skyrme_eos.nb

In[1]:= Of [General::"spell"]; Of [General::"spelll1l"];

» The Hamiltonian

In[2]:= h2ms =1/2/M+n/4 (t1 (L +x1/2) +t2 (1 +X2/2)) +nn/4 (12 (1/2+x2) -t1 (1/2+x1))

B 1 1 x1 X2 1 1 1
Qut[2] = m+Zn(t1(1+T)+t2(1+T))+Znn (—t1(7+x1)+t2(7+x2>)
In[3]:= h2mps =1/2/M+n/4 (t1 (L+x1/2) +t2 (L+X2/2)) +np/4 (t2 (1/2+x2) -t1 (1/2+x1))
11 x1 X2 1 1 1
Qut[3] = WJan(t1(1+7)+t2(1+7))+znp (7t1(?+x1)+t2(7+x2))
In[4]:= kfn= (3x2nn)~"°
Qut[4]= 3%/3 nnt/3 ;273
In[5]:= kfp= (32np)*">
Qut[5]= 33 npl/3 ;2/3
In[6]:= tn=kfn®/5/x°
Qut [6] = %32/3 nns/3 ;473
In[7]:= tp=kfp®/5/x°
Qut[7] = %32/3 np5/3 7473
In[8]:= Houlk =Sinplify[tnh2ms + zph2mps +t0/2 ((1 +x0/2) n? - (1/2 +x0) (nn? +np?)) +
at3/6 ((1+x3/2)n*nnnp+2%2 (1-x3) (Nn**? + np**2)) +
bt3/12 ((1+x3/2)n? - (1/2+x3) (nn2 +np?)) n® /. n->nn+np]
1 2 2, (1 1 2
Qut[8] = W(GOtO(—(nn +Nnp°) (7+x0 +7(nn+np) (2+x0))—
9323 np5/8 ;43 (4 -M(Np (11 -t1x1+3t2 (L+x2)) +nn (t1 (2+x1) +t2 (2+%x2))))
o _
9323 nn53 743 (~4+M(nn (t1 (-1+x1) -3t2(1+x2)) -np (t1 (2+x1) +t2 (2+Xx2))))
M

5b (nn+np)®t3 (nn? (-1 +x3) +np? (-1 +x3) -2nnnp (2+x3)) +
5at3 (-2% (nn?** + np?**) (-1 +x3) +2nnnp (nn+np)° (2 +x3)))
= The energyof symmetric nuclear matter:

In[9]:= Hnuc =Sinplify[Houlk /. nn->n/2 /. np->n/2]

ns/® (10M(6n'/3t0+ (a+b) N t3) +321/332/3 743 (8 Mn (3t1+5t2+4t2x2)))
160 M

Qut [ 9]
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In[10]: =

Qut[10] =

Qut[11] =

In[12]:=

Qut[12] =

In[13]: =

Qut[13] =

kr23=37/10/M(3/2 % n)?"®
B=M/2 (1/4 (3t1+5t2) +t2x2)

3 (%)2/3 n2/3 74/3
10 M
1 1
~2-M(71- (3t1+5t2) +t2x2

Hhuc2 =n (kr23 (1 +B8n) +3t0n/8 + (a+b)t3n'**/16)

3 )2/3 n2/3 743 (1+ 2 Mn (4 (3t1+5t2) +t2x2))

7 (
10M

|

n

[3nt0

5 +%(a+b)n1*“t3+

Si npli fy[Hnhuc2 - Hnuc]
0

m The effectivemassesn symmetric nuclear matter:

The inverse of the reduced effective mass:

In[14]: =

Qut[14] =

In[15]:

Qut [ 15]

In[16]:

Qut [ 16]

MoMs = Sinplify[2M((h2ms /. nn->n/2 /. np->n/2)]

1 (8+Mn (3tl1l+t2 (5+4x2)))

oo

MoMs2 =1 +8n

1+%Mn % (311+5t2) +12x2

Si npl i fy [MOMs - MbMs2]

0

m The incompressiblity of nuclear matter:

In[17]:=

Qut [ 17]

In[18]: =

Qut [ 18]

In[19]: =

Qut[19] =

K=Sinplify[9n?2D[D[(Houlk /. nn>n/2/. np>n/2)/n, n], n]]

3n%/3 (21/332/3 143 (_8.5Mn (3t1+t2 (5+4x2))) +15 (@a+b) Mns*t3a (L+a))
80 M

K2 =-2kr23+10kr238n+9/16a (a+1) (a+b) t3nl

3 <%>2/3 n2/3 ;4/3 +§ (
5M 2

3 5,3 4,3 (1
7) A 'y

Sinplify[ K2 -K]
0

= The symmetry energy:

Neutron matter:

(3t1+5t2) +t2x2 +% (a+b)nt"t3a (1+a)
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In[20]:= Solve[{(nn-np) ==n &, n==nn+np}, {nn, np}]
_ 1 1
Qut [20] = {{nne—7(—n—né), npe—7(—n+né)}}
In[21] : = Esym=
Simplify[(D[D[(Houlk /. nn>1/2 (n+né) /. np>1/2(n-né)), 6], 61/2/n) /. 6§-0]
Qut[21] = ﬁ(B 21/3.32/3 n2/3 ;43 _ 12 Mnt0 (1 +2x0) +22Y3 323 Mn5/3 74/3 (_3t1x1+t2 (4+5x%2)) -
Mnl*t3 (2b (1+2x3) +a (2-3a-c® +x3 (4+3a+a?))))
In[22]:= Esym2=5/9kr23+10/3Mkr23n (1/6t2 (1+5/4x2) -1/8t1x1)-1/24bt3 (1/2+x3) nt** -
1
1/4t0(1/2+X0)n——§-é—anl“"t3(2—a(3+a)+x3 (4+a (3+a)))
_ n2/3 ;43 1 1 3128 55 45 tixl 1 5x2
(222 pmgray - g "0 (7 x0) ¢ [F) e [ g2 (1 255
%bnl*“tfﬂ(%+x3) 916an1+at3( o (B3+a) +x3 (d+a (3+a)))
In[23]:= Sinplify[Esym-Esyn?]
Qut[23]= 0
In[24]:= EPaul =5/9kr23 (1+6Mn (1/6t2 (1L+5/4x2) -t1x1/8))-t0/4 (1/2+x0)n+
at3/24n'* (-1-x3/2+1/4 (1-%x3) (a+2) (a+1)) -bt3/24 (1/2 +x3) n'*
1 n2/3 743 (14+6Mn (-1 112 (1+ 2X2)))
out[ 24] = 4nto( +X0] 4 e 4 -
1 1+a 1 1+a x3 1
5 DN t3(?+x3)+ﬁan t3(-1- 22+ 2 (1-x3) (1+a) (2+0)
In[25]:= Sinplify[Esym-EPaul ]
Qut[25]= 0
m Re—expresHamiltonian asin code:
In[26]:= vars = {hanl ->t0/2 (1 +x0/2),
han2 -> -t0/2 (1/2 +x0),
han8 ->at3/6 (1+x3/2),
hamt ->at32%2 /6 (1 -x3),
hanb ->bt3/12 (1 +x3/2),
hand -> -bt3/12 (1/2+x3)}
_ 1 x0 1 1 1 X3
Qut [ 26] = {hamle7t0(l+7), hanQe—th(j xo), hanﬁegat3(1+7),
1,34 x3 1 1
hamt - 5 237 at3 (1-x3), hanﬁ»TZ—th(l+-2—), harrﬁefwl-z—bt3(7+x3)}

In[27] := Hcode = Tn h2ms + tp h2nps + hanl n? + han? (nn? + np?) +
hanB n® nn np + hamd (Nn**2 + np®*?) + hamb n?** + hanb (nNn? + np?) n?

Qut[27]= hamril n? + hanb n2** + hanB n® nn np + han2 (nn? + np?) + hané n® (nn? + np?) + ham (Nn%*% + np2+®)

n
%32/3nn5/3n4/3 (§L+%-n (tl (1+Z(?l—)+t2 (1+Z(§-)) +211-nn (—tl (%—+ )+t2 (-+X2))
%32/3np5/3n4/3(21M+%n(t1 l+%)+t2 +%))+%np(—tl(%+xl +t2(—+X2))

-
|
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In[28]:=

Qut [ 28] =

In[29]: =

Qut[29] =

In[30]:=

Qut[30] =

In[31]:=

Sinmplify[(Hcode /. vars /. n-nn+np) - Houl k]
0

D[ (Hcode /. n - nn+np), nn]

2han2 nn + 2 hanl (nn +np) + 2 ham6 nn (nn + np)“
+t2 (1+E)) +

N
han8 np (nn + np)“ + 30 32/3 np5/3 7473 (tl (1+ i) >

2
%32/3 nn5/3 74/3 (%— (tl (1+5}-) +12 (1+Z(2-)) +~1- (—tl (~1-+X1) +t2 (~1-+X2))) +32/3 pn2/3
X

2 2 4 2
/3 21M+% (NN +np) (tl (1+%) +12 (1+72)) +%nn (—tl (% +X1) +t2 (7+X2)))
hamB nnnp (nn +np) ** o + hand (nn + np) 2% (nn? + np?) o +

hamd nn!*® (2 + «) + hanb (nn +np) ¥ (2 + a)
D[ (Hcode /. n - nn +np), np]

2han2 np + 2 hanml (nn +np) + hanB nn (nn + np)“ +

2 hamB np (nn +np)“ + %32/3 nn5/3 74/3 (tl (1 ﬁ) +12 (1+ A))
%SZ/Snp5/37r4/3(%—(tl(1+52}-)+t2( 3(?2_)) 1

/3 21M+%(nn+np) (t1(1+%)+t2(1 -+
hanmB nnnp (nn +np) ** o + hand (nn + np) 2% (nn? + np?) o +

hamd np!*® (2 + ) + hanb (nn +np) ¥ (2 + a)

+X1) +t2 (-+X2))) +32/3 np?/3

1z
np( 1L xa) ez (Loxe)))




