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Wick Contractions

(@(ki) dke) 9(ko)) in S = [ x (@) + 2 9"+ .|

Function and Notation

Computing the Wick contractions
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D . 94 DO

Wick Contractions

(@(ki) dke) p(ks))in S = [d x|(@0) + 2 9"+ .|

'l

Function and Notation

Computing the Wick contractions

towick = ¢[k[1]] ¢o[k([2]]]
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D . 94 DO

Wick Contractions

(d(ky) d(ko) d(ks)) in S :_[’ddx|m¢>}2 * r‘l ¢ 4 |

t

Function and Notation

Computing the Wick contractions
towick = ¢[k([1]] ¢[k[2]] ¢[k[a[1]]] ¢[k[a[2]]] ¢[k[a[3]]] ¢[k[x[4]]]

¢lki] ¢lkz] dlka(1)] @[kar2)] ¢lka3)] ¢ [kara)]

Pirsa: 12120020 Page 6/51



' ‘ _Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help ;@ @D W O § = & o] = (Chargedd Mon 9:12AM Q
& NN 2 Untitled-4

- -
.A‘.‘“

Wick Contractions

(@(ki) dke) 9(ko))in S = [ x (@) + 2 9"+ .|

t

Function and Notation

Computing the Wick contractions

towick = ¢[kl1] ¢[k2] ¢[k[a[1]]] ¢[k[a[2]]] ¢[k[a[3]]] ¢[k[a[4]]]

o(kl] ¢(k2] ¢(k[a[l]]] é(k[a[2]]] o[k[a[3]]] ¢[k[a[4]]]

towick = ¢[k([1]] ¢[k([2]] ¢[k[a[1]]] ¢[k[a[2]]] ¢[k[a[3]]] ¢[k[a[4]]]

dlk[l]] o(k(2]] o(k[a[l]]] o[kl[al2]]] d[k[a[3]]] ¢[k[a[4]]]
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Wick Contractions

(¢(ky) d(kz) p(Ka)) in S =_[’ddx|m¢>}2 b g7y |

Function and Notation

Computing the Wick contractions

ky

k1

towick = ¢[k([1]] ¢[k([2]] ¢[k[a[1]]] ¢[k[a[2]]] ¢[k[a[3]]] ¢[k[a[4]]]

o[k[l]] o(k(2]] ¢(k[a[l]]] o[k([al2]]] d[k[a[3]]] ¢[k[a[4]]]
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"
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(9(ki) $(ke) B(ka)) In S = [d x |(@9)° + 2 ¢+ .|

Nomtlon| . = !
Symuolizel [] I

Function and Notation InfixNotation| = , -| |

AddlnpulAIiu' .
Full Notation Palette

Computing the Wick contractions

<< Notation~
Notation[ ki e k[i_] ]

k; // FullForm

k(1]

towick = ¢[k1] d[ka] d[kar1)] d[ka2)] @[kara)] @lkara;]

¢lk1] dlka] dlkar1)] @lkaj2)] ¢lkara)] ¢ lkaqa)]
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ain, ol Notalionl . = E :

(9(ki) ¢(ke) 9(ke)) in S = [d x |(9)° + 2

-]l

n
U‘J | Nomtion| . = !

Symuolizel [] I

Function and Notation InfixNotation| =, | |
. . = AddinputAlias| - |
Computing the Wick contractions -............

<< Notation~

Notation[ ki e k[i_] ]

k; // FullForm

k(1]

vertex[n ] := de[kﬂ[ ]]
=1

towick = ¢[k1] d[ka] d[kar1)] ¢[kar2)] ¢ [kara)] ¢lkara;]

¢lki] ¢lkz] ¢lkai1)] @[KRar2)] ¢(Kka3)] @ [Kara)]
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b . Nntdllon[ . = I

Notationl . &= |

<< Notation~
Symuoliul [] ]

| Inranotatlon[ LI |

Addlnpull\li.\s' -

Notation[ ks o k[i_] ] |

vertex[n ] := qu[ka[ ]]3
al

towick = ¢[k;] ¢[ky] vertex[4, a] vertex[4, B]

¢lki] d[k2] dlkar1)] @lka2)] O kara)] @lkaja)] @lkp1)] @lkarz)] @lkaia)] @lkara)]
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o SO ¢ TTOTERTIN
willee il y L g o Notalionl . = ! 1

Nomtlon| .- = [

<< Notation~
Symuolizel [] ]

Inl'ntND!rltlonl -, E

Notation[ ki_ —} k[i_] ] AddlnpulAIiu' ~ |
Full Notation Palette

Unique[a]

a$621

Unique[a]

a$623

vertex[n ] := Block ‘[H? bhkern]] s

towick = ¢[ky] ¢[ky] vertex[4, a] vertex[4, S]
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e s T ARTRNNNN |
e ‘ “ g Notalionl - = [

Nomuon| - = [

Notation| k; e k[i_]
Symbolizel [] I
Inranoutnonl -, ’

Addnnpumliu| - o
Full Notation Paletts

Unique[a]

a$621

Unique[a]

a$623 .

vertex[n ] h:Block[{ = Unique[a]}, rl¢[k []]]
=1

vertex[4]

®kase26(11] O Kase26(21]) O [Kase26(31] @ [Kase26(4]]
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<< Notation Symbolizel . I

Inl'ntND!rItlonl -, ’

AddlnpuMIiu' N |

Notation[ ki o k[i_] ]

Full Notation Palette
vertex[n ] := Block[{ = Unique[a]}, l_[qb[k [ ]]]
al
towick = ¢[k1] ¢[kz] vertex[4] vertex[4]
(k1] &(k2] ®(kase29(1)] ®[Kase29(2)] ¢ [Kas629(3]] .

®[Kase2974)] @ [Kase3o(1)] ®[Kase3zor2)] @ [Kase30(3)] @ [Kase30r4]]
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oS4 ¥ TTOTERTIN -
o . by i Notalionl . = [ !

Nomtlon| . = [

<< Notation Symbolizel . I

Inl'ntND!rltlonl -, E

Addnnpuwm| -

Notation[ ki e k[i_] ]

vertex[n ] :=Block[{ = Unique[a]}, nqb[k [ ]]]
-1

towick = ¢[k;] ¢[ky] vertex[4] vertex[4]
EvenQ@Count [towick, ¢[_]]

¢lki] olka] ®[kase3s(1)] @[ Kase3s(2)] @ [Kase3s(3)]
®[Kase3s(4)] @ [Kase3e(1)] ®[Kase36(2)] @ [Kase3e(3)] ¢ [Kase36(4]]

True
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Notalionl - =
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Li! Symuolizel L] I

Inl'mNDt:ltmn' -, i

Function and Notation

AddlnpulAIi.\s' . |

Computing the Wick contractions

<< Notation~

Notation[ ki e k[i_] ]

vertex([n ] :3 Block[{ = Unique[al}, n¢[k [ ]]]
=1

towick = ¢[k;] ¢[ky] vertex[4] vertex([4];
EvenQ@Count [towick, ¢[_]]

True
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(d(ky) d(ka) d(Ks)) in S = ['d"x|m¢>}2 rd gy | Notation| » &= - |
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Symbolizel [] I

Inl'ntNDtrltlonl -, F

Function and Notation

AddlnpulAliasl -

List @@ towick I

{d[kils d[k2)s ®[Kase3s(1)]r P[Kase3s2)]r @[ Kase3s(3] ]
®(Kase3sra)]r @[ Kase39(1)]r @[ Kase3o(2))¢r D[ Kase39(31] ¢ @[ Kase39(4)]}

towick // TreeForm

Times
k k 3 k k k k k k k
2 $638 15638 15638 15638 1$639 15639 18639 15639
2 3 4 1 2 3 4
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Nomtlonl . &= !

Function and Notation symbolize| u |

|nrmNomtion| ., l |

AddlnpulAIiu' - |
List @@ towick // TreeForm

wick([ ] := Block | { =List ee x}, [1i1, I31 >>1

Computing the Wick contractions

<< Notation"

Notation[ ky e k[i_] ]

vertex[n ] :=Block[{ = Unique[al}, n¢[k [ ]]]
.l

towick = ¢[k;] ¢[kz] vertex[4] vertex[4];
EvenQ@Count [towick, ¢[_]]
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n' ]

Nomtlon| - = l
Function and Notation symbolize| u |
Inl'mNounon' -, l |

. ‘ Addlnpuwiu| - |
List @@ towick // TreeForm Full Notation Paletts

wick| ] :=
Block[{ = List @@ 1},
Length [ ] -
D' (list[1], list[i]) wick[Times @@ Drop[Drop[list, {i}], 1]]]

Computing the Wick contractions

<< Notation~

Notation[ ki e k[i_] ]
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e it i e Notalionl . = ! !
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Nomtlon| - = !
Function and Notation Symbolize| u |
Inl'anomtion' ., l |

. ‘ AddlnpulAIi.\s' + o |
List @@ towick // TreeForm Full Notation Paletts

wick| ] =
mock[{ = List @@ 1},
Length[list] P’
D' (list[1], list[i]) wick[Times @@ Drop[Drop[list, {i}], 1]]]
=d

wick([¢[a ] ¢[b 1] := (p[a], ¢[B])

Computing the Wick contractions

<< Notation~

Notation[ ki o k[i_] ]
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Nomtion| . = !

Symuolizel [] I

WJ.Ck[ ] = |nrn<Nomtmn|-. l
Block[{ = List @@ 1}, AddinputAlias|- + - |
PRTTe—r——
Length [ 1
D,  (listQl], list[j]) wick[Times @@ Drop [Drop[list, {i}], 11]]
=2

wick[¢[a ] o[b_]] 2= (o[a]l, &[D])

wick([¢[k;] ¢[ka]]

(¢[ki], olk2])

wick([¢[k1] ¢[ka] ¢d[ka]l d[ke]]

(p[ki], @[ka]) (P[kz], d[k3]) + (D[k1), d[k3]) (D[ka], O[kg]) + (D[k1], d[k2])) (D[k3], ®[ks])

AngleBracket|

Computing the Wick contractions

Pirsa: 12120020 Page 21/51



‘ Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help ;@ @D W O § = & |J+] = (Chargedd Mon 930 AM Q
&N 2 Untitled-4 & ™ Notation Palette

. e T RETNNNNN
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Nomtmn' - = [

Symnolizel [] I

|nrmNomnon| ., E

wick( ] 3= AddinputAlias| + - ||
Block[{ =List @@ 1}, PinotstonPuiste |
Length [ 1
D, (listl], list[j]) wick[Times @@ Drop[Drop[list, {i}], 11]]
=2

wick[¢[a ] ¢[b_]] :=(#[a], ¢[L])

wick([¢[ky] ¢[ka]]

(p[kil, d[k2])

wick([¢[ky] ¢[ka] ¢[ka] ¢[ke]]

(p[kil, d[kal) (P[ka]l, d[ka]) + (b[k1], d[k3]) (P[ka]l, d[kg]) + (D[k1], d[k2]) (D[ka]l, ®[ke])

list
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e s TR |
ap ity ' ‘ “ TN thalionl - = ! 1
Nomtlonl . = !

Function and Notation symbolize| u |

|nrmNomtion| ., l |

wick| ] 3= Ads |
Block[{ = List @@ x},
Length [ ]
Z ( [11, [i]) wick[Times @@ Drop [Drop [ + 5331, 1]]]

=2

wick[¢[a ] o[b_]1] :=(e[al, ¢[P])

Example:

wick([¢[k,1] ¢[ka] ¢[ka] ¢[ke]]

(d[ki], o[ke]) (D[k2], o[k3]) + (@[ki], &[k3]) (b[ka], ®[ke]) + (@®[k1], ®[k2]) (D[k3], &[k4])
Computing the Wick contractions

<< Notation~

Notation[ ki o k[i_] -‘
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Lenéth[ ] :::::::: :j :
> (listqag, [i]1) wick[Times @@ Drop [Drop[list, {i}], 1]1] symbotce |
=2

‘ In[n:NDutmn'.. l
wick[¢[a ] od[b 1] 2= (¢[a]l, ¢[P])

AddlnpulAIias' -
Full Notation Palette
Example:

wick([d[ky] d[ka] ¢[ka] d[ke]]

(O(ki)l, d[kal) (O[kz2], d(k3)) + (D[k1), ®[k3]) (D[ka], O[ka]) + (D[k1], ®[k2])) (P[k3], d[ka])

¢[k1] ¢[kz] ¢[k3] ¢[ks] // Head
List @@ (¢[ky] ¢[k2] ¢[ka] #[kel)
Drop [Drop (%, {3}], 1]

Times

{@(ki], ®(ka], ®[k3], @[kq]}

{0(k2], ®[ka]}

) (0
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Symuolilel [] l

wick[¢[a ] o[b_ 1] :=(e[a]l, ¢[P])

InfixNotation| = , |

Example: AddlnpulAIi.\s' - |
Full Notation Palette

wick[d[ky] o[ka] d[k3] d[kel]

(p[ki], @[ke]) (P[kz], d[ka)) + (d[k1), d[k3]) (D[ka)l, O[kg]) + (D[k1], d[k2]) (D[ka], ®[kq])

wick([¢p[k,] ¢[ky] vertex[4]]

(p[ki]l, O[kasr9s(a1]) ((D[ka], @ [kasr95(3)]) (P [Kasr95(1)] s P [Kasr95(27]) + (P [k2], ®[Kkasr95(2)])
(@ [KRas795711] ¢ ®[Kasr95731]1) + (P[k2], ®[Kasr95711]) (P [Kasr95(27] ¢ ®[Kas795(31]1)) +
(@[k1]s Olkasr9s(31])) (KD[k2], O[Kasr9574)]) (@ [Kas795(1)] s ®[Kagr95(2)]) +
(@[k2] s ®lkasr95(2)]) (P[Kasr95(1) ]+ P[Kag795(4)]) +
(dlk2], OlKasr95(1)]) (®[Kag795(2)) s ®[Kasr9574)])) +
(@lk1]s dlkasr9s(21]) ({(P[ka], d(Kas79574)]) (P[Kasr95(11] s @ [Kagr95(37]) +
(P[ka]s O(Kas795(3)]) (P[Kasr95(1)] s @ [Kas795(41]) +
(0[ka] s ®lkasr95(1)]) (P[kasr95(3) ]+ @[Kasr95(47])) +
(b(ki]r @lkasr95711]) ({(D[K2], ®[Kas795(4)]) (P [Kasr95(21] s D [Kas795(37]) +
(Blk2]s Olkasr95(3)]) (Plkasr95(2)] s D@ [Kas795(4]]) +
(bk2], ®Kasr95(21]) (P[Kasr95(3)] s ®[Kasr95(41])) +
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® N0 2 Untitled-4 @& O Notation Palette

o paT ¢ TenOERTIN
ooy il o ol 4y i Notalionl - = !

Nomtlon| . &= [

Notation| k; & k[i_]

Symnolizel [] ]
Inl'mND!rltmnl -, !

AddlnpulAIiu' . |
Full Notation Palette

vertex([n ] := Block[{ = Unique[a]}, nqb[k [ ]]]
=1

towick = ¢[k;] ¢[ky] vertex[4] vertex[4];
EvenQ@Count [towick, ¢[_]]

True

wickcontracted = Expand@wick@towick

A very large output was generated. Here is a sample of it:

(@[k1], ®lKase39(4)])) (D[k2]s D[Kase39(3)]) (®[Kase3si1]] s ®[Kase39(21])
(b lkase3s(2)] s D kase39(1)]) (PlKkase3s(3)]r P Kase3s(a)]) + <<943>> + (¢[ky1], O[kz]) <«<déd>

Show Less  Show More | Show Full Output | Set Size Limit...
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. Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help ;@0 @D W O ¢ = & |+ = (Charged) Mon 9:34 AM Q
&N 2 Untitled-4 & M Notation Palette

| eS0T TN ETRNNNN
e Iy e i ol iy s thalionl - = |

Nomtlon| . = l

TI'U.E Symuolizel [] I

|nrn<Nomnon| ., l

AddlnpulAIiu' . |

wickcontracted = Expand@wick@towick e menemtememere

A very large output was generated. Here is a sample of it

(O[K1]s ®[Kase3974)]) (D[k2]s O [Kase39(31]) (P[Kase3s[1]] s @ [Kase39(2)])
(®[Kase3s[2)]» ®[Kase39(1)]) (P[Kase3s(3)1]r P[Kase3s[a)]) + <<943>> + (@[Kk1], O[k2]) <«<éd>

Show Less  Show More | Show Full Qutput | Set Size Limit...

Length[wickcontracted]

945

Plotting t
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Yale ® Untitled-4
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|
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wick| ] s=
Block[{ =List ee 1},
Length [ ]
D' (list[1], list[i]) wick[Times @@ Drop[Drop[list, {i}], 1]]]
=2

wick[¢[a ] o[b 1] := (p[a], ¢[b])

Example:

wick[¢[k;] o[ka] d[ka] d[ke]]

(p[ki], @[ka]) (P[k2], @[k3]) + (D[k1), d[k3]) (D(ka], O(kg]) + (D[k1], d[k2])) (D[k3], ®[ks])

wickcontracted[1]

(O[k1], ®[Kase3o(a)]) (P[k2], O[Kase39(3)]) (P [Kase3s[1]]r ®[Kase39(21])
(P [Kase3gi2)]r ®[Kaseao[11]) (P [Kase3s(3)]r ®[Kase3s[4a)])

Computing the Wick contractions

- anw -8 -
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(@lki], @lka]) (@lka], @lks]) + (P[ki], o[k3]) (@[ka], ¢[ka]) + (@[k1], ®[ka]) (@[k3], O[kq])

wickcontracted[1l] f

(plki], Olkaseasa)]) (blka], ®lkase39(3)]) (PlKase3s(1)]r O [Kase39(2)])
(@ [Kase3s(2)]r ®[Kase39(11]) (®[Kase3s(3)] s ®[Kase38[4]])

Computing the Wick contractions

<< Notation~

Notation[ ki e k[i_] ]

vertex[n ] :=Block[{ = Unique[al}, nqb[k [ ]]]
=1

towick = ¢[kyir1] ¢[kary] vertex[4] vertex[4];
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m‘ e, o i it
®Kassoa(1))r PlKassos(2] (@[ Kasgoar2) ] r @lKasgos[1)]) (@1 Kassoa(3) | r @l Kassoa(4)

GraphPlot[{1+2, 25 A, A 1}]
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& MO "Unmled4

2 Lo ”-

(®[kassoa1)]r ®[kassos(2)]) (P [kassoa(2)] fDIkusaosm]) <¢lku5304[3| | » & [kassoa(4) ]

GraphPlot[{1+ 2, 25 A, A> 1}, VertexLabeling -+ True]

A 2
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&M 2 Untitled-4

- -
DI L ¢ "6 "

Graph[{l1-22, 29A, 2-5A, 292, A>1}]

GraphPlot[{1+2, 29A, 25A, 242, A>1}, VertexLabeling - True]
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o9 e -

List @@ wickcontracted[1] /. (¢[k[= 1], ¢[k[5_]1) :» Rule[a[0], 5[O0]] //
GraphPlot
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gy A : - b - P A
P .9 D¢ & ¢ 00 . -

(‘I’lkl.lr blke]) (b(ka)l, d[ka]) + (D[k1], Oo[k3]) (D[k2], O[ks]) + (D[k1], O[k2]) (O[k3], O[ka])

List @@ wickcontracted[[1] /. (¢[k[2 1], ¢[k[L ]]) =» Rule[a, b]

(1] »a$805(4], 2[] »a$805(3],
@$804[1] » a$805(2], a$804[2] -» a$805[1), a$B04 (3] » a$B04 [4])

List @@ wickcontracted[[1] /. (¢[k[a ]], ¢[k[H ]]1) :=» Rule[a[0], BH[OT] //
GraphPlot
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MY o LY og Pos

(@lki], @lka]) (olka], @lks]) + (P[ki], o[k3]) (@[ka], d[ka]) + (@[k1], @[ka]) (@[k3], O[kq])

o

List @@ wickcontracted[[300] /. (¢[k[a2 1], ¢[k[DL ]]1) =» Rule[a[0], H[OT] //
GraphPlot ¥

— ——

GraphPlot[{1-+2, 25A, 29A, 252, A> 1}, VertexLabeling - True]
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- - e 2

Integer

(List @@ wickcontracted[1] /. {(¢[k[= 1], &#[k[b ]]) :» Rule[2[0], H[0]] //
GraphPlot [, VertexLabeling -+ True, ImageSize -» 200] &) /.
Text [Framed [ 1, ]

(List @@ wickcontracted[[1l] /. {(¢[k[a 1], ¢[k[DL ]]1) :» Rule[a[0], H[O]] //
GraphPlot [#, VertexLabeling -+ True, ImageSize - 200] &) /. uglyboxes -

a$805

(]
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Integer

(List @@ wickcontracted[[1] /. {(¢[k[a ]], ¢[k[DL ]1]) :» Rule[a[0], H[OT] //
GraphPlot [/, VertexLabeling -+ True, ImageSize -» 200] &) /.
Text [Framed [ 1, ]=""/; | NumericQ[{a}[1]]

o

(List @@ wickcontracted[1l] /. {(¢[k[a 1], ¢[k[DL ]]) :» Rule[a[0], H[O]] //
GraphPlot [#, VertexLabeling -+ True, ImageSize - 200] &) /. uglyboxes -
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- Nale! 2 Untitled-4

e e T

Integer

List @@ wickcontracted[[1] /. (¢[k[= ]], ¢#[k[H ]]1) =» Rule[a[0], bH[OT] //
GraphPlot [, VertexLabeling -» True, ImageSize - 200] /.
Text [Framed [ 1, 1 /7; ! NumericQ[{c}[1]] = "" &

o

(List @@ wickcontracted[1l] /. {(¢[k[a 1], ¢[k[DL ]]) :» Rule[a[0], H[IO]] //
GraphPlot [#, VertexLabeling -+ True, ImageSize - 200] &) /. uglyboxes -
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0 - -

tograph@wickcontracted[1]

2
tograph [ ] := List @@ /. {p[k[a 1], ¢[k[L ]]):» Rule[a[0], >[01] //
GraphPlot [, VertexLabeling -+ True, ImageSize - 200] /.
Text [Framed [ ) ] /; ! NumericQ[{<}[1]] =»"" &

(List @@ wickcontracted[1l] /. {(¢[k[a 1], ¢[k[DL ]]) =» Rule[a0], »MO07] //

GranhPlot [ . VertexLabelina -+ True. TmaceSize - 2001 &) /. ualvhoxes -
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& NN 2 Untitled-4

- -

(%]

tograph [ ] &= y
(List @@ /. (b[k[a_]], ¢[k[5_]]) +» Rule[a[[0], BIO]] //
GraphPlot [, VertexLabeling - True, ImageSize -» 200] &) /.
Text [Framed [ 1. 1/; ! NumericQ[{c}[1]] =» ""

(List @@ wickcontracted[1] /. (¢[k[a 1], ¢[k[H ]]) :» Rule[a[O0], L[O]] //
GraphPlot [/, VertexLabeling -+ True, ImageSize - 200] &) /. uglyboxes -

1 .AO
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& MO 2 Untitled-4

A B -
P e L ¢ "0 "

[ %]

tograph@wickcontracted[1]

2 5
1

3 4

ClearAll [tograph];

tograph|[ ] 3=
tograph[term] = (List @@ term) /. (¢[k[a_]], ¢[k[b_1]) = {a[0] - b[O]} //
GraphPlot [, VertexLabeling -+ True, ImageSize - 150] /.
Text [Framed [ 1, 1/: ! NumericQ[{L}IT1IN] =» " &
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‘ Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help ;@0 @D ™ O § = &4 |+ = (Charged)
®&Non * Untitled-4
. - \ - - - A
* P .9 P9C L ¢ o9 . -
ClearAll [tograph];
tograph| ] 1=
tograph [ ] = (List @@ )/« (b[k[a_]1], ¢[k[H_]1]) = {a[0] -» B[O]} //
GraphPlot [# // Flatten, Vert#xLabeling -» True, ImageSize -» 150] /.
Text [Framed [ 1, 1/; ! NumericQ[{H}[1]] =» """ &
ClearAll [tograph]
tograph [ ] s=
tograph [ ] =
(List ee /o (¢[k[a_]], ¢[k[b_]]) = {a[0] -» LIO]} //
GraphPlot [# // Flatten, VertexLabeling - True, ImageSize -» 200] &) /.
Text [Framed [ 1/; ! NumericQ[{<}[1]]="";
(List @@ wickcontracted[1l] /. {(¢[k[= 1], ¢[k[DL ]]) :=» Rule[a[0], H[OT] //
GraphPlot [, VertexLabeling » True, ImageSize - 200] &) /. uglyboxes » ""
1 \\\\\\\\\ ¢r$g;;’ij:>
PARNS / .
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. Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help
2 Untitled-4

& O
- -
N & ‘..“ » PN

ClearAll [tograph];

tograph | ] 1=
tograph [ ] = (List e@ )/« (b[k[a_]1], o[k[H_]]) = {a[0] -» B[O]} //
GraphPlot [/ // Flatten, VertexLabeling » True, ImageSize - 150] /.

Text [Framed [ ], 1 /; ! NumericQ[{b}[1]] =» &

ClearAll [tograph]
tograph | ] 3=
tograph [ ] =
11> = {a[0] » 5[0} //

((List ee ) /. (@[k[a_]1], ¢[k(
GraphPlot [# // Flatten, VertexLabeling -+ True, ImageSize - 200] &) /.

Text [Framed | 1, 1/; ! NumericQ[{c}[1]] = "";
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__‘_ Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help j
& NN 2 Untitled-4
AT o QP _SEPeE R ¢ "o g

// Flatten, VertexLabeling - True, ImageSize - 150] /.
] /; ! NumericQ[{b}[1]] =» " &

I+] = (Charged)

GraphPlot [
Text [Framed|[ 1,

ClearAll [tograph]

tograph|[ ] ¢t=
tograph [ ] =

((List e@ ) /. (@[k[a_]1], ¢[k[H_]]) = {a[0] -» B[O} //

GraphPlot[# // Flatten, VertexLabeling » True, ImageSize -» 200] &) /.

Text [Framed [ ],

1 /7; ! NumericQ [{c}[1]] =» "";

"" // FullForm

// FullForm

Text [""]

(List @@ wickcontracted[[1l] /. (¢[k[a 1], ¢[k[EL ]]) » Rule[a[0], H[O]] //
TmamaCira « 2NN0T &\ /7 velwhaAavae o """

MAvanhDlAade T VardavwT ahalina o Myuaa
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Mon 10:05 AM Q

= I+l = (Charged)

o @ W 5 § = 4

' ‘ Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help 3
& NN 2 Untitled-4
L ¢ 547 ¢ TR NENINISFT
: 1 i, i il

(P[ki]l, @[ka]) (P[k2], @[k3]) + (D[Kk1], d[K3]) (D[K2], D[Kg]) + (D[K1], D[k2]) (D[k3], ®[Kk4])

ClearAll [tograph]

tograph | ] =
tograph [ ] =
(List ee /e {e[k[a_]], ¢[k[H_]]) :» Rule[a[[0], 5[0]] //
GraphPlot [, VertexLabeling -» True, ImageSize - 200] &) /.
1/7; ! NumericQ[{<}[1]] :» Text[""]

Text [Framed [ 1.

tograph /@ wickcontracted

[ %]
+

96 1

@, D e (D ] .
O
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_* Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help 0 @D W O § = & |+] < (Charged) Mon 10:07 AM Q
ann ? FileBeforel010.nb

- -

wick| ] t=
Block[{ = List @@ 1},
Length [ ]
D, (list[1], list[i]) wick[Times @@ Drop[Drop[list, {i}], 1]1]
=2

wick[¢[a ] o[b_]1] :=(e[a]l, ¢[P])

Example:

wick[¢[k1] ¢[ka] ¢[ka] ¢[ka]]

(@lki], @lka]) (olka], @lks]) + (P[ki], o[k3]) (@[ka], ¢[ka]) + (O[k1], ®[ka]) (@[k3], d[kq])

ClearAll [tograph]
tograph [ ] ¢=
tograph [ ] =
(List @@ /e« (@[k[a_]], ¢[k[5_]]) +» Rule[a[0], ~[0]] //
GraphPlot [/, VertexLabeling -+ True, ImageSize -+ 200] &) /.
Text [Framed [ 1. 1 /; ! NumericQ[{c}[1]] :» Text[""]

Pirsa: 12120020 Page 50/51
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wick[¢[a ] o[b_]1] := (&[a]l, ¢[B])

Example:

wick([¢[k1] #[ka] ¢[ka] d[ke]]

(O[kil, d[ka]) (P[kz], O[k3]) + (@[k1], d[ka]) (p[ka], O[ka]) + (D[k1], d[k2]) (D[k3], d[ka])

ClearAll[tograph] ‘
tograph|[ ] 2=
tograph [ ] =
(List @ee /o Kb[k[a_]], ¢[k[5_]]) +» Rule[a[0], B[O]] //
GraphPlot [, VertexLabeling - True, ImageSize - 200] &) /.
Text [Framed [ 1, 1/; ! NumericQ[{c}[1]] =» Text[""]

tograph /@ wickcontracted

96 1 ——— 2 + 96 1 —~———— 2 "
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