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Hyperons: A probe of nuclear interior

Hyperon contains at least one strange quark,
which makes it different from nucleons in
nucleus.
Hyperons bound state have narrow spreading
width of less than100keV as compared to
nucleons/hole 10 MeV deep.
1. YN interaction is weak than the NN
interaction
2. YN spin orbit interaction is weak
3. a Y with zero isospin can excite only
isoscalar p-h modes of the core nucleus
. No exchange term with nucleon is
The baryon-baryon interaction provides required.
information where direct or traditional

scattering can not.
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First observation of A hypernucleus,
Denyez and Pnieski Phil. Mag. 44, (1953) 348

Profesor Marian Danysz (1909 -1983 )
Profesor Jerzy Priewski (1913 -1989)
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Hypernuclei Productions

Strangeness exchange reaction

(Km) s o o
reaction (e

Associated production reaction
(n*,KY) g_ I
: — ! LT S
reaction| | | { d d } A
u u
e )
(e.eK" . yé g } K
reaction

> Electro/photo-production reactions (gamma, K*), (e, €’
K+) 12C(e, ~ K+) IZAB
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/A Hypernuclei Chart

A Hypernuclear Chart
(2004)

Spectroscopic studies by

(K™m=) (4, K*) (K igp, ) (E=‘EIK+)(KEIG|:I“D) (77, K%)
» 3 o

vspectroscopy  emulsion data
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The AN (YN) Effective Interaction

AN - AN, no pions
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Theoretical Investigations

 From QCD point of view hypernuclei lie in the non-perturbative low
momentum regime, therefore the lattice QCD calculations should be ideal

tool to study the structure of hypernucilei.
s The scattering length and effective range for AN scattering has been

extracted in both QCD and partially-quenched CQD.

Beane, Bedaquw, Parreno, and Savage, Nucl. Phys. A747, §5, 05

Properties of Hypernuclei, INT09, Seattle May 22, 2009

S /




g

Theoretical Investigations

Shell Model: The experimental information of gamma spectroscopy
for hypernuclei, 7,Li, °Be, 1911B, 12,C and 19,0 with p-shell core
nucleus for both A and X hyperons configurations,

Millener, Lect. Notes Phys. 724: 31, 2007

Quark —Meson Coupling Model: Structure properties has been
calculated over the periodic chart (spe’s, etc.)

Thomas et al.,Prog. Part. Nucl. Phys. 58, 1-167, 2007

Skyrme Hartree Fock Theory, Rayet. Nucl.Phys A 1981 and

subsequently Phys Rev C 65, 2330, 97, Phys Rev C,98 Phys Rev
C,06
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g Hamiltonian and AN Skyrme force h

- 12B=1B + A

H = |-lcore nucleus T T/\ w VAN [ A J
The V,, interaction can be constructed the Skyrme nucleon-nucleon
force as;

1 L2 | _ 3
Van(ra.rx) = ug(l + yoPy)o(rna) + sur(p” 6(rny) + 6(ran )5 T =3Gr— 0

= ) = Pt,- = %(1"‘&&-&3&’}
+ 1P O(rNa )P + i p 6(rna ).(F X P).

raN =1y -1 § = (Va - Vi)/2i

Three-body

interactions

3
Vann(ra.r.ra) = guzil + V3P )o(ra — r1)o(ra — 12)

Where the Skyrrne force parameterization can be obtained self consistently from the G-matrix

calculation
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H,, Hamiltonian Density

ﬁ]
Hgg._."-.Tl'.:.F‘jJ = ET& +HI:I + Hgff + Hﬁn + Hdg;r] + H_l;_g
A
1
Ho = uo(1 + Zyo)pnpa

1
— H(Hl + ) J(TaAPN + TNEA)

3 . a0l 3 53
= g(jﬂ’)i H(HI + u)pa (prp” + 3 )

1
7Bu —12)(Vpy - Vpy)

3 1
= Eﬂi(l + EJ’S)P‘_?IPA

1
Eﬂ? (Vow - JIn+ Vpa - Jy)
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V,n Parameterizations

0 Skyrme parameterizations is determined by reproducing the G-matrix
calculation

0 The density dependence of G-matrix is originate from AN-ZN coupling,
repulsive core singularity and tensor force

UThe coupled channel Bethe-Goldstone equation is used to solve the G-matix .

d Then observed data of hypernuclei is reproduced with condition that V,,, =-
30MeV at normal nuclear density

QAfterwards the skyrme parameters are determined so as to reproduce the
VS,.(pg) in singlet even, VT, (pg) in triplet even, and
Ve, (Pe) = US.(pg) + UT, (pg) foru0, u1,u3, and Ve, (pg) for u2,

O Additional the experimental binding energy of BE('3,C) = 11.69 MeV
hypernuclei used for fine tuning of the parameters.

O Julich model for set A, Nijmegen model for set B and Soft core model for set C
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g V,n Parameterizations
o RN
/ SET U 1, 15} U3 Vo V3
(MeV fin?) (MeV fin’) (MeV fm’) (MeV fin+¥F)
A -476.0 42.0 23.00 1514.10  -0.0452 -0.2800
B -622.0 116.0 -30.00 1880.30  -0.0172 0.0679
C  -5425 56.0 8.00 1387.00  -0.1534 0.1074
D  -265.7 97.17 12.83 -0.2160
\ E -1765 -35.8 44.10
N i
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Skyrme Energy Density Functional for A Hypernucleus

= ONN (0 P Tas Tpe s J3) + Can0ns s P Tﬁ)+5h(ﬁ' LpP1)

™

Ny

i=1

Jy= ) Vi, )(Vo(q) x o)
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Skyrme Energy Density Functional for A Hypernucleus

P N
( Epair=— E Gq{z ‘-.'IE’:.“_U.:.}r)

gepn  Leeq

4 I
<P* >= Vo< aa|lp®|ao >
S {:P;m} C.M. Z‘,:& ((|p|r_.{
[ 1
2(d = mymy + niny) - Z VoVg(Va Vg — Uattg) < aff | p1-pa | @3 >

- J aﬁ

&t =-3 I ErpA(p3 + 20000
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Solutions of SHF equations by minimization of EDF

-

N
2
[—? f N+ TV, (r)—iW, (r).(VX0o)| di(r.q) = Eé,.;b;(r. q)
2m(r)
J

|

'%
A . 242/3 A 2/3 . 5/3 1
Van(r) = mypy + E(3JT ) / 1 (pﬁpi —I—pﬁ’; ) + m‘;‘,r_ ; J

{rn[} = up(1— 2yy) and m; = %Hg(l + %}*;)J
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The A Effective mass

(“ '

* .
mnl 2N
M M -
—=2 =[1 + ——mpy] 1
My, fi-
. . . -3
_1 2my o + [EH*.'_.-L m‘ﬁ‘] pg [EH*.'_.-L m‘ﬂ“] P3 N
-+ . 1 - . 1 N 1 N T e
\ i Wis | - h? |
T A _
T my = E{H‘_ + 147)
0.98 —
0.96 —
£ 094 _|
<
& I m*,/m, =0.885
0.92 —
09 —
0.88 |- —
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@ Properties of Hypernuclei, INT09, Seattle May 22, 2009 /




SHF mean field potential

3
Van(r) = mg‘pN + E(SH‘E)M 313}"1"‘(@;;;:?{“ } 4 pifg) + f;rg‘pﬁf*

1

0

-10

V., (MeV)

-20
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Single particle energies in Hypernuclei

SetC SetD
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Single particle energies in Hypernuclei

Set C, u, parameter of Skyrme force is adjusted to reproduce 1s SPE’s.

30_||||||||||||||||||||||||||||||||||||||||||||_
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25 A 1dH
N v % 1f |
- 8 """"" 1 p b-blg:
20 B - O ]
n ;‘~-.._~1_g "'-3 ]
% 15F T~ -
= F ¥ = T~ i
< F 8T S s 16
10 ~, * 5 0, AT -
B ss J_\ AFe! -
_ PO ~., s9Y\\ %) ]
- ~.lg N, oA Q40 -
5 208 Pb ~ - 139 La ~ AACE‘ . ]
= A .. A \ . 4
- R } a O 7
o ]
SRR AN NN AR EEE NS RN N NN

225 200 175 150 125 100 75 50 25
Bayron Number

@ Properties of Hypernuclei, INT09, Seattle May 22,2009




e

Separation energies

S, = BE(*Z) - BE(,2)

SEP MV

s heor (MeV)

BE/A (MeV) I"I‘L{.'E‘_I.-j}

fgLa

208
208 py,

16.6 + 0.20 [26]
17.5+ 0.30
17.96 + 0.00
18.70 + 1.10
19.24 + 1.00

19.97 +0.13 [1]
21.00+1.50 1. 30]
23.1+0.50 [1]
245+12

26.3 +0.80 [1]

16.764
17.115
17.266
18.686
18.819
19814
20.209
23.239
24253

25282

8.073
8.603
8.664
8.574
8.583
8.798
8.664
§.732
8.384
7.889

3.16

L
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4 Excitation spectra (mirror hypernuclei '2,B and 12,C)

TABLE II: The single particle energies calculated with set C parameterizations for AN interaction and s-p

. . . - ) 0 . . . .
orbitals energy spacing obtamned from L‘B and i‘l’f hypernucler excitation spectra compared with recent

measurement [22] and shell model calculation [22, 23].

1B ¢
States Experiment [22] EDF 5hell Model [22]|Expermment [22] EDF  Shell Model [23]
ls 11.70£0.10 114135 10.76 10.9578
Ip 0.50+£0.10  0.3738 0.10 (.3833
As-p 11.20£0.10  11.0407 11.06 10.66+£0.10 105743 10.60
Asp(2B)-Asp(iPC)|  0.50£020  0.4667 0.46 0.50£0.20 04667 0.46
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Excitation spectra 16,0

Hypernucleus | J™ p-h state Expt.[31] SkKHF

[MeV] [MeV]
20 07| (Isy2)a-(Ip10);t | -0.26 0.0
17 [(Isy2)a. (1p1y2);" 0.0 0.0

15 | (1s12)a. (Ip3y2);t | 6.532  6.398

27 |(Is12)a. (Ip3j2);t | 6.784  6.398

07 [(1p1y2)a. (Ip1y2),t| 10.570 12.068

17 ((Lps)a- (Ip12); ! - 12.930

27 [((1psp2da. (Ip12),t| 10.610  12.930

27 | (Ip32da. (Ip3pp),t| 16.590 17.309

27 [(1p32)a. (Ip3p),t| 16.590 17.309

03 |(1p32)a. (Ip3p2);t| 17.140 17.309

/
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Excitation spectra 4°,Ca

J p-h state Expt. SkHF |BE/B rp "

[MeV] [MeV]|[MeV] [fm] [fn]

17| (151204, (1d3,2);1 | 022 000 |84930 339 418
2t | (151204, (1d32)5t | 0.00  0.00

b

ot {1.51;-3)_1_.{35-_:-3];" 292 2238884416 339 452
l;r {1.51;-1)_1_.(35‘_,-3];" 344 2. 2388
3T {lsll.-gjh,ﬂln’jl.-g}rll 6.01 7.1412|7.2338 3

L
-
(wal

4.02
24 (15204, (1ds,2)5 | 6.19 7.1412
27| (1p32da. (lds32); | 7.98 82804 8.114 337 4.17
3 [lpsl.-g}h,[ln'i.-gjr,l 555 B 2804
17| (1p3;2)a. (1d32)5t | 8.78 82804
0~ |(1p32)a. (1d32)5 0| 9.54 82804

15 [(1py2a. (1d320, | 9.27 82804

25 (Apyada. (1ds2)5 | 9.53 82804
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208 Pb Excitation spectra

M-state

Exptl. Expt’
[MeV] [MeV]

SKHF 4
[MeV] [fm]

15172

lps,

Il

1ds;

=i

o

1f5,

| -

-3.0 1.6
46 6.8
824 1284
13.69 1829

1749 1749

16 465
54135 520
6.3851 5.6
11.2422 598

16.8096 6.51
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H,, Hamiltonian density

AL

Hyy = niph 4+ nipaty + 05 paVpy + ng‘i

3

]
Van(r) = Van(r) + ”nﬁ'n T 5(33 )m”?ﬂjﬁ E”fhwﬁr
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Effective mass acquire additional terms as,

n, i

A A
— = || — + H‘h)ﬁ
A ”',ﬁ SA

2
1N A A 21y
— E = 1 PA ”T -I_(”l)(“'h) J —
A7 sA AlsA A7 sA

|||||
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Conclusion and Outlook

‘s

parameterizations from the literature.

Theoretical calculations for A hypernuclei across the periodD
table are shown with in Skyrme H F theory by using the Skyrme

»The description of single particle energies require the Lambda
Nucleon interaction have density dependence, which arise from
\the zero range three body interaction in Skyrme HF calculation. /

a

table.

<

»Plan to parameterize Skyrme AN force by the fitting the recent
data of single particle energies of hypernuclei over the periodic

N

4
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Suggested Reading:

Hashimoto &Tamura, Progress in Particle and Nuclear Physics 57, 564, 06
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