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FeynArts. FeynCalc

FeynArts 1s a Mathematica package for the generation and visualization of
Feynman diagrams and amplitudes.

FeynArts-3.11

FeynCalc1s a Mathematica package for algebraic calculations in QFT and
semi-automatic evaluation of Feynman diagrames.

FeynCalc-9.3.1
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Quit[];

SetDirectory[NotebookDirectory[]]; F[1]
F[2]
F[3]
F[4]

$LoadFeynArts = True;

<< FeynCalc  ;

R Vi1l vy Sl1] H

BF V[2] Z s[2] @°
uct VI3 w-  g[3] 6
dsb

top = InsertFields [CreateTopologies[0@, 2 - 2], {F[2, {1}], V[1]} - {F[2, {1}], V[1]},

InsertionlLevel » {Classes}, Model -> "SM",

Restrictions -» QEDOnly];

Paint [top, ColumnsXRows -» {2, 1}, Numbering -» Simple, SheetHeader - None,

ImageSize » {400, 400}];
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o (P me)) (7 -5 (0).(7- (P = k) +me) -7 - & () (P me))

(o (P sme)).(7-8°K)).(y- (K +p') + m,).(7-E(k)).(o (P ,me))
(-K —p’)*-m;

amp = FCFAConvert[CreateFeynAmp[top], IncomingMomenta » {p, k}, OutgoingMomenta-> {p', k'},
UndoChiralSplittings » True, ChangeDimension » 4, List - False, SMP - True] // Contract
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top = InsertFields [CreateTopologies([0, 2 - 2],

{F[2, {1}]1, -F[2, {1}]} - {F[2, {2}], -F[2, {2}]1}, InsertionLevel » {Classes},
Model -> "SM", Restrictions -» QEDOnly];

Paint[top, ColumnsXRows -» {1, 1}, Numbering -» Simple, SheetHeader -» None,

ImageSize » {200, 260}];

Antiparticles are denoted by a
minus sign in front of the field.
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e” (¢ (=P, me)) 7" (o (P, me ) (@ (K m )75 (o (=K my,)
(k+ k)

amp = FCFAConvert [CreateFeynAmp[top], IncomingMomenta - {p, p'},
OutgoingMomenta -» {k, k'}, UndoChiralSplittings » True, ChangeDimension - 4,

List » False, SMP -» True] // Contract
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SetMandelstam[s, t, u, p,p"', -k, -k*, 6, 8, SMP["m mu”], SMP["m mu"](];
sqAmp =

(amp » (ComplexConjugate[amp] // FCRenameDummyIndices)) //
PropagatorDenominatorExplicit // FermionSpinSum|[#, ExtraFactor-1/272] & //
ReplaceAll[#, {SMP["m e"] -» @, DiracTrace -> Tr}] & // Contract // Simplify

=(p+p)" = (k+F&)’
t=(k-p)’ = -p)*
u= (k' - p)* = (k—p)°

2¢* (2m; +2m5 (s—t—u) + 1 +u?)

S2
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ete” > putpu~

16 7% o? (4 m> — 4 m. cos*(th) + s cos*(th) + )

/ S s
K = (E,-k)

sqAmp@ =
Factor[sqAmp /. {t > SMP["m mu"]"*2- (s/2-Sqrt[s*2/4-SMP["m mu"]”2«%s] *Cos[th]),

u->SMP["m mu"]*2-(s/2+5qrt[s*2/4-SMP["m mu"]"*2%s] «Cos[th]),

SMP["e"]1*4 5 (4«*P1ixSMP["alpha fs"]) *2}]
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do — 1 |I)1| 9
(dQ)CM  2E42Eg [va—vs| (27)? 4Eem |M(pf4’p’3 = P, P2)]

prefac = Sqrt[s/4 -SMP["m mu"]*2]/ (32Pi*2xsxSqrt[s]);

diffXSection® = prefac » sqAmpo;
crossSectionTotal® = 2 Pi » Integrate[diffXSection@ x*Sin[th], {th, @, Pi}]

drna® \[s-4m; (2m; +s)

3 52

diffXSectionl = diffXSection® /.|SMP["m mu"] -> ©|// Apart;

4 1 o*

3s

crossSectionTotall = 2 Pi »« Integrate[diffXSectionl »Sin[th], {th, 6, Pi}]
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top = InsertFields [CreateTopologies[0, 2 - 2],

{F[2, {1}], -F[2, {1}]} -» {F[2, {1}], -F[2, {1}]}, InsertionLevel - {Classes},
Model -> "SM", Restrictions -» QEDOnly];

Paint[top, ColumnsXRows » {2, 1}, Numbering -» Simple, SheetHeader - None,

ImageSize -» {200, 100}];
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g 62 ((P(E s Me )).TLorZ_((P (p,m)) ((,D ( _F » Me ))'TLOIZ'((P ( -k > e )) —
? . (K -p )
% e* (¢ (k,me)) 7™ (o (=K ,me)) (¢ (=P sme)) 7" (o (P, me )
1 € 5 (k + & )?

amp = FCFAConvert [CreateFeynAmp[top], IncomingMomenta -» {p, p'},
OutgoingMomenta -» {k, k'}, UndoChiralSplittings » True, ChangeDimension - 4,

List - False, SMP -» True] // Contract
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SetMandelstam[s, t, u, p, p', -k, -k', SMP["m_e"], SMP["m_e"], SMP["m_e"], SMP["m_e"]];
sqAmp =
(amp * (ComplexConjugate[amp] // FCRenameDummyIndices)) // PropagatorDenominatorExplicit //
FermionSpinSum[#, ExtraFactor - 1/272] & // ReplaceAll[#, {DiracTrace ->Tr}] & //

Contract // Simplify

2¢*(8mi (s> +st+2)-4mi (P +5> u-20+stBu-20+2 @t +w)+s* +s2u? +2stu? +* + # u?)
2 2
Y

sqAmp@ = Factor[sqAmp /. {SMP["e"] "4 5> (4« PixSMP["alpha fs"]) "~2}];

prefac = Sqrt[s/4-SMP["m e"]"2]/ (32Pi"2%s*Sqrt[s]);

o (s* + 2wt + 2stu? + 1 + P uP)
diffXSection® = prefac x sqAmp® /.|SMP["m e"] - @ 7§32
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$CKM = True;

top = InsertFields[CreateTopologies|[1,

2-52],

{-F[2, {1}], F[2, {1}]1} -» {F[3, {2}], -F[3, {1}]},

(» ,GenericModel —» "Lorentz"x), Model —» "SM"];

Paint[top, ColumnsXRows -» {7, 6}, Numbering -» Simple, SheetHeader -» None,

ImageSize » {310, 270}];

InsertionLevel » {Classes}
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