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The known hypernuclei:

» S=-1: About 40 single A hypernuclei (about 20 of them with mass number A= 12)
» S=-2: A few E hypernuclei and double A hypernuclei
» S=+1: Antihypertriton

3-Dimensional Nuclear Chart

(Bare or effective) YN and YY interation:
> Lattice QCD
» Chiral effective field theory

» Nijmegen soft-core model
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> Relativistic mean-field model 0
H. Tamura. Prog. Theor. Exp. Phys. 2012 (2012) 02B012
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4 classes of effective interactions for RMF model :

I I

TM1,TM2,NL1,NL2,NL3,NLSH,P NLSH-A, PK1-Y1, et

NL-ME K1,NL-Z,.. al.
DD-ME TW99, DD-ME1, DD-MEZ2, PKDD, @ DD-ME2-a, DD-
DD2, DDME-X, DD-LZ1,... ME2D-a
NL-PC PC-PK1, PC-F1, PC-X... PCY-Si (i=1,2,3,4)
DD-PC DD-PC1 X
NL: nonlinear coupling ME: meson exchange
DD: density dependent PC: point coupling
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N/A

N/A
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Effective density dependent interaction in MF approach to study hypernuclei and hypernuclear matter

DD hadron field theory:
« C.M. Keil, F. Hofmann and H. Lenske. Phys. Rev. C 61 (2000) 064309 (A density)
« F. Hofmann, C.M. Keil, H. Lenske. Phys. Rev. C 64 (2001) 025804 (A density / total density)

RMF model:

« P Finelli, N. Kaiser, D. Vretenar and W. Weise. Nucl. Phys. A 831 (2009) 163 (RMF+chiral perturbation theory; total density, B,)
« G. Colucci and A. Sedrakian. Phys. Rev. C 87 (2013) 055806 (total denity, DD-ME2+potential)

S. Banik, M. Hempel and D. Bandyopadhyay. Astrophys. J. Suppl. Ser. 214 (2014) 22 (total density; DD2+potential at saturation

density)
« E.N.E. van Dalen, G. Colucci and A. Sedrakian. Phys. Lett. B 734 (2014) 383 (total density; DD-ME2+mass formula)

« M. Fortin, S.S. Avancini, C. Providencia and I. Vidana. Phys. Rev. C 95 (2017) 065803 (total density / a constant, DD-ME2+B,, R is

fixed)
C. Providencia, M. Fortin, H. Pais and A. Rabhi, Frontiers Astron. Space Sci. 6 (2019) 13 (total density)

(" )
> don» Jon depend on: A density / total density / a constant

» Fitting procedure: (hyper)nuclei are assume to be spherical+ B, from

experiment or other prediction / A potential
\ y,
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A. Gal, E.V. Hungerford and D.J. Millener,
Rev. Mod. Phys. 88 (2016) 035004.

Open shell nuclear core
deformation
(Multidimensionally constrained RMF model)

Small spin-orbit splitting
tensor coupling between A and w

In-medium effect
total density dependent coupling constant

Unpaired baryon
equal filling approximation
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DDRMF model

Effective Lagrangian:

Ly= Y Un{nd = My = gono — 850" = 8umnu” — gomnd

B=n.p,A
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Formation for density-dependent coupling constants:

gmB(pU) = gmB(psat)me(x)a X = PU/Psat,
1 + bnl ('x + dm)2 m O_ OI"
m , = w,
S (X) = L o, ol b el 3
e—ap(x—l . m=p,

S. Typel and H.H. Wolter. Nucl. Phys. A 656 (1999) 331
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Relation between NN and AN

/ gm\(p) — ogm\v (p)a

gwﬂ(p) - uu.gw’V(p)n
QJ*A(IO) — r:r*qcrf\f (.-O)
9on(p) = Rpgun (p);

\_

fura(p) = RoaaRugun(p).

~
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DDRMF model

Relation between NN and AN

Effective Lagrangian: / gon(p) = ggm (p), \
LB = Z &B(i‘)’lpaﬂ - MB — 80BU — gg-*BO'* = gw,g}guw“ — ngB’}/p(}bu gwﬂ(p) - .,u.gw"\r(p)n
B=n.p,A
1—T3 fAA 1 5 5 QU*A(IO) T OG'*GJW(.-O)
- T-g'—e AF+== v ) + 6‘“0‘3 O — = O
S R Tl 2 g0 (+) = Rouv (p)
| | | 1 1
— Z-Q#VQ;W + Emi.apr = ZR'WR + mzﬂJpp = ZFFVF,HV fws’kf"x(fo) = Rw;\AngwN(p)'
1. 1. \_ = /
F e e = M0 — —SH T m¢¢”¢#,
2 2 4 ‘
Formation for density-dependent coupling constants: o
Minimization of the least-square
gmB(pU) = gmB(psat)me(x)a X = PU/Psat, deviation
1 B, 0x +d.)° N exp. L s E
i 16 )2, m = o Or W, ’ B, — Byi(xi;a)
f;-nN(x) = 1 + Cm ()C T dm) X (CL) = Z exp. ’
—a,(x — 1 - ABM
e P , m=p, k ,

S. Typel and H.H. Wolter. Nucl. Phys. A 656 (1999) 331 ®



Nuclear Physics Group of ITP

Results: Selections for fitting

NN interaction:
DD-ME2 (G. A. Lalazissis, T. Niksic, D. Vretenar et al. Phys. Rev. C 71 (2005) 024312 )
PKDD (W. H. Long, J. Meng, N. Van Giai et al. Phys. Rev. C 69 (2004) 034319)

Experimental data for fitting:

NU

BA,exp
2C  11.36+0.20
iC 12.0+0.2
YO 13.0+0.2
i 17.2+0.2
18 17.5+0.5
Pa  18.7x1.1
e 21.5+0.6
¥ 21.8+0.3
Y 23.6+0.5

La el
%Pb  26.9+0.8

A. Gal, E.V. Hungerford and
D.J. Millener. Rev. Mod.
Phys. 88 (2016) 035004.
PH. Pile, S. Bart, et al. Phys.
Rev. Lett. 66 (1991) 2585.

16, N: B,=13.76(16) MeV, CSB
12 B: B,=11.52(2) MeV, CSB

1314, C: only emulsion data

Root mean square (rms) deviation:

| 1 4 exp. cal. 2
A= N Z (BA,; - BA,:‘) J

Root of relative square (rrs) deviation:

- EXP- cal. \ 2
5 = 1 i By — By,
- N : Bex[?. ’

ALl
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Results: Properties of normal core nuclei

» Nuclear cores: 11C, 12C, 150, 27Sj, 315, 39Ca, 50V, 51V, 88Y, 138] 3 and 207Pb

» Binding energies calculated with DD-ME2 and PKDD are close to AME2016 (relative deviations
are within 5%)

> Axially deformed shape are obtained except >0 and 207Pb
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Results: A separation energies & deformation
NN interaction: DD-ME2
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Results: A separation energies & deformation

NN interaction: DD-ME2
Reference hypernuclei: 208,Pb, 139,La, #,Y, 51.52,V, 40, Ca (Group 3)

ZOSPb ' ' ' I . 0.4 T T . .
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all
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Results: A separation energies & deformation

NN interaction: DD-ME2
Reference hypernuclei: 208,Pb, 139,La, #,Y, 51.52,V, 40,Ca, 32,S, 28,Si,6,0 (Group 2)
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Results: A separation energies & deformation

NN interaction: DD-ME2
Reference hypernuclei: 208,Pb, 139,La, #,Y, 51.52,V, 40, Ca, 32,S, 28,Si,76,0, 13,C, 12,C (Group 1)
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Results: A separation energies & deformation
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Results: A separation energies & deformation

NN interaction: PKDD
Reference hypernuclei: 208,Pb, 139,La, #,Y, 51.52,V, 40, Ca (Group 3)
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Results: A separation energies & deformation

NN interaction: PKDD
Reference hypernuclei: 208,Pb, 139,La, #,Y, 51.52,V, 40,Ca, 32,S, 28,Si,6,0 (Group 2)
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Results: A separation energies & deformation

NN interaction: PKDD
Reference hypernuclei: 208,Pb, 139,La, #,Y, 51.52,V, 40, Ca, 32,S, 28,Si,76,0, 13,C, 12,C (Group 1)
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Results: Parameter correlation

Ro and Rw are correlated —> A potential
B, of light hypernuclei —> small Rec —> mass dependent? Structure effect?

0.8 .
0 DD-ME2-Y1
() DD-ME2-Y2 —Up = 850 + W,
I DD-ME2-Y
0.6 g OO-ME2- 3 Ry = gmA/&mN, M = 0 OF W.
O PKDD-Y2
o 0.4 O PKDD-Y3 A NLSH-B
A PKI-Y1
A TMI-A
0.2} A DDME2D-a -
DDME2-a —Up — RO'gO'NO-
* QM R, = T—
. . - —UNn — 80N
090 0.2 0.4 0.6 0.8 7

R, = 1.228R, — 0.097
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Results: Theoretical uncertainty & parameter correlation

o W o, (p) oFTy __X*®)
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fegsonf{b'e J. Dobaczewski, W. Nazarewicz and P-G. Reinhard.
Xaorm (Do) + 1 fmmmmn=- N i J. Phys. G: Nucl. Part. Phys. 41 (2014) 074001.
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Results: Theoretical uncertainty & parameter correlation
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Results: Hypernuclear density

_—

o (fm~3

Impact on density —> change the A density in light hyernuclei
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Results: Hyperon star

Baryons: p, n, A Tt 30 5 5t 5t
leptons: e, 1~
mesons: g, w, p

Coupling constants:

280E = guz = 28wn/3,

gz = 28,2 = 28oN>

U(N) = 8ov0 + guyW + goypP + 2R,
U = +30 MeV, UL = -15 MeV.

Equation of state:

1 1
_ 2 2 2.2
£ = Smyo +2mwo) + mpp + E Skm,

1 1 1
P:—E 50'2+2m620a)2+ mp +p“ZR+ZPkm.

TOV equation:

dP _ [P(r) +&n)][M(r) + Anr3 P(r)]
dr r(r — 2M(r)) ’
dM

E = 471'28(?’).
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Results: Hyperon star

Impact on hyperon star —>The lighter Ro, the softer EoS and smaller
maximum mass of neutron star.
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Results: Excited states and single particle levels

> Excited energies in p,, d, and f, states are close to experimental values
» Energy splitting for spin partners are close to the experimental value with tensor coupling
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et al. Phys. Rev. Lett. 86 (2001) 4255.
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The effective AN interactions for hypernuclei are investigated by a deformed DDRMF model and
new parameter sets are proposed.

Shape change effect is obvious in the A <40 mass region

Data from light hypernuclei make the AN coupling constants smaller

R, and R, are strongly correlated and uncertainties for R, are given

Density for A in light mass region and EoS of hypernuclear matter are sensitive to the parameters
Single particle excited energies are close to the experimental values

Spin-orbit splitting in p state can be well described by including tensor coupling
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