gen_potential_eos.nb

In[1]:=

Of [General ::"spell"]; Of[General::"spelll"7];

= The potential energy density from BombaciOl.

In[2]:=

ut[2] =

€A =2/3A/n0 ((1+x0/2)n?-(1/2+x0) (nn?2 +np?)) /. n>nn+np

2A ((nn+np)? (1+22) - (nn? + np?) (3 +x0))
3n0

In[3]:= Teq= ((1+x3/2)n?-(1/2+x3) (nn?> +np?))n°L /. nsnn+np

Qut[3]=

In[4]:=

Qut[4] =

In[5]:=

Qut [ 5]

1+ﬁ) - (nn? + np?) (i+x3>)

-1+0 2
(nn + np) ((nn+np) 5 5

eB = 4B/3/n0°T/ (1+4/3Bp/n0°1T/n/n) /. nsnn+np /. T>T[nn, np]

4Bn0°T[nn, np]
3 (1 N 48920(1’0T[r;n,n9] )

nn+np

eC=4 (0 +2zi)n/5/n0 2/ 2m34nintegrate[k?® fn[k] grkl, {k, 0, o}] +
2/ @2n)4rnintegrate[k® fprk] grkl, {k, 0, ©}]) +
2 (0 -8zi)/5/n0(nn (27 2m)34nintegrate[k?fnrk] grk], {k, 0, »}]) +
np (2/ (2n)%4nintegrate[k® fprk] grkl, {k, 0, ©}])) /. n>nn+np

! . “k2 fn[k] g[k] dk “k2 fprk] grk] ak
4 (nn+np) (G +22|)(J° SLILL +J0 Pt or) )

72 2
+
5n0
. . nn (“k2 fn{k] g[k] dk np [Pk2 fpk] g[k] dk
2(0782|)( lo SR LN P )
5n0

Computetheintegralsfor variousformsof g[k]:

BGBD andBPAL:

In[6]:=

out [ 6]
Skyrme:
In[7]:=
Qut[7]=
SL:

In[8]:=

ut[8] =

sinplify[integrate[2/ (2m)34xk? ((L+k?/2%)™"), {k, 0, kf}], {kf >0, a>0}]

A% (kf -AArcTan[ XLy
7-[—2

Integrate[2/ (27)% 4 wk? (k?), {k, 0, kf}]

kfS
52

Expand[Sinplify[Integrate[2/ (2x)% 4xk? (1-k?/A%), {k, O, kf}], {kf >0, A>0}]]

kf 3 kf S
372 52 A2
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= Thepotential energy density from Das03:
| haverewrittenp asn, pn asnn, etc.

In[9]:= €2AB=Aunnnp/n0+Al /2/n0 (nn? +np?) +B/ (o+1) n©H /n0° (1 -x6%) /.
6§-1-2np/ (Nn+np) /. n> (NN +np)

-0 1+ _ _2n 2
Qut[9] = Aunnnp Al (nn? + np?) . Bn0™ (nn+np)**? (1- (1 amb) x)
n0 2n0 l+o
In[10]:= intg= (2/8/n%)° 4/3n2 A

((af —a/2ArcTan[2qf /A]) 4 (pft2 +pftp?) - (3 (pft? +pftp?) +42/2) qf? +
qf“ + (3a2 /4 (pft? +pftp?) +a*/8-3/8 (pft? -pftp?)®) Log[l +4qf?/a?])

A2

L [AZ (qf“—qu 3 (pft? +pftp?) +—) +4 (pft3 +pftp®) (qf —iAArcTan[ZEf ” +

12 74

Qut[10] = 5 5

3 2 3 A 4 qf ?
(7~8— (pft? - pftp?) T (pft2+pftp2)/\2+-8~) Log[l+-/~\§~—}))

In[11]:= €2C=Sinplify[d /n0 (intg /. pft - kfn /. pftp->kfn)] +

|
Sinplify[Cd /nO (intg /. pft skfp/. pftp-a>kfp)] +
Sinmplify[Cu/nO (intg /. pft skfn/. pftp->kfp)] +
Sinplify[Cu/nO (intg /. pft -kfp /. pftp->kfn)]
Qut[11] = W(o 22 (4qf (16 kfn® - 12 kfn? qf +2qf 3 - gf A2) -

32kfn® AArcTan| 2 of

4qf2 1
| + (12kfn? 2% + 4%) Log[1+ =5 ”) * 960

(CI N2 (4qf (16 kf p® - 12 kf p? qf +2qf 3 - gf A?) 732kfp3AArcTan[22f |+

L1
6 n0

4 qf 2
(12 kfp? A2 + A*) Log [1 + = }))

+

(CUAZ (qf“—%qu (6Kfn? + 6Kfp? +22) +2 (Kin® +kip®) (2qf ~narcTan] 290 ]

1
8

~ 2 2,2 2 2, A2 A4 4 gf ?
(-3 (kfn? -kfp?)” +6 (kfn? +kfp?) A% +2%) Log[1 + = ]

m Thesingleparticle energy isdefined (loosely) by d e /d n_i.
Do the neutron first:

In[12]:= enl =Sinmplify[D[eA nn]]

2A (NN -nnx0 +np (2 +x0))

Qut[12] = 5

In[13]:= en2 =Sinplify[D[eB, nn]]

4B (nn+np) (8Bpn0OT[nn, np]2+3n0° (nn+np)3 T [nn, np])

Qut[13] = . > 2
(3n0° (nn+np)- +4Bpn0T[nn, npJ)

In[14]:= dTdnn = Sinplify[D[Teq, nn]]

Qut[14] = (nn+np) 29 (-nn? (-1 +x3) (1+0) +np? (3-%x3 (-3+0) +0) +2nnnp (L+x3 (-1+0) +20))

N =
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In[15]:= en3 =Sinmplify[D[eC, nn]]

(6C -8zi) jomszn[k}g[k} dk + 4 (Ci +22i)JO°°k2fp[k]g[k} dk

Qut[15] = 510 12

Now thedistributionfunctionpart:

In[16]:= en4 =4 (C +2zi)n/5/n0g[k] +2 (G -8zi)/5/n0nng[k] /. n>nn+np

2nn (G -8zi)glk] 4 (nn+np) (G +2zi)g[k]

Qut[16] = 5n0 - 5n0

If ClandC2arebothnon-zerothen:

In[17]:= endboth=(end4 /. G ->Cl /. zi »z1) + (end /. G - C2 /. zi »22 /. g[k] » 92[k])

2nn (Cl-82z1) gik] . 4 (nn+np) (C1l+2z1) g[k]

Qut[17] = .

5n0 5n0
2nn (C2-822) g2k] 4 (nn+np) (C2+222)92[k]
5n0 " 5n0

As afunctionof T andits derivatives

In[18]:= entot =enl +en2 +en3 +en4d
_ 2A(nh-nnx0+np (2+x0)) 2nn (G -8zi) glk] 4 (nn+np) (G +2zi)g[k]
Qief18]= 310 N 510 v 50 v
(6C -8zi) j:sznm g[k] dk +4 (G +2zi) j:szpm grk] dk
5n0 2 i

4B (nn+np) (8Bpn0OTI[nn, np]2 +3n0° (nn+np)3 T [nn, np])
(3Nn0° (nn+np)2 +4Bpn0T[nn, np])°

In[19]:= entotboth =enl +en2 +en3 +endboth

2A (NN -nnx0 +np (2 +x0)) . 2nn (Cl-8z1) gik]

Qut[19] = .

3n0 5n0
4 (nn+np) (C1l+22z1) g[k] 2nn (C2-822) g2[k] 4 (nn+np) (C2+222)92[k]
5n0 i 5n0 i 5n0 "
(6CG -8zi) j:kan[k} glk] dk +4 (G +2zi) j:szp[kJ g(k] dk
5n0 2 -

4B (nn+np) (8Bpn0OT[nn, np]2 +3n0° (nn+np)3 T [nn, np])
(3Nn0° (nn+np)2 +4Bpn0T[nn, np])”
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In[20]:= entot2=entot /. T[nn, np] »Teq /. T% 9 [nn, np] » dTdnn

2A (NN -nnx0 +np (2 +x0))
3n0

Qut[20] = +(4B(nn+np)

1+ %) - (nn? + np?) (£+x3)

2 3
> +=n0° (nn +np)t*°

(8 Bp n0O (nn + np) 2+2° ((nn+np)2 5

(-nn? (-1+x3) (1+0) +np? (3-x3 (-3+0) +0) +2nnnp (1L +x3 (-1+0) +2o>>])/

2
(SnOC’ (nn +np)2 +4Bpn0 (nn +np) 1*° ((nnJrnp)2 (1+%)7(nn2+np2) (%+x3))) +
2nn (G -8zi) grk] . 4 (nn+np) (G +22zi)g[k] .
5n0 5n0
(6 G —82i)j:k2fn[k}g[k]dlk+4(0 +22i)f:k2fp[k}g[k]dlk
5n0 2

In[21]:= entot2both =entotboth /. T[nn, np] »Teq /. T¢® [nn, np] » dTdnn

2A (N -nnx0+np (2 +x0))
3n0

Qut[21] = +(4B(nn+np)

2
(8 Bp n0O (nn + np) 2+2° ((nn+np)2 (1+ %) - (nn? + np?) (%+x3)) + %noO (nn +np) 1+

(-nn? (-1+x3) (1+0) +np?2 (3-x3 (-3+0) +0)+2nnnp (L +x3 (-1+o0) +20))J)/

2
(3n0° (nn +np)2 +4Bpn0 (nn +np) 1+ ((nn+np)2 (1+%) - (nn? + np?) (%+x3))) +
2nn (CL-82z1) g[k] . 4 (nn+np) (CL+22z1) g[k] .

5n0 5n0
2nn (C2-8122) g2k) .
5n0
4 (nn+np) (C2+222)92[k] .
5n0
(6C -8zi) jg’szn[k} glk] dk +4 (G +2zi) joszp[k} g(k] dk
5n0 n2

In[22]:= Sinplify[entot?2]

2A (NN -nnx0 +np (2 +x0))

Qut[22] = 3n0 + (4B (nn +np)
2Bpn0 (nn+np) 229 (2 (-1 +x3) +np? (-1 +x3) —2nnnp (2+x3))° + % n0° (nn +np)*°
(-nn? (-1 +x3) (L+0) +np? (3-x3 (-3+0) +0) +2nnnp (1+x3 (-1+0) +20))))/
(3N0° (NN +np)2 —2Bpn0 (nn+np) 2 (nn? (-1 +x3) +np? (-1 +x3) —2nnnp (2+x3)))° +
2nn (G -8zi) g[k] 4 (nn+np) (G +2zi) g[k]
5n0 i 5n0 B
(6C -8zi) j:sznm g[k] dk +4 (G +2zi) j:szpm gk] dk
5n0 n2
Now theprotonpart:

In[23]:= epl =Sinplify[D[eA np]l]

2A(Mp-npx0+nn (2 +x0))

Qut[23] = 310
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In[24]:= ep2=Sinplify[D[eB, np]]

4B (nn+np) (8Bpn0OT[nn, np]? +3n0° (nn+np)3 TO L [nn, np])

Qut[24] = > 2
(3n0° (nn+np)° +4Bpn0T[nn, npl)

In[25]:= dTdnp = Sinplify[D[Teq, np]l]

1

it[25]= o (nn +np) 2*7 (—np? (-1 +x3) (1+0) +nn?2 (3-x3 (-3+0) +0) +2nnnp (L+x3 (-1+0) +20))

In[26]:= ep3 =Sinmplify[D[eC, np]l]

4 (G +2zi) jo""kan[k}g[k} dk +2 (3G -4zi) jomszp[k]g[k} dk
5n0 n2

Qut [ 26] =

Now thedistributionfunctionpart:
In[27]:= epd =4 (G +2zi)n/5/n0g[k] +2 (G -8zi)/5/n0npg[k] /. nsnn+np

2np (G -8zi) glk] 4 (nn+np) (G +2zi)g[k]

Que[27] = 510 * 510

In[28]:= epdboth=(ep4d /. G ->Cl/. zi »z1) + (epd /. G -C2 /. zi »22 /. g[k] » 92[k])

2np (Cl-82z1) gik] 4 (nn+np) (C1l+2z1) g[k]

Qut[28] = 5no + 5no +
2np (C2-822) g2k] 4 (nn+np) (C2+222)92[k]
5n0 i 5n0

As afunctionof T andits derivatives
In[29]:= eptot =epl +ep2 +ep3 +epsd

2A (np-npx0+nn (2+x0)) . 2np (G -8zi) glk] . 4 (nn+np) (G +2zi)gl[k]
3n0 5n0 5n0

4 (G +2zi) j:szn[k] g[k] dk +2 (3G -4zi) j:kap[k} gk dk
5n0 n2
4B (nn+np) (8Bpn0OTI[nn, np]2 +3n0° (nn+np)3TODL [nn, np])
(3n0° (nn+np)2 +4Bpn0T[nn, np])°

Qut[29] =

+

+

In[30]:= eptotboth =epl+ep2+ep3+epdboth

2A (np-npx0+nn (2+x0)) . 2np (ClL-82z1) gik]

Qut[30] = 3n0 5n0 +
4 (nn+np) (Cl+2z1) g[k] 2np (C2-822) g2[k] 4 (nn+np) (C2+222)92[k]
5n0 i 5no i 5n0 B
4 (G +27zi) jg’szn[kJ glk]dk+2 (3G -4zi) jg"szpm g(k] dk
5n0 2 -

4B (nn+np) (8Bpn0T[nn, np]2 +3n0° (nn+np)3TODL [nn, np])
(3Nn0° (nn+np)2 +4Bpn0T[nn, np])”
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In[31]:= eptot2=eptot /. T[nn, np] »Teq /. T*Y [nn, np] » dTdnp

2AMp-npx0+nn (2+x0))

Qut[31] = 10

+ (4B (nn +np)

1+ %) - (nn? + np?) (£+X3))2 « 2 n0° (nn+np)t

(8 Bp n0O (nn + np) 2+2° ((nn+np)2 5 5

(-np? (-1+x3) (1+0) +nn? (3-x3 (-3+0) +0) +2nnnp (1L +x3 (-1+0) +20))J)/

2
(3n0° (nn +np)2 +4Bpn0 (nn +np) 1*° ((nnJrnp)2 (1+%) - (nn? + np?) (%+x3))) +
2np (G -8zi) g[k] . 4 (nn+np) (G +22zi)g[k] .

5n0 5n0
4 (G +27zi) j:szn[k} glk]dk+2 (3G -4zi) j:kap[lq gk dk
5n0 2

In[32]:= eptot2both =eptotboth /. T(nn, np] »Teq /. TV [nn, np] -» dTdnp

2AMp-npx0+nn (2+x0))

Qut[32] = 310

+ (4B (nn +np)

2
(8 Bp n0O (nn + np) 2+2° ((nn+np)2 (1+ %) - (nn? + np?) (%+x3)) + %noO (nn +np) 1+

(-np? (-1+x3) (1+0) +nn? (3-x3 (-3+0) +0) +2nnnp (1L +x3 (-1+0) +20))J)/

2
(3n0° (nn +np)2 +4Bpn0 (nn +np) 1+ ((nn+np)2 (1+%) - (nn? + np?) (%+x3))) +
2np (CL-82z1) g[k] . 4 (nn+np) (CL+22z1) g[k] .

5n0 5n0
2np (C2-8122) g2k] .
5n0
4 (nn+np) (C2+222)92[k] .
5n0
4 (G +2zi)j:k2fn[k}g[k]d1k+2 (30 _4zi)§k2fp[k}g[k]d1k

5n0 2

= Now expressin termsof g to compare with Eq. 71 of BombaciOl (in the case of BGBD and Bp == 0):
In[33]:= npsols =Solve[{(nn-np) /n=H, n==nn+np}, {nn, np}1[[1]]

Qut [ 33] {nn»—%— (-n-np), np»—%—n (-1+p8)}

In[34]:= entotB=Sinplify[entot2 /. npsols[[1]] /. npsols[[2]] /. n->unO/. B->Bpp/ (1+0)]

Qut [ 34] —%Au (-3+pB+2x0B) + (Bppu (nOU)“

(2Bp (NOU)° (-3 + (1+2x3) B2)%2-3n0°u ((2+4x3) B+ (1+2x3) B2 (-1+0) -3 (1+0))))/
((-3n0°u+Bp (NOU)® (-3+ (1+2x3) 82))° (1+0)) +%

1 . . (6Ci—82i>J0°°k2fn[k]g[k]d1k+4(Q +2zi>j0°°k2fp[k]g[k]d1k
TS-U(O -8zi) (1+pB)glk] + N0 2

u (G +2zi)grk] +

Theterminvolving A:
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In[35]:= Expand[entotB/. B-»0/. Bpp->0/. G -0/. zi »0]

Au B 2
3 —§Aux0/3

Qut[35]= AU -

Theterminvolving Bpp:
In[36]:= tmp=Sinplify[entotB/. A-0/. G -»0/. zi -0/. Bp->0, n0>0]

_Bppu® ((2+4x3) B+ (1+2x3)p% (-1+0) -8 (1+0))

Qut[36] = 3(1+0)

In[37]:= Sinplify[SeriesCoefficient[Series[tnmp, {B, 0, 3}], 011

Qut[37]= Bppu®

In[38]:= Sinplify[SeriesCoefficient[Series[tnp, {B, 0, 3}1, 1118

2Bppu® (1+2x3) B
N 3(1+o0)

Qut[38] =

In[39]:= Sinplify[SeriesCoefficient[Series[tnp, {B, 0, 3}1, 2]] B>

~Bppu° (1+2x3) 8% (-1+0)
3 (1+o0)

Qut[39] =

Thetermsinvolving Ci andzi:

In[40]:= entotB/. A-O0/. Bpp>0/. B-0O

Qut[40] = %u (G +2zi)glk] +%u (G -8zi) (1+B)gik] +
(6G -8zi) j:kan[lq g[k] dk +4 (G +2zi) f:szp[k] gk dk

5n0 2

= Now for the Das03 potential ener gy density:
In[41]:= endl = D[e2AB, nn]

Al nn +Aunp

nn+np

Qut[41] = +Bn0° <nn+np)0(1—(1—

n0 no nn +np
Comparewith Eq. 3.3:

In[42]:= Sinmplify[

l+o0

2 np )2 ] ~ 4Bn0°np (nn +np) 1+9 (1 - 208y

endl - (Aunp/n0+Al nn/n0+B (n/n0)° (1-x6%)-xB/ (o+1)n°t/n0° (46np/n?) /.

6§->1-2np/ (nn+np)) /. n>nn+np, {o>0, n0O>0}]
Qut[42]= O

Forthetermsinvolving integrals we just copytheresult:
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In[43]:= nmintg=2/ @2m)3xA® ((pft2+A%-p2)/2/p/ALog[((P+pft)2+A%)/ ((P-pft)2 +A%)]+
2pft /Aa-2 (ArcTan[(p+pft) /Al -ArcTan[(p-pft) /74]))

2 2,52 (pepft)2 a2
2 pft pft ft (-p?+pft?+n?) Log[ BBy |
A3 | 2BL 2 (~ArcTan[ 22 ] + ArcTan[ 28Il 1) 4 DR

Qut[43] =

4 2

Inf[44]:= end2 =Sinplify[2d /nOnmintg /. pft «kfn/. pftp->kfn]+
Sinmplify[2CQu/nOnmntg /. pft skfn /. pftp-kfp]

1
Qt[44]= 5r
_ kfn27 2 1 A2) Lo (kfn+p)2+n2
a a2 | 2Kin 72(ArcTan[kfn p]+ArcTan[kfn+p])+ ( P~ + A7) Q[W‘;_)W}} +
A A A 2pA
1
2 n0 2
_ kfn2 —p2 + A2) Log | Kinsp)2-s?
cund | 2Kfn 72(ArcTan[kfn p]+ArcTan[kfn+p])+ ( P+ A7) g[m})
A A A 2pA

In[45]:= epdl = D[e2AB, np]

Aunn Al np

2
+Bn0° (nn+np)0(17(17 2Np ) x)f

Qut[45] = no "~ no nn + np
2Bn0™" (nn + np)lﬂj ( (nr12+r:1':))2 B nn%np ) (1- n%?r?p ) X
l+0

In[46]:= epd2 =Sinmplify[2d /nOnintg /. pft -skfp /. pftp->kfp]+
Sinmplify[2Cu/nOmintg /. pft skfp /. pftp-kfn]

1
Qut [ 46] = Sho 2
2 2 2 (kf p+p)2+n2
s [ 2kfp kfp-p kfp+p (kfp? - p? + 4?) Log [ BBl |
a = —Z(ArcTan[ - | +ArcTan| - ])+ T +
1
2 n0 2
B kf 2 _n2 A2 Lo (kfp+p)2+a2
Cu A3 —Zkfp—Z(ArcTan[ikfp p]+ArcTem[kfp+p])+< TP A7) g[mﬁ‘%m})]
A A A 2p A

= Now the effective masses ar e given by:

In[47]:= nmistar /m== (m/k den/dk)™?

mstar  dkk
m ~ denm

Qut [ 47] =

In[48]:= nsonl = Sinplify[mD[entot2, k] /k /. npsols[[1]] /. npsols[[2]]]

mn (-8zi B+C (5+p3)) 9 [K]
5k n0

Qut [ 48] =

Comparewith Eq. 80 for the neutroneffectivemassn the caseof the BGBD eos:
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In[49]:= nsoml /. g’ [K] -)D[(l+k2/A12)_1, k] 7. k>kfn/. npsols[[1]] /. npsols[[2]] /. n»>un0

_2mu (-8zi p+CG (5+8))

Qut [ 49] = —
5 (1+ Xh)" a12

Useeq.9 from BombaciO1:

In(50]:= Sinplify[kfn? /. kfn> (32272 (L+B)n)""° /. n>un0/. n0-2kf03/3/x%, {B>1}]

out[50]= (kf03u (1+p))2"°

Examinethe effectivemasse#n generafor all formsfor g[k].
Theseare (m* /m)™* — 1

BGBD:

In{51]:= {Sinplify[mDlentot2, k]/k /. gkl (1+k?/4%)™" /. g'[k] »>D[(L+k? /%)™, k]] /.
k-kfn, Sinplify]
mD[eptot 2, k] /k /. gik] » (L+k2/4a2)™" /. g’ [K] -)D[(l+k2/A2)_l, k]] 7. k>kfp}

Qut[51] = {_4m(3Ci nn+2C np-4nnzi +4npzi)s>  4m(2C nn+30G np+4nnzi —4npzi)A2}
5n0 (kfn? +n2)° ’ 5n0 (kfp? +n2)°
Skyrme:

In[52]:= {Sinplify[mD[entot2, k]/k /. g[k] »k? /. g’ [k] » 2K],
Sinplify[mDleptot2, k] /k /. g[k] »k? /. g'[k] »2Kk]}

Qut[52] = {4m(3C| nn+2C np-4nnzi +4npzi) 4m@2GG nn+3C np+4nnzi -4npzi) )

5n0 ' 5n0
BPAL:
In(53]:= {Sinplify[mDlentot2both, k/k /. g[k]l - (L+k?/A1%)™" /. g'[k] »D[(1+k?/A1%)™", k] /.
92[k] » (1+k?/422)™" /. g2'[k] »D[(L+k?/422)™", k]] /. k> kfn,
Sinplify[mD[eptot2both, k] /k /. g[k] -» (1+k?/a1%)™" /. g’ [k] »D[(L+k?/a1%)™", k] /.

1

92[k] » (1 +k2 /42%)™" /. g2’ [K] > D[(1+k?/42%)7", k]] /. k> kfp}

_ 1 nn (Cl - 8 z1) a1?
Qut [ 53] = {5n0 [4m(— Wt
2 (nn+np) (Cl+22z1) A1*> nn (C2-822) A2%2 2 (nn+np) (C2+222) 122 J
(kfn2 +n12)° (kfn2 + n22)° (kfn? + n22)° ’
1 |, np (CL-8z1)a1> 2 (nn+np) (Cl+2z1) Al?
5no | M| 2 2,2 2 2,2 N
(kf p% + Al9) (kf p? + Al9)
np (C2-82z2) A22 2 (nn+np) (C2+222) A2? J}
(kfp? + n22)° (kf p? + 1227
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In[54]:= slnt = {mD[entot2both, k]/k /. g[k] » (1-k*/a1%) /. g'[K] »D[(1-k?/a1%), K] /.

g2[k] » (1+k?/422)™" /. g2'[k] »D[(L+k?/42%)™", k] /. k »kfn,

mD[ept ot 2bot h, k] 7k /. g[k] » (1 -k?/7a12) /. g’ [K] » D[ (1 -k?/a1%), k] /.
g2[k] » (1+k?/422)™" /. g2'[k] »D[(L+k? /22%)™", k] /. k - kfp}

_ 1 4kfnnn (C1-82z1)
aulsal= {4y B 5n0 112 B
8kfn (nn+np) (CL+22z1) 4kfnnn (C2-82z2) 8kfn (nn+np) (C2+222)
5n0 21 5n0 (1+ X027 12 5n0 (1+ X027 52
1 m_4kfpnp (C1-8z1) 8kfp (nn+np) (C1+22z1)
kfp 5n0 A1 5n0 12

4kfpnp (C2-8z2) 8kfp (nn+np) (C2+222)
5n0 (1+ X182 )% 52 5n0 (1+ K827 192

m Theeffective massesfor the Das03 potential:

Only themomentum-dependepéartof theinteractioncontributes.
Again, we calculate(m* /m)~* — 1.

In[55]:= Sinplify[mD[(end2 /. p->k), k]l/k /. k->kfn]

(A +Cu) ma? (~4kfn?+ (2kfn? +42) Log[1 + 4Kin® 1)

Qit[ss)= - 4 kf n® n0 n2

In[56]:= Sinplify[mD[(epd2 /. p-k), kl/k /. k->kfp]

(O +Cu) maZ (-4 kfp? + (2kfp? +42) Log[1+ +KP2])

Qt[se]= - 4Kfp3 no 2

m The effectivemassfor theform " gbd_form":

In[57]:= gin=a%/7® (kfn-AArcTan[kfn/A])

A% (kfn-AArcTan( KNy
772

Qut[57] =

In[58]:= gip=a%/n° (kfp-aArcTan[kfp/A])

A% (kfp-AArcTan[ ¥Ry

I

Qut [58] = —

In[59]:= in=Si molify[z/(27r)347r|ntegrate[k2 (1+k2/7A2)7" (K, O, kf}], {kf >0, a>0}]
2 _ ki

Qut[59] = A (K -AArcTan[=-1)

72
In[60]:= ex=C (nngn+npgp) /rho0+Cu (nngp +npgn) /rho0

Qu (gpnn-+gnnp) 4 (gnnn-gpnp)
rho0 rho0

Qut [ 60] =
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A hackto calculatethe singleparticlepotential

In[61]:= gbdpotn =D[ex, nn] + (ex /. gp>0/. gn - (l+k2/A2)'1)

C|gn+Cugp C nn Cunp

Qut[61] =
[61]= Thoo * Thoo * rho0 (1 + %) " Thoo (1+ %)

In[62]:= gbdpotp = Dlex, np] + (ex /. gn >0 /. gp - (L+k? /%))

Cugn d gp Cunn d np
Qut[62] =
[62]= Thoo * Thoo * rho0 (1+ %) " Thoo (1+ %)
(me /m)~t - 1.

In[63]:= Sinplify[mD[gbdpotn, k] /k /. k »kfn]

~2m(d nn+CQunp) A2

Qut[63] = 5 5
rho0 (kfn® + A2)

In[64]:= Sinplify[mD[gbdpotp, k] /k /. k »kfp]

~2m(Cunn+d np) A?
rho0 (kfp? +a2)°

ut [ 64] =



