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Photo: posing in front of Monte CarloOs casino, 2021

Olt was at that time that | suggested an obvious name for the statistical
methodNa suggestion not unrelated to the fact that Stan had an uncle
who would borrow money from relatives because he Ojust had to go to
Monte Carlo.O The name seems to have endured.O

Nicholas Metropolis, OThe beginning of the Monte Carlo methodO,
Los Alamos Science Special Issue 1987
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A cross-section admits a perturbative expansion when o < 1
o0
o = g ot O'(L )
L=1

The coefbcients can be represented as a sum of interference diagrams
Cutkosky cut

U(2>:W@W+ W@m W®N+ M@Z{

Interference diagrams themselves can be represented as integrals of amplitudes

N(k,l,q)
4 + 2 + 2 4
Phase space integral

Problem: both types of integrals haveinfrared (collinear, soft}divergences and thresholds

Many good methods around to deal with this that workeither for loop or for phase-
space integrals
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A local KLN cancellation mechanism

Our approach insteadcombines singularities of loop and phase-space integrals at the
local level through KLN

@R T =

Rough idea:
4 4
E /dHZ-fZ- — /dH E g; Different phase space measure
1=1 1=1
Hf—/ HH
Non-integrable No non-integrable
singularities singularities

Problem: dHi has to be aligned

g : . , N Problem 1:
— . = d*kd*1!® (k31O (k! g)?) HEECESIE Different number
k\ /| of deltas

Problem 2:
N Too few energy
d*kd*11 ™) (k2) 1) ((k+ 1)) 1 (1 + ¢)?) 2(k1 q)? variables to solve
' the deltas
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Observation: Now real and virtual contributions have the same amount of delta

A~ both have three cut lines!
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Say we use Va and 1] to solve the remaining one

Two deltas, one energy integratior

Integration measure is mis-aligned!

For the real contributions, problem known in phase-space subtraction methods

(sectoring, mappingsE)  Big obstacle to automation
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In the end:

q o L
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NI A Nl

Observation: solved deltas, phase-space has same dimensionality (redundant dimension)
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Everything solved generically in arXiv: 2203.11038
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NLO O(a)
@ @ B1 |1 2.52705 - 101 0.034 6.3725 100 0.071
B.2 ‘ 2 1.80050 -107%! 0.049 1.22702 - 10100 0.039
B.1 B.2 ~ Total | 43276 100 0.028 | 5.8977 100t 011
Benchmark 4.32831 .10 -0.018 5.9047 10791 -0.12
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D.1 2 3.8886 1072 0.031 6.3163 1072 0.11
D.2 D3 DA D.2 2 5.6351 -107% 0.14 -3.52337 .10 0.027
D3 |2 1.76075 - 10792 0.055 5.6646 - 10792 0.14
D.4 1 8.8163 10793 0.078 -1.83770 -107%1 0.023
D.5 1 9.200 -107% 0.79 -7.9531 10792 0.054
D.6 2 5.1058 -107% 0.15 1.1244 10792 0.51
D.6 D.7 D7 D.7 |2 6.7284 -107% 0.10 5.2105 10792 0.094
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D.10 D.11 D.12 D.12 |1 35114 -10°%3 0.12 2.8263 1072 0.10
D.13 |1 8.222 -107% 0.19 -7.994 -107% 0.13
D14 |2 1.76075 - 1072 0.055 9.106 -10793 0.19
D.15 |1 -7.242 -107% 0.14 -1.96633 - 10792 0.044
D14 D15 ~ Total | 1.04214 10791 0.024 |  -3.0760 -10°t% 0.061
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' N3LO IR cancellations
I 3-loop UV renormalisation
' 1,2,3-loop self-energies
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| Local PDF counterterms: develop a competitive subtraction method or
Integrate existing ones
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