The production of NNQ and QN in heavy ion collisions
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Motivation Solving three-body Schrodinger equations
» Hypernuclei consist of hyperons and nucleons, which are described not only by their mass Three-body Schrodinger equation
and charge but also by hypercharge. Q-hypernuclei consist of Q-hyperons, which have the T(7) + sz.j(a,i — x))(F) = Eyip(F)
largest strangeness number and provide a method to understand the interactions between o , >
hyperons with strangeness (YN and Y'Y interactions). Six-dimension hypersphere coordinate
T /R . 40 q
» Relativistic heavy ion collisions can produce a large number of hyperons, providing an *1 rl) =J- (“’2) 2 ‘ F=rum) = (00061, 61,62, 02)
opportunity to discover hypernuclei, including anti-hypernuclel. Research on hypernuclei 1s %2 \r 3 p=yri+m
an important part of heavy ion collision experiments. ®/X3§> — or = a = arctan (r2/71)
» The HAL-QCD Collaboration calculated QN and €€ interactions using lattice quantum ~ In the six-dimension hypersp}}\ere clo ordn;ate, k;ngtlc ofIl)zerator 's defined as:
chromodynamics (LQCD) simulations and predicted 2-dibaryon with binding energy about 1- I'=s (_ T 7)
2 MeV. The correlation of p — Q™ in pp collisions at /s = 13 TeV, measured by ALICE, > Where L? is the angular momentum operator, defined as:
supported the HAL-QCD result. i = P 4ot 20 + col;za I Shl;ga
» Our previous work calculated the production of Q€ and QN dibaryons and yields of Q- Orthogonal basis . ] k = {L(Iym1, lama) S, (s:8:%)JT (tit;1)}
dibaryon by the Blast-Wave model (or AMPT model) + coalescence in relativistic heavy ion (7 | n, K k) = un (p)Vig i (03 01, 61,62, 62) S (= ()
collisions at /syy = 200 GeV and 2.76 TeV. In this work, we calculated the production of »The basis are limited by the following assumptions: o \/ e ()50
pn{) which has the mass number A=3. This research will shed light on the study of Q- »The nuclet is spherical - L = 0 R
hypernuclei in experiments such as LHC-ALICE. >(D]" = (0)5/27 et Ty M(?i,w(a;;{/}/}({t(fa;)
>, <4 o
7 Bl ALICE data Using this orthogonal basis, H can be expressed as a matrix with elements (n,K,k|H|n',K', k')
B Coulomb p-£2 But calculating (n, K, x|V (x; — x,)|n’,K’, k") and (n, K, x|V (x5 — x;)|n’,K’, k") 1n the chosen
6 [ _ Coulomb + p-£2~ HAL QCD elastic

coordinate can be challenging.
Using RR coefficient will solve this problem

RR coefficient

- Coulomb + p-£2~ HAL QCD elastic + inelastic
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| ] (kyn, K, k| I;n, K, k) = (1115 | l’fl§>KL(31823;S | 81,823,;5) (t1tos; I | ty,tes; I) (K =11, I1I)
200 300 ’
k* (MeV/c) »RR coefficient is used to transform from one coordinate to another
S. Acharya et al., Nature 588, 232 (2020). »1t’s convenient to calculate (n, K, k|V(x; — x,)|n',K’, k') and (n, K, k|V (x5 — x{)|n’,K’, k') in the
first coordinate
Blast-wave model and coalescence model Variational method o
(n,K,x|H|n',K', =) | variation parameter
Coalescence model e
» constructed by the particle emission distributions and the Wigner density distribution Find the minimum eigenvalue E,, ;| ] SE[c] R
> 1d h logical h Iculate few-bod duction in h ' ' ' - |Efc1=Eminlc] = 0

provides a phenomenological approach to calculate few-body system production 1n heavy and 1ts corresponding eigenvector Vi, 5c

ion collisions -
Multiplicity of three-constituent-cluster 1s given by: , B = Emin|c] .

phicity SIVER DY | Y@ = Toxic Vclnin(FIn, K, i)
Folding model
N d d’pi W : Three-body probl be simplified into two two-body problems b
a .sz . ;S (%,pz 7 ) X|p3 (21, T2, T3; P1, P2, P3) hree-body problem can be simplified into two two-body problems by
Folding model:
‘, ‘, ‘ 1. the baryon 2, 3 are bounded as a di-baryon 23
. . . . . 2. The average potential: 3
gspm statistical factor ‘ Blast;wave modelJ bVlgner density functloﬂ Up125(R) = [ dr i [Vl ) (R b ) Vi (R_ _mz_ )]%3 (r) (ﬂ]
o (25+1) S(x,p)d°x = cosh(n, — yp)x oY =/ ¢(7‘ + )w( - %) X 3. Solving the two-body Schrodinger equation
8= 12, (25 + 1) Mz f(z,p)J (7)rdrdn,rdrde exp(—ig - R)dSR 4. The binding energy B = B,3 + B, 3 and the wave function

— L —

; ; Mz 1s the transverse mass 7= (ry, r,) and § = (p,, p,) are the Y(r,R) = ,3(r)P; 23(R)
5 1s the total spin for y,, is the rapidity of a single particle : :
the three-bodv svstem p y o relative coordinate and momentum
. . polar coordinates of Q-hypernuclei with A=3 .
S;i 1S 'FhC Spin fOI' each T1is proper time . ’. - N :_ (a) Au+Au at |s,,=200 Gev: b) Pb+Pb at \5,,,=2.76 TeV
constituent particle n, is space pseudo rapidity Wigner density at 0° between 7 and p 1
S
J (1) is the Gaussian distribution of 05+ 0.45 3 10°
freeze-out proper time Azz* §3§5 5 F
. . = 0.3 : %Jo = —
f .(x,.p) Is the Ferml or Bos.e PE 025 § loo i -
distribution of a single particle 017 0.15 T10°F -
— 0 0.05 P B
Ow ° 0 : :—
Blast-wave model i #5760 250 300 00 500 620 2 e e :
. . . . . . . .. (b) Pb+Pb at ys,,=2.76 TeV 10
»describes the particle phase-space distribution in heavy ion collisions : oo | 5 mote o iass number
> gives the particle emission distributions i Ehe left plic.tl.lre:: shc[lw ge productzigr(l)s (c;f \Sfl(l N
. . . . ovel 00 . - prev ypernuclel in AutAu@/Syy = eV (left
Wigner density function 1O : e [Pobedbubitig g o + o and Pb+Pb@+/Syy = 2.76 TeV(right). The
»describes the particle density distribution in the phase space 100 BB e ik I upper panels are calculated using the variational
3 | S SN method, while the lower panels are calculated
- by the folding model.
° : - # * The right picture shows the Net-relation
POtentl al B N T S T.q1. .- 1 P T E N R between Q2-number, N-number and mass number,

which can be used to predict the production of

The potentials between Q-N and Q-€Q are the fit results from HAL-QCD simulation(left). And T T NNQQ
NN potentials are the Malfliet-Tjon potentials(right).

VOMEY V() = bie 4 by (1 e ()" YO L Summary

Ta

100} Ahd »The three-body bound state problem can be solved through either a variation method or a
50} : folding model coupled with an eigenvalue problem
200¢ W »The productions of Q-hypernuclei in heavy ion collisions can be calculated using the Blast-
wave model and coalescence model
> The predicted production of Q-hypernuclei are pnQ ~ 1076(107>), NNQ ~ 1077(107%) and
NQQ ~ 107°(107%) in AutAu@+/syy = 200 GeV(Pb+Pb@-/syy = 2.76 TeV)
» NNQ(QQN) can weak decay through an € decay, which will decay into ANN or NNZ(NQA or
NQE=E
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» Net-relation between Q-number, N-number and mass number is observed
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