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Drell-Yan is a clean probe to study initial-state nuclear effects

T Two types of nuclear effects:
E— Xquy €+r e Dynamic: (1D/3D) modifications due to parton
@ propagations in the cold nuclear matter (CNM).
XaEN

e Intrinsic: (1D/3D) partonic structure of nucleon is

L different in a nucleus.

This works: How much can we understand TMD Drell-Yan in pA from dynamical effects?

Theory framework: TMD factorization + SCET¢ (Soft Collinear Effective Theory with
Glauber Gluon Ovaneceyan, Vitev JHEP06(2011)080).



TMD factorization of Drell-Yan in the vacuum

e When A? < p% < M2, the pr differential DY cross-section is factorized into several sectors
in the impact-parameter space (b <— p7) [The TMD Handbook, Boussarie et al. arXiv:2304.03302]
e Scale & rapidity evolution equations match the boundary of sectors.
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LO TMD calculation of pp — u™

Good agreement at low pr. At large pr, one should match to fixed-order result (not included).
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LO in the CNM: pure collisional broadening
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Quark broadening from multiple scatterings

e Model the interaction with one scattering center
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LO in the CNM: pure collisional broadening
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LO is inadequate.

e Model the interaction with one scattering center
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Quark broadening from multiple scatterings
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e CNM parameters determined from modified
fragmentation functions in eA: pg ~ 0.4 fm—3,
£2 2 0.12 GeV? Ke, Vitev 2301.11940.



Radiative corrections: power counting in thin/dilute medium

Consider a large separation of scales

A27£27aspGL < kT.E/L < M2

. . o "
Medium-induced modes, \ = e T

e Proton-collinear: p* ~ E(1,)2, ), eP L slowly
varies, sensitive to medium size (the LPM effect).

e Soft: p* ~ E(X\, A, A\). eP L' highly oscillating — 0.
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Radiative corrections: power counting in thin/dilute medium

Consider a large separation of scales

A27£27aspGL < kT.E/L < M2

Medium-induced
. . o 1 ~ L 1 H

Medium-induced modes, \ = — = ~ °F contributions
e Proton-collinear: p* ~ E(1,\2,)), e? L slowly

varies, sensitive to medium size (the LPM effect). |

e Soft: p* ~ E(X\, A, A\). eP L' highly oscillating — 0.
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What'’s not included: P
o No target evolution: pg, &2 are constant parameters. QQ’ - ] Ill

e Ignore power correction to hard mode ~ &2/ M?.



Radiative corrections: medium-induced collinear sector at NLO
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Still complicated, but we can perform power expansion in v = Ef—/,_ < 1.



1. Induced collinear divergences (after power expansion)

e Divergence absorbed into the collinear PDF: i @ xf,(x, pi2).
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e Lead to the in-medium evolution of parton density via a set of PDEs Ke, Vitev 2301.11940.
For flavor non-singlet, it encodes and g — g conversion
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e The natural scale determines the upper bound of evolution &2 < 1?2 < min(1/b? YE/L).
Small 1/b ~ pr parton suffers less energy loss!



2. Induced rapidity divergence

a,p b, i
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Projectile

sectors. Lead to the BFKL evolution of the
broadening factor. [Fleming PLB735(2014)266; Rothstein,

Target
o Stewart, JHEP08(2016)025; Vaidya 2107.00029, 2109.11568]
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2. Induced rapidity divergence

1.0
e Rapidity divergence cancels among collinear & soft
—~ 084 sectors. Lead to the BFKL evolution of the
3 broadening factor. [Fleming PLB735(2014)266; Rothstein,
% osd Stewart, JHEP08(2016)025; Vaidya 2107.00029, 2109.11568]
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the range of evolution to y = min{y.pm, Yps}
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Medium-evolved T

Qo =4.0 GeV, Ex =400 GeV
Coqq ® fq/peisepGLzG(b)
— (qu + Céx(;ed,ﬁnlte) ® fq//pe—seng)Zg(b,y)

o f,,(x, 1 =1/b) evolved with CNM correction.

o Y ;(b,y) BFKL evolved with LPM cut off.

Jen ‘d/nJ/I/\INZ) ‘d/nJ

e Finite correction C;gedﬁ“ite not included vyet,

important for scale uncertainty quantification.

A At large xq: a k7 broadening.

A At small enough xg, energy loss (increases with kt) overcomes the broadening.



A consistent set of CNM input for DIS an

Nuclear effects in SIDIS Nuclear effects in Drell-Yan p7 spectra
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For collider experiments
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PHENIX pp: PRD99(2019)072003.

p-going side: fractional energy loss is small,
mostly broadening effect.

Au-going side: broadening + large CNM energy
loss (grows with k1) = Rpa flat/slight
decreasing with pr.

Large exp uncertainty, very challenging
measurement. Hope the sSPHENIX experiment
can update the measurement in p-Au or Au-Au.

For LHC energy, see backup slides.
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e Medium correction to TMD Drell-Yan using SCET.

e At NLO, opacity one, and leading power in £2L/E,
e Induced collinear divergence = medium evolved collinear PDF.
e Induced rapidity divergence = BFKL evolution of the broadening factor.

e Using the same CNM parameters from SIDIS in eA, dynamical calculations provide a good
description of the pt differential Drell-Yan data in pA.

e Future: generalization to TMD hadron productions in eA and pA.
Improve the baseline calculation for searching jet quenching in pA e.g. Vitev's Talk on
Wednesday, Symall Systems 11:20.
Applied to the determination of intrinsic nuclear NP effects e.g. Alrashed, Anderle, Kang, Terry,
Xing PRL129(2022)242001
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Questions?



In-medium evolution of collinear PDF

e Medium-induced collinear divergences show up at endpoints of the emission spectra

med / 7FNS Pmed( )(X) + virtual term.

med(1
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e They can be regulated using dimension regularization (d = 4 — 2¢),
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e For collinear observable 1 will be evolved to E/L.
For TMD observables, it becomes min{E/L,1/b*}
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Compare to ATL rell-Yan data in pPb
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