mesonic decay (3
ΛH → 3He +π−) and (3Λ̄H → 3He +π+) via the topological identification

of secondary vertices and the analysis of the invariant massdistributions of (3He+π−) and (3He+ π+)
pairs.
The analysis was done using Pb–Pb collisions at

√
sNN = 2.76 TeV taken in 2011. The events were

collected with an interaction trigger requiring a signal inboth V0-A and V0-C. Only events with a
primary vertex reconstructed within±10 cm, along the beam axis, from the nominal position of the
interaction point were selected. The analysed sample, collected with two different centrality trigger
configurations corresponding to the 0–10% and 10–50% centrality intervals, contained approximately
20×106 and 17×106 events, respectively.
The3

ΛH can be identified via the invariant mass of its decay products and, since it has a lifetime similar
to the freeΛ (cτ ∼ 8 cm), in most cases it is possible to identify its decay up to afew cm away from
the primary vertex. The decay vertex was determined by exploiting a set of geometrical selections: i) the
Distance of Closest Approach (DCA) between the two particletracks identified using dE/dx in the TPC
as3He andπ, ii) the DCA of theπ± tracks from the primary vertex, iii) the cosine of the angle between
the total momentum of the decay pairs at the secondary vertexand a vector connecting the primary vertex
and the secondary vertex (pointing angle), and iv) a selection on the proper lifetime (cτ) of the candidate.
An additional selection on the3ΛH (3

Λ̄H) rapidity (|y|<0.5) was applied.
Figure 1 shows the invariant mass distribution of (3He,π−) on the left and (3He,π+) on the right for
events with 10–50% centrality in the pair transverse momentum range 2≤ pT < 10 GeV/c. In order
to estimate the background, for each event theπ track detected at the secondary vertex was rotated 20
times by a random azimuthal angle. The shape of the corresponding (3He,π) invariant mass distribution
was found to reproduce the observed background outside the signal region. The data points were fitted
with a function which is the sum of a Gaussian and a third degree polynomial, used to describe the
signal and the background, respectively. The background was normalized to the measured values in the
3.01 – 3.08 GeV/c2 region. The fit to the background distribution was used to fix the parameters of the
polynomial in the combined fit.
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Figure 1: Invariant mass of (3He,π−) (left) and (3He,π+) (right) for events with 10–50% centrality in the pair
2 ≤ pT < 10 GeV/c interval. The data points are shown as full circle, while thesquares represent the background
distribution as described in the text. The curve representsthe function used to perform the fit and used to evaluate
the background and the raw signal.

In the 0–10% most central collisions, a signal was extractedin three transverse momentum intervals
(2≤ pT < 4 GeV/c, 4≤ pT < 6 GeV/c, 6≤ pT < 10 GeV/c) , for both3

ΛH and3
Λ̄H. In the 10–50% cen-

3



3
ΛH and3

Λ̄H production in Pb–Pb collisions ALICE Collaboration

trality class a signal both for3ΛH and3
Λ̄H was obtained for the fullpT range under study (2≤ pT < 10 GeV/c).

From the combined fit results the mean value, the width and theyield of the signal were extracted. The
mean invariant mass (µ = 2.991± 0.001 (stat.)± 0.003 (syst.) GeV/c2) is compatible within uncer-
tainties with the mass from the literature [22]. The signal width,σ = (3.01± 0.24 (stat.))×10−3GeV/c2

obtained as the mean value of all the measured widths, is reproduced by Monte Carlo simulations and
is driven by detector resolution. The raw yield of the signalwas defined as the integral of the Gaussian
function in a± 3 σ region around the mean value.
A correction factor which takes into account the detector acceptance, the reconstruction efficiency, and
the absorption of3ΛH (3

Λ̄H) by the material crossed was determined as a function ofpT. Detector ac-
ceptance and reconstruction efficiency were evaluated using a dedicated HIJING Monte Carlo simula-
tion [23], where the only allowed decay was the two-body decay to charged particles, (3ΛH → 3He +π−)
and (3Λ̄H → 3He +π+). The simulated particles were propagated through the detector using the GEANT3
transport code [24] and then processed with the same reconstruction chain as for the data.
Since the absorption of (anti-)(hyper)nuclei is not properly implemented in GEANT3, a correction based
on the p (p) absorption was applied in order to take into account the absorption of3ΛH (3

Λ̄H) and3He (3He)
by the material of the ALICE detector. In this approach, the3He and3

ΛH were treated as states of three
independent p (p). To take into account the smallΛ separation energy (BΛ(

3
ΛH) = 0.13±0.05 MeV [25]),

the absorption cross section of the3
ΛH was increased by 50% with respect to the one of the3He, as an

intermediate value chosen between the absorption correction of 3He and twice its value. The correction
applied to the extracted yield was about 12% for3

ΛH and about 22% for3Λ̄H. The total systematic un-
certainty takes into account, as lower and upper limits of the 3

ΛH(3
Λ̄H) absorption cross section, values

respectively equal to or two times higher than the absorption cross section of3He(3He). This uncertainty
is pT dependent, and its values are reported in Table1. Other sources of systematic uncertainties in the
yield evaluation were estimated:

– The systematic uncertainty due to the single-track efficiency, and the different choices of the track
quality selections was taken from [26]. A 10% uncertainty is quoted for the two body decay of
3
ΛH.

– 3
ΛH lifetime: since the3ΛH lifetime is not accurately known, the influence of varying the3

ΛH lifetime
on the efficiency was evaluated by variation of the proper lifetime of the injected3ΛH in the Monte
Carlo simulation. The associated uncertainty was estimated using two additional dedicated Monte
Carlo simulations with different lifetimes. The injected lifetime of 3

ΛH (3
Λ̄H) was varied (±1σ )

with respect to the result obtained in this analysis, leading to an uncertainty of 8.5%.

– The uncertainty related to the signal extraction procedure was evaluated by constraining fit param-
eters (µ andσ ) in different ways. This source led to a 9% uncertainty.

The systematic uncertainty due to the uncertainty of the ALICE detector material budget andpT distri-
bution in the Monte Carlo used for the efficiency estimation led to a 1% systematic uncertainty.
The 3

ΛH and3
Λ̄H spectra are shown in Figure2 (left panel), multiplied by the branching ratio (B.R.) of

the 3
ΛH → 3He + π− decay. The anti-hypertriton to hypertriton ratio as a function of pT is shown in

Figure2 (right panel). It is consistent with unity over the whole consideredpT range, as expected from
zero net baryon density at LHC energies. In the ratio, the common systematic uncertainties (tracking
efficiency, lifetime, and signal extraction method) cancelout and have therefore been removed.

In order to take into account the unmeasuredpT region and to extract the particle yields integrated
over the full pT range, the spectra were fitted using a blast-wave function [27] whose parameter values
were taken from the combined deuteron and3He analysis [28] leaving the normalization free . The
extrapolation in thepT< 2 GeV/c region contributes 28% to the final yield for both3

ΛH and3
Λ̄H, while the

4



3
ΛH and3

Λ̄H production in Pb–Pb collisions ALICE Collaboration

)c(GeV/
T

p
0 1 2 3 4 5 6 7 8 9

-1 )c
 x

 B
.R

. (
G

eV
/

yd
T

p
/d

N2 d

-610

-510

HΛ
3 

HΛ
3 

 = 2.76 TeVNNsPb-Pb 

-πHe + 3 →H Λ
3 

ALICE 0-10%

+π + He3 → HΛ
3 

)c (GeV/
T

p
0 1 2 3 4 5 6 7 8 9

H
Λ3 / 

H
Λ3  

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

 = 2.76 TeVNNsPb-Pb 

0-10% centrality

ALICE

Figure 2: Left: Transverse momentum spectra multiplied by the B.R. ofthe3
ΛH → 3He + π− decay for3ΛH (full

circle) and3
Λ̄H (squares) for the most central (0–10%) Pb–Pb collisions at

√
sNN = 2.76 TeV for|y|< 0.5. Symbols

are displaced for better visibility. Right:3
Λ̄H to 3

ΛH ratio as a function ofpT. In both panels statistical uncertainties
are represented by bars and systematic uncertainties are represented by open boxes.

contribution forpT > 10 GeV/c is negligible. Different transverse momentum distributions were used to
evaluate the systematic uncertainty related to the extrapolation, which was found to be 5%.

3
ΛH 3

Λ̄H

pT intervals (GeV/c) pT intervals (GeV/c)
2–4 4–6 6–10 2–10 2–4 4–6 6–10 2–10

Absorption 5.4% 5.3 % 5.4% 5.4% 13% 10% 8.9 % 10.6%
Tracking efficiency 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %
3
ΛH lifetime 8.5% 8.5% 8.5% 8.5 % 8.5% 8.5% 8.5% 8.5 %
Signal extraction method 9 % 9 % 9 % 9 % 9 % 9 % 9 % 9 %
Extrapolation at lowpT 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 %
Total 17.5% 17.5% 17.5% 17.5%21.1% 19.4% 18.9% 19.8 %

Table 1: Summary of systematic uncertainties for the threepT intervals and in the full range considered. These
uncertainties are the same for events with 0–10% and 10–50% centrality. For the final systematic uncertainty
evaluation they were added in quadrature.

To determine the lifetime, the (3
ΛH + 3

Λ̄H) sample was divided into four intervals inct = MLc/p,
whereM is the mass,L the decay length,c is the speed of light, andp is the total momentum. The
mass was fixed to the value from the literatureM = 2.991 GeV/c2 [22]. For the determination of the
lifetime, both centrality classes 0–10% and 10–50% were used. The signal was extracted in the intervals:
1≤ ct <4 cm, 4≤ ct < 7 cm, 7≤ ct < 10 cm and 10≤ ct < 28 cm. To estimate the lifetime, the raw
signal was corrected by the detector acceptance, the reconstruction efficiency and the absorption of3

ΛH
(3
Λ̄H) in the material. The same dedicated HIJING Monte Carlo simulation and the same procedure used

to determine thepT dependence of the efficiency were used. The sources of systematic uncertainty are
shown in Table2.

An exponential fit was performed to determine the lifetime. The dN/d(ct) distribution and the exponential
fit are shown in Figure3. The vertical bars show the statistical uncertainties and the boxes represent the

5
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Source Value
Signal extraction method 9%
Tracking Efficiency 10%
Absorption 12%
Total 18%

Table 2: Summary of systematic uncertainties for the determinationof the proper lifetime of3ΛH+3
Λ̄H.

systematic uncertainties.
The slope of the fit results in a proper decay length ofcτ=

(

5.4+1.6
−1.2(stat.)±1.0(syst.)

)

cm. To determine
the statistical error the Minuit processorMINOS embedded in the ROOT framework [29] was used.

 (cm)ct
0 5 10 15 20 25

)
-1

 (
cm

)
ct

d(
Nd
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210

 = 2.76 TeVNNsPb-Pb 

 1.0) cm± 
1.2
1.6± = (5.4 τc

ALICE

Figure 3: Measured dN/d(ct) distribution and an exponential fit used to determine the lifetime. The bars and boxes
are the statistical and systematic uncertainties, respectively.

The lifetimes of lightΛ-hypernuclei (A ≤ 4) are expected to be very similar to that of the freeΛ, if the
Λ in the hypernucleus is weakly bound [31]. The measured lifetimes of light hypernuclei such as3

ΛH [9,
32–38] are not known as precisely as theΛ lifetime, and theoretical predictions [31,39–46] are scattered
over a large range, too. Recently, a statistical combination of the experimental lifetime estimations of
3
ΛH available in literature was published, resulting in an average valueτ =

(

216+19
−18

)

ps [47].
With the present data, a lifetime ofτ =

(

181+54
−39(stat.)±33(syst.)

)

ps has been obtained. It is compared
with the previously published results in Figure4. Our result, together with the previous ones, was used
to re-evaluate the world average of the existing results using the same procedure as described in [47].
The obtained value,τ =

(

215+18
−16 ps

)

, is shown as a band in Figure4. The result obtained in this analysis
is compatible with the computed average.

4 Comparison between experimental yields and theoretical models

The product of the total integrated yields and the B.R. of the3
ΛH → (3He +π−) decay for3ΛH and3

Λ̄H for
two centrality classes (0–10% and 10–50%) are reported in Table 3. The systematic uncertainties also
include the contribution due to the lowpT extrapolation as described in Section3.
It is possible to compare the production yields at differentcentralities by scaling them according to the
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(
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)

ps, while the dashed line represent the
lifetime of Λ as reported by the Particle Data Group [30].

charged-particle densities〈dNch/dη〉. For central (0–10%) collisions〈dNch/dη〉 = 1447± 39, while for
semi-central (10–50%)〈dNch/dη〉 = 575± 12. The ratio

(

(3
ΛH+3

Λ̄H)
(0−10%)

(3
ΛH+3

Λ̄H)
(10−50%)

)

( 〈dNch/dη〉(0−10%)

〈dNch/dη〉(10−50%)

) = 1.34±0.35(stat.)±0.24(syst.) (1)

is compatible with unity within 1σ . The 3
ΛH (3

Λ̄H) production scales with centrality like the charged-
particle production.

Centrality 〈dNch/dη〉 3
ΛH ×B.R.×10−5 3

Λ̄H ×B.R.×10−5

0–10% 1447± 39 3.86±0.77(stat.)±0.68(syst.) 3.47±0.81(stat.)±0.69(syst.)

10–50% 575± 12 1.31±0.37(stat.)±0.23(syst.) 0.85±0.29(stat.)±0.17(syst.)

Table 3: Total integrated yields times the B.R. of the3
ΛH → (3He +π−) decay, for3ΛH and3

Λ̄H in Pb–Pb collisions
at
√

sNN = 2.76 TeV for different centrality classes in|y|< 0.5. For each centrality interval the average〈dNch/dη〉
is also reported [18].

4.1 Comparison between thermal models and experimental yields

Since the decay branching ratio of the3
ΛH → 3He + π− was estimated only relative to the charged-pion

channels [37], the corresponding value (B.R.=35%) provides an upper limit for the absolute branching
ratio. On the other hand, a theoretical estimation for the3

ΛH → 3He + π− decay branching ratio,
which also takes into account decays with neutral mesons decays, gave a B.R.=25% [31]. Assuming
a possible variation on the B.R. in the range 15–35%, we show in Figure5 a comparison of our result
with different theoretical model calculations [1, 48, 49]. The measured dN/dy × B.R. is shown as a
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horizontal line, where the band represent statistical and systematic uncertainties added in quadrature
while the different theoretical models are shown as lines. The data are compared with the following
models: two versions of the statistical hadronization model [1,48] and the hybrid UrQMD model [49],
which combines the hadronic transport approach with an initial hydrodynamical stage for the hot and
dense phase of a heavy-ion collision. The two versions of thestatistical hadronization model used
are the equilibrium statistical model (GSI-Heidelberg), described in [1] and references therein, with a
temperatureTch = 156 MeV and the non-equilibrium thermal model (SHARE), described in [48] and
references therein, withTch = 138.3 MeV,γq = 1.63 andγs = 2.08, whereγq andγs represent the quark
and strangeness phase space occupancy of the system createdafter the collision, respectively.
The non-equilibrium thermal model (SHARE) [48] overestimates the (anti-)hypertriton yield by a factor
from 2 to 5 depending on the branching ratio (B.R.). For the branching ratio expected following [31]
(B.R. = 25%) the equilibrium thermal model [1] (GSI-Heidelberg) and the hybrid UrQMD model [49]
describe the data best.

B.R.
0.15 0.2 0.25 0.3 0.35

 x
 B

.R
.

y
/d

Nd

4−10

Data 

Hybrid UrQMD Model

Thermal model

GSI - Heidelberg

SHARE

0-10% centrality

 = 2.76 TeVNNsPb-Pb 

)-πHe+3 (→H Λ
3 

ALICE

Figure 5: Yield times branching ratios as a function of branching ratio (dN/dy ×B.R. vsB.R). The horizontal line
is the measured value and the band represents statistical and systematic uncertainties added in quadrature. Lines
are different theoretical expectations as explained in thetext.

A fit, based on the thermal fit described in [1], was performed to the hypertriton yield and to yields from
other light flavour hadrons, except K∗, previously measured by our Collaboration at

√
sNN = 2.76 TeV [28,

50–53]. The inclusion of the deuteron,3He [28] and3
ΛH in the thermal fit [54] in addition to lighter parti-

cles, does not change the resulting freeze-out temperature(Tch = 156± 2 MeV) and the measured yields
of the nuclei and the hypertriton agree with the model predictions within 1σ . The results on the hy-
pertriton yields discussed above were also used to determine the3

ΛH/3He and3
Λ̄H/3He ratios, which are

shown in Table.4. In order to compute the ratios, our previous measurement of3He and3He yields [28]
were used.

These results were compared with different theoretical models [48, 55, 56] and results from the STAR
experiment [9] at

√
sNN = 200 GeV, which use the same B.R. = 25%. The comparison is shown in

Figure6. STAR results are higher than ALICE results, but still compatible within uncertainties.
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Centrality 3
ΛH / 3He 3

Λ̄H / 3He

0–10% 0.47±0.10(stat.)±0.13(syst.) 0.42±0.10(stat.)±0.13(syst.)

10–50% 0.40±0.11(stat.)±0.11(syst.) 0.26±0.09(stat.)±0.08(syst.)

Table 4: Ratios of3ΛH/3He and3
Λ̄H/3He assuming a B.R. = 25% for the3

ΛH → 3He + π decay [31]. The results
from 3He and3He analysis measured by the ALICE experiment were used [28].

He3 H / 3
Λ He3 / H 3

Λ 

R
at

io

0

0.2
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0.6

0.8
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1.6  = 2.76 TeVNNsData : ALICE 0-10%, Pb-Pb  

 = 0.20 TeVNNsData : STAR  0-80%, Au-Au  

Thermal model

SHARE

GSI - Heidelberg

THERMUS

Hagedorn resonance gas model

) assuming B.R.=25%πHe + 3 (→H Λ
3 

Figure 6: The ratios3
ΛH/3He and3

Λ̄H/3He determined by the present analysis (full circles) for matter and anti-
matter compared with STAR results (squares) [9] and theoretical predictions (lines) [1,48,55,56] as described in
the legend.

4.2 Data comparison to coalescence models andS3 ratio

At the moment no prediction of the3ΛH and3
Λ̄H yields in a non-trivial dynamical coalescence model is

available at LHC energies. Nevertheless within a simple coalescence model it is possible to evaluate some
parameters which are sensitive to the existence of coalescence mechanisms for hypernuclei formation. In
the empirical coalescence model [11] the cross section for the production of a cluster with mass numberA
is related to the probability thatA nucleons have relative momenta less thanp0, which is a free parameter
of the model. This provides the following relation between the production cross sections of the nuclear
cluster emitted with a momentumpA and the nucleon emitted with a momentumpp

EA
d3NA

d3pA
= BA

(

Ep
d3Np

d3pp

)A

, (2)

wherepA =App. For a given nucleus, the coalescence parameterBA should not depend on the momentum
since it depends only on the cluster parameters:

BA =

(

4π
3

p3
0

)(A−1) M
mA (3)

whereM andm are the nucleus and the proton mass, respectively. The parameterB3 was computed for
3
ΛH according to Equation2 using the spectrum shown in Figure2 and our previous measurement of the
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proton [50] andΛ [52] spectra.

ParametersBd
2 andB

3He
3 obtained in [28] are compared with the hypertritonB

3
ΛH
3 from this analysis using

the relations

B
3He
2 =

√

m2
d

m3Hemp
B

3He
3 (4)

and

B
3
ΛH
3 = B

3He
3

mpm3
ΛH

m3HemΛ
. (5)

Finally it is possible to define

B
3
ΛH
2 =

√

m2
dmΛ

m2
pm3

ΛH
B

3
ΛH
3 . (6)

The B
3
ΛH
2 parameter evaluated fromB

3
ΛH
3 is compared in Figure7 to that of the deuteron,Bd

2, and3He,

B
3He
2 . The 3

ΛH coalescence parameter is not flat as a function ofpT contrary to the prediction of the
simple coalescence model [11], which does not take into account the characteristics of the emitting
source. This is the same behaviour as observed for deuteronsand3He nuclei [28]. At low pT the B2

values are compatible, suggesting thatp0 is similar for A=2 and A=3.
Using the measured3ΛH yield the ratioS3 =

3
ΛH/(3He×Λ/p), also known as theStrangeness Population

Factor, [57] was evaluated. This ratio was first suggested by the authorsof [8] in the expectation
that dividing the strange to non-strange baryon yield should result in a value near unity in a simple
coalescence model. Moreover, according to the authors of [57], S3 is also a valuable tool to probe
the nature of the matter created in the collision, since it issensitive to the local baryon-strangeness
correlation [58–60]. This ratio in the thermal model approach does not depend onthe chemical potential
of particles and was found to be almost energy independent [1, 61]. On the contrary, in a dynamical
coalescence picture it increases with decreasing beam energy and is in general larger than the thermal
model predictions [61]. This leads to the conclusion that the information on correlations of baryon
number and strangeness is lost in the thermal calculation becauseS3 essentially depends only on the
temperature. On the other hand, in the microscopic treatment the correlation survives andS3 provides
information about the correlation between baryon and strangeness content. Finally, it has been argued
[57,58] that a value ofS3 close to unity indicates that the phase-space populations for strange and light
quarks are similar and would support the formation of high-temperature matter of deconfined quarks.
The Λ/p ratio used in the present analysis was taken from [50] and [52]. The S3 values obtained for
particles (anti-particles) are summarised in Table5 and the average of the two measurements is shown
in the right panel of Figure7. These values were compared with different theoretical models and to the
results from experiments at BNL-AGS [8] and RHIC [9].
The models used for the comparison are the statistical hadronization model [1], the hybrid UrQMD
model [61] and its extension at the LHC energy [49], the DCM (Dubna Cascade Model) coalescence
model (described in [61]) and two versions – default and string melting – of the AMPT (A Multi-
Phase Transport Model for Relativistic Heavy Ion Collisions) [62] plus coalescence described in [57].
The present result at

√
sNN = 2.76 TeV is comparable to that measured at E864 experiment [8] at√

sNN ∼ 5 GeV, while it does not confirm the rising behaviour shown by STAR [9] and by the AMPT with
string melting plus coalescence model [57]. This result is consistent with the thermal model approach,
which predicts a constant S3 value from

√
sNN above a few GeV.

5 Conclusions

Measurements of3ΛH and3
Λ̄H in Pb–Pb collisions at

√
sNN= 2.76 TeV were presented in this letter. The

3
ΛH lifetime was measured and was found to agree with previous measurements within uncertainties. The
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Centrality
3
ΛH
3He×

p
Λ

3
ΛH
3He

× p
Λ

0–10% 0.60±0.13(stat.)±0.21(syst.) 0.54±0.13(stat.)±0.19(syst.)

Table 5: S3 for matter and anti-matter. To compute the ratio a B.R. of 25%was assumed for the3ΛH → 3He+ π
decay.

)c/A (GeV/
T

p
0 0.5 1 1.5 2 2.5 3 3.5

)3 c/2
 (

G
eV

2
B

4−10

3−10

) assuming B.R.=25%πHe + 3 (→H Λ
3 

 = 2.76 TeVNNsPb-Pb 

d 0-10%

He
3

3B*1kHe 0-20%, 3

HΛ
3 
3*B2kH 0-10%, Λ

3 

ALICE

 (GeV)NNs
10 210 310

3
S

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2 Data

E864 Au-Pt 0-10% 11.5A GeV/c

 = 0.20 TeVNNsSTAR Au-Au 0-80% 

 = 2.76 TeVNNsALICE Pb-Pb 0-10%  
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Default AMPT + Coal.

String Melting AMPT + Coal.

Coalescence (DCM model)

Thermal model

(GSI - Heidelberg)

Hybrid UrQMD

) assuming B.R.=25%πHe + 3 (→H Λ
3 

Figure 7: Left: B2 as a function ofpT /A for d (full circle) [28], 3He (empty circle) [28], and3
ΛH (full squares).

The B
(d,3ΛH)
2 andB(d,3He)

2 were evaluated as explained in the text. k1 =
m2

d
m3Hemp

, and k2 =
m2

dmΛ
m2

pm3
ΛH

. Right: S3 ratio

measured in this analysis compared with previous experimental results (E864 [8] and STAR [9] (triangle and star,
respectively)) and different theoretical models as indicated in the legend.

measured value was included in the computation of the world average of the3
ΛH lifetime. Transverse

momentum yields at mid-rapidity for central (0–10%) Pb–Pb collisions at
√

sNN = 2.76 TeV were
measured in threepT intervals. The yields of particles and anti-particles weremeasured in two centrality
classes (0–10% and 10–50%) and compared with different theoretical models. The ratio3Λ̄H/3ΛH is
consistent with unity, as expected at the LHC energy. The measured yields indicate that hypernuclei in
high-energy heavy-ion collisions are produced within an equilibrated thermal environment in which the
temperature is the same as for the other particles produced at the LHC. The3

ΛH/3He (3Λ̄H/3He) ratio was
also measured and compared with different theoretical models and results from the STAR experiment.
STAR results are higher than ALICE results, but compatible within uncertainties. The3ΛH coalescence
parameter was also evaluated. Its value increases withpT, and within the uncertainties, is consistent
with those extracted for deuteron and3He nuclei [28]. The ratioS3 =3

ΛH/(3He×Λ/p) was evaluated
and compared with different theoretical models and measurements from previous experiments. The
value ofS3 suggests that the production of nuclei and hypernuclei at the LHC can be described with a
thermodynamic approach, and is similar to the one calculated by the Hybrid UrQMD model [49]. No
conclusions can be drawn about the AMPT + coalescence model [57], since no prediction of dynamical
coalescence models is available at the LHC energy. The measured S3 value excludes the rising trend in
AMPT seen up to RHIC energies extends to LHC energies. TheS3 measured at AGS, RHIC and LHC
are compatible within uncertainty with a value which is independent of the centre of mass energy of the
collision.
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J. Pluta134 , S. Pochybova136, P.L.M. Podesta-Lerma119 , M.G. Poghosyan86 , B. Polichtchouk112, N. Poljak129 ,
W. Poonsawat114 , A. Pop78 , S. Porteboeuf-Houssais70 , J. Porter74 , J. Pospisil83 , S.K. Prasad4 ,
R. Preghenella105,36 , F. Prino111 , C.A. Pruneau135 , I. Pshenichnov56 , M. Puccio111 , G. Puddu25 ,
P. Pujahari135 , V. Punin99 , J. Putschke135 , H. Qvigstad22 , A. Rachevski110 , S. Raha4 , S. Rajput90 , J. Rak123 ,
A. Rakotozafindrabe15 , L. Ramello32 , R. Raniwala91 , S. Raniwala91 , S.S. Räsänen46 , B.T. Rascanu53 ,
D. Rathee87 , K.F. Read125 , J.S. Real71 , K. Redlich77 , R.J. Reed135 , A. Rehman18 , P. Reichelt53 , F. Reidt93 ,36 ,
X. Ren7 , R. Renfordt53 , A.R. Reolon72 , A. Reshetin56 , F. Rettig43 , J.-P. Revol12 , K. Reygers93 , V. Riabov85 ,
R.A. Ricci73 , T. Richert34 , M. Richter22 , P. Riedler36 , W. Riegler36 , F. Riggi29 , C. Ristea62 , A. Rivetti111 ,
E. Rocco57 , M. Rodrı́guez Cahuantzi2 , A. Rodriguez Manso81 , K. Røed22 , E. Rogochaya66 , D. Rohr43 ,
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V. Samsonov85 , X. Sanchez Castro55 , L. Šándor59 , A. Sandoval64 , M. Sano128 , G. Santagati29 , D. Sarkar132 ,
E. Scapparone105, F. Scarlassara30 , R.P. Scharenberg95 , C. Schiaua78 , R. Schicker93 , C. Schmidt97 ,
H.R. Schmidt35 , S. Schuchmann53 , J. Schukraft36 , M. Schulc40 , T. Schuster137 , Y. Schutz113 ,36 , K. Schwarz97 ,
K. Schweda97 , G. Scioli28 , E. Scomparin111, R. Scott125 , K.S. Seeder120 , J.E. Seger86 , Y. Sekiguchi127 ,
D. Sekihata47 , I. Selyuzhenkov97 , K. Senosi65 , J. Seo96 ,67 , E. Serradilla64 ,10 , A. Sevcenco62 , A. Shabanov56 ,
A. Shabetai113 , O. Shadura3 , R. Shahoyan36 , A. Shangaraev112, A. Sharma90 , N. Sharma61 ,125 , K. Shigaki47 ,
K. Shtejer9 ,27 , Y. Sibiriak100 , S. Siddhanta106 , K.M. Sielewicz36 , T. Siemiarczuk77 , D. Silvermyr84 ,34 ,
C. Silvestre71 , G. Simatovic129 , G. Simonetti36 , R. Singaraju132, R. Singh79 , S. Singha79 ,132 , V. Singhal132 ,
B.C. Sinha132 , T. Sinha101 , B. Sitar39 , M. Sitta32 , T.B. Skaali22 , M. Slupecki123 , N. Smirnov137,
R.J.M. Snellings57 , T.W. Snellman123 , C. Søgaard34 , R. Soltz75 , J. Song96 , M. Song138 , Z. Song7 ,
F. Soramel30 , S. Sorensen125 , M. Spacek40 , E. Spiriti72 , I. Sputowska117 , M. Spyropoulou-Stassinaki88 ,
B.K. Srivastava95 , J. Stachel93 , I. Stan62 , G. Stefanek77 , M. Steinpreis20 , E. Stenlund34 , G. Steyn65 ,
J.H. Stiller93 , D. Stocco113 , P. Strmen39 , A.A.P. Suaide120 , T. Sugitate47 , C. Suire51 , M. Suleymanov16 ,
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A.R. Timmins122 , A. Toia53 , S. Trogolo111, V. Trubnikov3 , W.H. Trzaska123 , T. Tsuji127 , A. Tumkin99 ,
R. Turrisi108 , T.S. Tveter22 , K. Ullaland18 , A. Uras130 , G.L. Usai25 , A. Utrobicic129 , M. Vajzer83 , M. Vala59 ,
L. Valencia Palomo70 , S. Vallero27 , J. Van Der Maarel57 , J.W. Van Hoorne36 , M. van Leeuwen57 , T. Vanat83 ,
P. Vande Vyvre36 , D. Varga136, A. Vargas2 , M. Vargyas123 , R. Varma48 , M. Vasileiou88 , A. Vasiliev100 ,
A. Vauthier71 , V. Vechernin131, A.M. Veen57 , M. Veldhoen57 , A. Velure18 , M. Venaruzzo73 , E. Vercellin27 ,
S. Vergara Limón2 , R. Vernet8 , M. Verweij135 , L. Vickovic116 , G. Viesti30 ,i , J. Viinikainen123 , Z. Vilakazi126 ,
O. Villalobos Baillie102 , A. Vinogradov100, L. Vinogradov131, Y. Vinogradov99 ,i , T. Virgili 31 , V. Vislavicius34 ,
Y.P. Viyogi132 , A. Vodopyanov66 , M.A. Völkl 93 , K. Voloshin58 , S.A. Voloshin135 , G. Volpe136 ,36 , B. von
Haller36 , I. Vorobyev92 ,37 , D. Vranic97 ,36 , J. Vrláková41 , B. Vulpescu70 , A. Vyushin99 , B. Wagner18 ,
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15 Commissariat à l’Energie Atomique, IRFU, Saclay, France
16 COMSATS Institute of Information Technology (CIIT), Islamabad, Pakistan
17 Departamento de Fı́sica de Partı́culas and IGFAE, Universidad de Santiago de Compostela, Santiago de

Compostela, Spain
18 Department of Physics and Technology, University of Bergen, Bergen, Norway
19 Department of Physics, Aligarh Muslim University, Aligarh, India
20 Department of Physics, Ohio State University, Columbus, Ohio, United States
21 Department of Physics, Sejong University, Seoul, South Korea
22 Department of Physics, University of Oslo, Oslo, Norway
23 Dipartimento di Elettrotecnica ed Elettronica del Politecnico, Bari, Italy
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52 Institut für Informatik, Johann Wolfgang Goethe-Universität Frankfurt, Frankfurt, Germany
53 Institut für Kernphysik, Johann Wolfgang Goethe-Universität Frankfurt, Frankfurt, Germany
54 Institut für Kernphysik, Westfälische Wilhelms-Universität Münster, Münster, Germany
55 Institut Pluridisciplinaire Hubert Curien (IPHC), Université de Strasbourg, CNRS-IN2P3, Strasbourg,
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84 Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States
85 Petersburg Nuclear Physics Institute, Gatchina, Russia
86 Physics Department, Creighton University, Omaha, Nebraska, United States
87 Physics Department, Panjab University, Chandigarh, India
88 Physics Department, University of Athens, Athens, Greece
89 Physics Department, University of Cape Town, Cape Town, South Africa
90 Physics Department, University of Jammu, Jammu, India
91 Physics Department, University of Rajasthan, Jaipur, India
92 Physik Department, Technische Universität München, Munich, Germany
93 Physikalisches Institut, Ruprecht-Karls-Universität Heidelberg, Heidelberg, Germany
94 Politecnico di Torino, Turin, Italy
95 Purdue University, West Lafayette, Indiana, United States
96 Pusan National University, Pusan, South Korea
97 Research Division and ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum für

Schwerionenforschung, Darmstadt, Germany
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