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Motivation:

e Sufficiently long-lived A-(2286) hypernuclei are expected to
exist and might provide information on the AN interaction.

e So far no quantitative data and few theoretical studies.

e We perform this study within an extended SHF formalism,
including core deformation.

e For this initial investigation we use a scaled AN interaction
with adjustable strength parameter.



SHF Approach:

® Energy of a hypernucleus:

E=/d3re(r), e=e,§,',<\)’rme+€/\/y+€em, Y=AN,Z, ...

e SHF Schrodinger equation for the g = n, p, Y wavefunctions:

[ - V- 2m; T Vqg(r) — iWq(r)-(Vx a)] ¢, (r) = —e ¢, (r)

e SHF mean fields:
dENY

Vg = VSHF 4
q dPg

® Coupled equations for eigenvalues eg

® 2D model: quadrupole constraint: g, = /- fixed



NcN Interaction:

® Employ a scaled AN interaction (and SLy4 NN force):

Enn. = KENA

® With PRC 90 047301 (2014); PRC 104, L061307 (2021)

Ty
Eny = 5~ + appypn + azpypn® — a2(pyApn + pnApY)/2
Y
+ a1(oyTn + onTy) + aa(Voy - Jn +Von - Jy)
1 1
——+aipn, My.=2286.5MeV
2mY 2my

Parameters: ap 123 =[—322.0,15.75,19.63, 715.0]

e Mean fields:

Vy = appn + 03,0,2\, + a1ty — aApn — asV-Jy
V,(\,Y) = doPy + 2a3pNPY + A1 Ty — a2Apy — asV - Jy


http://link.aps.org/abstract/PRC/v90/e047301
http://dx.doi.org/10.1103/PhysRevC.104.L061307

Choice of scaling factor K:

® Theoretical predictions for the A. potential depth —Ua_ in
nuclear matter. No Coulomb interaction is included.
= indicates ‘ad-hoc’ values.

Year

1978
1981
1985
1986
2004
2017
2018
2019
2020
2021

Method
SU(4) One-boson exchange

SuU(4)
SuU(4)
SuU(4)

Relativistic mean field

One-boson exchange
One-boson exchange
One-boson exchange

Parity-projected QCD sum rules
Lattice QCD (m,; =410 MeV)
Heavy quark eff. potential
Chiral pert. + Lattice QCD
Skyrme-Hartree-Fock

Ref. Un. [MeV]
N. Cim. A46 313 (1978) =28

PRC 24 1816 (1981) ~ 22
PTPS 81 197 (1985) ~ 24.6
NPA 450 507c (1986) ~ 0.8Un
PRC 70 054306 (2004) =30

PRC 96 055208 (2017) =23

NPA 971 113 (2018) < 20

PRC 100 065201 (2019) =~ 24 —28
EPJA 56 195 (2020) ~ 19

PRC 104 064306 (2021) = 0.8Ux

&> K =~ 0.87 We consider K as a free parameter...


http://dx.doi.org/10.1007/BF02816864
http://link.aps.org/abstract/PRC/v24/p1816
http://dx.doi.org/10.1143/PTPS.81.197
http://dx.doi.org/10.1016/0375-9474(86)90584-1
http://link.aps.org/abstract/PRC/v70/e054306
http://link.aps.org/abstract/PRC/v96/e055208
http://dx.doi.org/10.1016/j.nuclphysa.2018.01.015
http://link.aps.org/abstract/PRC/v100/e065201
http://dx.doi.org/10.1140/epja/s10050-020-00185-x
http://link.aps.org/abstract/PRC/v104/e064306

e Hyperon mean fields with varying interaction strength:

20

Results:

&> A\(K =1) more bound than A in light nuclei
in spite of Coulomb repulsion: large mass, small Ein

B 9 T 13 T 41 T Ve T <o 2090: -
- ACB —— ACN —— ACSC —— -\ ACBI —
- —— —— —— - .\ —
r T T Ve T el
— -+ T —+ EUA
- 1V, 1 RN N — A
- C - —. i"’*.&. + e -‘/' -
-~ —+ -4 ‘.“xwh\_, e i LT ./: -
T —— 2 = il ittt A 1

Sz ] T KA 1T o~ _ 7 =]
:—_";/ ] T /II / ) T .'I / =
L : Lo
RN ] 1 T B ]

I 2
:__'F',I A, (K=0.4) ] R 74 ,I 1 ! :
:."/.II ......... A, (K=0.6) ] T ‘,/ / T II .
. rd

A == A (K=08) e T / 3
"/ —e=A_(K=1.0) 4 1 / 1 i
£ o ) T , T / .
L - = A i 4 , I R i
TN A LBt b I BT O T b b b b L
01234567890 90 345678901234567 891


http://dx.doi.org/10.1142/

® Removal energies with varying interaction strength:
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&> Heavy A\c hypernuclei destabilized by Coulomb repulsion
Medium A hypernuclei are bound down to K ~ 0.5
Deformation affects p etc. states...
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e Effects of core deformation:

0
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e Effects of core deformation:

Olll]ll TT T[T T T[T T T[T T T[T TTIT [ TTT
B ‘:‘01 312 =1
B 1p 7ot 1121 N
Ac 1s PR ]
-81 LN I I I B B Y I I | I I B B - -
| 120 . - X i
L — — 13C+11.30 MeV - 4 - -
13 _ ] | '. W\?ﬂ?—\ ]
- ACN_1 .50 MeV (K—04) n - : 1p \;\0‘\ A2} /7,0 -
" -0 12N+2.43 MeV (K=0.6) . - PN
-82 |- i 1 ~ 6+ : a
. =+= XN+6.73 MeV (K=0.8) 2 L1 ]
% | =+ 1N+11.23 MeV (K=1.0) = s i 175 ]
A > . &
E B - ()} B ... ]
N - " ..
L i /’j- 5 ] 10 B —=_13¢ ]
-83 |- A . C 534 i
B SN i L — BN (K=1.0) ]
5:"/ - 00 € -
B v - 12 5% -
B 7 —3 1s [000 12] ]
L | s M 1
Y- 7 T N O T [ T T N T -14 1s [000 1/2H
-0.6 -04 -0.2 0.0 0.2 04 TN R N R N N R

-04 -03 -02 -01 00 01 02 03 04
B (N)
2 2

<> A\. level spacing is narrower than A due to larger mass
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e Effects of core deformation:
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<> A\. level spacing is narrower than A due to larger mass

&> |n addition, A\¢ 1p substates with same deformation as
embedding core are lowered in energy
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® Density distributions:

z (fm)
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Summary :

® Self-consistent DSHF treatment of hypernuclei
® \. hypernuclei exist for weak interaction strengths

® \. 1p states strongly bound due to small level spacing
and deformation effect

Open Problems :

e Data needed !

® Beyond-mean-field formalism
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