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e Abbreviationing
Easy in Mathematica, practically impossible in FORM.

e Simplification of Colour Structures
Different approaches.

e Calculation of a Fermion Trace
Built-in in FORM, complicated in Mathematica.

e Tensor Reduction
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Springer (Austria) 2nd ed., 1983.

e Andrei Grozin
Using REDUCE in High-Energy Physics
Cambridge University Press, 1997.
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antisymmetric object, can be written with the =-tensor:

n

?:]_,...,?:n:].

In practice, the =-tensor is usually contracted, e.g. with vectors.
We will adopt the following notation to avoid dummy indices:

5,pr0p'uqyrp30 — 5(]77 q,T, 3) :
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Epslargs__] := Signature[{args}] Eps@@ Sort[{args}] /;
!0rderedQ[{args}]
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whereas if p; + p2 = p3 + p4 we could have instead

1
pp——
p4-|—m

In Mathematica: justdod /.pl + p2 - p3 -> p4.
Problem: FORM cannot replace sums.
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shortest expression (in FORM)?
Solution: add the number of terms of each argument, i.e.

{xaya Z} — {CIZ’, y7 Z,’I”L;U, nya nz} .

Then sort n,, n,, 1., but when exchanging », and n,,
exchange also « and b:

symm ‘foo’ (4,1) (5,2) (6,3);
This unconventional sort statement is rather typical for FORM.
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* order according to the nterms
symm ‘foo’ (4,1) (5,2) (6,3);

* choose shortest argument
id ‘foo’([x]?, 7a) = ‘foo’([x]);

#endprocedure
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e essential function here is Unique wi
are introduced. For example,

Unique["test"]

generates e.g. the symbol test1, which is guaranteed not to
be in use so far.

which new symbols

The Module function which implements lexical scoping in fact
uses Unique to rename the symbols internally because
Mathematica can really do dynamical scoping only.
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AbbrList[] := Cases[DownValues[abbr],
_[_[_[£f_11, s_Symbol] -> s -> f]

(*x restore full expression *) -
Restorel[expr_] := expr /. AbbrList[] -
O

O

O

O
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Natural Repres

~ T =SUNT [a,7,7]

Adjoint Repres

~ fab¢ = SUNF [a, b, c]

b d

~ fabz fred — QUNF [a,b,c,d]
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e SUNT[a,b, .. .,1,7] = (TaTb-")ij
e SUNT[a,b, .. .,0,0] =Tr(TaTb...)

This notation again avoids unnecessary dummy indices.
(Mainly namespace problem.)

For purposes such as the “large-V. limit” people like to use
SU(N) rather than an explicit SU(3).
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Dirac spinors, but can be generalized to any
finite-dimensional matrix space [hep-ph/0412245].

For SU(N) (colour) reordering, we need

1 1
TiiThe =5 (57:6% - N5z'j5ke> -

T. Hahn, Symbolic Programming Examples — p.13



For a Squared Amplitude:

o use the Fierz identity for SU(N) to get rid of all SUNT
objects.

For “hand” calculations, a pictorial version of this algorithm
exists in the literature.
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repeat;
once SUNT(?7a, [al?, [bl?, [il?7, [j1?) =
SUNT(?a, [a], [i], DUMMY) * SUNT([b], DUMMY, [j1);
sum DUMMY ;
endrepeat;

* apply the Fierz identity

id SUNT([al?, [il?, [jl?) = SUNT([al?, [k]?, [1]7) =
1/2 = SUNT([i], [1]) = SUNT([jl, [k]l) -
1/2/(¢SUNN’) * SUNT([i], [jl) * SUNT([k], [1]);
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b) Contraction on the same chain:

(A|T*|B|T"|C) = % ((A\C) g % (Al B |0>) | :
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—_—_——) -_) —_—)

(sunT[t1l, t4, i, 1] sunT[tB t2 k, jl -
sunT[t1, t2, i, j] sunT[t3, t4, k, 1]1/SUNN)/2

(* introduce dummy indices for the traces *) -
sunTracela__] := sunT[a, #, #]&[ Unique["col"] ] N
O

O

O

O
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+ Guo Ir Thp

This algorithm is recursive in nature, and we are ultimately
left with

Tril=14.

(Note that this 4 is not the space-time dimension, but the
dimension of spinor space.)
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Such tensorial integrals are rather unwieldy in practice,
therefore they are reduced to linear combinations of
Lorentz-covariant tensors, e.g.

B/,LI/ (p) = Boo (p) Juv + Bll(p) PuPv -

It is the coefficient functions Byy and B;; which are

implemented in a library like LoopTools.
. B B
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The next step is to take out g,,,’s in all possible ways. We do
this in form of a sum:

n
. 1
N,ul...,un — z 7"-(O) Z 9vive * " Gui_y Nul...un\yl...l/i
7;:0,2,4, c. . all {1/1,...,1/1'}

E{p1yeesin }

The 7(0)* keeps track of the indices of the tensor coefficients,
i.e. it later provides the two zeros for every g, in the index,
as in Doo12.
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The temporary function = keeps its argument, the ‘tagged’
momentum p, separate from the rest of the amplitude.

Now add the indices of V,, . to the momentum in 7:

7(p) Nyoopin = P+ D -

Finally, collect all 7’s into the tensor-coefficient index.

T. Hahn, Symbolic Programming Examples — p.22



Coi(MOM([p1]), MOM([p2] - [p1l), MOM([p2]), 7a);

* expand momentum
repeat id TMP([p1]?) * NUM([mul?, 7a) =
d_([p1], [mu]) * NUM(?7a) * TMP([p1]);

* collect the indices
chainin pave;
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