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Discontinuity at dN/dny ~ 80: maybe the trend is not universal
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L. Barioglio (University of Turin)
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L. Barioglio (University of Turin)

Theoretical predictions
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ALICE results

Theoretical predictions
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- More precise measurements in run 3
- 3-body decay will be measured — measurement of the BR
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Latest developments on coalescence

K. J. Sun (Fudan University)

Coalescence Model Quantum Correction ALICE Results ( RH )
(Size Effects)
K. J. Sun, C. M. Ko, and B. Dognius, Phys. Rev. Lett. 128, 055203(2022)
Deuteron Phys. Lett. B792, 132-137(2019) « [T
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Quantum-mechanical corrections on light nuclei production due to
finite nuclei sizes are observed at LHC and RHIC



Latest developments on coalescence

K. J. Sun (Fudan University)
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Latest developments on coalescence

K. J. Sun (Fudan University)

- Central Au+Au collisions (0-10%) - Novel kinetic approach to light nuclei production in
10" F e d/p(STAR) = dip (ALICE) e high-energy nuclear collisions, with the inclusion of
; : many-body scatterings and finite nuclei sizes
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3. : at 5.02 TeV is consistent with
the hadronic re-scattering effect.
More statistics are needed
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resolved after taking into account the effect of
V/SNN[GeV] hadronic re-scatterings.




M. Bleicher (University of Frankfurt)

The URQMD transport model
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e Binary interactions between all implemented particles are treated
e Cross sections are taken from data or models

e Resonances are implemented in Breit-Wigner form
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¢ No in-medium modifications

e Detailed balance



The URQMD transport model

M. Bleicher (University of Frankfurt)
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URQMD + coalescence hybrid model
> (Good description of low energy data (small systems)



The URQMD transport model

M. Bleicher (University of Frankfurt)

10°,
-1 e URQMD + coalescence converge toward
Thermal model (curves are missing hydro
10-2 stage)
e Calculations for large energy
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The URQMD transport model

M. Bleicher (University of Frankfurt)
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Antiprotons in our Galaxy and at colliders

Nicolo Masi (University of Bologna)

Website Search Local Interstellar Spectra from Galprop-HelMod join effort e
o- = X X @
By exploiting experimental results, the combined effort of the physicists involved with the Galprop model 8_ v 10'1 ETTTT] T T rrrrr T T T TITTT T T rrrrr T3
HelMod Long Write Up for propagation in galaxy and HelMod for the propagation in heliosphere, the local interstellar spectra (LIS) for —3 )> c o~ ':‘ — -
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. - page. Q 2. = O n u -
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« Heliospheric Magnetic Field M g 8 O >10 PR £ “\o =
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« Diffusion tensor The exploitation of AMS-02 data allowed one to approach the procedure with high statistic data of unprecedent 6 g : L g ) :
» Monte Carlo Integration accuracy. Currently, the observation data at Earth on cosmic rays species from HEAO3-C2 (from october 1979 to — q q % _,o’ . \‘
o Current and Historical June 1980) and AMS-02 were employed for absolute scale normalization of fluxes (see Sects. 3-3.2 in Boschini et - \ 4 - ,." £
Values of default al. 2020). > = .3 _ K. _
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« HelMod Results - (Direct detection) o i X, _
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= e - -
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« OMNIWeb The GALPROP LIS for all CR species (dashed lines) are compared to the Voyager 1 data (filled
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Antiprotons in our Galaxy and at colliders

Nicolo Masi (University of Bologna)

The COMPASS/AMBER experiment is a fixed-
target experiment at located in the M2 beam-
line of the SPS.

BETTER CANDIDATES: m > 1 TeV, 0.6 TeV < m< 1 TeV and {(ov) < 107%°cm3/s
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e Helium channels are responsible for almost 40% of the antiproton production

e AMBER will improve our knowledge of the production of cosmic antiprotons with kinetic
energy up to 50 GeV with supposed 5% errors



Latest developments of PHQMD

Susanne Glaessel (University of Frankfurt)

= n-body microscopic transport approach for the description of heavy-ion dynamics with dynamical cluster formation
from low to ultra-relativistic energies

Relativistic considerations + Correlations between nucleons + | Cluster recognition

Initial A+A collisions  Formation of QGP Partonic phase  Hadronization Hadronic phase

IR,
SRR T

QMD Initialization propagation of g
nuclei baryons >
A A A
PHSD
Primary collisions

pre-hadronic states
propagation of mesons s
Cluster recognition o

J. Aichelinet al., PRC 101 (2020) 044905

MST or SACA | &@n

Cluster formation algorithm searches for accumulations of particles in coordinate space
> Two particles i & j are bound if: |rj-rj| < 4.0 fm



Latest developments of PHQMD

Susanne Glaessel (University of Frankfurt)

Light cluster production at /sy = 3 GeV
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=> PHQMD reproduces STAR* pr-
spectra for protons, deuterons, tritions
3He and “He.

* (preliminary) STAR data - talk by Hui Liu at QM’2022
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=> Reasonable description
of hypernuclei production at
\/SNN = 3.0 GeV

*Yue-Hang Leung: First
results of H3L & H4L (dN/dy,
Cr, V4) from 3 GeV Au+Au
collisions with the STAR

detector (CPOD2021)
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e Good description of spectra, yields and particle ratios for different center-of-mass energies

e for hypernuclei the description is a bit worse




Advanced coalescence

M. Horst (Technical University of Munich)

What do we need for coalescence? Two-nucleon Wigner function
Source —— @ Wep(B/24 G B[2 = G, TnsTp) = Hop (P, 75) Grp(P/2 + G, P/2 — @)
?_zr(p_p r'p”)/z > G is the momentum distribution of nucleons
p,n-pair  deuteron e > an IS the spatial distribution of nucleons. Assuming a Gaussian source
Quantum mechanics: >< = o >\ (2 1 Tt 771)2
' d°N/dP? = Tr(pdeucl) Hyy, (7, 7p) = h(r) (7)) = (2m0?)3 ST 202
d3N/dP3 = Id3qjd3rpjd3rn Deuteron Density Nucleon Density Some simple calculation later
d*N/dP® = S[dq| d3r|O Jd°r W(q.r) W (0Pl ! )/@n)® BN, 3¢

/ / \ dP;  (2m)f / g e "Gy Cy/2 + T Pa/2 — D

Spin-Isospin statistics factor ~ Wigner function of deuteron , _ : |
(=3 for deuterons) Wigner function of p-n state with

2 3/2 :
Wl Kachelriess et al. EPJA 57 (5) 167, 2021 C _ d fCOﬂStraln?d
Wl Kachelriess et al. EPJA 57 (5) 167, 2021 d2 + @ rom datal
Wl Kachelriess et al. EPJA 56 (1) 4, 2020

Deuteron coalescence depends on:

~ particle-emitting source size (measured in HM pp)
- Deuteron wave function

- Imput nucleon spectra (measured)



M. Horst (Technical University of Munich)

> (Good description of the interaction with
Fermi-Dirac statistics, Coulomb and
strong interaction (using v18)

Only free parameter: the

When done as a function of m_

Y'Y

' 1 L] Ll l 1 I L I LI | L] l LI | 1 l LI | L l 1 L] 1 ' 1 1 L] l T 1 L] I 1

1.6

ro (fm)

ALICE pp Vs = 13 TeV
1.5

High-mult. (0—-0.17% INEL > 0)
Gaussian Source

1.4

1.3

1.2

% | p—A (NLO)

1

_*  p—A(LO)

_lllllllllll llllllllllllllllllllllll |
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0.9
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s
—

1 12 14 16 18 2 22 24 26
il ALICE Coll., PLB 811 (2020) 135849 ‘m_)

2.5

1.5

Advanced coalescence

| | I | I | 1 1 || I | 1 1 | ' 1 1 ) 1 I 1 I |
i ALICE pp Vs =13 TeV ]
i R High-mult. (0-0.17% INEL > 0) *
i m, €[1.26, 1.38) GeV/c? ;
i aussian Source N
i 1 * —— Coulomb + Argonne v (fit)
K B
:3;:;:;;5‘:2; ‘‘‘‘‘‘
0 50 100 150 200
kK* (MeV/c)



Advanced coalescence

M. Horst (Technical University of Munich)

There are mul‘tiple models for 'the IIIII [ | R VL I UL I UL l llllllllllllllll

| ’\G . deuterons, pp \/_ = 13 TeV HM-
deuteron wave function © . AENRDEDAARE RARRSRRARE RASRE RRASE AR RRRRE RS TN : e | ALICE JHEP 01, 106 (2022) -
| o T - Gauss, j O) - " Gaussian WF .EPOS3 y
>  Simplistic: : — Huithan | =0.0015 M Hulthen WF 33 Pythia 8.3 —
_ _ 0.25- Argonne v18 - 2 L A WF
Single Gaussian | g I il Argonne v18 ]
> From pion field theory i 1 B
(Yukawa-like potential) (‘50s)*: 015k 12 0001 i
Hulthén | 1 = - 2
> From pn scattering o-20r | 1S
measurements**: 0.05 A
| \ | 0.0005
0.00- | | | 1 Ll | | e | | ;
0 1 2 3 4 5 6 7 8
o S rfm]
S 3
: 0
Model predicts measured deuteron spectrum with — 1
no free parameter S 05 T 15 2 25 3 85 4 4=
=

P (GeV/c)



Antinuclel propagation and annihilation

L. Serk3nyté (Technical University of Munich)

y+y—bb—-He+X

0.100
Distance to the Galactic Centre (kpc)

100

| 10 1
Distance to the Sun (AU)

Flux (log scale)

— Measurement
= packground
m— SigNal

Energy (log scale)




Antinuclel propagation and annihilation

L. Serk3nyté (Technical University of Munich)

Antimatter-to-matter ratio TOF-to-TPC-matching
» Measure reconstructed *He/?He and e M d *Her/°He
easure reconstructe a easure reconstructe Ctor/ HeTPC S 14T e
compare with MC simulations and compare with MC simulations oL - ALICE )
~ 12 —
o i pp \s=13TeV  Inl<0.8 ;
A 1 + —
2 - T .
€ osf [T T L—— -
- [ -
B + Data _
0.4 :_ —— MC default o,__(*He) _:
0.2 —— MC with o,__(*He) = 50% —
0'....|....|....|....|....|....|....|....|....'
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

p [zl (GeVic)

primary



oinel(3He) (b)

L. Serk3nyté (Technical University of Munich)

5.0

4.5 H

4.0
3.5
3.0
2.5

Can be numerically solved using the GALPROP code!

ALICE pp Vs =13 TeV
| nl < 0.8
1 (A) =17.4 o |Data — — Geant4
i (A) =31.8 e [Data —— Geant4
_\\ °© (A)=17.4 | 95% confidence (upper limit)

TinelCHE) (b)

div(D_grady — Vy) + ™ p?

Propagation: diffusion, convection...

5.0

4.5

4.0

3.5

3.0

op p?

Publicly available at: https://galprop.stanford.edu.

ALICE Pb-Pb Vs, =5.02 TeV
0-10% centrality
In| < 0.8

(A) = 34.7 . Data — — Geant4

25r-15-1)

“He flux (m~

~

Transparency

Fragmentation,
annihilation

—
<
»

—
-
(o]

10°°

10

10

1
0.8
0.6

04

0.2
0

Antinuclel propagation and annihilation

E Range of ALICE measlurement

107"

Transparency =

ALICE
DM: Phys. Rev. D 89 (2014) 076005

Bkg: Phys. Rev. D 102 (2020) 063004 ~_
GALPROP propagation

AMS-02

m, = 100 GeV/c?
v +x —= WW — 3He + X

10
E. /A (GeV/A)

FlUX(Uinel)
Flux (o, = 0)




Antinuclei with AMS-02

A. Oliva (INFN of Bologna)

AMS-2 separates hadrons from leptons, matter from anti-matter,
chemical and isotopic composition from fraction of GeV to multi-TeV.

Transition Radiation Detector

(TRD)

==

lepton/hadron, Z

o ——

— —— %
— »
. s
-—s

T - -—

- — eer. g
- - " B T — — - - .
S < —— -
N ~ —— /
) 3 ~\ =% b \
\ -~
N - :

meter | e _(lil_C_H

~

Multiple measurements of Charge (),
Energy (B, p, E) and Charge Sign ().




Antinuclei with AMS-02

A. Oliva (INFN of Bologna) Charge” = -305.£0.05

Mass = 3.81+ 0.39 GeV/c?

- 107 =
(>5 s e 6 0 0 o @
- o ® o 7]
> 102 , o © ° ° *ees,, AMS
7 = e,
v 10 “ee.,
E, = e,
< 10—4 B M. Korsmeier et al., Phys. Rev. D 97 (2018) 10, 103011.
D from cosmic-ray secondary production
s * D from m,= 80 GeV dark matter
10 l. Cholis et al., Phys. Rev. D 102 (2020) 10, 103019.
] « D from m, = 67 GeV dark matter
107 | X
-8 . Charge =-1.02 = 0.05
10 No anti-deuteron has ever Mass  =1.9:0.1 GeV/c?
g been observed in CRs.
10—9 e | \ | 1 L 1 1 | [ 1 N
1 2 3 4 5 6 7 8 10 |[Rigidityl [GV]

Spectrum of CR antideuterons not measured yet
For antihelium3: event rate is 1 anti-helium in ~100 million helium

> very challenging measurements

bending plane

EEENNNNNNNENEERNRENEEN

Cherenkov cone

bending plane

Cherenkov cone




Alessio Tiberio (INFN of Florence)

GAPS: Balloon-borne experiment designed to
detect antideuteron and antihelium-3 below 250
MeV/n as evidence for DM

Experimental apparatus composed of a time-of-
flight (ToF) system surrounding a tracker

Antinuclei with GAPS

TOF
umbrella

Solar Radiator

panels

TOF cube
/, 8

F
4 .
[,

Electronics \

bay

TOF cortina

Tracker



Antinuclei with GAPS

1071

GAPS (105 day proj. stat.)
BESS Polar Il

BESS 95+97

PAMELA

AMS-02

[ ¢ # ++*Ht¢*§
‘ 4T t !

Alessio Tiberio (INFN of Florence)

A bR

Precision measurement of antiproton spectrum
iIn an unexplored low energy region

Flux at TOA [m~2s~1sr1Gev1]

105 — .’
] ! '
- 1 == 1073
I’\ 7 - . e T ” Astroparticle Physics 145 (2023) 102791
= ,:1’ p 0.1 0.2 0.5 1
% = Kinetic Energy at TOA [GeV]
O
-
0
p= GAPS will also measure antideuteron spectrum
e oy :
TR CPiv=ares e > sensitive to a wide range of DM models
X o = 5 TeV(MAX) hidden photon:
. 17 == 10Tev(MAX) m, =50 GeV, ma = 30 GeV (MED)
J = 500 GeV Wino (MAX) m, =50 GeV, ma = 50 GeV (MED)
! | ! 1 1 1 1 | I
0.10 1.00

kinetic energy [GeV/n]



Antinuclei with GAPS

Alessio Tiberio (INFN of Florence)

10~° —

GAPS sensitivity

= — - 95% CL
> B ’He, GAPS 1 event, 3 x LDB - i
o 10 = Astropart. Phys. 102580 (2021) = Dark matter
7 = — Coogan et al.
£ | = Korsmeier et al.
3 el - m _.g=71GeV
o ; = Nan Li et al.
= == ' My »qa=1TeV
=2 107 M. Kachelriep et al.
0 | — _
.'E ~ mXX R Bb 100 GeV
% 107" == M. Winkler & T. Linden
; u mxx — &® — bbbb =80 GeV
= i Background
-1
10 = € BEELELT Blum et al. (Upper limit)
= Poulin et al.
10—12 L 1 I 1 1 L1
10~ 1 10 I A. Shukla et al.

Kinetic energy per nucleon Ekin [GeV/N] wmm= 1 M. Kachelriep et al.

Sensitivity to antihelium-3
> 1 single antihelium-3 event at low energy would be a signature of new physics



