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o Neutron stars

o The problem of the maximum mass of
neutron stars with microscopic approaches

o A possible solution: inclusion of Hyperonic
three-body forces
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Hydrostatic equilibrium

@ Neutron stars have a very strong gravitational field = their structure is
described by General theory of relativity.

@ Equations of hydrostatic equilibrium in general relativity of
Tolman-Oppenheimer-Volkoff (TOV):

P __Gom (., P 1+47rPr3 ;_ 2Gm B
ar —  r pc? mc? rc? ’
am(r)
ar

= 47rr2p.

@ Fixed an EOS (P(p)) and a value of the central pressure value P. TOV
equations are solved numerically.

@ Output = Mg(R), Ms(pc)
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The problem of the maximum mass of neutron stars with microscopic

approaches

H.-J. Schulze et al. Phys. Rev. C 73, 058801 (2006)
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» Recent
measurements:
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The Brueckner-Hartree-Fock approach

@ Starting point: the Bethe-Goldstone equation

Qg5
G(w)313275334 = Vs, B,B38; T Z VB132»B:‘B/‘ & w— Eg — IEB' T in G(W)BiBj«BaB4
i j
Us, (k) = Zzns(u« K'|G(Eg,(k) + Eg,(K'))5,8,8,5|KK').4
h2K?
EB,-(k) = MB,- + 2M + Re[UB( )]
1 i G
€BHF = Z Z [MB, + oM + §UB,(/<)
B K<k, i

@ We included the A, X hyperons in our calculations.
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of NNY and NYY three-body forces

@ Fully two-body BHF calculation AV18+NSC89 + contact terms (CT)
corrections from NNN+NNY+NYY forces

NN NA NX
€cT = €cT + €cT + €cT

4

Nucleonic contribution

N = anvpd + bNNp’YNNH = NNN, NNY

Hyperonic contribution

NA P _|_pww\
€CT = ANAPAPN + bN/\p/\pN (7) = NNY, NYY
P+ PN
N pINT +p’YNZ
€ct = anspspn + bnspspn (7) = NNY, NYY
Pz + PN

@ where pny = pn+ pp, pz = pso + ps+ + ps—
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Choice of parameters

We fixed ann, byy and ~yaw in order to fit E/A=-16 MeV at p=0.16 fm—3
and to produce K..=211-285 MeV

For semplicity we have chosen: ayan = ans, bva = bys and yua = yvs

We rescaled: ana = X ann, bna = X b, x=0,3, 2, 1

The last parameter vy, has been fixed using the value of -28 MeV of the
binding energy of the A particle in nuclear matter:

(§> =28 MeV = U/\(k = O) + anypo + b/vypg’w
A

where Up(k = 0) = —30.8 MeV
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1.27 M., <Mpax<

1. Vidana, D. Logoteta, C. Providencia, A. Polls, I. Bombaci EPL 94, 11002 (2011)
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Repulsive value for (3),

B N
<Z> = +30 MeV = Uz (k = O) + anypo + b/\/y,llowZ
s

I | X WA NE . Mmax  pe
1/3 149 020 1.38 1.00
2 2/3 169 056 144 0.99
1 1.77 076 148 0.98
1/3 184 048 146 0.85
25 | 2/3 208 085 152 0.84
1 219 1.05 157 0.83
1/3 223 083 155 0.77
3 2/3 249 120 1.61 0.76
1 2.62 1.41 166 0.75
1/3 263 1.21 163 0.72
35 | 2/3 2091 158 1.70 0.71
1 3.05 179 1.75 0.70

1.38 M., <Mpax< 1.75 M.,
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The Brueckner-Hartree-Fock approach

@ Starting point: the Bethe-Goldstone equation

QB,-B/-
w—EBi—EBj-i-Iln

G(w)313273334 = VB1 By.ByBy T E : VB1327B:‘B/ X G(W)BiBj1BSB4

B;B;
Us, (k) = Zzns(w KK'|G(Es,(K) + Es,(k"))5,5,.5,5,|KK") 4
hk?

Ea(k) = Ma, + 57— + Re[Us (K)]

GBHF—VZZ [MB'FHA; + 5 UB(k)

B k<k,

@ We included the A, X hyperons in our calculations.
@ We used AV18 NN potential + TM’ NNN force and Ju04 NY potential +
NNY.
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The three-body forces

B} B

R
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The three-body forces

B; B} B} B, B} B} B; B, B}
MZ M2 Ml
B, By
B
Ml Ml M2
Bl BZ B3 Bl B2 B3 Bl B2 B3

(a) (b) (c)

o B,‘ = N, /\, 2.
o (/\/’17 Mg) =, K7 o, W. = WNN(1,2) ~ j df3Y VNNy(1,2,3)
@ B=N, N, AA X, E, A% = Ww(1,2)~ [d Vay(1,2,8)
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Effective NN ' forces at pg = 0.17 fm—3

15 T ‘ T ‘ T ‘ T ‘ T 40 T ‘ T ‘ T ‘ T ‘ T
Y - excitation | 7L A - excitation |

¥ - excitation |
10— —

A, B
W [MeV]

Domenico Logoteta Hyperonic three-body forces in hadronic matter



Single particle potentials of A and

D. Logoteta et al. Nucl. Phys. A 914, 433 (2013)

at k = 0 in pure nuclear matter
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Single particle potentials of A and at k = 0 in pure nuclear matter

D. Logoteta et al. Nucl. Phys. A 914, 433 (2013)
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M(R) and M(pc) curves

\ \ \ \ \ \ \ \
2febemores - H 2= _ _ Demoreu ]
P\ [N/ —
LS ke Tolor ] Y A
s 1+ 4 1 =
i ) ] | ~T |
05 - 051 -
— AVIS+TMS3
AVI8+TM3+Ju04

i —+ AVIB+TM3+Ju04+NNY |

ol | L 0 | | |
6 8 10 12 14 0 05 1 L5 2

Radius R [km] Central density p_ [fm”]

Domenico Logoteta Hyperonic three-body forces in hadronic matter



M(R) and M(pc) curves
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Conclusion

e We have calculated a hyperonic NNY force consistent with Ju04
NY interaction including A and X hyperons.

e The Ju04 NY potential is too attractive = need to be replaced by
some other interaction.

e The total effect of our NNY potential on the EOS is repulsive
but...

@ ...is not enough to solve the problem of maximum mass of
neutron stars.
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Thank you

Domenico Logoteta Hyperonic three-body forces in hadronic matter



