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Nucleon Spin Structure

Proton spin puzzle
Quark spin only contributes a small fraction 
to the nucleon spin.
J. Ashman et al., PLB 206, 364 (1988); NP B328, 1 (1989).

Spin decomposition

JAM Collaboration, PR D 93, 074005 (2016).
Access to Lq/g

Lattice QCD 
(kinetic decomposition)

χQCD Collaboration, PR D 91, 014505 (2015).

It is necessary to have transverse information.
3D imaging of the nucleon.

~ 0.3

=

JAM15

JAM17: ΔΣ = 0.36 ± 0.09
JAM Collaboration, PRL 119, 132001 (2017).

Gluon spin from LQCD: Sg = 0.251(47)(16) 

50% of total proton spin
Y.-B. Yang et al. (χQCD Collaboration), PRL 118, 102001 (2017).
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Unified View of Nucleon Structures

GTMD  F(x, ΔT, kT) 
Generalized Transverse Momentum Dependent

Wigner distribution  ρ(x, bT, kT)

TMD  f (x, kT)

ΔT = 0

GPD  H (x, ξ, t) ΙPD  H (x, ξ, bT)

∫d2kT

PDF  f (x)

∫d2kT t = 0

∫d2kT

∫dx ∫dx

Form factor  F (t) Charge density ρ (bT)

∫dx t = 0 ∫dbT

Charge  g

Light-front wave function  Ψ (xi, kTi)
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Quark Polarization
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Semi-inclusive Deep Inelastic Scattering

 5

y

z

x

hadron plane

lepton plane

l
l S

Ph

Ph
φh

φS

[Trento convention 2004]

hP

P X

l
q

l'l + P ! l0 + h+X
<latexit sha1_base64="dC1mROR7OAurzBiJikqGnC+JMV0=">AAAB/nicbVBNSwMxEJ31s9avVfHkJVhEoVB2RdBj0YvHCvYD2qVk07Qbmk2WJKuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz88KEM20879tZWl5ZXVsvbBQ3t7Z3dt29/YaWqSK0TiSXqhViTTkTtG6Y4bSVKIrjkNNmOLyZ+M0HqjST4t6MEhrEeCBYnxFsrNR1D3m51lFsEBmslHxE/LQclVtdt+RVvCnQIvFzUoIcta771elJksZUGMKx1m3fS0yQYWUY4XRc7KSaJpgM8YC2LRU4pjrIpueP0YlVeqgvlS1h0FT9PZHhWOtRHNrOGJtIz3sT8T+vnZr+VZAxkaSGCjJb1E85MhJNskA9pigxfGQJJorZWxGJsMLE2MSKNgR//uVF0jiv+F7Fv7soVa/zOApwBMdwBj5cQhVuoQZ1IJDBM7zCm/PkvDjvzsesdcnJZw7gD5zPH/cGlNI=</latexit><latexit sha1_base64="dC1mROR7OAurzBiJikqGnC+JMV0=">AAAB/nicbVBNSwMxEJ31s9avVfHkJVhEoVB2RdBj0YvHCvYD2qVk07Qbmk2WJKuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz88KEM20879tZWl5ZXVsvbBQ3t7Z3dt29/YaWqSK0TiSXqhViTTkTtG6Y4bSVKIrjkNNmOLyZ+M0HqjST4t6MEhrEeCBYnxFsrNR1D3m51lFsEBmslHxE/LQclVtdt+RVvCnQIvFzUoIcta771elJksZUGMKx1m3fS0yQYWUY4XRc7KSaJpgM8YC2LRU4pjrIpueP0YlVeqgvlS1h0FT9PZHhWOtRHNrOGJtIz3sT8T+vnZr+VZAxkaSGCjJb1E85MhJNskA9pigxfGQJJorZWxGJsMLE2MSKNgR//uVF0jiv+F7Fv7soVa/zOApwBMdwBj5cQhVuoQZ1IJDBM7zCm/PkvDjvzsesdcnJZw7gD5zPH/cGlNI=</latexit><latexit sha1_base64="dC1mROR7OAurzBiJikqGnC+JMV0=">AAAB/nicbVBNSwMxEJ31s9avVfHkJVhEoVB2RdBj0YvHCvYD2qVk07Qbmk2WJKuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz88KEM20879tZWl5ZXVsvbBQ3t7Z3dt29/YaWqSK0TiSXqhViTTkTtG6Y4bSVKIrjkNNmOLyZ+M0HqjST4t6MEhrEeCBYnxFsrNR1D3m51lFsEBmslHxE/LQclVtdt+RVvCnQIvFzUoIcta771elJksZUGMKx1m3fS0yQYWUY4XRc7KSaJpgM8YC2LRU4pjrIpueP0YlVeqgvlS1h0FT9PZHhWOtRHNrOGJtIz3sT8T+vnZr+VZAxkaSGCjJb1E85MhJNskA9pigxfGQJJorZWxGJsMLE2MSKNgR//uVF0jiv+F7Fv7soVa/zOApwBMdwBj5cQhVuoQZ1IJDBM7zCm/PkvDjvzsesdcnJZw7gD5zPH/cGlNI=</latexit><latexit sha1_base64="dC1mROR7OAurzBiJikqGnC+JMV0=">AAAB/nicbVBNSwMxEJ31s9avVfHkJVhEoVB2RdBj0YvHCvYD2qVk07Qbmk2WJKuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz88KEM20879tZWl5ZXVsvbBQ3t7Z3dt29/YaWqSK0TiSXqhViTTkTtG6Y4bSVKIrjkNNmOLyZ+M0HqjST4t6MEhrEeCBYnxFsrNR1D3m51lFsEBmslHxE/LQclVtdt+RVvCnQIvFzUoIcta771elJksZUGMKx1m3fS0yQYWUY4XRc7KSaJpgM8YC2LRU4pjrIpueP0YlVeqgvlS1h0FT9PZHhWOtRHNrOGJtIz3sT8T+vnZr+VZAxkaSGCjJb1E85MhJNskA9pigxfGQJJorZWxGJsMLE2MSKNgR//uVF0jiv+F7Fv7soVa/zOApwBMdwBj5cQhVuoQZ1IJDBM7zCm/PkvDjvzsesdcnJZw7gD5zPH/cGlNI=</latexit>

SIDIS process
Kinematic variables
Q2 = �q2 = �(l � l0)2

<latexit sha1_base64="X/8qtRQ1H+2xdPvXP5NYDIMQjyU=">AAAB+3icbVDLTsJAFL3FF+Kr4tJNIzHiAtISE92YEN24hEQeCRQyHaYwYTqtM1MjIfyKGxca49YfceffOIUuFDzJvTk5597MneNFjEpl299GZm19Y3Mru53b2d3bPzAP800ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpeePbxG89EiFpyO/VJCJugIac+hQjpaW+ma/3Ktelh6QVWYmdnfcqfbNgl+05rFXipKQAKWp986s7CHEcEK4wQ1J2HDtS7hQJRTEjs1w3liRCeIyGpKMpRwGR7nR++8w61crA8kOhiytrrv7emKJAykng6ckAqZFc9hLxP68TK//KnVIexYpwvHjIj5mlQisJwhpQQbBiE00QFlTfauEREggrHVdOh+Asf3mVNCtlxy479YtC9SaNIwvHcAJFcOASqnAHNWgAhid4hld4M2bGi/FufCxGM0a6cwR/YHz+AH68kiI=</latexit><latexit sha1_base64="X/8qtRQ1H+2xdPvXP5NYDIMQjyU=">AAAB+3icbVDLTsJAFL3FF+Kr4tJNIzHiAtISE92YEN24hEQeCRQyHaYwYTqtM1MjIfyKGxca49YfceffOIUuFDzJvTk5597MneNFjEpl299GZm19Y3Mru53b2d3bPzAP800ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpeePbxG89EiFpyO/VJCJugIac+hQjpaW+ma/3Ktelh6QVWYmdnfcqfbNgl+05rFXipKQAKWp986s7CHEcEK4wQ1J2HDtS7hQJRTEjs1w3liRCeIyGpKMpRwGR7nR++8w61crA8kOhiytrrv7emKJAykng6ckAqZFc9hLxP68TK//KnVIexYpwvHjIj5mlQisJwhpQQbBiE00QFlTfauEREggrHVdOh+Asf3mVNCtlxy479YtC9SaNIwvHcAJFcOASqnAHNWgAhid4hld4M2bGi/FufCxGM0a6cwR/YHz+AH68kiI=</latexit><latexit sha1_base64="X/8qtRQ1H+2xdPvXP5NYDIMQjyU=">AAAB+3icbVDLTsJAFL3FF+Kr4tJNIzHiAtISE92YEN24hEQeCRQyHaYwYTqtM1MjIfyKGxca49YfceffOIUuFDzJvTk5597MneNFjEpl299GZm19Y3Mru53b2d3bPzAP800ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpeePbxG89EiFpyO/VJCJugIac+hQjpaW+ma/3Ktelh6QVWYmdnfcqfbNgl+05rFXipKQAKWp986s7CHEcEK4wQ1J2HDtS7hQJRTEjs1w3liRCeIyGpKMpRwGR7nR++8w61crA8kOhiytrrv7emKJAykng6ckAqZFc9hLxP68TK//KnVIexYpwvHjIj5mlQisJwhpQQbBiE00QFlTfauEREggrHVdOh+Asf3mVNCtlxy479YtC9SaNIwvHcAJFcOASqnAHNWgAhid4hld4M2bGi/FufCxGM0a6cwR/YHz+AH68kiI=</latexit><latexit sha1_base64="X/8qtRQ1H+2xdPvXP5NYDIMQjyU=">AAAB+3icbVDLTsJAFL3FF+Kr4tJNIzHiAtISE92YEN24hEQeCRQyHaYwYTqtM1MjIfyKGxca49YfceffOIUuFDzJvTk5597MneNFjEpl299GZm19Y3Mru53b2d3bPzAP800ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpeePbxG89EiFpyO/VJCJugIac+hQjpaW+ma/3Ktelh6QVWYmdnfcqfbNgl+05rFXipKQAKWp986s7CHEcEK4wQ1J2HDtS7hQJRTEjs1w3liRCeIyGpKMpRwGR7nR++8w61crA8kOhiytrrv7emKJAykng6ckAqZFc9hLxP68TK//KnVIexYpwvHjIj5mlQisJwhpQQbBiE00QFlTfauEREggrHVdOh+Asf3mVNCtlxy479YtC9SaNIwvHcAJFcOASqnAHNWgAhid4hld4M2bGi/FufCxGM0a6cwR/YHz+AH68kiI=</latexit>

x =
Q2

2P · q
<latexit sha1_base64="9RfqtDGkXqsqe7Q+3tyjB0HbQc4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCLoRim5ctmAf0MQymUzaoZOZODMRS8jGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r0nSBhV2nG+raXlldW19dJGeXNre2fX3ttvK5FKTFpYMCG7AVKEUU5ammpGuokkKA4Y6QSj64nfeSBSUcFv9TghfowGnEYUI22kvn34eOlFEuGseVfLs1rDw6HQ8D7v2xWn6kwBF4lbkAoo0OjbX14ocBoTrjFDSvVcJ9F+hqSmmJG87KWKJAiP0ID0DOUoJsrPpg/k8MQoIYyENMU1nKq/JzIUKzWOA9MZIz1U895E/M/rpTq68DPKk1QTjmeLopRBLeAkDRhSSbBmY0MQltTcCvEQmTy0yaxsQnDnX14k7VrVdapu86xSvyriKIEjcAxOgQvOQR3cgAZoAQxy8AxewZv1ZL1Y79bHrHXJKmYOwB9Ynz86wpYo</latexit><latexit sha1_base64="9RfqtDGkXqsqe7Q+3tyjB0HbQc4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCLoRim5ctmAf0MQymUzaoZOZODMRS8jGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r0nSBhV2nG+raXlldW19dJGeXNre2fX3ttvK5FKTFpYMCG7AVKEUU5ammpGuokkKA4Y6QSj64nfeSBSUcFv9TghfowGnEYUI22kvn34eOlFEuGseVfLs1rDw6HQ8D7v2xWn6kwBF4lbkAoo0OjbX14ocBoTrjFDSvVcJ9F+hqSmmJG87KWKJAiP0ID0DOUoJsrPpg/k8MQoIYyENMU1nKq/JzIUKzWOA9MZIz1U895E/M/rpTq68DPKk1QTjmeLopRBLeAkDRhSSbBmY0MQltTcCvEQmTy0yaxsQnDnX14k7VrVdapu86xSvyriKIEjcAxOgQvOQR3cgAZoAQxy8AxewZv1ZL1Y79bHrHXJKmYOwB9Ynz86wpYo</latexit><latexit sha1_base64="9RfqtDGkXqsqe7Q+3tyjB0HbQc4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCLoRim5ctmAf0MQymUzaoZOZODMRS8jGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r0nSBhV2nG+raXlldW19dJGeXNre2fX3ttvK5FKTFpYMCG7AVKEUU5ammpGuokkKA4Y6QSj64nfeSBSUcFv9TghfowGnEYUI22kvn34eOlFEuGseVfLs1rDw6HQ8D7v2xWn6kwBF4lbkAoo0OjbX14ocBoTrjFDSvVcJ9F+hqSmmJG87KWKJAiP0ID0DOUoJsrPpg/k8MQoIYyENMU1nKq/JzIUKzWOA9MZIz1U895E/M/rpTq68DPKk1QTjmeLopRBLeAkDRhSSbBmY0MQltTcCvEQmTy0yaxsQnDnX14k7VrVdapu86xSvyriKIEjcAxOgQvOQR3cgAZoAQxy8AxewZv1ZL1Y79bHrHXJKmYOwB9Ynz86wpYo</latexit><latexit sha1_base64="9RfqtDGkXqsqe7Q+3tyjB0HbQc4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCLoRim5ctmAf0MQymUzaoZOZODMRS8jGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r0nSBhV2nG+raXlldW19dJGeXNre2fX3ttvK5FKTFpYMCG7AVKEUU5ammpGuokkKA4Y6QSj64nfeSBSUcFv9TghfowGnEYUI22kvn34eOlFEuGseVfLs1rDw6HQ8D7v2xWn6kwBF4lbkAoo0OjbX14ocBoTrjFDSvVcJ9F+hqSmmJG87KWKJAiP0ID0DOUoJsrPpg/k8MQoIYyENMU1nKq/JzIUKzWOA9MZIz1U895E/M/rpTq68DPKk1QTjmeLopRBLeAkDRhSSbBmY0MQltTcCvEQmTy0yaxsQnDnX14k7VrVdapu86xSvyriKIEjcAxOgQvOQR3cgAZoAQxy8AxewZv1ZL1Y79bHrHXJKmYOwB9Ynz86wpYo</latexit>

y =
P · q
P · l

<latexit sha1_base64="CCM36TXBP288gTuCwtqDFu/odss=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhCzc+CpuXCji1odw59s4bSNo6w8DH/85hzPnDxJGlXacL2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+GpS794TqajgtzpLiB+jIacRxUgba2DXsgsvkgjnLQ+HQsO74odYMbDrTsOZCi6CW0IdlGoN7E8vFDiNCdeYIaX6rpNoP0dSU8xIUfVSRRKEx2hI+gY5iony8+kRBTwyTggjIc3jGk7d3xM5ipXK4sB0xkiP1HxtYv5X66c6OvdzypNUE45ni6KUQS3gJBEYUkmwZpkBhCU1f4V4hEwm2uRWNSG48ycvQuek4ToN9+a03rws46iAGjgEx8AFZ6AJrkELtAEGD+AJvIBX69F6tt6s91nrklXOHIA/sj6+Abd/mCA=</latexit><latexit sha1_base64="CCM36TXBP288gTuCwtqDFu/odss=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhCzc+CpuXCji1odw59s4bSNo6w8DH/85hzPnDxJGlXacL2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+GpS794TqajgtzpLiB+jIacRxUgba2DXsgsvkgjnLQ+HQsO74odYMbDrTsOZCi6CW0IdlGoN7E8vFDiNCdeYIaX6rpNoP0dSU8xIUfVSRRKEx2hI+gY5iony8+kRBTwyTggjIc3jGk7d3xM5ipXK4sB0xkiP1HxtYv5X66c6OvdzypNUE45ni6KUQS3gJBEYUkmwZpkBhCU1f4V4hEwm2uRWNSG48ycvQuek4ToN9+a03rws46iAGjgEx8AFZ6AJrkELtAEGD+AJvIBX69F6tt6s91nrklXOHIA/sj6+Abd/mCA=</latexit><latexit sha1_base64="CCM36TXBP288gTuCwtqDFu/odss=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhCzc+CpuXCji1odw59s4bSNo6w8DH/85hzPnDxJGlXacL2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+GpS794TqajgtzpLiB+jIacRxUgba2DXsgsvkgjnLQ+HQsO74odYMbDrTsOZCi6CW0IdlGoN7E8vFDiNCdeYIaX6rpNoP0dSU8xIUfVSRRKEx2hI+gY5iony8+kRBTwyTggjIc3jGk7d3xM5ipXK4sB0xkiP1HxtYv5X66c6OvdzypNUE45ni6KUQS3gJBEYUkmwZpkBhCU1f4V4hEwm2uRWNSG48ycvQuek4ToN9+a03rws46iAGjgEx8AFZ6AJrkELtAEGD+AJvIBX69F6tt6s91nrklXOHIA/sj6+Abd/mCA=</latexit><latexit sha1_base64="CCM36TXBP288gTuCwtqDFu/odss=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhCzc+CpuXCji1odw59s4bSNo6w8DH/85hzPnDxJGlXacL2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+GpS794TqajgtzpLiB+jIacRxUgba2DXsgsvkgjnLQ+HQsO74odYMbDrTsOZCi6CW0IdlGoN7E8vFDiNCdeYIaX6rpNoP0dSU8xIUfVSRRKEx2hI+gY5iony8+kRBTwyTggjIc3jGk7d3xM5ipXK4sB0xkiP1HxtYv5X66c6OvdzypNUE45ni6KUQS3gJBEYUkmwZpkBhCU1f4V4hEwm2uRWNSG48ycvQuek4ToN9+a03rws46iAGjgEx8AFZ6AJrkELtAEGD+AJvIBX69F6tt6s91nrklXOHIA/sj6+Abd/mCA=</latexit>

W 2 = (P + q)2
<latexit sha1_base64="JYoh+9E6z1KfQ+sxzcSpy6ob0Wk=">AAAB8nicbVBNSwMxEM36WetX1aOXYBEqQtktgl6EohePFewHbLclm2bb0GyyJrNCKf0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DAq1ZTVqRJKt0JimOCS1YGDYK1EMxKHgjXD4e3Ubz4xbbiSDzBKWBCTvuQRpwSs5Dc7letS7fzxrFPpFopu2Z0BLxMvI0WUodYtfLV7iqYxk0AFMcb33ASCMdHAqWCTfDs1LCF0SPrMt1SSmJlgPDt5gk+t0sOR0rYk4Jn6e2JMYmNGcWg7YwIDs+hNxf88P4XoKhhzmaTAJJ0vilKBQeHp/7jHNaMgRpYQqrm9FdMB0YSCTSlvQ/AWX14mjUrZc8ve/UWxepPFkUPH6ASVkIcuURXdoRqqI4oUekav6M0B58V5dz7mrStONnOE/sD5/AEmV4/Z</latexit><latexit sha1_base64="JYoh+9E6z1KfQ+sxzcSpy6ob0Wk=">AAAB8nicbVBNSwMxEM36WetX1aOXYBEqQtktgl6EohePFewHbLclm2bb0GyyJrNCKf0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DAq1ZTVqRJKt0JimOCS1YGDYK1EMxKHgjXD4e3Ubz4xbbiSDzBKWBCTvuQRpwSs5Dc7letS7fzxrFPpFopu2Z0BLxMvI0WUodYtfLV7iqYxk0AFMcb33ASCMdHAqWCTfDs1LCF0SPrMt1SSmJlgPDt5gk+t0sOR0rYk4Jn6e2JMYmNGcWg7YwIDs+hNxf88P4XoKhhzmaTAJJ0vilKBQeHp/7jHNaMgRpYQqrm9FdMB0YSCTSlvQ/AWX14mjUrZc8ve/UWxepPFkUPH6ASVkIcuURXdoRqqI4oUekav6M0B58V5dz7mrStONnOE/sD5/AEmV4/Z</latexit><latexit sha1_base64="JYoh+9E6z1KfQ+sxzcSpy6ob0Wk=">AAAB8nicbVBNSwMxEM36WetX1aOXYBEqQtktgl6EohePFewHbLclm2bb0GyyJrNCKf0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DAq1ZTVqRJKt0JimOCS1YGDYK1EMxKHgjXD4e3Ubz4xbbiSDzBKWBCTvuQRpwSs5Dc7letS7fzxrFPpFopu2Z0BLxMvI0WUodYtfLV7iqYxk0AFMcb33ASCMdHAqWCTfDs1LCF0SPrMt1SSmJlgPDt5gk+t0sOR0rYk4Jn6e2JMYmNGcWg7YwIDs+hNxf88P4XoKhhzmaTAJJ0vilKBQeHp/7jHNaMgRpYQqrm9FdMB0YSCTSlvQ/AWX14mjUrZc8ve/UWxepPFkUPH6ASVkIcuURXdoRqqI4oUekav6M0B58V5dz7mrStONnOE/sD5/AEmV4/Z</latexit><latexit sha1_base64="JYoh+9E6z1KfQ+sxzcSpy6ob0Wk=">AAAB8nicbVBNSwMxEM36WetX1aOXYBEqQtktgl6EohePFewHbLclm2bb0GyyJrNCKf0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v52V1bX1jc3cVn57Z3dvv3Bw2DAq1ZTVqRJKt0JimOCS1YGDYK1EMxKHgjXD4e3Ubz4xbbiSDzBKWBCTvuQRpwSs5Dc7letS7fzxrFPpFopu2Z0BLxMvI0WUodYtfLV7iqYxk0AFMcb33ASCMdHAqWCTfDs1LCF0SPrMt1SSmJlgPDt5gk+t0sOR0rYk4Jn6e2JMYmNGcWg7YwIDs+hNxf88P4XoKhhzmaTAJJ0vilKBQeHp/7jHNaMgRpYQqrm9FdMB0YSCTSlvQ/AWX14mjUrZc8ve/UWxepPFkUPH6ASVkIcuURXdoRqqI4oUekav6M0B58V5dz7mrStONnOE/sD5/AEmV4/Z</latexit>
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Fig. 1. Lowest order SIDIS graphs corresponding to (a) the current region (b) the target region and (c) the central (soft) region. The faded zigzag lines represent non-
perturbative and other interactions (e.g. hadronization) between the outgoing parton and the target jet.

Fig. 2. Simple parton-model graph for SIDIS with detected hadron in current-
fragmentation region.

theoretical attention, with extensively studied factorization theo-
rems [1–6].

The zigzag lines and the extra gluons in Fig. 1 are a cautionary 
reminder that the most elementary parton-model diagrams, Fig. 2, 
do not represent a full picture of what occurs in real QCD, particu-
larly as concerns interactions in the final state. Those diagrams give 
two separated jets with quark quantum numbers, for the struck 
quark and the target remnants, and there is a large rapidity gap. 
The zigzag lines and gluons in Fig. 1 represent the mechanisms 
giving the hadrons that fill in the otherwise large rapidity gap. 
Graphs like Fig. 2 can only represent an approximation to this 
fuller picture (Fig. 1(a) in the case of current region fragmenta-
tion). The extra gluons exchanged in various places compared with 
the pure parton-model graph get converted into attachments to 
the Wilson lines in the operators defining parton densities, frag-
mentation functions, etc., after appropriate approximations in the 
proof of factorization.

While the elementary formulation from Fig. 2 is a useful start-
ing point that captures the general structure of factorization, de-
tailed analyses of the limits of specific factorization treatments 
require a more careful account of the full picture, including soft 
gluons, hadronization, parton showering, and higher-order correc-
tions. A fuller picture might include, for example, string-like frag-
mentation [7,8]. Such effects are relevant to this paper since we 
are interested in the boundaries between regions.

The regions associated with the three graphs in Fig. 1 are de-
fined in terms of the kinematics of the produced hadron, and 
each region in principle comes with its own specific factorization 
theorem. The accuracy of a factorization treatment concerns the 
precision with which its various approximations deal with its de-
sign region. In all cases, we are concerned with Q 2 made large, 
Q 2 ≫ !2

QCD, with fixed xbj.
We summarize the theoretical status of each of the rapidity re-

gions at small PhT as follows:

1. Current Fragmentation Region: (Fig. 1(a)) This region has a 
fully developed TMD factorization treatment [1–6], with TMD 
parton densities and TMD fragmentation functions. It applies 

when Q is made large, Q ≫ !QCD, at fixed xbj, with large 
enough zh, and with small PhT. Since it applies to a well-
defined limiting case, we will ask questions about its accuracy 
for non-asymptotic kinematics.

2. Target Fragmentation Region: (Fig. 1(b)) This region is de-
scribed in terms of extended fracture functions [9–14]. More 
precisely, given our interest in the cross section differential in 
PhT, it is described in terms extended fraction functions [10,
11], especially those that are TMD in the quark momentum 
[14]. The (extended) fracture function formalism applies to the 
case that the detected hadron’s momentum is collinear to the 
target, so it is also possible to ask well-defined questions about 
the accuracy of target region approximations and their kine-
matical range of applicability, though we will not perform such 
an analysis specifically here.

3. Central (or soft) Fragmentation Region: (Fig. 1(c)) This region 
refers to the case that the produced hadron rapidity is much 
less than that of the target, but much greater than that of the 
outgoing quark (or current jet). We expect that a factorization 
theorem for the central fragmentation region is possible, al-
though we know of very little work on this topic. With the 
soft factor of TMD factorization in mind, we expect the non-
perturbative functions associated with the soft region to have 
broadly universal properties.

An important point is that the current and target fragmenta-
tion regions each overlap with the central fragmentation region. 
For example, when the hadron rapidity yh is substantially negative 
but by much less than the highest values, both factorization for 
the current fragmentation region and factorization for the central 
region are valid to useful accuracy.

Thus once factorization for central region has been formulated, 
it has the potential to unify the full range of zh. Without a fully 
developed central fragmentation function factorization theorem, it 
is probably not possible to address the overlap of different regions. 
We hope that our analysis will motivate greater attention to cen-
tral fragmentation and its theoretical development.

A unified description with optimal accuracy requires matching 
of the factorization properties of the individual regions. This is 
similar to but more general than the situation for the transverse-
momentum distribution in the Drell–Yan process, where match-
ing of TMD and collinear factorization is needed. [15] Naturally, 
for SIDIS treated over all PhT, we will also need a matching of 
collinear factorization with the combination of matched TMD fac-
torizations for the three low-PhT regions.

Direct estimates of the boundaries of the regions are compli-
cated by the interplay of the kinematical variables zh, xbj, P hT and 
Q . Indeed, we will argue that it is preferable to demarcate regions 
in terms of rapidity yh rather than the commonly chosen variable 
zh.

M. Boglione et al., Phys. Lett. B 766, 245 (2017).

(a) Current fragmentation region; (b) Target fragmentation region; (c) Central fragmentation region

Regions overlap with each other. Classification boundaries are not sharp.

Some criteria may help to select events in the kinematic region 
dominated by current/target fragmentation.
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uū + dd̄p
2
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Figure 8: Sketch, not to-scale, of kinematical regions of SIDIS in terms of the produced
hadron’s Breit frame rapidity and transverse momentum. In each region, the type of sup-
pression factors that give factorization are shown. (The exact size and shape of each region
may be very different from what is shown and depends on quantities like Q and the hadron
masses.) In the Breit frame, according to Eq. (9.7), partons in the handbag configura-
tion are centered on y ⇡ 0 if �k

2

i
⇡ k

2

f
= O

�
m

2
�
. The shaded regions in the sketch are

shifted somewhat toward the target rapidity yP,b (the vertical dashed line) to account for
the behavior of Eq. (9.1) when zN and xN are small.

R1 ⇡ 0.8 for kaons. If R1 ⇡ 0.8 is taken to be large, then confidence that one is in the
current region deteriorates. The flavor of the final state hadron has little effect on the
transverse momentum hardness, R2, from Eq. (8.16). From Fig. 11 (a) and Fig. 11 (c) flavor
dependence is only noticeable at low Q and even then the effect is small. To summarize,
the produced hadron mass affects collinearity R1 significantly, but does not appear to be a
primary factor in determining transverse hardness R2.

Within a specific example, collinearity R1 and transverse hardness R2 have helped us
to map out the current kinematic region (small R1) and to separate the "small" from the
"large" transverse momentum regions (small R2 vs large R2). The former will reasonably
correspond to a region where we expect TMD factorization to apply, while for the latter
a collinear factorization will be appropriate. At this stage, one might wonder whether
a LO calculation could be enough or whether higher order perturbative corrections are
necessary. This is where R3 comes into the game: large R3 coupled with large R2 signal a
large qT region where presumably higher order pQCD corrections are relevant, while small
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Figure 2: The configuration of the proton, photon, and outgoing hadron in (a) the Breit
photon frame and (b) the hadron frame. The dashed green lines again represent unobserved
particles.

• Breit frame:

A particular case of the photon frame is the Breit (Brick Wall) frame, see Fig. 2(a), where

q
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The small b indicates that components are in the Breit frame. This will be our default
frame, so any four-momentum components without a subscript should be assumed to be in
the Breit frame.

• Hadron Frame:

In the hadron frame, see Fig. 2(b), labeled by “H,” the incoming hadron and final state
hadron are exactly back-to-back (zero relative transverse momentum) while the virtual
photon generally has non-zero transverse momentum. It is an especially useful frame for
setting up factorization. (See [11, Sec.13.15.5].) The components of the four-momenta are:
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For definiteness, define the hadron frame such that the components of the incoming target
momentum are exactly the same as in the Breit frame:

P
+

H
= P

+

� =
Qp
2xN

, (4.10)

P
�
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= P
�
� =

xNM
2

p
2Q

, (4.11)

PH,T = 0T . (4.12)
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Nucleon-photon frame / Breit frame: 
y: rapidity 
qT = PhT / z: transverse momentum

Sketch of kinematic regions of the produced hadron

[Figure from arXiv:1904.12882]
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Figure 3: Momentum labeling in the partonic subprocess.

that quantities like |k2

i
| and |k2

f
| are small, and much of the discussion in this section will

be about addressing the question of what is meant by “small.” So to summarize, “partonic"
dashed lines represent the flow of a momentum with small invariant energy. In practical
situations, they will often turn out to refer to actual quark and/or gluon lines, but they do
not need to generally.

The partonic subprocess in Fig. 3 is marked off in a blue box. A black dot indicates the
parton we associate with an observed hadron. The momentum ki is the incoming struck
parton momentum, and there is at least one hadronizing parton kf . The kX momentum
labels the total momentum of all other unobserved partons combined. Outside the box
in Fig. 3, the position of the hadron implies a current region picture, though an analo-
gous picture of course applies to the target region case. We ask questions about partonic
regions in the context of the steps needed to factorize graphical structure in a manner
consistent with particular partonic pictures. Our general view of factorization is based on
that of Collins [11, 33] and collaborators, though the same statements apply to most other
approaches.

We are interested in the kinematics of the ki + q ! kf + kX subprocess and how
closely it matches the overall P + q ! PB + X process under very general assumptions.
Specific realizations of the partonic subprocess, each of which can contribute to a different
kinematical region, are shown in Fig. 4. We will analyze the subprocess in the Breit frame
and write
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. (8.1)

Hats always indicate a partonic kinematical variable, whereas ⇠ and ⇣ are momentum
fractions (see below). We will write the transverse momentum as

kf,b,T = �ẑNqT + �kT . (8.2)
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Figure 4: Examples of hard kinematics. Graph (a) represents handbag kinematics. Graph
(b) is 2 ! 2 kinematics, which can represent, for instance, the first non-vanishing contribu-
tion when we specialize to massless pQCD graphs at large transverse momentum. Graph
(c) is 2 ! 3 kinematics. We remark that in general, in Graphs (a), (b) and(c) the dashed
lines may represent groups of particles, such as those making up a gauge link.

In the hadron frame, Eq. (5.6) gives

kf,H,T = �kT + Power Suppressed , (8.3)

so �kT is good for characterizing an intrinsic relative transverse momentum in the large Q

limit; in Eq. (8.1) intrinsic transverse momentum is �kT when qT = 0. For nearly on-shell
partons,
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In the limit where m ⌧ Q and xBj, zh, qT are fixed, the outgoing parton is exactly aligned
with the observed hadron so long as
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. (8.5)

We have defined the Breit frame momentum fractions and Breit frame x̂N, ẑN analogous to
xN and xBj:
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For fixed x̂N, ẑN and q
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T
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X
is calculable from momentum conservation,

k
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X = (ki + q � kf)
2

. (8.7)
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<latexit sha1_base64="FosI5TS2kx8AbpFO16AcPT5G7tA=">AAACEnicbVC7TsNAEDzzDOFloKQ5ESFBE9mABCWChjJBBCLFxjpf1skp5wd3a6TIyTfQ8Cs0FCBES0XH33AJKXiNtKvRzK7udsJMCo2O82FNTc/Mzs2XFsqLS8srq/ba+qVOc8WhwVOZqmbINEiRQAMFSmhmClgcSrgKe6cj/+oWlBZpcoH9DPyYdRIRCc7QSIG9ex7sUw9ucnFLPQkRDrxIMV70gub13rCom+Yp0eniILArTtUZg/4l7oRUyAS1wH732inPY0iQS6Z1y3Uy9AumUHAJw7KXa8gY77EOtAxNWAzaL8YnDem2Udo0SpWpBOlY/b5RsFjrfhyayZhhV//2RuJ/XivH6MgvRJLlCAn/eijKJcWUjvKhbaGAo+wbwrgS5q+Ud5mJBE2KZROC+/vkv+Ryr+o6Vbd+UDk+mcRRIptki+wQlxySY3JGaqRBOLkjD+SJPFv31qP1Yr1+jU5Zk50N8gPW2ydO0J3j</latexit><latexit sha1_base64="FosI5TS2kx8AbpFO16AcPT5G7tA=">AAACEnicbVC7TsNAEDzzDOFloKQ5ESFBE9mABCWChjJBBCLFxjpf1skp5wd3a6TIyTfQ8Cs0FCBES0XH33AJKXiNtKvRzK7udsJMCo2O82FNTc/Mzs2XFsqLS8srq/ba+qVOc8WhwVOZqmbINEiRQAMFSmhmClgcSrgKe6cj/+oWlBZpcoH9DPyYdRIRCc7QSIG9ex7sUw9ucnFLPQkRDrxIMV70gub13rCom+Yp0eniILArTtUZg/4l7oRUyAS1wH732inPY0iQS6Z1y3Uy9AumUHAJw7KXa8gY77EOtAxNWAzaL8YnDem2Udo0SpWpBOlY/b5RsFjrfhyayZhhV//2RuJ/XivH6MgvRJLlCAn/eijKJcWUjvKhbaGAo+wbwrgS5q+Ud5mJBE2KZROC+/vkv+Ryr+o6Vbd+UDk+mcRRIptki+wQlxySY3JGaqRBOLkjD+SJPFv31qP1Yr1+jU5Zk50N8gPW2ydO0J3j</latexit><latexit sha1_base64="FosI5TS2kx8AbpFO16AcPT5G7tA=">AAACEnicbVC7TsNAEDzzDOFloKQ5ESFBE9mABCWChjJBBCLFxjpf1skp5wd3a6TIyTfQ8Cs0FCBES0XH33AJKXiNtKvRzK7udsJMCo2O82FNTc/Mzs2XFsqLS8srq/ba+qVOc8WhwVOZqmbINEiRQAMFSmhmClgcSrgKe6cj/+oWlBZpcoH9DPyYdRIRCc7QSIG9ex7sUw9ucnFLPQkRDrxIMV70gub13rCom+Yp0eniILArTtUZg/4l7oRUyAS1wH732inPY0iQS6Z1y3Uy9AumUHAJw7KXa8gY77EOtAxNWAzaL8YnDem2Udo0SpWpBOlY/b5RsFjrfhyayZhhV//2RuJ/XivH6MgvRJLlCAn/eijKJcWUjvKhbaGAo+wbwrgS5q+Ud5mJBE2KZROC+/vkv+Ryr+o6Vbd+UDk+mcRRIptki+wQlxySY3JGaqRBOLkjD+SJPFv31qP1Yr1+jU5Zk50N8gPW2ydO0J3j</latexit><latexit sha1_base64="FosI5TS2kx8AbpFO16AcPT5G7tA=">AAACEnicbVC7TsNAEDzzDOFloKQ5ESFBE9mABCWChjJBBCLFxjpf1skp5wd3a6TIyTfQ8Cs0FCBES0XH33AJKXiNtKvRzK7udsJMCo2O82FNTc/Mzs2XFsqLS8srq/ba+qVOc8WhwVOZqmbINEiRQAMFSmhmClgcSrgKe6cj/+oWlBZpcoH9DPyYdRIRCc7QSIG9ex7sUw9ucnFLPQkRDrxIMV70gub13rCom+Yp0eniILArTtUZg/4l7oRUyAS1wH732inPY0iQS6Z1y3Uy9AumUHAJw7KXa8gY77EOtAxNWAzaL8YnDem2Udo0SpWpBOlY/b5RsFjrfhyayZhhV//2RuJ/XivH6MgvRJLlCAn/eijKJcWUjvKhbaGAo+wbwrgS5q+Ud5mJBE2KZROC+/vkv+Ryr+o6Vbd+UDk+mcRRIptki+wQlxySY3JGaqRBOLkjD+SJPFv31qP1Yr1+jU5Zk50N8gPW2ydO0J3j</latexit>

small for current region

small for TMD factorization
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Figure 5: A hadron produced in the target region – see Eq. (10.1). Hadrons produced
from the hard part are not observed.

10 Target Remnant Hadrons

If, in contrast to the discussion in Sec. 8, the hadron is in the target fragmentation region
(see Fig. 5), then

PB · P ⌧ Q
2
, (10.1)

In the target region, zh is no longer as useful for parameterizing the process since it no longer
necessarily describes a momentum fraction – see Eq. (5.4) and note that the quantity under
the square root diverges as zh ! 0. In terms of xh, zN is:

zN =

q
4x2

Bj
(M2

B
/Q2)(1 � q2

T
/Q2) + x2

h
� xh

2xBj(1 � q2
T
/Q2)

=
M

2

B
xBj

Q2xh

�
M

4

B
x
3

Bj

�
Q

2 � q
2

T

�

Q6x3

h

+ O

 
M

6

B

�
Q

2 � q
2

T

�
2

Q10

!
, (10.2)

where we have kept the solution that gives exactly zN = 0 when PB is exactly massless and
collinear to P . Now,

PB·P =
MMB,T

2

�
e
�y

+ e
��y

�
=

M
2
xBj

�
M

2

B
+ q

2

T
z
2

N

�

QzN

⇣q
4M2x2

Bj
+ Q2 + Q

⌘+

QzN

⇣q
4M2x2

Bj
+ Q2 + Q

⌘

4xBj

.

(10.3)
Equation (10.3) is no larger than O

�
m

2
�

if zN ⇠ m
2
/Q

2 and q
2

T
z
2

N
/Q

2 ⌧ 1. So for the
target region, Eq. (10.1) with Eqs. (10.2)–(10.3) means

zN = ⇥

✓
m

2

Q2

◆
. (10.4)

The “Big ⇥” symbol is used because the first term in Eq. (10.3) puts a lower limit on
acceptable sizes for zN. In other words, the target region criterion fails both when zN ⌧

– 23 –

Target region:

R0
1 ⌘ Ph · P

Q2
<latexit sha1_base64="cj9t8TF5UaFzbE0dIwvApD1kiVg=">AAACC3icbVC7TsMwFHV4lvIKMLJYrRBMVVIhwVjBwpgi+pCaEDmu01p14mA7laooOwu/wsIAQqz8ABt/g9tmgJYjXenonHt17z1BwqhUlvVtrKyurW9slrbK2zu7e/vmwWFb8lRg0sKccdENkCSMxqSlqGKkmwiCooCRTjC6nvqdMRGS8vhOTRLiRWgQ05BipLTkm5Vb3z6FLnlI6Ri6oUA4c/yhi/tcQSfPmvf13DerVs2aAS4TuyBVUMDxzS+3z3EakVhhhqTs2VaivAwJRTEjedlNJUkQHqEB6Wkao4hIL5v9ksMTrfRhyIWuWMGZ+nsiQ5GUkyjQnRFSQ7noTcX/vF6qwksvo3GSKhLj+aIwZVBxOA0G9qkgWLGJJggLqm+FeIh0IErHV9Yh2IsvL5N2vWZbNbt5Xm1cFXGUwDGogDNggwvQADfAAS2AwSN4Bq/gzXgyXox342PeumIUM0fgD4zPH5n1miQ=</latexit><latexit sha1_base64="cj9t8TF5UaFzbE0dIwvApD1kiVg=">AAACC3icbVC7TsMwFHV4lvIKMLJYrRBMVVIhwVjBwpgi+pCaEDmu01p14mA7laooOwu/wsIAQqz8ABt/g9tmgJYjXenonHt17z1BwqhUlvVtrKyurW9slrbK2zu7e/vmwWFb8lRg0sKccdENkCSMxqSlqGKkmwiCooCRTjC6nvqdMRGS8vhOTRLiRWgQ05BipLTkm5Vb3z6FLnlI6Ri6oUA4c/yhi/tcQSfPmvf13DerVs2aAS4TuyBVUMDxzS+3z3EakVhhhqTs2VaivAwJRTEjedlNJUkQHqEB6Wkao4hIL5v9ksMTrfRhyIWuWMGZ+nsiQ5GUkyjQnRFSQ7noTcX/vF6qwksvo3GSKhLj+aIwZVBxOA0G9qkgWLGJJggLqm+FeIh0IErHV9Yh2IsvL5N2vWZbNbt5Xm1cFXGUwDGogDNggwvQADfAAS2AwSN4Bq/gzXgyXox342PeumIUM0fgD4zPH5n1miQ=</latexit><latexit sha1_base64="cj9t8TF5UaFzbE0dIwvApD1kiVg=">AAACC3icbVC7TsMwFHV4lvIKMLJYrRBMVVIhwVjBwpgi+pCaEDmu01p14mA7laooOwu/wsIAQqz8ABt/g9tmgJYjXenonHt17z1BwqhUlvVtrKyurW9slrbK2zu7e/vmwWFb8lRg0sKccdENkCSMxqSlqGKkmwiCooCRTjC6nvqdMRGS8vhOTRLiRWgQ05BipLTkm5Vb3z6FLnlI6Ri6oUA4c/yhi/tcQSfPmvf13DerVs2aAS4TuyBVUMDxzS+3z3EakVhhhqTs2VaivAwJRTEjedlNJUkQHqEB6Wkao4hIL5v9ksMTrfRhyIWuWMGZ+nsiQ5GUkyjQnRFSQ7noTcX/vF6qwksvo3GSKhLj+aIwZVBxOA0G9qkgWLGJJggLqm+FeIh0IErHV9Yh2IsvL5N2vWZbNbt5Xm1cFXGUwDGogDNggwvQADfAAS2AwSN4Bq/gzXgyXox342PeumIUM0fgD4zPH5n1miQ=</latexit><latexit sha1_base64="cj9t8TF5UaFzbE0dIwvApD1kiVg=">AAACC3icbVC7TsMwFHV4lvIKMLJYrRBMVVIhwVjBwpgi+pCaEDmu01p14mA7laooOwu/wsIAQqz8ABt/g9tmgJYjXenonHt17z1BwqhUlvVtrKyurW9slrbK2zu7e/vmwWFb8lRg0sKccdENkCSMxqSlqGKkmwiCooCRTjC6nvqdMRGS8vhOTRLiRWgQ05BipLTkm5Vb3z6FLnlI6Ri6oUA4c/yhi/tcQSfPmvf13DerVs2aAS4TuyBVUMDxzS+3z3EakVhhhqTs2VaivAwJRTEjedlNJUkQHqEB6Wkao4hIL5v9ksMTrfRhyIWuWMGZ+nsiQ5GUkyjQnRFSQ7noTcX/vF6qwksvo3GSKhLj+aIwZVBxOA0G9qkgWLGJJggLqm+FeIh0IErHV9Yh2IsvL5N2vWZbNbt5Xm1cFXGUwDGogDNggwvQADfAAS2AwSN4Bq/gzXgyXox342PeumIUM0fgD4zPH5n1miQ=</latexit>

small for target region

An alternative criteria:               is smallR�1
1

<latexit sha1_base64="uAw9nUj2S1t6tFT17W3pZH0xZd0=">AAAB73icbVBNSwMxEJ34WetX1aOXYBG8WDYi6LHoxWMV+wHtWrJptg3NZtckK5Slf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLEimM9bxvtLS8srq2Xtgobm5t7+yW9vYbJk4143UWy1i3Amq4FIrXrbCStxLNaRRI3gyG1xO/+cS1EbG6t6OE+xHtKxEKRq2TWndd8pCdknG3VPYq3hR4kZCclCFHrVv66vRilkZcWSapMW3iJdbPqLaCST4udlLDE8qGtM/bjioaceNn03vH+NgpPRzG2pWyeKr+nshoZMwoClxnRO3AzHsT8T+vndrw0s+ESlLLFZstClOJbYwnz+Oe0JxZOXKEMi3crZgNqKbMuoiKLgQy//IiaZxViFcht+fl6lUeRwEO4QhOgMAFVOEGalAHBhKe4RXe0CN6Qe/oY9a6hPKZA/gD9PkDJ0OPYA==</latexit><latexit sha1_base64="uAw9nUj2S1t6tFT17W3pZH0xZd0=">AAAB73icbVBNSwMxEJ34WetX1aOXYBG8WDYi6LHoxWMV+wHtWrJptg3NZtckK5Slf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLEimM9bxvtLS8srq2Xtgobm5t7+yW9vYbJk4143UWy1i3Amq4FIrXrbCStxLNaRRI3gyG1xO/+cS1EbG6t6OE+xHtKxEKRq2TWndd8pCdknG3VPYq3hR4kZCclCFHrVv66vRilkZcWSapMW3iJdbPqLaCST4udlLDE8qGtM/bjioaceNn03vH+NgpPRzG2pWyeKr+nshoZMwoClxnRO3AzHsT8T+vndrw0s+ESlLLFZstClOJbYwnz+Oe0JxZOXKEMi3crZgNqKbMuoiKLgQy//IiaZxViFcht+fl6lUeRwEO4QhOgMAFVOEGalAHBhKe4RXe0CN6Qe/oY9a6hPKZA/gD9PkDJ0OPYA==</latexit><latexit sha1_base64="uAw9nUj2S1t6tFT17W3pZH0xZd0=">AAAB73icbVBNSwMxEJ34WetX1aOXYBG8WDYi6LHoxWMV+wHtWrJptg3NZtckK5Slf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLEimM9bxvtLS8srq2Xtgobm5t7+yW9vYbJk4143UWy1i3Amq4FIrXrbCStxLNaRRI3gyG1xO/+cS1EbG6t6OE+xHtKxEKRq2TWndd8pCdknG3VPYq3hR4kZCclCFHrVv66vRilkZcWSapMW3iJdbPqLaCST4udlLDE8qGtM/bjioaceNn03vH+NgpPRzG2pWyeKr+nshoZMwoClxnRO3AzHsT8T+vndrw0s+ESlLLFZstClOJbYwnz+Oe0JxZOXKEMi3crZgNqKbMuoiKLgQy//IiaZxViFcht+fl6lUeRwEO4QhOgMAFVOEGalAHBhKe4RXe0CN6Qe/oY9a6hPKZA/gD9PkDJ0OPYA==</latexit><latexit sha1_base64="uAw9nUj2S1t6tFT17W3pZH0xZd0=">AAAB73icbVBNSwMxEJ34WetX1aOXYBG8WDYi6LHoxWMV+wHtWrJptg3NZtckK5Slf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLEimM9bxvtLS8srq2Xtgobm5t7+yW9vYbJk4143UWy1i3Amq4FIrXrbCStxLNaRRI3gyG1xO/+cS1EbG6t6OE+xHtKxEKRq2TWndd8pCdknG3VPYq3hR4kZCclCFHrVv66vRilkZcWSapMW3iJdbPqLaCST4udlLDE8qGtM/bjioaceNn03vH+NgpPRzG2pWyeKr+nshoZMwoClxnRO3AzHsT8T+vndrw0s+ESlLLFZstClOJbYwnz+Oe0JxZOXKEMi3crZgNqKbMuoiKLgQy//IiaZxViFcht+fl6lUeRwEO4QhOgMAFVOEGalAHBhKe4RXe0CN6Qe/oY9a6hPKZA/gD9PkDJ0OPYA==</latexit>

Central (soft) region:

Neither          nor          is small. 
One does not have any obvious way to associate the produced hadron with a quark or target direction.

R1
<latexit sha1_base64="1j3T8+X0hSHXPwH+datte32stxM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu77Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHRvY16</latexit><latexit sha1_base64="1j3T8+X0hSHXPwH+datte32stxM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu77Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHRvY16</latexit><latexit sha1_base64="1j3T8+X0hSHXPwH+datte32stxM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu77Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHRvY16</latexit><latexit sha1_base64="1j3T8+X0hSHXPwH+datte32stxM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu77Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu7rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHRvY16</latexit>

R0
1

<latexit sha1_base64="PI3E/K1d+BBzf5HOV9tFzOj0Lqc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9mIoMeiF49VrC20S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLK6tr6RnmzsrW9s7tX3T94NHGqKWvRWMS6ExLDBFesZbkVrJNoRmQoWDsc3+R++4lpw2P1YCcJCyQZKh5xSmwu3ffxab9a8+v+DGiZ4ILUoECzX/3qDWKaSqYsFcSYLvYTG2REW04Fm1Z6qWEJoWMyZF1HFZHMBNns1ik6ccoARbF2pSyaqb8nMiKNmcjQdUpiR2bRy8X/vG5qo6sg4ypJLVN0vihKBbIxyh9HA64ZtWLiCKGau1sRHRFNqHXxVFwIePHlZfJ4Xsd+Hd9d1BrXRRxlOIJjOAMMl9CAW2hCCyiM4Ble4c2T3ov37n3MW0teMXMIf+B9/gAyso2r</latexit><latexit sha1_base64="PI3E/K1d+BBzf5HOV9tFzOj0Lqc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9mIoMeiF49VrC20S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLK6tr6RnmzsrW9s7tX3T94NHGqKWvRWMS6ExLDBFesZbkVrJNoRmQoWDsc3+R++4lpw2P1YCcJCyQZKh5xSmwu3ffxab9a8+v+DGiZ4ILUoECzX/3qDWKaSqYsFcSYLvYTG2REW04Fm1Z6qWEJoWMyZF1HFZHMBNns1ik6ccoARbF2pSyaqb8nMiKNmcjQdUpiR2bRy8X/vG5qo6sg4ypJLVN0vihKBbIxyh9HA64ZtWLiCKGau1sRHRFNqHXxVFwIePHlZfJ4Xsd+Hd9d1BrXRRxlOIJjOAMMl9CAW2hCCyiM4Ble4c2T3ov37n3MW0teMXMIf+B9/gAyso2r</latexit><latexit sha1_base64="PI3E/K1d+BBzf5HOV9tFzOj0Lqc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9mIoMeiF49VrC20S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLK6tr6RnmzsrW9s7tX3T94NHGqKWvRWMS6ExLDBFesZbkVrJNoRmQoWDsc3+R++4lpw2P1YCcJCyQZKh5xSmwu3ffxab9a8+v+DGiZ4ILUoECzX/3qDWKaSqYsFcSYLvYTG2REW04Fm1Z6qWEJoWMyZF1HFZHMBNns1ik6ccoARbF2pSyaqb8nMiKNmcjQdUpiR2bRy8X/vG5qo6sg4ypJLVN0vihKBbIxyh9HA64ZtWLiCKGau1sRHRFNqHXxVFwIePHlZfJ4Xsd+Hd9d1BrXRRxlOIJjOAMMl9CAW2hCCyiM4Ble4c2T3ov37n3MW0teMXMIf+B9/gAyso2r</latexit><latexit sha1_base64="PI3E/K1d+BBzf5HOV9tFzOj0Lqc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9mIoMeiF49VrC20S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLK6tr6RnmzsrW9s7tX3T94NHGqKWvRWMS6ExLDBFesZbkVrJNoRmQoWDsc3+R++4lpw2P1YCcJCyQZKh5xSmwu3ffxab9a8+v+DGiZ4ILUoECzX/3qDWKaSqYsFcSYLvYTG2REW04Fm1Z6qWEJoWMyZF1HFZHMBNns1ik6ccoARbF2pSyaqb8nMiKNmcjQdUpiR2bRy8X/vG5qo6sg4ypJLVN0vihKBbIxyh9HA64ZtWLiCKGau1sRHRFNqHXxVFwIePHlZfJ4Xsd+Hd9d1BrXRRxlOIJjOAMMl9CAW2hCCyiM4Ble4c2T3ov37n3MW0teMXMIf+B9/gAyso2r</latexit>

M. Boglione et al., arXiv:1904.12882.
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Electron beam: 3.5 GeV,   polarization ~80% 
Proton beam: 20 GeV, polarization ~70% 
Helium-3 beam: 40 GeV (40/3 GeV per nucleon), 

polarization ~70% 
Center of mass energy: 15 ~ 20 GeV 
Luminosity: 2 ~ 4 × 1033 cm-2 s-1

Kinematics coverage:
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EicC-SIDIS kinematics (example): 
  e-p (3.5 GeV×20 GeV), π–

cuts:

Q2 > 1GeV2, W > 2.3GeV, W 0 > 1.6GeV
<latexit sha1_base64="2n4lIhe3oPz2TiGtK2YZ5hSVqXw=">AAACKnicbZDLSgMxFIYz9VbrrerSTbCILsowM4q6KlUXumzBXqAzLZlM2oZmLiYZoQx9Hje+ipsulOLWBzG9oLX1QODn+8/h5PxuxKiQhjHSUiura+sb6c3M1vbO7l52/6AqwphjUsEhC3ndRYIwGpCKpJKResQJ8l1Gam7vbuzXngkXNAweZT8ijo86AW1TjKRCrexNuWkVTDuf2NyH96TatAZ5+ylGHqwVLP381/jBpwVTv5zjrWzO0I1JwWVhzkQOzKrUyg5tL8SxTwKJGRKiYRqRdBLEJcWMDDJ2LEiEcA91SEPJAPlEOMnk1AE8UcSD7ZCrF0g4ofMTCfKF6Puu6vSR7IpFbwz/8xqxbF87CQ2iWJIATxe1YwZlCMe5QY9ygiXrK4Ewp+qvEHcRR1iqdDMqBHPx5GVRtXTT0M3yRa54O4sjDY7AMTgDJrgCRfAASqACMHgBb+AdfGiv2lAbaZ/T1pQ2mzkEf0r7+ga7EaPL</latexit><latexit sha1_base64="2n4lIhe3oPz2TiGtK2YZ5hSVqXw=">AAACKnicbZDLSgMxFIYz9VbrrerSTbCILsowM4q6KlUXumzBXqAzLZlM2oZmLiYZoQx9Hje+ipsulOLWBzG9oLX1QODn+8/h5PxuxKiQhjHSUiura+sb6c3M1vbO7l52/6AqwphjUsEhC3ndRYIwGpCKpJKResQJ8l1Gam7vbuzXngkXNAweZT8ijo86AW1TjKRCrexNuWkVTDuf2NyH96TatAZ5+ylGHqwVLP381/jBpwVTv5zjrWzO0I1JwWVhzkQOzKrUyg5tL8SxTwKJGRKiYRqRdBLEJcWMDDJ2LEiEcA91SEPJAPlEOMnk1AE8UcSD7ZCrF0g4ofMTCfKF6Puu6vSR7IpFbwz/8xqxbF87CQ2iWJIATxe1YwZlCMe5QY9ygiXrK4Ewp+qvEHcRR1iqdDMqBHPx5GVRtXTT0M3yRa54O4sjDY7AMTgDJrgCRfAASqACMHgBb+AdfGiv2lAbaZ/T1pQ2mzkEf0r7+ga7EaPL</latexit><latexit sha1_base64="2n4lIhe3oPz2TiGtK2YZ5hSVqXw=">AAACKnicbZDLSgMxFIYz9VbrrerSTbCILsowM4q6KlUXumzBXqAzLZlM2oZmLiYZoQx9Hje+ipsulOLWBzG9oLX1QODn+8/h5PxuxKiQhjHSUiura+sb6c3M1vbO7l52/6AqwphjUsEhC3ndRYIwGpCKpJKResQJ8l1Gam7vbuzXngkXNAweZT8ijo86AW1TjKRCrexNuWkVTDuf2NyH96TatAZ5+ylGHqwVLP381/jBpwVTv5zjrWzO0I1JwWVhzkQOzKrUyg5tL8SxTwKJGRKiYRqRdBLEJcWMDDJ2LEiEcA91SEPJAPlEOMnk1AE8UcSD7ZCrF0g4ofMTCfKF6Puu6vSR7IpFbwz/8xqxbF87CQ2iWJIATxe1YwZlCMe5QY9ygiXrK4Ewp+qvEHcRR1iqdDMqBHPx5GVRtXTT0M3yRa54O4sjDY7AMTgDJrgCRfAASqACMHgBb+AdfGiv2lAbaZ/T1pQ2mzkEf0r7+ga7EaPL</latexit><latexit sha1_base64="2n4lIhe3oPz2TiGtK2YZ5hSVqXw=">AAACKnicbZDLSgMxFIYz9VbrrerSTbCILsowM4q6KlUXumzBXqAzLZlM2oZmLiYZoQx9Hje+ipsulOLWBzG9oLX1QODn+8/h5PxuxKiQhjHSUiura+sb6c3M1vbO7l52/6AqwphjUsEhC3ndRYIwGpCKpJKResQJ8l1Gam7vbuzXngkXNAweZT8ijo86AW1TjKRCrexNuWkVTDuf2NyH96TatAZ5+ylGHqwVLP381/jBpwVTv5zjrWzO0I1JwWVhzkQOzKrUyg5tL8SxTwKJGRKiYRqRdBLEJcWMDDJ2LEiEcA91SEPJAPlEOMnk1AE8UcSD7ZCrF0g4ofMTCfKF6Puu6vSR7IpFbwz/8xqxbF87CQ2iWJIATxe1YwZlCMe5QY9ygiXrK4Ewp+qvEHcRR1iqdDMqBHPx5GVRtXTT0M3yRa54O4sjDY7AMTgDJrgCRfAASqACMHgBb+AdfGiv2lAbaZ/T1pQ2mzkEf0r7+ga7EaPL</latexit>

0.3 < z < 0.7
<latexit sha1_base64="rxqd5l7rQDH9yQF8a81lamhlNNw=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCsjj0VYmERtLGMYD4gOcLeZi9Zsrd37u4F4pHfYWOhiK0/xs5/4ya5QhMfDDzem2FmXpAIrg3G387K6tr6xmZhq7i9s7u3Xzo4bOg4VZTVaSxi1QqIZoJLVjfcCNZKFCNRIFgzGN5O/eaIKc1j+WDGCfMj0pc85JQYK/nYvUDX6MkWdivdUhm7eAa0TLyclCFHrVv66vRimkZMGiqI1m0PJ8bPiDKcCjYpdlLNEkKHpM/alkoSMe1ns6Mn6NQqPRTGypY0aKb+nshIpPU4CmxnRMxAL3pT8T+vnZrwys+4TFLDJJ0vClOBTIymCaAeV4waMbaEUMXtrYgOiCLU2JyKNgRv8eVl0jh3Pex695fl6k0eRwGO4QTOwIMKVOEOalAHCo/wDK/w5oycF+fd+Zi3rjj5zBH8gfP5A+mqj5Q=</latexit><latexit sha1_base64="rxqd5l7rQDH9yQF8a81lamhlNNw=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCsjj0VYmERtLGMYD4gOcLeZi9Zsrd37u4F4pHfYWOhiK0/xs5/4ya5QhMfDDzem2FmXpAIrg3G387K6tr6xmZhq7i9s7u3Xzo4bOg4VZTVaSxi1QqIZoJLVjfcCNZKFCNRIFgzGN5O/eaIKc1j+WDGCfMj0pc85JQYK/nYvUDX6MkWdivdUhm7eAa0TLyclCFHrVv66vRimkZMGiqI1m0PJ8bPiDKcCjYpdlLNEkKHpM/alkoSMe1ns6Mn6NQqPRTGypY0aKb+nshIpPU4CmxnRMxAL3pT8T+vnZrwys+4TFLDJJ0vClOBTIymCaAeV4waMbaEUMXtrYgOiCLU2JyKNgRv8eVl0jh3Pex695fl6k0eRwGO4QTOwIMKVOEOalAHCo/wDK/w5oycF+fd+Zi3rjj5zBH8gfP5A+mqj5Q=</latexit><latexit sha1_base64="rxqd5l7rQDH9yQF8a81lamhlNNw=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCsjj0VYmERtLGMYD4gOcLeZi9Zsrd37u4F4pHfYWOhiK0/xs5/4ya5QhMfDDzem2FmXpAIrg3G387K6tr6xmZhq7i9s7u3Xzo4bOg4VZTVaSxi1QqIZoJLVjfcCNZKFCNRIFgzGN5O/eaIKc1j+WDGCfMj0pc85JQYK/nYvUDX6MkWdivdUhm7eAa0TLyclCFHrVv66vRimkZMGiqI1m0PJ8bPiDKcCjYpdlLNEkKHpM/alkoSMe1ns6Mn6NQqPRTGypY0aKb+nshIpPU4CmxnRMxAL3pT8T+vnZrwys+4TFLDJJ0vClOBTIymCaAeV4waMbaEUMXtrYgOiCLU2JyKNgRv8eVl0jh3Pex695fl6k0eRwGO4QTOwIMKVOEOalAHCo/wDK/w5oycF+fd+Zi3rjj5zBH8gfP5A+mqj5Q=</latexit><latexit sha1_base64="rxqd5l7rQDH9yQF8a81lamhlNNw=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCsjj0VYmERtLGMYD4gOcLeZi9Zsrd37u4F4pHfYWOhiK0/xs5/4ya5QhMfDDzem2FmXpAIrg3G387K6tr6xmZhq7i9s7u3Xzo4bOg4VZTVaSxi1QqIZoJLVjfcCNZKFCNRIFgzGN5O/eaIKc1j+WDGCfMj0pc85JQYK/nYvUDX6MkWdivdUhm7eAa0TLyclCFHrVv66vRimkZMGiqI1m0PJ8bPiDKcCjYpdlLNEkKHpM/alkoSMe1ns6Mn6NQqPRTGypY0aKb+nshIpPU4CmxnRMxAL3pT8T+vnZrwys+4TFLDJJ0vClOBTIymCaAeV4waMbaEUMXtrYgOiCLU2JyKNgRv8eVl0jh3Pex695fl6k0eRwGO4QTOwIMKVOEOalAHCo/wDK/w5oycF+fd+Zi3rjj5zBH8gfP5A+mqj5Q=</latexit>

l0 > 0.35GeV, Ph > 0.3GeV
<latexit sha1_base64="Ym9Na3xjooqep0AlbIOlOmyb+/8=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0V0UUPiA12VogtdVrAPaEKYTCbt0MnDmYlQQr/Cjb/ixoUibsWdf+O0zaK2HrhwOOde7r3HSxgV0jR/tMLC4tLySnG1tLa+sbmlb+80RZxyTBo4ZjFve0gQRiPSkFQy0k44QaHHSMvrX4/81iPhgsbRvRwkxAlRN6IBxUgqydWP2SGsQtM4Pbcrmc1DeEOaw4r9kCIf1t1eVTlThquXTcMcA84TKydlkKPu6t+2H+M0JJHEDAnRscxEOhnikmJGhiU7FSRBuI+6pKNohEIinGz81hAeKMWHQcxVRRKO1emJDIVCDEJPdYZI9sSsNxL/8zqpDC6djEZJKkmEJ4uClEEZw1FG0KecYMkGiiDMqboV4h7iCEuVZEmFYM2+PE+aJ4ZlGtbdWbl2lcdRBHtgHxwBC1yAGrgFddAAGDyBF/AG3rVn7VX70D4nrQUtn9kFf6B9/QIO8pw3</latexit><latexit sha1_base64="Ym9Na3xjooqep0AlbIOlOmyb+/8=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0V0UUPiA12VogtdVrAPaEKYTCbt0MnDmYlQQr/Cjb/ixoUibsWdf+O0zaK2HrhwOOde7r3HSxgV0jR/tMLC4tLySnG1tLa+sbmlb+80RZxyTBo4ZjFve0gQRiPSkFQy0k44QaHHSMvrX4/81iPhgsbRvRwkxAlRN6IBxUgqydWP2SGsQtM4Pbcrmc1DeEOaw4r9kCIf1t1eVTlThquXTcMcA84TKydlkKPu6t+2H+M0JJHEDAnRscxEOhnikmJGhiU7FSRBuI+6pKNohEIinGz81hAeKMWHQcxVRRKO1emJDIVCDEJPdYZI9sSsNxL/8zqpDC6djEZJKkmEJ4uClEEZw1FG0KecYMkGiiDMqboV4h7iCEuVZEmFYM2+PE+aJ4ZlGtbdWbl2lcdRBHtgHxwBC1yAGrgFddAAGDyBF/AG3rVn7VX70D4nrQUtn9kFf6B9/QIO8pw3</latexit><latexit sha1_base64="Ym9Na3xjooqep0AlbIOlOmyb+/8=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0V0UUPiA12VogtdVrAPaEKYTCbt0MnDmYlQQr/Cjb/ixoUibsWdf+O0zaK2HrhwOOde7r3HSxgV0jR/tMLC4tLySnG1tLa+sbmlb+80RZxyTBo4ZjFve0gQRiPSkFQy0k44QaHHSMvrX4/81iPhgsbRvRwkxAlRN6IBxUgqydWP2SGsQtM4Pbcrmc1DeEOaw4r9kCIf1t1eVTlThquXTcMcA84TKydlkKPu6t+2H+M0JJHEDAnRscxEOhnikmJGhiU7FSRBuI+6pKNohEIinGz81hAeKMWHQcxVRRKO1emJDIVCDEJPdYZI9sSsNxL/8zqpDC6djEZJKkmEJ4uClEEZw1FG0KecYMkGiiDMqboV4h7iCEuVZEmFYM2+PE+aJ4ZlGtbdWbl2lcdRBHtgHxwBC1yAGrgFddAAGDyBF/AG3rVn7VX70D4nrQUtn9kFf6B9/QIO8pw3</latexit><latexit sha1_base64="Ym9Na3xjooqep0AlbIOlOmyb+/8=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0V0UUPiA12VogtdVrAPaEKYTCbt0MnDmYlQQr/Cjb/ixoUibsWdf+O0zaK2HrhwOOde7r3HSxgV0jR/tMLC4tLySnG1tLa+sbmlb+80RZxyTBo4ZjFve0gQRiPSkFQy0k44QaHHSMvrX4/81iPhgsbRvRwkxAlRN6IBxUgqydWP2SGsQtM4Pbcrmc1DeEOaw4r9kCIf1t1eVTlThquXTcMcA84TKydlkKPu6t+2H+M0JJHEDAnRscxEOhnikmJGhiU7FSRBuI+6pKNohEIinGz81hAeKMWHQcxVRRKO1emJDIVCDEJPdYZI9sSsNxL/8zqpDC6djEZJKkmEJ4uClEEZw1FG0KecYMkGiiDMqboV4h7iCEuVZEmFYM2+PE+aJ4ZlGtbdWbl2lcdRBHtgHxwBC1yAGrgFddAAGDyBF/AG3rVn7VX70D4nrQUtn9kFf6B9/QIO8pw3</latexit>



EicC-SIDIS Kinematic Regions
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EicC-SIDIS Kinematic Regions
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Sivers distribution
naively time-reversal odd.

M. Aghashyan et al. (COMPASS Collaboration), PRL 119, 112002 (2017).

Measurement in SIDIS
Single spin asymmetry: Sivers asymmetry

Test of the sign change

with sign change

without sign change

Sivers Asymmetry

Sivers asymmetry in SIDIS has been measured 
by HERMES, COMPASS, and JLab

Example of world data
COMPASS muonproduction of pions and 
kaons off transversely polarized proton target:



Impact of EicC-SIDIS
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Parametrization: M. Anselmino et al., J. High Energy Phys. 04 (2017) 046.

World data: HERMES, COMPASS, JLab Hall A, pion and kaon SIDIS data
EicC “data”: 50 fb-1 e-p and 50 fb-1 e-3He, pion and kaon SIDIS data 



Summary
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• EicC provides a unique opportunity for the study of TMDs via the SIDIS 
process in a wide kinematic range, particularly in the “sea-quark region”. 

• A combination of pion and kaon events from e-p and e-3He allows the 
flavor separation for all light quarks. 

• EicC-SIDIS kinematics fill the gap between JLab and US-EIC coverages, 
and will in together provide a more complete kinematic coverage for 
TMD studies.

Thank you!


