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Antiprotons



Dark Searches and cosmic ray antiprotons
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AMS-02 data: also compatible with this hypothesis but..
Covariance matrices need to be checked
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P. Della Torre

» 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
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Dark matter searches with antiprotons would benefit from
significantly improved production cross section measurements
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SMOG measurement of antiprotons

First measurement of a(pHe — ﬁp,.omth) at/Syny = 110 GeV:
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C. Lucarelli

Improved constraint on the production cross-section
but still dominating uncertainty
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More displaced antip than expected !!
e SMOG2, pp and pA, including H2, D2 and pO2

e s the study of the pbar-displaced also relevant at higher
energies?



A. Shukla

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
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A. Shukla

NA61/Shine results

Simplistic coalescence with p0 parameter varying for different measurement at the same energy

e Energy range 50-100 GeV: mostly relevant for cosmic rays reactions
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D. Giordano

AMBER results on antiproton

[p+He >p+X 60, 80, 100, 160, 190, 250 GeV/c

TR * Maybe femtoscopy
2023 measurements can also be carried
Physics out by AMBER?
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D. Maurin

Cosmic ray propagation and key measurements

Background (astro. contrib.)
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LiBeB nuclear XS

XSCRC2024: Cross sections for Cosmic Rays @ CERN

16-18 Oct 2024
CERN

» one

Overview
Registration
Participant List
Speaker List
Call for Abstracts
Code of Conduct
Practical information
Accommodation

Health insurance, visa

Directions to and
inside CERN

Wi-fi connection
Child care

2 THworkshops.secretaria

Still time to register
and/or submit talks!

Cosmic-ray (CR) physics in the GeV-TeV range has entered a precision era with recent data from space-
based experiments. However, the poor knowledge of nuclear reactions (production of antimatter and
secondary nuclei) limits the information that can be extracted from these data (such as source
properties, transport in the Galaxy, indirect searches for dark matter).

The first edition of this workshop was held in 2017 : XSCRC17. Its goal, bringing together different
communities (CR theorists, CR experimentalists, nuclear and particle physicists), was to review
theoretical motivations for CR studies, new CR data, and how the modelling of CRs crucially depends on
nuclear reactions. The workshop was also strongly aimed at presenting current efforts and discussing
forthcoming perspectives for particle/nuclear measurement campaigns.

This second edition , XSCRC2019, review the advances made in the last two years, and highlight some
results obtained thanks to collaborations started during the first edition.

The 2024 edition will further strengthen these emergent synergies, taking advantage of the
complementarity and know-how in different communities: the challenges that pose the interpretation of
high-precision CR data can only be undertaken with a collective and coordinated effort.

Duration: The workshop will start Wednesday, October 16th at 2pm, and will end Friday, October 18th by
4pm.

Organizing Committee: Fiorenza Donato (chair), Saverio Mariani (co-chair), David Maurin (co-chair)

Scientific Advisory Committee: Denise Boncioli (LAquila Univ.), Michela Chiosso (Torino Univ.), Gian
Giudice (CERN), Giacomo Graziani (INFN Florence), Mercedes Paniccia (Geneva Univ.), Pasquale D.
Serpico (LAPTh, CNRS), Vincent Tatischeff (IJClab, CNRS), Philip von Doetinchem (Hawaii Univ.)

Invited Speakers (list being updated): Adriani Oscar (Firenze INFN and Univ.), Eugenio Berti (INFN
Firenze), Mattia Di Mauro (Torino INFN), Carmelo Evoli (Gran Sasso Science Institute), Davide Giordano
(Torino INFN and Univ.), Chiara Lucarelli (INFN Firenze), Paolo Maestro (Pisa INFN, Siena Univ.), David
Maurin (LPSC Grenoble), Luca Orusa (Princeton Univ.), Mercedes Paniccia (Geneva Univ.), Tanguy Pierog

(KIT, Karlsruhe, IKP), Laura Serksnyte (TUM Munich), Andrii Tykhonov (Geneva Univ.), Michael Unger (KIT,
[ e DR e T . |



A. Oliva

AMS-02

- 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

M. Aguilar et al., Phys. Rep. 894 (2021) 1-116.
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P.Salati
Dark matter searches with cosmic Antideuterons and Antihelium

e 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.

e Antihelium-3 events

Unless CR propagation and coalescence are very different from expected, AMS-02 should not see
secondary cosmic antihelium-3.

e 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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LHCDb (Anti)hypertriton and (Anti)helium MRS

First ever measurement of (anti)hypertrion and (anti)Helium yields by LHCb (pp at
13 TeV, 5.5 fb-1)

e Hypetriton signal (~110 counts seems too small)

=0

m(A,) =5.6GeV
m(°He) = 2.8 GeV

e 3He clear signal thanks to velo, but no cross section yet i mw-i7co

Soft final-state particles

e No signal for the A, — 3He +X A0

PRL 126(2021)101101

T
XX - bb m,=67GeV

B(A) — 3HepX) < 3.6 x 107° at 90% CL

3He cross section measurements to be ‘compared’ to the

-’-—— AMS-02 (10 yr) i \
i PySapear A ALICE data are necessary to verify the analysis

= Pythia Ap,—tune

e 5, Checks on A, kinematics in LHCb

=== Herwig+EvtGen
L
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o Diplaced 3He measurements possible with ALICE
B(h, — *He +X) = 0(10°) d from A, studies still open and very interesting



Antihelium/helium flux ratio

BESS antinuclei

antihelium
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new antideuteron limits
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P. Von Doetinchen

GAPS

IR + The General AntiParticle Spectrometer is the

AT A SO R vV
. ek aass & 3

first experiment dedicated and optimized for
low-energy cosmic-ray antinuclei search

+ Requirements: long flight time, large
acceptance, large identification power, flight at
low-geomagnetic cutoff location

+ GAPS will deliver:

* a precision antiproton measurement in an
unexplored energy range <0.25 GeV/n

+ antideuteron sensitivity 2 orders of
magnitude below the current best limits,
probhing a variety of DM models across a
wide mass range

+ leading sensitivity to low-energy cosmic
antihelium nuclei

+ GAPS is under construction, preparing for
first Antarctic Long Duration Balloon flight
in December 2024 14




ALICE (hyper)nuclei

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

Antinuclei production and absorption measured by ALICE -> relevant parameters t

A=4 (hyper)nuclei accessible and precision measurements coming in Run3

o
o
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Coalescence Models

M. Kachelriess

Important of momentum correlations. Interplay between larger mass and more collimated events
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Phythia mT scaling due to kinematics.
Collective effects in heavy ion collisions important for nuclei production?
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Coalescence Models

1IN o, dzN/(dyde) (GeVic)!
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Strange hadron interactions
and EoS



Particle emitting Source

Essential ingredient for coalescence models and for interaction studies
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» Test of CECA on meson-baryon system
* Application to three body systems

D. Mihaylov

CECA Model

Works for pairs
and triplets..
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_ ] ] L. Serksnyte
Two body interaction with strangeness

e Femtoscopy technique at the LHC can be used to study final state interactions including strange hadrons
e Two-body interactions are the back-bone for the calculation of EoS of dense nuclear matter

new constraints on p-Lambda scattering First measurement of p-Sigma0 and p-Xi-
parameters interaction
Scattering Scattering + femto ~18 r g ,AL'ICE ,C°"',' PL,B 8(,’5' ‘ISS“,'Q(,ZOQ?’
39 % ALICE pp s = 13 TeV ] 35[ T T 7 ALICE Coll, Nature 588, 232-238 (2020)
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3,‘Cour*tesy J. Schaffner-Bielich and B. Dénigus 2020

1Courtesy of J. Schaffner-Bielich (2020)
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Two-body interactions can be used to calculate
single particle potentials and then EoS
Example from 2020 shows a stiff EoS but without
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Three body interaction with strangeness

c(Q,)

R. Del Grande

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

ppp: Benchmark for source pd: benchmark and ppLambda : first measurement of the
and interaction evidence

24_' rrrrrrTrrrTTTTTTT T T T T T T T T T T T 12 T T T T T F T

oob [Elp-p-peppphata 3 ] a0 '

“F W,,-15m ] = S — 7 7 o
2;_ .p0=1A81m —; 1: ‘l ’ a1 pO 28 ik
18 + =20m 3 o8 / ALICE — ALICE Run 2 data .

E =22fm ] ~ a / pp High-mult. Vs =13 TeV ] 7 U A N . T
1.6 2 =24fm E % 0.6,/ 6 p-d®p-d ] x e Three-body force __
145 =281fm 3 il . Il AV18+UIX (full) 7 L “ — — No three-body force | _|
E ] 0.4 //f o [0 AV18+UIX (s*-wave) - _Q — — vI8 pp potential —
12 . E ® Pionless EFT (NLO) ] L { .+« Gauss Ref. [41] i
1 g i _..__.___._*— 0.2 Baseline - = t‘ o
F ——— C ] - — gt -
0.8 3 ; , k! PR I NI AN BN N N _
E ] — —‘ 200 300 400 500 600 700 800
06 AV18 & ols o3 e v . ]
[ A B B B A I B = s . _— R ; =
0.1 06 07 08 5 5 5 : ) : = = —]
Qa (Gevi) 0 100 200k* ((':/?eo\//c)400 500 600 1i_/([)o\// 600 800
Q, MeV/c)

22



l. Vidana

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!
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Neutron Stars



NICER

A. Watts

Our research depends a lot on the ISS: both AMS and NICER are located there!

Mass (M)

Necessity of constraining
plausible radii region
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. Svensson

Bayesian analysis of nuclear theory and astrophysics constraints

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

logy( P) [dyn/an?|

1 xEFT < 1.5np o e

PP Cs
36 ey

e
NPLO xEFT < 1.3ng ¢ 8%

42 46 10  ow

logyp(=) [g/em?| 3 10 12 14 16
R [km]

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

from astrophysics data — —
e Maybe global analysis including pion-Nucleon and

pion-Nucleon
e Important also for Axion properties in neutron stars
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K. Springmann

Axions Iin 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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Let’s write a paper on our workshop:

Making Progress in Astrophysics with Nuclear
Physics Measurements at CERN

August 20, 2024
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