Recent Results on Nucleus Interactions from STAR
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Observation of an Antimatter Hypernucleus
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Observation of the antimatter helium-4 nucleus
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Example of versatile colliders and detectors
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Observation of antimatter H4Lambda
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Charge Symmetry Breaking in B 4 hypernuclei

STAR, Phys. Lett. B 834 (2022) 137449
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| B|=3 hypertriton lifetime
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Data in heavy-ion collisions

Potential discrepancy?
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B=1,2,3 nuclear yield ratios

(a) Crossover (b) First-order

deuteron triton
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Fig. 1 (Color online) Density distribution of strongly interacting mat-
ter in a heavy ion collision after its expansion for the cases of crosso-
ver transition (panel a) and first-order chiral phase transition (panel
b). Also shown for illustration of the latter case are deuterons and tri-
tons produced from the density fluctuating hadronic matter and their
yield ratio O, 4, = NN, /Ng, which depends on the magnitude of
neutron density distribution as discussed in the text
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Spectra and two-particle ratios
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Quantum Wavefunction overlap e
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Possible sign of Density Fluctuation
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Model implementations of baryons at RHIC
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Measurements of quark electric charges
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Figure 53.2: World data on the total cross section of ete™ — hadrons and the ratio R(s) = o(ete™ —
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Measurements of quark baryon number?
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Measurements of quark baryon number?
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17



Three approaches toward tracking the origin
of the baryon number
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|[dentified hadron spectra to low momentum
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Quantifying baryon number transport
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Quantifying baryon number transport
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Rapidity asymmetry in photon-

nucleus collision
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Three approaches toward tracking the origin
of the baryon number .| #&z H
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What do we know about pp collisions?
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https://indico.bnl.gov/event/18414/contributions/76065/
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Lifetime of |B|=4 hypernucleus
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Baryon stopping in UrQMD

"0$6345*3-$&00=$N_"$7d$A8aadBtBEAGaHGV

X=t+z and p*=E+p . (33)

The light cone momentum pif, _ given to the newly produced hadron is:

Pit.‘dm = szacﬁon Pim (34)

The fragmentation of a baryonic string reads:

P (99999) = ZgactiocnP  (999) +(P7 — ZgactionP ) G4 . (35)
String Baryon String

The main input 1s the fragmentation function which yields the probability distribution
P28 stion, 7). This function regulates the fraction of energy and momentum given to the
produced hadron in the stochastic fragmentation of the color string. For newly produced
particles the Field-Feynman function [J]:

P(2iraction) = constant X (1 — 2focticn) s (36)

1s used. P(z) drops rapidly with increasing z (Fig. ). Therefore, the longitudinal momenta
of e.g. produced antibaryons (Fig. Bl]) and pions (Fig. Bl]) are small (they stick to central
rapidities), in line with the experimental data. The rapidity spectra of these particles have
a characteristic Gaussian-like shape, in contrast to the baryon spectra in pp, as it is clearly
seen in Figure .

The proton is on average less stopped, since 1t i1s build up from the leading diquark in
the string (leading particle effect). Fig. B compares the zp distribution of protons and A’s
for the Feynman scaling variable rp = 2p/\/s measured in pp reactions at 205 GeV/c. The
data on leading baryons can only be reproduced when a modified fragmentation function is
used for the leading baryons (cf. Fig. 29, dashed curve). This leading baryon fragmentation
function s of Gaussian form:

+ ) (zfir:mion - b)? -
P(2fation) = COnstant X exp o | (37)

with parameters a = 0.275 and b = 0.42.
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Baryon rapidity loss
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Figure 3: Rapidity losses from AGS, SPS and RHIC as a func-
tion of beam rapidity. The solid line is a fit to SPS and RHIC
data, and the band is the statistical uncertainty of this fit. The
dashed line is a linear fit to AGS and SPS data from [15].
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racking the origin of baryon number at RHIC
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racking the origin of baryon number at EIC
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