Collaboration

TMDs in the nuclear medium

John Terry

In collaboration with Mishary Alrashed, Daniele Paolo Anderle,
Zhong-bo Kang, and Hongxi Xing

July 20, 2021




Overview of Global Analyses

Factorization Theorems

Hadron plane

g Lepton Plane

Central idea of a global analysis

® (Calculate the perturbative physics at
high order.

® We take an ansatz for the NP physics.

® Use experimental data constrain
parameterization.
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Nuclear Modified PDFs

Four Decades of the EMC Effect
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This effect is still not understood from first principles.
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Effective understanding of the nuclear modifications.
14

® FEskola, Kolhinen, Ruuskanen
1998: Kept DGLAP evolution
equations unchanged.

® Found that global experimental
data can be described by
modifying NP parameterization.

® Indication that nuclear
modifications may be
non-perturbative in nature.
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Extractions for Nuclear Modified PDF's
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Nuclear Modified FFs
Extractions
Sassot, Stratmann, Zurita 2009 (SSZ) Zurita 2020 (LIKEn)
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Data from SIDIS + p A — h collisions.

® No modification to the DGLAP evolution.
® Accounted for nuclear medium effects in the non-perturbative

parameterization.
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Nuclear Holography in Three-Dimensions

From collinear distributions to TMDs

Drell-Yan Measurements

® RaB = 5‘%/% ® do/dq. (v/Z)
-E866 ATLAS
-E772 CMS

-Prelim. RHIC
SIDIS Measurements
o Multiplicity ratio Rj = M /M.
-HERMES 2007
-Prelim. JLab
-Planned JLab
-Possible EIC.

CMS 5 TeV/
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Parameterization

Cross section

do’ bdb ([ bP
dragdzam; ~ M@ 2 D (M) £ b0 Dl i)

TMDs
f;/n(x, b;Q) = [C,,H ®f,-’}n} (x, Up, ) exp {—Spert(p,,*,Q) — SII:IP(b» Q,A)}
1 1A
Dﬁ/q(za b7 Q) = 2*2 |:Ci<—q & D2/1:| (Z, ,ub*) exp {_Spert(,ub* s Q) — Sﬁp (b7 Z, Q7A)}

Our assumptions
® Perturbative information is left unchanged by the nuclear medium.
Cyi, Cieq, and Spert are unchanged.

® Non-perturbative information is modified.
j;’}n, D/,j/,., S%p, and Sp are altered.



Parameterization continued
TMDs
Fam(e,55.Q) = [Crs ® ] (. b, ) exp { =Spert (.. @) = SLp (b, 0. 4) |
Diyq(zb; Q) = Z% [y ® D] (2 0.) exp {=Spers (., Q) — SR (b2, 0. 4)}

Collinear Distributions
We use the EPPS16 parameterization for ff}n (NLO).

We use the LIKEn parameterization for Dﬁ/i (NLO).

Perturbative order in our analysis
Work at NLO+NNLL for the TMDs.

‘We take the non-perturbative parameterization
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Fitting Procedure and Data
Our definition of the 2
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Kinematic cuts
SIDIS Drell-Yan

P <0.7GeV 7<0.7 q1/0<0.3
Description of the experimental data (Preliminary)

He T ATLAS, 3<y<2, N =107

Prediction.
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x?/d.o.f = 1.045 126 points with ay = 0.0171 £ 0.003 and
by = 0.0144 £ 0.001



3D imaging in the nucleus
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Summary and Outlook

® There has been tremendous progress over the past few decades in
extracting nuclear modified collinear distributions.

® We have performed the first extractions of the nuclear modified
TMDPDF and TMDFFs.

® This allows us to quantify for the first time the nuclear broadening of
these distributions.

® We expect that additional data from JLab, RHIC, the LHC, as well as
future measurements at the EIC could help further constrain these

distributions.
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Thank you to the audience and the organizers!



