apr_eos.nb

Of [General ::"spell"]; Of [General::"spelll1l"];

Put the original Skyrme interaction in to see that we get what we expect
from the gradient terms:

Pl=t1/4 (1+x1/2)

l+£)

! 2

1,
P
P2=t2/4 (1+x2/2)
x2)

2(1+T

-b\H

Ql=t1/4 (1/2+x1)

%tl(%+x1)

Q@ =t2/4(1/2+x2)

%tz(%uz)
P1f = P1
Lo
P2f = P2
%tz 1+%)
d@2dn =0

0

Hgradient =Sinplify[

-1/4 (2P1+P1f -P2f) (nn[z] +np[z]) (hn""[z] +np” [z2])
+1/2 (QL+Q) (nn[z] nn”[z] +np[z] np” [z])
-1/4(QL-@) (nn'[2] +np’ [2]°)
+d@dn /2 (nn[z]’ nn[z] +np[z] np’[z]) (NN’ [z] +np’[z])]

%(—(tl+2tlx1—t2(1 2x2)) (nn’[z]%2 +np’ [2]?) -
(3tl (2+x1) -t2 (2+x2)) (nn[z ]+np[ 1) (nn” [z] + np [z]) +
2 (t1+t2+2t1x1+2t2x2) (nn{z]nn”[z]+np[z]np”[z]))

Hogradient2=-1/16 (3t1 (1 +x1/2) -t2 (1+x2/2)) (nn[z] +np[z]) (hn""[z] +np” [z]) +
1716 (3t1 (1/2+x1)+t2(1/2+x2)) (nn[z]nn”[z] +np[z] np”[z])

- 3t1 (1+%) -t2 1+%)) (Nn{z] +np[z]) (Nn” [z] +np” [Z2]) +

1 |
%6— (Stl (~—+xl) +12 (%— +x2>) (nn{zlnn”[z] +np(z] np”[z])
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Simplify[
(Hgr adi ent - Hgradi ent2) /. nn’[z] » Sqrt [-nn[z] nn”’[z]] /. np’[2z] » Sqgrt [-np[z] np” [z]]]

0
The original APR Lagrangian:

HAPR = (h? /2 /m+ (p3 + (1 -x) p5) p Exp[-p4 p]) zn + ( h2/2/m+ (pP3 +x p5) pEXp[-p4 p]) Tp +
(1-(1-2x)2%) (-0 (pl+p2p+p6p? + (pl0 +pll) Exp[-p9? p?]1)) +
(1-2x)% (-p% (p12/p +p7 +p8p + p13 Exp[-p9? p?]))

—(1-2x)2 p? (e,pgsz p13+p7+%+p80) -
(1-(1-2x)2) p? (pl+eP” " (p10+pll) +p2p +p6p?) +

2 2

hm +e P4 (p3+p5 (1-x)) p) ™ + (ébm+ep4o (p3 +p5X) p| TP

Thekinetic terms:
Hki nAPR= (h? /2 /m+ (np3 +nnp5) Exp[-p4n]) tn+ (h? /2 /m+ (p3 n +np p5) Exp[-p4 n]) tp

h2

> +e"P4 (np3+npp5)) p

h
2m

+e"P4 (np3+nn p5)) ™ +

Pethick, et. a.’s definition of theP'sand Q's:
P1 = (p3/2-p5) Exp[-n p4]
_np4 p3
et [5-ps)
P2 = (p3/2 +p5) Exp[-n p4]
3
e et (5 ps)
QL=P1/2
1 -n p4 p3
7" (55 - ps)
@ =P2/2
g (s
Demonstrate that this gives us what we expect, namely, the kinetic part of the APR Hamiltonian:
Hki nPRL = (h?2/72/m+ (PL+P2) n- (QL-Q@) nn) tn+ (h? /2 /m+ (P1 +P2) n- (QL - @) np) tp
2
[z (g e (58] - g enw (B wps] ) on (e [ -ps) wenn (B2 ps) ) en s

(o0 (Fomet (52-vs) - fomo (B ] on (o (B 58]« (BL35)))
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Si npl i fy[HKi nAPR - Hki nPRL]
0
Now define the new terms P1f and P2f, and dQ2dn:

P1f = (Integrate[P1, {n, O, np}]1/np) /. np->n

e"P4 (_1+e"P4) (p3-2p5)
2np4

P2f = (Integrate[P2, {n, 0, np}]1/np) /. np-n

e P4 (_1+e"P4) (p3+2p5)
2np4

d@dn =D[@, n]

e (30

Write the gradient part of the Hamiltonian

Hgr adi ent =

-1/4Sinmplify[(2P1+P1f -P2f) 1 (nn[z] +np[z]) (hn” [z] +np” [2])
+1/2Sinmplify[(QL+Q@)] (nn[z] nn”[z] +np[z] hp”[z])
-1/4Sinplify[(QL-Q)] (nn'[2]% +np’ [2]?)

+1Sinplify[d@dn] /2 (nn[z]lnn’[z] +np[z] np’[z]) (nn'[z] +np’[z])

e"P* (np4 (p3-2p5) -2 (-1+e"P*) p5) (Nn[z] +np[z]) (n”[z] +np”[Z])
N 4npa

e"P*p3 (nn[z] nn” [z] +np[z] np” [z])

e "P4p5 (nn’[z]? +np’[2]2)

NI S

f%e’”"“ P4 (pP3+2p5) (nn"[z] +np’[z]) (nn[z] nn"[z] +np[z] np’[z])

Use Paul’ s rewriting to remove the second derivatives:

Hgradnew = Sinplify[
1/4 (3P1L +2nD[P1, n] -P2) (nn’[z] +np’[2])* -1/4 (3QL + Q@) (nn’[z]? +np’ [2]?) -
1/2D[QL, n] (nn[z] nn’[z]? +np[z] np’ [z]? + ("An[z] +np[z]) nn’ [z] np’ [2])]

|

e P4 ((-2np4 (p3-2p5) -6p5+p4 (p3-2p5)nniz])nn’ [z]? +
(4 (p3-np3p4-4p5+2np4p5) +pd (p3-2p5)nn(z] +p4 (p3-2p5) np[z])nn’ [zl np’ [z] +
(-2np4 (p3-2p5) - 6p5+p4 (p3-2p5) np[z]) np’ [z]?)

Put in the usual form, with density dependent Q's

Qinnew=2Sinplify[(Hgradnew/. np’[z] >0 /. n>nn[z] +np[z]) /nn’[z]?]

% e P4 (MIZIMPIZI) (-6 p5 - p4 (p3 -2p5) nn(z] -2 p4 (p3 -2p5) np(z])
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tnp = Seri esCoefficient [Series[Hgradnew, {nn'[z], O, 1}], 1] /np’[z]
%e’”p“ (4 (p3-np3p4-4p5+2np4p5) +p4 (p3-2p5) nniz] +p4 (p3-2p5) np[z])
Qpnew=Sinplify[(tnmp /. n->nn[z] +np[z])]

% e P4 (MNZIPIZI) (4 (p3 -4 p5) -3 p4 (p3-2p5) nn[z] -3 p4 (p3-2p5) np(z])

Qopnew=2Si nplify[(Hgradnew/. nn’[z] >0 /. n>nn[z] +np[z]) /np’[2]?]

% e P4 (MIZIMPIZI) (-6 p5 -2 p4 (p3 -2p5) nn(z] - p4 (p3 - 2p5) np(z])

nnew /. nn[z] -0 /. np[z] -0/. p5--59.0
88.5
Qpnew/. nn[z] -0 /. np[z] -0 /. p5-5-59.0/. p3-89.9
162. 95
Take derivatives so that we can easily write the Diff Eq's:
{Sinplify[D[@nnew, nn[z]]], Sinplify[D[nnew, np[z]]]1}
{% e P4 (N(z]+np(z]) p4 (_p3 +8p5+p4 (p3-2p5) Nnn(z] +2p4 (p3-2p5) np(z]),

%e’p“ (nn(2]0P121) p4 (p4 (p3-2p5) nn[z] +2 (-p3+5p5+p4 (p3-2p5) np(z]))}

{Sinplify[D[Qpnew, nn[z]]1, Sinplify[D[Qpnew, np[z]]]}
{%efp“ (Mn(z}+0p(21) p4 (-7 p3 +22p5+3p4 (p3-2p5) nn(z] +3p4 (p3-2p5) np(z]),

% e P4 (Nnz)smp(z]) pa (-7 p3+22p5+3p4 (p3-2p5) nn(z] +3p4 (p3-2p5) np(z])}

{Si npl i fy[D[Qopnew, nn[z]]], Sinplify[D[Qopnew, np[z]1]1}

{% e PHMNI21+MPI2]) p4 (-2 (p3 - 5p5) +2p4 (p3-2p5) nn(z] +pd (p3-2p5) np(z]),

211- e P4 (NnzJsMp(z]) p4 (-p3+8p5+2p4 (p3-2p5) nNn(z] +p4 (p3-2p5) np(z])}

Check:

Sinplify[
Qnnewnn’ [z]2 /2 +Qipnewnp’ [z] nn’ [z] + Qopnewnp’ [z]2 /2 -Hgradnew /. n-»>nn[z] +np[z]]

0
Get boundary conditions:
nn =nn0 - & EXp[-aXx]

nno - e *% 5
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np =np0 -e EXp[-ax]

npo -e™*%e

nnp = D[nNn, Xx]; npp = D[np, X]; nnpp = D[nnp, X1; nppp = D[npp, X1;
Old boundary condition equation:

eql =
Sinplify[Exp[ax] (Q@nnnpp + Qnp nppp) = Exp[a x] (dmundnn (nn - nn0) + dmundnp (np - np0))]

drrundnn & + drundnp e = a® (QIn & + Qp €)

Sol ve[eql, €]

—dmundnn s + qin o2 &
He% dmundnp - Qnp o2 H

New boundary condition equation:
€q2 = (Qnn nnpp + Qnp nppp) ==
(drmundnn (nn - nn0) + dnundnp (np - np0) + dgnndnn nnp? / 2 + dgnpdnn nnp npp + dgppdnn npp? / 2)
—eX Qina® s-e X Qnpo? € = —-dmundnn e ¥ % & +
~:2L- dgnndnn e X% o2 52 — drmundnp e X% e + dgqnpdnn e 2** a2 5 ¢ + ~:2L- dgppdnn e 22X o2 €2

Note that since the exponents are even smaller, that we can use the old
boundary conditionsto first order.

Now go back to the Skyrme form:
Clear ["nn"]; Cear["np"]; Cear["n"];
PL=tl[n]/4, P2=t2[n]/4; QL =t1[n]/8 @=t2[n]/8;

Hgradnew=Sinplify[
1/4 (3PL +2nD[P1, n] -P2) (nn"[z] +np’[2])2-1/4 (3QL + @) (nn’[z]? +np’ [2]?) -
1/2D[QL, n] (nn[z] nn’[z]? +np[z] np’ [z]? + (nn[z] +np[z]) nn’ [z] np’ [z2])]

%2— (3t1[n] (nn’[z]% +4nn’ [z]np’[z] +np'[z]?) -t2[n] (Bnn’[z]2 +4nn'[z] np’ [z] +3np’'[Zz]?) +
2. (nn"[z] +np’[z]) ((2n-nn[z])nn'[z] + (2n-np[z]) np’'[z])t1l" [n])

nnew= 2 Si npl i fy[(Hgradnew /. np’[z] » 0) /nn’[z]?]

1

16 (3t1[n]-3t2[(n]+2(2n-nn(z])t1[n])

tnp = Seri esCoef ficient [Series[Hgradnew, {nn’[z], 0, 1}], 1] /np’[z]

1 3 , 1 ,
(-B—tl njnp [z] 7-8—t2[n} np’[(z] +

np

Z] (n]
1nn’ztl'n lnnzn’ztl'n 1nzn’ztl’n
Z NP [Z]tl(n] - genn(z]np’[z] t1[n] - e np(z]np’ (z] t17[n]

pnew=Sinplify[(tnm)]

% (6t1[n] -2t2[n] - (-4n+nn(z] +np(z])t1l[n])
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Qopnew= 2 Si nplify[ (Hgradnew/. nn’[z] » 0) /np’ [z2]1?%]
% (3tl[n] -3t2[n]+2(2n-np[z])tl' [n])
Now find t1 and t2 as a function of the effective masses

txl=1/4 (t1+t2); tx2=1/4(t2/2-11/2);

egl=nmen=m/ (1 +2 (ntx1l+nntx2) mMm)

m

nmsn ==
1+2m (Fnn (- + 2 Lnt1+t2))

eg2=nmsp=nMp/ (L +2 (ntx1l+nptx2) np)

_ nmp
Tep = 1+2mp (Fnp (-5 +22) + T n(tl1+t2))

Sinplify[Solve[{eql, eq2}, {t1, t2}]]

{{tl»(2rmrrpm;nn72rmn'pm;pn72rmm;nmspn+2rrprrsnmspn+rmrrpmsnnnf
M BN NMBP NN -M NP MBP NP + NP MBN MBP NP) / (M NP BN MBP N NN - M NP BN MBP N nNp),
tzﬁi—(—4rrp+4msp) (2mmsnn-mmsnnn) + (-4mMmM +4nsn) (2nNpspn-npnspnp) }}
4AmMmnpnsnnmspnnn-4nmmnpnmsnnspnnp




