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| was a little child when these papers were written.

Little did | know, that | was about to get in trouble in Wroclaw 2019 over
them.
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Questions:

1. Where are the hydro model parameters?
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1. Where are the hydro model parameters?
2. arXiv:1904.06592

Hydrodynamic flow in small systems

or: “How the heck is it possible that a system emitting only
a dozen particles can be described by fluid dynamics?”

Ulrich Heinz'?, in collaboration with J. Scott Moreland®

“Department of Physics, The Ohio State University, Columbus, OH 43210-1117, USA
*Department of Physics, Duke University, Durham, NC 27708-0305, USA

E-mail: heinz.90@osu.edu

Abstract. The “unreasonable effectiveness” of relativistic fluid dynamics in describing high
energy heavy-ion and even proton-proton collisions will be demonstrated and discussed. Several
recent ideas of optimizing relativistic fluid dynamics for the specific challenges posed by such
collisions will be presented, and some thoughts will be offered why the framework works
better than originally expected. 1 will also address the unresolved question where exactly
hydrodynamics breaks down, and why.
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High excitation state (HXS)
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Final-state interactions (Coulomb and strong) distort the correlation function.

They distort it differently in pp state and in pn state,
and they distort it differently in spin-symmetric/antisymmetric states.



Coalescence from correlation functions:

3 B
Ba(p) ~ %/dgqi?@ Cy ™ (7, Q)

(" )
Qs — (e
Cy(Pq) =1 —|=2—_2lc.(P
2(P, q) Gs + G2 2( Q)
\_ _J

We don’t have any better idea, than to keep the experimental analysis
that mods-out the final-state interactions to reconstruct underlying correlation.
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Nuclear coalescence from correlation functions

KB, M. Takimoto, Phys.Rev. C99 (2019) no 4, 044913
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Cosmic Ray antimatter — p, e, d, and 3He — long thought a smoking gun of
exotic high-energy physics like dark matter annihilation
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anti He3

AMSO02, Dec 2016
Handful of events?

An anti-Helium candidate:

AMS reports (unpublished):
2 anti-He4 candidates,
6 anti-He3 candidates.

...COSmMic rays, or background?
Need to reject background
at a level of ~ 1:100M...

Momentum = 40.3 2.9 GeV/c
Charge =-2
=22 : e e T = 2.96+0.33 GeV/c?
- e e 4 Mass 2.96
X Q Velocity = 0.9973=0.0005 ¢

69

Take it as motivation for theory
examination of astro flux.




anti He3

The difficult part is to get the cross section right.

A
Coalescence ansatz: [, dN4 — By R(az) (E de>

We need B,
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For pp we had no B,
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For pp we had no B,
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For pp we had no B, but we did have HBT

KB et al, Phys.Rev. D96 (2017) no.10, 103021
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For pp we had no B, until Sep 26, 2017

ALICE, PRC97, 024615 (2018)

® ®

ALICE X

CERN-EP-2017-255
September 26, 2017

Production of deuterons, tritons, >He nuclei and their anti-nuclei in pp
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For pp we had no B, until Sep 26, 2017

KB et al, Phys.Rev. D96 (2017) no.10, 103021
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For pp we had no B, until Sep 26, 2017

Relevant for cosmic rays: low pt

KB et al, Phys.Rev. D96 (2017) no.10, 103021
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For pp we had no B, until Sep 26, 2017

Relevant for cosmic rays: low pt
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ALICE, PRC97, 024615 (2018)
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Production of deuterons, tritons, >He nuclei and their anti-nuclei in pp
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Implications of ALICE results
for astrophysics:

1 anti-He3 at AMS02,
in 5-year exposure: plausible.

6 anti-He3 events: not plausible.
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Implications of ALICE results ' ‘., :
for astrophysics: * It

1 anti-He3 at AMS02,
in 5-year exposure: plausible.

6 anti-He3 events: not plausible.

2 anti-He4 ?



dN / dy

Implications of ALICE results
for astrophysics: 106

1 anti-He3 at AMS02, 107
in 5-year exposure: plausible.

6 anti-He3 events: not plausible.

2 anti-He4 ?

ALICE, PRC97, 024615 (2018)
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antimatter is produced in collisions of the bulk of the CRs
— protons and He — with interstellar gas.

Need to calculate this background to learn about possible exotic sources.

Problem: we don’t know where CRs come from, nor how long they are trapped
in the Galaxy, nor how they eventually escape.

This problem is often under-stated...




FLUX RATIO

10!

antimatter is produced in collisions of the bulk of the CRs
— protons and He — with interstellar gas.

For stable, relativistic secondary CR nuclei,

we have a handle: branching fractions
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. . ng(R)
Apply this to antiprotons nz(R) ~ Q5(R)
D QB (R) p
109
o(pp-->phar), 20% AMS02 2016
, (0.2-0.8) GV

pbar/p

10" 102 10°
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