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Resummation for color-singlet processes



Collinear factorization:
e.g. Drell-Yan
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e partonic cross sections: pQCD
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e sometimes, large (double-)logarithmic corrections to d&
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* higher orders:
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* close correspondence with TMD evolution



Large logs can be resummed to all orders directly from
perturbative diagrams

originate from soft / collinear gluon emission

QCD matrix elements simplify, particularly so for
color-singlet processes

near threshold, exponentiation of eikonal diagrams

Gatherall; Franklin, Taylor; Sterman; ...

for symmetric multi-gluon phase space

in the following, Drell-Yan as example. Easily extended
to SIDIS, e'e Sterman, WV



* total Drell-Yan cross section:
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 both transforms can be taken simultaneously Laenen,Sterman,Wv



* non-abelian exponentiation: Gatherall; Franklin, Taylor; Sterman
Berger, Sterman
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o after working out “details” to NLL (N = Ne'7)
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e “Jointly resummed” cross section: Laenen,Sterman,WV

N > bQ) : threshold logs (e.g. b=0)
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e for the latter case:
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e vanishes at b=0
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Bozzi, Catani, de Florian, Grazzini; Laenen,Sterman,WV
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“standard” Sudakov exponent
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- DGLAP evolution of PDFs
from p=Qto Q/n

e matches standard CSS result
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e can be systematically extended (Y-term, qg contribution,...)



 emphasize: exponent vanishes at b=0

e nonperturbative contributions?
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e for “joint” resummation:
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Contact with TMD evolution



Ji, Ma, Yuan; Collins; Mert Aybat, Rogers,...

hard coefficient
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e comparison to resummation formula yields
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e best for phenomenology Sun, Yuan; Echeverria et al.

« DGLAP evolution for & | - integrated PDF !



Phenomenology



 NLL expansion of perturbative exponent:
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Treatment of large-b region:

e b* prescription Collins, Soper, Sterman; ...

* “contour method” Laenen, Sterman, WV

o /OO dbb Jo(bgr) f(b) = = /OO dbb [ hy (bgr.v) + ha(bar.v)] F(b)
0 0
(h, Hankel functions)

e “parameter free” (can be used even w/o Gaussian)



In the following, investigate:

e complex-b method vs b*

e role of “boundary condition” at b=0



fulz, k1, Qo) x exp KL/ (K fCTEQ(:E Qo) Anselmino et al.

(k2 ) = 0.25 GeV? go = 0.68 GeV? Qo = 1GeV

b* prescription with b =0.5 GeV-1, no boundary condition
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complex-b method w/ g,=0.42 GeV?
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x = 0.1




complex-b method with (k2 ) = 0.05 GeV?
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effect of “boundary condition” at b=0

x = 0.1
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Brief note on Y term
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SIDIS, e.g., J. Nagashima, Y. Koike, WV

d°o a? o L dr v dz
= A / — — |foDoo
d:l:bdedequ%(lq") 877:1:,%]-5621,@2 zk: g Tomin L Jzmin 2 f d

A2N92

~1 PN Q4 2 2 2
0, = 207772 > \Na (Q — qT) +6

2q7 | 222
Asymptotic behavior generated by

5 (% — (z — ;) (2 — Zf))

O(z — zf)

) O(x — xp;)
— + + 0(x — xp)0(2 — 24
( —xp5)+ (2 —2zf)4 ’




Three sources of log(q;) behavior in Y—term:

e terms ~ (g7/Q*)" in (Aféq

A

e contributions from 0 4q

* higher-order expansion of J(...) :

Can likely be included in resummation



Conclusions:

« complex-b method is an alternative to b*,
parameter-free.
Will need more detailed studies.

 role of subleading effects

 “joint” resummation could be relevant in
presently relevant kinematic regimes



