











































































































Higher order corrections IR safety

we'll now compute higher order perturbative

corrections to the R ratio We'll find that

these connections turn out to be numerically

smell However we'll encounter some interesting

complications along the way namely that

the diagrams suffer from infrared HR

divergences Understanding their structure

and cancellation helps us to design
other less inclusive variables It also

guides the construction
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Tete x

of ete og g
BO

Tete 95g taxi

A

up
junk Ffs



B p

b k EPs
itrim HimPz

im t II raai G
I p k T t I th i k J t of P pz_

Pi K p z h

Amplitude diverges
i f p Il k thU k

o r i f k O



Parameterize
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Perform the entire computation in

d 4 2E Use E to regularize IR

divergencies
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we can immediately integrate over K to

get
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and integrate over
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see the notebook R Retiro Neo ut

for a step by step computation

of the three particle phase space

The result is
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To get the full d dim result we also

need to recompute Imf in d dimensions

since the fermion traces yield factors

of E



Combining the amplitude with Psg and

dividing by Eia f in d dim we set
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The next step is to perform the y integrating

simply performing
them in d dim is not

easily possible but one can also not

just expand the integrand
because of

the divergencies



The int egrets have the form
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A bit more elegantly one can write
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see the Notebook for the explicit computation



It is interesting to explore where the

singularities are coming from if we

go to y 0 then E QL This

is only possible if the other particles

fby collinearly in the other direction
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In this situation y corresponds to the

momentum fractions carried by the

collinear gluon A physically well motivated

way to compute the phrase spree integral
is to

analyze it's soft collinear limits



The fine1 result reeds
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Next we need to compute the virtual

corrections Maj we need
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Now we can finally add up
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A very smell
n 3 but finite result


