Block course: Advanced Methods for Collider Physics

TUM-IMPRS Graduate School

Course coordinators: Prof. Dr. Lorenzo Tancredi, Prof. Dr. Giulia Zanderighi

Lecturers: Dr. Arnd Behring, Dr. Rhorry Gauld, Dr. Andrea Ghira, Dr. Renato Prisco,
Dr. Thomas Stone, Dr. Marius Wiesemann

Exercise sheet 1 (Monday, 02.03.2026)

Exercise 1: Using FORM to compute amplitudes
Download the computer algebra program FORM from

https://github.com/form-dev/form/releases.

There are precompiled binary versions for Linux, Mac and Windows. You just have to unpack
them, write a form script in a file, say foo.frm and run it via ./form foo.frm (Linux and
Mac) or form.exe foo.frm (Windows).

Calculate the interference of the tree-level diagram with the one-loop box diagram (diagram 9
in the lecture notes) for the process uii — dd. You can find the expressions for the tree-level
and one-loop diagrams in the lecture notes. Write the result in terms of Mandelstam invariants,
but leave the propagators and scalar products of the loop momenta untouched for the time
being.

FORM cheat sheet:

e Declaring variable types:
Symbol s, t, u;
Vector pl, p2;
Index mu, nu;
CFunction f, g;
Function noncommf, noncommg;

o Local expressions: Local amp = (s+t)~3;
o Scalar products: p1.p2 (or p1(mu)*p2(mu))
e Metric or Kronecker delta: d_(mu,nu)

o Dirac matrices: v* =g_(1,mu), 1 =gi_(1)
(where the argument 1 corresponds to the “spin line” the matrix belongs to).

e Replace expressions:
Identify pl.p2 = s/2;
Identify f(s7,t?) = s72-t72;

o Dirac traces:
Trace4 1; (in 4 dimensions) or Tracen 1; (in d dimensions)
(again, the argument 1 is the spin line which should be traced)

o Output active terms: Print; (or Print +s; [only one term per line])


https://github.com/form-dev/form/releases
https://github.com/form-dev/form/releases

o Backeting (collect w.r.t. some variables): Bracket s, t;
e End module: .sort
e End program: .end

A very detailed reference manual for FORM can be found at https://form-dev.github.io/
form-docs/stable/manual/.

Exercise 2: Colour algebra Compute, on paper or using FORM, the colour structure that
appeared in the interference of diagram 9:

Te[TeT T Te[TeTT?)

using colour Fierz identities

arpa 1
T%kal =TF <5il(5jk — N,C(Sij(skl> .

How can you use the same identities to calculate the colour structure of diagrams in which
three- or four-gluon vertices (i.e., the structure constants £, defined via [T, T?] = i f2%°T¢)
appear? Calculate the colour structure of the following one-loop diagram using this method:

Exercise 3: Tensor decomposition Compute the Gram matrix for the tensor structures 73
to Ty discussed in the lecture and extract the form factors from the amplitude of diagram 9.

Now, use only the four-dimensional subset in the t’Hooft-Veltman scheme. Does the result
change? Why or why not?

Exercise 4: Integral families Rewrite the result from exercise 1 in terms of scalar integrals
from the one-loop box integral family (see the lecture notes).

Exercise 5: Integration-by-parts Derive the integration-by-parts relations for the one-loop
triangle diagram. Show that the integral I(1,1,1) can be reduced to bubble integrals.
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