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Feynman integrals & intersection numbers

Essential ingredients for theoretical j. 1
predictions 1n high energy physics (Hd )Da1 " an
n

Intersection theory

scalar product between loop integrals:

intersection number

//\—l(\ Project the 1integrals contributing to a given process

N | . . . :

/g to a basis of 1independent 1ntegmls
o0

=) i G; - Z Dik(Grl),  Gjr = (G|Gr)
J

Avoid solution of large systems of eq.s:

main bottleneck using traditional approaches



Calculating intersection numbers

Rational scalar products
between Feynman integrals

(L|IR)

1
) :/dzu(z) In(2), (I :/dzu(z)IL(z)

Calculated summing over residues of functions

locally satisfying a ehRaE=ig=lahsated SN:Te[Vlokshie]g

obstacle at efficient 1Mpiementat10n of the algorithm



p(z)-adic expansions and residues

Expansion of a rational function in powers of a prime polynomial

max

f(z)= ) c(2)p'(z) + O (p(z)"**)

1=Mmin
rime polynomial
polynomial coefficients ¢(z) P poly

degp(z)—1

ci(z) = Z cij 2’

7=0

¢ Obtained via repeated polynomial division

€ Avoids knowledge of location of irrational poles

Univariate Global residue theorem

C_1,deg p—1

Resp(z) (f(Z)) = Z Resz:y (f(Z)) — lc

y | p(y)=0




Conclusions

® Intersection theory unveils new mathematical structures in loops
® p(z)-adic expansions : study rational functions near their roots

AT

* avold algebraic extensions

® no need to know explicit location of roots

* avold bottlenecks and enable finite field technologies
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Now, a few words on my PhD project ..
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To make a theoretical prediction you don’t need only loops:

Real corrections

virtual + real

finite
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Thank you for your attention!
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