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8AFDMC results: nuclei

nucleus AV40 AV60 AV70 AV40+UIXc exp

4He
�
0+

�
-32.83(5) -27.09(3) -25.7(2) -26.63(2) -28.295

15O
�
1
2

��
– – – -99.43(2) -111.955

16O
�
0+

�
-180.1(4) -115.6(3) -90.6(4) -119.9(2) -127.619

39K
�
3
2

+�
– – – -360.8(2) -333.724

40Ca
�
0+

�
-597(3) -322(2) -209(1) -383.3(3) -342.051

44Ca
�
0+

�
– – – -397.8(5) -380.960

47K
�
1
2

+�
– – – -386.3(2) -400.199

48Ca
�
0+

�
-645(3) – – -413.2(3) -416.001

S. Gandolfi, A. Lovato, J. Carlson, K. E. Schmidt, Phys. Rev. C 90, 061306(R) (2014) 
F. Pederiva, F. Catalano, D. L., A. Lovato, S. Gandolfi, arXiv:1506.04042 (2015)

nucleon-nucleon interaction

preliminary
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D. L., F. Pederiva, S. Gandolfi, Phys. Rev. C 89, 014314 (2014)
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P. Bydžovský et al. / Nuclear Physics A 881 (2012) 199–217 213

Table 5
Partial list of differential cross sections (in µb/sr) utilized at the 40Ca target.

[p-hole] sΛ
1/2 pΛ

3/2 pΛ
1/2 dΛ

5/2 dΛ
3/2 1sΛ

1/2 f Λ
7/2 1pΛ

Sum f Λ
5/2

(0d−1
3/2) J = 0 – 0.0 – – 0.0 – – 0.1 –

J = 1 13.7 8.1 2.5 6.6 19.7 0.9 – 43.0 2.7
J = 2 41.0 15.3 31.4 30.2 0.1 2.7 2.7 7.3 24.4
J = 3 – 90.8 – 27.2 47.1 – 50.6 2.5 2.5
J = 4 – – – 108.1 – – 36.9 – 42.0
J = 5 – – – – – – 86.3 – –

(1s−1
1/2) J = 0 0.2 – 0.0 – – 0.0 – 0.0 –

J = 1 63.0 11.2 22.2 – 0.9 16.7 – 3.0 –
J = 2 – 33.3 – 1.7 2.7 – – 2.9 5.3
J = 3 – – – 3.5 – – 9.0 – 11.7
J = 4 – – – – – – 14.9 – –

Fig. 6. Excitation function for the 40Ca(γ ,K+)40
ΛK reaction calculated in DWIA at Eγ = 1.3 GeV and θL

K = 3◦ using the
Saclay–Lyon A model. For simplicity to draw pronounced doublet peaks, the artificial spin–orbit splitting is introduced
as 0.17(2l + 1) in MeV. In actual case such multiplet may be seen as a degenerate one. The hypernuclear energy is
measured from the 39K(g.s.) + Λ threshold, so it is expressed in terms of the hyperon energy EΛ .

stand that the series of major peaks is based on the conversion of 0f7/2 protons into a Λ particle
sitting in the s-, p-, d-, and f -orbits. In fact, the dominant peaks are due to the unnatural parity
[f −1

7/2j
Λ
> ]J=Jmax states with Jmax = j> + jΛ

> = lp + lΛ +1 = Lmax +1 where jΛ
> = sΛ

1/2(J = 4−),
pΛ

3/2(J = 5+), dΛ
5/2(J = 6−), and f Λ

7/2(J = 7+), respectively. On the other hand, the Λ spin–

orbit partner states [f −1
7/2j

Λ
< ]J=Lmax (J = 3−,4+,5−,6+) have about 60% of the production rate

of the corresponding biggest peak within each multiplet. The spin–orbit splitting is expected to
be of the order of 0.8 MeV for dΛ

5/2,3/2 based on the experimental data from 13
ΛC. Therefore,

if the energy resolution is good enough, there will be a chance to get direct information on the
spin–orbit splitting in this medium-mass region. It is interesting to note that another series of well
separated peaks are obtained based on the proton d3/2 hole. It should be also mentioned that, if
we improve the description of the 51V nuclear excited states, we will get very weakly excited
side peaks among the strong peaks shown here.

Bs
⇤ ' 18.0 MeV

Bp
⇤ ' 10.7 MeV

Bd
⇤ ' 3.3 MeV

P. Bydžovský, M. Sotona, T. Motoba, K. Itonaga,  
K. Ogawa, O. Hashimoto,  

Nucl. Phys. A 881 (2012) 199-217 

hypernucleus s-wave p-wave d-wave

40
⇤K AFDMC 18.63(24) 10.99(22) 3.93(26)

41
⇤Ca AFDMC 18.31(33) 11.46(42) 4.32(40)

40
⇤Ca (⇡+,K+) 18.7(1.1) – –

40
⇤Ca (K�,⇡�) – 11.0(5) 1.0(5)
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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

AFDMC results: hypernuclei
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F. Pederiva, F. Catalano, D. L., A. Lovato, S. Gandolfi, arXiv:1506.04042 (2015)
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✓ Present status 

Substantial improvements in AFDMC calculations for strange systems 
‣ better performance & better accuracy 
‣ the medium-mass region (A=40-50) can be used to constrain the hyperon-

nucleon interaction 
‣ need of precise experimental input            pin down the isospin dependence 

of the hyperon-nucleon force 

✓ What’s next 
‣ How does the experimental uncertainty of the Λ separation  

energy affect the prediction of the neutron star structure? 
‣ Produce a second generation of results extending the progresses reached in 

AFDMC calculations for nuclei and nuclear matter to the strange sector 
‣ Use of the hypernuclear EoS in dynamical general relativity calculations

?
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Thank you!!


