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1) The calculations of Sq and Sg are based on truncated integrals – can never
measure down to x = 0!
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1) The calculations of Sq and Sg are based on truncated integrals – can never
measure down to x = 0!

2) The extractions for !Σ(x) and !g(x) have large uncertainties at small x even 
including EIC data!
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Ø The main reason for these issues is that “standard” extractions of helicity PDFs 
use DGLAP evolution and parametrize the x dependence at some initial scale Q0
and then evolve to higher Q
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Ø The main reason for these issues is that “standard” extractions of helicity PDFs 
use DGLAP evolution and parametrize the x dependence at some initial scale Q0
and then evolve to higher Q

Ø What is needed are evolution equations for helicity PDFs that evolve in x instead 
of Q and can predict the behavior of helicity PDFs down to very small x (beyond 
what the EIC will reach) from first principles QCD

Ø Such equations were derived by Y. Kovchegov, DP, and M. Sievert (KPS 
evolution) in a series of papers from 2015-2018 similar to the BK/JIMWLK 
evolution for unpolarized PDFs

If we want to resolve the spin crisis, and accurately calculate values 
for Sq and Sg (integrating down to x = 0), we need to incorporate KPS 

evolution into phenomenological extractions of helicity PDFs
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Ø At small x, a process like DIS is dominated by the virtual photon splitting into a 
dipole:
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is the dipole size
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Ø At small x, a process like DIS is dominated by the virtual photon splitting into a 
dipole:

Ø All flavor singlet small-x helicity quantities (e.g., !Σ(x)) depend on the “polarized 
dipole amplitude” Gq(x10 , zs)
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Ø All flavor singlet small-x helicity quantities (e.g., !Σ(x)) depend on the “polarized 
dipole amplitude” Gq(x10 , zs)
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Ø All flavor singlet small-x helicity quantities (e.g., !Σ(x)) depend on the “polarized 
dipole amplitude” Gq(x10 , zs)
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Polarized

↵s ln2

✓
1
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vs.
Unpolarized

↵s ln
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1
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non-eikonal vertex: allows 
gluons to transfer spin to small x

Ø The evolution of the polarized dipole amplitude diagrammatically takes on the 
following form (Kovchegov, DP, Sievert: JHEP 1601 (2016), PRL 118 (2017), PRD 95
(2017), PLB 772 (2017), JHEP 1710 (2017); Kovchegov & Sievert PRD 99 (2019))
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Ø The evolution equations close in the large-Nc (and large-Nc & -Nf) limit:

polarized dipole
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Ø In the asymptotic high-energy regime (Kovchegov, DP, Sievert PRL 118 (2017)) 
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<latexit sha1_base64="jo8tdNlrJAx0wskpsJul3icJvQY="></latexit><latexit sha1_base64="jo8tdNlrJAx0wskpsJul3icJvQY="></latexit><latexit sha1_base64="jo8tdNlrJAx0wskpsJul3icJvQY="></latexit><latexit sha1_base64="jo8tdNlrJAx0wskpsJul3icJvQY="></latexit>

<latexit sha1_base64="unKDxmHxM5ruDS2mhSEuTtqiXzM=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoioh6LevBY0X5AE8pmu2mX7iZhdyPW0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt7W0vLK6tl7YKG5ube+U7N29popTSWiDxDyW7QAryllEG5ppTtuJpFgEnLaC4dXEbz1QqVgc3etRQn2B+xELGcHaSF275F1TrrF3x/oCVx6Pu3bZqTpToEXi5qQMOepd+8vrxSQVNNKEY6U6rpNoP8NSM8LpuOiliiaYDHGfdgyNsKDKz6aHj9GRUXoojKWpSKOp+nsiw0KpkQhMp8B6oOa9ifif10l1eOFnLEpSTSMyWxSmHOkYTVJAPSYp0XxkCCaSmVsRGWCJiTZZFU0I7vzLi6R5UnXPqu7tabl2mcdRgAM4hAq4cA41uIE6NIBACs/wCm/Wk/VivVsfs9YlK5/Zhz+wPn8A9kSSow==</latexit>

�⌃(x)

Ø In the asymptotic high-energy regime (Kovchegov, DP, Sievert PRL 118 (2017)) 

Ø Using a different operator,  

one can derive the small-x evolution for !g(x) and finds the following high-energy 
asymptotics (Kovchegov, DP, Sievert JHEP 118 (2017)):
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<latexit sha1_base64="VSKakyRVrwJEk8hvGZsjXWY+DMc="></latexit><latexit sha1_base64="VSKakyRVrwJEk8hvGZsjXWY+DMc="></latexit><latexit sha1_base64="VSKakyRVrwJEk8hvGZsjXWY+DMc="></latexit><latexit sha1_base64="VSKakyRVrwJEk8hvGZsjXWY+DMc="></latexit>

<latexit sha1_base64="OG5y/ud/6cuOwuluHN081rDCPFw=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0W9eCxgv2A7VKyabYNzSZLMiuWpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3Uz99iPThiv5AOOEBTEZSB5xSsBKfveWCSB4UH067ZUrbs2dAS8TLycVlKPRK391+4qmMZNABTHG99wEgoxo4FSwSambGpYQOiID5lsqScxMkM1OnuATq/RxpLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif56cQXQUZl0kKTNL5oigVGBSe/o/7XDMKYmwJoZrbWzEdEk0o2JRKNgRv8eVl0jqreRc17/68Ur/O4yiiI3SMqshDl6iO7lADNRFFCj2jV/TmgPPivDsf89aCk88coj9wPn8AJoaQhA==</latexit>

�g(x)
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<latexit sha1_base64="jo8tdNlrJAx0wskpsJul3icJvQY="></latexit><latexit sha1_base64="jo8tdNlrJAx0wskpsJul3icJvQY="></latexit><latexit sha1_base64="jo8tdNlrJAx0wskpsJul3icJvQY="></latexit><latexit sha1_base64="jo8tdNlrJAx0wskpsJul3icJvQY="></latexit>

<latexit sha1_base64="unKDxmHxM5ruDS2mhSEuTtqiXzM=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoioh6LevBY0X5AE8pmu2mX7iZhdyPW0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt7W0vLK6tl7YKG5ube+U7N29popTSWiDxDyW7QAryllEG5ppTtuJpFgEnLaC4dXEbz1QqVgc3etRQn2B+xELGcHaSF275F1TrrF3x/oCVx6Pu3bZqTpToEXi5qQMOepd+8vrxSQVNNKEY6U6rpNoP8NSM8LpuOiliiaYDHGfdgyNsKDKz6aHj9GRUXoojKWpSKOp+nsiw0KpkQhMp8B6oOa9ifif10l1eOFnLEpSTSMyWxSmHOkYTVJAPSYp0XxkCCaSmVsRGWCJiTZZFU0I7vzLi6R5UnXPqu7tabl2mcdRgAM4hAq4cA41uIE6NIBACs/wCm/Wk/VivVsfs9YlK5/Zhz+wPn8A9kSSow==</latexit>
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Ø Using a different operator,  

one can derive the small-x evolution for !g(x) and finds the following high-energy 
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<latexit sha1_base64="VSKakyRVrwJEk8hvGZsjXWY+DMc="></latexit><latexit sha1_base64="VSKakyRVrwJEk8hvGZsjXWY+DMc="></latexit><latexit sha1_base64="VSKakyRVrwJEk8hvGZsjXWY+DMc="></latexit><latexit sha1_base64="VSKakyRVrwJEk8hvGZsjXWY+DMc="></latexit>

<latexit sha1_base64="OG5y/ud/6cuOwuluHN081rDCPFw=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0W9eCxgv2A7VKyabYNzSZLMiuWpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3Uz99iPThiv5AOOEBTEZSB5xSsBKfveWCSB4UH067ZUrbs2dAS8TLycVlKPRK391+4qmMZNABTHG99wEgoxo4FSwSambGpYQOiID5lsqScxMkM1OnuATq/RxpLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif56cQXQUZl0kKTNL5oigVGBSe/o/7XDMKYmwJoZrbWzEdEk0o2JRKNgRv8eVl0jqreRc17/68Ur/O4yiiI3SMqshDl6iO7lADNRFFCj2jV/TmgPPivDsf89aCk88coj9wPn8AJoaQhA==</latexit>

�g(x)
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<latexit sha1_base64="LjkooUdhsy4rUAdd4B5WR7Ivx28=">AAACD3icbZC7TsMwFIadcivlFmBksahATFWCECCxVLAwFpVepCaKHNdNrdpOsB1EFfUNWHgVFgYQYmVl421w2wzQ8kuWPv/nHNnnDxNGlXacb6uwsLi0vFJcLa2tb2xu2ds7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTCwdW43ronUtFY3OphQnyOIkF7FCNtrMA+rAd30IsiWA8i7yLzJIdIj3JSHDFmLvAhsMtOxZkIzoObQxnkqgX2l9eNccqJ0JghpTquk2g/Q1JTzMio5KWKJAgPUEQ6BgXiRPnZZJ8RPDBOF/ZiaY7QcOL+nsgQV2rIQ9PJke6r2drY/K/WSXXv3M+oSFJNBJ4+1EsZ1DEchwO7VBKs2dAAwpKav0LcRxJhbSIsmRDc2ZXnoXlccU8r7s1JuXqZx1EEe2AfHAEXnIEquAY10AAYPIJn8ArerCfrxXq3PqatBSuf2QV/ZH3+AJgdm8Q=</latexit>

Sq � Sg at small x
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Ø Using the polarized dipole amplitude, we can calculate

and at LO

This allows us to carry out a fit of the world polarized DIS data on A1 and A||

=
1

↵s ⇡2

ln Q2

x⇤2Z

0

d⌘

⌘Z

max{⌘�ln 1
x ,0}

ds10 Gq (s10, ⌘)

<latexit sha1_base64="tEvtLVGtcOiOdP5xZsFIQGvr3BM="></latexit>

�q+(x,Q2) ⌘ �q(x,Q2) +�q̄(x,Q2)

<latexit sha1_base64="nEImc4+ueTVct6xe2lmugu08rLY=">AAACMHicbZDLSgMxFIYz3q23UZdugkVQlDJTKroUFXRpwVahU0smPdXQTGaaZMQy9JHc+Ci6UVDErU9h2k69tB4I/PzfOZyc3484U9pxXqyx8YnJqemZ2czc/MLikr28UlZhLCmUaMhDeekTBZwJKGmmOVxGEkjgc7jwm0ddfnELUrFQnOt2BNWAXAvWYJRoY9XsE+8YuCa4dbWNN+92cPEqv4U9aMXsFg/QD9geeInnE4lbnW9Us7NOzukVHhVuKrIorbOa/ejVQxoHIDTlRKmK60S6mhCpGeXQyXixgojQJrmGipGCBKCqSe/gDt4wTh03Qmme0Ljn/p5ISKBUO/BNZ0D0jRpmXfM/Vol1Y7+aMBHFGgTtL2rEHOsQd9PDdSaBat42glDJzF8xvSGSUG0yzpgQ3OGTR0U5n3MLud1iIXtwmMYxg9bQOtpELtpDB+gUnaESougePaFX9GY9WM/Wu/XRbx2z0plV9Keszy/hhKSj</latexit>
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<latexit sha1_base64="XVJ7TIX2BZzD7qHlLTLNnmzzQ3Y="></latexit>

<latexit sha1_base64="NjFJL3mFsDJ4PMQnaHqN3A4qbJk="></latexit>
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<latexit sha1_base64="ZUx6KEUAs/kAFiPv5zRy09CI1DQ=">AAACDnicbVDJSgNBEO2JW4xb1KOX0RCIIGFGRD0GPegxglkgE4aeTiVp0rPYXSOGYb7Ai7/ixYMiXj1782/sLAdNfFDweK+qu+p5keAKLevbyCwsLi2vZFdza+sbm1v57Z26CmPJoMZCEcqmRxUIHkANOQpoRhKo7wloeIPLkd+4B6l4GNziMIK2T3sB73JGUUtuvuggPOD4nURCJ02u3MTZv0tLyk1sKz1yAOlh6uYLVtkaw5wn9pQUyBRVN//ldEIW+xAgE1Splm1F2E6oRM4EpDknVhBRNqA9aGkaUB9UOxmvkZpFrXTMbih1BWiO1d8TCfWVGvqe7vQp9tWsNxL/81oxds/bCQ+iGCFgk4+6sTAxNEfZmB0ugaEYakKZ5HpXk/WppAx1gjkdgj178jypH5ft07J9c1KoXEzjyJI9ckBKxCZnpEKuSZXUCCOP5Jm8kjfjyXgx3o2PSWvGmM7skj8wPn8AeKKcWA==</latexit>

Gq(s10, ⌘)
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fit to the data: aq⌘ + bqs10 + cq

<latexit sha1_base64="9F/zI8w7qMFoDe3WVlyoFViY0sA=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQkmkosuiG5cV7APaECbTm3boZJLOTIQSCm78FTcuFHHrT7jzb5y2WWjrgQtnzrmXufcECWdKO863tbS8srq2Xtgobm5t7+zae/sNFaeSQp3GPJatgCjgTEBdM82hlUggUcChGQxuJn7zAaRisbjXowS8iPQECxkl2ki+fUj8YQc0wWc48IdY+ZnrjM2D+kPfLjllZwq8SNyclFCOmm9/dboxTSMQmnKiVNt1Eu1lRGpGOYyLnVRBQuiA9KBtqCARKC+b3jDGJ0bp4jCWpoTGU/X3REYipUZRYDojovtq3puI/3ntVIdXXsZEkmoQdPZRmHKsYzwJBHeZBKr5yBBCJTO7YtonklBtYiuaENz5kxdJ47zsVsoXd5VS9TqPo4CO0DE6RS66RFV0i2qojih6RM/oFb1ZT9aL9W59zFqXrHzmAP2B9fkDSh+WBA==</latexit>
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<latexit sha1_base64="CoycMEszBdVjEDyzswn88LlCIUc="></latexit>
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fit to the data: aq⌘ + bqs10 + cq

<latexit sha1_base64="9F/zI8w7qMFoDe3WVlyoFViY0sA=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQkmkosuiG5cV7APaECbTm3boZJLOTIQSCm78FTcuFHHrT7jzb5y2WWjrgQtnzrmXufcECWdKO863tbS8srq2Xtgobm5t7+zae/sNFaeSQp3GPJatgCjgTEBdM82hlUggUcChGQxuJn7zAaRisbjXowS8iPQECxkl2ki+fUj8YQc0wWc48IdY+ZnrjM2D+kPfLjllZwq8SNyclFCOmm9/dboxTSMQmnKiVNt1Eu1lRGpGOYyLnVRBQuiA9KBtqCARKC+b3jDGJ0bp4jCWpoTGU/X3REYipUZRYDojovtq3puI/3ntVIdXXsZEkmoQdPZRmHKsYzwJBHeZBKr5yBBCJTO7YtonklBtYiuaENz5kxdJ47zsVsoXd5VS9TqPo4CO0DE6RS66RFV0i2qojih6RM/oFb1ZT9aL9W59zFqXrHzmAP2B9fkDSh+WBA==</latexit>

polarized dipole
amplitude

flavor dependent 
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<latexit sha1_base64="CoycMEszBdVjEDyzswn88LlCIUc="></latexit>

N.B.: Only using DIS data does not allow for a flavor separation of the helicity PDFs 
unless one assumes SU(3) symmetry of the sea and uses constraints from the octet 
axial charge a8 . We do not utilize this constraint and instead extract only                   .

<latexit sha1_base64="jWXt1P7mn1WsBekN3bJ8sbyle/8=">AAACAXicbVBNS8NAEJ3Ur1q/ql4EL4tF8FQSERV6KXrxWMF+QBPLZrNpl242YXcjlFAv/hUvHhTx6r/w5r9x0/agrQ8GHu/NMDPPTzhT2ra/rcLS8srqWnG9tLG5tb1T3t1rqTiVhDZJzGPZ8bGinAna1Exz2kkkxZHPadsfXud++4FKxWJxp0cJ9SLcFyxkBGsj9coH/Z5zn7g1lLkyQlgEY7eWS8aq2FV7ArRInBmpwAyNXvnLDWKSRlRowrFSXcdOtJdhqRnhdFxyU0UTTIa4T7uGChxR5WWTD8bo2CgBCmNpSmg0UX9PZDhSahT5pjPCeqDmvVz8z+umOrz0MiaSVFNBpovClCMdozwOFDBJieYjQzCRzNyKyABLTLQJrWRCcOZfXiSt06pzXnVuzyr1q1kcRTiEIzgBBy6gDjfQgCYQeIRneIU368l6sd6tj2lrwZrN7MMfWJ8/CPuV/Q==</latexit>

gp1 and gn1
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Ø The KPS evolution equations must start at some low value of x = x0.  We fit the 
world polarized DIS data (proton, deuteron, and 3He targets) using a cut of x < x0
on the data

11
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Ø The KPS evolution equations must start at some low value of x = x0.  We fit the 
world polarized DIS data (proton, deuteron, and 3He targets) using a cut of x < x0
on the data

Ø The results on the next slides are for x0 = 0.1 (122 data points).  The fits were 
preformed within the Jefferson Lab Angular Momentum (JAM) Collaboration 
Monte Carlo framework – refer to as JAMsmallx

breakdown of 
the framework 

at x > 0.2 

good 
description up 

to x = 0.2

11
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<latexit sha1_base64="4D50LFj+8LzjoOshrqL/vtphx+c="></latexit>

an = �2.47± 0.65

bn = 3.03± 1.01

cn = 0.30± 0.36

<latexit sha1_base64="xauuWsEVZRmYZEPb+nfJPIr8Xa0="></latexit>

ap = �1.33± 0.30

bp = 0.49± 0.44

cp = 2.24± 0.16

<latexit sha1_base64="py9Oz51x02/39WYoiy4nVQ7QH+s=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzEpom6EohtXUsE+oIlhMp22Q2cmYWYilFDc+CtuXCji1q9w5984bbPQ1gMXDufcy733RAmjSrvut1VYWFxaXimultbWNza37O2dhopTiUkdxyyWrQgpwqggdU01I61EEsQjRprR4GrsNx+IVDQWd3qYkICjnqBdipE2Umjv+bhP7yvHN2HmSw4TrUbwAnqO64V22XXcCeA88XJSBjlqof3ld2KcciI0ZkiptucmOsiQ1BQzMir5qSIJwgPUI21DBeJEBdnkhRE8NEoHdmNpSmg4UX9PZIgrNeSR6eRI99WsNxb/89qp7p4HGRVJqonA00XdlEEdw3EesEMlwZoNDUFYUnMrxH0kEdYmtZIJwZt9eZ40Ko536ni3J+XqZR5HEeyDA3AEPHAGquAa1EAdYPAInsEreLOerBfr3fqYthasfGYX/IH1+QN/1pWO</latexit>

�2/Npts = 1.01

12

D. Pitonyak



<latexit sha1_base64="4D50LFj+8LzjoOshrqL/vtphx+c="></latexit>

an = �2.47± 0.65

bn = 3.03± 1.01

cn = 0.30± 0.36

<latexit sha1_base64="xauuWsEVZRmYZEPb+nfJPIr8Xa0="></latexit>

ap = �1.33± 0.30

bp = 0.49± 0.44

cp = 2.24± 0.16

D. Pitonyak

included EIC pseudo-data for DIS 
and PVDIS (1096 total data points)

<latexit sha1_base64="py9Oz51x02/39WYoiy4nVQ7QH+s=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzEpom6EohtXUsE+oIlhMp22Q2cmYWYilFDc+CtuXCji1q9w5984bbPQ1gMXDufcy733RAmjSrvut1VYWFxaXimultbWNza37O2dhopTiUkdxyyWrQgpwqggdU01I61EEsQjRprR4GrsNx+IVDQWd3qYkICjnqBdipE2Umjv+bhP7yvHN2HmSw4TrUbwAnqO64V22XXcCeA88XJSBjlqof3ld2KcciI0ZkiptucmOsiQ1BQzMir5qSIJwgPUI21DBeJEBdnkhRE8NEoHdmNpSmg4UX9PZIgrNeSR6eRI99WsNxb/89qp7p4HGRVJqonA00XdlEEdw3EesEMlwZoNDUFYUnMrxH0kEdYmtZIJwZt9eZ40Ko536ni3J+XqZR5HEeyDA3AEPHAGquAa1EAdYPAInsEreLOerBfr3fqYthasfGYX/IH1+QN/1pWO</latexit>

�2/Npts = 1.01
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prediction that, based on 
current DIS data,       goes 

negative at small x

<latexit sha1_base64="Yjr1DVNnUcDwi60NIglLMqqvbT8=">AAAB/3icbVBNS8NAEN34WetXVPDiJVgETyURUY9FLx4r2A9oY9lsp+3SzSbsTsQSc/CvePGgiFf/hjf/jdu0B219MPB4b2Zn5wWx4Bpd99taWFxaXlktrBXXNza3tu2d3bqOEsWgxiIRqWZANQguoYYcBTRjBTQMBDSC4dXYb9yD0jyStziKwQ9pX/IeZxSN1LH32wgPmL+TKuhmab/j3cVZxy65ZTeHM0+8KSmRKaod+6vdjVgSgkQmqNYtz43RT6lCzgRkxXaiIaZsSPvQMlTSELSf5nsz58goXacXKVMSnVz9PZHSUOtRGJjOkOJAz3pj8T+vlWDvwk+5jBMEySaLeolwMHLGYThdroChGBlCmeLmrw4bUEUZmsiKJgRv9uR5Uj8pe2dl7+a0VLmcxlEgB+SQHBOPnJMKuSZVUiOMPJJn8krerCfrxXq3PiatC9Z0Zo/8gfX5AwLNlr0=</latexit>

gp1
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prediction that, based on 
current DIS data,       goes 

negative at small x

controlled uncertainties as 
one calculates beyond the 

measured region of x
<latexit sha1_base64="Yjr1DVNnUcDwi60NIglLMqqvbT8=">AAAB/3icbVBNS8NAEN34WetXVPDiJVgETyURUY9FLx4r2A9oY9lsp+3SzSbsTsQSc/CvePGgiFf/hjf/jdu0B219MPB4b2Zn5wWx4Bpd99taWFxaXlktrBXXNza3tu2d3bqOEsWgxiIRqWZANQguoYYcBTRjBTQMBDSC4dXYb9yD0jyStziKwQ9pX/IeZxSN1LH32wgPmL+TKuhmab/j3cVZxy65ZTeHM0+8KSmRKaod+6vdjVgSgkQmqNYtz43RT6lCzgRkxXaiIaZsSPvQMlTSELSf5nsz58goXacXKVMSnVz9PZHSUOtRGJjOkOJAz3pj8T+vlWDvwk+5jBMEySaLeolwMHLGYThdroChGBlCmeLmrw4bUEUZmsiKJgRv9uR5Uj8pe2dl7+a0VLmcxlEgB+SQHBOPnJMKuSZVUiOMPJJn8krerCfrxXq3PiatC9Z0Zo/8gfX5AwLNlr0=</latexit>

gp1

13
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D. Pitonyak

prediction that, based on 
current DIS data,       goes 

negative at small x

<latexit sha1_base64="Yjr1DVNnUcDwi60NIglLMqqvbT8=">AAAB/3icbVBNS8NAEN34WetXVPDiJVgETyURUY9FLx4r2A9oY9lsp+3SzSbsTsQSc/CvePGgiFf/hjf/jdu0B219MPB4b2Zn5wWx4Bpd99taWFxaXlktrBXXNza3tu2d3bqOEsWgxiIRqWZANQguoYYcBTRjBTQMBDSC4dXYb9yD0jyStziKwQ9pX/IeZxSN1LH32wgPmL+TKuhmab/j3cVZxy65ZTeHM0+8KSmRKaod+6vdjVgSgkQmqNYtz43RT6lCzgRkxXaiIaZsSPvQMlTSELSf5nsz58goXacXKVMSnVz9PZHSUOtRGJjOkOJAz3pj8T+vlWDvwk+5jBMEySaLeolwMHLGYThdroChGBlCmeLmrw4bUEUZmsiKJgRv9uR5Uj8pe2dl7+a0VLmcxlEgB+SQHBOPnJMKuSZVUiOMPJJn8krerCfrxXq3PiatC9Z0Zo/8gfX5AwLNlr0=</latexit>

gp1

fits using DGLAP evolution extrapolate into 
the unmeasured region of x – uncertainties 

still “blow up” even including EIC data

controlled uncertainties as 
one calculates beyond the 

measured region of x

13
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D. Pitonyak

Ø An opportunity presented by the EIC that can allow us to obtain a flavor 
separation using only DIS data is a measurement of parity-violating DIS (PVDIS)

Ø As a proof of principle that we can extract                              with our JAM-
smallx framework, we fit EIC pseudo-data for PVDIS (and DIS) along with the 
current experimental DIS data 

<latexit sha1_base64="FlU9G2U4xZ+7aaDEqsDib5+0hdM=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgCJGwK6KWQS0sI5gLJJswO3s2GTJ7YWZWCEt6G1/FxkIRW1/AzrdxkmwRE38Y+PjPOZw5vxtzJpVl/Ri5ldW19Y38ZmFre2d3z9w/aMgoERTqNOKRaLlEAmch1BVTHFqxABK4HJru8GZSbz6CkCwKH9QoBicg/ZD5jBKlrZ5Z7NwCVwQn3fIpztibY9kt98ySVbGmwstgZ1BCmWo987vjRTQJIFSUEynbthUrJyVCMcphXOgkEmJCh6QPbY0hCUA66fSWMT7Wjof9SOgXKjx15ydSEkg5ClzdGRA1kIu1iflfrZ0o/8pJWRgnCkI6W+QnHKsIT4LBHhNAFR9pIFQw/VdMB0QQqnR8BR2CvXjyMjTOKvZFxb4/L1Wvszjy6AgV0Qmy0SWqojtUQ3VE0RN6QW/o3Xg2Xo0P43PWmjOymUP0R8bXL1qgmLY=</latexit>

�u+,�d+,�s+

14
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D. Pitonyak

<latexit sha1_base64="mVo+Y1eCF63VuAD1n1UBi9vU7Yg="></latexit>

Sq =
1

2

Z 1

0
dx�⌃(x,Q2)

KPS evolution allows for Sq
(and Sg) to be calculated 
with precision down to 

very small x values, beyond 
what the EIC will reach

15
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A Possible Path to Resolving the Spin Puzzle

D. PitonyakD. Pitonyak



D. Pitonyak

<latexit sha1_base64="ueENXR48nC1zcD3gT0q5CK+umrE=">AAACInicbVDLSsNAFJ3UV62vqEs3g0UQhJIU8bEQim5cuKjUPqAJYTKdpEMnD2cmQgn5Fjf+ihsXiroS/BgnaRfaemDgzDn3cu89bsyokIbxpZUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru6Cr3uw+ECxqFd3IcEztAfkg9ipFUkqOfWx5HODUzmNYzeAFbzj08glaA5BAjlt5kxb/l+HBG9h29atSMAnCemFNSBVM0Hf3DGkQ4CUgoMUNC9E0jlnaKuKSYkaxiJYLECI+QT/qKhiggwk6LEzN4oJQB9CKuXihhof7uSFEgxDhwVWW+pJj1cvE/r59I78xOaRgnkoR4MshLGJQRzPOCA8oJlmysCMKcql0hHiKVmVSpVlQI5uzJ86RTr5knNfP2uNq4nMZRBntgHxwCE5yCBrgGTdAGGDyCZ/AK3rQn7UV71z4npSVt2rML/kD7/gHAWaH6</latexit>

1

2
= Sq + Lq + Sg + Lg

<latexit sha1_base64="jwclrg+v6+omRKe6cULDqhGifGI="></latexit>

Sq

��
large x

=
1

2

Z 1

0.001
dx�⌃(x,Q2) ⇡ 0.18

<latexit sha1_base64="Mb7SSjL0wuUbD6NF0ZcJyLCFyl0="></latexit>

Sg

��
large x

=

Z 1

0.05
dx�g(x,Q2) ⇡ 0.20

16
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<latexit sha1_base64="ueENXR48nC1zcD3gT0q5CK+umrE=">AAACInicbVDLSsNAFJ3UV62vqEs3g0UQhJIU8bEQim5cuKjUPqAJYTKdpEMnD2cmQgn5Fjf+ihsXiroS/BgnaRfaemDgzDn3cu89bsyokIbxpZUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru6Cr3uw+ECxqFd3IcEztAfkg9ipFUkqOfWx5HODUzmNYzeAFbzj08glaA5BAjlt5kxb/l+HBG9h29atSMAnCemFNSBVM0Hf3DGkQ4CUgoMUNC9E0jlnaKuKSYkaxiJYLECI+QT/qKhiggwk6LEzN4oJQB9CKuXihhof7uSFEgxDhwVWW+pJj1cvE/r59I78xOaRgnkoR4MshLGJQRzPOCA8oJlmysCMKcql0hHiKVmVSpVlQI5uzJ86RTr5knNfP2uNq4nMZRBntgHxwCE5yCBrgGTdAGGDyCZ/AK3rQn7UV71z4npSVt2rML/kD7/gHAWaH6</latexit>

1

2
= Sq + Lq + Sg + Lg

<latexit sha1_base64="jwclrg+v6+omRKe6cULDqhGifGI="></latexit>

Sq

��
large x

=
1

2

Z 1

0.001
dx�⌃(x,Q2) ⇡ 0.18

<latexit sha1_base64="Mb7SSjL0wuUbD6NF0ZcJyLCFyl0="></latexit>

Sg

��
large x

=

Z 1

0.05
dx�g(x,Q2) ⇡ 0.20

<latexit sha1_base64="pCCDHYwlyCEsgLc0AwvOcRBWJFI=">AAACK3icbVDLSgMxFM34tr6qLt0EiyAIZUZEBRFK3bhwoWC10BmGTHqnDWYeJneUMsz/uPFXXOjCB279D9NaQa0HAueee2+Sc4JUCo22/WqNjU9MTk3PzJbm5hcWl8rLKxc6yRSHBk9kopoB0yBFDA0UKKGZKmBRIOEyuDrq9y9vQGmRxOfYS8GLWCcWoeAMjeSX627EsMuZzE8K/3rrZ9WhhzR3VURvuwzBXFK4B4Na6G8mIcTCL1fsqj0AHSXOkFTIEKd++dFtJzyLIEYumdYtx07Ry5lCwSUUJTfTkDJ+xTrQMjRmEWgvH3gt6IZR2jRMlDkx0oH6cyNnkda9KDCTfS/6b68v/tdrZRjue7mI0wwh5l8PhZmkmNB+cLQtFHCUPUMYV8L8lfIuU4yjibdkQnD+Wh4lF9tVZ7fqnO1UavVhHDNkjayTTeKQPVIjx+SUNAgnd+SBPJMX6956st6s96/RMWu4s0p+wfr4BKViqIs=</latexit>

Lq + Lg = whatever is left ???

16
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Engelhardt, et al. (2020)

Jaffe-Manohar OAM from u+d quarks 
(no disconnected diagrams; not at the physical point)

Alexandrou, et al. (2020)

Ji OAM from all quarks
(includes disconnected diagrams; at the physical point)



D. Pitonyak

Ø Using similar techniques as those used to derive small-x helicity evolution, one 
can show at small x (Hatta and Yang (2018); Kovchegov (2019)) 

<latexit sha1_base64="Z6xNIglW+z+GkTf4vDYFPg9jtd0=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBEiGE3iNoIQS0sLBI0D8jGcHcySYbMPpyZFcOSn7DxV2wsFLEV7PwbJ8kWmnhg4HDOvdw5xwk4k8o0v43E3PzC4lJyObWyura+kd7cqko/FIRWiM99UXdAUs48WlFMcVoPBAXX4bTm9M9Hfu2eCsl870YNAtp0oeuxDiOgtNRK52wXVI8Aj66GrbvsQ658W9jH+BQf2BeUK7CvWdeFWG+lM2beHAPPEismGRSj1Ep/2W2fhC71FOEgZcMyA9WMQChGOB2m7FDSAEgfurShqQculc1onGqI97TSxh1f6OcpPFZ/b0TgSjlwHT05yiCnvZH4n9cIVeekGTEvCBX1yORQJ+RY+XhUEW4zQYniA02ACKb/ikkPBBCli0zpEqzpyLOkWshbR3mrfJgpnsV1JNEO2kVZZKFjVESXqIQqiKBH9Ixe0ZvxZLwY78bHZDRhxDvb6A+Mzx/ifZy8</latexit>

Lq(x,Q
2) = ��⌃(x,Q2)

small x contribution to Sq + Lq is given by
<latexit sha1_base64="WD03O4G6INCsIvz4QWQqh3mUd3o="></latexit>

(Sq + Lq)
��
small x

= �1

2

Z xmax

0
dx�⌃(x,Q2)

18
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D. Pitonyak

Ø Using similar techniques as those used to derive small-x helicity evolution, one 
can show at small x (Hatta and Yang (2018); Kovchegov (2019)) 

<latexit sha1_base64="Z6xNIglW+z+GkTf4vDYFPg9jtd0=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBEiGE3iNoIQS0sLBI0D8jGcHcySYbMPpyZFcOSn7DxV2wsFLEV7PwbJ8kWmnhg4HDOvdw5xwk4k8o0v43E3PzC4lJyObWyura+kd7cqko/FIRWiM99UXdAUs48WlFMcVoPBAXX4bTm9M9Hfu2eCsl870YNAtp0oeuxDiOgtNRK52wXVI8Aj66GrbvsQ658W9jH+BQf2BeUK7CvWdeFWG+lM2beHAPPEismGRSj1Ep/2W2fhC71FOEgZcMyA9WMQChGOB2m7FDSAEgfurShqQculc1onGqI97TSxh1f6OcpPFZ/b0TgSjlwHT05yiCnvZH4n9cIVeekGTEvCBX1yORQJ+RY+XhUEW4zQYniA02ACKb/ikkPBBCli0zpEqzpyLOkWshbR3mrfJgpnsV1JNEO2kVZZKFjVESXqIQqiKBH9Ixe0ZvxZLwY78bHZDRhxDvb6A+Mzx/ifZy8</latexit>

Lq(x,Q
2) = ��⌃(x,Q2)

small x contribution to Sq + Lq is given by

PRELIMINARY result 
from JAMsmallx fit of 

polarized DIS+SIDIS data

<latexit sha1_base64="Rx43zgET4ujyqV6pCHly9+uHlT4="></latexit>

(Sq + Lq)
��
small x

= �1

2

Z xmax

10�5

dx�⌃(x,Q2)

18
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inary



<latexit sha1_base64="kgxM5SUO4/ajMjOp0h0uNT8CQKI="></latexit>

(Sq + Lq)
��
small x

= �1

2

Z 10�3

10�5

dx�⌃(x,Q2) ⇡ 0.1

D. Pitonyak

Ø Using similar techniques as those used to derive small-x helicity evolution, one 
can show at small x (Hatta and Yang (2018); Kovchegov (2019)) 

<latexit sha1_base64="Z6xNIglW+z+GkTf4vDYFPg9jtd0=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBEiGE3iNoIQS0sLBI0D8jGcHcySYbMPpyZFcOSn7DxV2wsFLEV7PwbJ8kWmnhg4HDOvdw5xwk4k8o0v43E3PzC4lJyObWyura+kd7cqko/FIRWiM99UXdAUs48WlFMcVoPBAXX4bTm9M9Hfu2eCsl870YNAtp0oeuxDiOgtNRK52wXVI8Aj66GrbvsQ658W9jH+BQf2BeUK7CvWdeFWG+lM2beHAPPEismGRSj1Ep/2W2fhC71FOEgZcMyA9WMQChGOB2m7FDSAEgfurShqQculc1onGqI97TSxh1f6OcpPFZ/b0TgSjlwHT05yiCnvZH4n9cIVeekGTEvCBX1yORQJ+RY+XhUEW4zQYniA02ACKb/ikkPBBCli0zpEqzpyLOkWshbR3mrfJgpnsV1JNEO2kVZZKFjVESXqIQqiKBH9Ixe0ZvxZLwY78bHZDRhxDvb6A+Mzx/ifZy8</latexit>

Lq(x,Q
2) = ��⌃(x,Q2)

small x contribution to Sq + Lq is given by

PRELIMINARY result 
from JAMsmallx fit of 

polarized DIS+SIDIS data

18
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Prelim
inary



Recall                                      

Also, 

D. Pitonyak

<latexit sha1_base64="o2U3RoWiJCJKBamf1b2T+F0eSWU="></latexit>

(Sq + Lq)
��
small x

= �1

2

Z 10�3

10�5

dx�⌃(x,Q2) ⇡ 0.1

19

<latexit sha1_base64="LjkooUdhsy4rUAdd4B5WR7Ivx28=">AAACD3icbZC7TsMwFIadcivlFmBksahATFWCECCxVLAwFpVepCaKHNdNrdpOsB1EFfUNWHgVFgYQYmVl421w2wzQ8kuWPv/nHNnnDxNGlXacb6uwsLi0vFJcLa2tb2xu2ds7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTCwdW43ronUtFY3OphQnyOIkF7FCNtrMA+rAd30IsiWA8i7yLzJIdIj3JSHDFmLvAhsMtOxZkIzoObQxnkqgX2l9eNccqJ0JghpTquk2g/Q1JTzMio5KWKJAgPUEQ6BgXiRPnZZJ8RPDBOF/ZiaY7QcOL+nsgQV2rIQ9PJke6r2drY/K/WSXXv3M+oSFJNBJ4+1EsZ1DEchwO7VBKs2dAAwpKav0LcRxJhbSIsmRDc2ZXnoXlccU8r7s1JuXqZx1EEe2AfHAEXnIEquAY10AAYPIJn8ArerCfrxXq3PqatBSuf2QV/ZH3+AJgdm8Q=</latexit>

Sq � Sg at small x

(Kovchegov (2019))

<latexit sha1_base64="ueENXR48nC1zcD3gT0q5CK+umrE=">AAACInicbVDLSsNAFJ3UV62vqEs3g0UQhJIU8bEQim5cuKjUPqAJYTKdpEMnD2cmQgn5Fjf+ihsXiroS/BgnaRfaemDgzDn3cu89bsyokIbxpZUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru6Cr3uw+ECxqFd3IcEztAfkg9ipFUkqOfWx5HODUzmNYzeAFbzj08glaA5BAjlt5kxb/l+HBG9h29atSMAnCemFNSBVM0Hf3DGkQ4CUgoMUNC9E0jlnaKuKSYkaxiJYLECI+QT/qKhiggwk6LEzN4oJQB9CKuXihhof7uSFEgxDhwVWW+pJj1cvE/r59I78xOaRgnkoR4MshLGJQRzPOCA8oJlmysCMKcql0hHiKVmVSpVlQI5uzJ86RTr5knNfP2uNq4nMZRBntgHxwCE5yCBrgGTdAGGDyCZ/AK3rQn7UV71z4npSVt2rML/kD7/gHAWaH6</latexit>

1

2
= Sq + Lq + Sg + Lg

<latexit sha1_base64="jwclrg+v6+omRKe6cULDqhGifGI="></latexit>

Sq

��
large x

=
1

2

Z 1

0.001
dx�⌃(x,Q2) ⇡ 0.18

<latexit sha1_base64="Mb7SSjL0wuUbD6NF0ZcJyLCFyl0="></latexit>

Sg

��
large x

=

Z 1

0.05
dx�g(x,Q2) ⇡ 0.20

D. Pitonyak

<latexit sha1_base64="F5YY2QHcg0/bBEtQLqx5DcE+yoM="></latexit>

Lg(x,Q
2) ⌧ �g(x,Q2) at small x



Recall                                      

Also, 

D. Pitonyak

0.48
<latexit sha1_base64="o2U3RoWiJCJKBamf1b2T+F0eSWU="></latexit>

(Sq + Lq)
��
small x

= �1

2

Z 10�3

10�5

dx�⌃(x,Q2) ⇡ 0.1

<latexit sha1_base64="LjkooUdhsy4rUAdd4B5WR7Ivx28=">AAACD3icbZC7TsMwFIadcivlFmBksahATFWCECCxVLAwFpVepCaKHNdNrdpOsB1EFfUNWHgVFgYQYmVl421w2wzQ8kuWPv/nHNnnDxNGlXacb6uwsLi0vFJcLa2tb2xu2ds7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTCwdW43ronUtFY3OphQnyOIkF7FCNtrMA+rAd30IsiWA8i7yLzJIdIj3JSHDFmLvAhsMtOxZkIzoObQxnkqgX2l9eNccqJ0JghpTquk2g/Q1JTzMio5KWKJAgPUEQ6BgXiRPnZZJ8RPDBOF/ZiaY7QcOL+nsgQV2rIQ9PJke6r2drY/K/WSXXv3M+oSFJNBJ4+1EsZ1DEchwO7VBKs2dAAwpKav0LcRxJhbSIsmRDc2ZXnoXlccU8r7s1JuXqZx1EEe2AfHAEXnIEquAY10AAYPIJn8ArerCfrxXq3PqatBSuf2QV/ZH3+AJgdm8Q=</latexit>

Sq � Sg at small x

<latexit sha1_base64="ueENXR48nC1zcD3gT0q5CK+umrE=">AAACInicbVDLSsNAFJ3UV62vqEs3g0UQhJIU8bEQim5cuKjUPqAJYTKdpEMnD2cmQgn5Fjf+ihsXiroS/BgnaRfaemDgzDn3cu89bsyokIbxpZUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru6Cr3uw+ECxqFd3IcEztAfkg9ipFUkqOfWx5HODUzmNYzeAFbzj08glaA5BAjlt5kxb/l+HBG9h29atSMAnCemFNSBVM0Hf3DGkQ4CUgoMUNC9E0jlnaKuKSYkaxiJYLECI+QT/qKhiggwk6LEzN4oJQB9CKuXihhof7uSFEgxDhwVWW+pJj1cvE/r59I78xOaRgnkoR4MshLGJQRzPOCA8oJlmysCMKcql0hHiKVmVSpVlQI5uzJ86RTr5knNfP2uNq4nMZRBntgHxwCE5yCBrgGTdAGGDyCZ/AK3rQn7UV71z4npSVt2rML/kD7/gHAWaH6</latexit>

1

2
= Sq + Lq + Sg + Lg

<latexit sha1_base64="jwclrg+v6+omRKe6cULDqhGifGI="></latexit>

Sq

��
large x

=
1

2

Z 1

0.001
dx�⌃(x,Q2) ⇡ 0.18

<latexit sha1_base64="Mb7SSjL0wuUbD6NF0ZcJyLCFyl0="></latexit>

Sg

��
large x

=

Z 1

0.05
dx�g(x,Q2) ⇡ 0.20

<latexit sha1_base64="pUMMcHs4uWw4aH/74tiela03X4Y=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBYSNgVUSFN0MbCIoJ5QHYJdyeTZMjM7jIzKwlLfsLGX7GxUMRWsPNvnE220MQDA4dz7uXOOX7EmdK2/W3llpZXVtfy64WNza3tneLuXkOFsSS0TkIeypYPinIW0LpmmtNWJCkIn9OmP7xO/eYDlYqFwb0eR9QT0A9YjxHQRuoUT1wBekCAJ7eTTt+FKJLhCNtuJXGlwKDdClYCOJ8YMuoUS3bZngIvEicjJZSh1il+ud2QxIIGmnBQqu3YkfYSkJoRTicFN1Y0AjKEPm0bGoCgykumqSb4yChd3AuleYHGU/X3RgJCqbHwzWSaQc17qfif145179JLWBDFmgZkdqgXc6xDnFaEu0xSovnYECCSmb9iMgAJRJsiC6YEZz7yImmclp3zsnN3VqpeZXXk0QE6RMfIQReoim5QDdURQY/oGb2iN+vJerHerY/ZaM7KdvbRH1ifP/oanq0=</latexit>

Lg ⇡ 0 at small x

19
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Recall                                      

Also, 

D. Pitonyak

0.48
<latexit sha1_base64="o2U3RoWiJCJKBamf1b2T+F0eSWU="></latexit>

(Sq + Lq)
��
small x

= �1

2

Z 10�3

10�5

dx�⌃(x,Q2) ⇡ 0.1

<latexit sha1_base64="LjkooUdhsy4rUAdd4B5WR7Ivx28=">AAACD3icbZC7TsMwFIadcivlFmBksahATFWCECCxVLAwFpVepCaKHNdNrdpOsB1EFfUNWHgVFgYQYmVl421w2wzQ8kuWPv/nHNnnDxNGlXacb6uwsLi0vFJcLa2tb2xu2ds7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTCwdW43ronUtFY3OphQnyOIkF7FCNtrMA+rAd30IsiWA8i7yLzJIdIj3JSHDFmLvAhsMtOxZkIzoObQxnkqgX2l9eNccqJ0JghpTquk2g/Q1JTzMio5KWKJAgPUEQ6BgXiRPnZZJ8RPDBOF/ZiaY7QcOL+nsgQV2rIQ9PJke6r2drY/K/WSXXv3M+oSFJNBJ4+1EsZ1DEchwO7VBKs2dAAwpKav0LcRxJhbSIsmRDc2ZXnoXlccU8r7s1JuXqZx1EEe2AfHAEXnIEquAY10AAYPIJn8ArerCfrxXq3PqatBSuf2QV/ZH3+AJgdm8Q=</latexit>

Sq � Sg at small x

<latexit sha1_base64="ueENXR48nC1zcD3gT0q5CK+umrE=">AAACInicbVDLSsNAFJ3UV62vqEs3g0UQhJIU8bEQim5cuKjUPqAJYTKdpEMnD2cmQgn5Fjf+ihsXiroS/BgnaRfaemDgzDn3cu89bsyokIbxpZUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0WCMBqStqSSkV7MCQpcRrru6Cr3uw+ECxqFd3IcEztAfkg9ipFUkqOfWx5HODUzmNYzeAFbzj08glaA5BAjlt5kxb/l+HBG9h29atSMAnCemFNSBVM0Hf3DGkQ4CUgoMUNC9E0jlnaKuKSYkaxiJYLECI+QT/qKhiggwk6LEzN4oJQB9CKuXihhof7uSFEgxDhwVWW+pJj1cvE/r59I78xOaRgnkoR4MshLGJQRzPOCA8oJlmysCMKcql0hHiKVmVSpVlQI5uzJ86RTr5knNfP2uNq4nMZRBntgHxwCE5yCBrgGTdAGGDyCZ/AK3rQn7UV71z4npSVt2rML/kD7/gHAWaH6</latexit>

1

2
= Sq + Lq + Sg + Lg

<latexit sha1_base64="jwclrg+v6+omRKe6cULDqhGifGI="></latexit>

Sq

��
large x

=
1

2

Z 1

0.001
dx�⌃(x,Q2) ⇡ 0.18

<latexit sha1_base64="Mb7SSjL0wuUbD6NF0ZcJyLCFyl0="></latexit>

Sg

��
large x

=

Z 1

0.05
dx�g(x,Q2) ⇡ 0.20

<latexit sha1_base64="pUMMcHs4uWw4aH/74tiela03X4Y=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBYSNgVUSFN0MbCIoJ5QHYJdyeTZMjM7jIzKwlLfsLGX7GxUMRWsPNvnE220MQDA4dz7uXOOX7EmdK2/W3llpZXVtfy64WNza3tneLuXkOFsSS0TkIeypYPinIW0LpmmtNWJCkIn9OmP7xO/eYDlYqFwb0eR9QT0A9YjxHQRuoUT1wBekCAJ7eTTt+FKJLhCNtuJXGlwKDdClYCOJ8YMuoUS3bZngIvEicjJZSh1il+ud2QxIIGmnBQqu3YkfYSkJoRTicFN1Y0AjKEPm0bGoCgykumqSb4yChd3AuleYHGU/X3RgJCqbHwzWSaQc17qfif145179JLWBDFmgZkdqgXc6xDnFaEu0xSovnYECCSmb9iMgAJRJsiC6YEZz7yImmclp3zsnN3VqpeZXXk0QE6RMfIQReoim5QDdURQY/oGb2iN+vJerHerY/ZaM7KdvbRH1ifP/oanq0=</latexit>

Lg ⇡ 0 at small x

If quark and gluon (Jaffe-Manohar) OAM is 
negligible at large x, small-x partons may 

give the remainder of the proton spin
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Summary and Outlook
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Ø We have shown the JAMsmallx framework, utilizing KPS evolution, can fit the 
world polarized DIS data at x < 0.1, with significantly reduced uncertainties 
(compared to “standard” DGLAP fits) as one extends into the unmeasured (small-x) 
region

Ø We are working on including polarized SIDIS data to perform a flavor separation 
and make a genuine prediction for the spin carried by quarks at small x.  Also 
polarized proton-proton collisions will be explored (access to !g(x)).

Ø Additional future updates will also include single-log corrections (Kovchegov, Tarasov, 
Tawabutr (2021)) and using solutions for the large-Nc & -Nf KPS evolution equations 
(Kovchegov and Tawabutr (2020)) 

KPS evolution provides a controlled way to extend helicity PDFs down to very 
small x and will be a crucial ingredient to resolve the proton spin puzzle, 

especially once EIC data is available


