The quadratic form estimated for our test function

w2 P \? w2 p a
In[i]::( +1J §2—4§a+[ ] +(1+]L+a2)—(p—1) —()L+a2)
a+l p-2 a+l 2 a+l
2p
Simplify[% /.a» —
p-2
(p-2)?
Res = Simplify[% /e w25 ———— (A4 az)]
4
(-1+p) pa (a%+2) p? w2 w2
out- 1+a?-4acl+- + + 2 (1+
2 (1+a) (-2+p)? (1+a) l+a
, (-1+p) p* (a%+2) p? w2 , (-2 +p) w2
ouppl= 1+a“-4al+A- + +C° |1+
-2+3p 4-8p+3p? -2+3p
(-1+p) p* (a®+21) (-2+p) p? (a®+2) (-2+p)? (a%+2)
out[3]= 1+a2—4a§+)k— + +§2 1+
-2+3p -8+12p -8+12p

For (=0, we recover the computation of Felli & Schneider

n4:= Res /. £-> 0
Simplify[A /. Solve[% ==0, A]][[1]]

, (-1+p) p? (a®+2) (-2+p) p* (a®+ 1)
outia= 1 +a“+ A - +
-2+3p -8+12p

4

outs= —a? +
-4 +p?
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Computation for the optimal value of {

ine)= Simplify[Solve[D[Res, £] ==0, £1[[1]1]]
Simplify[Res /. %]

1
FullSimplify[Solve[% =0, A], Assumptions »a>0&&a< — &&p > 2]
2

ResA=A/.%

2a

Out[6]= {§ - f}
-2+ +
1+ (-2+p)3 (a%+2)
-8+12p
p2 2 R 3 p3 p2 4
ou7l= 1 + A - +a“ |1+ + -
4 8-12p -4+6p 14 (-2+p)? (a?+2)
-8+12p

ous- {{A5-(-16+a% (-2+p)® (2+4p) +4p (4+p) +8./ (p*-a® (-2+p)2 (2+p) (-2+3D))] /
((-2+p)° (2+p))},
[x>(-a? (-24p)? (24p) -4p (4+p) +8 24/ (p*-a% (-2+p)2 (2+D) (-2+3D))] ]/

((-2+p)° (2+p)) }}

ouer {-(-16+a% (-2+p)® (2+4p) +4p (4+p) +8./ (p*-a® (-2+p)2 (2+p) (-2+3D))] /
((-2+p)° (2+p) ),
(7a2 (-2+p)3 (2+p) -4p (4+p) +8 <2+\/(p4—a2 (-2+p)% (2+p) (—2+3p))))/

((-2+p)° (2+p)) }

Selection of the threshold value for A

ni= £[p_, a_] :=
{-(-16+a* (-2+p)® (2+p) +4p (4+p) +8+/(p*-a% (-2+p)? (2+p) (-2+3p)))/
((-2+p)° (2+p)),
(-a® (-2+p)® (2+p) -4p (4+p) +8 (2++/(p* -2 (-2+p)? (2+p) (-2+3p))))/
((-2+p)° (2+p))}

1
FO[p_] := Plot[f[p, al, {a, 0, —}]
2
FO[4]
LT —— L
0.1 0.2 0.3 0.4 =5

out[3]=
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Plots: dotted values = the previous bounds for symmetry & symmetry
breaking; thick-black = -a%; red = the new upper bound for the symmetry
breaking region

1
s Flp_] t= Show[plot[f[p, al[[211, {a, 0, —}, PlotStyle - Red] ,
2

2
) 1 4 , 4 (1-4a?%) ,
Plot[—a , {a, o, —}, PlotStyleaBlack], Plot[{ -a“, — -a },
2 p%-4 p’-4

1
{a, o0, —}, PlotStyle » {{Black, Dotted}, {Black, Dotted}}] ’
2

PlotRange - {A11, {-0.25,

4= F[4]

Out[14]=

niis= Table[F[p], {p, 3, 10}]

0.8
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{ 041
02rF
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-0.05
-0.10
-0.15
-0.20
-0.25

The width of the interval for which we ignore if there is symmetry or
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symmetry breaking

4 (1-4a?% 1
iz~ G[p_, PS_] = Plot[f[p, al[[2]] - -a?|, {a, 0, —}, PlotStyle - ps]
p’-4 2
in140)= G[4, Automatic]
0.005 -
0.004 |-
0.003 [
Out[140]= i
0.002
0.001 |
L e S O S S S S S H R
F 0.1 02 03 0.4 05
inf41:= Table[G[p, Automatic], {p, 3, 10}]
0.006 ¢
0.005 0.005 ¢
0,004 £ 0.004 |
0.003 |
outl141)= {0.003 g , ,
0.002 0.002 ¢
0.001 £ 0.001 £
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0.004
0.004 0.0030 |
0.003 | 0.0025 |
0003 r 0.0020 E
0.002 f , 00021 , 0.0015
0.0010 |
b 0.001 [
0.001 00005 E
01 02 03 04 05 01 02 03 04 05 01 02 03 04 05
0.0020
0.0025 00020
0.0020 0.0015
0.0015
0.0015 boom o0oto
0.0010 :
0.0005 0.0005 0.0005 |

0.1 0.2 0.3 0.4

Computation in the z variable

N

2
p-2

in2es)= G[z_] s= (l—zz)

N

2
p-2

H[z_] := (1 - zz)

0.5



In[322]:=

out[323]=

In[342]:=

Out[344]=

out[347]=

In[372]:=

out[372]=

out[373]=

Out[374]=

In[385]:=

out[385]=
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) 4 w2 G[z]2 2pw2 4act
Simplify[§ w2 (l—zz)G'[z]2+[1+ J - G[z]2?| - G[z] H[z] +
(p-2)2) 1-22 (p-2)? 1- 22
4 w2 H[z]? 2 p w2
w2 (1-z2)a'[z]2+[1+ e ] =] -(p-1) &H[z]z];
(p-2)?) 1-22 (p-2)2

Resx = FullSimplify[PowerExpand[% /.z251- xz]]
1
(-2+p)?

4

x2e (- (-2+p)® (-1+4al-C%) + (4+p*+2px*-3p°x°+ (4+p°-p (2+p) x*) &%) w2)

Il

2
Integrate[(l—zz) 2%, {z, -1, 1}, Assumptions » p > 2];

P
I2 Integrate[(l - zz) -2p, {z, -1, 1}, Assumptions » p > 2];

I2
FullSimplify[—]
I1

Resx /. X% > %;

%/.x->1;
- 2)2
Res =Simp1ify[9a /. w2 > -2 (l+az)]
4
2p
-2+3p
1
———— (16a(2-3p) c+a® (-2+p) (p* (-3+C%) +4 (1+2%) -4p (1+2%)) +
-8+12p

P’ (2-6C%) A+p> (-3+L%) -8 (1+C%) (L+2) +12p (1+L%) (1+2))

Res{ = Simplify[Solve[D[Res, £] =0, £1[[1]1]]
Simplify[Res /. %]

1
ResA = simplify[FullSimplify[Solve[% =0, A], Assumptions »a>0&&a< — &&p > 2”
2

{t>(8a(-2+3p)) /(a® (-2+p)®-6p° A+p*A-8 (1+21) +12p (1+ 1))}
-((a* (-2+p)* (2+p) -6p* X+
PPA2+16p2 A (1+2) +8p A (1+A) +32 (1+2)2-48p (1+0)%+
2a’ (32 (-1+2) -48p (-1+2) -6p* A+p° A+8p° (1+22) +p° (4+821))) /
(4 (a® (-2+p)°-6p° A+p>A-8 (L+2) +12p (1+2))))
{{)&»—(—16+a2 (-2+p)° (2+p) +4p (4+p) +8+ (p* -2 (-2+p)? (2+p) (—2+3p)>)/
((-2+p)% (2+p)) },
{)\e (—a2 (-2+p)® (2+p) -4p (4+p) +8 (2+\/(p4—a2 (-2+p)? (2+p) <-2+3p>)))/

((-2+p)° (24p)) }}

1
simplify[Fullsimplify [Res§ /. ResA[[2]], Assumptions »a>0&&a< — &&p > 2 ]
2

{e>@@+p) (-243p)) / (p*+ [/ (p*-a® (-2+p)? (2+p) (-2+3D))]}
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Figures of the paper

nrizer- £2[p_, a_] =
(-a? (-2+p)® (2+p) -4p (4+p) +8 (2++/(p*-a" (-2+p)? (2+p) (-2+3p))))/
((-2+p)* (2+p))

4 (1-4a? 1
¥_a2}l {al 0, _}I

p*-4 2
PlotStyle -» {Black, Black}, PlotRange » {All, {-0.25, 0.4}},
Filling -» {1 - {2}}, FillingStyle -» GrayLevel[0.7] ] ’

Fa[p_] := Show[Plot [{—az,

Plot[{fZ[p, al], 0.5}, {a, o, %}, PlotStyle » {Black, Black},
PlotRange » {All, {-0.25, 0.4}}, Filling-> {1 - {2}},
FillingStyle - GrayLevel[O.Q]], Plot[fZ[p, al, {a, 0, é}, PlotStyle - Black] ,
4 4 (1-4a?%)

1
Plot[—az, {a, o, —}, PlotStyle - Black] ’ Plot[{ —az, _— —az},
2 p%-4 p’-4

1
{a, o, ;}, PlotStyle » {{Dashed, Black}, Black}] ’

ListLinePlot[{{al, bl}, {a2, bl}, {a2, b2}, {al, b2}, {al, bl}},
4

PlotStyle -» Black], PlotRange - {All, {—0.25, " }}]
p:-4

al =0.2; a2 =0.25; bl =0.2; b2 =0.25;

F4[4]
Show[%, PlotRange -» {{al, a2}, {bl, b2}}, AspectRatio » 0.5]

03F

01F

Out[129]=

—02f

[ /

Out[130]=




inf143:= G[4, Black]

Out[143]=

0.005

0.004

0.003

0.002

0.001
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