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In this Letter, the first measurement of the inelastic cross section for antitriton-nucleus interactions is reported,
covering the momentum range of 0.8 < p < 2.4 GeV/c. The measurement is carried out using data recorded
with the ALICE detector in pp and Pb-Pb collisions at a centre-of-mass energy per nucleon of 13 TeV and 5.02

TeV, respectively. The detector material serves as an absorber for antitriton nuclei. The raw yield of (anti)triton
nuclei measured with the ALICE apparatus is compared to the results from detailed ALICE simulations based on
the GEANT4 toolkit for the propagation of (anti)particles through matter, allowing one to quantify the inelastic
interaction probability in the detector material. This analysis complements the measurement of the inelastic cross
section of antinuclei up to A =3 carried out by the ALICE Collaboration, and demonstrates the feasibility of the
study of the isospin dependence of inelastic interaction cross section with the analysis techniques presented in

this Letter.

1. Introduction

The properties of light antinuclei (such as antideuteron d, anti-
helium 3He and antitriton 3ﬁ) have been a subject of various stud-
ies at accelerators in the last few decades. These objects, composed
of antiprotons and antineutrons, are stable in vacuum, but annihilate
when coming into contact with normal matter. So far, light antinuclei
have only been observed in high-energy particle collisions at vari-
ous fixed-target and collider experiments, from the AGS [1-4], to the
SPS [5], RHIC [6-11], and the LHC [12-29]. Their production mech-
anism has been actively studied in the context of matter—antimatter
asymmetry and of understanding the formation of composite nuclear
objects [24,30-34]. However, until very recently, the studies of their in-
elastic interactions with matter have been difficult, since obtaining an
isolated beam of light antinuclei with precisely determined momentum
comprises formidable challenges. In fact, only the antideuteron inelastic
cross section had been measured at total momenta of 13.3 GeV/c [35]
and 25 GeV/c [36].

Recently, new measurements of the inelastic cross sections of anti-
nuclei with matter at low momenta (p < 8 GeV/c) were reported by
the ALICE Collaboration, both for d [37] and 3He [38]. While these
measurements were mainly motivated by their impact on astrophys-
ical dark-matter searches, they also allow a more detailed look into
the physics of low-energy antinucleus-nucleus interactions, which can
be used to improve Monte Carlo (MC) simulations of particle physics
detectors and to better understand the properties of these composite
objects at low kinetic energies. More accurate MC simulations of inelas-
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tic interactions with the detector material also allow one to improve
the measurements of the production yields of antinuclei [24,26,39].
However, one aspect which so far has not been accessible with these
measurements is the isospin dependence of the inelastic cross section of
composite antinuclei. This effect is difficult to evaluate since the light-
est isospin-partner antinuclei are >He and *H, which are only produced
in limited quantities in high-energy hadronic collisions at accelera-
tors [26].

In this Letter the first measurement of the antitriton-nucleus inelas-
tic interaction cross section o;,,(*H) is reported, which complements
the measurements of the inelastic cross sections for light antinuclei up
to A =3 [37,38]. The results are compared to the calculations based on
the Glauber approach as implemented in the GEANT4 toolkit, which is
widely used in particle physics for the propagation of particles through
the detector material [40,41]. The 6;,,;(*H) results are also compared
with the measurement of the 3He inelastic cross section and demon-
strate the feasibility to investigate the isospin dependence of inelastic
interactions of antinuclei.

2. Experimental apparatus and data sample

A detailed description of the performance of the ALICE detector and
its subsystems can be found in Refs. [42,43]. The detectors used in this
analysis for tracking and particle identification are briefly described in
the following paragraph.

Trajectories of charged particles are reconstructed in the ALICE cen-
tral barrel with the Inner Tracking System (ITS) [44] and the Time
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Projection Chamber (TPC) [45]. Both these detectors cover the full az-
imuthal angle within the pseudorapidity interval of |»| < 0.9 and reside
within a solenoid which provides a homogeneous magnetic field of 0.5 T
along the beam axis. The ITS comprises six cylindrical layers of sili-
con detectors which are located at radial distances from the beam axis
between 3.9cm and 43 cm and provides important information to re-
construct the primary collision vertex and to aid in charged particle
tracking. It is surrounded by the TPC - the main tracking device in the
ALICE central barrel which is a 5 m long cylindrical gaseous detector
extending from 85 cm to 247 cm in the radial direction. The TPC pro-
vides up to 159 spatial points for the reconstruction of charged-particle
tracks and for particle identification (PID) through the measurement of
the specific energy loss dE/dx in the gas volume. The PID is comple-
mented by the Time-of-Flight (TOF) detector [46] located at the radial
distance of 3.7 m from the beam axis. The TOF measures the arrival time
of particles relative to the event collision time which is provided either
by the TOF itself or by the TO detectors, two arrays of Cherenkov coun-
ters located at forward rapidities [47]. Together with the momentum of
the particle obtained from the track curvature, the time-of-flight mea-
surement allows one to determine the particle’s mass. Finally, a stainless
steel space-frame supporting structure and the Transition Radiation De-
tector (TRD) are located between the TPC and the TOF; while neither
the space-frame nor the TRD is used directly in this analysis, they signif-
icantly contribute to the total material budget in which antinuclei can
interact inelastically [37,38].

The results presented in this Letter are based on the data collected
during the 2016, 2017, and 2018 LHC operation with proton beams at
a centre-of-mass energy \/E = 13 TeV with the high-multiplicity (HM)
trigger, and the 2018 Pb-Pb campaign at 1/syy = 5.02 TeV with the
minimum bias (MB), central (0-10%) or semi-central (30-50%) event
triggers. The central event trigger corresponds to the selection of 10% of
all inelastic events with the highest signal amplitude in the VO detectors
(0-10% centrality [48]), whereas semi-central trigger is tuned to select
events within 30-50% centrality range. Collision events are selected
by using the information from the VO detectors [49], which consist of
two plastic scintillator arrays located on both sides of the interaction
point at forward and backward pseudorapidities. The VO detectors are
also used to reject other sources of tracks such as beam-gas interactions
and interactions within the beampipe. For the MB event trigger, coin-
cident signals in both VO scintillators are required to be synchronous
with the beam crossing time defined by the LHC clock. In order to trig-
ger on events with high charged-particle multiplicities, the total signal
amplitude measured in the VO detector is additionally required to ex-
ceed a given threshold for a given event activity. This selects the 0.17%
of events with the highest multiplicity in the VO detectors in pp colli-
sions. An additional cut is made on the z position of the primary vertex
(|Vix,| <10 cm).

In total, about 10° events from the pp data sample are selected for
further analysis, while for the Pb-Pb dataset about 230 x 10° events are
analysed.

3. Data analysis

Once produced in the initial collisions between protons or heavy
ions, antitriton nuclei traverse the detector, with some of them interact-
ing inelastically with the detector material. In a traditional fixed-target
experiment, the measurement of a cross section implies the availability
of a beam of the particle of interest, which traverses the target in order
to determine the loss of particles. Due to the unfeasibility of isolating
a beam of low energy antinuclei, the measurements presented in this
work rely on ratios that are sensitive to this loss without depending on
the absolute number of produced antinuclei. Two methods have been
applied to evaluate the inelastic cross section of antitritons, o CH),

similarly to what has been done in Refs. [37,38] for the 3He and d in-
elastic cross section measurements.
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The first method, namely the antibaryon-to-baryon method, was
used to analyse the high-multiplicity pp collisions and is based on the
comparison of measured *H and 3H yields. Due to the extra inelastic
processes which occur as particles traverse the detector, less 3H is de-
tected than its matter counterpart. This loss is quantified by comparison
with detailed MC simulations of the ALICE detector. This method makes
use of the fact that the relative amounts of matter and antimatter pro-
duced at LHC energies are almost equal [50,51], and for >H and *H can
be calculated from the antiproton-to-proton ratio [51,52] to be 0.994

tg'ggg. Thus, the antiparticle-to-particle ratio is sensitive to the loss of

antinuclei. This method allows one to extend the measurement of >H up
1O Pyrimary = 2-4 GeV/c, but is unfeasible for application in Pb-Pb colli-
sions due to copious 3H background from spallation processes [19].
The second method, applied in the analysis of Pb-Pb data, relies on
the measurement of the amount of raw 3H reconstructed in the TOF
detector and of those reconstructed in the TPC. This is the TOF-to-TPC
method employed in Ref. [38]. In this case, the number of 3H nuclei
tagged in the TPC and measured in the TOF is compared to that of 3H
reconstructed in the TPC, which allows one to quantify the inelastic
processes occurring in the material between the TPC and the TOF de-
tectors. This is an almost direct analogy of a fixed target experiment, as
the particles identified in the TPC act as the beam, while the ones reach-
ing the TOF represent the particles surviving after the target. In order
to extract the inelastic cross section while avoiding any bias due to fi-
nite detector acceptance and tracking efficiencies, data are compared to
MC simulations that reproduce the conditions of the data taking. This
method is applicable only in the momentum range in which *H can be
clearly identified in both TPC and TOF detectors (0.9 < pprimary < 1.5
GeV/c) and is used in the analysis of Pb-Pb data due to the larger yield
of produced 3H nuclei compared to pp collisions.
For both methods, the experimental results are compared with the cor-
responding ratios evaluated by means of a full-scale MC GEANT4 sim-
ulation with varied ainel(3ﬁ) cross sections, as described in section 3.4.
In both cases, using ratios instead of individual particle yields allows
one to extract the antitriton inelastic cross section independently from
its production cross section. Further details on the data analysis are de-
scribed in the following sections.

3.1. Track selection and particle identification

(Anti)>H candidates are selected from a sample of charged-particle
tracks reconstructed in the ITS and TPC in the pseudorapidity range
|#] < 0.8 (0.75) for the Pb-Pb (pp) data sample, and at midrapidity with
|y] < 0.5 for both samples. Several track quality criteria are applied,
such as a minimum number of clusters in the TPC of at least 100 out of
a maximum of 159, and at least 2 in the ITS, with at least one cluster lo-
cated in any of the two innermost ITS layers. Furthermore, the number
of TPC crossed rows is constrained to be more than 70. A good quality
of the track fit is achieved by requiring the y? per TPC reconstructed
point to be less than 2.5 (4) for the Pb-Pb (pp) data sample. These cuts
are stricter in the Pb-Pb data sample due to the higher track density en-
vironment. The number of TPC clusters used in the calculation of the
specific energy loss (dE/dx) is required to be larger than 100 (55) to
ensure a good dE/dx resolution in the Pb-Pb (pp) dataset. The con-
tribution from secondary tracks in the pp data sample is reduced by
selecting a maximum distance of closest approach (DCA) to the primary
vertex in the transverse plane (DCAxy) and in the longitudinal direction
(DCA,)) lower than 0.1 cm.

The (antitriton candidate tracks are identified using the informa-
tion on the specific energy loss dE/dx in the TPC gas volume, which
is complemented by the information on the time-of-flight measurement
in the TOF detector. The no'¥C variable represents the PID response
in the TPC expressed in terms of the deviation between the mea-
sured and expected dE/dx, normalised by the detector resolution o.
The expected dE/dx is computed with a parameterised Bethe-Bloch



ALICE Collaboration

formula [43]. For the antibaryon-to-baryon method, (anti)tritons are
selected in the TPC by applying the selection criterion |no 7C| < 3.0,
once the requirement on the squared mass hypothesis of the (anti)tri-

tons |m%OF - mfﬁl < 2 (GeV/c?)? measured with the TOF detector is

fulfilled. Candidate tracks which do not reach the TOF are not consid-
ered in the analysis. This selection is sufficient to obtain a purity close
to 100% for (anti)tritons in the full momentum range explored in this
analysis (1.3 < p < 2.4 GeV/c).

For the TOF-to-TPC method, 3H candidates need to be reconstructed
in both TPC and TOF detectors in the same momentum intervals, hence
the analysis is restricted to the momentum range of 0.9 < p < 1.5
GeV/c. Antitriton candidates are selected in the TPC by applying the
selection of —2.0 < no™C < 3.5, and then matched to TOF hits. The
asymmetric selection interval allows one to suppress the contamination
due to other particle species, misidentified as 3H in the TPC, with lower
dE /dx signal. Any residual contamination in the noT"C distributions is
fitted with an exponential function and subtracted. Such contribution
is negligible at low momentum and amounts to < 1% in the momen-
tum interval 1.3 < p < 1.5 GeV/c. Similarly to the noFC, the noTOF
variable represents the deviation between the measured and expected
time-of-flight of antitritons, normalised by the resolution of the time-of-
flight measurement. In the TOF, 3H nuclei are selected in the range of
—3.0 < noTOF < 4.0. The reason for an asymmetric interval is the pres-
ence of an exponential tail towards higher values of noTOF, that reflects
the TOF detector time response [46].

Particularly for this analysis, a special reconstruction of the Pb-Pb
collisions was used, in order to minimise the sensitivity to elastic scat-
tering in the material. In the TOF, tracks are only associated with a hit
cluster if the cluster is within a certain distance from the extrapolated
position of the track reconstructed in the TPC. This maximum distance
was increased in this reconstruction, from 3 cm to 10 cm, with the latter
being the usual window for pp collisions.

3.2. Corrections

The sample of H candidates reconstructed as described above in-
cludes both the nuclei produced in the initial collisions and those
produced in the spallation processes occurring when particles traverse
the beam pipe and the detector material. Since this process produces
nuclei by spallation from other heavier nuclei, it can not produce anti-
nuclei, but rather secondary nuclei only. The antibaryon-to-baryon ratio
method employed in pp collisions is sensitive to these secondary nuclei,
since it compares the yields of antitriton to those of triton in order to
measure the inelastic cross section. Therefore, this effect needs to be
corrected for. In order to distinguish between tritons originating from
the initial collision and those originating from spallation processes,
their different DCAs to the primary vertex in the transverse plane are
used. While primary nuclei have DCA distributions peaked around zero,
secondary nuclei show much broader DCA distributions which are flat
over most of the studied DCA range. The different DCA distributions for
the two types of nuclei are studied with templates from detailed MC
simulations, and the relative contributions are therefore obtained, as
shown in details in Ref. [19]. The uncertainty from this correction is
estimated to be below 5%.

A second correction is applied to account for any energy loss which
occurs before the inelastic interactions, due to ionisation and rescatter-
ing processes. The energy loss has to be estimated differently between
the two approaches, as what needs to be corrected in the antibaryon-to-
baryon method is the energy loss between the primary vertex and the
point where the 3H inelastic interaction occurs, while for the TOF-to-
TPC method it is the energy loss between the TPC and the interaction
point. For the antibaryon-to-baryon method, the momentum of the
tracks is estimated by measuring their curvature, and it is then prop-
agated towards the primary vertex accounting for the measured energy
loss, and thus is the momentum at the primary vertex pyimary-
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Due to continuous energy-loss effects in the detector material, the
inelastic interaction of the antinuclei with the detector material hap-
pens at a momentum p, which is lower than the momentum ppimary
reconstructed at the primary collision vertex. The corresponding effect
is taken into account utilising MC simulations in which one has precise
information about both momenta for each (anti)particle. In the analy-
sis of pp collisions using the antibaryon-to-baryon method, the average
values of p/pprimary distributions in each analysed pyimy interval are
used to consider the energy loss. The root mean square (RMS) of these
distributions is used to determine the uncertainty of the momentum
p, which is propagated to the uncertainty of the measured cross sec-
tion. For the analysis of the Pb—Pb data sample using the TOF-to-TPC
method, the MC information on the momenta of daughter tracks orig-
inating from the >H annihilation is used to estimate the momentum of
the particle at annihilation. This is compared to pp;mqy to estimate the
magnitude of this effect and the resulting uncertainty. The uncertainty
on the inelastic cross section from the continous energy loss is evalu-
ated to be less than 2% for the antibaryon-to-baryon method and less
than 2.5% for the TOF-to-TPC method.

3.3. Systematic uncertainties

Several sources of systematic uncertainties have been considered,
depending on the method used for the inelastic cross section extraction.
The total uncertainty is obtained as the quadratic sum of the individual
contributions, assuming uncorrelated contributions.

The first source of systematic uncertainty, investigated for both
methods, is due to the track selection criteria. The criteria have been
varied 100 times, both in data and MC, using random uniform distribu-
tions around the nominal values. In the case of the antibaryon-to-baryon
method, the relative systematic uncertainty is given by the RMS divided
by the mean value of the distributions of the *H-to-*H ratios in each
momentum interval. For the TOF-to-TPC ratio method, the systematic
uncertainty is evaluated as half the maximum difference between the
resulting inelastic cross sections. Variations consistent with statistical
fluctuations are rejected from the trials used to estimate the systematic
uncertainties according to the Barlow criterion [53]. This contribution
is 13% for the TOF-to-TPC method, flat in momentum, while it is re-
jected by the Barlow test in the other method, using a cutoff value of
2010w~ This difference in the systematic uncertainty due to track selec-
tion criteria is due to the fact that in the antibaryon-to-baryon method,
the effect of the track selection applies similarly to both the baryon and
antibaryon tracks, and thus cancels out to a large extent.

For the antibaryon-to-baryon ratio method, the systematic uncer-
tainty due to the effect of secondary nuclei from spallation on the ratio
is considered. This correction is described in section 3.2. Variations of
the binning and of the fit range (from +1 cm to +2 cm around the pri-
mary vertex) have been performed to evaluate this uncertainty, which
is ~6% in the lowest momentum bin and < 1% at higher momenta. For
the antibaryon-to-baryon method [37], three additional uncertainties
are included: i) the uncertainty on the primordial antimatter-to-matter
ratio produced in collisions, ii) the uncertainty due to the elastic cross
section of *H and iii) the one due to the inelastic cross section of 3H.
All three are considered as global uncertainties for the antibaryon-to-
baryon method. These uncertainties are 4.5%, 1%, and 2.3% in the
whole momentum interval, respectively.

For the TOF-to-TPC ratio method, additional sources of systematic
uncertainties are related to the description of the material budget in
the MC simulations, the PID, and the momentum correction evaluation.
The material budget of ALICE is varied by +4.5% in MC simulations,
and the deviations of the final results from the default case are consid-
ered as an uncertainty. The value of 4.5% corresponds to the current
uncertainty on the material obtained by photon conversion measure-
ments [43] and by the studies of the TOF-to-TPC matching efficiency
with pions [54]. The uncertainty related to the PID has been evalu-
ated as the difference between the raw yields obtained by subtracting



ALICE Collaboration

;f1-6:'|'"|"'|"'|"'|"'|"'|':
T 14 ALICE ¢ Data =
< F ppVs=13TeV  — MC with default o, ,CH) 3
é 12 (ay=318 — MC with 6, (F)x 0.75
£ @=148 — MC with o, (F)x4.0 ]
E ni<08 ]
08 | | =
osf [t 1 ——
04f 3
02F 3
0: 1 1 M| 1 1 PRI B | 3

1.2 1.4 1.6 1.8 2 22 24
pprimary (GeV/C)

Physics Letters B 848 (2024) 138337

O iad LA IS IR IR IR IR RS AR
& o4F ALICE E
I o asE PPPb sy =502Tev 3
2 F W=347 E
= 03E (z)=161 E
S 025F <08 3
£k ' E
& 02F E
A S — + Data 3
o1E — MC with default o, ,(H) 3

E — MC with o, ,((H)x 05 3
0.05F — MC with o, *H) x 1.5 3

PR EFEFEETS BPETErESS APSrErEr SUAErErS SArAr SRR AR
%.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6
P (GeVl/c)

primary

Fig. 1. Left: raw primary *H/*H ratio as a function of the momentum Pprimary i PP collisions at \/E =13 TeV. Right: ratio between the raw number of *H candidates

reconstructed in the TOF and the raw number of 3H reconstructed in the TPC in Pb-Pb collisions at /sy = 5.02 TeV as a function of the momentum Pprimary-
In both panels, data are shown in black, the statistical and systematic uncertainties are shown as vertical bars and boxes, respectively. The results from ALICE MC
simulations based on GEANT4 are shown as coloured bands, the different colours referring to the different inelastic cross sections implemented in the simulations,

with default o,

inel

the background contribution from the noTPC distributions when varying
the function used to fit the contamination (Gaussian, double Gaussian,
Gaussian + 2 exponential functions). The contribution coming from the
difference between the bin-counting method and the integral of the sig-
nal function is added in quadrature to the previous one. The deviation
of the final results from the default case divided by \/E is considered
as uncertainty.

The systematic uncertainty due to the energy loss correction is eval-
uated as described in section 3.2, and amounts to ~2% (~ 5%) in the
analysis of Pb—Pb (pp) collisions.

3.4. Monte Carlo simulations

The experimental observables, shown in Fig. 1, are compared with
the corresponding ratios from MC simulations based on GEANT4. The
parameterisation of the inelastic cross section in GEANT4 is based on
Glauber calculations [55,56], which are based on geometrically scaling
the inelastic antiproton—proton cross sections to heavier systems. This
parameterisation neglects the effect of Coulomb interactions, which are
negligible for p > 1 GeV /c. The analysis described above is repeated us-
ing several MC simulations with varied values of the antitriton inelastic
cross sections. In the case of the antibaryon-to-baryon method, three
MC simulations are used, with o;,,(*H) multiplied by a factor of 0.75,
1, and 4. The simulations with these factors were already available and
were thus used. In the case of the TOF-to-TPC method, three MC sim-
ulations are used, with ¢,,,;(*H) multiplied by a factor of 0.5 and 1.5,
in addition to the default one. The corresponding MC ratios for the two
cases are shown as coloured bands in Fig. 1 and are used as references
for the experimental ratios to obtain the 3H inelastic cross section as
described in the following section.

3.5. Inelastic cross section determination

The determination of the inelastic cross section requires precise
knowledge of the ALICE detector material budget. Detailed studies of
the detector material have been carried out in previous works by the
ALICE Collaboration [37,38]. These studies allow the determination of
the effective target material. For the analysis based on the antibaryon-
to-baryon method, the inelastic interactions can occur in the ITS, TPC,
TRD, and TOF detectors, hence the average material corresponds to
(Z) =14.8 and (A) = 31.8. For the TOF-to-TPC method, instead, the
average material is the TRD and space frame system, corresponding
to (Z)=16.1 and (A) = 34.7. Using the same procedure described in
Refs. [37,38], the MC ratios obtained with the different multiplicative
factors applied to o, (*H) are fitted in each momentum interval using
a Lambert-Beer function:

described in Ref. [56]. The width of the MC band represents the statistical uncertainty of the simulation.

R =exp(—ac) X b, 1)

where R refers to the MC ratios obtained with either of the two meth-
ods, a and b are the fit parameters, and o refers to the scaling factor
of the 6y, CH). The experimental ratios are therefore projected on the
fit function and a scaling factor for the GEANT4 parameterisation is ob-
tained for each momentum interval. This scaling factor shows by how
much the inelastic cross section needs to be changed in the GEANT4
MC implementation with respect to default to reach the same value for
the observable (antitriton-to-triton ratio for pp, TPC-to-TOF ratio for
Pb-Pb) as in the data. Finally, by multiplying the scaling factor in each
interval by the default inelastic cross section implemented in GEANT4,
the inelastic cross section is obtained. Since only cross sections on in-
teger atomic numbers can be obtained in GEANT4, the inelastic cross
section on the nearest available element was scaled according to the
Glauber model [55] as described in equation (2)

-1/3
+ 151 XA
GEANT4 )

-1/3
+1.51 XAALICE

1.34 x A02!

GEANT4

0.21
L34XA T icE

o(AaLice) = 6(Agganre) X

where A,y is the average atomic number seen by antinuclei as they
travel through the ALICE detector and Ag,.yr4 iS the atomic number
of the closest available element in GEANT4. The resulting ainel(3ﬁ) is
shown in the left panel of Fig. 2, for the two analysed data samples. For
the ease of comparison, the results from the antibaryon-to-baryon anal-
ysis have been scaled to the same average material as the results from
the TOF-to-TPC analysis, also according to equation (2), and 6(GEANT4)
is shown as well. Since 6(GEANT4) does not depend on the collision sys-
tem, this allows for a fair comparison of the shown measurements. It can
be seen that the measurements using the antibaryon-to-baryon method
agree with 6(GEANT4) at a 1 ¢ level, and the TOF-to-TPC ratio method
at a 2 o level. The inelastic cross sections are shown as a function of the
momentum p at which the inelastic interaction occurs.

Comparing the inelastic cross sections for H and 3He shows that the
two measurements are consistent within uncertainties (see right panel
of Fig. 2). The uncertainties are dominated by statistical uncertainties,
and thus do not cancel when taking the ratio of ¢,,;; *H) and 6;,, CHe).
There are no quantitative predictions for the expected difference be-
tween the two isospin partners, however, a naive approach would be to
consider their size as the dominant factor. No measurements of the nu-
clear mass radii of these antinuclei exist, and thus the matter radii are
taken as a proxy. However, since the difference in mass radii is expected
to be smaller than the difference in matter radii, this is a conservative
estimate. The measured matter radii of the two nuclei are 1.76 fm for
3He [57] and 1.59 fm for *H [57]. While no independent measure-
ment exists for the antinuclei counterparts, the antinuclei are assumed
to have the same size as their matter counterparts by CPT symmetry.



ALICE Collaboration

@ 55\' rTrrrrrrrrrryrrTrTrTT T T T T 'E
£ 45E ALICE [(=]Data TOF/TPC Pb-Pb -
:E 4F\ (A)=34.72 [°]DpataB/B pp 3
35F | @)=161 — - GEANT4 E
af \ In<08 3
25F \\ =
15F T == =
[
05F =

o) - P B PR PR

0 05 1 15 2 25 3

p (GeV/c)

Physics Letters B 848 (2024) 138337

o

= i-IIIIIIIII:
g 45 i ALICE [ 0,,(H) TOF/TPCPb-Pb -3
° ufp | |w=3a72 o MmBEM 3
£l (zy=16.1 [=] 0,,,(Fe) TOF/TPC Pb-Pb 3

39 | <08 (=] 0,,('He) BB pp 3

3E — - GEANT4 3
25\ 3
2\
15F 3
E —_—— . _4

1E . =
05F =
3 A 2 Il O PSPPI P I VPPN PPN P I B

0o 1 5 6 7 8 9 10

p (GeV/c)
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the momentum p at which the interaction occurs. Dashed black lines represent the default GEANT4 parameterisations for antitritons. Right: comparison between
the results reported in the left panel and the results for *He inelastic cross section measured in Pb-Pb collisions at 4 /syn = 5.02 TeV from Ref. [38]. Note that

3He nuclei can be clearly identified in both TPC and TOF detectors over a much wider momentum range than 3H. In both panels, boxes show the statistical and

systematic uncertainties summed in quadrature.

This would suggest that the inelastic cross section of *He should be a
factor 0 — 20% larger than the one of *H. The current measurement
is not sensitive enough to distinguish differences of that order and the
cross sections of 3H and *He are compatible within errors. The larger
size of the data samples expected in the upcoming Run 3 and Run 4
campaigns of the LHC will allow a significant improvement over the
current measurement.

4. Summary

The results presented in this Letter represent the first measurement
of the antitriton inelastic cross section, and complete the set of mea-
surements of antinuclei-matter inelastic cross section up to A =3 of the
projectile antinucleus by ALICE. The results have been found, within
sizeable uncertainties, to be consistent with the parameterisation used
in GEANT4 toolkit and with existing 3He measurements from Ref. [38].
They demonstrate the feasibility of studying the isospin dependence of
inelastic interactions of composite antinuclei such as *H and *He. Fu-
ture studies of larger data samples collected during the LHC Run 3 and
Run 4 campaigns (starting from 2022) with the upgraded ALICE ap-
paratus will substantially improve on the measurements presented in
this Letter. They will allow for more precise comparison between 3H
and *He results and for better calculations of the inelastic cross sec-
tions of antinuclei in the currently used models, improving also our
understanding of antinucleus-matter inelastic interactions at momenta
around 1 GeV/c.
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