BlackHat Numerics




Overview

® What is BlackHat.




NLO Computation

® Three pieces are needed for an NLO
computation




BlackHat

[Berger, Bern, Dixon, DF, Febres Cordero, Ita, Kosower, Maitre]

® Automatec
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Typical Computing Load

® |n an NLO computation we must compute the real and the
virtual part, time spent is usually split evenly.

® TJypically this means that we evaluate at (e.g. Z+3 jets at NLO)

® Real: ~108 points.
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Anatomy of a One-Loop Amplitude

® Split the computation of the amplitude into two parts,
choose the optimal technique for each piece.
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Generalized Unitarity

® FEliminates the need for tensor reductions.
® Performing a cut reduces the number of integrals.

® e.g. for a triangle, using a specific loop momentum
parameterisation we have, [DF]
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Numerical Direct Extraction

® Extract a particular coefficient of the integrand.
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Numerical Stability

® Advantage to sampling more points is that you can
compute as many coefficients as you have sampled
points.

o So extra sampllng means we can test hlgher
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Minimal Re-Computation

® Error handling strategy,

® |[fa coefficient fails a test recompute it in higher precision.

® Currently use the gqd package for double-double and quad-
double types.
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Numerical Stability

® Check at a significant number of points the numerical
accuracy.

® Testing over 10° actual phase space points for two Z+3
jets sub processes gives
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Effect on Timing

® |nvestigate how much extra time is spent computing
an amplitude as we demand more precision.
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Timing for Gluons

® Average computation time of a single colour ordered
amplitude for a specific helicity configuration.

Use on-
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Timing for W+3jets

® Average computation time of a single colour ordered
amplitude for a specific helicity configuration.




Actual Runtime

® For each point we do not compute every sub process.

® Split up the amplitude into Leading Colour and Sub-Leading
Colour pieces.

Sub leading colour is much slower ~7 times, but contributes
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Where is the Computation
Time Spent!

® Comparing the speed of the equivalent tree to the
one-loop amplitude we see ~10° speed difference.

[ [
® Number of trees computed in a one-loop amplitude
. 3
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Using Analytic Formulae

® BlackHat uses on-shell recursion to compute trees, our
experience has shown that for up to 8-9 legs this gives the
best results. (see also [Dinsdale, Ternick,Weinzierl])

® |ncrease speed by using analytic formulas wherever possible.
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Conclusion

® BlackHat is now a mature one-loop-amplitude code.
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