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On hyperons in nuclel & nuclear matter
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Neutron stars: appearance of hyperons
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Neutron stars: maximum mass
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Neutron stars: maximum mass
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On hyperons in nuclel & nuclear matter
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On hyperons In nuclel & nuclear matter
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On hyperons in nucler & nuclear matter

Strangeness exchange reaction
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On hyperons in nucler & nuclear matter

Strangeness exchange reaction
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On hyperons In nuclel & nuclear matter
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On hyperons In nuclel & nuclear matter
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On hyperons In nuclel & nuclear matter
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On hyperons In nuclel & nuclear matter

HypHI @ GSI
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On hyperons in nuclelr & nuclear matter
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On hyperons in nuclelr & nuclear matter

ack of data =, interaction A — N
e Phenomen. - phenomenological nature
- many-body effects hidden
- used In shell-model calculations
e Nijmegen & - one boson exchange model
JUlich - all the hyperons, only 2-body terms
- several parametrizations
o Y-EFT - derived from chiral EFT
- 2-body and 3-body terms
e Usmani - diagrammatic contributions, due to

plon exchange
- 2-body AN and 3-body AN N terms
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On hyperons in nucler & nuclear matter
Usmani potential: 2-body AN
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On hyperons in nucler & nuclear matter

Usmani potential: 3-body ANN
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On hyperons in nucler & nuclear matter

Usmani potential: 2-body AN + 3-body ANN
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On hyperons in nucler & nuclear matter

Usmani potential: 2-body AN + 3-body ANN
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On hyperons in nucler & nuclear matter

Usmani potential: 2-body AN + 3-body ANN
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Usmani hypernuclear potential

Constant Value Unit
M+ 139.57018(35) | MeV
M0 134.9766 (6) MeV
W, 2137 MeV

70 0.5 fm
a 0.2 fm
€ 0.1 +0.38 -
v 6.15(5) MeV
Vs 6.33, 6.28, 6.23 | MeV
o 6.09, 6.04, 5.99 | MeV
Vo 0.24 MeV
c 2.0 fm 2
wb 0.01 +0.05 | MeV
o 0.4 +2.0 MeV
o ~ 1.5 MeV
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Solve the many-body Hamiltonian — ab-initio method

Auxiliary Field Diffusion Monte Carlo (AFDMC)
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How we do It

Solve the many-body Hamiltonian — ab-initio method

Auxiliary Field Diffusion Monte Carlo (AFDMC)
r=2 = —ZyR) = Hu(R,7)

D= 1" B
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problem with nuclear potentials
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How we do It

Al
W ~ 14 terms
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How we do It

Al
W ~ 14 terms
5 va Z\(A - 2)
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hish computational cost — GFMC: A <12

l[dea: Hubbard-Stratonovich transformation

0~ IAdTO? _ 1 /dx o= & +V=AdTzO
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Auxiliary Field Diffusion Monte Carlo
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How we do It

AFDMC: from nuclel to hypernuclel

- modify the wave function
- add the kinetic and potential terms for the A particle

- take care of center of mass corrections
- modify the HS propagator & spin-isospin rotations
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AFDMC: from nuclel to hypernuclel

- modify the wave function
- add the kinetic and potential terms for the A particle

- take care of center of mass corrections
- modify the HS propagator & spin-isospin rotations

— > ground state energy for nuclei & hypernuclei
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How we do It

AFDMC: from nuclel to hypernuclel

- modify the wave function
- add the kinetic and potential terms for the A particle

- take care of center of mass corrections
- modify the HS propagator & spin-isospin rotations

— » ground state energy for nuclei & hypernuclei

Rse EXPRRIMENtS [saipe |
¢ UsmaniVMC —

information about the
hyperon-nucleon interaction

nuclear effects

P cancel at most
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Preliminary results

"He A-separation energy
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,5\He single particle density

0.10 ———

0.08 [

0.06

0.04

0.02

0.00

oo V4 +V, N+ VanN

0.0

Tuesday, May 8, 12




o [fm™]

Preliminary results
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Preliminary results
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Preliminary results

iHe single particle density
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BE, A BE?#b

PRI G () 122 (5)
“He | -8.63(2) | -11.16(3)
THe | -32.56(2) | -39.54(4)
CH | -2.11(5) | -6.43(6)

CHe | -28.05(6) | -36.72(6)
THe | -29.62(3) | -40.07(3)
13C | -78.35(8) | -105.66(9)
180 | -147.9(2) | -188.5(3)
11O | -180.7(2) | -224.7(3)
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exrp
5 A

2.04(4)
2.39(3)

3.12(2

4(1)
4.2(1)
5.23(*)
11.7(1)
12.5(4)
13.59(*)
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-188.5(3)
-224.7(3) | -197.0(2) | [ 44.0(4)

(6) <
(3) <
13C | -78.35(8) | -105.66(9) | -93.23(8
(2) (
(2) <
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2B+3B ex
BEnoA BEQB BEQB—I—SB B/Q\B BA + BA p

PRI =GO B T1022(5) | -10.27
“He | -8.63(2) | -11.16(3) | -10.18(4) | | 2.53(4
To | -32.56(2) '-39 54(4) | -36.77(3) | [ 6:98
TH | 2.11(5) | -6 13(6) | -5.18(6) | [482
36.72(6) | -33.60(5) | | 8.67
40.07(3) | -34.17(4) | [1045(@)
)
)

(6) <
(3) <
13C | -78.35(8) | -105.66(9) | -93.23(8
(2) (
(2) <

(\)
.\]
%)
—_
Vet
—_
—_
N

-188.5(3) | -164.3(2
e | —19ra@) 440(
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Preliminary results

WP c | PV By e B WG
0.013 0.0 0.60 | 4.78(5)
0.015 0.0 0.60 | 4.27(4) | 16.4(3)
0.017 0.0 0.60 | 4.03(5)
0.025 0.0 0.60 | 3.15(5) | 10.3(5)
0.012 0.0 0.75 | 5.19(7)
0.013 0.0 0.75 | 4.98(5)

BEE | - 3.12(2) | 13.59(x)
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WP Ce¥ | eEW i By e B e
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0.017 0.0 0.60 | 4.03(5)
0.025 0.0 0.60 | 3.15(5) | 10.3(5)
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NEwW

Preliminary results

WP Ce¥ | eEW i By e B e
0.013 0.0 0.60 | 4.78(5)
0.015 0.0 0.60 | 4.27(4) | 16.4(3)
0.017 0.0 0.60 | 4.03(5)
0.025 0.0 0.60 | 3.15(5) | 10.3(5)
0.012 0.0 0.75 | 5.19(7)
0.013 0.0 0.75 | 4.98(5)

BEE | - 3.12(2) | 13.59(x)

fine tuning of the parameters needed

Tuesday, May 8, 12




Conclusions and perspectives

e AFDMC algorithm can be used to study hypernuclear systems:
information about the A Mteraction

* the 3-body ANMNteraction is fundamental for the computation
of the hyperon separation energy, but a fine tuning of the
parameters Is needed

 the 3-body AnN Interaction is repulsive In hypernucler:
extrapolating to nuclear matter we might be lead to expect
qualitatively different predictions of the NS properties

* the inclusion of a 2-body AA interaction in the AFDMC
algorithm Is also possible: deeper investigation of
hypernuclear potentials A
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Usmani hypernuclear potential

Constant Value Unit
m. .+ 139.57018(35) | MeV
M0 134.9766 (6) MeV
W. 2137 MeV

70 0.5 tm
a 0.2 fm
£ 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
Co ~ 1.5 MeV
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Diffusion Monte Carlo

DMC = projection method

lim ¢ (R, T) = copo(R)

T—0C




Diffusion Monte Carlo

b 175, a7 e el = TG )
— / (R| e~ =50 |R") (R'|y(7)) AR’

G(R,R’,d) \
= \ walkers
in i

kinetic term potential term




