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Section 7.1  
Global Properties and Parton Structure of Hadrons 

EIC Yellow Report  
Chapter 7 - The EIC Measurements and Studies 

Based on the work of Inclusive Reactions WG 
                                  Diffractive & Tagging WG 
                                  Jet, Heavy Quarks WG 
                                  Semi-inclusive Reactions WG 
                                  Exclusive Reactions WG



7.1.1 Unpolarized parton structure of the proton and neutron

7.1.2 Spin structure of the proton and neutron

7.1.3 Parton structure of mesons

7.1.4 Origin of the hadron mass

-Inclusive NC and CC DIS

-Positron beam

-Parity violating DIS
-Tagged DIS
-Sea quark PDFs via SIDIS measurements
-Non perturbative charm
-Charm jets

-Inclusive ALL

-Helicity and small x dipole formalism

-Neutron spin structure from inclusive and tagged DIS  
with polarized 3He and 2H

-Orbital angular momentum contribution to nucleon spin

-Parity violating DIS
-Sea quark helicities via SIDIS

-ΔG from dijet ALL

-Sullivan process

-Theoretical background in extracting the data

-Kinematic of interest to address specific theory questions

-Meson structure functions projections
-Impact on global QCD analysis

-Complementarity with other facilities
-Synergy with  continuum and lattice QCD

7.1.5 Multiparton correlations

-gT(x) from inclusive DIS

-e(x) from semi-inclusive DIS

7.1.6 Inclusive and hard diffractions
-Inclusive diffraction

-Diffractive dijets

-Large |t| diffractive production  
of vector mesons

7.1.7 Global event shapes  
         and the strong coupling constant

-Theoretical methods
-Predictions

-Experimental projections

-Jet measurement performance

-Fitting for ↵S
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-      measurement performance

-Systematic uncertainties and unfolding



Unpolarized parton structure of the proton and neutron Inclusive NC and CC DIS
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18x275 e-p N.C. Uncertainties

 for y>0.01Sys.σ

 for y<0.01Sys.σ

2 < 10 GeV2 for QStat.σ

2 < 100 GeV2 for 10 < QStat.σ

2 < 1000 GeV2 for 100 < QStat.σ

2 > 1000 GeV2 for QStat.σ

-1 L dt = 100 fb∫

18x275 e-p N.C. Uncertainties

Systematic uncertainties: see sect. 8.1 of YR 

based on simulation studies with EIC Handbook  
Detector and current EIC detector matrix
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(10%£ systematics)
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(50%£ systematics)
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Z-score: statistical separation in units of σ between two-hypothesis of cross sections 
Based on NNPDF3.1PDF set : 

hyp. 1: central replica;  hyp 2: non-central replica 



Unpolarized parton structure of the proton and neutron Inclusive NC and CC DIS

relative uncertainties after EIC / relative uncertainties pre EIC (only e- p data sets)

Flavor separation of x f(x)
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<latexit sha1_base64="a2bHW4cRbrWX76p0KZIr37E3ZvM=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIph4IrskRo4kXjxiIo8IGzI7DDBhdnad6TUhG/7CiweN8erfePNvHGAPClbSSaWqO91dQSyFQdf9dnIbm1vbO/ndwt7+weFR8fikZaJEM95kkYx0J6CGS6F4EwVK3ok1p2EgeTuY3Mz99hPXRkTqHqcx90M6UmIoGEUrPZR75lFjamblfrHkVtwFyDrxMlKCDI1+8as3iFgScoVMUmO6nhujn1KNgkk+K/QSw2PKJnTEu5YqGnLjp4uLZ+TCKgMyjLQthWSh/p5IaWjMNAxsZ0hxbFa9ufif101wWPNToeIEuWLLRcNEEozI/H0yEJozlFNLKNPC3krYmGrK0IZUsCF4qy+vk1a14l1V3LtqqV7L4sjDGZzDJXhwDXW4hQY0gYGCZ3iFN8c4L86787FszTnZzCn8gfP5A2BvkK8=</latexit>p
s

<latexit sha1_base64="y254qY7ner7sXw6YnjOyZVsPYA8=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiieySGDmSePHgARMBE9iQbulCQ7dd2y4J2fA7vHjQGK/+GG/+G7uwBwUnaTKZeS9vOkHMmTau++0UNja3tneKu6W9/YPDo/LxSUfLRBHaJpJL9RhgTTkTtG2Y4fQxVhRHAafdYHKT+d0pVZpJ8WBmMfUjPBIsZAQbK/nVfoTNmGCe3s2rg3LFrbkLoHXi5aQCOVqD8ld/KEkSUWEIx1r3PDc2foqVYYTTeamfaBpjMsEj2rNU4IhqP12EnqMLqwxRKJV9wqCF+nsjxZHWsyiwk1lGvepl4n9eLzFhw0+ZiBNDBVkeChOOjERZA2jIFCWGzyzBRDGbFZExVpgY21PJluCtfnmddOo176rm3tcrzUZeRxHO4BwuwYNraMIttKANBJ7gGV7hzZk6L86787EcLTj5zin8gfP5AzwAkbY=</latexit>

L

JAM

CJ

CT

NNPDF

Strong impact (80%) on the valence sector and d/u ratio at large x 

Good impact (50%) on the sea sector at low x
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Positron Beam: complementary to ep for flavor structure 

Parity Violating
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relative uncertainties after EIC (e- + e+ at EIC) / relative uncertainties pre EIC (e- data set) 

𝛿EIC with APV data / 𝛿 no EIC data

Tagged DIS 
e + D      e’ + p +X

𝛿EIC ( e- p+ TDIS) / 𝛿EIC (e- p)
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additional constraints on the d-type PDFs
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∫L dt=10 fb-1 -  charged pion and kaon identification in the main EIC detector 

Sea quark PDF via SIDIS e+p     e+H+X measurements

Strongest impact in the strange sector: 
substantial reduction of uncertainty for s(x) distribution: up to 75% at low x<10-2 

constraint on the x dependence of the strange ratio 

Constraints on Rs =         —> SU(3) symmetry breaking in the light-quark sea 

Demands high-luminosity and specific requirements for the detector
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Aschenauer, Borsa, Sassot, Van Hulse, PRD99 (2019)

Arratia, Furletova, Hobbs, Olness, Sekula, arXiv:2006.12520

Charmed-jet production in CC DIS

baseline NNPDF3.0



Spin structure of the proton and neutron
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Inclusive ALL - ∫L dt=10 fb-1

@g1(x,Q2)/@lnQ2 ⇡ ��g(x,Q2)
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At low x: Present kinematical coverage                x & 0.01
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x ⇠ 10�4
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At EIC

baseline DSSV14
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Borsa, Lucero, Sassot, Aschenauer, Nunes, arXiv:2007.08300

SIDIS data (charged pion and kaon) to constrain the sea quark polarization
baseline DSSV14



Orbital angular momentum contribution to nucleon spin
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Spin Sum Rule:



Orbital angular momentum contribution to nucleon spin
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Individual contributions only from GPDs or Wigner distributions  
(see talk of A. Vossen)

L = LQ + LG
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reduction of uncertainty by a factor 3-4  
after including EIC data with 3He and D

not significant improvement  
after including EIC data with 3He and D

Zhou, Sato, Ethier, Melnitchouk, in preparationEthier, Sato, Melnitchouk, PRL119, 2017: (JAM17)

Neutron spin structure from tagged DIS on 2H

On-shell extrapolation                     gives free-neutron double spin asymmetry  
Complementary to measurements with 3He 
Better controls of nuclear effects

(M2
N � t) ! 0
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Cosyn, Weiss, PLB799, 2019; Cosyn, Weiss, arXiv: 2006.03033
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Parity violating DIS
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asymmetry with unpolarized electron and polarized proton with ∫L dt=10 fb-1

50% impact on Δs, 20% impact on valence quarks, no impact on Δg

50% impact on ∫ΔΣ(x) dx

Analysis with JAM17 (Zhou, Sato, Ethier, Melnitchouk, in preparation)



Structure of mesons: key experimental efforts at the EIC



Parton Structure of Mesons

Tagged inclusive reaction dominated by the Sullivan process at low -t: 
-t<0.6 GeV2 (pion exchange); -t<0.9 GeV2 (kaon exchange)

d3�(ep!eNX)
dxdQ2dz / FLP (3)

2 (x,Q2, E0/Ep)
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c.s. integrated over t:

Regge model: FLP (3)
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Model uncertainties: overall systematic th. uncertainty ~ 25%

- corrections to the Sullivan process (non pion-pole, nucleon resonances contributions,…)

- lack of knowledge of pion flux

e+ p ! e0 +X + (N orY )
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reach in t: 10 times more statistics than at HERA
blue regions: statistical uncertainty with  ∫L dt=10 fb-1 ; beam energies 10X135 GeV
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<latexit sha1_base64="qODeaBbBNucXu9/V36sy8uL163Q=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIph4kewSX0cSLx4xkUeElcwOszBhdmYzM2tCNvyFFw8a49W/8ebfOMAeFKykk0pVd7q7gpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupn6rSeqNJPi3oxj6kd4IFjICDZWeigjz31Mz6qTcq9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9nF0/QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDaT5mIE0MFmS8KE46MRNP3UZ8pSgwfW4KJYvZWRIZYYWJsSAUbgrf48jJpViveeeXirlqqXWZx5OEIjuEUPLiCGtxCHRpAQMAzvMKbo50X5935mLfmnGzmEP7A+fwBTCmPVg==</latexit>

10�1

<latexit sha1_base64="trcXAdHPcDbTxiLeVasQjJuQPKQ=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIph4kewQX0cSLx4xkUeElcwOszBhdnYzM2tCNvyFFw8a49W/8ebfOMAeFKykk0pVd7q7/FhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRVmDRiJSbZ9oJrhkDcONYO1YMRL6grX80c3Ubz0xpXkk7804Zl5IBpIHnBJjpYcywu5jeoYn5V6x5FbcGdAywRkpQYZ6r/jV7Uc0CZk0VBCtO9iNjZcSZTgVbFLoJprFhI7IgHUslSRk2ktnF0/QiVX6KIiULWnQTP09kZJQ63Ho286QmKFe9Kbif14nMcG1l3IZJ4ZJOl8UJAKZCE3fR32uGDVibAmhittbER0SRaixIRVsCHjx5WXSrFbweeXirlqqXWZx5OEIjuEUMFxBDW6hDg2gIOEZXuHN0c6L8+58zFtzTjZzCH/gfP4ASqOPVQ==</latexit>

10�2

<latexit sha1_base64="qODeaBbBNucXu9/V36sy8uL163Q=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIph4kewSX0cSLx4xkUeElcwOszBhdmYzM2tCNvyFFw8a49W/8ebfOMAeFKykk0pVd7q7gpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupn6rSeqNJPi3oxj6kd4IFjICDZWeigjz31Mz6qTcq9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9nF0/QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDaT5mIE0MFmS8KE46MRNP3UZ8pSgwfW4KJYvZWRIZYYWJsSAUbgrf48jJpViveeeXirlqqXWZx5OEIjuEUPLiCGtxCHRpAQMAzvMKbo50X5935mLfmnGzmEP7A+fwBTCmPVg==</latexit>

�t

<latexit sha1_base64="lKAmPyG5Qor09pCxeJjGJHwgiAM=">AAAB7HicbVDLTgJBEOzFF+IL9ehlIph4kewSX0cSLx4xcYEENmR2GGDC7OxmpteEEL7BiweN8eoHefNvHGAPClbSSaWqO91dYSKFQdf9dnJr6xubW/ntws7u3v5B8fCoYeJUM+6zWMa6FVLDpVDcR4GStxLNaRRK3gxHdzO/+cS1EbF6xHHCg4gOlOgLRtFKfplcYLlbLLkVdw6ySryMlCBDvVv86vRilkZcIZPUmLbnJhhMqEbBJJ8WOqnhCWUjOuBtSxWNuAkm82On5MwqPdKPtS2FZK7+npjQyJhxFNrOiOLQLHsz8T+vnWL/NpgIlaTIFVss6qeSYExmn5Oe0JyhHFtCmRb2VsKGVFOGNp+CDcFbfnmVNKoV77Jy9VAt1a6zOPJwAqdwDh7cQA3uoQ4+MBDwDK/w5ijnxXl3PhatOSebOYY/cD5/AFXRja8=</latexit>

0.1

<latexit sha1_base64="iub7ciOr7j16hKfOLe9wzU32jPY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVbwFJJS0WPBi8cK9gPaUDbbbbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKQw6Hnfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g4nd3O//cS1EbF6xGnCg4iOlBgKRtFK7Yrn+oRU+qWy53oLkHXi56QMORr90ldvELM04gqZpMZ0fS/BIKMaBZN8VuylhieUTeiIdy1VNOImyBbnzsilVQZkGGtbCslC/T2R0ciYaRTazoji2Kx6c/E/r5vi8DbIhEpS5IotFw1TSTAm89/JQGjOUE4toUwLeythY6opQ5tQ0Ybgr768TlpV16+51w/Vcr2Wx1GAc7iAK/DhBupwDw1oAoMJPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwC1/o3P</latexit>

0.9

<latexit sha1_base64="eIo8EQb+px49UhQJVOzIP8OEBv4=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BFvB07JbKuqt4MVjBfsB7VKyabYNzWaXJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxLBtXHdb1TY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugHRTHDJWoYbwbqJYiQKBOsEk7u533liSvNYPpppwvyIjCQPOSXGSp2q69xiXB2UK67jLoDXiZeTCuRoDspf/WFM04hJQwXRuue5ifEzogyngs1K/VSzhNAJGbGepZJETPvZ4twZvrDKEIexsiUNXqi/JzISaT2NAtsZETPWq95c/M/rpSa88TMuk9QwSZeLwlRgE+P573jIFaNGTC0hVHF7K6Zjogg1NqGSDcFbfXmdtGuOV3euHmqVRj2PowhncA6X4ME1NOAemtACChN4hld4Qwl6Qe/oY9laQPnMKfwB+vwBwjaN1w==</latexit>

0.9

<latexit sha1_base64="eIo8EQb+px49UhQJVOzIP8OEBv4=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BFvB07JbKuqt4MVjBfsB7VKyabYNzWaXJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxLBtXHdb1TY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugHRTHDJWoYbwbqJYiQKBOsEk7u533liSvNYPpppwvyIjCQPOSXGSp2q69xiXB2UK67jLoDXiZeTCuRoDspf/WFM04hJQwXRuue5ifEzogyngs1K/VSzhNAJGbGepZJETPvZ4twZvrDKEIexsiUNXqi/JzISaT2NAtsZETPWq95c/M/rpSa88TMuk9QwSZeLwlRgE+P573jIFaNGTC0hVHF7K6Zjogg1NqGSDcFbfXmdtGuOV3euHmqVRj2PowhncA6X4ME1NOAemtACChN4hld4Qwl6Qe/oY9laQPnMKfwB+vwBwjaN1w==</latexit>

0.1

<latexit sha1_base64="iub7ciOr7j16hKfOLe9wzU32jPY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVbwFJJS0WPBi8cK9gPaUDbbbbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKQw6Hnfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g4nd3O//cS1EbF6xGnCg4iOlBgKRtFK7Yrn+oRU+qWy53oLkHXi56QMORr90ldvELM04gqZpMZ0fS/BIKMaBZN8VuylhieUTeiIdy1VNOImyBbnzsilVQZkGGtbCslC/T2R0ciYaRTazoji2Kx6c/E/r5vi8DbIhEpS5IotFw1TSTAm89/JQGjOUE4toUwLeythY6opQ5tQ0Ybgr768TlpV16+51w/Vcr2Wx1GAc7iAK/DhBupwDw1oAoMJPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwC1/o3P</latexit>

0.6

<latexit sha1_base64="2NXAOgntZtRBmMpV0bSSvI9Fnaw=">AAAB7nicbVDLSgNBEOyJrxhfUY9eBhPB07Ib4uMY8OIxgnlAsoTZyWwyZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuChLBtXHdb1TY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugHRTHDJWoYbwbqJYiQKBOsEk7u533liSvNYPpppwvyIjCQPOSXGSp2q61xjXB2UK67jLoDXiZeTCuRoDspf/WFM04hJQwXRuue5ifEzogyngs1K/VSzhNAJGbGepZJETPvZ4twZvrDKEIexsiUNXqi/JzISaT2NAtsZETPWq95c/M/rpSa89TMuk9QwSZeLwlRgE+P573jIFaNGTC0hVHF7K6Zjogg1NqGSDcFbfXmdtGuOV3euHmqVRj2PowhncA6X4MENNOAemtACChN4hld4Qwl6Qe/oY9laQPnMKfwB+vwBvaGN1A==</latexit>

0.6

<latexit sha1_base64="2NXAOgntZtRBmMpV0bSSvI9Fnaw=">AAAB7nicbVDLSgNBEOyJrxhfUY9eBhPB07Ib4uMY8OIxgnlAsoTZyWwyZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuChLBtXHdb1TY2Nza3inulvb2Dw6PyscnbR2nirIWjUWsugHRTHDJWoYbwbqJYiQKBOsEk7u533liSvNYPpppwvyIjCQPOSXGSp2q61xjXB2UK67jLoDXiZeTCuRoDspf/WFM04hJQwXRuue5ifEzogyngs1K/VSzhNAJGbGepZJETPvZ4twZvrDKEIexsiUNXqi/JzISaT2NAtsZETPWq95c/M/rpSa89TMuk9QwSZeLwlRgE+P573jIFaNGTC0hVHF7K6Zjogg1NqGSDcFbfXmdtGuOV3euHmqVRj2PowhncA6X4MENNOAemtACChN4hld4Qwl6Qe/oY9laQPnMKfwB+vwBvaGN1A==</latexit>

 ∫L dt=100 fb-1; 1.2% systematic unc.;      =63.25 GeV
p
s

<latexit sha1_base64="dap1R3eTNJ3HcR+NXXpMXcdjx7g=">AAAB83icbVDLSgNBEOyNrxhfUY9eBhPBU9gNET0GvHiMYB6QXcLsZDYZMvtwplcIS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFjc2t7p7hb2ts/ODwqH590dJwqxtsslrHq+VRzKSLeRoGS9xLFaehL3vUnt3O/+8SVFnH0gNOEeyEdRSIQjKKR3KqrHxVmekZIdVCu2DV7AbJOnJxUIEdrUP5yhzFLQx4hk1TrvmMn6GVUoWCSz0puqnlC2YSOeN/QiIZce9ni5hm5MMqQBLEyFSFZqL8nMhpqPQ190xlSHOtVby7+5/VTDG68TERJijxiy0VBKgnGZB4AGQrFGcqpIZQpYW4lbEwVZWhiKpkQnNWX10mnXnMatav7eqXZyOMowhmcwyU4cA1NuIMWtIFBAs/wCm9War1Y79bHsrVg5TOn8AfW5w8TSJED</latexit>

uncertainty reduced by a factor 5~10 for gluon and sea PDFs x<0.1; a factor~3 for valence PDF

uncertainty reduced by a factor ~15 for first moment of total quark and gluon PDF

uncertainties from the model dependence of the pion flux (~10-20%) are not included



Origin of the hadron mass

Tµ⌫ =  �µ i
2
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D⌫ �Gaµ�Ga⌫

� + 1
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µ⌫G2

<latexit sha1_base64="ZIsSek1mLxr196fF+LrZYKcliso="></latexit>

hP |Tµ⌫
q,G(0)|P i = 2PµP ⌫Aq,G(0) + 2M2gµ⌫C̄q,G(0)

<latexit sha1_base64="f87BONzq3p2ZSzQlqiTR/QJM1WM="></latexit>

Aq(0) +AG(0) = 1

<latexit sha1_base64="Exm0oKlwoQHwcQp2TPrW/dtj1PI=">AAAB/HicdVDLSgMxFM3UV62v0S7dBFuhIgwzY23rQmhxocsK9gHtMGTStA3NPEwyQin1V9y4UMStH+LOvzHTVlDRA5d7OOdecnO8iFEhTfNDSy0tr6yupdczG5tb2zv67l5ThDHHpIFDFvK2hwRhNCANSSUj7YgT5HuMtLzRReK37ggXNAxu5Dgijo8GAe1TjKSSXD2bhzX3tmAeHdfcS9XOrXzG1XOmcVYp2cUSNA3TLFu2lRC7XDwpQkspCXJggbqrv3d7IY59EkjMkBAdy4ykM0FcUszINNONBYkQHqEB6SgaIJ8IZzI7fgoPldKD/ZCrCiScqd83JsgXYux7atJHcih+e4n4l9eJZb/iTGgQxZIEeP5QP2ZQhjBJAvYoJ1iysSIIc6puhXiIOMJS5ZWE8PVT+D9p2oZVNE6v7Vy1tIgjDfbBASgAC5RBFVyBOmgADMbgATyBZ+1ee9RetNf5aEpb7GTBD2hvn99tkao=</latexit>

C̄q(0) + C̄G(0) = 0

<latexit sha1_base64="M8mR9pTborEWZYE4gGF15mp9ndM=">AAACBnicdZDLSgMxFIYz9VbrrepShGArVISSFO1lIRS60GUFe4F2KJk0taGZi0lGKKUrN76KGxeKuPUZ3Pk2ZtoRVPRA4OP/z+Hk/E4guNIIfViJhcWl5ZXkamptfWNzK72901R+KClrUF/4su0QxQT3WENzLVg7kIy4jmAtZ1SL/NYtk4r73pUeB8x2ybXHB5wSbaReej8Luw6RsNa7yaGj45jPDZ+hbKqXzqA8QghjDCPApSIyUKmUC7gMcWSZyoC46r30e7fv09BlnqaCKNXBKND2hEjNqWDTVDdULCB0RK5Zx6BHXKbsyeyMKTw0Sh8OfGmep+FM/T4xIa5SY9cxnS7RQ/Xbi8S/vE6oB2V7wr0g1Myj80WDUEDtwygT2OeSUS3GBgiV3PwV0iGRhGqTXBTC16Xwf2gW8vgkf3pZyFSLcRxJsAcOQA5gUAJVcAHqoAEouAMP4Ak8W/fWo/Vivc5bE1Y8swt+lPX2Ca74lWc=</latexit>



Origin of the hadron mass

Tµ⌫ =  �µ i
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<latexit sha1_base64="ZIsSek1mLxr196fF+LrZYKcliso="></latexit>

hP |Tµ⌫
q,G(0)|P i = 2PµP ⌫Aq,G(0) + 2M2gµ⌫C̄q,G(0)

<latexit sha1_base64="f87BONzq3p2ZSzQlqiTR/QJM1WM="></latexit>

Aq(0) +AG(0) = 1

<latexit sha1_base64="Exm0oKlwoQHwcQp2TPrW/dtj1PI=">AAAB/HicdVDLSgMxFM3UV62v0S7dBFuhIgwzY23rQmhxocsK9gHtMGTStA3NPEwyQin1V9y4UMStH+LOvzHTVlDRA5d7OOdecnO8iFEhTfNDSy0tr6yupdczG5tb2zv67l5ThDHHpIFDFvK2hwRhNCANSSUj7YgT5HuMtLzRReK37ggXNAxu5Dgijo8GAe1TjKSSXD2bhzX3tmAeHdfcS9XOrXzG1XOmcVYp2cUSNA3TLFu2lRC7XDwpQkspCXJggbqrv3d7IY59EkjMkBAdy4ykM0FcUszINNONBYkQHqEB6SgaIJ8IZzI7fgoPldKD/ZCrCiScqd83JsgXYux7atJHcih+e4n4l9eJZb/iTGgQxZIEeP5QP2ZQhjBJAvYoJ1iysSIIc6puhXiIOMJS5ZWE8PVT+D9p2oZVNE6v7Vy1tIgjDfbBASgAC5RBFVyBOmgADMbgATyBZ+1ee9RetNf5aEpb7GTBD2hvn99tkao=</latexit>

C̄q(0) + C̄G(0) = 0

<latexit sha1_base64="M8mR9pTborEWZYE4gGF15mp9ndM=">AAACBnicdZDLSgMxFIYz9VbrrepShGArVISSFO1lIRS60GUFe4F2KJk0taGZi0lGKKUrN76KGxeKuPUZ3Pk2ZtoRVPRA4OP/z+Hk/E4guNIIfViJhcWl5ZXkamptfWNzK72901R+KClrUF/4su0QxQT3WENzLVg7kIy4jmAtZ1SL/NYtk4r73pUeB8x2ybXHB5wSbaReej8Luw6RsNa7yaGj45jPDZ+hbKqXzqA8QghjDCPApSIyUKmUC7gMcWSZyoC46r30e7fv09BlnqaCKNXBKND2hEjNqWDTVDdULCB0RK5Zx6BHXKbsyeyMKTw0Sh8OfGmep+FM/T4xIa5SY9cxnS7RQ/Xbi8S/vE6oB2V7wr0g1Myj80WDUEDtwygT2OeSUS3GBgiV3PwV0iGRhGqTXBTC16Xwf2gW8vgkf3pZyFSLcRxJsAcOQA5gUAJVcAHqoAEouAMP4Ak8W/fWo/Vivc5bE1Y8swt+lPX2Ca74lWc=</latexit>

Energy decomposition

M = Iq + IG

<latexit sha1_base64="Aen+LtZyga1EUVTKl+thjR4PH70=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxkQQhDAT3C5CwIPmIEQwCyTD0NPpJE16lnT3BMKQ7/DiQRGvfow3/8aeZA6a+KDg8V4VVfXckDOpTPPbyKysrq1vZDdzW9s7u3v5/YOGDCJBaJ0EPBAtF0vKmU/riilOW6Gg2HM5bbrD28RvjqmQLPCf1CSktof7PusxgpWW7CJ6uKk6o7Oqc1fMOfmCWTJnQMvESkkBUtSc/FenG5DIo74iHEvZtsxQ2TEWihFOp7lOJGmIyRD3aVtTH3tU2vHs6Ck60UoX9QKhy1dopv6eiLEn5cRzdaeH1UAueon4n9eOVO/ajpkfRor6ZL6oF3GkApQkgLpMUKL4RBNMBNO3IjLAAhOlc0pCsBZfXiaNcsk6L108lguVyzSOLBzBMZyCBVdQgXuoQR0IjOAZXuHNGBsvxrvxMW/NGOnMIfyB8fkD0QeQJQ==</latexit>

M = Uq + UG

<latexit sha1_base64="LOqQLRtVjlmNMOl6yXFlCeLu+so=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBhNBEMJu8HURAh70IkRwk0CyLLOTSTJk9pGZ2UBY8h1ePCji1Y/x5t84m+xBEwsaiqpuuru8iDOpTPPbyK2srq1v5DcLW9s7u3vF/YOGDGNBqE1CHoqWhyXlLKC2YorTViQo9j1Om97wNvWbYyokC4MnNYmo4+N+wHqMYKUlp4webmx3dGa7d+WCWyyZFXMGtEysjJQgQ90tfnW6IYl9GijCsZRty4yUk2ChGOF0WujEkkaYDHGftjUNsE+lk8yOnqITrXRRLxS6AoVm6u+JBPtSTnxPd/pYDeSil4r/ee1Y9a6dhAVRrGhA5ot6MUcqRGkCqMsEJYpPNMFEMH0rIgMsMFE6pzQEa/HlZdKoVqzzysVjtVS7zOLIwxEcwylYcAU1uIc62EBgBM/wCm/G2Hgx3o2PeWvOyGYO4Q+Mzx/195A9</latexit>

Iq,G ⌘ gµ⌫hTµ⌫
q,Gi =

⇥
Aq,G(0) + 4C̄q,G(0)

⇤
M

<latexit sha1_base64="Z9D7T2CQVF1qCW/Tz0AanwyU2xE="></latexit>

Uq,G ⌘ hT 00
q,Gi =

⇥
Aq,G(0) + C̄q,G(0)

⇤
M

<latexit sha1_base64="9F8v6M54dUWJojxbw6JegEdhTv8=">AAACPnicbZDPSxtBFMdntbVp/BXtsZehUYgoYTdY9SJYPNSLoOBGIbsNs5O3yZDZ2c3M20BY8pd56d/Qm0cvHizi1aObZJFWfTDwnc/3PWbeN0ikMGjbN9bc/IePC59Kn8uLS8srq5W19aaJU83B5bGM9VXADEihwEWBEq4SDSwKJFwG/eOJfzkEbUSsLnCUgB+xrhKh4Axz1K64G9RtZ4Odn2MPBqkYepKprgR68Suz7XHh6C k79CSE2PoxgzV7a9sLmKbHL3dPi24P/dONcrtStev2tOhb4RSiSoo6a1f+eJ2YpxEo5JIZ03LsBP2MaRRcwrjspQYSxvusC61cKhaB8bPp+mO6mZMODWOdH4V0Sv+dyFhkzCgK8s6IYc+89ibwPa+VYnjgZ0IlKYLis4fCVFKM6SRL2hEaOMpRLhjXIv8r5T2mGcc88UkIzuuV34pmo+7s1r+fN6pHe0UcJfKVfCM14pB9ckROyBlxCSfX5Jbck7/Wb+vOerAeZ61zVjHzhfxX1tMzEbWtIw==</latexit>

Trace decomposition

hTµ⌫i ⌘ 1
2M hP |Tµ⌫ |P i|P=0

<latexit sha1_base64="hWm56q4GtlOQPzXq1zm87zOUNOE="></latexit>



Origin of the hadron mass
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<latexit sha1_base64="ZIsSek1mLxr196fF+LrZYKcliso="></latexit>

hP |Tµ⌫
q,G(0)|P i = 2PµP ⌫Aq,G(0) + 2M2gµ⌫C̄q,G(0)

<latexit sha1_base64="f87BONzq3p2ZSzQlqiTR/QJM1WM="></latexit>

Aq(0) +AG(0) = 1

<latexit sha1_base64="Exm0oKlwoQHwcQp2TPrW/dtj1PI=">AAAB/HicdVDLSgMxFM3UV62v0S7dBFuhIgwzY23rQmhxocsK9gHtMGTStA3NPEwyQin1V9y4UMStH+LOvzHTVlDRA5d7OOdecnO8iFEhTfNDSy0tr6yupdczG5tb2zv67l5ThDHHpIFDFvK2hwRhNCANSSUj7YgT5HuMtLzRReK37ggXNAxu5Dgijo8GAe1TjKSSXD2bhzX3tmAeHdfcS9XOrXzG1XOmcVYp2cUSNA3TLFu2lRC7XDwpQkspCXJggbqrv3d7IY59EkjMkBAdy4ykM0FcUszINNONBYkQHqEB6SgaIJ8IZzI7fgoPldKD/ZCrCiScqd83JsgXYux7atJHcih+e4n4l9eJZb/iTGgQxZIEeP5QP2ZQhjBJAvYoJ1iysSIIc6puhXiIOMJS5ZWE8PVT+D9p2oZVNE6v7Vy1tIgjDfbBASgAC5RBFVyBOmgADMbgATyBZ+1ee9RetNf5aEpb7GTBD2hvn99tkao=</latexit>

C̄q(0) + C̄G(0) = 0

<latexit sha1_base64="M8mR9pTborEWZYE4gGF15mp9ndM=">AAACBnicdZDLSgMxFIYz9VbrrepShGArVISSFO1lIRS60GUFe4F2KJk0taGZi0lGKKUrN76KGxeKuPUZ3Pk2ZtoRVPRA4OP/z+Hk/E4guNIIfViJhcWl5ZXkamptfWNzK72901R+KClrUF/4su0QxQT3WENzLVg7kIy4jmAtZ1SL/NYtk4r73pUeB8x2ybXHB5wSbaReej8Luw6RsNa7yaGj45jPDZ+hbKqXzqA8QghjDCPApSIyUKmUC7gMcWSZyoC46r30e7fv09BlnqaCKNXBKND2hEjNqWDTVDdULCB0RK5Zx6BHXKbsyeyMKTw0Sh8OfGmep+FM/T4xIa5SY9cxnS7RQ/Xbi8S/vE6oB2V7wr0g1Myj80WDUEDtwygT2OeSUS3GBgiV3PwV0iGRhGqTXBTC16Xwf2gW8vgkf3pZyFSLcRxJsAcOQA5gUAJVcAHqoAEouAMP4Ak8W/fWo/Vivc5bE1Y8swt+lPX2Ca74lWc=</latexit>

from DIS scattering ⇡N

<latexit sha1_base64="zzC/PHBU061NC7hFlwjOufo+6Aw=">AAAB8HicdVDLSgMxFM3UV62vqks3wVZwVZKifewKblxJBdsq7VAyaaYNTTJDkhFK6Ve4caGIWz/HnX9jpq2gogcuHM65l3vvCWLBjUXow8usrK6tb2Q3c1vbO7t7+f2DtokSTVmLRiLStwExTHDFWpZbwW5jzYgMBOsE44vU79wzbXikbuwkZr4kQ8VDTol10l0R9mIOr4q5fr6ASgghjDFMCa5WkCP1eq2MaxCnlkMBLNHs5997g4gmkilLBTGmi1Fs/SnRllPBZrleYlhM6JgMWddRRSQz/nR+8AyeOGUAw0i7UhbO1e8TUyKNmcjAdUpiR+a3l4p/ed3EhjV/ylWcWKboYlGYCGgjmH4PB1wzasXEEUI1d7dCOiKaUOsySkP4+hT+T9rlEj4rnV+XC43KMo4sOALH4BRgUAUNcAmaoAUokOABPIFnT3uP3ov3umjNeMuZQ/AD3tsn1C+PGQ==</latexit>

??

Aq,G(0) =
R
dxx fq,G

1 (x)

<latexit sha1_base64="cONRiCGOgcHQj8o2c9bV1YnLn4I="></latexit>

C̄q ⇠ � = h m i

<latexit sha1_base64="oUriA/KThRguCFocmBkeP5Tg2VQ="></latexit>

C̄G ⇠ h �
2gG

2 + �m m i

<latexit sha1_base64="1Sm8VDKP7rRQbWpCymuVIbqJklU="></latexit>

Energy decomposition

M = Iq + IG

<latexit sha1_base64="Aen+LtZyga1EUVTKl+thjR4PH70=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxkQQhDAT3C5CwIPmIEQwCyTD0NPpJE16lnT3BMKQ7/DiQRGvfow3/8aeZA6a+KDg8V4VVfXckDOpTPPbyKysrq1vZDdzW9s7u3v5/YOGDCJBaJ0EPBAtF0vKmU/riilOW6Gg2HM5bbrD28RvjqmQLPCf1CSktof7PusxgpWW7CJ6uKk6o7Oqc1fMOfmCWTJnQMvESkkBUtSc/FenG5DIo74iHEvZtsxQ2TEWihFOp7lOJGmIyRD3aVtTH3tU2vHs6Ck60UoX9QKhy1dopv6eiLEn5cRzdaeH1UAueon4n9eOVO/ajpkfRor6ZL6oF3GkApQkgLpMUKL4RBNMBNO3IjLAAhOlc0pCsBZfXiaNcsk6L108lguVyzSOLBzBMZyCBVdQgXuoQR0IjOAZXuHNGBsvxrvxMW/NGOnMIfyB8fkD0QeQJQ==</latexit>

M = Uq + UG

<latexit sha1_base64="LOqQLRtVjlmNMOl6yXFlCeLu+so=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBhNBEMJu8HURAh70IkRwk0CyLLOTSTJk9pGZ2UBY8h1ePCji1Y/x5t84m+xBEwsaiqpuuru8iDOpTPPbyK2srq1v5DcLW9s7u3vF/YOGDGNBqE1CHoqWhyXlLKC2YorTViQo9j1Om97wNvWbYyokC4MnNYmo4+N+wHqMYKUlp4webmx3dGa7d+WCWyyZFXMGtEysjJQgQ90tfnW6IYl9GijCsZRty4yUk2ChGOF0WujEkkaYDHGftjUNsE+lk8yOnqITrXRRLxS6AoVm6u+JBPtSTnxPd/pYDeSil4r/ee1Y9a6dhAVRrGhA5ot6MUcqRGkCqMsEJYpPNMFEMH0rIgMsMFE6pzQEa/HlZdKoVqzzysVjtVS7zOLIwxEcwylYcAU1uIc62EBgBM/wCm/G2Hgx3o2PeWvOyGYO4Q+Mzx/195A9</latexit>

Iq,G ⌘ gµ⌫hTµ⌫
q,Gi =

⇥
Aq,G(0) + 4C̄q,G(0)

⇤
M

<latexit sha1_base64="Z9D7T2CQVF1qCW/Tz0AanwyU2xE="></latexit>

Uq,G ⌘ hT 00
q,Gi =

⇥
Aq,G(0) + C̄q,G(0)

⇤
M

<latexit sha1_base64="9F8v6M54dUWJojxbw6JegEdhTv8=">AAACPnicbZDPSxtBFMdntbVp/BXtsZehUYgoYTdY9SJYPNSLoOBGIbsNs5O3yZDZ2c3M20BY8pd56d/Qm0cvHizi1aObZJFWfTDwnc/3PWbeN0ikMGjbN9bc/IePC59Kn8uLS8srq5W19aaJU83B5bGM9VXADEihwEWBEq4SDSwKJFwG/eOJfzkEbUSsLnCUgB+xrhKh4Axz1K64G9RtZ4Odn2MPBqkYepKprgR68Suz7XHh6C k79CSE2PoxgzV7a9sLmKbHL3dPi24P/dONcrtStev2tOhb4RSiSoo6a1f+eJ2YpxEo5JIZ03LsBP2MaRRcwrjspQYSxvusC61cKhaB8bPp+mO6mZMODWOdH4V0Sv+dyFhkzCgK8s6IYc+89ibwPa+VYnjgZ0IlKYLis4fCVFKM6SRL2hEaOMpRLhjXIv8r5T2mGcc88UkIzuuV34pmo+7s1r+fN6pHe0UcJfKVfCM14pB9ckROyBlxCSfX5Jbck7/Wb+vOerAeZ61zVjHzhfxX1tMzEbWtIw==</latexit>

Trace decomposition

hTµ⌫i ⌘ 1
2M hP |Tµ⌫ |P i|P=0

<latexit sha1_base64="hWm56q4GtlOQPzXq1zm87zOUNOE="></latexit>



Origin of the hadron mass

Tµ⌫ =  �µ i
2

$
D⌫ �Gaµ�Ga⌫

� + 1
4 g

µ⌫G2

<latexit sha1_base64="ZIsSek1mLxr196fF+LrZYKcliso="></latexit>

hP |Tµ⌫
q,G(0)|P i = 2PµP ⌫Aq,G(0) + 2M2gµ⌫C̄q,G(0)

<latexit sha1_base64="f87BONzq3p2ZSzQlqiTR/QJM1WM="></latexit>

Aq(0) +AG(0) = 1

<latexit sha1_base64="Exm0oKlwoQHwcQp2TPrW/dtj1PI=">AAAB/HicdVDLSgMxFM3UV62v0S7dBFuhIgwzY23rQmhxocsK9gHtMGTStA3NPEwyQin1V9y4UMStH+LOvzHTVlDRA5d7OOdecnO8iFEhTfNDSy0tr6yupdczG5tb2zv67l5ThDHHpIFDFvK2hwRhNCANSSUj7YgT5HuMtLzRReK37ggXNAxu5Dgijo8GAe1TjKSSXD2bhzX3tmAeHdfcS9XOrXzG1XOmcVYp2cUSNA3TLFu2lRC7XDwpQkspCXJggbqrv3d7IY59EkjMkBAdy4ykM0FcUszINNONBYkQHqEB6SgaIJ8IZzI7fgoPldKD/ZCrCiScqd83JsgXYux7atJHcih+e4n4l9eJZb/iTGgQxZIEeP5QP2ZQhjBJAvYoJ1iysSIIc6puhXiIOMJS5ZWE8PVT+D9p2oZVNE6v7Vy1tIgjDfbBASgAC5RBFVyBOmgADMbgATyBZ+1ee9RetNf5aEpb7GTBD2hvn99tkao=</latexit>

C̄q(0) + C̄G(0) = 0

<latexit sha1_base64="M8mR9pTborEWZYE4gGF15mp9ndM=">AAACBnicdZDLSgMxFIYz9VbrrepShGArVISSFO1lIRS60GUFe4F2KJk0taGZi0lGKKUrN76KGxeKuPUZ3Pk2ZtoRVPRA4OP/z+Hk/E4guNIIfViJhcWl5ZXkamptfWNzK72901R+KClrUF/4su0QxQT3WENzLVg7kIy4jmAtZ1SL/NYtk4r73pUeB8x2ybXHB5wSbaReej8Luw6RsNa7yaGj45jPDZ+hbKqXzqA8QghjDCPApSIyUKmUC7gMcWSZyoC46r30e7fv09BlnqaCKNXBKND2hEjNqWDTVDdULCB0RK5Zx6BHXKbsyeyMKTw0Sh8OfGmep+FM/T4xIa5SY9cxnS7RQ/Xbi8S/vE6oB2V7wr0g1Myj80WDUEDtwygT2OeSUS3GBgiV3PwV0iGRhGqTXBTC16Xwf2gW8vgkf3pZyFSLcRxJsAcOQA5gUAJVcAHqoAEouAMP4Ak8W/fWo/Vivc5bE1Y8swt+lPX2Ca74lWc=</latexit>

from DIS scattering ⇡N

<latexit sha1_base64="zzC/PHBU061NC7hFlwjOufo+6Aw=">AAAB8HicdVDLSgMxFM3UV62vqks3wVZwVZKifewKblxJBdsq7VAyaaYNTTJDkhFK6Ve4caGIWz/HnX9jpq2gogcuHM65l3vvCWLBjUXow8usrK6tb2Q3c1vbO7t7+f2DtokSTVmLRiLStwExTHDFWpZbwW5jzYgMBOsE44vU79wzbXikbuwkZr4kQ8VDTol10l0R9mIOr4q5fr6ASgghjDFMCa5WkCP1eq2MaxCnlkMBLNHs5997g4gmkilLBTGmi1Fs/SnRllPBZrleYlhM6JgMWddRRSQz/nR+8AyeOGUAw0i7UhbO1e8TUyKNmcjAdUpiR+a3l4p/ed3EhjV/ylWcWKboYlGYCGgjmH4PB1wzasXEEUI1d7dCOiKaUOsySkP4+hT+T9rlEj4rnV+XC43KMo4sOALH4BRgUAUNcAmaoAUokOABPIFnT3uP3ov3umjNeMuZQ/AD3tsn1C+PGQ==</latexit>

??

Aq,G(0) =
R
dxx fq,G

1 (x)

<latexit sha1_base64="cONRiCGOgcHQj8o2c9bV1YnLn4I="></latexit>

C̄q ⇠ � = h m i

<latexit sha1_base64="oUriA/KThRguCFocmBkeP5Tg2VQ="></latexit>

C̄G ⇠ h �
2gG

2 + �m m i

<latexit sha1_base64="1Sm8VDKP7rRQbWpCymuVIbqJklU="></latexit>

Energy decomposition

M = Iq + IG

<latexit sha1_base64="Aen+LtZyga1EUVTKl+thjR4PH70=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxkQQhDAT3C5CwIPmIEQwCyTD0NPpJE16lnT3BMKQ7/DiQRGvfow3/8aeZA6a+KDg8V4VVfXckDOpTPPbyKysrq1vZDdzW9s7u3v5/YOGDCJBaJ0EPBAtF0vKmU/riilOW6Gg2HM5bbrD28RvjqmQLPCf1CSktof7PusxgpWW7CJ6uKk6o7Oqc1fMOfmCWTJnQMvESkkBUtSc/FenG5DIo74iHEvZtsxQ2TEWihFOp7lOJGmIyRD3aVtTH3tU2vHs6Ck60UoX9QKhy1dopv6eiLEn5cRzdaeH1UAueon4n9eOVO/ajpkfRor6ZL6oF3GkApQkgLpMUKL4RBNMBNO3IjLAAhOlc0pCsBZfXiaNcsk6L108lguVyzSOLBzBMZyCBVdQgXuoQR0IjOAZXuHNGBsvxrvxMW/NGOnMIfyB8fkD0QeQJQ==</latexit>

M = Uq + UG

<latexit sha1_base64="LOqQLRtVjlmNMOl6yXFlCeLu+so=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBhNBEMJu8HURAh70IkRwk0CyLLOTSTJk9pGZ2UBY8h1ePCji1Y/x5t84m+xBEwsaiqpuuru8iDOpTPPbyK2srq1v5DcLW9s7u3vF/YOGDGNBqE1CHoqWhyXlLKC2YorTViQo9j1Om97wNvWbYyokC4MnNYmo4+N+wHqMYKUlp4webmx3dGa7d+WCWyyZFXMGtEysjJQgQ90tfnW6IYl9GijCsZRty4yUk2ChGOF0WujEkkaYDHGftjUNsE+lk8yOnqITrXRRLxS6AoVm6u+JBPtSTnxPd/pYDeSil4r/ee1Y9a6dhAVRrGhA5ot6MUcqRGkCqMsEJYpPNMFEMH0rIgMsMFE6pzQEa/HlZdKoVqzzysVjtVS7zOLIwxEcwylYcAU1uIc62EBgBM/wCm/G2Hgx3o2PeWvOyGYO4Q+Mzx/195A9</latexit>

Iq,G ⌘ gµ⌫hTµ⌫
q,Gi =

⇥
Aq,G(0) + 4C̄q,G(0)

⇤
M

<latexit sha1_base64="Z9D7T2CQVF1qCW/Tz0AanwyU2xE="></latexit>

Uq,G ⌘ hT 00
q,Gi =

⇥
Aq,G(0) + C̄q,G(0)

⇤
M

<latexit sha1_base64="9F8v6M54dUWJojxbw6JegEdhTv8=">AAACPnicbZDPSxtBFMdntbVp/BXtsZehUYgoYTdY9SJYPNSLoOBGIbsNs5O3yZDZ2c3M20BY8pd56d/Qm0cvHizi1aObZJFWfTDwnc/3PWbeN0ikMGjbN9bc/IePC59Kn8uLS8srq5W19aaJU83B5bGM9VXADEihwEWBEq4SDSwKJFwG/eOJfzkEbUSsLnCUgB+xrhKh4Axz1K64G9RtZ4Odn2MPBqkYepKprgR68Suz7XHh6C k79CSE2PoxgzV7a9sLmKbHL3dPi24P/dONcrtStev2tOhb4RSiSoo6a1f+eJ2YpxEo5JIZ03LsBP2MaRRcwrjspQYSxvusC61cKhaB8bPp+mO6mZMODWOdH4V0Sv+dyFhkzCgK8s6IYc+89ibwPa+VYnjgZ0IlKYLis4fCVFKM6SRL2hEaOMpRLhjXIv8r5T2mGcc88UkIzuuV34pmo+7s1r+fN6pHe0UcJfKVfCM14pB9ckROyBlxCSfX5Jbck7/Wb+vOerAeZ61zVjHzhfxX1tMzEbWtIw==</latexit>

Trace decomposition

hTµ⌫i ⌘ 1
2M hP |Tµ⌫ |P i|P=0

<latexit sha1_base64="hWm56q4GtlOQPzXq1zm87zOUNOE="></latexit>

heavy quarkonium lepto-production at threshold 
with large photon virtuality Q2 >> M2  
 
- also sensitive to gluon D-term

- requires high luminosity and large leverage in Q2 

 (simulations at EIC not yet available)

Gluon trace anomaly

heavy quarkonium photo- and electro-production at threshold

- measurements at JLab (GlueX and SoLID) for  
- at EIC:         and     photo- and electro-productionJ/ 

<latexit sha1_base64="ky4Fs7DrzK+Vzdec9xl9CgHLnkY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7pbKnoseBFPFewHtEvJptk2NJusSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8c3Mbz9RpZkUD2YSUz/CQ8FCRrCxUqd8d9FraFbuF0tuxZ0DrRIvIyXI0OgXv3oDSZKICkM41rrrubHxU6wMI5xOC71E0xiTMR7SrqUCR1T76fzeKTqzygCFUtkSBs3V3xMpjrSeRIHtjLAZ6WVvJv7ndRMTXvspE3FiqCCLRWHCkZFo9jwaMEWJ4RNLMFHM3orICCtMjI2oYEPwll9eJa1qxatVLu+rpXotiyMPJ3AK5+DBFdThFhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwCus48L</latexit>

⌥

<latexit sha1_base64="DrOwZaMa9EU41mGcxw4kSWygAWE=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRjDxRHYJRo8kXjxi4gIRNqRbutDQbTdt14Rs+BdePGiMV/+NN/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpapItQnkkvVDbGmnAnqG2Y47SaK4jjktBNObud+54kqzaR4MNOEBjEeCRYxgo2VHqt9P9GMS1EdlCtuzV0ArRMvJxXI0RqUv/pDSdKYCkM41rrnuYkJMqwMI5zOSv1U0wSTCR7RnqUCx1QH2eLiGbqwyhBFUtkSBi3U3xMZjrWexqHtjLEZ61VvLv7n9VIT3QQZE0lqqCDLRVHKkZFo/j4aMkWJ4VNLMFHM3orIGCtMjA2pZEPwVl9eJ+16zWvUru7rlWYjj6MIZ3AOl+DBNTThDlrgAwEBz/AKb452Xpx352PZWnDymVP4A+fzB+2DkGQ=</latexit>

J/ 

<latexit sha1_base64="ky4Fs7DrzK+Vzdec9xl9CgHLnkY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7pbKnoseBFPFewHtEvJptk2NJusSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8c3Mbz9RpZkUD2YSUz/CQ8FCRrCxUqd8d9FraFbuF0tuxZ0DrRIvIyXI0OgXv3oDSZKICkM41rrrubHxU6wMI5xOC71E0xiTMR7SrqUCR1T76fzeKTqzygCFUtkSBs3V3xMpjrSeRIHtjLAZ6WVvJv7ndRMTXvspE3FiqCCLRWHCkZFo9jwaMEWJ4RNLMFHM3orICCtMjI2oYEPwll9eJa1qxatVLu+rpXotiyMPJ3AK5+DBFdThFhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwCus48L</latexit>

(see chapter 8)



Multiparton correlations - twist-3 PDFs
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5x41, Q2<10 GeV2

.2<z<.3, .7<Mh<.8 GeV

+3% syst.
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5x41, Q2<10 GeV2

.6<z<.7, .9<Mh<1.2 GeV

+3% syst.

baseline g1 and gT from JAM: Sato, Melnitchouk, Kuhn, Ethier, Accardi, PRD93 (2016)

proton, deuteron, 3He with ∫L dt=100 fb-1 ; 1.6% point by point uncorrelated syst. uncertainties

Measurement of double-spin asymmetry ALT in ~ep" ! e0X

<latexit sha1_base64="TBYVwcaewOYhSYp7Nv3Ejn0Ks30=">AAACDnicbZC7TgJBFIZn8YZ4W7W0mQhEK7JLMFqS2FhiIpeEXcnscBYmzF4yM4shG57AxlexsdAYW2s738YBtlDwTyb58p9zcub8XsyZVJb1beTW1jc2t/LbhZ3dvf0D8/CoJaNEUGjSiEei4xEJnIXQVExx6MQCSOBxaHuj61m9PQYhWRTeqUkMbkAGIfMZJUpbPbNccsZAMeD43kliIkT0gB3BBkO1YDjDHVzqmUWrYs2FV8HOoIgyNXrml9OPaBJAqCgnUnZtK1ZuSoRilMO04CQSYkJHZABdjSEJQLrp/JwpLmunj/1I6BcqPHd/T6QkkHISeLozIGool2sz879aN1H+lZuyME4UhHSxyE84VhGeZYP7TABVfKKBUMH0XzEdEkGo0gkWdAj28smr0KpW7Frl4rZarNeyOPLoBJ2ic2SjS1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6I1Z2Qzx+iPjM8fL9ia3w==</latexit>

sensitive to chiral-odd twist-3 PDF e(x) coupled with interference two-hadron fragmentation function 
contribution from twist-2 PDF coupled to twist-3 DiFF is neglected

Measurement of beam spin asymmetry ALU in semi-inclusive dihadron production

ALU ALU

dashed areas: 
uncertainty from DiFF 
and model for e(x)
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Kinematics range of t and xL  

xL=p’+/p+

momentum fraction 
of the diffractive exchange  

w.r.t. hadron
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Diffractive Structure Functions
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Diffractive Structure Functions

P, R, F2, FL  contributions to σred  for 275 × 18 GeV   (SJ)
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FL from fits to pseudo-data for δsys = 2% (a)
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Diffractive dijets

Extending the average pT from 8 to 14 GeV:  
to enhance contribution from resolved photon;  
to access to larger range of       and check factorisation breaking at NLOxP
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Guzey, Klasen, JHEP05 (2020) 074

DPDFs  
from different fits 

e+ p ! e+ 2 jets + Y +X

<latexit sha1_base64="YjSR1KnTcEAjF5XFELgnmd7tBKQ=">AAACE3icbVDJSgNBEO1xjXGLevTSmAhiQpgJbseAF48RzCKZEHo6laRNz0J3jRKG/IMXf8WLB0W8evHm39hZDm4PCh7vVVFVz4uk0Gjbn9bc/MLi0nJqJb26tr6xmdnarukwVhyqPJShanhMgxQBVFGghEakgPmehLo3OB/79VtQWoTBFQ4jaPmsF4iu4AyN1M4c5iAfuUr0+siUCu8o5EtuwfUZ9pWf3ADqkVvIX+cbNNfOZO2iPQH9S5wZyZIZKu3Mh9sJeexDgFwyrZuOHWErYQoFlzBKu7GGiPEB60HT0ID5oFvJ5KcR3TdKh3ZDZSpAOlG/TyTM13roe6ZzfKz+7Y3F/7xmjN2zViKCKEYI+HRRN5YUQzoOiHaEAo5yaAjjSphbKe8zxTiaGNMmBOf3y39JrVR0jorHl6Vs+WQWR4rskj1yQBxySsrkglRIlXByTx7JM3mxHqwn69V6m7bOWbOZHfID1vsX8B+c4g==</latexit>



0.00 0.05 0.10 0.15 0.20 0.25 0.30

-5

0

5

τ1

δ(
dσ

/d
aτ 1
)
[%

]

Q=50 GeVx=0.1
δαs=1% δαs=3% N3LL δPDF

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

,unfoldeda
1τ

0.85

0.9

0.95

1

1.05

1.1

R
el

at
iv

e 
U

nc
er

ta
in

tie
s

pseudodata
unfolded,statistical
total systematics

 2% track.eff variation±
 2% ECal resol variation±
 2% HCal resol variation±

Pythia tune variation
difference to perfect track PID

Pythia8 + Delphes EIC detector simulation

Ep=275 GeV, Ee=18 GeV, 30 < Q <40 GeV

Global event shape and the strong coupling constant
Inclusive production of a single jet in ep scattering: e+ p ! J +X

<latexit sha1_base64="5prhyW5Z/gsUF8wpFMGIkniegV8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWArCIWSFF/LghtxVcE+oA1lMr1ph04mYWailNKNv+LGhSJu/Qx3/o2TNgttPXDhcM693HuPH3OmtON8W0vLK6tr67mN/ObW9s6uvbffUFEiKdRpxCPZ8okCzgTUNdMcWrEEEvocmv7wOvWbDyAVi8S9HsXghaQvWMAo0Ubq2odFDKUYdyTrDzSRMnrEt6VWMd+1C07ZmQIvEjcjBZSh1rW/Or2IJiEITTlRqu06sfbGRGpGOUzynURBTOiQ9KFtqCAhKG88fWCCT4zSw0EkTQmNp+rviTEJlRqFvukMiR6oeS8V//PaiQ6uvDETcaJB0NmiIOFYRzhNA/eYBKr5yBBCJTO3YjogklBtMktDcOdfXiSNStk9K5/fVQrViyyOHDpCx+gUuegSVdENqqE6omiCntErerOerBfr3fqYtS5Z2cwB+gPr8wf4hpSv</latexit>

7.1. GLOBAL PROPERTIES AND PARTON STRUCTURE OF HADRONS 57

pp collisions one would have two beam directions, and for e+e� collisions, zero.

We will focus on the simplest case for DIS, 1-jettiness [231, 232]. There is a freedom to
choose exactly what the reference vectors qB in the beam direction and q1 (which we will
call qJ) are. Different choices of directions and normalizations give different measures of
1-jettiness. The choice:

qb
B = xP , qb

J = q + xP , (7.17)

where P is the incoming proton momentum, x is Bjorken x, and q is the current momentum,
actually gives the same thing as tQ:

tb
1 ⌘ 2

Q2 Â
i2X

min{qb
B · pi , qb

J · pi} = tQ . (7.18)

The label b comes from notation used in [232]. It is a simple exercise using momentum
conservation to show the last equality with tQ in Eq. (7.15). Note that qb

J = q + xP is the
momentum the outgoing jet (quark) would have at Born (tree) level. Nonzero tb

1 measures
the deviations and broadening of the jet momentum and structure away from this Born
limit. Another version of DIS 1-jettiness we will consider uses a qJ that is adjusted to align
with the physical jet momentum:

qa
B = xP , qa

J = jet momentum PJ , (7.19)

where PJ may be found by a suitable algorithm, such as anti-kt, or minimization over axes
such as in e+e� thrust. For small ta

1 , the differences in ta
1 measured using different IRC-

safe algorithms will be power-suppressed. The difference between the true and Born-level
jet axes used in ta,b

1 , however, is a leading-order effect [232]. Computing or measuring ta
1

requires measuring particles in both beam and current hemispheres. Computing or mea-
suring tb

1 , by contrast, according to Eq. (7.15) only requires a measurement of particles in
the current hemisphere, with no jet algorithm. ta

1 , however, has a slightly simpler factor-
ization theorem for its theoretical prediction, as we will review below.2

Theoretical Methods

The global nature of event shapes such as those introduced above means that all collinear
and soft radiation is probed with a single parameter. For example, the thrust distribution
is sensitive to physics at three scales, hard µH = Q, collinear µJ = Q

p
t, and soft µS = Qt.

In fixed-order perturbative expansions of the thrust distribution in QCD, logs of ratios
of these scales appear at every order in as. For small values of t, these logs blow up
at any fixed order in as, and must be resummed to all orders. This is accomplished by
factorization of the logs into pieces that depend on only one of the physical scales (hard,

2In [232], a third version of DIS 1-jettiness tc
1 was considered, with qc

B = P , qc
J = k, where k is the incoming

electron momentum. This gives a version of 1-jettiness where particles are divided into back-to-back hemi-
spheres in the CM frame. It has some interesting predicted properties, but a more complicated factorization
theorem, and to date, fewer theoretical computations, so we do not consider it further in this Report. Yet
another version of 1-jettiness, similar to ta

1 , was defined in [231,233] and computed to NNLL+O(as) accuracy.

1-jettiness (corresponding to DIS thrust) 
measures the jet broadening w.r.t the  
tree-level expectation, where the jet  
corresponds to the scattered quark
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Figure 7.34: Theoretical predictions for 1-jettiness (or DIS thrust) tb
1 distributions, from LL

to N3LL accuracy at Q = 30 GeV, x = 0.01 (left) and Q = 50 GeV, x = 0.1 (center). The
right-most panel shows the distribution before (red) and after (orange) convolution with a
nonperturbative shape function, which for sufficiently large values of t1 has the primary
effect of shift the perturbative distribution to the right, controlled by a universal shift (first
moment) parameter W1, taken here to be 0.35 GeV. A robust determination of as from event
shape measurements will also fit for W1 at the same time.

have the form [256–258]:

S(k, µ) =
Z

dk0SPT(k � k0, µ) fNP(k0) , (7.26)

for a model function fNP. For k ⇠ LQCD (i.e. t1 ⇠ LQCD/Q), the full shape function fNP
is needed to describe the distribution. Above these values t1 � LQCD/Q, an OPE can be
performed. For sufficiently large t1, it can be shown that the first moment of the shape
function is given by universal quantity,

Z •

�•
dk k fNP(k) =

2W1

Q
, (7.27)

where W1 is given by a universal vacuum matrix element of soft Wilson lines [256,259], and
is the same for all three versions of ta,b,c

1 we have considered [232]. It can be considered,
for sufficiently large t1, to simply cause a shift of the distribution ds/dt1 to the right by
2W1/Q, and the value of W1 can be determined by a simultaneous fit for it and for as to
the data.

Further refinements can be made to these theoretical predictions, such as accounting for
the effect of finite hadron masses on the nonperturbative corrections [260,261], subtracting
renormalon ambiguities between the perturbative and nonperturbative contributions [258,
262], and, of course, computing the nonsingular corrections to higher order in as. For direct
comparison to experimental results, accounting for cuts on jet/hadron energies, rapidities,
jet radii R, etc. will also be necessary. Track-based observables may also be considered,
for which theoretical technology has been developed [263, 264] and ought to be explored
at EIC. All of of these are tasks that should be carried out to enable the highest precision
determination of as and W1 possible from DIS event shapes.

Th. error bands:  
accuracy of      ,  
uncertainties in PDF,  
nonperturbative corrections due  
to hadronization

↵S
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th. uncert. at N3LL variation in PDF sets �↵S = 1%

<latexit sha1_base64="97+Px3tlLFTMYAXqHKs4R+cJUsU=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiTgKcwEt4sQ8OIxolkgMww1PT1Jk56F7h4hhuCvePGgiFf/w5t/YyeZgyY+KHi8V0VVPT/lTCrL+jaWlldW19YLG8XNre2dXXNvvyWTTBDaJAlPRMcHSTmLaVMxxWknFRQin9O2P7ie+O0HKiRL4ns1TKkbQS9mISOgtOSZh2UnoFyBAzztg3d3ZTuVsmeWrKo1BV4kdk5KKEfDM7+cICFZRGNFOEjZta1UuSMQihFOx0UnkzQFMoAe7WoaQ0SlO5peP8YVrQQ4TISuWOGp+ntiBJGUw8jXnRGovpz3JuJ/XjdT4aU7YnGaKRqT2aIw41gleBIFDpigRPGhJkAE07di0gcBROnAijoEe/7lRdKqVe3T6tltrVQ/z+MooCN0jE6QjS5QHd2gBmoigh7RM3pFb8aT8WK8Gx+z1iUjnzlAf2B8/gDOxpQe</latexit>

�↵S = 3%

<latexit sha1_base64="W5jeqWHXTgQJQq1g/N/bFSvwVQo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CbYFVyWpz41QcOOyon1AE8LNZNIOnTyYmQg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hi9hVEjT/NYKS8srq2vF9dLG5tb2jr671xZxyjFp4ZjFvOuBIIxGpCWpZKSbcAKhx0jHG15P/M4D4YLG0b0cJcQJoR/RgGKQSnL1g4rtEybBBpYMwL27OrGrFVcvmzVzCmORWDkpoxxNV/+y/RinIYkkZiBEzzIT6WTAJcWMjEt2KkgCeAh90lM0gpAIJ5tePzaqSvGNIOaqImlM1d8TGYRCjEJPdYYgB2Lem4j/eb1UBpdORqMklSTCs0VBygwZG5MoDJ9ygiUbKQKYU3WrgQfAAUsVWEmFYM2/vEja9Zp1Wju7rZcb53kcRXSIjtAxstAFaqAb1EQthNEjekav6E170l60d+1j1lrQ8pl99Afa5w/R1JQg</latexit>

Potential for determination of       at few percent level!↵S

<latexit sha1_base64="+OEInGveTPTCLJqxoaMpT64fnEc=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBhPBU9gNvo4BLx4jmgdsljA7mU2GzM4sM7NCWPIZXjwo4tWv8ebfOEn2oIkFDUVVN91dYcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxaCYJDWI8FCxiBBsr+dUe5skI9x9QtV+uuDV3DrRKvJxUIEezX/7qDSRJYyoM4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lAsdUB9n85Ck6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+5/mpiW6CjIkkNVSQxaIo5chINPsfDZiixPCJJZgoZm9FZIQVJsamVLIheMsvr5J2veZd1C7v65XGVR5HEU7gFM7Bg2towB00oQUEJDzDK7w5xnlx3p2PRWvByWeO4Q+czx/68JBe</latexit>



A lot of new impact studies yet to be published

~15 new publications in the last months

New ideas and new processes to be further investigated

Thanks to all!

Impressive amount of new work!


