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• Declan Keane, and his record, as seen by a KSU 
colleague 

• Some of my recent research…… Distinguishing quark 
and gluon contributions to  structure, angular 
momentum, and mass distributions

Topics 
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• Prior to 1979, there was Dick Madey (Dept Chair), Bryon 
Anderson, John Watson.  NSF funded for nuclear structure 
expts at Indiana Cyclotron & nuclear matter expts at Berkley 
Bevalac.  Expansion….

• Added 2 theorists: an Australian  (me, 1979), a Hungarian 
(George Fai, 1984).  Then for expts they added a Louisianian 
(Mark Manley, 1986). 

• Sometimes, good things happen when you are not looking…..

• While I was taking a sabbatical leave at Univ. of Maryland  
(1987-88), they went full Irish (Declan Keane, 1988)

• That was a good move!

• The Dept’s Nuclear Group: 
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~1987 @ Grand Canyon 
From Univ Calif Riverside 

to KSU?
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Brief record at KSU 
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Brief record at KSU 
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<latexit sha1_base64="L5M+Ls229IxzHQXYxxytwBz0lvI="></latexit>

”STAR” = Solenoidal Tracker at RHIC
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Time Projection Chamber 
in the STAR Detector
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From the Past 
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Nuclei & Nuclear Matter in Collision
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KSU Distinguished 
Scholar Award 2011 
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KSU Distinguished 
Scholar Award 2011 
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KSU President’s Faculty Excellence Award ~ 2016
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Nuclear Matter in Collisions

• 2010: The discovery of the first antimatter nucleus containing a strange quark, published in Science with 
postdoc advisee Jinhui Chen (now a professor at Fudan University)

• 2011:  The significant finding of anti-alpha, the heaviest stable anti-nucleus known so far, published in Nature 
with former PhD student Aihong Tang (now a scientist at BNL).

• 2014: With PhD advisee Yadav Pandit, published in PRL possible indications of a phase transition never 
previously observed in Nuclear Physics—-first order, like ice-water-vapor.

• 2023: The notable observation of Global Spin alignment of phi and K* vector mesons in nuclear collisions, 
published in Nature with Aihong Tang and postdoc advisee Subhash sing (now a staff scientist at IMP), and 
Jinhui  Chen.        

“Azimuthal anisotropic in AuAu collisions at 200 GeV" PRC 72  014904.   1029 citations

"Elliptic flow from two- and four-particle correlations in Au+Au collisions at 130 GeV" 
PRC 66 034904 (2002).   733 citations

"Bulk properties of the medium produced in relativistic heavyion collisions from the beam 
energy scan program" PRC 96 044904 (2017).    583  citations

Some  STAR Collab papers with Declan among the 
significant authors
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Parton Content of Nucleon J = Jq + Jg 

<latexit sha1_base64="tlyLkxeX/qJaJKIQRqfmB3b7YSM="></latexit>• Does dressed quark Jq already include Jg from gluons that
dress it and carry part of its spin?

• Since u, d quark dressing is very strong does it dominate
Jg,tot ?

• Do the ”binding” gluons that propagate between di↵erent
quarks of hadron state contribute to Jg,tot ?

• If so, how big is Jg,Bind ?

Now for the Painful Stuff:     Recent Hadron Physics & QCD activities
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<latexit sha1_base64="bUtaHpWK3NRJ3M/fx0kPt1L8zG4="></latexit>

• ”Parton decomposition of nucleon spin and momentum: gluons from dressed
quarks”, P. C. Tandy, Phys. Lett. B842 137972 (2023)

• ”Gluon PDF from quark dressing in the nucleon and pion”, A. Freese, I.
C. Cloet, P. C. Tandy, Phys. Lett. B823 136719 (2021)
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W(�,A) = P e�i g
R �
0 d⇠ n·A(n⇠)
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k · n = k+ = k0 + k3

PDFs  

<latexit sha1_base64="onFsRYocf1n88qo82QBMlieSJ1c="></latexit>

6n = � · n = �+
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sim for �q(x) & �g(x)



Comparison with recent LCD results  
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Here Deka (2013) Yang (2018) Alexandrou (2017) Yang (2018) Fan (2020) ave

0.42 0.33 0.42 0.27 0.47 0.41 0.38
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hxiNg at 2 GeV :
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hxi⇡g = 0.343 at 2 GeV

��� ��� ��� ��� ���
�

�

�

�

�

�

�

�
�(
�)

� � �(�) μ= � ���

�������
�������

Z. Fan, R. Zhang, H.-W. Lin,  
arXiv:2007.16113 (2020)  
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hxig,Bind

hxig,Tot
= 10%
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Parton Content of Nucleon P, J, M & Distributions 
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X. Ji (1997)
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⇠ = � Q · n
2K · n
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hxiq/g =
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dx x Hq/g(x,0,0)
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GPDs(x, ⇠,Q2)
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Jq/g =
1

2

Z
dx x {Hq/g(x,0,0) + Eq/g(x,0,0)}
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Jq/g , Lq/g ,Sq/g of Proton @ µ0

J Content of “Physical” q in 1-loop QCD  

<latexit sha1_base64="4XqKvTihMbgdwQcF+HCzUbivvMg="></latexit>

• Gluons contribute ⇠ 25% in both cases.
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HQCD: 1.3% 26% S. Xu, J. Vary et al PRD 108 (2023)
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Jq/g, Lq/g, Sq/g of Proton in LQCD @ 2 GeV

DK 70th Dec2023



19

 
<latexit sha1_base64="AP5ubofCGPWxglMB6RA1PMHH7LU="></latexit>

Proton: hxiq/g, Jq/g @ µ = 2 GeV
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Parton Content of Hadron P, J, M & Distributions 
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K =
P0 +P
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E�M Tensor
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hP0|T̃µ⌫(q/g)|Pi = ū(P0){Aq/g(Q
2)2KµK⌫ + · · · }u(P)
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Z
dxxHq/g(x,0,Q

2)
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Aq(0) +Ag(0) = 1 = hxiq + hxig
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GPD

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.1

0.2

0.3

0.4

0.5

Q

Ap(Q) μ=2 GeV

q

g

s

<latexit sha1_base64="62eHfnvFZF8bUXQZfiEgLtus4Ik="></latexit>

Distribution of Mass2
<latexit sha1_base64="FahCJjnQqbyFVa12GcQ+GxVgEI8="></latexit>

Pion
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R⇡
mass ⇡ 80% R⇡

em
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R⇡
mass(g) ⇡ 1.19 R⇡

mass(q)
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Understandable? YES
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[cf Hackett-Shanahan, LQCD (2023) 1%]
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[cf Hackett-Shanahan, LQCD (2023) 63%]
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<latexit sha1_base64="vGZNnL9fYCflamDpDuQwQImiXBs="></latexit>

• Modeling QCD for PDFs q(x), g(x) of pion & nucleon: Ap-
propriate QCD mechanisms included? Yes

• Insights from : hxiq, hxig, Jq, Jg for a ”physical” quark target
in 1-loop QCD

• DSE-RL approach centers around quark dressing (DCSB).
Does that generate a realistic g(x) ? Yes, hxig(µ0) ⇠ 0.24

• Estimated Wilson line correction to Landau gauge hxiq, Jq is �7%

• There is a small ”binding” gluon contribution hxig,B ⇠ 0.02

• Presented some earlier DSE-RL PDF results ( prior to these
recent insights)
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The End
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Congratulations 

And


Well Done Declan!
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P0,P = K±Q?/2, ⇠ = � Q · n
2K · n ! 0
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QCD GPDs : H , E from
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general form :
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hxiq/g

Parton Content of Nucleon J  
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X. Ji (1997)
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GPDs



• X. Ji’s space-like correlator approach to PDFs—a model investigation.   
Spurious anti-quark contributions seem unavoidable if Pz < 2 GeV.     For x >  
0.8,  need Pz >  4 GeV for confidence in the qualitative shape.  Further work in 
progress.

• Parton Distribution Amplitudes (pion, kaon).  DSE approach shows good 
contact with available lattice-QCD moments.    Flavor symmetry breaking in 
kaon DA made quantitative.   

• Pion Transition & Elastic Form Factors   DSE TFF calculation for all Q^2—-
agrees with Belle not BaBar.  DSE elFF——Connection with asymptotic QCD 
reconciled.  Identify that the ultraviolet partonic behavior is  within reach of 
proposed JLab pion FF experiments.    

• Parton Distribution Functions (pion).   Qualitative behavior of empirical data 
fits reproduced by DSE q-qbar + pion loop analysis.

• Time to declare we understand the pion and kaon in QCD ? 

Summary 
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