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Outline: helicity-dependent observables 
as RHIC and EIC at small x

• DIS: g1 structure function at small x + sub-eikonal 
operators.
• Helicity evolution at small x. 
• SIDIS: g1

h structure function.
• Polarized p+p collisions: gluon production at mid-rapidity. 
• Inclusive dijet production in polarized e+p collisions.
• Elastic dijet production in polarized e+p collisions. 
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g1 Structure Function
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Dipole picture of DIS
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Polarized Dipole: non-eikonal small-x physics
• All flavor-singlet small-x helicity observables depend on “polarized dipole 

amplitudes”:

• Double brackets denote an object with energy suppression scaled out:DD
O
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(z) ⌘ zs

D
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polarized quark: eikonal propagation,
non-eikonal spin-dependent interaction

unpolarized quark
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Polarized fundamental “Wilson line”
• To complete the definition of the polarized dipole amplitude, we need to 

construct the definition of the polarized “Wilson line” Vpol, which is the leading 
helicity-dependent contribution for the quark scattering amplitude on a 
longitudinally-polarized target proton. 

• At the leading order we can either exchange one non-eikonal t-channel gluon 
(with quark-gluon vertices denoted by blobs above) to transfer polarization 
between the projectile and the target, or two t-channel quarks, as shown above.

• We employ a blend of Brodsky & Lepage’s LCPT and background field method-
inspired operator treatment. We refer to the latter as the light-cone operator 
treatment (LCOT).  
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Notation

• Fundamental light-cone Wilson line:

• Adjoint light-cone Wilson line:

• They sum multiple eikonal re-scatterings to all orders.
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Sub-eikonal quark S-matrix in background 
gluon and quark fields

• The full sub-eikonal S-matrix for massless quarks is (Balitsky&Tarasov ‘15; KPS ‘17; YK, 
Sievert, ‘18; Chirilli ’18; Altinoluk et al, ’20; YK, Santiago ‘21)

9

k

p2 p2 + k

σ
λa

x−

1 x−

2

σ′

bλ

k

p2 p2 + k

p1

σ′σ

“helicity
independent”

“helicity
dependent”

“helicity
independent”

“helicity
dependent”

<latexit sha1_base64="Tuj2eJTM62OL0cTVFDuSQ48+E1U="></latexit>

Vx,y;�0,� = Vx �
2(x� y) ��,�0

+
i P+

s

1Z

�1

dz�d2z Vx[1, z�] �2(x� z)


���,�0

 
D

i
Di + g � ��,�0 F 12

�
(z�, z)Vy[z

�,�1] �2(y � z)

� g2P+

2s
�2(x� y)

1Z

�1

dz�1

1Z

z�
1

dz�2 Vx[1, z�2 ]tb �(z
�
2 , x)U ba

x [z�2 , z�1 ]
⇥
��,�0�+ � ���,�0�+�5

⇤
↵�
 ̄↵(z

�
1 , x)taVx[z

�
1 ,�1]

�~µ · ~B = �µz Bz = µz F
12

<latexit sha1_base64="FKqKk7uirFKkPmUCzkS6dh2pmuU=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgubJmpgm4qpYK4rGAf0BmHTJq2oZkHSaZQh/kbN/6KG0FFdOmfmGkH1NYDISfn3MvNPW7IqJCG8aktLC4tr6zm1vLrG5tb2/rOblMEEcekgQMW8LaLBGHUJw1JJSPtkBPkuYy03OFl6rdGhAsa+LdyHBLbQ32f9ihGUkmOflGEsTUiGFpelEALdwOZCbUEVmAx1Z17aB3DmroqP8+ru9gsJ45eMErGBHCemBkpgAx1R3+xugGOPOJLzJAQHdMIpR0jLilmJMlbkSAhwkPUJx1FfeQRYceTPRN4qJQu7AVcHV/Cifq7I0aeEGPPVZUekgMx66Xif14nkr1zO6Z+GEni4+mgXsSgDGAaGuxSTrBkY0UQ5lT9FeIB4ghLFW1ehWDOrjxPmuWSeVIq35wWqrUsjhzYBwfgCJjgDFTBNaiDBsDgATyBV/CmPWrP2rv2MS1d0LKePfAH2tc3oHGisQ==</latexit>



Gluon Helicity

• A calculation gives

• Here we defined a new dipole amplitude G2 (cf. Hatta et al, 2016; KPS 2017)
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Quark Helicity PDF and TMD
• The flavor-singlet quark helicity PDF and TMD are

• We have defined another operator:
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g1 structure function
• g1 structure function is obtained similarly, using DIS in the dipole picture:

• One gets

• G2 was defined before. This is the gluon admixture to quark helicity distributions. 
• The dipole amplitude Q is due to F12 & axial current. 
• The contribution of G2 comes from the DD operator in the quark S-matrix. 
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Amplitude Q
• The amplitude Q is defined by

with                                                     , where 

• U = adjoint light-cone Wilson line.
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Evolution for Polarized Quark Dipole
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One can construct an evolu.on equa.on for the polarized dipole:

Spin-dependent (non-eikonal) vertex
polarized
particle

box =
target shock
wave (proton)

similar to the 
unpolarized
BK evolution
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Evolution Equations
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Beyond large-Nc, one needs to add the
quark-to-gluon and gluon-to-quark transitions
(G. Chirilli, 2101.12744 [hep-ph]; 
J. Borden, YK, M. Li, 2406.11647 [hep-ph]):

This results in the large-Nc&Nf evolution
equations given here (transition terms are
in blue). Agrees with DGLAP anomalous 
dimensions to 3 loops.

Initial version by YK, D. Pitonyak, M. Sievert 
’15-’18 (KPS), modifications with subscript 2 due
to YK, F. Cougoulic, A. Tarasov, Y. Tawabutr ‘22.



Polarized SIDIS
+ data analysis
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Polarized SIDIS at small x
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Consider (anti-)quark production in the current 
fragmentation region in the polarized e+p 
scattering at small x.  

The process is similar to the g1 structure
function calculation. 

A straightforward calculation yields the SIDIS 
structure function (D1 = fragmentation function)
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The analysis
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Ak ⇡ DA1
D= kinematic factor (known)
Running-coupling large-Nc&Nf evolution, 226 polarized
DIS and SIDIS data points.
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Double-spin asymmetries for p, d, and 3He

JAMsmallx: Adamiak, Baldonado, YK, Melnitchouk, Pitonyak, Sato, Sievert, Tarasov, Tawabutr, 
2308.07461 [hep-ph]
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Proton g1 structure function
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• JAM is based on a Bayesian Monte-Carlo: it uses replicas.
• Due to the lack of constraints, the spread is large.
• On the right, extraction using EIC pseudo-data (3 thin bands = 3 possible EIC data sets).

JAM-smallx

g1
p extracted from the existing data EIC impact



Helicity PDFs:
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JAM-smallx
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Uncertainties at small x seem to be driven 
by our inability to constrain the dipole 
amplitude G2 and Gtilde using the current data.



How much spin is there at small x?
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Potentially a lot of spin at small x. However, the 
uncertainties are large.  Need a way to 
constrain the initial conditions. To do so, we will 
include the polarized p+p data from RHIC. 

Negative
net spin at
small x!

JAMsmallx: Adamiak, Baldonado, YK, Melnitchouk, Pitonyak, Sato, Sievert, Tarasov, Tawabutr 2023 



Particle production 
in polarized p+p collisions

YK, M. Li, 2403.06959 [hep-ph]
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Gluon production at mid-rapidity

• We want to calculate gluon production 
cross section in polarized p+p collisions 
at mid-rapidity, where the gluon is 
small-x in both proton’s wave functions.  

23proton, p+1 proton, p−2
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Gluon production in polarized p+p collisions
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Working in the shock wave picture, we first
need to sum up the following diagrams 
(emission inside shock wave is suppressed 
by a log):

The result is shown below, and is cross-checked 
against the existing lowest-order calculations.
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Including small-x evolution

• We need to include small-x evolution on the projectile and target sides. 
• This is simple on the target side, less so on the projectile side:

• We symmetrize the above expression with respect to target—projectile 
interchange, after which we can include the evolution on the projectile side as 
well.
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Gluon production in polarized p+p 
collisions at mid-rapidity: the final result
• In the end we get the following expression for the cross section (at large Nc), 

where the dipole amplitudes Q and G2 evolve via the above evolution equations 
(YK, M. Li, 2024):

• Equivalently, in momentum space we obtain the following factorized expression in 
terms of TMDs (∆𝐻!"#  is a twist-3 helicity-flip TMD):
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Polarized p+p collisions: small-x phenomenology

• The above result can be applied 
to RHIC data 
(D. Adamiak, N. Baldonado, et al, 
2503.21006 [hep-ph]): 

• Note that the calculation was for
gluons only, quarks need to be
included (in progress). Hence, 
comparison with the data is 
a proof-of-concept at this point.

• Only large-Nc evolution (+external quarks) is employed. 
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Longitudinal Spin: Small-x Evolution

• Small-x evolution can predict 
helicity distributions at small x. 

• But: hard to fix initial conditions
given the existing data (note: not
all polarized p+p data has been 
analyzed yet).

• End result: also a spread of 
predictions for EIC. 

• EIC will provide constraints:

• Plots are from JAMsmallx, 
D. Adamiak, N. Baldonado, 
et al, 2503.21006 [hep-ph]



New constraints coming 
from polarized p+p data:

• Including more data constrains the initial 
conditions for the dipole amplitudes 
involved, resulting in more precise EIC 
predictions for the proton g1 structure 
function and estimates of spin at low x:

29

D. Adamiak, N. Baldonado, 
et al, 2503.21006 [hep-ph]



Inclusive dijet production in 
polarized e+p collisions

YK, M. Li, 2504.12979 [hep-ph]
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Inclusive dijet production in polarized e+p collisions
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Consider double spin asymmetry (DSA) in inclusive dijet production in e+p collisions. In the b2b limit 
(pT ~ Q >> ∆!~Λ"#$) the cross section probes the WW gluon helicity TMD (cf. F. Dominguez, B.-W. Xiao, 
and F. Yuan, 2010; F. Dominguez, C. Marquet, B.-W. Xiao, and F. Yuan, 2011, for unpolarized TMDs):  

Since, in the linear regime, the two TMDs are the same,                                              , we can use the
future dijet data at EIC to further constrain gluon helicity distribution. 
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Elastic dijet production in 
polarized e+p collisions

YK, B. Manley, 2410.21260 [hep-ph]
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OAM Distributions
• Let us write the (Jaffe-Manohar) quark and gluon OAM in terms of the Wigner 

distribution as

• After much algebra, we arrive at the quark and gluon OAM distributions at small x :
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OAM Distributions and Moment Amplitudes

• We now have the impact parameter moments of dipole amplitudes, labeled I3, I4, 
I5 and #𝐼:  
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Evolution for Moment Dipole Amplitudes

35

Evolution equations for
the moment amplitudes 
in DLA and at large Nc 
are derived in 
YK, B. Manley, 
2310.18404 [hep-ph]
(see also YK, B. Manley, 
2410.21260 [hep-ph]). 

They can be solved 
numerically (same ref) 
and analytically (B. Manley, 
2401.05508 [hep-ph]).
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Elastic dijet production in e+p collisions

<latexit sha1_base64="7Ypk154aHyD7dJuRX533nMpLUkM=">AAAB+nicbVDLTgIxFL2DL8QX6tJNIzFxQciMMeiS6MYlJvKIQEinc4GGTmdsOyYE+Qu3unBn3Pozxp+xwCwUPEmTk3PPaW+PHwuujet+OZmV1bX1jexmbmt7Z3cvv39Q11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wejpvPKLSPJJ3ZhRjJ6R9yXucUWOl+4ciaQvrDmg3X3BL7gxkmXgpKUCKajf/3Q4iloQoDRNU65bnxqYzpspwJnCSaycaY8qGtI8tSyUNUXfGs40n5MQqAelFyh5pyEz9nRjTUOtR6BeJtncPMLCRkJqBXjRNxf9mrcT0LjtjLuPEoGTzF3uJICYi0x5IwBUyI0aWUKa4XZqwAVWUGdtWzrbhLf59mdTPSl65VL49L1Su0l6ycATHcAoeXEAFbqAKNWAg4Rle4NV5ct6cd+djbs04aeYQ/sD5/AHkT5PJ</latexit>

q,�

<latexit sha1_base64="AM4rEbJnZZL/dN1TUyuqo5k0vOE=">AAAB9nicbVDLSgNBEOyNrxhfUY9eBoPgIYRdkegx6MWDh4jmAckSZie9yZjZBzOzYljyD1714E28+jvizzhJ9qDRgoaiumumu7xYcKVt+9PKLS2vrK7l1wsbm1vbO8XdvaaKEsmwwSIRybZHFQoeYkNzLbAdS6SBJ7DljS6n/dYDSsWj8E6PY3QDOgi5zxnVRmrWy+S2d90rluyKPQP5S5yMlCBDvVf86vYjlgQYaiaoUh3HjrWbUqk5EzgpdBOFMWUjOsCOoSENULnpbNsJOTJKn/iRNBVqMlN/OlIaKDUOvDJR5u0h9o0loHqoFoem4n+9TqL9czflYZxoDNn8Rz8RREdkmgHpc4lMi7EhlEluliZsSCVl2iRVMGk4i7f/Jc2TilOtVG9OS7WLLJc8HMAhHIMDZ1CDK6hDAxjcwxM8w4v1aL1ab9b7fDRnZZ59+AXr4xtdD5HB</latexit>

P, SL

<latexit sha1_base64="ZrUlNsxSqnB7RFhsJ0Ex52iXcjw=">AAAB/XicbVDLSgMxFM34rPVVdekmWAQXpcyIVJdFNy4r2Ae0w5DJ3LahSWZMMkIZip/hVhfuxK3fIv6MaTsLbT1w4XDuPcm9J0w408Z1v5yV1bX1jc3CVnF7Z3dvv3Rw2NJxqig0acxj1QmJBs4kNA0zHDqJAiJCDu1wdDPttx9BaRbLezNOwBdkIFmfUWKs5CeBV8E9zQaCBF5QKrtVdwa8TLyclFGORlD67kUxTQVIQznRuuu5ifEzogyjHCbFXqohIXREBtC1VBIB2s9mS0/wqVUi3I+VLWnwTP3tyIjQeizCCtb27SFE1iKIGerFoan4X6+bmv6VnzGZpAYknf/YTzk2MZ5GgSOmgBo+toRQxezSmA6JItTYwIo2DW/x9mXSOq96tWrt7qJcv85zKaBjdILOkIcuUR3dogZqIooe0DN6Qa/Ok/PmvDsf89EVJ/ccoT9wPn8AnxWUtg==</latexit>p1,ω1

<latexit sha1_base64="7aTufIcX5lor/Gd3Ts9tnHyUjfc=">AAAB/XicbVDLSsNAFJ3UV62vqks3g0VwUUpSpLosunFZwT6gDWEyuWmHziRxZiKUUPwMt7pwJ279FvFnnLZZaOuBC4dz75m59/gJZ0rb9pdVWFvf2Nwqbpd2dvf2D8qHRx0Vp5JCm8Y8lj2fKOAsgrZmmkMvkUCEz6Hrj29m/e4jSMXi6F5PEnAFGUYsZJRoI7mJV6/igWJDQby6V67YNXsOvEqcnFRQjpZX/h4EMU0FRJpyolTfsRPtZkRqRjlMS4NUQULomAyhb2hEBCg3my89xWdGCXAYS1ORxnP1tyMjQqmJ8KtYmbdHEBiLIHqklodm4n+9fqrDKzdjUZJqiOjixzDlWMd4FgUOmASq+cQQQiUzS2M6IpJQbQIrmTSc5dtXSadecxq1xt1FpXmd51JEJ+gUnSMHXaImukUt1EYUPaBn9IJerSfrzXq3PhajBSv3HKM/sD5/AKI5lLg=</latexit>p2,ω2

<latexit sha1_base64="r+ADFX4jyO++CyvKQ2bKLYmy3RI=">AAAB+3icbVDLSgMxFM34rPVVdekmWAQXpcyIVJdFNy4r2AdMh5LJ3GlDk8mQZIQy9DPc6sKduPVjxJ8xbWehrQcuHM69J7n3hCln2rjul7O2vrG5tV3aKe/u7R8cVo6OO1pmikKbSi5VLyQaOEugbZjh0EsVEBFy6Ibju1m/+wRKM5k8mkkKgSDDhMWMEmMlf1zDfc2GggxgUKm6dXcOvEq8glRRgdag8t2PJM0EJIZyorXvuakJcqIMoxym5X6mISV0TIbgW5oQATrI5ytP8blVIhxLZSsxeK7+duREaD0RYQ1r+/YIImsRxIz08tBM/K/nZya+CXKWpJmBhC5+jDOOjcSzIHDEFFDDJ5YQqphdGtMRUYQaG1fZpuEt375KOpd1r1FvPFxVm7dFLiV0is7QBfLQNWqie9RCbUSRRM/oBb06U+fNeXc+FqNrTuE5QX/gfP4At4SUQQ==</latexit>

k,ωe

<latexit sha1_base64="y9DBZk0B64+38MEAA2ibKDaqkNo=">AAAB/XicbVDLSgMxFM34rPVVdekmWKQuSpkRqS6LblxWsA9oh5LJ3LahSWZMMkIZip/hVhfuxK3fIv6MaTsLbT1w4XDuPcm9J4g508Z1v5yV1bX1jc3cVn57Z3dvv3Bw2NRRoig0aMQj1Q6IBs4kNAwzHNqxAiICDq1gdDPttx5BaRbJezOOwRdkIFmfUWKs5I9KZdzVbCBIqQe9QtGtuDPgZeJlpIgy1HuF724Y0USANJQTrTueGxs/JcowymGS7yYaYkJHZAAdSyURoP10tvQEn1olxP1I2ZIGz9TfjpQIrcciKGNt3x5CaC2CmKFeHJqK//U6ielf+SmTcWJA0vmP/YRjE+FpFDhkCqjhY0sIVcwujemQKEKNDSxv0/AWb18mzfOKV61U7y6Ktesslxw6RifoDHnoEtXQLaqjBqLoAT2jF/TqPDlvzrvzMR9dcTLPEfoD5/MHgBeUow==</latexit>

k→,ω→
e

<latexit sha1_base64="hbxmYEs+Mwi76/2LMEcSX7eAK3A=">AAAB/XicbVDLSgMxFM3UV62vqks3wSK4KGVGpLosunHhoqJ9QDuWTOZOG5rMjElGKEPxM9zqwp249VvEnzFtZ6GtBy4czr0nufd4MWdK2/aXlVtaXlldy68XNja3tneKu3tNFSWSQoNGPJJtjyjgLISGZppDO5ZAhMeh5Q0vJ/3WI0jFovBOj2JwBemHLGCUaCO59ftuLJmAMr7tXfeKJbtiT4EXiZOREspQ7xW/u35EEwGhppwo1XHsWLspkZpRDuNCN1EQEzokfegYGhIByk2nS4/xkVF8HETSVKjxVP3tSIlQaiS8Mlbm7QH4xiKIHqj5oYn4X6+T6ODcTVkYJxpCOvsxSDjWEZ5EgX0mgWo+MoRQyczSmA6IJFSbwAomDWf+9kXSPKk41Ur15rRUu8hyyaMDdIiOkYPOUA1doTpqIIoe0DN6Qa/Wk/VmvVsfs9GclXn20R9Ynz/gaJTe</latexit>

P →, SL
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The process is similar to the one above, 
except now the proton remains intact. 

One considers two observables, double spin 
asymmetry (DSA) and single spin asymmetry (SSA):
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Measuring OAM distributions 
in elastic e+p collisions 

• In the small-t limit (pT , Q >> Λ$%& ≫	Δ# 
with 𝑡 = −Δ#' ) the elastic dijet DSA 
measures moments of dipole 
amplitudes I3, I4, and I5, thus allowing 
(in principle) to measure OAM 
distributions! 

• Cf. Hatta et al, 2016; S. Bhattacharya, 
R. Boussarie and Y. Hatta, 2022 & 2024; 
S. Bhattacharya, D. Zheng and J. Zhou,
2023.

• Feasibility study in progress (G.Z. 
Becker, J. Borden, B. Manley, YK).
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OAM measurement with elastic dijets: 
feasibility study (very preliminary!)
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pT = jets b2b momentum
D = momentum transfer
assumed int. luminosity = 100 fb-1

JAMsmallx (Brandon Manley) – preliminary!

Vertical axis – cos 𝜙()*     
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Conclusions

• The small-x helicity formalism in the double logarithmic approximation (DLA) + 
running coupling allows to do successful polarized DIS + SIDIS phenomenology 
based on the existing small-x data.

• However, the multitude of different dipole amplitudes in the formalism prevents 
precise EIC predictions: there are too many initial conditions to fix using the 
existing data.

• Polarized p+p data on ALL from RHIC, if properly included, may help. The first step 
in this direction is presented above.

• When EIC comes online, DSA in inclusive dijet production would help constrain 
gluon helicity distributions.

• Elastic dijets at EIC may help us measure the OAM distributions as well (and 
compare their x-dependence to theory).    
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Backup slides
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Quark and Gluon OAM 
at Small x and Large Nc

YK, B. Manley, 2310.18404 [hep-ph]; B. Manley, 2401.05508 [hep-ph]; 

YK, B. Manley, 2410.21260 [hep-ph].
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OAM Distributions
• We begin by writing the (Jaffe-Manohar) quark and gluon OAM in terms of the 

Wigner distribution as

• After much algebra, we arrive at the quark and gluon OAM distributions at small x :
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Lz =

Z
d2b?db� d2k? dk+

(2⇡)3
(b⇥ k)z W (k, b)
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Small-x asymptotics of OAM distributions
• Solving the above evolution equations numerically, we arrive at

43

<latexit sha1_base64="0SE1yeD+KwCYkJyhmo1lMIiWz1o="></latexit>

Lq+q̄(x,Q
2) ⇠ LG(x,Q

2) ⇠
✓
1

x

◆3.66
p

↵sNc
2⇡

10 20 30 40 50

10

20

30

40

50

60

10 20 30 40 50

10

20

30

40

50

60

70

Consistent with Boussarie,
Hatta, Yuan, 2019 (based on
BER IREE from 1996) within 
the numerical precision



Two intercepts, again
• The evolution equations for moment dipole amplitudes have been solved 

analytically by B. Manley in 2401.05508 [hep-ph]. The solution was constructed 
using the double Laplace transform, similar to the solution for the impact-
parameter integrated amplitudes.

• The resulting small-x OAM asymptotics at large Nc is the same as for helicity PDFs,

with the intercept  

• This slightly disagrees with the work of Boussarie, Hatta, and Yuan (2019), which 
resulted in the same intercept as BER:
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OAM Distribution to hPDF Ratios

• Following Boussarie et al (2019), we consider the ratios of OAM distributions to 
helicity PDFs at small x. 

• For these ratios, Boussarie et al, predict, inspired by the Wandzura-Wilczek 
approximation:

• Pure WW approximation predicts:
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OAM Distribution to hPDF Ratios

• Analytic solution from B. Manley, 
2401.05508 [hep-ph], gives

• Compares well with Boussarie et al: 

46

<latexit sha1_base64="3a/Hg0C003vRGkvF0qPPknJEijA="></latexit>

t =

r
↵s Nc

2⇡
ln

Q2

⇤2

<latexit sha1_base64="NRIaEwbiGRqkjNCgv/rnq9GK5+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkJStHoRil48VrAf0Iaw2W7apZtN2N0ItfSXePGgiFd/ijf/jds2B219MPB4b4aZeWHKmdKu+20V1tY3NreK26Wd3b39sn1w2FJJJgltkoQnshNiRTkTtKmZ5rSTSorjkNN2OLqd+e1HKhVLxIMep9SP8UCwiBGsjRTY5R7m6RAHCl0j16leBHbFddw50CrxclKBHI3A/ur1E5LFVGjCsVJdz021P8FSM8LptNTLFE0xGeEB7RoqcEyVP5kfPkWnRumjKJGmhEZz9ffEBMdKjePQdMZYD9WyNxP/87qZjq78CRNppqkgi0VRxpFO0CwF1GeSEs3HhmAimbkVkSGWmGiTVcmE4C2/vEpaVcerObX780r9Jo+jCMdwAmfgwSXU4Q4a0AQCGTzDK7xZT9aL9W59LFoLVj5zBH9gff4AmSeRwg==</latexit>

↵s = 0.25
<latexit sha1_base64="PAfokEghb8htmfnDuDf0z5Ej600=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjUt0IRRe6cFHBPqAzlEwm04YmkyHJiGWs4K+4caGIW3/DnX9j2s5CWw8EDuecy705QcKo0o7zbc3NLywuLRdWiqtr6xub9tZ2Q4lUYlLHggnZCpAijMakrqlmpJVIgnjASDPoX4z85h2Rior4Vg8S4nPUjWlEMdJG6ti73rUJhwieQffR44G4zy5JY9ixS07ZGQPOEjcnJZCj1rG/vFDglJNYY4aUartOov0MSU0xI8OilyqSINxHXdI2NEacKD8b3z+EB0YJYSSkebGGY/X3RIa4UgMemCRHuqemvZH4n9dOdXTqZzROUk1iPFkUpQxqAUdlwJBKgjUbGIKwpOZWiHtIIqxNZUVTgjv95VnSOCq7lXLl5rhUPc/rKIA9sA8OgQtOQBVcgRqoAwwewDN4BW/Wk/VivVsfk+iclc/sgD+wPn8A4tWVZw==</latexit>

⇤ = 1 GeV

<latexit sha1_base64="9dP9E2ph5098ewAdkeAQoIjzw1U="></latexit>

Lq+q̄(x,Q2)

�⌃(x,Q2)
⇡ �1

<latexit sha1_base64="BCd+jLJlpAxFLsVEqfuxf8+UfJM="></latexit>

LG(x,Q2)

�G(x,Q2)
⇡ �2


