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Overview

Availability of positron beams could open up an entire new 
frontier for hadron structure (& BSM) studies at JLab

Flavor separation of parton distribution functions (PDFs) 
in inclusive & semi-inclusive neutral current (NC) and
charged current (CC) deep-inelastic scattering (DIS)

unpolarized proton PDFs

pion PDFs

reference:  recent global QCD analyses by JAM Collaboration
www.jlab.org/jam

http://www.jlab.org/jam


Unpolarized proton PDFs



Cocuzza et al., PRD 104, 074031 (2021)

from recent JAM analysis

~ 4,400 data points from
many different processes
(DIS, DY, W/Z, jets)



d/u ratio shows significant variations between various PDF sets

• Some is due to parametrization bias

• Some is due to Q and W cuts that effectively limit x to x ∼ 0.7 so the

large x region is an extrapolation

• Some is due to different treatments of nuclear corrections
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Need a way to constrain the d PDF in the absence of nuclear corrections

Classic solution is to use neutrino DIS. Again, at lowest order at large

values of x

F νp
2 = 2x(d+ s+ ū+ d̄) −−−→

x→1
2xd

and

F ν̄p
2 = 2x(u+ c+ d̄+ s̄) −−−→

x→1
2xu

so that at large values of x

F νp
2 /F ν̄p

2 = d/u
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However

• Data on proton targets from early bubble chamber experiments had

low statistics and provided little constraint on d/u at large values of x

• High statistics experiments used nuclear targets

– Results give information on nuclear PDFs

– Need to account for nuclear model dependent corrections to extract

d/u for the proton

– Highly unlikely to get data from a hydrogen target using modern

high intensity neutrino beams due to safety concerns
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Another solution - use the line-reversed DIS processes, again for large x

e+p → ν̄ +X F e+p,cc
2 (x,Q) ∝ xd

and

e−p → ν +X F e−p,cc
2 (x,Q) ∝ xu

• Allows direct extraction of d/u at large values of x

• These processes have been measured at HERA out to x # 0.4

• Need good statistics at larger x values if one wants to extract d/u

directly
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From perturbative QCD expect symmetric      sea generated
by gluon radiation into      pairs (if quark masses are the same)

qq̄
qq̄

From chiral symmetry of QCD (important at low energies) should have 
consequences for antiquark PDFs in the nucleon (at high energies) 

since u and d quarks nearly degenerate,
expect flavor-symmetric light-quark sea

d̄ ⇡ ū

Light sea quark asymmetry

Thomas (1984)

+
PV PVp n p

⇡+ (ud̄)

d̄ > ū



Asymmetry spectacularly confirmed in high-precision DIS (NMC)
and Drell-Yan (FNAL E866) experiments
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strongly suggested role of chiral symmetry and pion cloud
as central to understanding of nucleon’s quark structure

(d̄� ū)(x) = (f⇡ ⌦ q̄⇡) (x)

pion distribution
in nucleon

pion PDF

d�

dx1dx2
⇠

X

q

e2q q(x1) q̄(x2) + (x1 $ x2)

�pd

�pp
⇡ 1 +

d̄(x2)

ū(x2)
for x1 � x2

Light sea quark asymmetry

p

d, p



Light sea quark asymmetry

Cocuzza et al., PRD 104, 074031 (2021)



Light sea quark asymmetry

Cocuzza et al., PRD 104, 074031 (2021)



Again, consider the charged current structure functions in lowest order

F e+p,cc
2 (x,Q) = 2x(d+ s+ ū+ c̄)

and

F e−p,cc
2 (x,Q) = 2x(u+ c+ d̄+ s̄)

• If xF e−p,cc
3 = 2(u− d̄− s̄+ c) and xF e+p,cc

3 = 2(d− ū− c̄+ s)

can be extracted, one can separate the quark and antiquark PDFs

• If the charm PDF is perturbative, i.e. there is no intrinsic charm, then

c = c̄

• Can get information on d̄/ū
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Light sea quark asymmetry



Strange quarks
Strange quark PDFs more difficult to constrain, since fewer 
observables directly sensitive to it

Traditionally s-quark PDF extracted from dimuon production 
in (anti)neutrino-nucleus DIS (W+s ! c / W�s̄ ! c̄)
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but significant uncertainty from nuclear corrections,
semileptonic branching ratio uncertainty

CCFR/NuTeV give strange/nonstrange ratio 

tensions with HERMES K-production & ATLAS W-production data?



suppression of strange PDF compared to other extractions

Sato, Andres, Ethier, WM
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Global QCD analysis
of DIS, DY, SIDIS, SIA

JAM 2019 simultaneous analysis

s+ s̄

d̄+ ū
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SIDIS +           SIA data force strange to kaon FF to be largere+e�
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Strange quarks

Trey Anderson, WM, Nobuo Sato (JAM, 2024)

PRELIMINARY

It has been suggested that W+charm production in pp collisions
could be sensitive to s-quark PDF in the proton

JAM



Measure charged current cross sections with a muon tag to select charm

final states

e+s → ν̄c followed by c → sµ+νµ

and

e−s̄ → νc̄ followed by c̄ → s̄µ−ν̄µ

• Note that the sign of the muon is the same as the sign of initial state

lepton

• Potentially capable of separating s from s̄
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Pion PDFs



PDFs in the pion — Drell-Yan

most information has come from pion-tungsten
Drell-Yan data (CERN, Fermilab)

PDFs in the pion difficult to study experimentally

⇡

A

constrains valence PDFs at          x � 0

… but pion sea quark & gluon PDFs at small x unconstrained
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Conway et al. [E615] (1989)

x⇡
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xL ⇡ 1� y

ZEUS & H1 collaborations at HERA measured spectra of neutrons
produced at very forward angles, ✓n < 0.8 mrad

can data be described within Sullivan process?
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PDFs in the pion — leading neutrons

xL
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Impact of leading neutrons

x̄L = 1� xL
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Impact of leading neutrons

reduction of glue and sea quark PDF uncertainties
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1− z1 1− z2 1− z3 1− zn

1 z1 z1z2 z1z2z3 z1z2 · · · zn

effect of resummation on phenomenology?

x     1 behavior of pion PDF is controversial:                 or ⇠ (1� x) (1� x)2 ?

Aicher, Schafer, Vogelsang (2010)

Hard scattering coefficient function kinematically enhanced
when z     1 because of (soft) gluon emissions

with resummation: more consistent with ~ (1� x)2

no resummation:  more consistent with ~  (1� x)

Pion PDFs with threshold resummation
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double Mellin method
(theoretically preferred)
gives similar results to 
fixed-order NLO — more
consistent with 
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Pion PDFs with threshold resummation

�e↵
v ⇠ 1

<latexit sha1_base64="tZLWAkUebICD7K+lo03K5+1S0XU=">AAACAXicbVBNS8NAEN34WetX1YvgZbEInkoi1dZbwYvHCvYDmlg220m7dDcJu5tCCfXiX/HiQRGv/gtv/hu3bUCtPhh4vDfDzDw/5kxp2/60lpZXVtfWcxv5za3tnd3C3n5TRYmk0KARj2TbJwo4C6GhmebQjiUQ4XNo+cOrqd8agVQsCm/1OAZPkH7IAkaJNlK3cOj6oEl3dJe6UmAIggl2FRPY6RaKdqlyUa1eVrFdsmf4Jk5GiihDvVv4cHsRTQSEmnKiVMexY+2lRGpGOUzybqIgJnRI+tAxNCQClJfOPpjgE6P0cBBJU6HGM/XnREqEUmPhm05B9EAtelPxP6+T6KDqpSyMEw0hnS8KEo51hKdx4B6TQDUfG0KoZOZWTAdEEqpNaHkTgrP48l/SPCs55dL5TblYK2dx5NAROkanyEEVVEPXqI4aiKJ79Iie0Yv1YD1Zr9bbvHXJymYO0C9Y71/0jZaI</latexit>

Barry, Ji, Sato, WM
PRL 127, 232001 (2021)



PDFs in the pion — leading neutrons with CC

Leading neutron production with                         

e� p ! ⌫e nX

<latexit sha1_base64="OZaHdJHWDg+QbhNs7U/5URShSUA=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEF1pmpK9lwY3LCvYBnbFk0ts2NJMZkoxQSnHjr7hxoYhbv8Kdf2NaR6iiBy6cnHMvN/cEMWdKO86HlVlaXlldy67nNja3tnfs3b2mihJJoUEjHsl2QBRwJqChmebQjiWQMODQCkYXM791C1KxSFzrcQx+SAaC9Rkl2khd+wBuzrxTHGNPR9gTSRfMS5hqd+28U3DmwAukUq6WSxXspkoepah37XevF9EkBKEpJ0p1XCfW/oRIzSiHac5LFMSEjsgAOoYKEoLyJ/MTpvjYKD3cj6QpofFcXZyYkFCpcRiYzpDoofrtzcS/vE6i+1V/wkScaBD0a1E/4dicO8sD95gEqvnYEEIlM3/FdEgkodqkljMhfF+K/yfN84JbLJSuivlaNY0jiw7RETpBLqqgGrpEddRAFN2hB/SEnq1769F6sV6/WjNWOrOPfsB6+wRD1JVq</latexit>

e+ p ! ⌫̄e nX

<latexit sha1_base64="yR1OCiT3zBDI+xDF8kT5T2e7LYI=">AAACBnicdVDLSgMxFM3UV62vUZciBIsgKGVG+loW3LisYB/QGUsmvW1DM5khyQildOXGX3HjQhG3foM7/8a0jlBFD1w4nHMvyTlBzJnSjvNhZZaWV1bXsuu5jc2t7R17d6+pokRSaNCIR7IdEAWcCWhopjm0YwkkDDi0gtHFzG/dglQsEtd6HIMfkoFgfUaJNlLXPoSbU+8Mx9jTEfYCIj2RdMEowky7a+edgjMHXiCVcrVcqmA3VfIoRb1rv3u9iCYhCE05UarjOrH2J0RqRjlMc16iICZ0RAbQMVSQEJQ/mceY4mOj9HA/kmaExnN18WJCQqXGYWA2Q6KH6rc3E//yOonuV/0JE3GiQdCvh/oJxybyrBPcYxKo5mNDCJXM/BXTIZGEatNczpTwnRT/T5rnBbdYKF0V87VqWkcWHaAjdIJcVEE1dInqqIEoukMP6Ak9W/fWo/VivX6tZqz0Zh/9gPX2CVoTlyE=</latexit>

C C
C C

C

p

⇡+

n

W�

<latexit sha1_base64="Yd66s0fIpLmtJhVpozC2Rp61zQQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyEpKeqt4MVjRfsBbSyb7aZdutmE3Y1QQn+CFw+KePUXefPfuG2DaPXBwOO9GWbmBQlnSjvOp1VYWV1b3yhulra2d3b3yvsHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H46uZ336gUrFY3OlJQv0IDwULGcHaSLft+7N+ueLYzhzIsatV172soW/FzUkFcjT65Y/eICZpRIUmHCvVdZ1E+xmWmhFOp6VeqmiCyRgPaddQgSOq/Gx+6hSdGGWAwliaEhrN1Z8TGY6UmkSB6YywHqllbyb+53VTHV74GRNJqqkgi0VhypGO0exvNGCSEs0nhmAimbkVkRGWmGiTTsmE4C6//Je0qrbr2bUbr1L38jiKcATHcAounEMdrqEBTSAwhEd4hheLW0/Wq/W2aC1Y+cwh/IL1/gXtCI2I</latexit>

e�

<latexit sha1_base64="dFqUWxM0WED7PcIeJaxkTzY/ZBA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxWU3JKi3gBePEc0DkjXMTnqTIbMPZmaFEPIJXjwo4tUv8ubfOEkW0WhBQ1HVTXeXnwiutON8WrmV1bX1jfxmYWt7Z3evuH/QVHEqGTZYLGLZ9qlCwSNsaK4FthOJNPQFtvzR1cxvPaBUPI7u9DhBL6SDiAecUW2kW7w/6xVLju3MQRy7XHbdyyr5VtyMlCBDvVf86PZjloYYaSaoUh3XSbQ3oVJzJnBa6KYKE8pGdIAdQyMaovIm81On5MQofRLE0lSkyVz9OTGhoVLj0DedIdVDtezNxP+8TqqDC2/CoyTVGLHFoiAVRMdk9jfpc4lMi7EhlElubiVsSCVl2qRTMCG4yy//Jc2y7Vbs6k2lVKtkceThCI7hFFw4hxpcQx0awGAAj/AML5awnqxX623RmrOymUP4Bev9CwJrjZY=</latexit>

⌫e

<latexit sha1_base64="xoFLtJsCFpQSQD8tSPV//aPA+Dk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKi3orePFYwbRCG8pmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsgWn0w8Hhvhpl5YSq4Nq776RTW1jc2t4rbpZ3dvf2D8uFRWyeZYuizRCTqPqQaBZfoG24E3qcKaRwK7ITj67nfeUCleSLvzCTFIKZDySPOqLGS35NZH/vlilt1FyButVbzvKsG+Va8nFQgR6tf/ugNEpbFKA0TVOuu56YmmFJlOBM4K/UyjSllYzrErqWSxqiD6eLYGTmzyoBEibIlDVmoPyemNNZ6Eoe2M6ZmpFe9ufif181MdBlMuUwzg5ItF0WZICYh88/JgCtkRkwsoUxxeythI6ooMzafkg3BW335L2nXql692ritV5r1PI4inMApnIMHF9CEG2iBDww4PMIzvDjSeXJenbdla8HJZ47hF5z3L+/zjr0=</latexit>

C C

C C

C

p

⇡+

n

⌫̄e

<latexit sha1_base64="x3L6Fr6ubDlAmhqwTP00zukuApU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07JbWtRbwYvHCvZDukvJptk2NMkuSVYopb/CiwdFvPpzvPlvTNtFtPpg4PHeDDPzopQzbTzv0ymsrW9sbhW3Szu7e/sH5cOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Hrudx6o0iyRd2aS0lDgoWQxI9hY6T6IsApk1qf9csVzvQWQ51arvn9VR9+Kn5MK5Gj2yx/BICGZoNIQjrXu+V5qwilWhhFOZ6Ug0zTFZIyHtGepxILqcLo4eIbOrDJAcaJsSYMW6s+JKRZaT0RkOwU2I73qzcX/vF5m4stwymSaGSrJclGccWQSNP8eDZiixPCJJZgoZm9FZIQVJsZmVLIh+Ksv/yXtquvX3PptrdKo5XEU4QRO4Rx8uIAG3EATWkBAwCM8w4ujnCfn1XlbthacfOYYfsF5/wLtrpB2</latexit>

e+

<latexit sha1_base64="8i8LMnM5hlYPjX350GhHQfkgq0U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCMtuSFBvAS8eI5oHJGuYnfQmQ2YfzMwKIeQTvHhQxKtf5M2/cZIsotGChqKqm+4uPxFcacf5tHIrq2vrG/nNwtb2zu5ecf+gqeJUMmywWMSy7VOFgkfY0FwLbCcSaegLbPmjq5nfekCpeBzd6XGCXkgHEQ84o9pIt3h/1iuWHNuZgzh2uey6l1XyrbgZKUGGeq/40e3HLA0x0kxQpTquk2hvQqXmTOC00E0VJpSN6AA7hkY0ROVN5qdOyYlR+iSIpalIk7n6c2JCQ6XGoW86Q6qHatmbif95nVQHF96ER0mqMWKLRUEqiI7J7G/S5xKZFmNDKJPc3ErYkErKtEmnYEJwl1/+S5pl263Y1ZtKqVbJ4sjDERzDKbhwDjW4hjo0gMEAHuEZXixhPVmv1tuiNWdlM4fwC9b7F/9UjZQ=</latexit>

W+

<latexit sha1_base64="Ct/hU1mbUBSz2XgWrknR9LsKF6A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEJSUtRbwYvHivYD2lg22027dLMJuxuhhP4ELx4U8eov8ua/cdsG0eqDgcd7M8zMCxLOlHacT6uwsrq2vlHcLG1t7+zulfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxlczv/1ApWKxuNOThPoRHgoWMoK1kW7b92f9csWxnTmQY1errntZQ9+Km5MK5Gj0yx+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn81Ck6McoAhbE0JTSaqz8nMhwpNYkC0xlhPVLL3kz8z+umOrzwMyaSVFNBFovClCMdo9nfaMAkJZpPDMFEMnMrIiMsMdEmnZIJwV1++S9pVW3Xs2s3XqXu5XEU4QiO4RRcOIc6XEMDmkBgCI/wDC8Wt56sV+tt0Vqw8plD+AXr/QvqAI2G</latexit>

or

probes valence 
structure of 

W�u ! d

<latexit sha1_base64="VQyAK5CuAAtMgwyZwzEIXspbEhE=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAhuLIn0tSy4cVnBPiCNZTKZtEMnkzBzI5TQz3DjQhG3fo07/8ZpG6GKHhg4nHMvc8/xE8E12Pantba+sbm1Xdgp7u7tHxyWjo67Ok4VZR0ai1j1faKZ4JJ1gINg/UQxEvmC9fzJ9dzvPTCleSzvYJowLyIjyUNOCRjJ7d1f4hQPIMbBsFS2K/YCeIU06s16rYGdXCmjHO1h6WMQxDSNmAQqiNauYyfgZUQBp4LNioNUs4TQCRkx11BJIqa9bHHyDJ8bJcBhrMyTgBfq6kZGIq2nkW8mIwJj/dubi395bgph08u4TFJgki4/ClOBTcR5fhxwxSiIqSGEKm5uxXRMFKFgWiqaEr6T4v9J96riVCu122q5Vc3rKKBTdIYukIMaqIVuUBt1EEUxekTP6MUC68l6td6Wo2tWvnOCfsB6/wL7+JBj</latexit>

W�d̄ ! ū

<latexit sha1_base64="lrWoInWTKRti17XGovhVYHdIHVU=">AAAB/nicdVDLSsNAFL3xWesrKq7cDBbBjSWRvpYFNy4r2Ac0sUwmk3bo5MHMRCih4K+4caGIW7/DnX/jtI1QRQ9cOJxzL/fe4yWcSWVZn8bK6tr6xmZhq7i9s7u3bx4cdmScCkLbJOax6HlYUs4i2lZMcdpLBMWhx2nXG1/N/O49FZLF0a2aJNQN8TBiASNYaWlgHnfvLpDjYYF85Kh4QdOBWbLK1hxoidRrjVq1juxcKUGO1sD8cPyYpCGNFOFYyr5tJcrNsFCMcDotOqmkCSZjPKR9TSMcUulm8/On6EwrPgpioStSaK4uT2Q4lHISerozxGokf3sz8S+vn6qg4WYsSlJFI7JYFKQc6T9nWSCfCUoUn2iCiWD6VkRGWGCidGJFHcL3p+h/0rks25Vy9aZSalbyOApwAqdwDjbUoQnX0II2EMjgEZ7hxXgwnoxX423RumLkM0fwA8b7FzgflFo=</latexit>

W+ū ! d̄

<latexit sha1_base64="W1h14auBqjneDcQJzhtAPPhGFC8=">AAAB/nicdVDLSsNAFL3xWesrKq7cDBZBEEoifS0LblxWsA9oYplMJu3QyYOZiVBCwV9x40IRt36HO//GaRuhih64cDjnXu69x0s4k8qyPo2V1bX1jc3CVnF7Z3dv3zw47Mg4FYS2Scxj0fOwpJxFtK2Y4rSXCIpDj9OuN76a+d17KiSLo1s1Sagb4mHEAkaw0tLAPO7eXSDHwwKlyFHxgvoDs2SVrTnQEqnXGrVqHdm5UoIcrYH54fgxSUMaKcKxlH3bSpSbYaEY4XRadFJJE0zGeEj7mkY4pNLN5udP0ZlWfBTEQlek0FxdnshwKOUk9HRniNVI/vZm4l9eP1VBw81YlKSKRmSxKEg50n/OskA+E5QoPtEEE8H0rYiMsMBE6cSKOoTvT9H/pHNZtivl6k2l1KzkcRTgBE7hHGyoQxOuoQVtIJDBIzzDi/FgPBmvxtuidcXIZ47gB4z3LzWulFg=</latexit>

W+d ! u

<latexit sha1_base64="ZS06kNYBTG60C31XGCWJF5d0d6o=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiCUBLpa1lw47KCfUAay2QyaYdOJmHmRiihn+HGhSJu/Rp3/o3TNkIVPTBwOOde5p7jJ4JrsO1Pa219Y3Nru7BT3N3bPzgsHR13dZwqyjo0FrHq+0QzwSXrAAfB+oliJPIF6/mT67nfe2BK81jewTRhXkRGkoecEjCS27u/xAEeQIzTYalsV+wF8App1Jv1WgM7uVJGOdrD0scgiGkaMQlUEK1dx07Ay4gCTgWbFQepZgmhEzJirqGSREx72eLkGT43SoDDWJknAS/U1Y2MRFpPI99MRgTG+rc3F//y3BTCppdxmaTAJF1+FKYCm4jz/DjgilEQU0MIVdzciumYKELBtFQ0JXwnxf+T7lXFqVZqt9Vyq5rXUUCn6AxdIAc1UAvdoDbqIIpi9Iie0YsF1pP1ar0tR9esfOcE/YD1/gX4epBh</latexit>

⇡+

<latexit sha1_base64="Jksfar+197xGpmpoNetwXC0/Kt0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEJSWj9uBS8eK5i20May2W7apZtN2N0IJfQ3ePGgiFd/kDf/jds2iFYfDDzem2FmXpBwprTjfFqFldW19Y3iZmlre2d3r7x/0FJxKgn1SMxj2QmwopwJ6mmmOe0kkuIo4LQdjK9nfvuBSsVicacnCfUjPBQsZARrI3m9hN2f9csVx3bmQI5drbruVR19K25OKpCj2S9/9AYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn82On6MQoAxTG0pTQaK7+nMhwpNQkCkxnhPVILXsz8T+vm+rw0s+YSFJNBVksClOOdIxmn6MBk5RoPjEEE8nMrYiMsMREm3xKJgR3+eW/pFW13Zpdv61VGud5HEU4gmM4BRcuoAE30AQPCDB4hGd4sYT1ZL1ab4vWgpXPHMIvWO9fh+aOeg==</latexit>

or or

probes sea quark 
structure of ⇡+

<latexit sha1_base64="Jksfar+197xGpmpoNetwXC0/Kt0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEJSWj9uBS8eK5i20May2W7apZtN2N0IJfQ3ePGgiFd/kDf/jds2iFYfDDzem2FmXpBwprTjfFqFldW19Y3iZmlre2d3r7x/0FJxKgn1SMxj2QmwopwJ6mmmOe0kkuIo4LQdjK9nfvuBSsVicacnCfUjPBQsZARrI3m9hN2f9csVx3bmQI5drbruVR19K25OKpCj2S9/9AYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn82On6MQoAxTG0pTQaK7+nMhwpNQkCkxnhPVILXsz8T+vm+rw0s+YSFJNBVksClOOdIxmn6MBk5RoPjEEE8nMrYiMsMREm3xKJgR3+eW/pFW13Zpdv61VGud5HEU4gmM4BRcuoAE30AQPCDB4hGd4sYT1ZL1ab4vWgpXPHMIvWO9fh+aOeg==</latexit>



CC measurements in       DIS can provide novel information
on flavor separation of PDFs

Outlook
e±p

<latexit sha1_base64="yWHpu2A1tnJkjUroMtuc0/AZzrM=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgKeyKeRwDXjxGMA9I1jA76U2GzOyOM7NCWPITXjwo4tXf8ebfOElWiKIFDUVVN91dgeRMG9f9dHJr6xubW/ntws7u3v5B8fCoreNEUWjRmMeqGxANnEXQMsxw6EoFRAQcOsHkau53HkBpFke3ZirBF2QUsZBRYqzUhbu+FFjiQbHklt0F8AqpVevVSg17mVJCGZqD4kd/GNNEQGQoJ1r3PFcaPyXKMMphVugnGiShEzKCnqUREaD9dHHvDJ9ZZYjDWNmKDF6oqxMpEVpPRWA7BTFj/dubi395vcSEdT9lkUwMRHS5KEw4NjGeP4+HTAE1fGoJoYrZWzEdE0WosREVbAjfn+L/Sfui7F2WKzeXpUY9iyOPTtApOkceqqEGukZN1EIUcfSIntGLc+88Oa/O27I152Qzx+gHnPcvgN+Pmw==</latexit>

clean determination of d/u ratio in the proton at large x
complementary information on antiquark PDFs          
from P-even and P-odd structure functions

extract            from inclusive charm production s� s̄

<latexit sha1_base64="c43CZhScvWQWT5U+2B0Fxuvk1Z4=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBiyEpLdZbwYvHCvYD21A22027dLMJuxuhhP4LLx4U8eq/8ea/cdsG0eqDgcd7M8zMCxLOlHbdT6uwtr6xuVXcLu3s7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u533mgUrFY3OlpQv0IjwQLGcHaSPcKXaB+gCVSA7vsOu4CyHUqFc+7qqFvxctJGXI0B/ZHfxiTNKJCE46V6nluov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHiGzowyRGEsTQmNFurPiQxHSk2jwHRGWI/VqjcX//N6qQ7rfsZEkmoqyHJRmHKkYzR/Hw2ZpETzqSGYSGZuRWSMJSbahFQyIXirL/8l7YrjVZ3abbXcqOdxFOEETuEcPLiEBtxAE1pAQMAjPMOLpawn69V6W7YWrHzmGH7Bev8COAaP9A==</latexit>

Can repeat this program for helicity-dependent proton PDFs
with availability of polarized targets

unique determination of valence and sea quark content of pion

d̄� ū

<latexit sha1_base64="EKhlHM15Ofg1AB8/LS/DOV+Qlh8=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwY0hKi3VXcOOygn1AG8pkMmmHTiZhHkIN/RI3LhRx66e482+cpkG0euDC4Zx7ufeeIGVUKtf9tNbWNza3tks75d29/YOKfXjUlYkWmHRwwhLRD5AkjHLSUVQx0k8FQXHASC+YXi/83j0Rkib8Ts1S4sdozGlEMVJGGtmVYYAEDOEFzIke2VXXcXNA16nVPO+qAb8VryBVUKA9sj+GYYJ1TLjCDEk58NxU+RkSimJG5uWhliRFeIrGZGAoRzGRfpYfPodnRglhlAhTXMFc/TmRoVjKWRyYzhipiVz1FuJ/3kCrqOlnlKdaEY6XiyLNoErgIgUYUkGwYjNDEBbU3ArxBAmElcmqbELwVl/+S7o1x6s7jdt6tdUs4iiBE3AKzoEHLkEL3IA26AAMNHgEz+DFerCerFfrbdm6ZhUzx+AXrPcv+YeR+w==</latexit>


