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Candidates for QCD exotics and threshold phenomena
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Abstract: A status review of some key issues about the nature of some recently

observed QCD exotic candidates will be given. Threshold phenomena and possible

relevant dynamics will be emphasized.
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We study the relationship between the properties of hypernuclei and the symmetry energy. In particular,
we will extract the two-Lambda separation energy and Lambda-Lambda interaction energy of hypernuclei and
examine their relations with the symmetry energy in the double Lambda hypernuclei. We find that the
extremum values of the two-Lambda separation energy and Lambda-Lambda interaction energy in the
symmetry energy slope profile are independent of the Lambda potential in Xi matter, and this property can be

used to determine exactly the the slope parameter of the symmetry energy at saturation density.
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[1] Z.Y. Zhang, et al., New Isotope 220Np: Probing the Robustness of the N=126 Shell Closure in Neptunium, Phys. Rev.
Lett., 2019, 122, 192503.
[2] H.B. Yang, et al., Alpha decay properties of the semi-magic nucleus 219Np, Phys. Lett. B, 2018, 777, 212.
[3] M.D. Sun, et al., New short-lived isotope 223Np and the absence of the Z = 92 subshell closure near N = 126, Phys.
Lett. B, 2017, 771, 303.
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[1] L. Yang et al., Is the Dispersion Relation Applicable for Exotic Nuclear Systems? The Abnormal Threshold Anomaly
in the ®He + 20°Bi System, Phys. Rev. Lett. 2017, (119), 042503.
[2] N. R. Ma et al., MITA: A Multilayer lonization-chamber Telescope Array for low-energy reactions with exotic nuclei,
Eur. Phys. J. A. 2019, (55), 87.
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WA R T OB AR, AMITEIA T R T 2055 50 i 755 B T A — AT A2 —
ANHEIEE X B, BATEL T EFALARE, B8 FAFE PSS T PACHE BN — A F i
fE, B9 156.5 (1.5) MeV [1)e FATIRGE] 1 AE/NE AL AFAFE T AL -1V AR AL il 2R )
O FRAAEAE SC A6 1R TR AT BE TR 2 QCD Il 7 A7 R EIR T T R

SEAR ELAE I BR 0 FACARAS IR B T Cual 2 B — NMEAR R B . W€ TAEAH AR R
Xt R R T OB A B A B R S, R Rt 2 i B T R SR vh SRR T (sl I
Ft i (QCD critical point) A% BEE MR A H——TACAHARIR LN 1% QCD I 5 il B ) 1R
fl. TAVRR S HATHA MIS5 R —— BRI fUR 7 Tz /15258 — KW E 1 2+1 BRI QCD [ FAEARAR
IREE [2)e RXANELE P TAE T i P B2 21 25 4> MeVe
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[1] A. Bazavov, H-T. Ding, P. Hegde et al., "Chiral crossover in QCD at zero and non-zero chemical potentials,” Phys.Lett.
B795 (2019) 15.

[2] H.-T. Ding, P. Hegde, O. Kaczmarek et al., "The chiral phase transition temperature in (2+1)-flavor QCD," Phys.Rev.Lett.
123 (2019) 062002.
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Abstract: Symmetries in the single-particle (s.p.) spectrum of atomic nuclei are of great importance on nuclear
structure and have been extensively discussed in the literature  [1,2] . The breaking of spin symmetry (SS) lays
the foundation to explain the traditional magic numbers in nuclear physics, and the conservation of pseudospin
symmetry (PSS) has been used to explain a number of phenomena in nuclear structures, including deformation,
superdeformation, magnetic moment, identical rotational bands and so on.

In recent years, the study of s.p. resonant states has attracted great attentions due to the essential roles in the
exotic nuclei with unusual N /Z ratios. In exotic nuclei, the neutron or the proton Fermi surface is very close
to the continuum threshold and the valence nucleons can be easily scattered to the s.p.~resonant states in the
continuum due to the pairing correlations and the couplings between the bound states and the continuum become
very important.

In this work, taking the double-magic nucleus 2®Pb as an example, the spin symmetry and pseudospin
symmetry in the single-particle resonant states are investigated as a function of the parameters for the nuclear
potential in a Woods-Saxon type. The mean-field potential of a Woods-Saxon form can well reproduce the

traditional magic numbers and is realistic enough to study the splittings of pseudospin partners. Here have four

spin doublets 3d ,2Q,2hand 1] and three pseudospin doublets 2 f .10 and 1T are observed for the single-

particle resonant states.
Keyword: Spin symmetry Pseudospin symmetry The single-particle resonant states Green's function

method

References
[1] J. N. Ginocchio, Relativistic symmetries in nuclei and hadrons, Phys. Rep. 414, 165 (2005).

[2] H.-Z Liang, J. Meng, and S.-G. Zhou, Hidden pseudospin and spin symmetries and their origins in atomic nuclei, Phys.
Rep. 570, 1 (2015).
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Abstract

Nuclear equation of state (EOS) describes the relationship among various macroscopic quantities of nuclear
matter, like binding energy, pressure, temperature and neutron-to-proton ratio. It has been one of the major
goals of the studies of heavy ion reactions based on modern accelerator facility. When the number of neutrons
differs largely with that of protons in a nucleus or a nuclear system, the symmetry energy depending on density
contributes largely to the EOS of the nuclear system. The nuclear symmetry energy influences not only the
boundary of the nuclear chart, the thermodynamic properties and the collective motion of finite hot nuclei,
but also the structural properties of neutron stars and the neutron star merger etc. We study the isospin
transport in heavy ion to seek an experimental constraint of the density dependence of the symmetry energy.

In this talk, | will present some recent results of our researches.

1) From the angular dependence of the neutron richness of the produced light charged particles in
heavy ion reactions near Fermi energies, an isospin dependent hierarchy of particle emission is observed,
suggesting that the relaxation of isospin degree of freedom in heavy ion collisions may not be so fast as what
we have learnt for experience. Comparison with transport model calculations allows us to constrain stringently
the nuclear symmetry energy below saturation density. Despite of this progress, the quantitative assessment
of the time scale of the isospin transport relies on other fine-designed technology like Hanbury Brown Twiss
method. | will also introduce the progress on the experimental measurement of the small angle correlation of

particle pairs with different N/Z.

2) The constraint of symmetry energy at high density is confronted with model dependent and
observable dependent difficulties. Further experimental searches for stringent probes are required. For the
studies of the nuclear EOS at supra-saturation density, an experiment based on HIRFL, further on HIAF, has been
proposed. In this talk, the recent progress on the research and development of the CSR external-target

experiment (CEE) will be introduced.

References
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Bright electron sources and beams for ultrafast science

Renkai Li
Tsinghua University

High brightness electron beams with femtosecond-level pulse durations and picometer-scale wavelengths are
extremely powerful tools for scientific discoveries, by visualizing atomic motions on fundamental time and
length scales in quantum materials, chemistry, biology, material sciences, and high energy density physics,
etc. The new capabilities of these ultrafast electron scattering instruments are enabled by advances in the
generation, control, and characterization of bright electron beams. In this talk, we will discuss some of the
relevant developments of electron sources and manipulations of bright electron beams in both space and
time. Highlights of select scientific achievements using ultrafast electron scattering and future opportunities

and challenges will also be discussed.
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Abstract: In recent years, the exploration of the single-particle resonant states has attracted more and more
attentions due to its great importance in the study of exotic nuclei far from the 8 stability line, in which many
new and exotic phenomena such as halos, changes of nuclear magic numbers, and pygmy resonances have been
observed or predicted.The neutron or the proton Fermi surface in those nuclei is very close to zero energy and
the valence nucleons can be easily scattered to the continuum and occupy the single-particle resonant states.

The Green's function (GF) method is an efficient tool for studying the single-particle resonant states.Since it
can treat the continuum exactly, we find the great advantages of the GF method: treating the discrete bound states
and the continuum on the same footing, providing both the energies and widths for the resonant states directly,
and having the correct asymptotic behaviors for the wave functions, etc.

In our previous works, the single-particle resonances are found out by comparing the density of states for
nucleons and those for free particles obtained with zero potentials in the continuum.The energy and width are
defined as the positions and the FWHM of resonant peaks, which are the differences between the density of
states for nucleons in the mean-field potential and free particles. In this way, energies and widths can be obtained
easily for narrow resonances with high accuracy. However, for the wide resonances, the energies and widths are
hard to fixed due to the irregular shapes. In this work, to solve the problem in our previous work, we give another
way to study the single-particle resonances by the GF method which can give exact energies and widths for both

narrow and wide resonances.

Keyword: Exotic nuclei; The single-particle resonant states;The Green's function method
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