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and connection to astrophysics
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Antiprotons
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Dark Searches and cosmic ray antiprotons
• C+H, O+H cross sections for secondary production very poorly constraint!
• Essential for antiprotons yield
• Grammage excess: Antiproton yields underestimated by 10-20%

Globally: antiproton yields compatible 
With secondary origin 

AMS-02 data: also compatible with this hypothesis but..
Covariance matrices need to be checked

Current DM bounds from antiproton analysis

Dark matter searches with antiprotons would benefit from 
significantly improved production cross section measurements

P. Della Torre

3



SMOG measurement of antiprotons C. Lucarelli 

Improved constraint on the production cross-section 
but still dominating uncertainty

-> Analysis of secondary to primary pbar ratio tagging weak decays

More displaced antip than expected !!
● SMOG2, pp and pA, including H2, D2 and pO2

● Is the study of the pbar-displaced also relevant at higher 
energies?
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NA61/Shine results
Simplistic coalescence with p0 parameter varying for different measurement at the same energy

                        Energy range 50-100 GeV: mostly relevant for cosmic rays reactions
                         -> measure antiprotons, antideuterons in this energy range
                         -> measure femtscopy radii to employ New coalescence models (Wigner approach)

• π−π or K-p correlations can 
also be used to determine the 
radii (more statistics) 

• For antiprotons: maybe 
combined analysis with 
AMBER?

P+p collisions at 158 GeV

  

A. Shukla
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NA61/Shine results

• π−π or K-p correlations can 
also be used to determine the 
radii (more statistics) 

• For antiprotons: maybe 
combined analysis with 
AMBER ?

• Campaign in 2025!

P+p collisions at 158 GeV

First femtoscopy function with pp pairs !!

A. Shukla

Simplistic coalescence with p0 parameter varying for different measurement at the same energy
                        Energy range 50-100 GeV: mostly relevant for cosmic rays reactions
                         -> measure antiprotons, antideuterons in this energy range
                         -> measure femtoscopy radii to employ New coalescence models (Wigner approach)
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AMBER results on antiproton
D. Giordano
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60, 80, 100, 160, 190, 250 GeV/c 
• Maybe femtoscopy 

measurements can also be carried 
out by AMBER?



Cosmic ray propagation and key measurements
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D. Maurin



AMS-02 A. Oliva

- Detailed measurements of cosmic-ray primaries and secondaries 
across a wide rigidity range.

- High cadence flux data allows for the generation of detailed solar 
modulation models.

- High-precision antiproton measurements and informs continued 
searches for dark matter excesses.

- Potential detection of antideuterium requires additional work
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Antinuclei
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Dark matter searches with cosmic Antideuterons and Antihelium
P.Salati

● Antideuteron events
Antideuterium is expected to be detected in the cosmic radiation.
Conventional processes yield a flux peaking at ~ 10 GeV.
Events below ~ 1 GeV would point toward annihilating DM.

● Antihelium-3 events
Unless CR propagation and coalescence are very different from expected, AMS-02 should not see 
secondary cosmic antihelium-3.
Is the interesting possibility from DM annihilating into anti-Λb baryons ruled out?

● Antihelium-4 events
There is no hope to detect a single event from CR spallation.
A detection would require an exotic explanation:
A QCD dark sector for instance, or BSM fireballs all over the Milky Way?
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LHCb (Anti)hypertriton and (Anti)helium
 

PRL 126(2021)101101 TIM

 

 

T.Pöschl
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BESS antinuclei
K Sakai

new antiproton results new antideuteron limitsantihelium

new B10/B9 from BESS and 
HELIX are also coming
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GAPS
P. Von Doetinchen
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ALICE (hyper)nuclei
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F. Mazzaschi

● Hypertriton binding energy and lifetime: most precise measurement at the LHC
● useful for Lambda-N interaction but also to study nuclei production mechanism 

(coalescence?)
● Antinuclei production and absorption measured by ALICE -> relevant parameters to 

interprete future observations
● A=4 (hyper)nuclei accessible and precision measurements coming in Run3 



Coalescence
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Coalescence Models
M. Kachelriess

Important of momentum correlations. Interplay between larger mass and more collimated events 

Formalism assuming a constant radius of 1fm
Equal-time approximation only 10% 

● Phythia mT scaling due to kinematics. 
● Collective effects in heavy ion collisions important for nuclei production?
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Coalescence Models M. Mahlein
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Sensitivity to deuteron wave 
function

A=2 

A=3 



Strange hadron interactions 
and EoS
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Particle emitting Source D. Mihaylov

Essential ingredient for coalescence models and for interaction studies 

Common CORE source for particle emission at the LHC RSM Model CECA Model

Works for pairs

Works for pairs 
and triplets..• Test of CECA on meson-baryon system

• Application to three body systems
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Two body interaction with strangeness 
● Femtoscopy technique at the LHC can be used to study final state interactions including strange hadrons
● Two-body interactions are the back-bone for the calculation of EoS of dense nuclear matter 

L. Serksnyte

new constraints on p-Lambda scattering 
parameters

First measurement of p-Sigma0 and p-Xi- 
interaction

• Two-body interactions can be used to calculate 
single particle potentials and then EoS

• Example from 2020 shows a stiff EoS but without 
realistic nuclear forces and no three body 
interactions

• Errors need to be propagated 21



Three body interaction with strangeness R. Del Grande

Since three body forces including hyperons are not known new measurements have been proposed at the 
LHC 

ppp: Benchmark for source 
and interaction

pd: benchmark and 
evidence 

ppLambda : first measurement of the 
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EoS for neutron stars  with strangeness

Update of the EoS using the femtoscopy measurements for hyperon-nucleon interactions and realistic 
nuclear forces. Error progapation.

-> EoS with hyperons does not reach the two solar masses measurement
-> Three body interactions not included yet though!

I. Vidana
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Neutron Stars
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NICER
Our research depends a lot on the ISS: both AMS and NICER are located there!
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A. Watts

Necessity of constraining 
plausible radii region 



Bayesian analysis of nuclear theory and astrophysics constraints 
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I. Svensson

Nuclear EoS trusted till 1.5 rho0 New nicer data Bimodal structure ??!!

New project to constrain low energy QCD constant for pion-Nucleon interaction 
from astrophysics data

● Maybe global analysis including pion-Nucleon and 
pion-Nucleon

● Important also for Axion properties in neutron stars



Axions in neutron stars 
QCD Axion coupling to nucleons in finite baryon density environments can strongly modify 
the EoS of neutron stars 
Indeed light QCD axion couples similarly to the pion to nucleons
-> Axion fields induces a phase transition !!
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K. Springmann

● Need for better constraints of ci coupling constants of pion to nucleon coupling
● Multiparticle correlation could also access the coupling ‘in medium’



Let’s write a paper on our workshop:
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