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Why SIDIS precision calculations?

The new Electron-lon Collider (EIC) at Brookhaven National Laboratory will be
operational by 2032-2035.
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SIDIS kinematic and large logs

SIDIS process at the hadronic level:
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g=Fk — k= Q? = —¢° space-like
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Scaling variables z = z=
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Parton level:
SIDIS process at the hadronic level:
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Factorization

® Double-soft limit £, 2 — 1 (Mellin space: N, M — o0) all the radiation is suppressed <+ Elastic limit.
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Parton level:
SIDIS process at the hadronic level:
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g=k — k= Q% = —¢® space-like pr=&P1 p2= .
2 P, - P N S
Scaling variables z = 21? z = 1; 2 p=w/f 2=2/8
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® Double-soft limit £, 2 — 1 (Mellin space: N, M — o0) all the radiation is suppressed <+ Elastic limit.

® Single-soft limit £ V 2 — 1 (Mellin space: N V M — oo) radiation emitted either by the incoming or the
outgoing quark is suppressed <> the longitudinal momentum of either the incoming or the outgoing parton is
fixed



SIDIS kinematic and large logs

Parton level:
SIDIS process at the hadronic level: arton feve
*(q) — X
hl(Pl)-‘rl(k?)—)hQ(PQ)-‘rl(k‘,)-‘rX f1(p1)+7 (q) ﬁ(pQ)‘i‘
2
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a,b
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do
dxdzdy

Factorization

1—-2 1-2
Large logs for
® Double-soft limit £, 2 — 1 (Mellin space: N, M — o0) all the radiation is suppressed <+ Elastic limit.
® Single-soft limit £ V 2 — 1 (Mellin space: N V M — oo) radiation emitted either by the incoming or the
outgoing quark is suppressed <> the longitudinal momentum of either the incoming or the outgoing parton is
fixed

E.g. double-soft limit: limyn, ar— o0 6(N, M, Q?) only contains logs terms, constant terms and power suppressed
terms = Large logarithms can be resummed to all orders.
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SIDIS vs DY resummation

Double-soft limit obtained up to NNNLL by Abele, Florian, and Vogelsang 2022 and at NNLL by Abele,
Florian, and Vogelsang 2021.

How to obtain resummation formula in the double-soft and single-soft limit
1. Study of the phase space in the soft-limits = Cy4 dimensional dependence in the soft-limits
2. RGE argument (as in Forte and Ridolfi 2003) = Resummation formula.

Phase space = analytical continuation of the DY process (at fixed rapidity — z1,2 = %zei@).
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Process Q2 Momentum cons. Frame & differential in Radiation Phase space
DY! g2 > Otimelke  p1 +p2 =q+ki+ - +kn C.M. g Collinear  ddp41 o (k2,)P(9dQ" 1 (e)dvdy
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® DY process (Forte, Ridolfi, De Ros, Tagliabue) <+ SIDIS process.
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® DY process (Forte, Ridolfi, De Ros, Tagliabue) <+ SIDIS process.
® E.g. I single-soft case = it also resums all the M power suppressed terms (NLP corrections). The formula is

cfr= (MM au@) = (1495 MDas + 952 (M)a2 + ...

2
@ k2 5 5 o Nk?
exp — (ag(k )AL + aZ(k )A2+4..)1n72
Q2 k Q

— (@ (¥®)D1(M) + a2 (W) D2 (A1) +H.)}
N
with NV = Ne? LL A1 = asl?N+a2lniN+...
NLL D1, Az = asInN+a? (In* N+asn®N) + ...

NNLL D2, ¢SV, A3 = a?InN + ...

® dQCD: comparison with fixed order = resummation coefficients.

® Single-soft limit for DY process up to NNLL obtained in dQCD by S. Forte, G. Ridolfi, L. De Ros, D.
Tagliabue from a translation of a SCET result ( Lustermans, Michel, and Tackmann 2019 and Mistlberger
and Vita 2025).



Matching procedure

® NNLO result from Bonino, Gehrmann, and Stagnitto 2024.
® Mathematica software packages:

® MTMellin Hdschele et al. 2014: to compute Mellin transformation.
® Harmonic Sums Ablinger 2013: to compute double- and single-soft limits.
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® NNLO result from Bonino, Gehrmann, and Stagnitto 2024.
® Mathematica software packages:

® MTMellin Hdschele et al. 2014: to compute Mellin transformation.
® Harmonic Sums Ablinger 2013: to compute double- and single-soft limits.
® Fixed order coefficient function in & single-soft limit:

Caa¥.31) =1+ (22) (102 4" () + 1 8 0 (01) + £ 0n))

+ (0‘7) (ln NP )+ 103 N P (M) + 102 N P (M) +1n N P (M) + fé2)(M)> +0 (%) +0(a?)
® Resummation formula expanded
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Z single-soft limit = taking the large M limit = | recovered the double-soft limit obtained by Abele, Florian,
and Vogelsang 2021.
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® Final remark: In agreement with my supervisor | am writing a paper on this new result ©.
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