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Abstract

In this public note, we specify what we mean by the term primary particle. The definition is moti-
vated by what is in principle measurable by ALICE and that event generators and other such theoret-
ical considerations must be able to reproduce the same requirements. To this end, we also provide a
Rivet projection to be used in ALICE Rivet analyses.
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1 The definition

The following sentence constitutes the ALICE definition what we consider a primary particle.

A primary particle is a particle with a mean proper lifetime 7 larger than 1cm/c, which is
either a) produced directly in the interaction, or b) from decays of particles with 7 smaller
than 1cm/c, restricted to decay chains leading to the interaction.

In the sentence above and else where in this note, except if otherwise indicated, the word “interaction”
refers the interaction between the colliding partners.

All particles that do not meet the requirements are not primary particles and are therefore dubbed sec-
ondary particles.

1.1 Variations of the definition

Alternatively, if the analysis presented concerns only charged, primary particles, we will write

A primary, charged particle is a charged particle with a mean proper lifetime 7 larger than
1cm/c, which is either a) produced directly in the interaction, or b) from decays of particles
with T smaller than 1cm /c, restricted to decay chains leading to the interaction.

In some cases, we present measurements of identified particles that are not included in the above defini-
tion of a primary particle e.g., the 7t°. In such cases, the definition of what we mean by a primary particle
of type X can be replaced by

A primary X is an X, which is either a) produced directly in the interaction; or b) from
decays of particles with mean proper lifetime 7 smaller than 1cm/c, restricted to decay
chains leading to the interaction.

Finally, in some manuscripts, the caveat “restricted to decay chains leading to the interaction” may be
cumbersome. In those cases, we may write

A primary particle is a particle with a mean proper lifetime 7 larger than 1cm/c, which is
either a) produced directly in the interaction, or b) from decays of particles with T smaller
than 1cm/c, excluding particles produced in interactions with material.

It should be understood that the above sentence and the sentence given at the top of this Section are
entirely equivalent and does not include or exclude more or less particles. The choice of exact phrase
used in a given manuscript is a matter of preference.

2 Some explanatory comments
2.1 Lifetime considerations

The definition above requires that a particle is long-lived i.e., lives long enough that it may in principle
be detected by the ALICE detectors. By long-lived particle, we mean a particle that has a mean proper
lifetime larger than 1cm/c. The particle species that fulfill this requirement according to the Particle
Data Group [1], are given in Tab. 1. The particle species with the longest mean proper lifetime that falls
outside of this cut is the B with 7= 0.049cm//c (see also Appendix A for a full list).
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Width I' Mean proper lifetime 7

Specie (GeV) (ps) (cm/c)
p+ O oo oo
Y 0 oo oo
K° 0 oo oo
e 0 o o
n 7478 x 10728 8.861 x 10714  2.656 x 1013
T 2.996 x 10719 2.212x10T%  6.63 x 1070
KY 1.287x 10717 5.148 x 107 1543
mt 2.528 x 10717 2.621 x 10704 785.7
Kt 5317x 10717 1.246 x 10704 373.6
=0 227 %1071 291.9 8.751
A 2.501 x 10°15 264.9 7.943
o 4.02x 1071 164.8 4.941
) 4.45 % 10715 148.9 4.464
K 7.351 x 1071 90.14 2.702
Q- 8.071 x 10713 82.1 2.461
Tt 8.209 x 10~ 1 80.72 2.42

Table 1: Width (I') and mean proper lifetime (7) of long-lived particles, sorted by descending mean proper lifetime

[1]. Here, a zero width or “cc” mean proper lifetime signifies undetermined values and are presumed small or large,
respectively.

2.2 Decay radius considerations

The choice of the mean proper lifetime cut—off of 1cm/c is motivated by the capability of the ALICE
detectors. That is, a particle produced in a decay close to the interaction can not be distinguished from
particles produced directly in the interaction. As a rule-of-thumb a particle from decay can be unambigu-
ously be identified as a non-primary particle when the decay occurs on average more than 1 cm away from
the interaction. Furthermore, particles produced by inelastic collisions with the ALICE beam-pipe, with
a radius of 2.98 cm [2]', sets a limit to how close to the interaction one can resolve decay vertices.

The mean proper lifetime of a given particle species defines the mean lifetime of particles of that species
in the rest frame of the particle. In the laboratory frame, the average decay length is given by’

Do = TBY = 7L (D
mo

and as such depends on the momentum of the particle. Considering the longest lived particle species
with a T < lem/c, the BT with 7 = 0.049cm/c and m, = 5.2793GeV, we find that a particle of this
type with a momentum of 10GeV/c may on average travel ~ 1 mm, but would require a momentum of
> 350GeV/c to live long enough to decay outside of the ALICE beam-pipe. For the less heavy DV to
decay outside the ALICE beam-pipe it would need a momentum larger than 180 GeV/c. For the shortest

lived particle with T > 1cm/c, the £1, only a momentum of ~ 2 GeV/c would be needed.

2.3 Decay product considerations

The definition requires for a particle to be primary, that there are no long-lived particles in the decay
chain that leads to that particle. This is illustrated in Fig. 1. For the Kg and E~ chains only the initial

'In Run 3 of the LHC, the beam-pipe will be replaced with a smaller radius between 1.72cm and 1.92cm [3].
2The convention adopted by the ALICE collaboration is to set the speed of light ¢ = 1 and hence leave it out of equations,
except in units of measure where c is explicitly given.
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Figure 1: Various decays. Particles defined as primaries are marked in red. In both the =~ and Kg decays, the
initial particles are considered primary, since these particles are long-lived, while all the decay products are not
considered primaries. In the B decay chain, the 7r’s, y’s, and the K™ are all primary since they are the first
long-lived particle in the decay chain leading back to the interaction.

particles are primaries because T > 1cm/c. In the B branch the charged 7r’s are primaries, since when
tracking back to the initial BY we meet no long lived particles. Similar considerations applies to the 2
v’s and the K*. That is, we must be able to track back to the interaction and not find any long lived
particles, but without considering branches of the decay tree that do not end up in the particle we are
considering. Also, we require that all production processes in the chain are decays — that is, we exclude
chains that contain inelastic interactions with material, hadronic interactions, and other such production
mechanisms.

3 Algorithmic description

Figure 2 illustrates the algorithm used to determine if a given particle p is primary or not. If p is neither
long-lived nor produced in a decay, nor directly in the collision, it is certainly not a primary. Next, we
check to see if p has a mother particle m. If no such mother particle exists, we have a primary. If we can
find an ancestor we step through each successive ancestor and check if the ancestor is either long-lived
or neither from a decay nor from the interaction, then the particle under consideration p is not a primary.
If we can continue this search back to the interaction i.e., we cannot find any more ancestors, then we do
have a primary.

The algorithm shown in Fig. 2 is implemented into the ALICE simulation framework and is consistently
used throughout all analysis that need to distinguish between primary and non-primary particles. The
code is reproduced in Appendix D.

4 Definitions used in the past and by other collaborations
4.1 ALICE definition prior to 2017

Primary [charged] particles are defined as prompt [charged] particles produced in the colli-
sion, including their decay products, but excluding products of weak decays of muons and
light flavour hadrons. Secondary [charged] particles are all other particles observed in the
experiment e.g., particles produced through interactions with material and products of weak
decays. [4] Parenthesis added.

The primary charged particles are defined as prompt particles produced in the collision in-
cluding all decay products, except products from weak decays of light flavor hadrons and of
muons. [5]

The above two definitions of (charged) primary particles has formed the basis in many ALICE publi-
cations so far. The definition can be construed to mean that both prompt (i.e., produced directly in the
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Figure 2: Flow chart of deciding if a given particle is primary or not.

No ancestors

interaction) particles and the decay products counts as primary particles, thus leading to a double count
of particles. For example, in this reading of the above definitions, the D™ decay in Fig. 1 would count
as 5 (rather than 3) primary particles. Clearly, this is not the infent of the definition, and operationally
no such double counting ever took place. The wording of the definition is the cause of the confusion.
The current definition remedies the misunderstanding by explicitly requiring where in the decay chain
primary particles may originate from.

The second part of the definition, which stipulates that decay products from weak decays of light flavour
hadrons and muons are not considered primaries is entirely equivalent to current definitions requirement
of mean proper lifetime larger than 1cm/c and that possible parent particles must have a mean proper
lifetime smaller than 1cm/c. The known light flavour hadron with the shortest mean proper lifetime is
the £ with a 7 = 2.42¢cm/c, and as such, under the current and previous definition none of its decay
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products can never be primary.

The current definition, and the 3 quoted above are therefore entirely equivalent though the current defi-
nition clarifies the exact conditions and is therefore used by ALICE.

4.2 ALICE definition prior to 2013

Primary particles are defined as prompt particles produced in the collisions, including all
decay products, with the exception of those from weak decays of strange particles. [6]

We define primary particles as prompt particles produced in the collision, including decay
products, except those from weak decays of strange particles. [7]

Relative to the definitions presented in Section 4.1, these formulations would include decay products of
u® and 7rt. This was an oversight on the part of the formulation, since the operational definition has
remained constant between 2013 and 2016. The reason for the oversight was that u* and 7+ are so long
lived that they rarely decay within the ALICE acceptance, and was simply ignored by the definition.

Bearing that oversight in mind, this definition of primary particles is entirely consistent with the current
and those listed in Section 4.1.

4.3 LPCC MB+UE working group’s definition of primary particles

We reiterated the definition of “charged particle” used in the common plots: this includes
hadrons and leptons, with mean lifetime 7 > 0.3 x 10~'%s, produced directly or from decays
of shorter-lifetime particles. No particle level correction (e.g. no correction to subtract
Dalitz decays) [is used]. [8] Parenthesis added.

This definition adopted by the LHC Physics Center at CERN Minimum Bias and Underlying Event
working group is identical to the definition adopted by ALICE.

4.4 CMS definition of primary particles

Primary [charged] particles are defined as all [charged] particles produced in the interaction
with a proper lifetime 7 of greater than 1cm, including the products of strong and elec-
tromagnetic decays, but excluding particles originating from secondary interactions. The
products of weak decays are only considered primary particles if they are the products of a
particle produced in the interaction with a 7 of less than 1cm. [9]

Farenthesis added.

This definition can be construed to mean, that in the decay A — 7t~ 4+ p we would count 3 particles
(since all three species have a mean proper life time larger than 1cm/c. However, the last part of the
definition, which stipulates that mother particles in weak decays must have T < lcm/c for the decay
products to be considered primary, rules this out and the definition only counts 1 particle, albeit it may
not be immediately obvious to the reader.

The definition adopted by the ALICE collaboration explicitly rules out double counting. The above
definition from the CMS collaboration and the one adopted by the ALICE collaboration are otherwise
equivalent.
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4.5 ATLAS definition of primary particles

A primary [charged] particle is defined as a [charged] particle with a mean lifetime 7 >
300ps|[~ 9cm/c|, which is either directly produced in pp interactions or from decays of
directly produced particles with T < 30ps[~ 0.9cm/c]; particles produced from decays of
particles with T > 30ps[~ 0.9cm/c| are considered as secondary particles and are thus ex-
cluded. [10]

Parenthesis and 7 in length units added.

In this definition, if a particle has a mean proper lifetime between 30 and 300ps (or 0.9 to 9cm/c), it
is not considered a primary particle, which excludes all hyperons and Kg, nor are the decay products of
these particles. If the particle has a lifetime shorter than 30ps it is not a primary, but it decay products
may be e.g., a prompt D decaying to N+ 7t is counted as a single primary particle. Similarly all charmed
baryons and mesons cannot be primary but their decay products may.

This definition obviously differs from the definition adopted by the ALICE collaboration, in particular
for hyperons and Kg which are never considered primary unless produced in the decay of much shorter
lived particles. In the ALICE definition, prompt hyperons and K(S) are considered primaries.

S Summary

The definition presented in Section | provides a clear method to distinguish what ALICE means by
“primary”. Operationally the definition is equivalent to previous definitions used, but has the advantage
of clarity and reproducability.

Acknowledgements

The ALICE Collaboration would like to thank all its engineers and technicians for their invaluable con-
tributions to the construction of the experiment and the CERN accelerator teams for the outstanding
performance of the LHC complex. The ALICE Collaboration gratefully acknowledges the resources and
support provided by all Grid centres and the Worldwide LHC Computing Grid (WLCG) collaboration.
The ALICE Collaboration acknowledges the following funding agencies for their support in building and
running the ALICE detector: A. I. Alikhanyan National Science Laboratory (Yerevan Physics Institute)
Foundation (ANSL), State Committee of Science and World Federation of Scientists (WFS), Arme-
nia; Austrian Academy of Sciences and Nationalstiftung fiir Forschung, Technologie und Entwicklung,
Austria; Ministry of Communications and High Technologies, National Nuclear Research Center, Azer-
baijan; Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq), Universidade Federal
do Rio Grande do Sul (UFRGS), Financiadora de Estudos e Projetos (Finep) and Fundagdo de Am-
paro a Pesquisa do Estado de Sao Paulo (FAPESP), Brazil; Ministry of Science & Technology of China
(MSTC), National Natural Science Foundation of China (NSFC) and Ministry of Education of China
(MOEC) , China; Ministry of Science, Education and Sport and Croatian Science Foundation, Croatia;
Ministry of Education, Youth and Sports of the Czech Republic, Czech Republic; The Danish Council
for Independent Research — Natural Sciences, the Carlsberg Foundation and Danish National Research
Foundation (DNRF), Denmark; Helsinki Institute of Physics (HIP), Finland; Commissariat a I’Energie
Atomique (CEA) and Institut National de Physique Nucléaire et de Physique des Particules (IN2P3) and
Centre National de la Recherche Scientifique (CNRS), France; Bundesministerium fiir Bildung, Wis-
senschaft, Forschung und Technologie (BMBF) and GSI Helmholtzzentrum fiir Schwerionenforschung
GmbH, Germany; General Secretariat for Research and Technology, Ministry of Education, Research
and Religions, Greece; National Research, Development and Innovation Office, Hungary; Department
of Atomic Energy Government of India (DAE) and Council of Scientific and Industrial Research (CSIR),
New Delhi, India; Indonesian Institute of Science, Indonesia; Centro Fermi - Museo Storico della Fisica



The ALICE definition of primary particles 9

e Centro Studi e Ricerche Enrico Fermi and Istituto Nazionale di Fisica Nucleare (INFN), Italy; Institute
for Innovative Science and Technology , Nagasaki Institute of Applied Science (IIST), Japan Society for
the Promotion of Science (JSPS) KAKENHI and Japanese Ministry of Education, Culture, Sports, Sci-
ence and Technology (MEXT), Japan; Consejo Nacional de Ciencia (CONACYT) y Tecnologia, through
Fondo de Cooperacién Internacional en Ciencia y Tecnologia (FONCICYT) and Direccion General de
Asuntos del Personal Academico (DGAPA), Mexico; Nederlandse Organisatie voor Wetenschappelijk
Onderzoek (NWO), Netherlands; The Research Council of Norway, Norway; Commission on Science
and Technology for Sustainable Development in the South (COMSATS), Pakistan; Pontificia Universi-
dad Catdlica del Pert, Peru; Ministry of Science and Higher Education and National Science Centre,
Poland; Korea Institute of Science and Technology Information and National Research Foundation of
Korea (NRF), Republic of Korea; Ministry of Education and Scientific Research, Institute of Atomic
Physics and Romanian National Agency for Science, Technology and Innovation, Romania; Joint In-
stitute for Nuclear Research (JINR), Ministry of Education and Science of the Russian Federation and
National Research Centre Kurchatov Institute, Russia; Ministry of Education, Science, Research and
Sport of the Slovak Republic, Slovakia; National Research Foundation of South Africa, South Africa;
Centro de Aplicaciones Tecnoldgicas y Desarrollo Nuclear (CEADEN), Cubaenergia, Cuba, Ministerio
de Ciencia e Innovacion and Centro de Investigaciones Energéticas, Medioambientales y Tecnoldgicas
(CIEMAT), Spain; Swedish Research Council (VR) and Knut & Alice Wallenberg Foundation (KAW),
Sweden; European Organization for Nuclear Research, Switzerland; National Science and Technology
Development Agency (NSDTA), Suranaree University of Technology (SUT) and Office of the Higher Ed-
ucation Commission under NRU project of Thailand, Thailand; Turkish Atomic Energy Agency (TAEK),
Turkey; National Academy of Sciences of Ukraine, Ukraine; Science and Technology Facilities Coun-
cil (STFC), United Kingdom; National Science Foundation of the United States of America (NSF) and
United States Department of Energy, Office of Nuclear Physics (DOE NP), United States of America.

References

[1] Particle Data Group Collaboration, C. Patrignani et al., “Review of Particle Physics,” Chin.
Phys. C40 no. 10, (2016) 100001.

[2] ALICE Collaboration, K. Aamodt et al., “The ALICE experiment at the CERN LHC,” JINST 3
(2008) S08002.

[3] ALICE Collaboration, B. Abelev et al., “Technical Design Report for the Upgrade of the ALICE
Inner Tracking System,” J. Phys. G41 (2014) 087002.

[4] ALICE Collaboration, J. Adam et al., “Centrality evolution of the charged-particle pseudorapidity
density over a broad pseudorapidity range in Pb-Pb collisions at /sy = 2.76 TeV,” Phys. Lett.
B754 (2016) 373-385, arXiv:1509.07299 [nucl-ex].

[5] ALICE Collaboration, J. Adam et al., “Centrality dependence of the charged-particle multiplicity
density at midrapidity in Pb-Pb collisions at /sy = 5.02 TeV,” Phys. Rev. Lett. 116 no. 22,
(2016) 222302, arXiv:1512.06104 [nucl-ex].

[6] ALICE Collaboration, J. Adam et al., “Pseudorapidity and transverse-momentum distributions of
charged particles in protonproton collisions at /s = 13 TeV,” Phys. Lett. B753 (2016) 319-329,
arXiv:1509.08734 [nucl-ex].

[7] ALICE Collaboration, K. Aamodt et al., “Charged-particle multiplicity density at mid-rapidity in
central Pb-Pb collisions at /syy = 2.76 TeV,” Phys. Rev. Lett. 105 (2010) 252301,
arXiv:1011.3916 [nucl-ex].


http://dx.doi.org/10.1088/1674-1137/40/10/100001
http://dx.doi.org/10.1088/1674-1137/40/10/100001
http://dx.doi.org/10.1088/1748-0221/3/08/S08002
http://dx.doi.org/10.1088/1748-0221/3/08/S08002
http://dx.doi.org/10.1088/0954-3899/41/8/087002
http://dx.doi.org/10.1016/j.physletb.2015.12.082
http://dx.doi.org/10.1016/j.physletb.2015.12.082
http://arxiv.org/abs/1509.07299
http://dx.doi.org/10.1103/PhysRevLett.116.222302
http://dx.doi.org/10.1103/PhysRevLett.116.222302
http://arxiv.org/abs/1512.06104
http://dx.doi.org/10.1016/j.physletb.2015.12.030
http://arxiv.org/abs/1509.08734
http://dx.doi.org/10.1103/PhysRevLett.105.252301
http://arxiv.org/abs/1011.3916

10 ALICE Collaboration

[8] LPCC MB+UA Working Group, “Conveners’ meeting on the restart of activities for run 2,”
March, 2015. http://1lpcc.web.cern.ch/LPCC/documents/mb_documents/
minutes-16-03-2015-final.pdf.

[9] CMS Collaboration, K. Krajczr, “Transverse momentum and pseudorapidity dependence of
charged particle production and nuclear modification factor in protonlead collisions at
VSvy =5.02 TeV with CMS,” Nucl. Phys. A932 (2014) 174-178.

[10] ATLAS Collaboration, G. Aad et al., “Charged-particle distributions in pp interactions at /s = 8
TeV measured with the ATLAS detector,” Eur. Phys. J. C76 no. 7, (2016) 403,
arXiv:1603.02439 [hep-ex].

[11] A. Buckley, J. Butterworth, L. Lonnblad, D. Grellscheid, H. Hoeth, J. Monk, H. Schulz, and
F. Siegert, “Rivet user manual,” Comput. Phys. Commun. 184 (2013) 2803-2819,
arXiv:1003.0694 [hep-ph].


http://lpcc.web.cern.ch/LPCC/documents/mb_documents/minutes-16-03-2015-final.pdf
http://lpcc.web.cern.ch/LPCC/documents/mb_documents/minutes-16-03-2015-final.pdf
http://dx.doi.org/10.1016/j.nuclphysa.2014.08.018
http://dx.doi.org/10.1140/epjc/s10052-016-4203-9
http://arxiv.org/abs/1603.02439
http://dx.doi.org/10.1016/j.cpc.2013.05.021
http://arxiv.org/abs/1003.0694

The ALICE definition of primary particles

11

A Table of lifetimes

Width I Mean proper lifetime 7
Specie (GeV) (ps) (cm/c)
p" <107 > 10+1 > 10114
Y < 107% > 1071 > 1014
K < 107% > 1011 > 10114
e < 107% > 101 > 10114
n 7478 x 1072 8.861 x 1011*  2.656 x 10113
T 2.996x 10719 2212x 1019  6.63 x 101
KY 1.287x 10717 5.148 x 10104 1543
n 2.528 x 10717 2.621 x 10104 785.7
Kt 5317 x 10717 1.246 x 10104 373.6
=0 227 x 1071 291.9 8.751
A 2.501 x 10715 264.9 7.943
o 4.02x 1071 164.8 4.941
- 4.45% 1071 148.9 4.464
K3 7.351x 1071 90.14 2.702
Q- 8.071 x 10715 82.1 2.461
rt 8.209 x 10~ 15 80.72 2.42
BF 4018 x 10713 1.649 0.04944
Q, 42x1071 1.578 0.0473
E, 4.22x 10713 1.57 0.04707
B 433 %1013 1.53 0.04588
B! 4.359 x 1013 1.52 0.04557
A 449 %1013 1.476 0.04424
= 45%x10713 1.472 0.04414
D 6.33x 10713 1.047 0.03138
Bf 1.298 x 10712 0.5105 0.0153
D} 1.317 x 10712 0.5031 0.01508
= 1.49 x 10712 0.4447 0.01333
DY 1.605 x 1012 0.4128 0.01238
T 2.267 x 10712 0.2923 0.008762
AS 3.3x 10712 0.2008 0.00602
) 5.9x 10712 0.1123 0.003367
Q0 9.6 x 10712 0.06902 0.002069
0 7.73x107%  8572x107%  2.57x 1079
n 1.31x107% 5058 x 10797 1.516x 10798
e 89x107% 7.445%x1079% 2232x107%
Y (3S) 2.03x 1079 3264x107% 9.785x 10710
Y (29 32x107% 2,071 x107%  6.208 x 1010
Y (15) 54x107%  1.227x10°%  3.679x 10710
D+t (2010) 8.34x107%  7.945%x107%° 2.382x 10710
I (1S) 929x 1079  7.132x107% 2.138x 10710
n" (958) 0.000197 3.363x 1079  1.008 x 10~10
P (29) 0.000296 2.239x 1079  6.711 x 10~ 1
h. (P) 0.0007 9.466x 10710 2.838 x 10~1!
X% (IP) 0.00084 7.888x 10710 2.365x 107!
D/,  (2536) 0.00092 7.202x 1070 2159 x 107!
Al (2625) 0.00097 6.831x 10710 2,048 x 10~
B:,  (5840) 0.00147 4508 x 10719 1.351x 101
¥0  (2455) 0.00183 3.621 x 10710 1.085x 10711
Tt (2455) 0.00189 3.506 x 1071 1.051 x 10!
Dt 0.0019 3.487x 10710 1.045x 107!
x%  (P) 0.00193 3.433x107' 1.029 x 10~!!

Table A.1: Width (I'), and mean proper lifetime (7) of various particles,

sorted by descending lifetime
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Width I Mean proper lifetime
Specie (GeV) (ps) (cm/c)
D« (2007) 0.0021 3.155x 10710 9.459 x 10~ 12
Af (2595) 0.0026 2.548x 10710 7.64 x107'2
EF O (2645) 0.0026 2.548x 10710 7.64x 10712
20 (1690) 0.003 2209x 10710 6.621 x 1012
== (1690) 0.003 2.209x 10710 6.621 x 10712
D,  (2460) 0.0035 1.893x 10710 5.676x 1072
= (2815) 0.0035 1.893x 10710 5.676x 10712
D (2317 0.0038 1.744x 10710 5227 x 10!
@  (1020) 0.004266 1.553x 10710 4.656 x 1012
TF (2455) 0.0046 1.44x107'0 4318x 102
r, 0.0049 1.352x 107! 4,054 x 10~
=0 (2645) 0.0055 1.205x 10710 3.612x 10712
Af (2880) 0.0058 1.142x 10710 3.425x 10712
=0 (2815) 0.0065 1.019x 10710 3,056 x 10~12
T 0.0075 8.835x 1071 2.649x 10712
w  (782) 0.00849 7.805x 107" 234 x 10712
=0 (1530) 0.0091 7.281x 10" 2.183x 10712
i 0.0097 6.831x 107! 2,048 x 10~
== (1530) 0.0099 6.693 x 10~ 2.007 x 10712
x%  (IP) 0.0105 6.311x107'""  1.892x 10712
ne  (25) 0.0113 5.864x 1071 1.758 x 10712
s 0.0115 5.762x 107! 1.727x 1072
= (2790) 0.012 5.522x 107 1.655x 10712
T (2520) 0.01478 4.483x 107" 1.344 x 10712
0 (2790) 0.015 4.417x 107" 1.324x 10712
0 (2520) 0.0153 4.331x10°'""  1.298 x 10~'2
A (1520) 0.0156 4.247 x 1071 1.273 x 10712
DY (2573) 0.0169 3.921 x 10~ 1.175x 10712
T (2520) 0.017 3.898x 10~ 1.168 x 10~12
- (2030) 0.02 3313x107" 9.932x10°13
=0 (2030) 0.02 3.313x107'" 9.932x 10713
Y (4S) 0.0205 3.232x 1071 9.69x 10713
=0 (1820) 0.024 2.761 x 1011 8277 x 10713
- (1820) 0.024 2.761x10°"" 8277x10°13
X%, (2P) 0.024 2.761x1071  8277x10713
fi  (1285) 0.0241 2.749x 107" 8243 x 10713
B}  (5747) 0.0242 2.738x 10~ 8208 x 10713
BT (5747) 0.0242 2.738x10~'!  8.208 x 10~12
P (3770) 0.0272 2.436x 10~ 7303 x 10713
D)  (2420) 0.0317  2.09x 10~ 6.266x 10713
Ne  (1S) 0.0318 2.084x 1071 6.247x 10713
A (1670) 0.035 1.893x107'1 567610713
Tt (1385) 0.036 1.841x107'1 5518x 10713
0 (1385) 0.036 1.841x10711 5518x 10713
Y- (1385) 0.0394 1.682x 107" 5.042x10°13
DIt (2460) 0.0467 1.419x 1071 4254 x 10713
Kx  (892) 0.0474 1.398x 107" 4.191x 10713
D5 (2460) 0.0477 1.389x 1071  4.164 x 10713
A (1409) 0.0505 1.312x 1071 3.934x 10713
K+t (892) 0.0508 1.304x10°'""  391x10°13
n  (1405) 0.051 1.299x 107  3.895x 10713
Y  (10860) 0.054 1.227x10°"" 3.679x10°13
fi  (1420) 0.0549 1.207x 1071  3.618x 10713

Table A.1: Width (I'), and mean proper lifetime (7) of various particles,
sorted by descending lifetime
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Width I Mean proper lifetime
Specie (GeV) (ps) (cm/c)
n  (1295) 0.055 1.205x10° 1 3.612x107 13
Q™ (2250 0.055 1.205x 107" 3.612x 10713
=0 (1950) 0.06 1.104x10711 3311x10°13
fo  (980) 0.06 1.104x10°'" 3311x10° "3
A (1690) 0.06 1.104x10711 3311x10°13
== (1950) 0.06 1.104x10°'" 3311x10° 13
0 (1670) 0.06 1.104x10°" 3311x10°13
t (1670) 0.06 1.104x10"" 3311x10713
X~ (1670) 0.06 1.104x10°" 3311x10°13
Y  (11020) 0.061 1.086x 107!  3.256x 10713
P (4415) 0.062 1.069x10~'" 3204x 1013
P (4160) 0.07 9.466x 10712 2.838x 10713
£, (1525) 0.073 9.077x 10712 2721 x 1013
ag  (980) 0.075 8.835x 10712 2.649x 10713
al  (980) 0.075 8.835x107'12 2.649x 1013
P (4040) 0.08 8283x107'2 2483x10° "3
A (1820) 0.08 8.283x10712 2483x10°13
n (1475 0.085 7.795x 10712 2337x 10713
@3 (1850) 0.087 7.616x10712 2283 x10713
K  (1270) 0.09 7.362x107'2 2207x10° "3
0 (1750) 0.09 7.362x10712 2207x10°13
Tt (1750) 0.09 7.362x10712 2207x10°13
- (1750) 0.09 7.362x107'2 2207x10°13
K (1270) 0.09 7.362x10712 2207 x10713
A (1830) 0.095 6.975x 1072 2.091x 1013
Kit o (1430) 0.0985 6.727x 10712 2.017x 10713
0 (1660) 0.1 6.626x10°12 1.986x10°13
= (1660) 0.1 6.626x10712 1.986x 1013
Nt (1710) 0.1 6.626x107'2 1.986x 1013
N  (1710) 0.1 6.626x10712 1.986x 1013
A (1890) 0.1 6.626x10°'2 1.986x 1013
t (1660) 0.1 6.626x10712 1.986x10"13
ay  (1320) 0.107 6.193x 10712 1.856x 10713
a  (1320) 0.107 6.193x 10712 1.856x 1013
K5 (1430) 0.109 6.079x 10712 1.822x 10713
fo  (1500) 0.109 6.079x 10712 1.822x 10713
Nt  (1520) 0.115 5.762x10712 1.727x 10713
N (1520) 0.115 5762x 10712 1.727x 10713
At (1232) 0.117 5.663x107'2 1.698x 1013
AT (1232) 0.117 5.663x 10712 1.698 x 10713
A" (1232) 0.117 5.663x 10712 1.698x 1013
A™ (1232) 0.117 5.663x 10712 1.698 x 10~13
0 (1915) 0.12 5522x107'2 1.655x10°13
Tt (1775) 0.12 5.522x10712  1.655x 10713
0 (1775) 0.12 5522x107'2 1.655x 10713
rt (1915) 0.12 5.522x10712  1.655x 10713
L (1775) 0.12 5522x107'2 1.655x10° 13
- (1915) 0.12 5522x107"% 1.655x10° 13
Nt  (1680) 0.13 5.097x10712 1.528x10°13
N (1680) 0.13 5.097x107'2 1.528x10°13
fo  (1710) 0.139 4.767x 10712 1.429 x 10713
AT (1620) 0.14 4.733x107'2 1.419x10° "3
ATt (1620) 0.14 4.733x10712 1419x10°13

Table A.1: Width (I'), and mean proper lifetime (7) of various particles,
sorted by descending lifetime
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Width I Mean proper lifetime
Specie (GeV) (ps) (cm/c)
A~ (1620) 0.14 4733x10° 7 1419x10° 5
A" (1620) 0.14 4.733x10°'2 1.419x10°13
Nt (1650) 0.14 4.733x10712 1419x 10713
N  (1650) 0.14 4.733x107'2 1.419x10°13
b1 (1239) 0.142  4.666x 10712 1.399 x 10~13
bl (1235) 0.142 4.666 x 10712 1.399 x 10~
¥ (770) 0.1491 4.444x10712 1332x10°13
ot (770) 0.1491 4.444x107'2 1.332x10713
A (1600) 0.15 4417x10°'2 1.324x10°13
@  (1680) 0.15 4.417x10712 1.324x10°13
A (1810) 0.15 4417x10°'2 1.324x10°13
Nt (1700) 0.15 4.417x10712 1.324x10°13
N  (1700) 0.15 4417x107'2 1.324x10°13
Nt (1675) 0.15 4417x107'2 1.324x10°13
N (1675 0.15 4.417x10712 1.324x10°13
Nt  (1535) 0.15 4417x107'2 1.324x10°13
N  (1535) 0.15 4.417x10712 1.324x 10713
£, (2300) 0.15 4417x107'2 1.324x10°13
K  (1780) 0.159 4.167x 10712 1.249x 10713
KT (1780) 0.159 4.167x 10712 1.249x10°13
py  (1690) 0.161 4.116x 10712 1.234x 10713
Py (1690) 0.161 4.116x 10712 1.234x10°13
ws  (1670) 0.168 3.944x 10712 1.182x10°13
K%  (1400) 0.174 3.808x 10712 1.142x 10713
K (1400) 0.174 3.808x 10712 1.142x10°13
- (2030) 0.18 3.681x10712 1.104x 10713
0 (2030) 0.18 3.681x107'2 1.104x10°13
rt  (2030) 0.18 3.681x10712 1.104x 10713
M (1645) 0.181 3.661 x 10712 1.097x 10~ 13
Ky (1770) 0.186 3.562x10°'2 1.068x 1013
K)  (1770) 0.186 3.562x 10712 1.068 x 10713
£,  (1270) 0.1867 3.549x 1072 1.064x 10~ 13
K;"  (2045) 0.198 3.346x 1072 1.003 x 10713
K;  (2045) 0.198 3.346x 10712 1.003x 10°13
A (2100) 0.2 3313x10712 9932x10°14
£, (2010) 0.2 3313x1072 9932x10° 14
A (2110) 0.2 3313x10712 9932x10"14
™ (1800) 0.208 3.186x 10712 9.55x 1014
t  (1800) 0.208 3.186x 10712 9.55x 10714
w  (1420) 0.215 3.082x107'2 9.239x 1014
Tt (1940) 0.22 3.012x107'2 9.029x 1014
0 (1940) 0.22 3.012x107'2 9.029x 10714
T (1940) 0.22 3.012x107'2 9.029x 1014
Kx  (1410) 0.232 2.856x 10712 8562 x 10714
Kxt  (1410) 0.232 2856x 10712 8562x 1014
f,  (2050) 0.237 2.796x 107" 8382x 1014
T (1600) 0.24 2.761x107'12 8277x10° 14
' (1600) 024 2.761x10°'2 8277x10° 14
ot (1700) 025 265x10712 7.946x 10714
o (1700) 025 265x107'2 7.946x 1014
N (1720 025 265x10712 7.946%x 10714
Nt (1720) 025 265x107'2 7.946x 104
aj  (2040) 0.257 2.578x 10712 7729 x 10714

Table A.1: Width (I'), and mean proper lifetime (7) of various particles,
sorted by descending lifetime
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Width I Mean proper lifetime
Specie (GeV) (ps) (cm/c)
az  (2040) 0.257 2.578x 1072 7.729x 10~ 14
m;  (1670) 0.26 2.548x 10712  7.64x10°14
AV (1920) 026 2548x10712  7.64x10°4
A~ (1920) 0.26 2.548x 10712  7.64x10°14
™ (1670) 026 2548x10712  7.64x 1074
AT (1920) 0.26 2.548x 10712  7.64x10°14
AT (1920) 026 2.548x10°12  7.64x10°14
ag  (1450) 0.265 2.5x10712  7.496 x 10714
aj  (1450) 0.265 25%x10712  7.496x 1014
Dy  (2400) 0.27 2.454x10712 7357x10714
Ky (1430) 027 2454x10°'2 7.357x10° 14
Kit o (1430) 0.27 2.454x10712 7357x 10714
DiT (2400) 027 2454x107'2 7357x 1071
K, (1820) 0.276 2.401x10712 7.197 x 10714
K)  (1820) 0.276 2401 x107'2  7.197 x 1014
AT (1950) 0.28 2.366x 10712 7.094x 1014
ATt (1950) 028 2.366x10712 7.094 % 1014
A~ (1910) 0.28 2.366x 10712 7.094x 1014
A% (1950) 028 2.366x10712 7.094x 1014
ATt (1910) 0.28 2366x 10712 7.094x 1014
AT (1910) 028 2.366x10712 7.094 % 10~4
A~ (1950) 0.28 2.366x 10712 7.094x 1074
A" (1910) 0.28 2.366x107'12 7.094x 1014
ATt (1700) 03 2209x107'2 6.621x 10714
AT (1700) 03 2209x1072 6.621x10° 4
A% (1700) 03 2209x10712 6.621x 10714
A~ (1700) 03 2209x10712 6.621x10° 4
A (1800) 03 2209x10712 6.621x 10~
w  (1650) 0.315 2.104x 1072 6.306x 10°14
AT (1600) 032 2.071x10712 6.208 x 1014
Kx  (1680) 032 2.071x107'2 6.208x 1074
KxT  (1680) 032 2.071x107"2 6.208x 1014
f,  (2340) 032 2.071x107'2 6.208x 10~
ATt (1600) 0.32 2.071x107'2 6.208x 1014
A~ (1600) 032 2.071x10712 6.208x 1014
A" (1600) 0.32 2.071x107'2 6.208x 1014
A~ (1905) 033 2.008x10712  6.02x10°4
n)  (1400) 0.33 2.008x10712  6.02x 1071
T (1400) 033 2.008x107!2  6.02x 107!
AV (1905) 033 2.008x10712  6.02x10714
At (1905) 0.33 2.008x 10712  6.02x 107
ATt (1905) 0.33 2.008x10712  6.02x10714
fo  (1370) 035 1.893x10712 5.676x 107
Nt (1440) 0.35 1.893x107'2 5.676x 1014
N (1440) 035 1.893x10°'2 5.676x10° 14
ATt (1930) 036 1.841x10712 5518x 10714
At (1930) 036 1.841x10712 5518x10° 4
A% (1930) 036 1.841x107'2 5518x10°14
A~ (1930) 036 1.841x10712 5518x10° 4
h;y  (1170) 036 1.841x107'2 5518x10°14
pt  (1450) 0.4 1.657x10712 4.966x 104
p0  (1450) 0.4 1.657x10712 4.966x 1014
nt (1300) 0.4 1.657x10712 4.966x 10~4

Table A.1: Width (I'), and mean proper lifetime (7) of various particles,
sorted by descending lifetime



16 ALICE Collaboration

Width I Mean proper lifetime

Specie (GeV) (ps) (cm/c)
™ (1300) 04 1.657x10 17 4.966x 101
aj  (1260) 042 1578x1072  473x10°4
a;  (1260) 042 1.578x10712 473x10°14
£, (1950) 0.472 1.404x107'2 4.209x 1014
Nt (2190) 0.5 1.325x10712 3.973x 1074
N  (2190) 0.5 1.325x10°12 3.973x10°4
fo  (500) 0.55 1.205x10°'2 3.612x10°14
t 141 4.699x1073 1.409x10~4
H 1.7 3.898x10°13 1.168x10° 14
W+ 2.085 3.178x 10713 9.527x 101
Z0 2495 2.656x 10713 7961 x 101

Table A.1: Width (I'), and mean proper lifetime (7) of various particles,
sorted by descending lifetime

B IATEX code of the definition

The definition given in Sect. 1 can be typeset in ISIEX using the code below

A primary particle is a particle with a mean proper lifetime $\tau$
larger than $1\,\mathrm{cm\kern-.03em/\kern-.05em c}$, which is
either a) produced directly in the interaction, or b) from decays of
particles with $\tau$ smaller than
$1\,\mathrm{cm\kern-.03em/\kern-.05em c1}$,
chains leading to the interaction.

restricted to decay

The additional “kerning” used is to make the unit more compact and appear as a single entity. The
spacing macro \, can be avoid if the units package is used.
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C Rivet projection

The code below’ implements a Rivet [11] projection to project out primary particles according to the

definition.

#ifndef ALICEPRIMARY_CC

#define ALICEPRIMARY_CC

#include <Rivet/Particle.hh>

#include <Rivet/Event.hh>

#include <Rivet/Tools/ParticleIdUtils.hh>
#include <Rivet/Projections/ParticleFinder.hh>
#include <Rivet/ParticleName.hh>

#include <Rivet/Tools/Cuts.hh>

#include <HepMC/GenParticle.h>

#include <HepMC/GenVertex.h>

namespace Rivet

{

/k*
* A Rivet projection that projects out primary particles - according
* to the ALICE defintition - from an event. The projection filters
* all charge states. If one needs to have only charged particles
* one mneed to apply another projection on top of this one.
*
* This wverstion 1s for Rivet wverston 2 and higher, which allows for
* the use of a Cut class and the base class ParticleFinder.
*/

class AlicePrimary : public ParticleFinder

{

public:
/**

* Consturctor
* @param cut If specified, use this cut when projecting
* @param pdg If specified, check for this PDG rather than long-lived
*/
AlicePrimary(const Cut& c=Cuts::open(),int pdg)
ParticleFinder (c), _pdg(pdg)
{
setName ("AlicePrimary");
}
/¥ *
* Copy comstructor
*
* @param o Object to copy from
*/
AlicePrimary(const AlicePrimary& o) : ParticleFinder (o), _pdg(o._pdg) {}
/¥ *
* Destructor
*/
virtual “AlicePrimary () {}
J* ¥
* @
* @name Projection interface
*/
/**
* Clone this projection object
*
* @return Copy of this projection object allocated on the heap
*/

3The code presented here is for Rivet version 2 or higher. For earlier version minor changes has to be done. Current

implementation can also be found at https://gitlab.cern.ch/cholm/alice-rivet.
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virtual std::unique_ptr<Projection> clone() const
{

return std::unique_ptr<Projection>(new AlicePrimary (*this));

}
/o *
Compare this projection to some other projection. If the other

*
*

* projection is also a AlicePrimary projection, then return @c O,
* otherwise @c -1.
*
*
*
*

@param p Projection to compare to

@return 0 +f Q@a p is an AlicePrimary, @c -1 otherwise

*/

virtual int compare(const Projection& p) const

{
const AlicePrimary* o = dynamic_cast<const AlicePrimary*>(&p);
if (lo || o->_pdg !'= _pdg) return UNDEFINED;
return _cuts == o->_cuts 7 EQUIVALENT : UNDEFINED;

}

/**
* Project out the primary particles of the passed event record Qa
* e. This 1s the interface that does the actual projection.

* @param e Event record.
*/
virtual void project(const Event& e)
{
_theParticles.clear(); // Clear cache
bool open = _cuts == Cuts::open();
for (auto p : Rivet::particles(e.genEvent ())) {
if (isPrimary(p,_pdg) && (open || _cuts->accept(Particle(p))))
_theParticles.push_back(Particle (*p));
}
}
/% @} */
VAR
* @0
* @name Internal functions wused
*/
/o *
* Check +if a particle %s a primary according to the ALICE

* definttion.
*
* @param p Particle to test
*
* Q@return true if the particle is considered a primary, false
* otherwise.
*/
static bool isPrimary(const HepMC::GenParticlex* p)
{
if (_pdg '= 0 && p->pdg_id() != pdg) return false;
else if (!isLonglived(p)) return false;
if (!'(isPrompt(p) || isDecay(p))) return false;

const HepMC::GenParticle* m = p;
while ((m = ancestor(m))) {

if (m->status() == 4) return true; // found beam
if (isLonglived(m)) return false;
if (!'(isDecay(m) || isDecau(m))) return false;

}

return true;
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/k*
* Check if a particle s of a long-lived (i.e., @f$ \tau>1cm@f$)
* species.
*
* @param p Particle to test
*
* @return true <1f the particle 2s of a long-lived species
*/
static bool isLonglived(const HepMC::GenParticle* p)
{

int pdg = PID::abspid(p->pdg_id ());
// Check for nuclus
if (pdg > 1000000000) return true;

switch (pdg) {

case Rivet::PID::MUON:

case Rivet::PID::ELECTRON:

case Rivet::PID::GAMMA:

case Rivet::PID::PIPLUS:

case Rivet::PID::KPLUS:

case Rivet::PID::KO0S:

case Rivet::PID::KOL:

case Rivet::PID::PROTON:

case Rivet::PID::NEUTRON:

case Rivet::PID::LAMBDA:

case Rivet::PID::SIGMAMINUS:

case Rivet::PID::SIGMAPLUS:

case Rivet::PID::XIMINUS:

case Rivet::PID::XIO:

case Rivet::PID::0MEGAMINUS:

case Rivet::PID::NU_E:

case Rivet::PID::NU_MU:

case Rivet::PID::NU_TAU:
return true;

}
return false;
}
J**
* Check +f this 1is prompt
*
* @param p Particle to test
*
* Q@return true if the particle has mno ancestors, or from a
* quark or gluon. Some EGs (e.g., Pythia8) records the full
* event tree, so we check t1f this has tndeed been hadronised.
*/
static bool isPrompt(const HepMC::GenParticle* p)
{

// Get mother

const HepMC::GenParticle* m = ancestor(p);

// If mo mother, this is prompt

if (!'m) return true;

// If mother ts a quark or a gluon, constider daughter to be

// prompt, tirrespective of the generation status code - Pythia8,
// for ezample, ezports the full chain with "funny" status codes
int mpdg = PID::abspid(m->pdg_id ());

switch (mpdg) A

case Rivet::PID::DQUARK:

case Rivet::PID::UQUARK:

case Rivet::PID::SQUARK:

case Rivet::PID::CQUARK:

case Rivet::PID::BQUARK:
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case Rivet::PID::TQUARK:
case Rivet::PID::GLUON:
return true;

}
return m->status() == 4; // Check mother is beam
}
VAL
* Check if a particle is etther produced in a decay (@c
* status=2)
*
* @param p Particle to test
*
* @return true 1f either produced in the interaction or through
* some decay
*/
static bool isDecay(const HepMC::GenParticlex* p)
{
// Get mother
const HepMC::GenParticle* m = ancestor(p);
// No mother, so prompt
if (!'m) return true;
int mstatus = m->status();
// true tf mother decayed or mother ts beam particle
return mstatus == 2;
}
/**
* Get the immediate ancestor of a particle
*
* @param p The particle to get the ancestor for
*
* Q@return Ancestor particle or null
*/
static const HepMC::GenParticle* ancestor (const HepMC::GenParticlex* p)
{
const HepMC::GenVertex* vtx = p->production_vertex();
if ('vtx) return O0;
HepMC::GenVertex::particles_in_const_iterator i =
vtx->particles_in_const_begin ();
if (i == vtx->particles_in_const_end()) return O;
return *i;
}
/* @F */
+
}
#endif
/7
// EOF
/7’

Note, the projection AlicePrimary and FinalState are generally not equivalent.

To use this projection in an analysis, one should do

#include <Rivet/Projections/AlicePrimary.hh>
#include <Rivet/Analysis.hh>

namespace Rivet
{
class AliceAnalysis : public Analysis
{
public:
AliceAnalysis () {}
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void init ()
{
const AlicePrimary ap;
addProjection(ap, "AP");
}
void analyse(const Event& event)
{
const AlicePrimary& ap = applyProjection<AlicePrimary>(event,"AP");
// Loop over primaries - optionally pass a cut object to
// AlicePrimary::particles
for (auto p : ap.particles()) {
// Process particle p of type Rivet::Particlef
}
}
3
DECLARE_RIVET_PLUGIN(AliceAnalysis);
}

D Code

The code below checks if a particle is considered long-lived, i.e., has a proper lifetime T > 1cm/c. If so,
it returns true, otherwise false.

Bool_t IsStable(const TParticle* p, Bool_t def=false) const
{

if (!p) return def;

Int_t pdg = TMath::Abs(p->GetPdgCode ());

// Check for nuclus

if (pdg > 1000000000) return true;

Int_t stable[] = {

kGamma , // 22 Photon
kElectron, // 11 Electron
kMuonMinus , // 13 Muon

kPiPlus, // 211 Pion

kKPlus , // 321 Kaon

kKOShort , // 310 KOs

kKOLong, // 130 KOl

kProton, // 2212 Proton
kNeutron, // 2112 Neutron
kLambdaO , // 3122 Lambda_0
kSigmaMinus, // 3112 Sigma Minus
kSigmaPlus, // 3222 Sigma Plus
kXiMinus , // 3312 Xi Minus
3322, /7 Xi 0
kOmegaMinus, // 3334 0Omega

kNuE , // 12 Electron Neutrino
kNuMu , // 14 Muon Neutrino
kNuTau , // 16 Tau Neutrino
-1

3

Int_t* ptr = stable;

while ((*ptr) >= 0) {
if (pdg == *ptr) return true;
ptr++;

}

return false;
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The following code checks if the particle production mechanism either corresponds to production in the
interaction or a decay. The ALICE simulation framework stores the production identifier in the field
accessed by GetUniqueID() of the TParticle objects.

Bool_t IsPrimaryProcess (TParticle* p) const
{

switch (p->GetUniqueID (D)) {

case kPDecay:

case kPNoProcess:

case kPNull:

case kPPrimary:

return true;
}

return false;

Finally, we have the code that checks if a given particle is a primary. The argument of type AliStack
gives access to the full particle history of an event in the ALICE simulation framework.

Bool_t IsFirstStable(AliStack* stack, Int_t iTr)
{
TParticle* p = stack->Particle(iTr);
// Check if this particle s stable
if (!IsStable(p)) return false;
if (!IsPrimaryProcess(p)) return false;
TParticlex m = p;
Int_t mi = 0;
while ((mi = m->GetFirstMother ()) >= 0) {
m = stack->Particle(mi);
// If there’s mno mother, break out
if (!'m) break;
// If (grand)mother particle is stable, this is not primary
if (IsStable(m)) return false;
// If (grand)mother was produced netther in a decay nor directly
// in the interaction (e.g., material interaction), then this
// particle 4is mot a primary.
if (!IsPrimaryProcess(m)) return false;
}
// If we get here, then no (grand)mother was long-lived, and was
// either produced in a decay or directly in the interaction
return true;

To facilitate faster look-up, one may code up the above flagging particles as we search through the decay
chains

TParticle MarkPrimary(TParticle* p, Bool_t primary)

{
p->SetBit (kPrimarySet);
if (primary) p->SetBit (kPrimaryBit);
else p->ClearBit (kPrimaryBit);
return p;
}
Bool_t IsFirstStable(AliStack* stack, Int_t iTr)
{

TParticlex p = stack->Particle(iTr);
if (p->Testbit(kPrimarySet)) return p->TestBit(kPrimaryBit);
// Check if this particle s stable
if (!IsStable(p) || !'IsPrimaryProcess(p)) {
MarkPrimary (p, false);
return false;
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}
TParticle* m = p;
Int_t mi = O0;
while ((mi = m->GetFirstMother ()) >= 0) {
m = stack->Particle(mi);
// If there’s mno mother, break out
if (!'m) break;
// If (grand)mother was flagged as primary, then this is not
if ((m->Testbit (kPrimarySet) &&
m->TestBit (kPrimaryBit))) {
MarkPrimary(p, false);
return false;
}
// If (grand)mother ts long-lived or her production mechanism %s
// meither a decay nor the primary interaction (e.g., scattering
// in material), then this particle is not primary
if (IsStable(m) || !'IsPrimaryProcess(m)) {
MarkPrimary (p, false);
return false;
}
// (Grand)mother ts mnot a primary, mark it as such
MarkPrimary (m, false);
}
// If we get here, then all (grand)mothers was neither long-lived,
// mor produced in by any means but decays or in the primary
// interaction. Thus, we have a primary particle
MarkPrimary (m, true);
return true;

In this way, we do not need to fully traverse most of the decay chains.
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