
 
EXERCISE SET 1 Feynman Integrals and Number Theory

LesDiablerets 8 012024

Let GbeascalarFeynmangraph WedenotebyVathecollectionofitsverticesandbyEathecollectionofits
internaledgesWefix me R o KeeEe andq RP i i n where n isthenumberofexternallegs
and D isthespacetimedimension Byglobalmomentumconservation In9 0 WedenotetheSchwingerparameters
by de eeEe he is thenumberofindependentloopsofG Recallthedefinitions
1

qq ie Kirchhoff to 1ˢᵗ Symanzik graphpolynomial

2 91 th9 9 Iwate 2nd Symanzik graphpolynomial

where q q is the totalmomentumentering T and q 9 is the Euclidean product 99

3 Italmg 491 E.eemeα Ya

x1 ComputeYa for G Ln I n thoneloopgraph and G Bn n th bananagraph
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2 ComputeYaYa If forthefollowinggraph
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3 Fora graph G with noedgesandwavertices definetheLaplacianmatrix I Lijli.jn.n.ua

that E
Denote by L theera1 Iva1 matrixobtained from L bydeleting the 7ᵗʰrowandcolumn

Bythe matrix tree theorem Ya detL
α α

_Ideate foranychoiceof i i Va

Compute theLaplacianmatrix for thesamegraph G ofexercise 2



4 Let Gle bethegraphobtained fromG bydeletingtheedge e
Let Glle bethegraphobtainedfrom G bycontracting theedge e if e is not a tadpole
andtheemptygraphotherwise

Prove thedeletion contraction identity Ya αYale Yare

Ehie ii I Eif teirE es tiioeinosguarnranager n

Writethepartialfactorizationofthefirstgraph polynomial YaforthefollowingchoicesofG and8 81,82

G 31 4 82

p finished hobffia.sn first α o i 1.2.33with thevanishing loan

Vital 12 X α I P'IR 1Yex x23 0

G B

7 Considertwographs GGoandlet G G Gabetheone vertexjoin Showthat Ya YaYa

8 Let G bethegraphobtainedfromG by replacing an edge e withthetwoedges I I

Show that Ya Ya
αe αetαe

9 show that Efgm α o are19m


