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An improved value for the lifetime of the (anti-)hypertriton has been obtained using the data sample of 
Pb–Pb collisions at √sNN = 5.02 TeV collected by the ALICE experiment at the LHC. The (anti-)hypertriton 
has been reconstructed via its charged two-body mesonic decay channel and the lifetime has been 
determined from an exponential fit to the dN/d(ct) spectrum. The measured value, τ = 242+34

−38 (stat.) ±
17 (syst.) ps, is compatible with representative theoretical predictions, thus contributing to the solution 
of the longstanding hypertriton lifetime puzzle.

© 2019 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

Hypernuclei are bound states of nucleons and hyperons and 
they are mainly produced by means of (K −, π−), (π+, K +) and 
(e,e′K +) reactions on stable nuclear targets [1,2]. Hypernuclei are 
particularly interesting because they can be used as experimen-
tal probes for the study of the hyperon-nucleon (Y–N) interaction. 
The knowledge of this interaction has become more relevant in 
recent years due to its connection to the modeling of astrophys-
ical objects like neutron stars [3,4]. In the inner core of neutron 
stars, the creation of hyperons is energetically favored compared 
to a purely nucleonic matter composition [5]. The presence of hy-
perons as additional degrees of freedom leads to a considerable 
softening of the matter equation of state (EOS). The resulting EOS 
inhibits the formation of large mass neutron stars. This is incom-
patible with the observation of neutron stars as heavy as two 
solar masses [3], constituting what is referred to as the “hyperon 
puzzle”. Many attempts were made to solve this puzzle, e.g. by 
introducing three-body forces leading to an additional repulsion 
that can counterbalance the large gravitational pressure and allow 
for larger star masses. To constrain the parameter space of such 
models, a detailed knowledge of the Y–N interaction and of the 
three-body Y–N–N interaction is mandatory, including �, � and �
states. The lifetime of a hypernucleus depends on the strength of 
the Y–N interaction, and therefore a precise determination of the 
lifetime of hypernuclei provides information on the Y–N interac-
tion strength [6,7].

The recent observation of hypernuclei and the determination of 
their lifetimes in experiments with relativistic heavy ion collisions 

� E-mail address: alice -publications @cern .ch.

has triggered a particular interest. All the results published so far 
are related to the lightest hypernucleus, the hypertriton 3

�H, which 
is a bound state formed by a proton, a neutron and a �, and its 
charge conjugate the anti-hypertriton 3

�
H. The results have been 

obtained at the Relativistic Heavy Ion Collider (STAR experiment) 
[8], at the SIS18 (HypHI Collaboration) [9] and at the Large Hadron 
Collider (ALICE Collaboration) [10].

The separation energy of the � in this hypernucleus is only 
about 130 keV [11], which results in an RMS radius (average dis-
tance of the � to the deuteron) of 10.6 fm [12,13]. A very low 
binding energy implies a small change of the wave function of 
the � in a nucleus and hence one can expect the lifetime of 
the hypertriton to be very close to that of the free � hyperon 
(τ� = (263.2 ± 2.0) ps [14]).

Early hypertriton lifetime measurements were done with imag-
ing techniques (i.e. emulsions, bubble chambers) and the results 
are lower than or consistent with the value of the free � life-
time [15–20]. However, most of the measurements performed with 
these techniques are based on very small samples of events, thus 
resulting in a large statistical uncertainty. The recent measure-
ments of the lifetime of (anti-)3

�H produced in ultra-relativistic 
heavy-ion collisions or in relativistic ion fragmentation [21], even 
though affected by statistical and systematic uncertainties bigger 
than 10%, are in agreement among each other and are lower than 
the free � lifetime [9,10,22].

However, the few existing theoretical calculations predict that 
the lifetime of the 3

�H should be very close to the lifetime of 
free �. The most comprehensive 3

�H lifetime calculation is from 
Rayet and Dalitz [23]; they obtained an estimate in the range from 
239.3–255.5 ps. More recent calculations from Congleton [24] and 
Kamada et al. [7] yield a value of 232 ps and 256 ps, respectively. 
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This scenario stimulated, in the last years, a new interest from both 
experimentalists and theoreticians for more precise measurements 
of the 3

�H lifetime.
In this letter, the lifetime of the (anti-)3

�H measured in Pb–Pb
collisions at 

√
sNN = 5.02 TeV by the ALICE experiment is pre-

sented. In Section 2, the ALICE detector is briefly described. The 
details of the data sample, analysis technique and systematic un-
certainties are presented in Section 3, where also a new analysis 
approach to crosscheck the results is introduced in the subsec-
tion 3.1. Finally the result is compared with previous measure-
ments and with theoretical predictions in Section 4.

2. The ALICE apparatus

A detailed description of the ALICE apparatus and data acquisi-
tion framework can be found in [25,26]. The main detectors used 
in this analysis are the V0 detector, the Inner Tracking System 
(ITS) and the Time Projection Chamber (TPC), which are located 
inside a solenoid creating a magnetic field of 0.5 T. The V0 de-
tector [27] consists of two arrays of scintillator counters (V0A and 
V0C), placed around the beam-pipe on both sides of the interac-
tion region. They cover the pseudorapidity ranges 2.8 < η < 5.1 
and −3.7 < η < −1.7, respectively. The V0 detector is used to de-
fine the Minimum Bias (MB) trigger, which is characterized by a 
coincidence signal in the V0A and in the V0C, and to determine 
the centrality of the collisions [28]. The ITS [29] is the closest de-
tector to the interaction point within ALICE. It is composed of six 
layers of silicon detectors, with radii between 3.9 and 43 cm from 
the interaction point. The six layers use three different technolo-
gies: silicon pixel detector (SPD), silicon drift detector (SDD) and 
silicon strip detector (SSD). The ITS has full azimuthal coverage 
0 ≤ ϕ ≤ 2π and covers the pseudorapidity range |η| < 0.9. The TPC 
[30] is a gaseous detector, mainly used for tracking and for particle 
identification (PID) via the specific energy loss (dE/dx), with a to-
tal sensitive volume of 90 m3 filled with a mixture of 88% Ar and 
12% CO2. The reconstructed clusters in TPC and ITS are the starting 
point of the track finder algorithm, which adopts the Kalman fil-
ter technique [31]. These tracks are used to determine the primary 
collision vertex with a precision better than 50 μm in the plane 
transverse to the colliding beams [26].

3. Data sample and analysis technique

In this letter, the lifetime of the (anti-)hypertriton is determined 
by exploiting the 2-body mesonic decay channel with charged pi-
ons, namely 3

�H → 3He + π− and 3
�

H → 3He + π+ . Both 3
�H

and 3
�

H candidates are used for this measurement.
The analysis is performed using the data sample of Pb–Pb colli-

sions at 
√

sNN = 5.02 TeV collected by the ALICE experiment at the 
end of 2015. To ensure a uniform acceptance and reconstruction 
efficiency in the pseudorapidity region |η| < 0.9, only those events 
are selected whose reconstructed primary vertex was within ±10 
cm from the nominal position of the interaction point along the 
beam axis. The analyzed sample contains approximately 90 million 
events in the centrality interval 0-90%.

The 3
�H and 3

�
H identification is based on the topology of their 

weak decays and on the reconstruction of the tracks of their decay 
products, referred to as daughter particles. The weakly decaying 
hypernuclei are reconstructed using the algorithm which was pre-
viously used for the K0

S and � production analyses [32] and which 
is typically adopted for a 2-body weak decay topology. At first, the 
algorithm uses the TPC and ITS clusters to reconstruct the daughter 
tracks and then combines them in order to obtain a V-shaped de-
cay vertex. More details on this algorithm can be found in [26,33].

Table 1
Selection criteria applied for the identification of the daughter 
candidate tracks and for the reconstruction of the hypertriton can-
didate.

Selection criteria

Track selections
|η| < 0.9
Number of TPC clusters > 70
χ2 per TPC cluster < 5
Kink topology Rejected
|nσ | for TPC PID ≤ 3

Daughter candidate selections
π pT (GeV/c) 0.2-1.2
DCA between π± and primary vertex (cm) > 0.1
3He pT (GeV/c) ≥ 1.8
DCAtracks (cm) < 0.7

Hypertriton candidate selections
cos(θpointing) ≥ 0.995
|y| ≤ 0.8
pT (GeV/c) 2–9

The daughter tracks are selected in the pseudorapidity region 
|η| < 0.9 and are required to have at least 70 clusters out of 159 
in the TPC, in order to guarantee a resolution σ better than 5% on 
track momentum and of about 6% for the dE/dx [26]. Moreover, 
the χ2 per TPC cluster is required to be less than 5 and tracks with 
kink topologies are rejected. The particle identification (PID) of 
the daughters (3He, 3He, π±) is performed following the method 
described in [33], which is used in many analyses of the ALICE 
Collaboration. It is based on the difference between the measured 
and the expected dE/dx for a selected particle species normalized 
to the energy loss resolution in the detector, σ for short, and is re-
ferred to as the nσ method in this letter. In particular, an |nσ | ≤
3 is required, in a track-by-track approach, with respect to the ex-
pected π and 3He specific energy loss in the TPC. The pions can 
be identified up to a momentum of about 1.2 GeV/c, beyond which 
there is considerable contamination from kaons and protons. The 
3He, having a charge of z = 2e, can be identified cleanly up to 7 
GeV/c. The 3He is also produced in the detector material due to 
spallation. These are produced at low transverse momenta, as re-
ported by the ALICE experiment [34]. As a consequence the 3He
candidate is required to have a transverse momentum (pT) greater 
than 1.8 GeV/c, where the spallation processes are negligible.

The 3
�H and 3

�
H candidates are selected by applying topological 

and kinematic selection criteria on the decay products. The dis-
tance of closest approach (DCA) between the two daughter tracks 
and the DCA of π± tracks from the primary vertex are required to 
be lower than 0.7 cm and larger than 0.1 cm respectively. The can-
didates are selected whose cosine of the angle between the total 
momentum of the daughter tracks at the secondary vertex and the 
vector connecting the primary and secondary vertex (pointing an-
gle) is larger than 0.995. Two additional selections on the 3

�H and 
3
�

H rapidity (|y| < 0.8) and transverse momentum (2 < pT < 9 
GeV/c) are applied. All the selection criteria previously described 
have been studied with a dedicated Monte Carlo production, in or-
der to improve the background rejection, and are summarized in 
Table 1.

The sample of 3
�H and 3

�
H candidates is divided in four ct =

MLc/p intervals for the lifetime determination, where c is the 
speed of light, t is the proper time of the candidate, M is the mass 
of the candidate, L is the decay distance and p is the reconstructed 
momentum. The mass M of the hypertriton is obtained from the 
measured values of mass of p, n and � [14] and of the binding 
energy [11], and has been fixed at M = 2.99116 ± 0.00005 GeV/c2. 
The four ct intervals are 4 ≤ ct < 7 cm, 7 ≤ ct < 10 cm, 10 ≤ ct <
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Fig. 1. Invariant mass distribution of (3He, π−) and (3He, π+) for the four ct intervals used to determine the 3
�H and 3

�
H lifetime. The solid blue curve represents the 

function used to perform the fit and the red dashed curve represents the background component.
15 cm and 15 ≤ ct < 28 cm. The corresponding invariant mass dis-
tributions are shown in Fig. 1 and are fitted, in each ct interval, 
with a function which is the sum of a Gaussian, used to interpolate 
the signal, and a second order polynomial, used to describe the 
background. The fit is performed using the maximum-likelihood 
estimate and the fit function is represented as a solid blue line.

From the fit, the mean values μ and the widths σ of each 
distribution are extracted. In particular, the signal width is in the 
range 1.7–2.1 MeV/c2, depending on the ct interval, and is driven 
by the detector resolution. The raw yield of the signal is defined as 
the integral of the Gaussian function in a ± 3σ region around the 
mean value above the background. The significance of the signal in 
the four ct intervals varies in the range 3.1–4.9.

The yield is corrected in each ct bin for the detector accep-
tance, the reconstruction efficiency and the absorption of the 3

�H
(3
�

H) in the detector material. The efficiency×acceptance is deter-

mined with a dedicated Monte Carlo simulation, where the 3
�H and 

3
�

H are injected on top of a HIJING event [35] and are allowed to 
decay into charged two-body and three-body final states. The sim-
ulated particles are propagated through the ALICE detectors using 
the GEANT3 transport code [36] and then reconstructed following 
the same procedure as adopted for the data.

The aforementioned transport code does not properly describe 
the interactions of the (anti-)(hyper-)nuclei with the material of 

the apparatus. Thus, a correction factor for the absorption of 3
�H

(3
�

H) and 3He (3He) is estimated, based on the p (p) absorption 
probability measured in the ALICE detector [37]. The usage of this 
experimental measurement offers the advantage of taking auto-
matically into account the cross section and the effective material 
of the detector crossed by a charged particle. The same absorp-
tion probability for protons and neutrons has been assumed and 
the 3He(3He) has been considered as a state of three independent 
p (p) as verified in [10]. The absorption probability, computed as 
the third power of that of one proton, goes from 11% at low pT

to 6% at high pT for 3He while it is constant at 6% for 3He. The 
evaluation of the 3

�H (3
�

H) absorption probability is done follow-
ing the same approach. However, to take into account the small 
� separation energy (B� = 0.13 ± 0.05 MeV [11]), the 3

�H absorp-
tion cross-section is increased by 50% with respect to the one of 
the 3He [38,39], as described in the ALICE measurement in Pb–
Pb collisions at 

√
sNN = 2.76 TeV [10]. This leads to an absorption 

probability between 16% and 9% for 3
�

H as a function of pT while 
it is constant at 9% for 3

�H. The correction factor to be applied is:

k = kabs,3
�H + (1 − kabs,3

�H)kabs,3He (1)

where kabs,3
�H is the probability that the 3

�H is absorbed be-

tween the primary and the secondary vertex while kabs,3He is 
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Fig. 2. Efficiency×acceptance as a function of ct for 3
�H (red square), 3

�
H (blue 

square) and 3
�H+3

�
H (black open circle) in the same ct intervals selected for the 

raw yields extraction.

the probability that the daughter 3He is absorbed between the 
secondary vertex and the TPC inner wall. For each ct interval, 
the efficiency x acceptance has been calculated using the ab-
sorption corrected numbers of reconstructed 3

�H and 3
�

H. Fig. 2
shows the efficiency×acceptance (black marker) which is used 
for the lifetime determination and is obtained by combining 3

�H
and 3

�
H after the absorption correction is applied. This distribu-

tion is also shown separately for 3
�H and 3

�
H and the difference 

is due to the absorption correction which is bigger for the anti-
matter.

The main sources of systematic uncertainties on each ct bin 
used for the lifetime evaluation are the absorption correction, the 
single track efficiency and the uncertainty on the detector material 
budget. The systematic uncertainty on the absorption correction is 
mainly due to the assumption used for the 3

�H (3
�

H) cross-section. 
This uncertainty is evaluated by varying this assumption between 
a lower and an upper limit. The first one is obtained by setting the 
3
�H (3

�
H) cross-section equal to the 3He (3He) absorption cross-

section and the second one as twice the 3He (3He) absorption 
cross-section. This leads to an uncertainty of 5.2% for each ct in-
terval, as reported in Table 2.

The second source of systematic uncertainty is related to the 
material budget description in the simulation. An uncertainty on 
the knowledge of the ALICE detector material budget of 4.5% was 
determined in a previous study [26]. The systematic uncertainty is 
estimated using two dedicated Monte Carlo productions, varying 
the material budget accordingly, and amounts to 1% for the yields 
in all ct intervals.

The systematic uncertainty due to the single-track efficiency 
and the different choices of the track quality selections has been 
investigated [40] and amounts to 4%. For the analysis of the two-
body decay of 3

�H an uncertainty of 8% is assumed in all ct inter-
vals. The summary of the systematic uncertainties is reported in 
Table 2, where the total uncertainty is obtained as sum in quadra-
ture of each contribution of the individual sources.

The corrected dN/d(ct) spectrum is shown in Fig. 3 where the 
blue markers are the corrected yield with their statistical uncer-
tainty, while the box represents the systematic uncertainty.

The lifetime is determined with an exponential fit (red line) and 
the slope results in a proper decay length of cτ = 7.25+1.02

−1.13 (stat.) 
± 0.51 (syst.) cm, corresponding to a lifetime τ = 242+34

−38 (stat.) 
± 17 (syst.) ps. The systematic uncertainty for the lifetime value 

Table 2
Summary of the systematic uncertainties used in the 
lifetime analysis. The total uncertainty assigned in each 
ct interval is the sum in quadrature of the single sources.

Systematic uncertainties

Source Value

Absorption 5.2%
Material budget 1%
Single track efficiency 8%
Total 9.5%

Fig. 3. Corrected dN/d(ct) spectrum fitted with an exponential function (red line) 
used to extract the (3

�H + 3
�

H) lifetime. The bars and boxes represent the statistical 
and systematic uncertainties, respectively.

is determined by assuming the systematic uncertainties in each ct
interval as uncorrelated.

3.1. Unbinned fit method for lifetime extraction

In order to enforce the result described in Sec. 3, an addi-
tional analysis on the same data sample has been carried out that 
relies on a two-dimensional (invariant mass vs. ct) unbinned fit ap-
proach. The method can be summarized in three steps: i) fit to the 
ct-integrated invariant mass distribution; ii) tune the function used 
to describe the combinatorial background; iii) fit to the ct distribu-
tion with a function which is the sum of three exponentials, one 
to describe the signal and two to describe the background.

The first step is performed with a function that is the sum of 
a Gaussian, for the signal, and a second order polynomial, for the 
background. The mean value μ and the σ are 2.9913 ± 0.0004 
GeV/c2 and 0.0020 ± 0.0005 GeV/c2 respectively and are used 
to define the boundaries of the signal region and the sidebands, 
which correspond to the intervals μ ± 3σ and ± 3σ to ± 9σ
with respect to the mean value, respectively.

The second step consists in fitting the ct distribution of the 
background in the sidebands using a function that is the sum of 
two exponentials. The fit is performed simultaneously in the two 
sideband regions with the ROOFIT package [41]. The result is then 
used as background parameterization for the fit in the signal re-
gion.

The (3
�H + 3

�
H) lifetime measurement is obtained by perform-

ing the unbinned fit to the ct distribution in the signal region. 
The total probability density function used for the fit is the sum 
of the two exponentials (background) and the exponential adopted 
to reproduce the signal. Since the ct distribution is unbinned, the 
efficiency×acceptance correction, evaluated as described in Sec. 3, 
is parametrized with a polynomial plus an exponential and it is 
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Fig. 4. Lifetime value τ determined from the minimization of the log-likelihood ratio 
–log(λ(τ )). The statistical uncertainty is evaluated at a confidence level of 68% (red 
dashed lines) with the log-likelihood ratio (blue line).

used to scale the signal function. The observed signal distribution 
is described as the product of the function used for the signal 
and the efficiency parametrization. Thus, the lifetime is obtained 
with the unbinned maximum-likelihood estimate (MLE) fit to the 
ct distribution, performed in the signal region, leading to a value of 
τ = 240+40

−31 (stat.) ± 18 (syst.) ps, as reported in Fig. 4. The statis-
tical uncertainty of the measurement is assessed by providing the 
interval of the estimated τ [42], at a confidence level of 68%, which 
is represented by the red dashed lines, based on the log-likelihood 
ratio (logλ(τ )), shown as a blue line. The result corresponds to 
a proper decay length cτ = 7.20+1.20

−0.93 (stat.) ± 0.54 (syst.) cm. The 
sources of systematic uncertainties are the same as described in 
Sec. 3 (Table 2) and contribute to a total systematic uncertainty of 
9.5% on the estimated lifetime.

The value obtained with this approach is in good agreement 
within 1σ with the lifetime estimation obtained with the method 
described in Sec. 3, which we consider as the final value for the 3

�H
lifetime. Additional figures and details for the unbinned fit method 
are presented in [43].

4. Discussion and conclusions

Thanks to the large data sample of heavy-ion collisions at √
sNN = 5.02 TeV provided by the LHC and to the excellent tracking 

and particle identification performance of the ALICE apparatus we 
have determined a precise value for the 3

�H lifetime. The measured 
τ = 242+34

−38 (stat.) ± 17 (syst.) ps is shown as a full red diamond 
in Fig. 5 together with other experimental results and theoretical 
estimates.

Early experiments [15–20] were performed with visualizing 
techniques, namely photographic emulsion and 3He filled bubble 
chambers, where the tracks formed due to passage of charged par-
ticles were recorded visually. Most of the results obtained using 
these techniques had large uncertainties due to the limited size 
of the data sample at disposal. Furthermore, these measurements 
prevented a definite conclusion on the agreement with the theo-
retical predictions, which foresee a lifetime close to the value of 
the free � hyperon. It is worthwhile to note that the small bind-
ing energy of the hypertriton makes the � spend most of the time 
far from the deuteron core thereby not affecting the lifetime due 
to Y-N interaction.

The recent determination of the lifetime τ of (anti-)3
�H of 

182+89
−45 (stat.) ± 27 (syst.) ps, measured for the first time in Au–

Au collisions via two-body decay by the STAR experiment at RHIC 
[8], revived the interest for a more precise determination of the 
lifetime. The HypHI Collaboration at GSI reported a value of τ =
183+42

−32 (stat.) ± 37 (syst.) ps [9], which was obtained by studying 
the projectile fragmentation of 6Li at 2 AGeV on a carbon target. 
Very recently, the ALICE experiment at the LHC measured a life-
time value τ = 181+54

−38 (stat.) ± 33 (syst.) ps [10] using the data 
from Pb–Pb collisions at 

√
sNN = 2.76 TeV and the invariant mass 

analysis of the two-body decay channel. The average value of all 
results available up to 2016 was τ = 215+18

−16 ps [10], much lower 
than the theoretical estimates, motivating the need for a measure-
ment with improved precision. The STAR Collaboration performed 
a new analysis [22] combining the two-body and the three-body 
decay channels using the data sample of the RHIC beam energy 
scan, resulting in an even lower value of τ = 142+24

−21 (stat.) ± 29 
(syst.) ps. The ALICE Collaboration exploited the data collected in 
Pb–Pb collisions at 

√
sNN = 5.02 TeV to carry out a new analysis 

of the two-body decay channel, reported in this letter. These two 
most recent values are reported in Fig. 5. The new measurement 
by STAR yields a very low value as compared to the lifetime of the 
free �, while the result presented in this paper is in agreement 
with the theoretical predictions and it is characterized by an im-
proved precision with respect to previous experiments. This value 
is also in agreement with the previous ALICE result [10] obtained 
by analyzing the data sample of Pb–Pb collisions at 

√
sNN = 2.76

TeV.
Besides the experimental results, the theoretical predictions for 

the 3
�H lifetime are reported in Fig. 5 for comparison with the 

data. The calculation performed by Dalitz and Rayet [23], repre-
sented with a dot-long dashed cyan line, took into account the 
phase space factors and the Pauli principle, including also correc-
tions to account for final state pion scattering and the non-mesonic 
weak decay channel. More recently, a prediction for the 3

�H life-
time quite close to the one of the free � hyperon was published 
by Congleton [24] (dashed green line in Fig. 5), obtained using 
updated values for N–N and Y–N potentials. The prediction by Ka-
mada et al. [7] (dotted-dashed blue line) was performed with a 
rigorous determination of the hypernucleus wave function and of 
the three nucleons scattering states, thus finding a value of 256 ps, 
which is the closest to the free � lifetime value. Recently, Garcilazo 
and Gal performed a calculation [44] using the wave function gen-
erated by solving three-body Faddeev equations and adding the 
final-state interactions of the pions. Their prediction of 213 ps is 
shown as a dotted purple line.

A statistical combination of all the experimental results, includ-
ing the most recent values determined by the STAR and ALICE 
experiment, leads to a world average of τ = 206+15

−13 ps for the 
3
�H lifetime and is represented with an orange band in Fig. 5. The 
method used for this evaluation is the same as described in [10]. 
Furthermore world averages were calculated grouping the mea-
surements on the basis of the experimental techniques, obtaining 
τvisual = 224+23

−20 ps and τHI = 189+22
−20 ps for the visualizing tech-

niques and the heavy-ion experiments, respectively. These values 
are consistent and in agreement, also with the world average, and 
this suggests that the results are not affected by the technique 
used for the measurement.

Despite the addition of two recent high precision measure-
ments of the 3

�H lifetime, one well below and the other closer 
to the theoretical predictions, the situation has hardly changed 
with the current world average, now more than 3 σ below the 
lifetime of the free � hyperon. In the future a very large data 
sample will be collected with heavy-ion collisions during LHC Run 
3 (2021-2023) and Run 4 (2027-2029) [45]. At the end of Run 4, 
ALICE expects to reduce the statistical uncertainty on the lifetime 
down to 1% and significantly improve the systematic uncertainty, 
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Fig. 5. Collection of the 3
�H lifetime measurements obtained with different experimental techniques. The vertical lines and boxes are the statistical and systematic uncertain-

ties respectively. The orange band represents the average of the lifetime values and the lines at the edge correspond to 1σ uncertainty. The dashed-dotted lines are four 
theoretical predictions.
which at present is 9.5%. Furthermore, it would be beneficial in 
view of a more solid comparison with the theoretical predictions, 
to have new measurements performed at lower energies at RHIC 
and SIS and by using different experimental techniques at the 
J-PARC and MAMI facilities. A measurement of the lifetime to a 
precision of a few percent will guide and constrain the theoretical 
input leading to a more precise determination of the Y-N interac-
tion, eventually contributing to solving the hyperon puzzle.
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E. Scomparin 58, M. Šefčík 38, J.E. Seger 16, Y. Sekiguchi 132, D. Sekihata 45,132, I. Selyuzhenkov 91,105, 
S. Senyukov 136, D. Serebryakov 62, E. Serradilla 71, P. Sett 48, A. Sevcenco 67, A. Shabanov 62, 
A. Shabetai 114, R. Shahoyan 34, W. Shaikh 108, A. Shangaraev 89, A. Sharma 98, A. Sharma 99, 
H. Sharma 118, M. Sharma 99, N. Sharma 98, A.I. Sheikh 141, K. Shigaki 45, M. Shimomura 81, S. Shirinkin 90, 
Q. Shou 111, Y. Sibiriak 86, S. Siddhanta 54, T. Siemiarczuk 83, D. Silvermyr 79, C. Silvestre 77, 
G. Simatovic 88, G. Simonetti 34,103, R. Singh 84, R. Singh 99, V.K. Singh 141, V. Singhal 141, T. Sinha 108, 
B. Sitar 14, M. Sitta 32, T.B. Skaali 21, M. Slupecki 126, N. Smirnov 146, R.J.M. Snellings 63, T.W. Snellman 126, 
J. Sochan 116, C. Soncco 110, J. Song 60,125, A. Songmoolnak 115, F. Soramel 29, S. Sorensen 130, 
I. Sputowska 118, J. Stachel 102, I. Stan 67, P. Stankus 94, P.J. Steffanic 130, E. Stenlund 79, D. Stocco 114, 
M.M. Storetvedt 36, P. Strmen 14, A.A.P. Suaide 121, T. Sugitate 45, C. Suire 61, M. Suleymanov 15, 
M. Suljic 34, R. Sultanov 90, M. Šumbera 93, S. Sumowidagdo 50, K. Suzuki 113, S. Swain 65, A. Szabo 14, 
I. Szarka 14, U. Tabassam 15, G. Taillepied 134, J. Takahashi 122, G.J. Tambave 22, S. Tang 6,134, M. Tarhini 114, 
M.G. Tarzila 47, A. Tauro 34, G. Tejeda Muñoz 44, A. Telesca 34, C. Terrevoli 29,125, D. Thakur 49, 
S. Thakur 141, D. Thomas 119, F. Thoresen 87, R. Tieulent 135, A. Tikhonov 62, A.R. Timmins 125, A. Toia 68, 
N. Topilskaya 62, M. Toppi 51, F. Torales-Acosta 20, S.R. Torres 120, A. Trifiro 55, S. Tripathy 49, T. Tripathy 48, 
S. Trogolo 26,29, G. Trombetta 33, L. Tropp 38, V. Trubnikov 2, W.H. Trzaska 126, T.P. Trzcinski 142, 
B.A. Trzeciak 63, T. Tsuji 132, A. Tumkin 107, R. Turrisi 56, T.S. Tveter 21, K. Ullaland 22, E.N. Umaka 125, 
A. Uras 135, G.L. Usai 24, A. Utrobicic 97, M. Vala 38,116, N. Valle 139, S. Vallero 58, N. van der Kolk 63, 
L.V.R. van Doremalen 63, M. van Leeuwen 63, P. Vande Vyvre 34, D. Varga 145, Z. Varga 145, 
M. Varga-Kofarago 145, A. Vargas 44, M. Vargyas 126, R. Varma 48, M. Vasileiou 82, A. Vasiliev 86, 
O. Vázquez Doce 103,117, V. Vechernin 112, A.M. Veen 63, E. Vercellin 26, S. Vergara Limón 44, L. Vermunt 63, 
R. Vernet 7, R. Vértesi 145, M.G.D.L.C. Vicencio 9, L. Vickovic 35, J. Viinikainen 126, Z. Vilakazi 131, 
O. Villalobos Baillie 109, A. Villatoro Tello 44, G. Vino 52, A. Vinogradov 86, T. Virgili 30, V. Vislavicius 87, 
A. Vodopyanov 74, B. Volkel 34, M.A. Völkl 101, K. Voloshin 90, S.A. Voloshin 143, G. Volpe 33, 
B. von Haller 34, I. Vorobyev 103, D. Voscek 116, J. Vrláková 38, B. Wagner 22, M. Weber 113, 
S.G. Weber 105,144, A. Wegrzynek 34, D.F. Weiser 102, S.C. Wenzel 34, J.P. Wessels 144, E. Widmann 113, 
J. Wiechula 68, J. Wikne 21, G. Wilk 83, J. Wilkinson 53, G.A. Willems 34, E. Willsher 109, B. Windelband 102, 
W.E. Witt 130, Y. Wu 128, R. Xu 6, S. Yalcin 76, K. Yamakawa 45, S. Yang 22, S. Yano 137, Z. Yin 6, 
H. Yokoyama 63,133, I.-K. Yoo 18, J.H. Yoon 60, S. Yuan 22, A. Yuncu 102, V. Yurchenko 2, V. Zaccolo 25,58, 
A. Zaman 15, C. Zampolli 34, H.J.C. Zanoli 63,121, N. Zardoshti 34, A. Zarochentsev 112, P. Závada 66, 
N. Zaviyalov 107, H. Zbroszczyk 142, M. Zhalov 96, X. Zhang 6, Z. Zhang 6, C. Zhao 21, V. Zherebchevskii 112, 
N. Zhigareva 90, D. Zhou 6, Y. Zhou 87, Z. Zhou 22, J. Zhu 6, Y. Zhu 6, A. Zichichi 10,27, M.B. Zimmermann 34, 
G. Zinovjev 2, N. Zurlo 140

1 A.I. Alikhanyan National Science Laboratory (Yerevan Physics Institute) Foundation, Yerevan, Armenia
2 Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kiev, Ukraine
3 Bose Institute, Department of Physics and Centre for Astroparticle Physics and Space Science (CAPSS), Kolkata, India
4 Budker Institute for Nuclear Physics, Novosibirsk, Russia
5 California Polytechnic State University, San Luis Obispo, CA, United States
6 Central China Normal University, Wuhan, China
7 Centre de Calcul de l’IN2P3, Villeurbanne, Lyon, France
8 Centro de Aplicaciones Tecnológicas y Desarrollo Nuclear (CEADEN), Havana, Cuba
9 Centro de Investigación y de Estudios Avanzados (CINVESTAV), Mexico City and Mérida, Mexico
10 Centro Fermi – Museo Storico della Fisica e Centro Studi e Ricerche “Enrico Fermi”, Rome, Italy
11 Chicago State University, Chicago, IL, United States
12 China Institute of Atomic Energy, Beijing, China
13 Chonbuk National University, Jeonju, Republic of Korea



ALICE Collaboration / Physics Letters B 797 (2019) 134905 11

14 Comenius University Bratislava, Faculty of Mathematics, Physics and Informatics, Bratislava, Slovakia
15 COMSATS University Islamabad, Islamabad, Pakistan
16 Creighton University, Omaha, NE, United States
17 Department of Physics, Aligarh Muslim University, Aligarh, India
18 Department of Physics, Pusan National University, Pusan, Republic of Korea
19 Department of Physics, Sejong University, Seoul, Republic of Korea
20 Department of Physics, University of California, Berkeley, CA, United States
21 Department of Physics, University of Oslo, Oslo, Norway
22 Department of Physics and Technology, University of Bergen, Bergen, Norway
23 Dipartimento di Fisica dell’Università ‘La Sapienza’ and Sezione INFN, Rome, Italy
24 Dipartimento di Fisica dell’Università and Sezione INFN, Cagliari, Italy
25 Dipartimento di Fisica dell’Università and Sezione INFN, Trieste, Italy
26 Dipartimento di Fisica dell’Università and Sezione INFN, Turin, Italy
27 Dipartimento di Fisica e Astronomia dell’Università and Sezione INFN, Bologna, Italy
28 Dipartimento di Fisica e Astronomia dell’Università and Sezione INFN, Catania, Italy
29 Dipartimento di Fisica e Astronomia dell’Università and Sezione INFN, Padova, Italy
30 Dipartimento di Fisica ‘E.R. Caianiello’ dell’Università and Gruppo Collegato INFN, Salerno, Italy
31 Dipartimento DISAT del Politecnico and Sezione INFN, Turin, Italy
32 Dipartimento di Scienze e Innovazione Tecnologica dell’Università del Piemonte Orientale and INFN Sezione di Torino, Alessandria, Italy
33 Dipartimento Interateneo di Fisica ‘M. Merlin’ and Sezione INFN, Bari, Italy
34 European Organization for Nuclear Research (CERN), Geneva, Switzerland
35 Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture, University of Split, Split, Croatia
36 Faculty of Engineering and Science, Western Norway University of Applied Sciences, Bergen, Norway
37 Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Prague, Czech Republic
38 Faculty of Science, P.J. Šafárik University, Košice, Slovakia
39 Frankfurt Institute for Advanced Studies, Johann Wolfgang Goethe-Universität Frankfurt, Frankfurt, Germany
40 Gangneung-Wonju National University, Gangneung, Republic of Korea
41 Gauhati University, Department of Physics, Guwahati, India
42 Helmholtz-Institut für Strahlen- und Kernphysik, Rheinische Friedrich-Wilhelms-Universität Bonn, Bonn, Germany
43 Helsinki Institute of Physics (HIP), Helsinki, Finland
44 High Energy Physics Group, Universidad Autónoma de Puebla, Puebla, Mexico
45 Hiroshima University, Hiroshima, Japan
46 Hochschule Worms, Zentrum für Technologietransfer und Telekommunikation (ZTT), Worms, Germany
47 Horia Hulubei National Institute of Physics and Nuclear Engineering, Bucharest, Romania
48 Indian Institute of Technology Bombay (IIT), Mumbai, India
49 Indian Institute of Technology Indore, Indore, India
50 Indonesian Institute of Sciences, Jakarta, Indonesia
51 INFN, Laboratori Nazionali di Frascati, Frascati, Italy
52 INFN, Sezione di Bari, Bari, Italy
53 INFN, Sezione di Bologna, Bologna, Italy
54 INFN, Sezione di Cagliari, Cagliari, Italy
55 INFN, Sezione di Catania, Catania, Italy
56 INFN, Sezione di Padova, Padova, Italy
57 INFN, Sezione di Roma, Rome, Italy
58 INFN, Sezione di Torino, Turin, Italy
59 INFN, Sezione di Trieste, Trieste, Italy
60 Inha University, Incheon, Republic of Korea
61 Institut de Physique Nucléaire d’Orsay (IPNO), Institut National de Physique Nucléaire et de Physique des Particules (IN2P3/CNRS), Université de Paris-Sud, Université Paris-Saclay, Orsay, 
France
62 Institute for Nuclear Research, Academy of Sciences, Moscow, Russia
63 Institute for Subatomic Physics, Utrecht University/Nikhef, Utrecht, Netherlands
64 Institute of Experimental Physics, Slovak Academy of Sciences, Košice, Slovakia
65 Institute of Physics, Homi Bhabha National Institute, Bhubaneswar, India
66 Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic
67 Institute of Space Science (ISS), Bucharest, Romania
68 Institut für Kernphysik, Johann Wolfgang Goethe-Universität Frankfurt, Frankfurt, Germany
69 Instituto de Ciencias Nucleares, Universidad Nacional Autónoma de México, Mexico City, Mexico
70 Instituto de Física, Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil
71 Instituto de Física, Universidad Nacional Autónoma de México, Mexico City, Mexico
72 iThemba LABS, National Research Foundation, Somerset West, South Africa
73 Johann-Wolfgang-Goethe Universität Frankfurt Institut für Informatik, Fachbereich Informatik und Mathematik, Frankfurt, Germany
74 Joint Institute for Nuclear Research (JINR), Dubna, Russia
75 Korea Institute of Science and Technology Information, Daejeon, Republic of Korea
76 KTO Karatay University, Konya, Turkey
77 Laboratoire de Physique Subatomique et de Cosmologie, Université Grenoble-Alpes, CNRS-IN2P3, Grenoble, France
78 Lawrence Berkeley National Laboratory, Berkeley, CA, United States
79 Lund University Department of Physics, Division of Particle Physics, Lund, Sweden
80 Nagasaki Institute of Applied Science, Nagasaki, Japan
81 Nara Women’s University (NWU), Nara, Japan
82 National and Kapodistrian University of Athens, School of Science, Department of Physics , Athens, Greece
83 National Centre for Nuclear Research, Warsaw, Poland
84 National Institute of Science Education and Research, Homi Bhabha National Institute, Jatni, India
85 National Nuclear Research Center, Baku, Azerbaijan
86 National Research Centre Kurchatov Institute, Moscow, Russia
87 Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark
88 Nikhef, National institute for subatomic physics, Amsterdam, Netherlands
89 NRC Kurchatov Institute IHEP, Protvino, Russia
90 NRC «Kurchatov Institute» – ITEP, Moscow, Russia
91 NRNU Moscow Engineering Physics Institute, Moscow, Russia



12 ALICE Collaboration / Physics Letters B 797 (2019) 134905

92 Nuclear Physics Group, STFC Daresbury Laboratory, Daresbury, United Kingdom
93 Nuclear Physics Institute of the Czech Academy of Sciences, Řež u Prahy, Czech Republic
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