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In this document we will explain the construction for the approximate NLL small-z limit for the N3LO massive coefficient
function, which is not currently known. The gluon coefficient function for F» can be written as (in Mellin space)
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See [arXiv:1708.07510] for the definition of Cy. Now we can expand Eq. (1) for small M up to second order. What we find is
Cr = C + MCSY + M2CSY + O(M®). (3)
Then we make the following substitution
M° — [M°] =1,
M' = [M'] = M = agyo + aimn +O(dd), (4)
M? = [M?] = M(M — asfio) = a3(2§ — 0fi) + O(a?)

where as = 72 and By = 1—310,4 - %nf. In this way Eq. (3) becomes
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Observe that since Cy is O(a,), then all the Cgk) are O(a,). It means that the term proportional to a? in (5) is the O(a?)
expansion of the partonic structure function of the gluon in Mellin space. Moreover, observe that all of this must be taken
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in the limit N <« M, and therefore the term (1 + %) in Eq. (1) can be replaced with 1. The value of v is known exactly,
and is
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while 7 is still not known. For this reason we used the approximate value
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In Egs. (6)-(7) we defined
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Now we have to transform back from Mellin space to z-space. Using that the Mellin transform is defined as
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one can show that
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We find that neglecting terms proportional to z and zlog(z), our approximation of the next-to-leading logarithm expansion
of the O(a?) gluon coefficient function for Fy is
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where we defined L, = log (1/¢,,), L¢ = log (1 + &/4) and
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We can apply the same procedure for Fy: all the steps we did to get Eq. (11) are unchanged and the only difference will



be in the from of the function in Eq. (1). In this case we have to use
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It is now useful to compute the large @ limits of Eqs. (11),(15). What we get is
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where we used that Lg = log (1/¢).
Now we want to construct an uncertainty band for our approximation. It will be done using a different expression for
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Applying the exact same procedure we find
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