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Motivation
Antinuclei in cosmic rays (d̅, 3He, 4He) - unique probe for indirect dark matter searches 
• Low background from secondary production is expected in the low-energy range 
• Vital to determine primary and secondary antinuclei fluxes as precisely as possible!

Schematic antinuclei fluxes near Earth3He production and propagation in the Galaxy
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Motivation
Antinuclei in cosmic rays (d̅, 3He, 4He) - unique probe for indirect dark matter searches 
• Low background from secondary production is expected in the low-energy range 
• Vital to determine primary and secondary antinuclei fluxes as precisely as possible!

Schematic antinuclei fluxes near Earth3He production and propagation in the Galaxy

Many effects on the long way to the detectors near Earth: 
• Diffusion, convection: common for all (anti)particles 
• Inelastic interactions with interstellar medium - essential part of calculations!
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Status of antinuclei σinel measurements (before ALICE)
Antinuclei inelastic cross sections are poorly (or not) known at low energies 
• Antideuterons: no experimental data below p = 13.3 GeV/c [2] 
• Antiheluim inelastic c.s. have never been measured at any momenta
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High-energy collisions at LHC produce a lot of antinuclei 
• We can use this to study antinuclei inelastic interaction with the detector material!

p = 13.3 GeV/c

σ i
ne

l (
b)



A Large Ion Collider Experiment

Antinuclei inelastic c.s. in ALICE and implications for DM searches | ISCRA-2021 | 08.06.2021 4

LHC as an antimatter factory

p, Pb

p, Pb

At LHC energies, (anti)nuclei are abundantly produced in collisions of protons and Pb ions
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LHC as an antimatter factory

p, Pb

p, Pb

At LHC energies, (anti)nuclei are abundantly produced in collisions of protons and Pb ions

pT spectra of d̅ in pp collisions [1] 
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uncertainties due to the track selection criteria were estimated
to be less than 4% for nuclei and antinuclei by changing the
conditions for selecting tracks.

The approximations made in the DCAxy templates intro-
duced an uncertainty on the removal of secondary nuclei orig-
inating in the detector material. A value of 4% was estimated
for deuterons by replacing the simulated DCAxy templates
of primary deuterons with the measured DCAxy distribution
of antideuterons, which are not affected by contamination
from secondary tracks. An uncertainty of !20% was estimated
following a similar procedure for tritons and 3He nuclei.

The dominant feed-down contribution for (anti)nuclei is the
! -mesonic decay of (anti)hypertritons [42]: 3

"H " d + p +
!#, 3

"H " d + n + !0, 3
"H " t + !0 and 3

"H " 3He + !#.
In pp collisions, the 3

"H cross section was estimated to be of the
same order of magnitude as the 3He nucleus cross section [44].
However, the production cross section of deuterons is about 104

times greater than that of 3He nuclei, hence the contamination
for (anti)deuterons can be considered negligible. Additionally,
the fraction of hypertritons which passes the track selection
in the 3He (anti)nucleus channel was estimated with a Monte
Carlo simulation and is at most 35%. Assuming a similar value
for the (anti)triton channel and branching ratios of 27% and
13% [42], then less than !10% and !6% contamination is
expected for 3He (anti)nuclei and (anti)tritons, respectively.

The (anti)nucleus–nucleus elastic and inelastic scattering
uncertainty was evaluated by comparing the GEANT3 simu-
lations with the data for two different experimental config-
urations: one using the detector portion in which the TRD
modules were installed between the TPC and the TOF detector
and another in which the TRD was not installed. The ratio
between the number of (anti)deuterons counted with the two
different detector configurations is related to the number

of (anti)deuterons lost due to hadronic interactions. These
ratios were compared with a GEANT3 simulation and a 6%
uncertainty was estimated for the amount of nuclei lost in
such processes. This comparison, however, was not feasible for
(anti)tritons due to the limited data, and a 12% uncertainty was
assumed. Unlike deuterons and tritons, the measurements of
3He (anti)nuclei presented here only rely on TPC information,
hence they are not affected by the TRD material in front of the
TOF detector.

Another source of systematic uncertainty is the accuracy
in the knowledge of the material budget. This uncertainty was
estimated to be +3.4% and #6.2% by comparing the material
thickness estimated by analyzing photon conversions in the
inner detectors with the material description implemented
in the Monte Carlo simulations [45]. To propagate these
uncertainties to the results, a Monte Carlo simulation was done
in which the material density was varied by ±10% and linearly
interpolated to match the uncertainties in the material budget.
The result was below 3% at low pT and negligible at high pT
for the different (anti)nuclei.

The extrapolation of the measurements to inelastic pp
collisions adds additional systematic uncertainties of +2.2

#0.8%,
+5.2
#2.8% and +5.0

#2.0% for the center-of-mass energies 0.9, 2.76,
and 7 TeV, respectively [40]. However, these uncertainties are
not included in the figures as in previous related publications
[11,46–48].

IV. RESULTS

A. Deuterons and antideuterons

The invariant differential yields of deuterons and an-
tideuterons were measured in the pT range 0.8 < pT < 3
GeV/c (Fig. 5) and extrapolated to inelastic pp collisions
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FIG. 5. Invariant differential yield of deuterons (left panel) and antideuterons (right panel) in inelastic pp collisions (INEL) at
$

s = 0.9,
2.76, and 7 TeV. Systematic uncertainties are represented by boxes and the data are multiplied by constant factors for clarity in the figure. The
lowest pT point for deuterons at

$
s = 7 TeV was taken from [11]. The dashed line represents the result of a fit with a Tsallis function (see

Sec. V B for details).
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d̅/d and (p̅/p)2 ratios vs pT [1]

• Perfect place to study the production and annihilation of antinuclei at low momenta 

• Primordial antimatter-to-matter ratio approaches unity with increasing s

[1]   ALICE, Phys. Rev. C 97, 024615 (2018)
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…and ALICE detector material as a target
Many different materials are used in the detector construction 
• Averaged  value of material crossed by an (anti)particle can be calculated as:  ⟨A⟩

Supplemental material ALICE Collaboration

1 Supplemental material

Figure 1: Cumulative distribution of the material in the ALICE apparatus as a function of the radial distance from
the beam line. The results are shown for straight primary tracks emitted perpendicularly to the beam line either
at the center of the TOF sectors (red line) or averaged over azimuth (blue line). The cross section on the beam-
transverse plane of the different detector parts at the end cap is depicted with different colours in the background.
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ALICE material budget at mid-rapidity [1]
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Methods used to obtain σinel of antinuclei
Antimatter-to-matter ratio [1]  
• Measure reconstructed “antinuclei/nuclei” 
and compare results with MC simulations 

• Used for analyses of σinel(d̅) and σinel(3He)

ITS

TPC

TRD
TOF

d̅

d

[1]   ALICE, Phys. Rev. Lett. 125, 162001 (2020)
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Methods used to obtain σinel of antinuclei
Antimatter-to-matter ratio [1]  
• Measure reconstructed “antinuclei/nuclei” 
and compare results with MC simulations 

• Used for analyses of σinel(d̅) and σinel(3He)

TPC-to-TOF matching 
• Measure “antinuclei in TOF/antinuclei in TPC”       
and compare results with MC simulations 

• Applicable for 3He in a broad momentum range 
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[1]   ALICE, Phys. Rev. Lett. 125, 162001 (2020)
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Particle identification in TPC and TOF
Complementary information from TPC and TOF 
detectors allows selection of high-purity (anti)nuclei
TPC: dE/dx in gas (Ar/CO2) 
• Clear identification of (anti)3He        
thanks to large mass and double charge

dE/dx in ALICE TPC
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Particle identification in TPC and TOF
Complementary information from TPC and TOF 
detectors allows selection of high-purity (anti)nuclei
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TPC: dE/dx in gas (Ar/CO2) 
• Clear identification of (anti)3He        
thanks to large mass and double charge

dE/dx in ALICE TPC TOF β

TOF measurements: β = v/c 
• p = γβm → mass
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Raw ratio of primary (anti)deuterons
Raw ƌ / d ratio compared to ALICE Geant4 MC simulations

Raw d̅ / d ratio [1]

[1]   ALICE, Phys. Rev. Lett. 125, 162001 (2020) 
[2]   Uzhinsky et al., Phys. Lett. B 705 (2011) 235

• Higher loss of antideuterons in detector 
material as expected

Monte Carlo data: detailed simulation of ALICE 
detector performance 
• Propagation of (anti)particles and interaction 
with matter with Geant4 

• Inelastic c.s.: Glauber model simulations 
parametrised vs A as described in [2]
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Raw ratio of primary (anti)deuterons
Raw ƌ / d ratio compared to ALICE Geant4 MC simulations

Raw d̅ / d ratio [1]
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• Higher loss of antideuterons in detector 
material as expected

Monte Carlo data: detailed simulation of ALICE 
detector performance 
• Propagation of (anti)particles and interaction 
with matter with Geant4 

• Inelastic c.s.: Glauber model simulations 
parametrised vs A as described in [2]

Vary σinel(d̅) in simulations until MC describes the 
experimental results → constraints on σinel(d̅) 
•σinel(d) is fixed to the Geant4 parameterisations 
(describe well exp. data on σinel(d))
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Extraction of σinel(d̅)
In each momentum bin, exp. data are compared to MC simulations with varied σinel(d̅)

Raw d̅ / d ratio [1]

[1]   ALICE, Phys. Rev. Lett. 125, 162001 (2020)
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Extraction of σinel(d̅)
In each momentum bin, exp. data are compared to MC simulations with varied σinel(d̅)

Raw d̅ / d ratio [1]

[1]   ALICE, Phys. Rev. Lett. 125, 162001 (2020)

anti-3He inelastic cross section measurement and implications for dark matter search | L. Šerkšnytė | SQM 2021 | 20.05.2021  

A Large Ion Collider ExperimentTechnische Universität München 

ALI-PREL-347219

Matter-to-antimatter ratio method

Results of the measurements
• Both methods compare the measured values to the Geant4 based MC simulations

• Inelastic cross section is extracted by varying the anti-3He inelastic cross section in MC :

• estimate a scaling factor to reproduce data

9
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Extraction of σinel(d̅)
In each momentum bin, exp. data are compared to MC simulations with varied σinel(d̅)

Raw d̅ / d ratio [1]
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Extraction of σinel(d̅)
In each momentum bin, exp. data are compared to MC simulations with varied σinel(d̅)

Raw d̅ / d ratio [1]

[1]   ALICE, Phys. Rev. Lett. 125, 162001 (2020)

anti-3He inelastic cross section measurement and implications for dark matter search | L. Šerkšnytė | SQM 2021 | 20.05.2021  

A Large Ion Collider ExperimentTechnische Universität München 

ALI-PREL-347219

Matter-to-antimatter ratio method

Results of the measurements
• Both methods compare the measured values to the Geant4 based MC simulations

• Inelastic cross section is extracted by varying the anti-3He inelastic cross section in MC :

• estimate a scaling factor to reproduce data

9
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Results for σinel(d̅)
High p region (TOF analysis): good agreement with Geant4 parameterisations

⟨ ⟩First experimental information 
on σinel(d̅) at low momentum!

σinel(d̅) on averaged ALICE material [1]

Raw d̅ / d ratio [1]

[1]   ALICE, Phys. Rev. Lett. 125, 162001 (2020)
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Results for σinel(d̅)
High p region (TOF analysis): good agreement with Geant4 parameterisations

⟨ ⟩First experimental information 
on σinel(d̅) at low momentum!

Low p region (ITS-TPC analysis): hint for steeper rise of σinel(d̅) than in Geant4!

σinel(d̅) on averaged ALICE material [1]

Raw d̅ / d ratio [1]

[1]   ALICE, Phys. Rev. Lett. 125, 162001 (2020)
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Results for σinel(3He)
• Antimatter-to-matter ratio method (used in pp collisions) or TPC-to-TOF matching (for PbPb collisions) 
• Low-momentum range: much steeper rise of σinel(3He) than predicted by Geant4 
• First experimental information on σinel(3He)!

ALI-PREL-347219

Raw 3He / 3He ratio in pp collisions σinel(3He) on averaged ALICE material

PbPb data

pp data
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Results for σinel(3He)
• Antimatter-to-matter ratio method (used in pp collisions) or TPC-to-TOF matching (for PbPb collisions) 
• Low-momentum range: much steeper rise of σinel(3He) than predicted by Geant4 
• First experimental information on σinel(3He)!

ALI-PREL-347219

Raw 3He / 3He ratio in pp collisions σinel(3He) on averaged ALICE material

PbPb data

pp data

What is the impact of these measurements on the antinuclei fluxes near Earth?
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Recipe to cook antinuclei fluxes

Dark matter 
annihilation 
and decays

Secondary  
antinuclei from 
collisions of CR 

with ISM

Propagation through        
the Galaxy: 

diffusion, 
convection, 

solar modulation

Inela
sti

c 

inter
ac

tio
ns 

with
 IS

M

χ + χ ⇌ f + f, W+ + W−, … ⇌ p, d, He, γ…

p + p, p + He, He + He ⇌ p, d, He, γ…

ALICE results →    
σinel on 1H and 4He

Results: 
antinuclei 

fluxes near 
Earth

Implementation of antinuclei 
propagation in GALPROP
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Propagation of 3He in the Galaxy

Can be numerically solved using GALPROP code [1] 

Propagation parameters (common for all (anti)nuclei) can 
be constrained from available cosmic ray measurements

∂ψ
∂t

= q(r, p) + div(Dxxgradψ − Vψ) +
∂

∂p
p2Dpp

∂
∂p

ψ
p2

−
∂

∂p [ψ
dp
dt

−
p
3

(div ⋅ V)ψ] −
ψ
τf

−
ψ
τr

Source 
Function

Fragmentation, 
inel. interactionsPropagation: diffusion, convection…

[1]  https://galprop.stanford.edu 
[2]  Boschini et al., Astrophys. J. Suppl. 250 (2020) 2, 27 

Transport equation to be solved:

energies outside of the “plateau” that are still consistent with
predictions within model uncertainties. These deviations are
likely experimental artifacts similar to those observed in the
B/C ratio rather than the result of the differences in the
propagation properties of the local ISM. This is also implied by
a good agreement of our model predictions with ACE and
Voyager 1 data at low energies. Whether such an interpretation
is correct will become clear after AMS-02 releases the
elemental spectra of the iron group.

The following three plots show different secondary/primary
ratios: F/Ne, Al/Si, and P/S. In many respects these are
medium-nuclei versions of the B/C ratio. The data for all ratios
agree well with the predictions, indicating that the propagation
parameters for the medium nuclei are not changing versus the
light species. The upturn in the Al/Si ratio below 100MeV
nucleon!1 is partly due to the sharp peak in the Al production
cross section in the reactions � lp Si Al14

28
13
26,27 below

100MeV nucleon!1. To illustrate the effect of secondary
production, we added a plot of the LIS ratio for the case of pure
secondary Al (the primary abundance is set to zero), which also
shows a distinct !attening at low energies smoothed by the fast
ionization energy losses. The second reason for the upturn is
the scattering in the Voyager!1 data points for Al and Si
(Figure 8). The three data points at 20–80MeV nucleon!1 in
the Si spectrum appear somewhat too low, and so does the
model Si spectrum tuned to the data. In the case of Al, it is
opposite, and so the Al/Si ratio increases. Higher statistics
collected by Voyager 1, 2 spacecraft should resolve this issue.

Finally, we show the mostly secondary/secondary ratios:
Na/Al, F/V, and P/Na. They are not exactly !at at high
energies. The most interesting is the F/V ratio, which is
analogous to the primary/primary Fe/O ratio. The large
fragmentation cross section of Fe nuclei and thus its !atter
spectrum compared to lighter O species result in the
secondary V spectrum also being !atter than the spectrum
of F produced from fragmentation of Si-group nuclei.
Meanwhile, the low-energy behavior of the F/V ratio is quite
different from the ratio of primaries owing to a balance
between the competing processes of the ionization energy
losses, their fragmentation into the lighter species, and their
production from fragmentation of heavier species. In addition,
the low-energy parts of the spectra of the Si-group nuclei
producing F and of the Fe group fragmenting onto V are also
different owing to the differences in fragmentation cross
sections and energy losses.
The decreasing Na/Al ratio re!ects the difference in the

proportion of the primary component, with Na having relatively
larger secondary fraction than Al species (Figure 7). The ratio P/
Na is almost !at at high energies, which corresponds to about the
same proportion of primary component in both species. The
slight increase in the ratio re!ects the fact that P is produced in
fragmentations of heavier species that have a !atter spectrum
than the mid-range Si group (see the behavior of the primary/
primary Fe/O and secondary/secondary F/V ratios at high
energies, where the heavier species exhibit a !atter spectrum).
Finally, we wish to share some thoughts about the new

breaks in the TeV range observed in the spectra of H and He;

Figure 9. Summary plot of our model calculations for the I-scenario and available AMS-02 data. The color of data points for each element is the same as in Figure 8.
Line coding is the same as in Figure 1.

15

The Astrophysical Journal Supplement Series, 250:27 (30pp), 2020 October Boschini et al.Comparison with AMS-02 data [2]

https://galprop.stanford.edu
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Transport equation to be solved:

energies outside of the “plateau” that are still consistent with
predictions within model uncertainties. These deviations are
likely experimental artifacts similar to those observed in the
B/C ratio rather than the result of the differences in the
propagation properties of the local ISM. This is also implied by
a good agreement of our model predictions with ACE and
Voyager 1 data at low energies. Whether such an interpretation
is correct will become clear after AMS-02 releases the
elemental spectra of the iron group.

The following three plots show different secondary/primary
ratios: F/Ne, Al/Si, and P/S. In many respects these are
medium-nuclei versions of the B/C ratio. The data for all ratios
agree well with the predictions, indicating that the propagation
parameters for the medium nuclei are not changing versus the
light species. The upturn in the Al/Si ratio below 100MeV
nucleon!1 is partly due to the sharp peak in the Al production
cross section in the reactions � lp Si Al14

28
13
26,27 below

100MeV nucleon!1. To illustrate the effect of secondary
production, we added a plot of the LIS ratio for the case of pure
secondary Al (the primary abundance is set to zero), which also
shows a distinct !attening at low energies smoothed by the fast
ionization energy losses. The second reason for the upturn is
the scattering in the Voyager!1 data points for Al and Si
(Figure 8). The three data points at 20–80MeV nucleon!1 in
the Si spectrum appear somewhat too low, and so does the
model Si spectrum tuned to the data. In the case of Al, it is
opposite, and so the Al/Si ratio increases. Higher statistics
collected by Voyager 1, 2 spacecraft should resolve this issue.

Finally, we show the mostly secondary/secondary ratios:
Na/Al, F/V, and P/Na. They are not exactly !at at high
energies. The most interesting is the F/V ratio, which is
analogous to the primary/primary Fe/O ratio. The large
fragmentation cross section of Fe nuclei and thus its !atter
spectrum compared to lighter O species result in the
secondary V spectrum also being !atter than the spectrum
of F produced from fragmentation of Si-group nuclei.
Meanwhile, the low-energy behavior of the F/V ratio is quite
different from the ratio of primaries owing to a balance
between the competing processes of the ionization energy
losses, their fragmentation into the lighter species, and their
production from fragmentation of heavier species. In addition,
the low-energy parts of the spectra of the Si-group nuclei
producing F and of the Fe group fragmenting onto V are also
different owing to the differences in fragmentation cross
sections and energy losses.
The decreasing Na/Al ratio re!ects the difference in the

proportion of the primary component, with Na having relatively
larger secondary fraction than Al species (Figure 7). The ratio P/
Na is almost !at at high energies, which corresponds to about the
same proportion of primary component in both species. The
slight increase in the ratio re!ects the fact that P is produced in
fragmentations of heavier species that have a !atter spectrum
than the mid-range Si group (see the behavior of the primary/
primary Fe/O and secondary/secondary F/V ratios at high
energies, where the heavier species exhibit a !atter spectrum).
Finally, we wish to share some thoughts about the new

breaks in the TeV range observed in the spectra of H and He;

Figure 9. Summary plot of our model calculations for the I-scenario and available AMS-02 data. The color of data points for each element is the same as in Figure 8.
Line coding is the same as in Figure 1.

15

The Astrophysical Journal Supplement Series, 250:27 (30pp), 2020 October Boschini et al.Comparison with AMS-02 data [2]

[3]  Shukla et al., Phys. Rev. D. 102, 063004 (2020) 
[4]  Carlson et al., Phys. Rev. D. 89, 076005 (2014)

The calculation of 3He flux requires: 
• source function: differential production cross section [3, 4] 
• inelastic cross section (from ALICE measurements)

https://galprop.stanford.edu
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3He source function: dark matter

•  - according to NFW profile [1] 

•  = 100 GeV, annihilation into W+W− 

•  = 2.6x10-26  [2] 

•  from [1] (PYTHIA 8 with event-by-
event coalescence afterburner)

ρDM

mχ

⟨σv⟩ cm3s−1

dN/dEkin

[1]  Carlson et al., Phys. Rev. D. 89, 076005 (2014) 
[2]  Korsmeier et al., Phys. Rev. D. 97, 103011 (2018)

q(r, Ekin) =
1
2

ρ2
DM(r)
m2

χ
⟨σv⟩

dN
dEkin
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anti-3He inelastic cross section measurement and implications for dark matter search | L. Šerkšnytė | SQM 2021 | 20.05.2021  

A Large Ion Collider ExperimentTechnische Universität München 

anti-3He source function: DM

15

[1] Carlson et al, Phys. Rev. D. 89, 076005 (2014)

[2] Korsmeier et al, Phys. Rev. D. 97, 103011 (2018)

q(r, Ekin) = 1
2

!2
DM(r)
m2"

!#v" dN
dEkin

•  - NFW profile [1]


•  = 100 GeV for  and 


•  = 2.6x10-26  [2]

•  from [1], obtained using 

PYTHIA 8.156  and event-by-event 
coalescence afterburner

!DM

m" W+W# bb
!#v" cm3s#1

dN/dEkin

W+W#
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3He source function: cosmic rays + ISM
Relevant collision systems: pp, p−He, He−p, He−He

He
9 %

protons
90 %

He
8 %

protons
91 %

Cosmic rays ISM
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3He source function: cosmic rays + ISM

[1]  Shukla et al., Phys. Rev. D. 102, 063004 (2020)

Relevant collision systems: pp, p−He, He−p, He−He

He
9 %

protons
90 %

He
8 %

protons
91 %

Cosmic rays ISM

3He production in pp [1]

• Production cross section in pp collisions: from [1] (EPOS LHC + even-by-event coalescence afterburner) 
• Other collision types scaled by (ATAP)2.2/3
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3He source function: cosmic rays + ISM

[1]  Shukla et al., Phys. Rev. D. 102, 063004 (2020)

Relevant collision systems: pp, p−He, He−p, He−He

He
9 %

protons
90 %

He
8 %

protons
91 %

Cosmic rays ISM

• Validated with the ALICE data [2]
3He production in pp [1]

high-energy and low-energy interactions. Taking this find-
ing into consideration, the subsequent 3He and 4He pro-
duction cross sections and the cosmic-ray flux discussion
are shown with an uncertainty band, with the lower edge
corresponding to p0;G and the upper edge corresponding to
130% of p0;G.
The uncertainties in the d̄ parametrization from Ref. [27]

are also similar in magnitude, especially in the low-energy

region (collision kinetic energy of approximately 158 GeV)
relevant for d̄ production in cosmic-ray interactions. Along
with the comparison to data at

!!!
s

p
! 13 TeV as discussed

above, and to be consistent with the other antinuclei,
a similar uncertainty band (from p0;G to 130% of p0;G)
was chosen for d̄ as well. This effectively increased the
value of parameter A in Eq. (3) by 15%, from 90 to
103 MeV=c.

FIG. 4. The invariant production cross section ratio 3He=p̄ as function of momentum p (GeV=c) in the laboratory frame for (left) p-Be
at plab ! 200 GeV=c and (right) p-Al at plab ! 200 GeV=c. The uncertainty bands for this work were estimated by varying the
coalescence parameter from p0;G (59 MeV=c) to 130% of p0;G (77 MeV=c).

FIG. 5. Number density of (left) 3He and (right) t̄ production from coalescence mechanism for p-p interactions at
!!!
s

p
! 7 TeV, along

with ALICE results from Ref. [57]. The uncertainty bands were estimated by varying the coalescence parameter from p0;G (90 MeV=c)
to 130% of p0;G (116 MeV=c).

ANIRVAN SHUKLA et al. PHYS. REV. D 102, 063004 (2020)

063004-6

Comparison with ALICE results [1,2]

pp √s = 7 TeV

• Production cross section in pp collisions: from [1] (EPOS LHC + even-by-event coalescence afterburner) 
• Other collision types scaled by (ATAP)2.2/3

[2]  ALICE, Phys. Rev. C 97, 024615 (2018)
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Inelastic interactions

PbPb data

pp data

ALICE measurements on σinel(3He) are for heavy elements with 17.4 to 34.7 
Need to be scaled for proton and helium targets (ISM)

⟨A⟩ =

σinel(3He) on averaged ALICE material
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Inelastic interactions

[1]  Uzhinsky et al., Phys. Lett. B 705 (2011) 235 

PbPb data

pp data

ALICE measurements on σinel(3He) are for heavy elements with 17.4 to 34.7 
Need to be scaled for proton and helium targets (ISM)

⟨A⟩ =

• Obtain correction factor for Geant4 parametrisation using ALICE measurements 
• Use this correction factor for all targets, with additional 8% uncertainty on possible A scaling [1]

σinel(3He) on averaged ALICE material

ALI-PREL-486199

σinel(3He) on proton

corr . =
σALICE

inel

σGeant4
inel
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Solar environment effects
• Solar magnetic field forms heliosphere which shields cosmic rays 
• Solar modulation is accounted for using Force-Field approximation [1] with Fisk potential φ = 0.4 GV: 

Distance to the galactic centre (a.u.)

[1]  Gleeson, Axford, Astrophys.J. 154 (1968) 1011 

Fmod(Emod, ϕ) = F(E)
(E − Zϕ)2 − m2

3He

E2 − m2
3He

Emod = E − Zϕ, where

Fl
ux

Ekin
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Solar environment effects
• Solar magnetic field forms heliosphere which shields cosmic rays 
• Solar modulation is accounted for using Force-Field approximation [1] with Fisk potential φ = 0.4 GV: 

Distance to the galactic centre (a.u.)

[1]  Gleeson, Axford, Astrophys.J. 154 (1968) 1011 

Fmod(Emod, ϕ) = F(E)
(E − Zϕ)2 − m2

3He

E2 − m2
3He

Emod = E − Zϕ, where

Local interstellar flux  
(outside heliosphere)

Fl
ux

Ekin

Solar modulated flux 
(close to Earth)
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Results: 3He fluxes

Uncertainties are only from 
ALICE measurement on σinel 
• Small compared to other 
uncertainties in the field! 

Rather constant 
transparency of 50% for 
typical DM scenario and 
25-90% for background  
• High transparency of the 
Galaxy to 3He nuclei! 

ALI-PREL-486164 ALI-PREL-486179

Local interstellar flux Solar modulated fluxVarious σinel(3He) used in the calculations 
•σinel(3He) = 0 
•σinel(3He) from Geant4 
•σinel(3He) from [1] 
•σinel(3He) from ALICE

[1]  Korsmeier et al., Phys.Rev.D 97 (2018) 10, 103011
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Summary and outlook
First measurements of antinuclei inelastic cross 
section in low kinetic energy range 

Impact of the ALICE measurements on 3He 
fluxes near Earth has been studied: 
• High transparency of the Galaxy to 3He 
• Uncertainties on cosmic ray fluxes from 
σinel(3He) measurements are small compared to 
other uncertainties in the field 

The analysis of the impact on antideuteron 
cosmic ray fluxes is ongoing

PbPb data

pp data

σinel(3He) on averaged ALICE material

Transparency of the Galaxy to 3He

dark matter 
background
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Summary and outlook
First measurements of antinuclei inelastic cross 
section in low kinetic energy range 

Impact of the ALICE measurements on 3He 
fluxes near Earth has been studied: 
• High transparency of the Galaxy to 3He 
• Uncertainties on cosmic ray fluxes from 
σinel(3He) measurements are small compared to 
other uncertainties in the field 

The analysis of the impact on antideuteron 
cosmic ray fluxes is ongoing

PbPb data

pp data

σinel(3He) on averaged ALICE material

Transparency of the Galaxy to 3He

dark matter 
backgroundEssential reference for any 

studies of antinuclei in space! 


