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Motivations: theoretical interest

(~ 9 km)
R ~ 10 km inner core:
M ~1.4 Mg (0 + 3 km)

composition strongly affects the
properties of the neutron star

l

FOS & M(R) relation
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Motivations: theoretical interest

— pure n matter

NS core
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Motivations: theoretical interest

TOV equations —— mass-radius relation & maximum mass
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TOV equations —— mass-radius relation & maximum mass
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Motivations: experimental interest
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Motivations: experimental interest

Spectroscopic studies by

few data Kot
‘l' . fﬁiiiiinoﬁ
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INnteractions

emulsion (1, K*)
/] data

poorly known




Motivations: the 1dea

<wnuc ‘HN ‘¢nuc>

nucleus > BE,.,.=
<wnuc‘wnuc>
ab-inrtio
iy method
whyyp
> BFE
i 2phyp hyp)
f ba = Blnue — BEhyp Hy + Ha

Hyp.: nuclear effects cancel at most

information about the hyperon-nucleon interaction



The method: Auxiliary Field DMC

stochastic ab-initio method with microscopic interaction

Auxiliary Field Diffusion Monte Carlo (AFDMC)
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The method: Auxiliary Field DMC
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The method: Auxiliary Field DMC

Al
Z A
3 . il = 72007, Rt

high computational cost — GFMC: A4 <12

l[dea: Hubbard-Stratonovich transformation
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1
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\,\9 auxiliary field
rotation over spin-1sospin
configurations

computational cost: ~ Al — ~ A°




The method: Auxiliary Field DMC

AFDMC for nucler & hypernuclel

e wave function - SD made of nucleon single particle orbitals
(Skyrme & Bl) x A single particle orbital

- Jastrow correlation functions

Notel: A single particle orbital
Note/: center of mass corrections

* observables - nucl. & hyp. binding energy

- A\ separation energy
- A & N single particle density

* Interactions ! - local interactions In coordinate space



The Interaction

nuclear potentials - Argonne V4 ,V6',V3'(6)
- Minnesota
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The Interaction

* nuclear potentials - Argonne V4 ,V6',V3'(6)
- Minnesota
* hypernuclear potential - Usmani interaction

v diagrammatic contributions due to pion exchange
v 2-body AN and 3-body AN N terms
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The Interaction

2-body

17 : 27
[ |
[ |
N N N N N N N N
T i T
m A A A
,,,,,,,,,,,,,,, o T T
N N N N N N N N
..................................................................................
A N A N
78 T
6660 """"""""""""""
. N A Y 5 A
\
KO‘EO T T
K. K
A N A N




4 "

= = = =1 .

S S "

E | = = =z — 4 . :

o :

S S S S .

= = = =0

< "

Q WN MUN "

= ;

W 1

C B = = =1
e [ |

- mlu Q. & N S S < S "
wn 1

._Q e = = |=— =1
qu >N .
- .m .
O ;
| m "
Q) "
ol & z = :
Z—e = "

= Lz "

< m

o\ :

= =

= [ |

4 :

> = ;

< :

= = "




AN

The Interaction

1
= vo(r) + vo(r)e(Pr — 1) + ngTg(mwr)aA . O

= V(1) — vor(r)

. g s U — Uy
= i/ {1 —I—erar} 1
v — Z(’US _|_3Ut)

— 7 T%(mgr)

parameters fitted on A p scattering data



The Interaction

1
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The method: Auxiliary Field DMC

VAN + VannN \
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'he interaction Yernprea=s

possible charge symmetry breaking term:

CSB CSB 2
UK — 73 Ve T2 (Mmayraq)

(

from A =14
hypernuclel

v5PP = —0.050(5) MeV

Q. N. Usmani, A. R. Bodmer, Phys. Rev. C 60 (1998) 055215

important for light isobar
{ Ap : more attractive P et hypernuclel

An :less attractive  ~__ significant effect for heavy
hypernuclel, with large n excess

simple iImplementation

NO quadratic
in the AFDMC code

operator
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Results
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Results

A-separation energy
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Results

A-separation energy
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Results

charge symmetry breaking effect ——s A =4...17

s 4 4 5! 6 6 17
preliminary !! AH AHe AHe AH AHe AO

BReCSB 12.06(8) | 2.0(1) | 5.24(4)| 4.0(2) | 6.5(2) |18.3(5)

BYSE  11.95(8) | 2.1(1) | 5.21(7)| 3.7(2) | 6.4(2) | —

BE™P 12.04(4) [ 2.39(3) | 3.12(2) | 4(1) | 4.2(1) |13.6(%)

AB, 0.15(13) 2.7(3)
ABS®P 0.35(5) ?




charge symmetry breaking effect

Results

—s A=4...17

oreliminary ! °He °H CHe ©
o> 5 5.24(4)| 4.0(2) | 6.5(2) |18.3(5)
B Al o) | Gl |

B§*P 3.12(2) | 4(1) | 4.2(1) | 13.6(%)
ABy* 2.7(3)

AB,™ ?

consistent forthe Ap & An channels

deeper Investigation needed !
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Results

density: “He vs iHe
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Results

density: “He vs iHe
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o [fm™]

Results

density: '°0 vs 1[7\0
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o [fm™]

Results

density: “°Ca vs 4[1\Ca

0.45

0.40 F
0.35 |
0.30 |
0.25 |
0.20 F
0.15 |
0.10 |

0.05 -

0.00

preliminary

LN L I L B B L L L L L BN L BN
o “0Ca Vyy(v4)

41 )
pN ACa VNN(V4 )+VAN+VANN

41 ,
on  ACa Vyn(V4)+V ANtV ANN

3.0 3.5 4.0 4.5 5.0 o5 6.0 6.5 7.0
r [fm]



o [fm™]

Results

density: 2°zr vs 9[1\Zr
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Conclusions & Perspectives

AFDMC algorithm can be extended to hypernuclear systems:
study of the hyperon-nucleon interaction

3-body AN N Interaction fundamental

for the computation of the hyperon fine tunirE .

. parameters
separation energy
CSB Interaction needed work In progress
3-body ANN interaction repulsive in
hypernucler: extrapolation for nuclear fatiely
| ClANL

matter — NS EOS with A

possible inclusion of a AA Interaction:

AFDMC hypernuclear code ready Ut

possible application to neutron drops:

study of exotic systems ( future work )



Thank you for your attention



The Interaction




The Interaction

Constant Value Unit
m. .+ 139.57018(35) | MeV
m..o 134.9766 (6) MeV
W. 2137 MeV

0 0.5 fm
a 0.2 tm
£ 0.1 +0.38 —
v 6.15(5) MeV
Vs 6.33, 6.28, 6.23 | MeV
Ut 6.09, 6.04, 5.99 | MeV
Vo 0.24 MeV
c 2.0 fm —2
WP 0.01 +0.05 | MeV
o 0.4 + 2.0 MeV
C® ~ 1.5 MeV




Motivations: experimental interest

Strangeness exchange reaction
K~ {g """""""" a} o
____________ d S =
(K_77T_) d ,."":. ...... S AZ(K 7-‘- )fZ ...........
reaction n { ( — e, d } A )
U e e U :
Associated production reaction
i = ke
(o, K) T AZ(nt, K+)4
reaction n {g ............... 2} A Z n Y K A
U e e U
e e
ey =T | g wxcyd
SR ) Z(e, e KT)a
reaction ( ———— s, d S A
U e - U
/(K , ) ete
hypernuclear T Jo+1/2

fine structure § Ye |e $ _____
7 | A split by
S / R ' spin-dependent
l A-1y, A | l%.

A AN interactions
Az (< 0.1 MeV)
v—ray spectroscopy Core nucleus A ¢? .....




