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analyze data using modern MC techniques & uncertainty quantification 
to simultaneously extract various quantum correlation functions (QCFs)
— parton distribution functions (PDFs)
— fragmentation functions (FFs)
— transverse momentum dependent (TMD) distributions
— generalized parton distributions (GPDs)

Jefferson Lab Angular Momentum (JAM) collaboration — an enterprise
involving theorists, experimentalists, and data scientists using QCD to 
extract internal quark & gluon structure of hadrons from data

inclusion of lattice QCD data to supplement global analysis (with caution!) 
in the absence of experimental constraints
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Global QCD analysis with JAM

Bayesian Monte Carlo approach, multi-step strategy to scan parameter space

iterative Monte Carlo

probability distribution P(~a|data) / L(data|~a)⇡(~a)

<latexit sha1_base64="A7MxPUB7n7qy2ClyumA1YlpKB5M="></latexit>

data resampling 

uncertainty quantification from replica ensembles



Unpolarized PDFs (and fragmentation functions)

Helicity PDFs

Global QCD analysis with JAM



Small-x PDFs

Transversity PDFs

Global QCD analysis with JAM

Pion distributions



TMD PDFs

GPDs

Global QCD analysis with JAM



Unpolarized proton PDFs

Global QCD analysis of unpolarized PDFs based on ~6,000 data points

Anderson, WM, Sato, PRD 112, 094011 (2025) 
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Deuteron targets

A lot of the data used in global analysis are taken on deuteron targets
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primarily as a means of obtaining neutron structure information 

   n  =  d     p_

depends also on deuteron structure 

   n  =  d     p + δd_

“nuclear correction”

Assuming scattering takes place from individual nucleons in the deuteron,
deuteron and nucleon structure related via generalized convolution

?

on-shell smearing function off-shell smearing function



A lot of the data used in global analysis are taken on deuteron targets
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primarily as a means of obtaining neutron structure information 

   n  =  d     p_

depends also on deuteron structure 

   n  =  d     p + δd_

“nuclear correction”

Assuming scattering takes place from individual nucleons in the deuteron,
deuteron and nucleon structure related via generalized convolution

?

on-shell nucleon structure function off-shell nucleon structure function

on-shell proton PDF
(fitted to world proton data,
 generally well constrained)

off-shell PDF
(fitted to nuclear data,
not well understood)

Deuteron targets



Off-shell nucleon PDF depends on the nucleon species, and on the specific
nucleus in which the nucleon is bound
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depends also on the nature of interaction 
between spectator partons (“diquark”) 

and residual (A-1) nuclear system

Off-shell nucleon PDFs

A

N

A  1_

q

normalization condition (valence quark number the same in free & bound nucleon)

for A = D, only the isoscalar u + d combination enters
(not to be confused with isospin of exchanged state * )

exchange of 
I = 0 or I = 1
quantum #s *

assume isospin symmetry for all (on-shell and off-shell) PDFs



10

Deuteron EMC effect

has nontrivial dependence on Bjorken-x, especially at large x 

Ratio of deuteron to free nucleon structure functions (“EMC ratio”)

~ 1%–3% depletion
at x ~ 0.6

rapid rise due to
Fermi motionuncertainties from D 

wave function and
fitted off-shell PDFs

Cocuzza et al.
arXiv:2602.16589
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Deuteron EMC effect

Shape of EMC ratio depends (partly) on sign and magnitude of off-shell effects

for the deuteron the overall effect is small

is effect intrinsically small, or are there cancellations between 
different flavors, since deuteron is only sensitive to u+d combination?  

need other nuclei to determine flavor dependence

He,  H3 3

Cocuzza et al.
arXiv:2602.16589
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EMC effect in  He and  H3 3

Recent data from MARATHON experiment at JLab gives first information 
about flavor dependence of nucleon off-shell corrections

comparison of MARATHON
and earlier Hall C data 

Cocuzza et al.
arXiv:2602.16589

excellent agreement with all data 
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EMC effect in  He and  H3 3

Resulting off-shell PDFs, fitted in global QCD analysis of all p, D, A=3 data,
show interesting flavor dependence

�q0 = �u0

= �d0

<latexit sha1_base64="NiUs6cJq9QRthqzIy7J3YHr5j78=">AAACEHicbVBLS8NAEJ7UV62vqEcvi0X0VJJS0YtQ8OKxgm2FJoTNZtMu3Tzc3Qgl9Cd48a948aCIV4/e/Ddu24DaOrDwPWaYnc9POZPKsr6M0tLyyupaeb2ysbm1vWPu7nVkkglC2yThibj1saScxbStmOL0NhUURz6nXX94OfG791RIlsQ3apRSN8L9mIWMYKUlzzx2AsoVRneehS5QQTJNHOeHB57lmVWrZk0LLQK7AFUoqu WZn06QkCyisSIcS9mzrVS5ORaKEU7HFSeTNMVkiPu0p2GMIyrdfHrQGB1pJUBhIvSLFZqqvydyHEk5inzdGWE1kPPeRPzP62UqPHdzFqeZojGZLQozjlSCJumggAlKFB9pgIlg+q+IDLDAROkMKzoEe/7kRdCp1+xG7fS6UW3WizjKcACHcAI2nEETrqAFbSDwAE/wAq/Go/FsvBnvs9aSUczsw58yPr4B04WahA==</latexit>

Cocuzza et al.
arXiv:2602.16589

large nonzero isoscalar PDF

hint of flavor asymmetric isovector PDF

nonzero
asymmetry?



14

EMC effect in  He and  H3 3

JAM analysis fits all overall normalization uncertainties, within quoted uncertainties 
… MARATHON experiment fixed normalization assuming no EMC effect at x = 0.31
      as in Kulagin-Petti (KP) model

significant difference between (globally) fitted and (MARATHON+KP) assumed 
normalizations for  He/D data3
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EMC effect in  He and  H3 3

Shape of EMC ratio depends on sign and magnitude of off-shell effects

largest effect in  He EMC ratio3

D/(p+ n)

<latexit sha1_base64="2lG4H290Sz9xol+DhpPG6lPj4zg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahItTdUtFjQQ8eK9gPaZeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oNUHA4/3ZpiZF8ScaeO6X05uZXVtfSO/Wdja3tndK+4ftHSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtczv/1IlWaRvDeTmPoCDyULGcHGSg836ByV4zN52i+W3Io7B/pLvIyUIEOjX/zsDSKSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5wVN0YpUBCiNlSxo0V39OpFhoPRGB7RTYjPSyNxP/87qJCa/8lMk4MVSSxaIw4chEaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZf/kta1YpXq1zc1Ur1ahZHHo7gGMrgwSXU4RYa0AQCAp7gBV4d5Tw7b877ojXnZDOH8AvOxzd4147Z</latexit>

3
He/(2p+ n)

<latexit sha1_base64="fpU26rhCVm8GJe31hEE/UDM+Rzg=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQEepMreiy4KbLCvYB7VgyaaYNTTJDkhGGof6KGxeKuPVD3Pk3pu0stPXAhcM593LvPX7EqNKO823l1tY3Nrfy24Wd3b39A/vwqK3CWGLSwiELZddHijAqSEtTzUg3kgRxn5GOP7md+Z1HIhUNxb1OIuJxNBI0oBhpIw3s4sNl2pccNsgUXsByNToXZwO75FScOeAqcTNSAhmaA/urPwxxzInQmCGleq4TaS9FUlPMyLTQjxWJEJ6gEekZKhAnykvnx0/hqVGGMAilKaHhXP09kSKuVMJ908mRHqtlbyb+5/ViHdx4KRVRrInAi0VBzKAO4SwJOKSSYM0SQxCW1NwK8RhJhLXJq2BCcJdfXiXtasWtVa7uaqV6NYsjD47BCSgDF1yDOmiAJmgBDBLwDF7Bm/VkvVjv1seiNWdlM0XwB9bnD97Vku0=</latexit>

3
H/(p+ 2n)

<latexit sha1_base64="CDb/b5lPXaGJChla2WIOtcg3mN0=">AAAB+3icbVDLSgMxFM3UV62vsS7dBItQEepMreiy4KbLCvYB7VgyaaYNTTJDkhHLML/ixoUibv0Rd/6NaTsLbT1w4XDOvdx7jx8xqrTjfFu5tfWNza38dmFnd2//wD4stlUYS0xaOGSh7PpIEUYFaWmqGelGkiDuM9LxJ7czv/NIpKKhuNfTiHgcjQQNKEbaSAO7+HCZ9CWHjRRewHJ0XhVnA7vkVJw54CpxM1ICGZoD+6s/DHHMidCYIaV6rhNpL0FSU8xIWujHikQIT9CI9AwViBPlJfPbU3hqlCEMQmlKaDhXf08kiCs15b7p5EiP1bI3E//zerEObryEiijWRODFoiBmUIdwFgQcUkmwZlNDEJbU3ArxGEmEtYmrYEJwl19eJe1qxa1Vru5qpXo1iyMPjsEJKAMXXIM6aIAmaAEMnsAzeAVvVmq9WO/Wx6I1Z2UzR+APrM8fGjKSfg==</latexit>

3
He : 9�u0 + 6�d0 + �u1 + 4�d1

<latexit sha1_base64="yODxgu1vbsbNATWJgG/W82WssXA="></latexit>

D : �u0 + �d0 + �u1 + �d1

<latexit sha1_base64="PDyknAB6YLdFHr6w/UwAFWYXPYc=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0UQhJBIa6Orgi5cVrAPaEKYTKbt0MmDmYlQQr/Ejb/ixoUigiv9G6dtxFo9MHDuOfdy5x4/YVRI0/zUCkvLK6trxfXSxubW9o6+u9cSccoxaeKYxbzjI0EYjUhTUslIJ+EEhT4jbX94OfHbd4QLGke3cpQQN0T9iPYoRlJJnl69unCgExAmEUw9E558F8F8kXrWvGN5etk0ame2fW5D0zCn+CFWTsogR8PT350gxmlIIokZEqJrmYl0M8QlxYyMS04qSILwEPVJV9EIhUS42fS8MTxSSgB7MVcvknCqzk9kKBRiFPqqM0RyIBa9ifif101lz3YzGiWpJBGeLeqlDMoYTrKCAeUESzZSBGFO1V8hHiCOsFSJllQI1uLJf0nr1LAqRvWmUq6beRxFcAAOwTGwQA3UwTVogCbA4B48gmfwoj1oT9qr9jZrLWj5zD74Be3jC8Q/nyQ=</latexit>

3
H : 6�u0 + 9�d0 + 4�u1 + �d1

<latexit sha1_base64="+bOPfBiVvLXCqd/JYodsuUWH1Cc="></latexit>
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�

<latexit sha1_base64="KU9YGBs3GH1lVr9mvEZY4MreyhE="></latexit>
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1
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�
q1" � q1#

�

<latexit sha1_base64="kjGk3834XbKTPssONxtNWoryAPg="></latexit>

bD1 =
1

2

�
2q0" � q1" � q1#

�

<latexit sha1_base64="/CJ2TcAjBliDjb5tXwSblWL0ltU="></latexit>

Deuteron PDFs 

Can also write D structure function directly in terms of deuteron PDFs

Since deuteron is spin-1 nucleus, there are additional twist-2 structure
functions and PDFs (at LO)

can perform global QCD analysis to extract deuteron PDFs, 
without reference to nucleon PDFs (nCTEQ, EPS, …)

deuteron PDFs      and      can be related to nucleon PDFs      and
e.g., via convolution, but      PDF is unique to the deuteron

q1"

<latexit sha1_base64="INYiYSwnXItOYuD6SiO98J4k3O8=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFZLSou4KblxWsA9oYplMJ+3QyUych1JCf8ONC0Xc+jPu/BunbRCtHrhwOOde7r0nShlV2vM+ncLK6tr6RnGztLW9s7tX3j9oK2EkJi0smJDdCCnCKCctTTUj3VQSlESMdKLx5czv3BOpqOA3epKSMEFDTmOKkbZScNcPTIqkFA+3fr9c8VxvDui51arvX9Tht+LnpAJyNPvlj2AgsEkI15ghpXq+l+owQ1JTzMi0FBhFUoTHaEh6lnKUEBVm85un8MQqAxgLaYtrOFd/TmQoUWqSRLYzQXqklr2Z+J/XMzo+DzPKU6MJx4tFsWFQCzgLAA6oJFiziSUIS2pvhXiEJMLaxlSyIfjLL/8l7arr19z6da3SqOVxFMEROAanwAdnoAGuQBO0AAYpeATP4MUxzpPz6rwtWgtOPnMIfsF5/wJBbpHL</latexit>

q1#

<latexit sha1_base64="+xZc6cxDEyuUe1P433NW9ay7uzU=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4GialRd0V3LisYB/QTksmzbShmWRMMpYy9D/cuFDErf/izr8xbQfR6oHA4Zx7uDcniDnTxvM+ndza+sbmVn67sLO7t39QPDxqapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQXj67nfeqBKMynuzDSmfoSHgoWMYGOl3n2/O5ATgZWSkx7qF0ue6y0APbdcRuiqCr8VlJESyFDvFz9snCQRFYZwrHUHebHxU6wMI5zOCt1E0xiTMR7SjqUCR1T76eLqGTyzygCGUtknDFyoPxMpjrSeRoGdjLAZ6VVvLv7ndRITXvopE3FiqCDLRWHCoZFwXgEcMEWJ4VNLMFHM3grJCCtMjC2qYEtAq1/+S5plF1Xc6m2lVKtkdeTBCTgF5wCBC1ADN6AOGoAABR7BM3hxJs6T8+q8LUdzTpY5Br/gvH8B1WiSsg==</latexit>
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<latexit sha1_base64="GR7EzlJjnm+6KQxkMHUxh6B0tbU=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFZLQou4KblxWsA9oYphMJ+3QySTOTJQair/ixoUibv0Pd/6N0zaIVg9cOJxzL/feE6aMSmXbn8bC4tLyympprby+sbm1be7stmSSCUyaOGGJ6IRIEkY5aSqqGOmkgqA4ZKQdDs8nfvuWCEkTfqVGKfFj1Oc0ohgpLQXm/k3gZSkSIrm7zr1IIOy448Cs2JY9BbQt13Wcsxr8VpyCVECBRmB+eL0EZzHhCjMkZdexU+XnSCiKGRmXvUySFOEh6pOuphzFRPr59PoxPNJKD0aJ0MUVnKo/J3IUSzmKQ90ZIzWQ895E/M/rZio69XPK00wRjmeLooxBlcBJFLBHBcGKjTRBWFB9K8QDpCNQOrCyDsGZf/kvabmWU7Vql9VKvVrEUQIH4BAcAwecgDq4AA3QBBjcg0fwDF6MB+PJeDXeZq0LRjGzB37BeP8C1LOVbg==</latexit>
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q0"

<latexit sha1_base64="hUi5hLxT7p89ajAFqwHQtkCiYYI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5CEFnVXcOOygn1AW8NkOmmHTmbizESpoV/ixoUibv0Ud/6N0zaIVg9cOJxzL/feEyaMKu26n1ZhZXVtfaO4Wdra3tkt23v7LSVSiUkTCyZkJ0SKMMpJU1PNSCeRBMUhI+1wfDHz23dEKir4tZ4kpB+jIacRxUgbKbDLt0HWSxMkpbif3rgwsCuu484BXcf3Pe+8Br8VLycVkKMR2B+9gcBpTLjGDCnV9dxE9zMkNcWMTEu9VJEE4TEakq6hHMVE9bP54VN4bJQBjIQ0xTWcqz8nMhQrNYlD0xkjPVLL3kz8z+umOjrrZ5QnqSYcLxZFKYNawFkKcEAlwZpNDEFYUnMrxCMkEdYmq5IJwVt++S9p+Y5XdWpX1Urdz+MogkNwBE6AB05BHVyCBmgCDFLwCJ7Bi/VgPVmv1tuitWDlMwfgF6z3L9+Iky8=</latexit>
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Deuteron PDFs 

Needs simultaneous global QCD analysis of unpolarized       (or      ),
helicity dependent      (or      ,      ), and tensor      structure functions

FD
1

<latexit sha1_base64="3FLC+CA6libqRV4Wzr0ks0RUoa0=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtLdZbQRGPFWwrtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmH4IVfTBwOO9GWbmBTFn2rjup5NZWl5ZXcuu5zY2t7Z38rt7TS0TRWiDSC7VbYA15UzQhmGG09tYURwFnLaC4fnEbz1QpZkUN2YUUz/CfcFCRrCxUvOy691doG6+4BbdKdACqZbPKidV5M2VAsxR7+Y/Oj1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NoxOrJKD4VS2RIGTdXFiRRHWo+iwHZG2Az0b28i/uW1ExNW/ZSJODFUkNmiMOHISDR5HfWYosTwkSWYKGZvRWSAFSbGBpSzIXx/iv4nzVLRKxcr1+VCrTSPIwsHcAjH4MEp1OAK6tAAAvfwCM/w4kjnyXl13matGWc+sw8/4Lx/AYnmjms=</latexit>
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<latexit sha1_base64="xj+AutXjA4C0JKU0w18mqYNY01c=">AAAB7XicdVBdSwJBFL1rX2ZfVo+9DEnQk+yakr0JRfRokBroJrPjrE7Oziwzs4GI/6GXHorotf/TW/+mUTewqAMXDufcy733BDFn2rjup5NZWl5ZXcuu5zY2t7Z38rt7TS0TRWiDSC7VbYA15UzQhmGG09tYURwFnLaC4fnUbz1QpZkUN2YUUz/CfcFCRrCxUvOyW7q7QN18wS26M6AFUi2fVU6qyEuVAqSod/MfnZ4kSUSFIRxr3fbc2PhjrAwjnE5ynUTTGJMh7tO2pQJHVPvj2bUTdGSVHgqlsiUMmqmLE2McaT2KAtsZYTPQv72p+JfXTkxY9cdMxImhgswXhQlHRqLp66jHFCWGjyzBRDF7KyIDrDAxNqCcDeH7U/Q/aZaKXrlYuS4XaqU0jiwcwCEcgwenUIMrqEMDCNzDIzzDiyOdJ+fVeZu3Zpx0Zh9+wHn/Aottjmw=</latexit>
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<latexit sha1_base64="ob4zQf/kTPL7sezFnVWn4vv0GdI=">AAAB7HicdVBNS8NAEJ3Ur1o/WvXoZbEInkpSW6y3gh48VjBtoY1ls920SzebsLsRSuhv8OJBEa/+IG/+G7dthCr6YODx3gwz8/yYM6Vt+9PKra1vbG7ltws7u3v7xdLBYVtFiSTUJRGPZNfHinImqKuZ5rQbS4pDn9OOP7ma+50HKhWLxJ2extQL8UiwgBGsjeSOBs799aBUtiv2AmiFNGqX9fMGcjKlDBlag9JHfxiRJKRCE46V6jl2rL0US80Ip7NCP1E0xmSCR7RnqMAhVV66OHaGTo0yREEkTQmNFurqRIpDpaahbzpDrMfqtzcX//J6iQ4aXspEnGgqyHJRkHCkIzT/HA2ZpETzqSGYSGZuRWSMJSba5FMwIXx/iv4n7WrFqVXqt7Vys5rFkYdjOIEzcOACmnADLXCBAINHeIYXS1hP1qv1tmzNWdnMEfyA9f4FZYqOYg==</latexit>
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<latexit sha1_base64="cqw+XAqmOdaYyC2ME+Brb3tT3N0=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqi/VW0YPHCqYttLFstpt26WYTdjdCCf0NXjwo4tUf5M1/47aNUEUfDDzem2Fmnh9zprRtf1q5ldW19Y38ZmFre2d3r7h/0FJRIgl1ScQj2fGxopwJ6mqmOe3EkuLQ57Ttj69mfvuBSsUicacnMfVCPBQsYARrI7mXfef+ul8s2WV7DrRE6tWL2lkdOZlSggzNfvGjN4hIElKhCcdKdR071l6KpWaE02mhlygaYzLGQ9o1VOCQKi+dHztFJ0YZoCCSpoRGc3V5IsWhUpPQN50h1iP125uJf3ndRAd1L2UiTjQVZLEoSDjSEZp9jgZMUqL5xBBMJDO3IjLCEhNt8imYEL4/Rf+TVqXsVMu122qpUcniyMMRHMMpOHAODbiBJrhAgMEjPMOLJawn69V6W7TmrGzmEH7Aev8CK1qOPA==</latexit>
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<latexit sha1_base64="s4ZP/qdrHAcBKwgy797wqOwnIdU=">AAAB9HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqi/VW0YPHCvYD2lg22027dLOJu5tCCf0dXjwo4tUf481/47aNUEUfDDzem2FmnhdxprRtf1qZldW19Y3sZm5re2d3L79/0FRhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7qa+a0xlYqF4k5PIuoGeCCYzwjWRnIve90IS8w55ffXvXzBLtpzoCVSLV9UzqrISZUCpKj38h/dfkjigApNOFaq49iRdhMsNSOcTnPdWNEIkxEe0I6hAgdUucn86Ck6MUof+aE0JTSaq8sTCQ6UmgSe6QywHqrf3kz8y+vE2q+6CRNRrKkgi0V+zJEO0SwB1GeSEs0nhmAimbkVkaEJgWiTU86E8P0p+p80S0WnXKzclgu1UhpHFo7gGE7BgXOowQ3UoQEEHuARnuHFGltP1qv1tmjNWOnMIfyA9f4Fr5GSBA==</latexit>
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<latexit sha1_base64="3YlYTdsyzjsR4Tm4ZrAH/dTYhVI=">AAAB7HicdVBNS8NAEJ3Ur1o/WvXoZbEInkpSW6y3gh48VjBtoY1ls920SzebsLsRSuhv8OJBEa/+IG/+G7dthCr6YODx3gwz8/yYM6Vt+9PKra1vbG7ltws7u3v7xdLBYVtFiSTUJRGPZNfHinImqKuZ5rQbS4pDn9OOP7ma+50HKhWLxJ2extQL8UiwgBGsjeT6A+f+elAq2xV7AbRCGrXL+nkDOZlShgytQemjP4xIElKhCcdK9Rw71l6KpWaE01mhnygaYzLBI9ozVOCQKi9dHDtDp0YZoiCSpoRGC3V1IsWhUtPQN50h1mP125uLf3m9RAcNL2UiTjQVZLkoSDjSEZp/joZMUqL51BBMJDO3IjLGEhNt8imYEL4/Rf+TdrXi1Cr121q5Wc3iyMMxnMAZOHABTbiBFrhAgMEjPMOLJawn69V6W7bmrGzmCH7Aev8CXeKOXQ==</latexit>

~ 1,100      points (SLAC, BCDMS, NMC, JLab)FD
2

<latexit sha1_base64="Wi1KBE/tqtgvViT00tpVDBYShmg=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4CkloUW8FRTxWsB/QxrLZbtq1m03Y3Qgl9D948aCIV/+PN/+N2zaIVh8MPN6bYWZekHCmtON8WkvLK6tr64WN4ubW9s5uaW+/qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gdDH1Ww9UKhaLWz1OqB/hgWAhI1gbqXnV8+4uUa9UdmxnBuTYnue651X0rbg5KUOOeq/00e3HJI2o0IRjpTquk2g/w1Izwumk2E0VTTAZ4QHtGCpwRJWfza6doGOj9FEYS1NCo5n6cyLDkVLjKDCdEdZDtehNxf+8TqrDMz9jIkk1FWS+KEw50jGavo76TFKi+dgQTCQztyIyxBITbQIqmhDcxZf/kqZnuxW7elMp17w8jgIcwhGcgAunUINrqEMDCNzDIzzDixVbT9ar9TZvXbLymQP4Bev9C3QKjls=</latexit>

~ 400        points (SLAC, COMPASS, HERMES, JLab)gD1

<latexit sha1_base64="3eue7XOiKFysuhVCagxMUJkZ06w=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4CkloUW8FPXisYNpCG8tmu2mXbjZhdyOU0N/gxYMiXv1B3vw3btsgWn0w8Hhvhpl5YcqZ0o7zaa2srq1vbJa2yts7u3v7lYPDlkoySahPEp7ITogV5UxQXzPNaSeVFMchp+1wfDXz2w9UKpaIOz1JaRDjoWARI1gbyR/23fvrfqXq2M4cyLE9z3Uv6+hbcQtShQLNfuWjN0hIFlOhCcdKdV0n1UGOpWaE02m5lymaYjLGQ9o1VOCYqiCfHztFp0YZoCiRpoRGc/XnRI5jpSZxaDpjrEdq2ZuJ/3ndTEcXQc5EmmkqyGJRlHGkEzT7HA2YpETziSGYSGZuRWSEJSba5FM2IbjLL/8lLc92a3b9tlZteEUcJTiGEzgDF86hATfQBB8IMHiEZ3ixhPVkvVpvi9YVq5g5gl+w3r8ATieOUQ==</latexit>

   6        points (HERMES)bD1

<latexit sha1_base64="ewtEQ4Gw68uO/BTO9xjVOuP++JA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4CkloUW8FPXisYNpCG8tmu2mXbjZhdyOU0N/gxYMiXv1B3vw3btsgWn0w8Hhvhpl5YcqZ0o7zaa2srq1vbJa2yts7u3v7lYPDlkoySahPEp7ITogV5UxQXzPNaSeVFMchp+1wfDXz2w9UKpaIOz1JaRDjoWARI1gbyQ/77v11v1J1bGcO5Nie57qXdfStuAWpQoFmv/LRGyQki6nQhGOluq6T6iDHUjPC6bTcyxRNMRnjIe0aKnBMVZDPj52iU6MMUJRIU0KjufpzIsexUpM4NJ0x1iO17M3E/7xupqOLIGcizTQVZLEoyjjSCZp9jgZMUqL5xBBMJDO3IjLCEhNt8imbENzll/+Slme7Nbt+W6s2vCKOEhzDCZyBC+fQgBtogg8EGDzCM7xYwnqyXq23ReuKVcwcwS9Y719Gf45M</latexit>

JAM framework ideally suited to such (simultaneous) analysis

will allow first comparisons between helicity-projected PDFs
in nucleon (    ,     ) and deuteron (    ,    )q1"

<latexit sha1_base64="INYiYSwnXItOYuD6SiO98J4k3O8=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFZLSou4KblxWsA9oYplMJ+3QyUych1JCf8ONC0Xc+jPu/BunbRCtHrhwOOde7r0nShlV2vM+ncLK6tr6RnGztLW9s7tX3j9oK2EkJi0smJDdCCnCKCctTTUj3VQSlESMdKLx5czv3BOpqOA3epKSMEFDTmOKkbZScNcPTIqkFA+3fr9c8VxvDui51arvX9Tht+LnpAJyNPvlj2AgsEkI15ghpXq+l+owQ1JTzMi0FBhFUoTHaEh6lnKUEBVm85un8MQqAxgLaYtrOFd/TmQoUWqSRLYzQXqklr2Z+J/XMzo+DzPKU6MJx4tFsWFQCzgLAA6oJFiziSUIS2pvhXiEJMLaxlSyIfjLL/8l7arr19z6da3SqOVxFMEROAanwAdnoAGuQBO0AAYpeATP4MUxzpPz6rwtWgtOPnMIfsF5/wJBbpHL</latexit>

q1#

<latexit sha1_base64="+xZc6cxDEyuUe1P433NW9ay7uzU=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4GialRd0V3LisYB/QTksmzbShmWRMMpYy9D/cuFDErf/izr8xbQfR6oHA4Zx7uDcniDnTxvM+ndza+sbmVn67sLO7t39QPDxqapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQXj67nfeqBKMynuzDSmfoSHgoWMYGOl3n2/O5ATgZWSkx7qF0ue6y0APbdcRuiqCr8VlJESyFDvFz9snCQRFYZwrHUHebHxU6wMI5zOCt1E0xiTMR7SjqUCR1T76eLqGTyzygCGUtknDFyoPxMpjrSeRoGdjLAZ6VVvLv7ndRITXvopE3FiqCDLRWHCoZFwXgEcMEWJ4VNLMFHM3grJCCtMjC2qYEtAq1/+S5plF1Xc6m2lVKtkdeTBCTgF5wCBC1ADN6AOGoAABR7BM3hxJs6T8+q8LUdzTpY5Br/gvH8B1WiSsg==</latexit>

q
1
2
"

<latexit sha1_base64="GR7EzlJjnm+6KQxkMHUxh6B0tbU=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFZLQou4KblxWsA9oYphMJ+3QySTOTJQair/ixoUibv0Pd/6N0zaIVg9cOJxzL/feE6aMSmXbn8bC4tLyympprby+sbm1be7stmSSCUyaOGGJ6IRIEkY5aSqqGOmkgqA4ZKQdDs8nfvuWCEkTfqVGKfFj1Oc0ohgpLQXm/k3gZSkSIrm7zr1IIOy448Cs2JY9BbQt13Wcsxr8VpyCVECBRmB+eL0EZzHhCjMkZdexU+XnSCiKGRmXvUySFOEh6pOuphzFRPr59PoxPNJKD0aJ0MUVnKo/J3IUSzmKQ90ZIzWQ895E/M/rZio69XPK00wRjmeLooxBlcBJFLBHBcGKjTRBWFB9K8QDpCNQOrCyDsGZf/kvabmWU7Vql9VKvVrEUQIH4BAcAwecgDq4AA3QBBjcg0fwDF6MB+PJeDXeZq0LRjGzB37BeP8C1LOVbg==</latexit>

q
1
2
#

<latexit sha1_base64="EOAqFuZEeZz0Zn6lxYA8A/NEERY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIUktKi7ghuXFewD2hgm00k7dDKJMxNLiV34K25cKOLW33Dn3zhtg2j1wIXDOffO3HuChFGpbPvTKCwtr6yuFddLG5tb2zvm7l5TxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHwYuq37oiQNObXapwQL0J9TkOKkdKSbx7c+t1ePOJIiHh0k3VDgbDjTnyzbFv2DNC2XNdxzqvwW3FyUgY56r75oZ/BaUS4wgxJ2XHsRHkZEopiRialbipJgvAQ9UlHU44iIr1stv8EHmulB8NY6OIKztSfExmKpBxHge6MkBrIRW8q/ud1UhWeeRnlSaoIx/OPwpRBFcNpGLBHBcGKjTVBWFC9K8QDpCNQOrKSDsFZPPkvabqWU7GqV5VyrZLHUQSH4AicAAecghq4BHXQABjcg0fwDF6MB+PJeDXe5q0FI5/ZB79gvH8Bb7KWVQ==</latexit>

q0"

<latexit sha1_base64="hUi5hLxT7p89ajAFqwHQtkCiYYI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5CEFnVXcOOygn1AW8NkOmmHTmbizESpoV/ixoUibv0Ud/6N0zaIVg9cOJxzL/feEyaMKu26n1ZhZXVtfaO4Wdra3tkt23v7LSVSiUkTCyZkJ0SKMMpJU1PNSCeRBMUhI+1wfDHz23dEKir4tZ4kpB+jIacRxUgbKbDLt0HWSxMkpbif3rgwsCuu484BXcf3Pe+8Br8VLycVkKMR2B+9gcBpTLjGDCnV9dxE9zMkNcWMTEu9VJEE4TEakq6hHMVE9bP54VN4bJQBjIQ0xTWcqz8nMhQrNYlD0xkjPVLL3kz8z+umOjrrZ5QnqSYcLxZFKYNawFkKcEAlwZpNDEFYUnMrxCMkEdYmq5IJwVt++S9p+Y5XdWpX1Urdz+MogkNwBE6AB05BHVyCBmgCDFLwCJ7Bi/VgPVmv1tuitWDlMwfgF6z3L9+Iky8=</latexit>

will give first glimpse of pure deuteron PDF      
(non-nucleonic DOF)

JAM-TMD framework can be extended to include tensor TMDs

SIDIS deuteron observables (p  integrated) can give additional combinations
of deuteron PDFs

T



Stay tuned…

http://www.jlab.org/jam
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