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A common scientific interest?

* RPP: B.D. Fields (lllinois) and S. Sarkar (Oxford):

e “BBN still marks the boundary between the
established and the speculative in Big Bang
cosmology”

* “Speculative BB”: baryogenesis, dark matter...



Can ALICE generate data of interest to AMS02?
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BB and LHC: very different time scales

(& B -

(=1A - GeV) collisions and do not ;e;sult in substantially better agreement
with data than statistical models (RA 14, TGI1-TG7) alone. However, they

Inter-nuclear cascade: have provided insight as to rate of approach to thermal equilibrium. A rule A~ 1.4 (po/p) fm < R
S. Nagamiya & M. Gyulassy, of thumb that has emerged from such studies is that after only 3 collisions ' 0
Adv. In Nucl. Phys, the form of the distribution, F%),, becomes insensitive to the detailed form
13(1984)201 of the NN cross section. It is, however, essential to include the direct com-
ponent (m = n = 1) through a Fermi momentum-averaged free-space NN
cross section (TLI, TL2). Fm,n describes the one-particle distribution of m,n clusters

Thermodynamic ' cross section for N+ d—-n+ p+ Nis of the order of 100 mb [54] so that pu{oV) ~ 2.5 X 10%/sec at normal
calculations nuclear matter density. Thus the reaction rate is an order of magnitude greater than the expansion rate

10/sec. This conclusion is also confirmed in the detailed calculation of ref. [53]. Consequently, an
S. Das Gupta and important conclusion can be drawn which is that an equilibrium concentration is achieved in the initial
A.Z. Mekjian, stages of the expansion. The same arguments can be made for the formation of other light composites

Phys. Rep. 72(1981)131 and it will be found that they are also in chemical equilibrium [17].



BBN a la Wagoner (fusion)
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But in ALICE, hadronization occurs in 1042 s
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Furhermore, unlike BBN, in ALICEB =0

\'s [GeV]
o 1 ——mm—— TITETeaoeoree L [ § |||10 T 1 lll?loz T T IIII1I03 T LI |||:|10 T
£ = &z : [ I B il bt -l I
iy o =
10 & le
a m| 0.9
|
] 0.8
g ¥/ T
o, f 1 o7
1045- {'.'j ‘." [
. E :li: E 0.6
g —8-pip E 1'_
- :.u' : l ------
10%E ¢ e 00 T ‘}"
:;:o § 3 i Ll A ISR ]
wki o , ' I # RHIC (AuAu)
i L *Hel’He |
) .‘,' e i 0.3 4 | % RHIC (pp) a
O ll : l l 1 v m ALICE (pp)
1oy = e e M KN Ll ] [ T | | |
10 i 10’ 02—= 3 4 5 6 7 8 9 10

/Sy (GeV)
Ay

PHYSICAL REVIEW LETTERS, 105, 7, 2010, 072002



ALICE post-hadronization physics is quite relevant

The CPT theorem implies that the difference
between the properties of a matter particle
and those of its antimatter counterpart is
Completely described by C-inversion. Since
this C-inversion doesn't affect gravitational
mass, the CPT theorem predicts that the
gravitational mass of antimatter is the same
as that of ordinary matter.

M.J.T.F. Cabbolet,
Annalen der Physik 522(10), 699-738 (2010)



https://en.wikipedia.org/wiki/CPT_theorem
http://onlinelibrary.wiley.com/doi/10.1002/andp.201000063/abstract

ALICE produced the most sensitive test, so far
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Not only mass, binding energy, too.

m, (GeV/c?)
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Question: How are d’s and d’s produced in space?

p+p collisions p+He collisions
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Coalescence

Obama, cazando moscas 1 comentario
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Has been measured in Earthly experiments, ALICE
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Coalescence and MC simulations

Deuterons & antideuterons created from
p-n or p-n pairs, lying close in phase space

] I [hadro. - coal.

d3Nd B 4 d3Np d3Nn
Ty 3 s )\ ap?
Coalescence

p+p, p+He, p+p Coalescence radius: py, a constant
from data

Model collisions from
Monte Carlo Simulations
Eulogio Serradilla,
PhD Thesis, 2014
&

D. M. Gémez Coral
MSc Thesis, 2014

Afterburner

dand d are
created from
nucleon pairs

Po




What about AMS02?

DM W, Z, q...
Non-SM _
particle-antiparticle Post hadronization d,d pairs
annihilation —
DM

W, Z, q...

SM d,d-bar background

p

)P rT

SNR particles Interaction with interstellar matter AMS02




AMS 02 sensitibity to measure such d’s
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T. Aramaki et al., Phys. Rept. 618, 1 (2016), arXiv:1505.07785 [hep-ph].




SM d background to Dark Matter signhals

* High energy approximation (Duperray et al., 2003):
* Use p and d data to extract an energy-independent p,
* Use galactic diffusion equation with measured differential
x-sections + geometrical limit, and charge symmetry considerations
for x-section estimates + coalescence (using p,) to predict d flux.

* Can one do better?: use HEP-MC simulators
* Fit p at all available energies to choose best MC simulator.
* Use chosen simulator to extract p, values from measured p and d spectra.

* Use these py’s in chosen MC with coalescence afterburner to predict d
production x-sections

e Use galactic (+ AMS-02 matter budget) transport MC to predict d flux



Data: from Bevalac to ALICE
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dE/dx (a.u.)
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d’s produced en p+p @ 0.9 -> 7 TeV
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Best MC forp’s?
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Best fit

Best choice: EPOS-LHC
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MC d’s simulation to extract p,,

Example: p+p @ Vs = 11.5 GeV
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Other energies

p+p @ Vs =53 GeV

p+p @ Vs =900 GeV
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p, and cross sections for d, vs energia del proton

ANTIDEUTERONS
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Galactic Transport Code (GALPROP)

Diffusion-convection and reacceleration

Convection velocity Reacceleration coefficient
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Most significant d sources
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GALPROP is certified for p’s and a’s
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Predicted d SM backgound
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AMS 02 data? (PRELIMINARY)

Status of Anti-Deuteron Analysis
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What about He’s? (PRELIMINARY)

The Existence of Heavy Antimatter: He, C, O
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