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QUICKLY WHY DO WE NEED TOOLING?
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LOCAL UNITARITY: TL;DR

soome | O
s NLO, Double-Triangle (DT)
NLO, Self-Energy (SE)
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LOCAL UNITARITY: A CONCEPTUAL SHIFT
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KEY INGREDIENTS

@ @ Symbolico

User Interface Low-level backend "Open-source free fast Mathematica”

A

* Diagram generation feyngen

https://github.com/alphal00p/gammaloop

A ‘

* Fast and flexible numerator algebra Spenso

https://github.com/alphal00p/spenso

O b (D) Tr [y (7 (b ) + 1)y (12 4 )] € (p)°

- vakint

https://github.com/alphal00p/vakint

* Analytical vacuum integrals
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FEYNGEN: EASY DIAGRAM GENERATION

https://github.com/alphal00p/gammaloop

First ingredient: Symbolica graph generation :

let mut graphs: HashMap<Graph<NodeColorWithoutVertexRule,.. = SymbolicaGraph::generate

external_edges: external_edges_for_generation.as_slice(),
vertex_signatures: vertex_signatures_for_generation.as_slice(),
max_vertices: None,

max_loops: Some(self.options. loop_count_range.1),

max_bridges: filters.get_max_bridge(),

allow_self_loops: !filter_self_loop,

And the corresponding canonization with node and edge coloring :

let canonized_g: CanonicalForm<NodeColor, ..> = g.canonize();

Process generation syntax and options detailed at :

Let’s see 1t In action!

https://wiki.alphaloop.ch/en/gammaloop/ProcessGeneration
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TENSOR NETWORKS

GRAMS AS
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VAKINT: COMPUTATION OF UP TO 4~-LOOP VACUUM INTEGRAL
https://github.com/alphal00p/vakint
FMFT [ 1707.01710 ] and MATAD [ 0009029 ]

N = (k1 k2)® + (ks - p1) (ks - p2) + (p1 - p2) (k1 + k2) - ko

integral = E(
(
k(1,11)*k(2,11)*k(1,22)*k(2,22)
+ p(1,11)*k(3,11)*k(3,22)*p(2,22)
+ p(1,11)*p(2,11)*(k(2,22)+k(1,22))*k(2,22)
)*topo(
prop(1l,edge(1,2),k(1),muvsq,1)
prop(2,edge(2,3),k(2),muvsq,1)
prop(3,edge(3,1),k(3),muvsq,1)
pr‘op(4)edge(l )4) ’ k(3)—k(l) ,MUVsq, 1)
prop(s)edgecz74)7k(1)_k(2)’muvsq’1>
prop(6,edge(3,4),k(2)-k(3),muvsq,1)

)""")

direct_evaluation = vakint.evaluate(integral)

num_eval, num_error = vakint.numerical_evaluation(
evaluated_integral, params=masses, externals=external_momenta)

Numerical evaluation:
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