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✓ Indication for the appearance of hyperons 
in NS core

✓ Apparent inconsistency between theoretical 
calculations and observations

Quantum Monte Carlo YN interaction



3Strangeness in QMC calculations
Quantum Monte Carlo (Auxiliary Field Diffusion Monte Carlo)
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Strangeness in nuclei
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Strangeness in nuclei: medium-heavy
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S. N. Nakamura & T. Gogami talks

B Λ
 [M

eV
]

A-2/3

208

89

40

28

16
12

9

7
6

5
4

3

s

p

d
f

g

emulsion 

(K-,π-) 

(π+,K+) 

(e,e’K+) 

AFDMC 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

0.0 0.1 0.2 0.3 0.4 0.5

statistics ?? 
calibration ??

need of reliable data

0.54(4) MeV

Strangeness in nuclei: medium-heavy



15

2.45(1)M�

0.66(2)M�

M
 [M

0]

R [km]

PNM

RN

RN + RNN (I)

0.0

0.4

0.8

1.2

1.6

2.0

2.4

2.8

10 11 12 13 14 15 16

PSR J1614-2230

PSR J0348+0432

1.36(5)M�

D. L., A. Lovato, S. Gandolfi, F. Pederiva, Phys. Rev. Lett. 114, 092301 (2015)

Strangeness in neutron stars

⇢th⇤ = 0.24(1) fm�3

⇢th⇤ = 0.34(1) fm�3



16

2.45(1)M�

M
 [M

0]

R [km]

PNM

RN

RN + RNN (I)

RN + RNN (II)

0.0

0.4

0.8

1.2

1.6

2.0

2.4

2.8

10 11 12 13 14 15 16

PSR J1614-2230

PSR J0348+0432

1.36(5)M�

2.09(1)M�

D. L., A. Lovato, S. Gandolfi, F. Pederiva, Phys. Rev. Lett. 114, 092301 (2015)

0.66(2)M�

Strangeness in neutron stars

⇢th⇤ = 0.24(1) fm�3

⇢th⇤ = 0.34(1) fm�3

⇢th⇤ > 0.56 fm�3

no hyperon formation for
⇤NN (II) up to ⇢ ⇠ 3.5⇢0



16

2.45(1)M�

M
 [M

0]

R [km]

PNM

RN

RN + RNN (I)

RN + RNN (II)

0.0

0.4

0.8

1.2

1.6

2.0

2.4

2.8

10 11 12 13 14 15 16

PSR J1614-2230

PSR J0348+0432

1.36(5)M�

2.09(1)M�

D. L., A. Lovato, S. Gandolfi, F. Pederiva, Phys. Rev. Lett. 114, 092301 (2015)

0.66(2)M�

strong dependence upon the 
details of the three-body 
hyperon-nucleon force 

Strangeness in neutron stars

⇢th⇤ = 0.24(1) fm�3

⇢th⇤ = 0.34(1) fm�3

⇢th⇤ > 0.56 fm�3

no hyperon formation for
⇤NN (II) up to ⇢ ⇠ 3.5⇢0



17Strangeness in nuclei

3-body interaction fit on symmetric hypernuclei

⌧i · ⌧j = �3PT=0 + PT=1 �3PT=0 + CT PT=1

singlet or triplet nucleon isospin state
force: no dependence on ⇤NN

control parameter: 
strength and sign of the nucleon 

isospin triplet channel

isospin projectors

sensitivity study: 
light- & medium-heavy hypernuclei
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✓ The observation of massive neutron stars reopened the debate about the 
presence of hyperons in the inner core 
‣ no general agreement among theoretical calculations 
‣ hyperon puzzle not yet solved: new hints? 

✓ We developed a quantum Monte Carlo algorithm to study finite and infinite 
hypernuclear systems: 
‣ a repulsive three-body ΛNN force is needed to reproduce the  

experimental Λ separation energies for light- and medium-heavy  
hypernuclei 

‣ the predicted neutron star equation of state and maximum mass 
strongly depend upon the details of the three-body ΛNN force  

✓ Need of more constraints on hypernuclear interactions before drawing 
conclusions on the role played by hyperons in neutron stars 
‣ accurate experimental investigation: medium-heavy  

neutron-rich hypernuclei 
‣ accurate theoretical investigation

Conclusions

?


