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Two main difficulties: IR singularities, arising from real and virtual
radiation, and multi-loop amplitude calculations

Recommended tétfﬁs:
i) Herschel Chawdhry: this afternoon, at 3:50 pm
ii) Federica Devoto: tomorrow at 3:50 pm
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" LO: basic
ABOUT - NLO: solved in full generality two decades ago
NNLO: computed only for some processes

Two main difficulties: IR singularities, arising from real and virtual
radiation, and multi-loop amplitude calculations

@ IR singu[aritiesz

1) they are unphysical: require SUBTRACTION SCHEMES
II) we use NESTED-SOFT COLLINEAR [Caola, Melnikov, Rdntsch, "17]
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Soft-counterterm
provides the formula’
for the soft poles:
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C[) NLO: we start from SOFT divergences (see FKS [Frixione, kunszt, Signer '95])
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éSoft-reguIated term
:still contains collinear
:divergences

The soft-regulated term needs a similar treatment for COLLINEAR
divergences: all the singular configurations can be separated out
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éfully-regulated term Collinear-counterterm Soft-counterterm

.can be implemented - provides the formula provides the formula:

in anumerical code for the collinear poles | for the soft poles;
Crinie )
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Sticking to an ANALYTIC approach to compute counterterms is
complicated. Why don’t we go for a NUMERICAL strategy?

ANALYTIC

VERSUS
NUMERICAL
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Virtual corrections dé": the IR content of virtual amplitudes is
well-known [Catani ‘98]
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Virtual corrections dé": the IR content of virtual amplitudes is
well-known [Catani ‘98]
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Making use of NSC formalism to regularize this divergences we
obtain [Caola, Melnikov, Réntsch “17]
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It turns out that the SOFT TERM can be written by means of an
operator that, at least in principle, is very close to I(¢):

N
. 2 (ZEmaX/Iu)—ZG -
1 s Y| > 1o = - S k(T 7))

RECURRING
OPERATORS
AT NLO
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OPERATORS WO+ 10 == (L) 6 0BG
AT NLO
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AT N LO e the pole of O(¢~?) vanishes
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AT N LO e the pole of O(¢~?) vanishes

e has no color correlations at 6(¢ )
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Np Li — lOg (EmaX/Ei)

1 2 0
e +Ie) = - Y —<2Tl. L+ }/l-> L OE =320,
i=1 © ve = Po
Last ingrediantz hard-collinear term. Some parts vanish against

the DGLAP contribution, the remaining one can be collected
within the COLLINEAR OPERATOR

N
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OPERATORS
AT NLO
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Last ingrediantz hard-collinear term. Some parts vanish against

the DGLAP contribution, the remaining one can be collected
within the COLLINEAR OPERATOR

. > Ny I
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I-(e) cancels perfectly the pole of G(¢™!) left by Iy,(¢) + Is(e)
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Last ingrediantz hard-collinear term. Some parts vanish against

the DGLAP contribution, the remaining one can be collected
within the COLLINEAR OPERATOR
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Here it is what we find [Devoto, Melnikov, Rontsch, Signorile-Signorile, D.M.T., 2310.17598]
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Here it is what we find [Devoto, Melnikov, Rontsch, Signorile-Signorile, D.M.T., 2310.17598]

o]
Yoy == (Mo |13 |Mg) + ...

[a,)?
2

Y = (My| IS | M) + . ..

ViR = la X (Mol Is Ic | M) + . ..

[a,)?

QUARTIC
COLOR (S) [af]z
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Once combined, these objects return .......NB square of NLO
...... . ]2 [a]2
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The benefits of introducing these Catani-like operators:

Problemm of QUARTIC COLOR-CORRELATED poles disappear,
since everything is written in terms of I%(e) ~ O(e")
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the process. Instead, we write each of these in terms of I,(¢), I (¢)
and I-(¢), then recombine them to get I (¢). The CANCELLATION
OF THE POLES takes place AUTOMATICALLY

x We DO NOT EXPLICITLY CALCULATE all the SUB-BLOCKS of
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1 We find recurring building blocks, i.e. Iy/(¢),

Is(e), I-(€) and I(€), which let us solve the
problem of color-correlated poles

2 The procedure is (almost) entirely process
independent

CONCLUSIONS
AND

OUTLOOK

Work in progress: next step is a generalization to

asymmetric initial state and arbitrary final
state

iIN a numerical code

Outlook: application of the method to pheno-
studies

4 Work in progress: implementation of the results
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