hadronic_eos.nb

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

The schematic Hamiltonian:

(n-no) Svp (n -n0)? Svpp

In[2]:= H=n (-B +K/18 (n-n0)? /n0% + S/ 162 (n-n0)3 /n03 +
G/ 1944 (n-n0)* /n0% + (1 -2x)2 (Sv +Svp (n-n0) /n0 + Svpp (n -n0)2 /n0?))
4 2 3
Qt[2]= n _B+G(n—n021 + K<n7n2) + (n—n0)38+ Sv +
1944 n0 18 n0 162 n0 no

The compressibility:

In[3]:= Sinplify[9n0OD[D[H n], n] /. n->n0/. Xx->1/2]

ut[3]= K
The new definition of the skewness:

In[4]:= Sinplify[27n0% D[D[D[H/n, n], n], n] /. n>n0/. x>1/2]
S

Qut [ 4]
Definelittle h:

In[5]:= h=Sinmplify[((H/. x-0)-(H/. x->1/2))/n/. n>Exp[y]l]

e¥ n0 (Svp -2 Svpp) +e?Y Svpp + n0? (Sv - Svp + Svpp)

Qut[5] = o7

Jm’s Sv:
In[6]:= Sinplify[h/. y->Log[n] /. n-n0]

Qut[6]= Sv
Jim’'s Svp:
In[7]:= Svpl=Sinplify[D[h, y] /. y->Log[n]] /. n->n0

n0 (Svp -2 Svpp) +2n0 Svpp

Qut[7] = 0

Jim’s Svpp:
In[8]:= Sinplify[D[D[h, y], y]1 /. y-Log[n]] /. n-n0

n0 (Svp -2 Svpp) +4 n0 Svpp
n0

Qut[8] =
These don’t make sense to me.

Try anew definition along Jim’sline of thinking. 62 hereisjust
"deltasquared" in a convient form to take derivatives.

no2 ) (1_2)()2)
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In[9]:= Ha=H/n/. x> (1-Sqrt [62]) /2

G(n-n0)* K(n-n0)2 (n-n0)%S

Qit[9]= -B+ v [sv+

(n-n0) Syp  (n-n0)2 Svpp s

2

In[10]:= D[Ha, 621 /. n->n0

Qut[10]= Sv

In[11] := nD[D[Ha, 62], n] /. n>n0

Qut[11]= Svp

In[12]:= n? /2 D[D[D[Ha, &2], n], n] /. n>n0

Qut[12]= Svpp

Now afinal alternative, based on Brack’s formula:

Inf13]:= Ho=H/. x> (1-6) /2

1944n0° ~ 18n02 = 162n0° no ¥ n02

G (n -n0)* . K (n -n0)? . (n-n0)%sS

Qut [ 13] n|-B+ + |Sv +

1944 no* 18 n0? 162 n0® n0
In[14]:= D[D[Hb, &1, 6]/ (2n) /. n»n0
Qut[14]= Sv
In[15]:= nD[D[D[Ho, &], 61/ (2n), n] /. n-»n0
Qut[15]= Svp
In[16]:= n? /2 D[D[D[D[Hb, &], &1/ (2n), n], n] /. n>n0

Qut[16]= Svpp

These two approaches are equivalent at all densities:

In[17]:= {D[Ha, 621, D[D[Hb, &], 6]/ (2n)}

(n-no) Svp | (n -n0)? Svpp sy, (n-n0)Svp (n -n0)2 Svpp}

Qt[17]= {Sv+ 00 o7 : 0 0

In[18]:= {nD[D[Ha, 621, n], n D[D[D[Hb, &1, &1/ (2n), n1}

cuti (o[ 3 - L0 00, 20, 2 0oa 20w

In[19]:= {n?/2D[D[D[Ha, 621, n], n], n? /2 D[D[D[D[Hb, &], 6]/ (2n), n], n1}

nZ Svpp  n? Svpp }

anfio= { no? ' n0?

Now, let’stry calculating S for the schematic EOS with a different symmetry energy:

(n-n0)Svp  (n-n0)2Svpp ) »
+ 102 o
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In[20]:= Hsch=n (-B +K/18 (N -n0)2/n0? +S/162 (n-n0)23/n0% + (1-2x)2 (Sbn/n0 + Sa (n/n0)?/%))
_ K((n-n0)2 (n-n0)3s n 273 n Sh 2

Qut[20]= N |-B+ St o ((W) Sa+ —2=) (1-2x)

Inf21]:= Sinplify[nD[D[D[(Hsch /. x» (1-6&)/2), 6], 61/ (2n), n] /. n-n0]

Qut[21] = 23Sa+8b

Check with a Hamiltonian with different terms in the expansion of §:

In[22]:= Hdiff =n (-B +K/18 (n-n0)? /n0? +
S/162 (n-n0)3 /n0% + (1 -2x)2 (Sv +Svp (n-n0) /nO + Svpp (n -n0)2 /n0?) +
(L-2x) (Tv+Tvp (n-n0) /n0) + (1-2x)3 (Rv + Rvp (n -n0) /n0))

2 3
out[ 22] = n(—B+ K(nfn(z)) . (n—n0)38+(Tv+M) (1-2X) +
18 n0 162 n0 no
{Sv+ (n-no) Svp (nan)ZZS\/pp) 1-2x)2+ Ry . (N -N0) Rvp (1-2x)3]
no no no
In[23]:= Sinplify[{D[(Hdiff /n/. x> (1-Sqrt [862]) /2), 621,
DID[ (Hdi ff /. x> (1-86) /2), 6], 61/ (2n)} /. n»n0]
Tv + 3Rv 62
out[23]= {Sv+ Y292 oy, 3RS
[23]= {sv+ ——= + }

In[24]:= Sinplify[{n?/2D[D[D[(Hdiff /n/. x> (1-Sgrt [62]) /2), 2], n], n],
n2 /2 D[D[D[D[(Hdi ff /. x » (1 -68) /2), 6], 6]/ (2n), n], n1}]

nZ Svpp  n? Svpp }

Qut[24)= | no? '’ no?

Check with a Hamiltonian with mn != mp:

In[25]:= Hiso=M (1-X)n+Mxn+n (-B +K/18 (n-n0)2 /n0? +
S/162 (n-n0)3 /n0% + (1 -2x)2 (Sv+Svp (n-n0) /nO + Svpp (n -n0)? /n0?))

2 3
Qut[25] = n(73+K(”-“2> . (n—nO)ss
18 n0 162 n0
Min (1-x)+Mnx

(n-n0) Svp  (n -n0)? Svpp

+{SV+ 00 02 ) (1—2X)2)+

In[26]:= Sinplify[{D[(H so/n/. x> (1-Sqgrt[62]) /2), &2],
DID[(Hso /. x> (1-6)/2), 6], 61/ (2n)} /. n->n0]

Mh- M +4Sv~/62
e Y

In[27]:= Simplify[{n?2/2D[D[D[(Hso/n/. x> (1-Sqrt[62])/2), &2], n], nI,
n? /2 D[D[D[D[(H so /. x » (1-6) /2), &], &1/ (2n), n], n]}]

Qut [ 26]

nZ Svpp  n? Svpp )

Out[27]={ 7 7

Jim’s new alternative for the Hamiltonian:
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In[28]:= Hynew=n (-B +K/18 (n-n0)? /n0% +S/162 (n-n0)3 /n0% +
G/ 1944 (n-n0)* /n0* + (L -2x)2 (Sv +Svp (n -n0) /n0 +Svpp /2 (n -n0)? /nd?))

4 2 3 2
Qut[28]= n 7B+G(n—n04)l +K(n—n(z)) . (n—nO)BS+ S+ (n—nO)Svp+ (n—nO)ZSvpp]<172X>2]
1944 n0 18 n0 162 n0 no 2n0

In[29]:= n? D[D[D[ (H new/n /. x » (1-Sqrt [62]) /2), &21, n], n] /. n»>n0
Qut[29]= Svpp



