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| will show that ...

v TCHSOF ‘FOFCC Plags d crucial FOIC ‘FOI" bOth
Esym(p> & L(p)

4 Negligj]:)le contribution of rearrangement
term to £, (p) & L(p)

basecJ Oon: N Phgs. Rev. C 84, 062801 (R) (2oM)

In Preparation...
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“Analgsis of the contribution of the
different terms of the NN force to E'ng

and L”

v BHF with Avi8 + UIX

using:

In collaboration with:

v He”manml:egnmaﬂ Theorem



BHFF aPProximation of ANM
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Infinite sumation of two-hole
line diagrams

Partial sumation of PP ladder diagrams

v’ Pauli blocking

v Nucleon clressing



s.p. potential U(k) [MeV]
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G-matrix gives access to in-medium NN cross sections
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Brueckner-Hatree-Fock:

v gives total energy
But

v does not gives separatelg
neither <T> nor <V> because
it does not provide the
correlated man'9~boclg wave

function

However

He”manw—f:egnman theorem can
be used to calculate <v>



He”manmﬁ:gnman theorem

Proven mdependentlg bﬂ many- -~authors:
Guttinger (1952), Pauli (19%3), Hellmann (19%7), Feynman (1959)

d E)L <wk ‘ A ‘w)b> H. Hellmann R P Ferynman
ar <%\wx>

m erttmg the nuclear matter Hamxltonlan as: H T + V
= Deﬁnmga k—&ependent Hamiltonian: H T + )\-V

o (WVly) (dE,
> V) (W) =(ﬁ)k1




Kinetic and Potential energy contributions

ENM ESM Esym L
<T> | 53.321 | 54.294 | -0.973 | 14.896
<V> | -34.251 | -69.524 | 35.273 | 51.604
Total | 19.070 | -15.230 | 34.300 | 66.500

» Kinetic contribution to

v E

ng'

very small and negative in contrast
to FFG result (~44 MeV) => strong
isosPin dependence of short range NN

correlations

v’ L: smaller than FFG one (~29.2 MeV)

= Potential contribution to

v .
Esym. almost equal to total Esgm

VL. ~78% of the total L

100
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Kinetic energy
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Figure from Xu & Li, arXiv:1104.2075v1 (2011)



Spin—-lsospin channel & Par’tial wave

clecomposition

(S,T) En Eqy Eqoym L
(0,0) 0 5600 | -5.600 | -21.457
0,1) | -29.889 | -23.064 | -6.825 | -17.950
(1,0) 0 -49.836 | 49.836 | 90.561
G e 5§ b e e o b (51
<V> | -34251 | -69.524 | 35.273 | 51.604
Exm Egy Boym L
38, 0 -45.810 | 45.810 | 71.855
D, 0 -0.981 | 0.981 | -3.739
Srestuptors | 34251 | 22733 | -11.518 | -16.512

v Largest contribution
from 5=1, T=0 channel

v Similar T=1 channel
contributions to E,,,
and E.,, which almost
cancel out in Eoym

v Main contribution
from 355D, p-w. (not
present in NM)



In agreement with Previous BHF calculations

» Zuo et al., 1999): Avi4 & Paris . Dieperink et al., (200%): Reid93
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Note that in these works:

Vsym(p)=% D (%Re[Un(lg,/aEl)])—% > > (%Re[UT(E,ﬁ=O)])

k=kg, T=n,p k=kp_

NM correlation energy (;é <VNM >) SM correlation energy (?ﬁ <VSM >)



Few words on tl'le NN and NNN Forces used ...

= Argonne VI8 (Avi8) NN Potential

Qu
Ql
t~
t

_ Evp(nj)Og o) = ll (6,-5,).5,.L-S.[*.I*(G,5,). “-“ﬂ@[l,(a-@)]

p=118 0§=15’18=[T.,(5 )T ST, (17 +T )]

= Urbana IX (UIX) NNN Potential

2 , . ,
V- .kn . Attractive Fuyta~M19azawa force

ij
VUIX _ + V V,:,.zk”=A(%L.({XU,X%}{%,.'%_/,%/‘%k}+i[X,:,.,X_,.k][i‘%_,,%j'%k]) A:[_J:C__
l]k — l]k X,-j=Y( )5'6j+T(m r)S --_Ti:_-
Y(x)=— . ( —e ) T(x)= (1+)3C+x32) . (1 . z)z
Vi Repulsine & Ph logical
ijk * Repulsine & Phenomenologjca
Reduced to an efective vE =B ST )1(r,)

clensitg-—depencjent 2BF

U (%) = [V (FF R )n(FF5)dT, s or=1(6,-6))(77,).8, (%)



Contributions from different terms of the NN force

Exwm Es\ Egym L
(V1) —31.212  —32.710 1.498 —5.580
(Vi z,) —4.957 3.997 —8.954  —20.383
(Vi) —0.319 —0.382 0.063 2.392
(Vi 3@ 2)) —-5.724  —11.388 5.664 2.521
(Vs,) —0.792 1912 | —2.704 —4.998
(Vi 64,) —4.989  —37.592 | 32.603 47.095
(Vig) ~7.538 ~1.754 —5784  —12.251
(Vi) —2.671 ~6.539 3.868 3.969
(Vi2) 11.850 13.610  —1.760 1.521
(Viags, 1) —2.788 0270  —3.058 —14.262
(Virgan) 1.265 1.383  —0.118 1.405
(Virg,a,))) 0.051 0.008 0.043 —0.341
Viige) 4.194 5.682  —1.488 —0.327
Vii.dpc2) 5.169 —6.190  11.359 31.368
Vo) 0.003 0.039  —0.036 —0.022
(Vi 1,,) ~0.017 —0.106 0.089 0.042
(Vs,1,) 0.004 0.079  —0.075 —0.124
(Vi +1.)) —0.084 —~0.001  —0.083 ~0.331
) 2.985 3251  —0.266 —0.630
(U, 3 7)) 2.254 3.999  —1.745 —7.228
(Us, 1) —0.935 ~7.092 6.157 27.768

v Largest contribution
From tensor components

" E_.%4.056 (Total: 34 .4)

sgm’

" | . 49.968 (Total: 66.5)

v Contributions from
other terms negligible
(e.g. clﬁarge symmetry
breaking terms) or

almost cancel out



In agreement with other calculations ...

100

s A L& BA. Li QO:

1

<Vsym> = E%<Vteznsor (I’)>

Brown & Machleidt, PRC 50, 1731 (1993)
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v
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» Sammarruca 201 : DBHF

Large contribution of m to Esgm

<V_ >/A[MeV]

60

) 8
UNM - USNM

Bonn B 20.78 —-5.90 —6.78
Bonn A 15.98 —4.68 —2.80
Bonn C 24.42 —5.48 —10.24




Summarizing

and L from < V >. Kinetic

= Main contribution to E_
very small and

energy contribution < T > to .,
negative.

m

= Partial wave & spin—-isospin channel clecompositon of
Eay &L= major contribution from (S=1, T=0) channel.

= Dominant effect of the tensor force: critical role in the
determination of Eoym(P).



ngmetrg finergg & Rearrangement

“Analgsis of the contribution of the
rearrangement term to Esym and L’

using again:

v BHF with Avi8 + UIX




Hugenholtz~\/an Hove
theorem

Powerful tool to check thermodgnamical consistency N- M. Hugenholz L. Van Hove

= Original HvH theorem

at saturation

)(E/A
(E/4) =&:(p) =P %(po)ﬂF(po)

ap

ok

A

Q

~(p)+p

Q

» Generalized HvH theorem Satpathy & Nayak, PRL 51, 124% (1983)

I(E/A)
Ip

=X,E, +X € = %[(l +p)e, +(1- ﬁ)gp]

Q

%(p)ﬂo
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BPHF & Hugenholtz-\/an Hove theorem
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v Violates HvH theorem
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Rearrangement contribution 01(: the S.P. energy

= BHF total energy

hkz 1211 2
E= E n_ > 29 Enﬂ T]<17 T ]|G|1: IT ]>A

T'it"j

= 5ing|e~Particle energy
BHF potential (UBHFI(k))
|

OE _ 1K 1
£, = S~ 2m + 35 Enr (t'itk|G|T' zrk}
1 (S<T l‘L’”J|G|‘L’ l‘L’"]> Rearrangement
Py ' " ( rearr‘c<l<>>
¥ 20 r;J Meilles (lﬂﬁfili@ # of terms)



Using;
o o 0kp o6p, kp 1 0

on, ok, op, on,  3p, Qok,

we evaluate thé S.P. ener59 iﬂClUChﬂg @ at th@ Fermi SUF{:BCC

rearr

UBHEI (klzt>

)
hk;
e 2’;’ +/g12;”r'i<f'i7fka

G ‘ T'iTk, >A\

N krp 1 2 _— o(t'it" j|G|T'iT" j),
\3[)1 292 T'it"j l ’ akFr }

[

u rearr,t <‘<F‘r>



ldenthcging e with the Fermi energy the HvH theorem is fulfilled

2BF
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Rearrangement & 59mmetr9 E:nergg
Using:

2 I(E/€2)
= Au=u,-u,= Y 4
P = Au=  Beon(P) = 4BE,,,,(0)
E
- 5(/0) =e¢,(p)+e,,, (P)B’
Wk’
Ta‘dﬂg: U =8, = -+ Usnr (kF, )+U,,., (kF, )
T 2m

1 |(#ky, Tk; ) n
- v [( Fn _ "0 TEp +(UBHF(an)_U§HF(kFP ))+(U rrrrr (an)_UrZarr(ka ))

S )| /
Y Y

Free Fermi Gas BHP Rearrangement

E,.(p)




and U'.t [(MeV]

reart.T

Ugir. - U

T

and U_[MeV]
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Rearrangement contribution to the sing|e~
Par’cicle Potential
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Rearrangemcmt

contribution to

E oy L

Symmetry Energy [MeV]

Derivative Parameter L. [MeV]
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Po Po | FFG | Ugyr | Uearr | Total

2BF | E,, 0240 | 16.7 | 19.5 | -0.4 | 358
L 335 | 253 | 43 | 63.1

2+3BF | Ey,, | 0.187 | 14.4 | 20.6 | -0.7 | 34.3
L 292 | 358 | 15 | 66.5

0.1 0.2 0.3 0.4
Density p [fm ]

v Negligible contribution

to both Esgm &L



Summarizing

u Rearran%ement c:ontribution to neutron & Proton s.P.
Potentia S:

v Almost constant with

v’ Similar for neutrons and Protons

= Negli ible contribution of rearrangement term to both
E.ym(0) & L(p)



PROGRAMA OPERACIONAL FACTORES DE COMPETITIVIDADE



