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Motivation

At risk of stating the obvious:

Feynman diagrams are at the computational core of
Quantum Field Theory:.

Do we have a general theory?



Overview of
maln results



Definitions

A Feynman integral
I( } M)_/ ddll...ddlL
MLy P DL o PXD = P a0

1= m?

Parameter space: masses
and kinematical invariants X = {u, pr-ps}

Comment: Numerators, spacetime dimension



|IBP + DE operators

e |4,lo,..., |_L - loop currents

* P1,P2,..., Pn-1 - INdependent external currents



SFI equation system

a a\1 a a

a=1,...,dim G

e C%-X-Indep. const’s

* [%-group generators, generate no irreducible numerators
(ISP’s)

e Acton X

e J%-simpler diagrams



Foliation of X into G orbits




Reduction I(x)

>
|
g
=
>
+
sia\&
N
Q
™
|
Y
Q

_eading singularity normalization I := I/,
0 - a homogeneous soln., incl. maximal cut.

Xo - conveniently chosen base point
within G orbit (e.g. m=0 or mi=my).

Integrand depends on simpler diagrams,
namely, with an edge contracted.



Singularity locus

I(z)lg = ) ka(2)J(x)

Q S(x) =0

A linear combination of simpler diagrams.



Applications



Hierarchy of diagrams
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Vacuum seagull

1

(a)

evaluated a sector w. 3 mass scales (novel).



I(m2, m*x,0, m%y,0) = (m2¥51y(x, y, d)
(71 (x,y,d) + I (y, x,d) + I(x,d) + I,(y, d)

+ I3(x, y,d) + c4(d)) (53a)
where
Io(x,y,d) = ix*((1 - x)(1 —y))*3,  (53b)
3d d|x
I (x’y’d) = Cla(d)xy%stl (5—7,4—(1,3 —5 ;)

dd
+c”,(d)x5"1yd'32Fl (3—d,2—5,5—1

)
x,y),
(53c¢)

x F\(3d/2—4,d-2,d-3,3d/2 -3

L(x,d) = ¢, (d)x# ', F,(d/2-1,d -2,d/2|x), (53d)

I3(x,y,d) = c3(d)(xy),F,(d/2 — 1,d - 2,d/2|x)

x ,F,(d)2—=1,d -2,d/2|y), (53¢)

c1u(d) = -3r(3 - %")m - d)r(‘z-’- 2)1‘(‘2-’- I

4nCsc(#)(2 - d)r(2-9)

cp(d) = - =,

3d -8

¢,(d) = mdCsc ("7") r2- d)F(— %) :

¢s(d) = l"(l —;-1)3.

c4(d) was defined in (48c¢).

):

(53f)

(53g)

(53h)

(53i)



Kite - singularity locus

Bg(ﬂ?) =0

Bs = x1 x4(x1 + x4) + w2 w3(00 + 23) + x5 T6 (25 + T6) +
+ T1 T2 Ts + T1 T3 Te + T Ty Te + T3 T4 T5 + (3.2)

— (w1 249 + T3 + w5 + w6) + w2 w3(w1 + T4 + w5 + w6) + x5 26(T1 + T2 + T3 + T4))

—

1 a-J
d—4B;

I‘B:s —

Generalizes the massless case [ChetyrkinTkachov1981], and the
more general “diamond rule” [Ruijl, Ueda and Vermaseren 2015].
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