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Indeed, measurements at the EIC and
lattice calculations will have a high degree
of complementarity. For some quantities,
notably the x moments of unpolarized and
polarized quark distributions, a precise de-
termination will be possible both in experi-
ment and on the lattice. Using this to vali-
date the methods used in lattice calculations,
one will gain confidence in computing quan-
tities whose experimental determination is
very hard, such as generalized form factors.
Furthermore, one can gain insight into the
underlying dynamics by computing the same
quantities with values of the quark masses
that are not realized in nature, so as to reveal
the importance of these masses for specific
properties of the nucleon. On the other hand,
there are many aspects of hadron structure
beyond the reach of lattice computations, in
particular, the distribution and polarization
of quarks and gluons at small x, for which
collider measurements are our only source of
information.
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Figure 2.1: Schematic view of a parton with
longitudinal momentum fraction x and trans-
verse position bT in the proton.

Both impact parameter distributions
f(x, bT ) and transverse-momentum distri-
butions f(x,kT ) describe proton structure
in three dimensions, or more accurately in
2+ 1 dimensions (two transverse dimensions
in either configuration or momentum space,
along with one longitudinal dimension in mo-

mentum space). Note that in a fast-moving
proton, the transverse variables play very dif-
ferent roles than the longitudinal momen-
tum.

It is important to realize that f(x, bT )
and f(x,kT ) are not related to each other by
a Fourier transform (nevertheless it is com-
mon to denote both functions by the same
symbol f). Instead, f(x, bT ) and f(x,kT )
give complementary information about par-
tons, and both types of quantities can be
thought of as descendants of Wigner distri-
butions W (x, bT ,kT ) [8], which are used ex-
tensively in other branches of physics [9].
Although there is no known way to mea-
sure Wigner distributions for quarks and
gluons, they provide a unifying theoretical
framework for the di↵erent aspects of hadron
structure we have discussed. Figure 2.2
shows the connection between these di↵erent
aspects and the experimental possibilities to
explore them.

All parton distributions depend on a
scale which specifies the resolution at which
partons are resolved, and which in a given
scattering process is provided by a large mo-
mentum transfer. For many processes in
e+p collisions, the relevant hard scale is Q

2

(see the Sidebar on page 19). The evolution
equations that describe the scale dependence
of parton distributions provide an essential
tool, both for the validation of the theory
and for the extraction of parton distributions
from cross section data. They also allow one
to convert the distributions seen at high res-
olution to lower resolution scales, where con-
tact can be made with non-perturbative de-
scriptions of the proton.

An essential property of any particle is its
spin, and parton distributions can depend on
the polarization of both the parton and the
parent proton. The spin structure is particu-
larly rich for TMDs and GPDs because they
single out a direction in the transverse plane,
thus opening the way for studying correla-
tions between spin and kT or bT . Informa-
tion about transverse degrees of freedom is
essential to access orbital angular momen-
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Applications of  jets

4
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Study of  hadron structures

“Can we use jets to probe these TMD structure?”

5
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Standard processes to study TMD structure

• They have a well-established factorization formalism

electron
p p p

Semi-Inclusive DIS

(SIDIS) Drell-Yan Dihadrons in e+e�

h1

h2

Dh/q(x, k?)
Fragmentation

Distribution
fq/h(x, k?)

µ�

µ+

Pa Pb

� ⇠ fq/P (x, k?)Dh/q(x, k?) � ⇠ fq/P (x, k?)fq̄/P (x, k?) � ⇠ Dh1/q(x, k?)Dh2/q(x, k?)

Q, q?

q? ⌧ Q

electron
p p p

electron
p p p

(CSS) Collin, Soper, Sterman `81-`85

Ji, Ma, Yuan ` 04 

Becher, Neubert, Wilhelm`11-`13

Echevarria, Idilbi, Scimemi `11-`14


…6

h

• Small transverse momentum measured with respect to an axis



                   Introduction  	           	                Jet Substructure                                    Lepton + Jet Imbalance	

Beyond the standard processes

PP ! J1 + J2 +X, eP ! J1 + J2 +X, PP ! J + V +X, eP ! J + V +X, · · ·

PP ! J1 + J2 +X, eP ! J1 + J2 +X, PP ! J + V +X, eP ! J + V +X, · · ·

• Many other imaginable processes with sensitivity to the TMD structure

• Many experiments sensitive to such processes

• Standard processes have low sensitivity to gluon TMDs.

• Standard processes sensitive to two TMDs simultaneously; 
many involving jets will only be sensitive to a single TMD.

Fig. from Chien, Shao, Wu `19

EICLHC / RHIC

PP ! J(h) +X, ...

e P ! e+ J +X

e P ! Q+ Q̄+X, ...

e P ! J(h) +X, ...

Fig. from Chien, Shao, Wu `19

e P ! J(h) +X, ...

e P ! e+ J +X

1) Inclusive jet production

e P ! e+ J +Xe P ! J(h) +X, ...

<latexit sha1_base64="XDI455EVHo+y5OBG6rNEsBoXK4Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg9TdIuqx6MXjCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6Hbqt56o0kyKBzNOaBDjgWARI9hYqen73TN03itX3Ko7A1omXk4qkMPvlb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10HGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNWtW7rNbuLyr1mzyOIhzBMZyCB1dQhzvwoQEEHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4AKBCONA==</latexit>

PP /TMDFFs

TMDPDFs
TMDFFs / TMDPDFs

2) Lepton + Jet imbalance

3) Lepton + Jet imbalance 
with hadron in jet
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EICLHC / RHIC
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collinear structure

Fig. from Chien, Shao, Wu `19
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e P ! e+ J +X

1) Inclusive jet production

2) Lepton + Jet imbalance

3) Lepton + Jet imbalance 
with hadron in jet
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PP /TMDFFs

TMDPDFs
TMDFFs / TMDPDFs
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Procura, Stewart `10

Arleo, Fontannaz, Guillet, Nguyen `14

Kaufmann, Mukherjee, Vogelsang `15


Kang, Ringer, Vitev `16

Dai, Kim, Leibovich `16

h

where z = pJT /p
c
T

zh = phT /p
J
T

9
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Jet Fragmentation Functions (JFFs)

(replace                     for EIC)pp with ep

1) Inclusive jet production
TMDFFs

collinear PDFs/FFs 
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Procura, Stewart `10

Arleo, Fontannaz, Guillet, Nguyen `14

Kaufmann, Mukherjee, Vogelsang `15


Kang, Ringer, Vitev `16

Dai, Kim, Leibovich `16
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Gh
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X

j

Jij(z, zh, pTR,µ)⌦Dh
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pTR
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d�
pp!jet(h)X

dpT d⌘dzh
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X
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fa/A ⌦ fb/B ⌦H
c
ab ⌦ Gh

c (zh)

Unpolarized case:

⇤QCD

• Collinear JFFs can be related to collinear FFs

pT pTR⇤QCD
⇤QCD

where z = pJT /p
c
T

zh = phT /p
J
T

IR sensitivity and require matching:

Jet Fragmentation Functions (JFFs)

(replace                     for EIC)pp with ep

collinear PDFs

1) Inclusive jet production
TMDFFs

collinear structure
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Polarized case:

h

Sh

where z = pJT /p
c
T

zh = phT /p
J
T

Similar definitions for 
and

d�TT ⌘ d�(~SA?, ~Sh?)� d�(~SA?,�~Sh?)
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j
h?

d�
p̄p!jet(h̄)X
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X
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c̄
āb ⌦�LGh

c (zh)⇤h

Kang, KL, Zhao, `20

Polarized Jet Fragmentation Functions (JFFs)
Helicity PDF

Transversity PDF

Helicity JFF

Transversity JFF
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dpT d⌘

• Light charged hadrons

Arleo, Fontannaz, Guillet, Nguyen `14

Kaufmann, Mukherjee, Vogelsang `15

Kang, Ringer, Vitev `16

Neill, Scimemi, Waalewijn `16

Kaufmann, Mukherjee, Vogelsang `16

Chien, Kang, Ringer, Vitev, Xing `15

Bain, Dai, Hornig, Leibovich, Makris, Mehen `16

Anderle, Kaufmann, Stratmann, Ringer, Vitev `17

Baumgart, Leibovich, Mehen, Rothstein `14

Bain, Dai, Hornig, Leibovich, Makris, Mehen `16

Kang, Qiu, Ringer, Xing, Zhang `17

Bain, Dai, Leibovich, Makris, Mehen `17

• Photons

• Heavy flavor mesons

• Quarkonia

15

Jet Fragmentation Functions (JFFs)
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Longitudinally polarized ⇤

uds

Three different scenarios can explain LEP data equally well
• Scenario 1: Only strange quarks have contribution to the fragmentation.


• Scenario 2: Negative distributions of  up and down quarks are assumed.


• Scenario 3: Same fragmentation for up, down, and strange quarks.

−0.1

−0.05

0

0.05

0.1

0.15

0.2

0.25

−2 −1 0

u quark

−2 −1 0

d quark

−2 −1 0

s quark

−2 −1 0

gluon*10

µ2 = (13× 0.4GeV)2

∆
D

Λ i
(z
,µ

2
)

log10(z) log10(z) log10(z) log10(z)

scn.1
scn.2
scn.3

u d s

µ2 = 13GeV2

−0.1

−0.05

0

0.05

0.1

0.15

0.2

0.25

−2 −1 0

u quark

−2 −1 0

d quark

−2 −1 0

s quark

−2 −1 0

gluon*10

µ2 = (13× 0.4GeV)2

∆
D

Λ i
(z
,µ

2
)

log10(z) log10(z) log10(z) log10(z)

scn.1
scn.2
scn.3

16
Burkardt, Jaffe, `93 


De Florian, Stratmann, Vogelsang, `98
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h

Sh

uds

• Scenario 1: Only strange quarks have contribution to the fragmentation.


• Scenario 2: Negative distributions of  up and down quarks are assumed.


• Scenario 3: Same fragmentation for up, down, and strange quarks.

Gives shape expected from the scenarios

Kang, KL, Zhao, `2017

JFFs to study longitudinally polarized ⇤
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where z = pJT /p
c
T

zh = phT /p
J
T
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Unpolarized case:
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(including polarized jet fragmentation functions)

j?

h

c

Jet axis

TMD hadron in jet (TMDJFFs)
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• Still hard-collinear factorization structure other than jet function modified.

When ⇤QCD . j? ⌧ pTR,

j?

h

c

19

d�
pp!jet(h)X

dpT d⌘dzhd
2j?

=
X

a,b,c

fa ⌦ fb ⌦H
c
ab ⌦ Gh

c (zh, j?)
d�

pp!jet(h)X

dpT d⌘dzh
=

X

a,b,c

fa/A ⌦ fb/B ⌦H
c
ab ⌦ Gh

c (zh)
d�

pp!jet(h)X

dpT d⌘dzhd
2j?

=
X

a,b,c

fa ⌦ fb ⌦H
c
ab ⌦ Gh

c (zh, j?)

collinear kc ⇠ pT (�
2, 1,�)

soft ks ⇠ pT (�R,�/R,�)

collinear kc ⇠ pT (�
2, 1,�)

soft ks ⇠ pT (�R,�/R,�)

TMD hadron in jet (TMDJFFs)

• TMDJFFs can be related to TMDFFs

� ⇠ j?/pT

⇢ <latexit sha1_base64="Ma1Em0KFiCkGhXKP6z1vgRT9AbY="></latexit>

Standard subtracted TMDFFs, say in SIDIS

Kang, Liu, Ringer, Xing, `17

Jet axis

Kang, KL, Shao, Zhao `21

<latexit sha1_base64="xNKS7of8fG/D4SDbZQzzRsRG/io="></latexit>
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Relation also holds for other TMDJFFs.

Unpolarized TMDJFF
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Z-tagged jet

Kang, KL, Terry, Xing `19

h jet

Z
P P

j⊥

xy

z

• LHCb collaboration measured collinear FFs and j?

Agrees well in the 0.1 < zh < 0.5 region
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Z-tagged jet

Kang, KL, Terry, Xing `19

h jet

Z
P P

j⊥

xy

z

• LHCb collaboration measured j? recently.

0 < zh < 1but with entire 

• LHCb collaboration measured collinear FFs and j?

Agrees well in the 0.1 < zh < 0.5 region

21
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Polarizing FF

• Describes transversely polarized hadron  
inside unpolarized parton.

Belle Collaboration `19

Quark polarization

H
ad

ro
n 

po
la

riz
at

io
n

TMD Fragmentation Functions
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?h/qDh/q

Gh/q

uds

Callos, Kang, Terry, `20
• Used PFF fits from Belle data
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udsPolarizing JFF

Kang, KL, Zhao, `20

Callos, Kang, Terry, `20

• Used PFF fits from Belle data

• Predictions at the LHC kinematics 

• Positive from up quark PFF at small z⇤
• Negative from down quark PFF at z⇤ & 0.3
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Azimuthal angular dependence

• Different structures come with different characteristic angular dependence.

Polarization of  A,B, h

FSASB ,Sh

24

h

Sh

p(PA, SA)

Kang, KL, Zhao, `20
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• One of  the simplest process

25

Giving relevant modes : (+,�,?)
<latexit sha1_base64="3JjjwjJSaJCAfBK4Ug1M5XTwxNA="></latexit>

� = q?/p?
<latexit sha1_base64="MagBWi8z+28s9Igo6FGszNMnHMk="></latexit>

q? = pX,? = |~kc,? + ~kc̄,? + ~kgs,? + ~kcs,?|

q? ⌧ p?
<latexit sha1_base64="SXKeq7kKjkXBLddIRDVsbrydysY=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJF3RZdOOygr1AE8JketIOnSTjzEQIpb6KGxeKuPVB3Pk2TtsstPWHgY//nMM584eCM6Ud59sqrayurW+UNytb2zu7e/b+QVulmaTQoilPZTckCjhLoKWZ5tAVEkgccuiEo5tpvfMIUrE0ude5AD8mg4RFjBJtrMCuPgSeACmwxzkWcw7smlN3ZsLL4BZQQ4Wagf3l9VOaxZBoyolSPdcR2h8TqRnlMKl4mQJB6IgMoGcwITEofzw7foKPjdPHUSrNSzSeub8nxiRWKo9D0xkTPVSLtan5X62X6ejKH7NEZBoSOl8UZRzrFE+TwH0mgWqeGyBUMnMrpkMiCdUmr4oJwV388jK0T+vuWf3i7rzWuC7iKKNDdIROkIsuUQPdoiZqIYpy9Ixe0Zv1ZL1Y79bHvLVkFTNV9EfW5w932pSp</latexit>

,

~ksc,?|

n-collinear kn ⇠ p?(�
2, 1,�)nn̄

n-collinear kn̄ ⇠ p?(1,�
2,�)nn̄

global soft kgs ⇠ p?(�,�,�)

collinear-soft kcs ⇠ p?R(�R,�/R,�)nJ ,n̄J

nJ -collinear kJ ⇠ p?(R
2, 1, R)nJ ,n̄J

n-collinear kn ⇠ p?(�
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n-collinear kn̄ ⇠ p?(1,�
2,�)nn̄

global soft kgs ⇠ p?(�,�,�)
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nJ -collinear kJ ⇠ p?(R
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n-collinear kn ⇠ p?(�
2, 1,�)nn̄

n-collinear kn̄ ⇠ p?(1,�
2,�)nn̄

global soft kgs ⇠ p?(�,�,�)

soft-collinear ksc ⇠ p?R(�R,�/R,�)nJ ,n̄J

nJ -collinear kJ ⇠ p?(R
2, 1, R)nJ ,n̄J
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q?

Soft-collinear
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Lepton

Lepton + Jet imbalance

n-collinear kn ⇠ p?(�
2, 1,�)nn̄

n-collinear kn̄ ⇠ p?(1,�
2,�)nn̄

global soft kgs ⇠ p?(�,�,�)

collinear-soft kcs ⇠ p?R(�R,�/R,�)nJ ,n̄J

nJ -collinear kJ ⇠ p?(R
2, 1, R)nJ ,n̄J

sensitive to the large logs of   
and TMD structures of  the hadrons.

ln(q?/p?)

e+ P ! e+ Jet +X

q? ⌘ |~p�? + ~pJ?|, p? ⌘ |~p�? � ~pJ?|/2
<latexit sha1_base64="fe8vcZnPw7apiCwnHsRByk2t+RQ="></latexit>

~pe? ~pe?q? ⌘ |~p�? + ~pJ?|, p? ⌘ |~p�? � ~pJ?|/2
<latexit sha1_base64="fe8vcZnPw7apiCwnHsRByk2t+RQ="></latexit>

q? ⌘ |~p�? + ~pJ?|, p? ⌘ |~p�? � ~pJ?|/2
<latexit sha1_base64="fe8vcZnPw7apiCwnHsRByk2t+RQ="></latexit>

q? = pX,? = |~kc,? + ~kc̄,? + ~kgs,? + ~kcs,?|

Liu, Ringer, Vogelsang, Yuan `18, `20 
Arratia, Kang, Prokudin, Ringer `20

2) Lepton + Jet imbalance
TMDPDFs

Beam axis
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Liu, Ringer, Vogelsang, Yuan `18, `20 
Arratia, Kang, Prokudin, Ringer `20
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TMDPDFs

} Soft functions

Jet function

We arrive at factorization using SCET
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Also, Gutierrez-Reyes, Scimemi, Waalewijn, Zoppi `19, `20

Beam axis
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Liu, Ringer, Vogelsang, Yuan `18, `20 
Arratia, Kang, Prokudin, Ringer `20 

Kang, KL, Shao, Zhao `2127

Lepton + Jet imbalance

Worm gear

Worm gear
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• With jet, only sensitive to single TMDs 
(compared to standard processes)


~q?

• We do not get sensitivity to all TMDPDFs 
(only to chiral-even TMDPDFs)
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Arratia, Kang, Prokudin, Ringer `20 
Kang, KL, Shao, Zhao `21

28

Sivers asymmetry

/ sin(�S? � �q?)

(When polarized proton moving towards us  
and transverse spin pointing up.)

• Positive �� =) a preference of  imbalance to be on left

Ba(xa, k?) !
✏⇢�? S?⇢k?�

M
f?
aT (xa, k?)
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<latexit sha1_base64="JuVB64dMjkQO16amksLgGgzpVng=">AAACHHicbZDLSsNAFIYnXmu9VV26GSyCq5JUUZdFN26EivYCTSyT6Uk7dJIMMxOhhDyIG1/FjQtF3LgQfBunbRba+sPAz3fO4cz5fcGZ0rb9bS0sLi2vrBbWiusbm1vbpZ3dpooTSaFBYx7Ltk8UcBZBQzPNoS0kkNDn0PKHl+N66wGkYnF0p0cCvJD0IxYwSrRB3dKxG0hCUxeEYtwAV4AU96krBzF2FeuHJLvtphM6ZlmWXmfdUtmu2BPheePkpoxy1bulT7cX0ySESFNOlOo4ttBeSqRmlENWdBMFgtAh6UPH2IiEoLx0clyGDw3p4SCW5kUaT+jviZSESo1C33SGRA/UbG0M/6t1Eh2ceymLRKIhotNFQcKxjvE4KdxjEqjmI2MIlcz8FdMBMWlpk2fRhODMnjxvmtWKc1qp3pyUaxd5HAW0jw7QEXLQGaqhK1RHDUTRI3pGr+jNerJerHfrY9q6YOUze+iPrK8forijlw==</latexit>

✏⇢�? S?⇢

M

d�eP!e+jet

dp?dq?
=

Z 4Y

i

d
2
ki?H(p?)�

(2)(~k1? + ~k2? + ~k3? � q?)

⇥ fa(x,~k1?)S
global(~k2?)SJc(~k3?)Jc(p?R)

3Y

i

Q
d��PP!jet+�

dp?dq?
=

✏
⇢�
? S?⇢

M

Z 4Y

i

d
2
ki?H

ab!c�(p?)�
(2)(~k1? + ~k2? + ~k3? + k4?~nJ? � q?)

⇥k1?� f
?
aT (xa, k1?)Bb(xb, k2?)S

global
nn̄nJ

(k3?)SJc(k4?)Jc(p?R)

d�eP!e+jet

dp?dq?
=

Z 4Y

i

d
2
ki?H(p?)�

(2)(~k1? + ~k2? + ~k3? � q?)

⇥ fa(x,~k1?)S
global(~k2?)SJc(~k3?)Jc(p?R)

3Y

i

Q

.
q?

x̂

ẑ

FUU+�p�eFLL+ST

⇢
sin(�SA��q)F

sin(�SA
��q)

TU +�e cos(�SA��q)F
cos(�SA

��q)
TL

�
,

FUU+�p�eFLL+ST

⇢
sin(�SA��q)F

sin(�SA
��q)

TU +�e cos(�SA��q)F
cos(�SA

��q)
TL

�
,

⇠ f1 ⇠ g1L

⇠ f?
1T

⇠ g1T

d�e(�e)P (S)!e+jet

dp?dq?
=

<latexit sha1_base64="OPL+JLHRnbC7GoPopFHHbQdUD5Y="></latexit>

d��eP!e+jet

dp?dq?

<latexit sha1_base64="zAlXMJdNz91MiNLgn9wlfimIteA="></latexit>

A
sin(�SA

��q)
UT =

F
sin(�SA

��q)
UT

FUU

<latexit sha1_base64="HwC6rgI6yk4bn7ddEL8og1pss/A=">AAACAHicbZC7TsMwFIadcivlFmBgYLGokMpAlVQIGAssjEXQi9REkeM6rVXHCbaDVEVZeBUWBhBi5THYeBvcNAMUfsnSp/+co+Pz+zGjUlnWl1FaWFxaXimvVtbWNza3zO2djowSgUkbRywSPR9JwignbUUVI71YEBT6jHT98dW03n0gQtKI36lJTNwQDTkNKEZKW56550jKa048ol56611kxzneH3lm1apbueBfsAuogkItz/x0BhFOQsIVZkjKvm3Fyk2RUBQzklWcRJIY4TEakr5GjkIi3TQ/IIOH2hnAIBL6cQVz9+dEikIpJ6GvO0OkRnK+NjX/q/UTFZy7KeVxogjHs0VBwqCK4DQNOKCCYMUmGhAWVP8V4hESCCudWUWHYM+f/Bc6jbp9Wm/cnFSbl0UcZbAPDkAN2OAMNME1aIE2wCADT+AFvBqPxrPxZrzPWktGMbMLfsn4+AYOuJYQ</latexit>

sin(�SA � �q)

Sivers from SIDIS extraction  
Echevarria, Idilbi, Kang, Vitev, `14

<latexit sha1_base64="UYC2NS12cNIegAUDa7udjdPyXeY=">AAACDnicbVDLTgIxFL2DL8QX6tJNIzFxRWaIUZeoG5cYBElgQjqlAw1tZ9J2jGTCJ5i40j9xZ9z6C/6IawvMQsCTNDk5597c0xPEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzR1lChCGyTikWoFWFPOJG0YZjhtxYpiEXD6EAxvJv7DI1WaRfLejGLqC9yXLGQEGyvV692rbrHklt0p0DLxMlKCDLVu8afTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6dRx+jEKj0URso+adBU/buRYqH1SAR2UmAz0IveRPzXe5odmNMCsZDGhJd+ymScGCrJLEyYcGQiNOkG9ZiixPCRJZgoZv+DyAArTIxtsGCL8hZrWSbNStk7L1fuzkrV66yyPBzBMZyCBxdQhVuoQQMI9OEZXuHNeXHenQ/nczaac7KdQ5iD8/UL/V+cvg==</latexit>

SA

EIC kinematics
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SA

<latexit sha1_base64="TQ/iYeWtFXUeQnCpt6a6e4bPFH4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj14rFS+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPo3/VLZrbhzkFXi5aQMOer90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlqXFa9aqT5Uy7XbPI4CnMIZXIAHV1CDe6hDExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHtyY2S</latexit>

�SA
<latexit sha1_base64="gOjjGqEF8WNOjXwddPXEijVlWdo=">AAAB8nicbZDLSsNAFIYn9VbjrerSTWgRXJVExcuu6sZlRdMW0hAm00k7dDITZiZCCV37BG5cKOLGhU/jzvfwAZykRdT6w8DH/5/DnHPChBKpbPvDKM3NLywulZfNldW19Y3K5lZL8lQg7CJOueiEUGJKGHYVURR3EoFhHFLcDocXed6+xUISzm7UKMF+DPuMRARBpS3P7CYDEmTXwdk4qNTsul3ImgVnCrVGNYruPt3XZlB57/Y4SmPMFKJQSs+xE+VnUCiCKB6b3VTiBKIh7GNPI4Mxln5WjDy2drXTsyIu9GPKKtyfHRmMpRzFoa6MoRrIv1lu/pd5qYpO/IywJFWYoclHUUotxa18f6tHBEaKjjRAJIie1UIDKCBS+kpmcYTTXEffK89Ca7/uHNQPr5xa4xxMVAY7oAr2gAOOQQNcgiZwAQIc3INH8GQo48F4Nl4mpSVj2rMNfsl4+wKr/JS0</latexit>

h
<latexit sha1_base64="o0PnW9Qu0oHR+bO/AIAJRGge31A=">AAAB6HicbZDLSsNAFIZPvNZ4q7p0M1gEVyVR8bIQi25ctmAv0IYymU7bsZNJmJkIJfQJ3LhQxK0+jHs34ts4SYuo9YeBj/8/hznn+BFnSjvOpzUzOze/sJhbspdXVtfW8xubNRXGktAqCXkoGz5WlDNBq5ppThuRpDjwOa37g8s0r99SqVgorvUwol6Ae4J1GcHaWJV+O19wik4mNA3uBArnb/ZZ9Pphl9v591YnJHFAhSYcK9V0nUh7CZaaEU5HditWNMJkgHu0aVDggCovyQYdoV3jdFA3lOYJjTL3Z0eCA6WGgW8qA6z76m+Wmv9lzVh3T7yEiSjWVJDxR92YIx2idGvUYZISzYcGMJHMzIpIH0tMtLmNnR3hNNXR98rTUNsvugfFw4pbKF3AWDnYhh3YAxeOoQRXUIYqEKBwBw/waN1Y99aT9TwunbEmPVvwS9bLF0b5kGI=</latexit>

Sh

<latexit sha1_base64="jrDYGJ0EuJXG9RGxLjL0krf/jEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF4+V2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKzeZgPChX3Kq7AFknXk4qkKMxKH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbSvql6tWnuoVeq3eRxFOINzuAQPrqEO99CAFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEo9I25</latexit>

zJ

<latexit sha1_base64="MpZsu57jNfdSVplhK3x+ktubTfw=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj0Ip4q2A9IQ9lsN+3SzW7YnYg19Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnH17nfeWDacCXvYZKwICZDySNOCVjJ7wF7hOxp2r8t9ytVt+bOgJeJV5AqKtDsV756A0XTmEmgghjje24CQUY0cCrYtNxLDUsIHZMh8y2VJGYmyGYnT/GpVQY4UtqWBDxTf09kJDZmEoe2MyYwMoteLv7n+SlEl0HGZZICk3S+KEoFBoXz//GAa0ZBTCwhVHN7K6YjogkFm1Iegrf48jJpn9e8eq1+V682roo4SugYnaAz5KEL1EA3qIlaiCKFntErenPAeXHenY9564pTzByhP3A+fwA2E5E1</latexit>

xJ

<latexit sha1_base64="DAKpGr4/ko36AAPO3SCYPRC5lBc=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj0Ip4q2A9IQ9lsN+3SzW7YnUhL6M/w4kERr/4ab/4bN20O2vpg4PHeDDPzwkRwA6777aytb2xubZd2yrt7+weHlaPjtlGppqxFlVC6GxLDBJesBRwE6yaakTgUrBOOb3O/88S04Uo+wjRhQUyGkkecErCS3wM2gWwy69+X+5WqW3PnwKvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsVu6lhiWEjsmQ+ZZKEjMTZPOTZ/jcKgMcKW1LAp6rvycyEhszjUPbGRMYmWUvF//z/BSi6yDjMkmBSbpYFKUCg8L5/3jANaMgppYQqrm9FdMR0YSCTSkPwVt+eZW0L2tevVZ/qFcbN0UcJXSKztAF8tAVaqA71EQtRJFCz+gVvTngvDjvzseidc0pZk7QHzifPzMDkTM=</latexit>

yJ

<latexit sha1_base64="2Z3Vgf/4WBLfzPC4mhOPCN0unKg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeiF/FUwX5AG8pmu2mXbnbD7kQMoT/DiwdFvPprvPlv3LQ5aOuDgcd7M8zMC2LBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaMSTVmbKqF0LyCGCS5ZGzgI1os1I1EgWDeY3uR+95Fpw5V8gDRmfkTGkoecErBSfwDsCbJ0NryrDKs1t+7OgVeJV5AaKtAaVr8GI0WTiEmgghjT99wY/Ixo4FSwWWWQGBYTOiVj1rdUkogZP5ufPMNnVhnhUGlbEvBc/T2RkciYNApsZ0RgYpa9XPzP6ycQXvkZl3ECTNLFojARGBTO/8cjrhkFkVpCqOb2VkwnRBMKNqU8BG/55VXSuah7jXrjvlFrXhdxlNEJOkXnyEOXqIluUQu1EUUKPaNX9OaA8+K8Ox+L1pJTzByjP3A+fwA0i5E0</latexit>

x

<latexit sha1_base64="qt4o6cXFMptE+aIX3nJAFlDDbZE=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj04rGC/YA2lM120i7dbOLuRFpC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxuZ37rCbQRsXrASQJ+xAZKhIIztFK7izDGbDztlcpuxZ2DrhIvJ2WSo94rfXX7MU8jUMglM6bjuQn6GdMouIRpsZsaSBgfsQF0LFUsAuNn83un9NwqfRrG2pZCOld/T2QsMmYSBbYzYjg0y95M/M/rpBhe+5lQSYqg+GJRmEqKMZ09T/tCA0c5sYRxLeytlA+ZZhxtREUbgrf88ippXla8aqV6Xy3XbvI4CuSUnJEL4pErUiN3pE4ahBNJnskreXMenRfn3flYtK45+cwJ+QPn8wepApBi</latexit>

y

<latexit sha1_base64="yROZwmE8+zxU+27vIONWJwVaqvU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2ilTg/5E2aTab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5vVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqISjYEb/nlVdK6qHq1au2uVqlf53EU4QRO4Rw8uIQ63EIDmsBAwjO8wpvz4Lw4787HorXg5DPH8AfO5w+qh5Bj</latexit>

z

<latexit sha1_base64="W+TNK2M6NF1BZDNyl6nbBlVxvG0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj04rGC/YA2lM120y7dbOLuRKyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR9dRvPXBtRKzucJxwP6IDJULBKFqp3UX+iNnTpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns3gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTJ8nfaE5Qzm2hDIt7K2EDammDG1ERRuCt/jyMmmeV7xqpXpbLdeu8jgKcAwncAYeXEANbqAODWAg4Rle4c25d16cd+dj3rri5DNH8AfO5w+sDJBk</latexit>

�̂Sh

<latexit sha1_base64="MV5cx/Pg1hWKCAkcU4w6WN5D6YU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Qc0IWy2m2bpZhN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MONMacf5tiobm1vbO9Xd2t7+weGRfXzSVWkuCe2QlKeyH2JFORO0o5nmtJ9JipOQ0144vpv7vQmViqXiSU8z6id4JFjECNZGCmzbi7EuvCxms6B4DOJZYNedhrMAWiduSepQoh3YX94wJXlChSYcKzVwnUz7BZaaEU5nNS9XNMNkjEd0YKjACVV+sbh8hi6MMkRRKk0JjRbq74kCJ0pNk9B0JljHatWbi/95g1xHN37BRJZrKshyUZRzpFM0jwENmaRE86khmEhmbkUkxhITbcKqmRDc1ZfXSfeq4TYbzYdmvXVbxlGFMziHS3DhGlpwD23oAIEJPMMrvFmF9WK9Wx/L1opVzpzCH1ifPw+Vk/E=</latexit>

�̂h

<latexit sha1_base64="pS1iGr4hOLxAf81n3HjD73fQask=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cK9gPaWDbbTbN0swm7E6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPTwTX6DjfVmltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHq+UQzwSVrI0fBeoliJPIF6/qTm5nffWRK81je4zRhXkTGkgecEjTSwyAkmA2SkOfDLMyH1ZpTd+awV4lbkBoUaA2rX4NRTNOISaSCaN13nQS9jCjkVLC8Mkg1SwidkDHrGypJxLSXza/O7TOjjOwgVqYk2nP190RGIq2nkW86I4KhXvZm4n9eP8Xgysu4TFJkki4WBamwMbZnEdgjrhhFMTWEUMXNrTYNiSIUTVAVE4K7/PIq6VzU3Ua9cdeoNa+LOMpwAqdwDi5cQhNuoQVtoKDgGV7hzXqyXqx362PRWrKKmWP4A+vzBzQWkvo=</latexit>

Sh?

<latexit sha1_base64="RS9ybw2G2Ikrkae3Yvss+AHK4Vc=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCKsFYwcJYBH1ITRQ5jtNadezIdpCqKAu/wsIAQqx8Bht/g9NmgJYjWT46517de0+YMqq043xbK6tr6xubta369s7u3r59cNhTIpOYdLFgQg5CpAijnHQ11YwMUklQEjLSDyc3pd9/JFJRwR/0NCV+gkacxhQjbaTAPvZCwSI1TcyX3xdBPvZSItMisBtO05kBLhO3Ig1QoRPYX14kcJYQrjFDSg1dJ9V+jqSmmJGi7mWKpAhP0IgMDeUoIcrPZwcU8MwoEYyFNI9rOFN/d+QoUeWOpjJBeqwWvVL8zxtmOr7yc8rTTBOO54PijEEtYJkGjKgkWLOpIQhLanaFeIwkwtpkVjchuIsnL5PeRdNtNVt3rUb7uoqjBk7AKTgHLrgEbXALOqALMCjAM3gFb9aT9WK9Wx/z0hWr6jkCf2B9/gDxj5dI</latexit>

j?

<latexit sha1_base64="R6rG05HWmdXACM+5sHH9aVu/CGo=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WBnocevE4wX3AWkqaZltcmoYkFUbtwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8kLBqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKuSVGLSwQlLZD9EijDKSUdTzUhfSILikJFeOLku/N4DkYom/E5PBfFjNOJ0SDHSRgrsIy9MWKSmsbmy+zzIPEGkyAO77jScGeAycUtSByXagf3lRQlOY8I1ZkipgesI7WdIaooZyWteqohAeIJGZGAoRzFRfjbLn8NTo0RwmEhzuIYz9fdGhmJVRDSTMdJjtegV4n/eINXDSz+jXKSacDx/aJgyqBNYlAEjKgnWbGoIwpKarBCPkURYm8pqpgR38cvLpHvecJuN5m2z3roq66iCY3ACzoALLkAL3IA26AAMHsEzeAVv1pP1Yr1bH/PRilXuHII/sD5/AElFlu0=</latexit>

ST

<latexit sha1_base64="VYhKseuvPbgIFYnpL6gXUNvLPI8=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQy0OPQi8eJ+4KtlDRNt7A0KUkqjtJ/xYsHRbz6j3jzvzHdetDNByGP934/8vKChFGlHefbqmxsbm3vVHdre/sHh0f2cb2vRCox6WHBhBwGSBFGOelpqhkZJpKgOGBkEMxuC3/wSKSignf1PCFejCacRhQjbSTfro8DwUI1j82VPeR+1s19u+E0nQXgOnFL0gAlOr79NQ4FTmPCNWZIqZHrJNrLkNQUM5LXxqkiCcIzNCEjQzmKifKyRfYcnhslhJGQ5nANF+rvjQzFqohnJmOkp2rVK8T/vFGqo2svozxJNeF4+VCUMqgFLIqAIZUEazY3BGFJTVaIp0girE1dNVOCu/rlddK/bLqtZuu+1WjflHVUwSk4AxfABVegDe5AB/QABk/gGbyCNyu3Xqx362M5WrHKnRPwB9bnD8qnlO8=</latexit>

e(pB )

P (pA)

e(pD)

jet(pC)

Jet axis

Beam axis

• Observation of  polarized hadron inside jet  
gives sensitivity to all TMDPDFs and TMDFFs.  
(analogous correlations to standard SIDIS) 

• Sensitivity to two TMDs, but sensitive  
to       and       separately (advantage of  two axes)~q? ~j?

Kang, KL, Shao, Zhao `21

Many characteristic correlations

3) Lepton + Jet imbalance 
with hadron in jet

TMDFFs / TMDPDFs
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SA

<latexit sha1_base64="TQ/iYeWtFXUeQnCpt6a6e4bPFH4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj14rFS+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPo3/VLZrbhzkFXi5aQMOer90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlqXFa9aqT5Uy7XbPI4CnMIZXIAHV1CDe6hDExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHtyY2S</latexit>

�SA
<latexit sha1_base64="gOjjGqEF8WNOjXwddPXEijVlWdo=">AAAB8nicbZDLSsNAFIYn9VbjrerSTWgRXJVExcuu6sZlRdMW0hAm00k7dDITZiZCCV37BG5cKOLGhU/jzvfwAZykRdT6w8DH/5/DnHPChBKpbPvDKM3NLywulZfNldW19Y3K5lZL8lQg7CJOueiEUGJKGHYVURR3EoFhHFLcDocXed6+xUISzm7UKMF+DPuMRARBpS3P7CYDEmTXwdk4qNTsul3ImgVnCrVGNYruPt3XZlB57/Y4SmPMFKJQSs+xE+VnUCiCKB6b3VTiBKIh7GNPI4Mxln5WjDy2drXTsyIu9GPKKtyfHRmMpRzFoa6MoRrIv1lu/pd5qYpO/IywJFWYoclHUUotxa18f6tHBEaKjjRAJIie1UIDKCBS+kpmcYTTXEffK89Ca7/uHNQPr5xa4xxMVAY7oAr2gAOOQQNcgiZwAQIc3INH8GQo48F4Nl4mpSVj2rMNfsl4+wKr/JS0</latexit>

h
<latexit sha1_base64="o0PnW9Qu0oHR+bO/AIAJRGge31A=">AAAB6HicbZDLSsNAFIZPvNZ4q7p0M1gEVyVR8bIQi25ctmAv0IYymU7bsZNJmJkIJfQJ3LhQxK0+jHs34ts4SYuo9YeBj/8/hznn+BFnSjvOpzUzOze/sJhbspdXVtfW8xubNRXGktAqCXkoGz5WlDNBq5ppThuRpDjwOa37g8s0r99SqVgorvUwol6Ae4J1GcHaWJV+O19wik4mNA3uBArnb/ZZ9Pphl9v591YnJHFAhSYcK9V0nUh7CZaaEU5HditWNMJkgHu0aVDggCovyQYdoV3jdFA3lOYJjTL3Z0eCA6WGgW8qA6z76m+Wmv9lzVh3T7yEiSjWVJDxR92YIx2idGvUYZISzYcGMJHMzIpIH0tMtLmNnR3hNNXR98rTUNsvugfFw4pbKF3AWDnYhh3YAxeOoQRXUIYqEKBwBw/waN1Y99aT9TwunbEmPVvwS9bLF0b5kGI=</latexit>

Sh

<latexit sha1_base64="jrDYGJ0EuJXG9RGxLjL0krf/jEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF4+V2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKzeZgPChX3Kq7AFknXk4qkKMxKH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbSvql6tWnuoVeq3eRxFOINzuAQPrqEO99CAFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEo9I25</latexit>

zJ

<latexit sha1_base64="MpZsu57jNfdSVplhK3x+ktubTfw=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj0Ip4q2A9IQ9lsN+3SzW7YnYg19Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnH17nfeWDacCXvYZKwICZDySNOCVjJ7wF7hOxp2r8t9ytVt+bOgJeJV5AqKtDsV756A0XTmEmgghjje24CQUY0cCrYtNxLDUsIHZMh8y2VJGYmyGYnT/GpVQY4UtqWBDxTf09kJDZmEoe2MyYwMoteLv7n+SlEl0HGZZICk3S+KEoFBoXz//GAa0ZBTCwhVHN7K6YjogkFm1Iegrf48jJpn9e8eq1+V682roo4SugYnaAz5KEL1EA3qIlaiCKFntErenPAeXHenY9564pTzByhP3A+fwA2E5E1</latexit>

xJ

<latexit sha1_base64="DAKpGr4/ko36AAPO3SCYPRC5lBc=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj0Ip4q2A9IQ9lsN+3SzW7YnUhL6M/w4kERr/4ab/4bN20O2vpg4PHeDDPzwkRwA6777aytb2xubZd2yrt7+weHlaPjtlGppqxFlVC6GxLDBJesBRwE6yaakTgUrBOOb3O/88S04Uo+wjRhQUyGkkecErCS3wM2gWwy69+X+5WqW3PnwKvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsVu6lhiWEjsmQ+ZZKEjMTZPOTZ/jcKgMcKW1LAp6rvycyEhszjUPbGRMYmWUvF//z/BSi6yDjMkmBSbpYFKUCg8L5/3jANaMgppYQqrm9FdMR0YSCTSkPwVt+eZW0L2tevVZ/qFcbN0UcJXSKztAF8tAVaqA71EQtRJFCz+gVvTngvDjvzseidc0pZk7QHzifPzMDkTM=</latexit>

yJ

<latexit sha1_base64="2Z3Vgf/4WBLfzPC4mhOPCN0unKg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeiF/FUwX5AG8pmu2mXbnbD7kQMoT/DiwdFvPprvPlv3LQ5aOuDgcd7M8zMC2LBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaMSTVmbKqF0LyCGCS5ZGzgI1os1I1EgWDeY3uR+95Fpw5V8gDRmfkTGkoecErBSfwDsCbJ0NryrDKs1t+7OgVeJV5AaKtAaVr8GI0WTiEmgghjT99wY/Ixo4FSwWWWQGBYTOiVj1rdUkogZP5ufPMNnVhnhUGlbEvBc/T2RkciYNApsZ0RgYpa9XPzP6ycQXvkZl3ECTNLFojARGBTO/8cjrhkFkVpCqOb2VkwnRBMKNqU8BG/55VXSuah7jXrjvlFrXhdxlNEJOkXnyEOXqIluUQu1EUUKPaNX9OaA8+K8Ox+L1pJTzByjP3A+fwA0i5E0</latexit>

x

<latexit sha1_base64="qt4o6cXFMptE+aIX3nJAFlDDbZE=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj04rGC/YA2lM120i7dbOLuRFpC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxuZ37rCbQRsXrASQJ+xAZKhIIztFK7izDGbDztlcpuxZ2DrhIvJ2WSo94rfXX7MU8jUMglM6bjuQn6GdMouIRpsZsaSBgfsQF0LFUsAuNn83un9NwqfRrG2pZCOld/T2QsMmYSBbYzYjg0y95M/M/rpBhe+5lQSYqg+GJRmEqKMZ09T/tCA0c5sYRxLeytlA+ZZhxtREUbgrf88ippXla8aqV6Xy3XbvI4CuSUnJEL4pErUiN3pE4ahBNJnskreXMenRfn3flYtK45+cwJ+QPn8wepApBi</latexit>

y

<latexit sha1_base64="yROZwmE8+zxU+27vIONWJwVaqvU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2ilTg/5E2aTab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5vVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqISjYEb/nlVdK6qHq1au2uVqlf53EU4QRO4Rw8uIQ63EIDmsBAwjO8wpvz4Lw4787HorXg5DPH8AfO5w+qh5Bj</latexit>

z

<latexit sha1_base64="W+TNK2M6NF1BZDNyl6nbBlVxvG0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj04rGC/YA2lM120y7dbOLuRKyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR9dRvPXBtRKzucJxwP6IDJULBKFqp3UX+iNnTpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns3gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTJ8nfaE5Qzm2hDIt7K2EDammDG1ERRuCt/jyMmmeV7xqpXpbLdeu8jgKcAwncAYeXEANbqAODWAg4Rle4c25d16cd+dj3rri5DNH8AfO5w+sDJBk</latexit>

�̂Sh

<latexit sha1_base64="MV5cx/Pg1hWKCAkcU4w6WN5D6YU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Qc0IWy2m2bpZhN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MONMacf5tiobm1vbO9Xd2t7+weGRfXzSVWkuCe2QlKeyH2JFORO0o5nmtJ9JipOQ0144vpv7vQmViqXiSU8z6id4JFjECNZGCmzbi7EuvCxms6B4DOJZYNedhrMAWiduSepQoh3YX94wJXlChSYcKzVwnUz7BZaaEU5nNS9XNMNkjEd0YKjACVV+sbh8hi6MMkRRKk0JjRbq74kCJ0pNk9B0JljHatWbi/95g1xHN37BRJZrKshyUZRzpFM0jwENmaRE86khmEhmbkUkxhITbcKqmRDc1ZfXSfeq4TYbzYdmvXVbxlGFMziHS3DhGlpwD23oAIEJPMMrvFmF9WK9Wx/L1opVzpzCH1ifPw+Vk/E=</latexit>

�̂h

<latexit sha1_base64="pS1iGr4hOLxAf81n3HjD73fQask=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cK9gPaWDbbTbN0swm7E6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPTwTX6DjfVmltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHq+UQzwSVrI0fBeoliJPIF6/qTm5nffWRK81je4zRhXkTGkgecEjTSwyAkmA2SkOfDLMyH1ZpTd+awV4lbkBoUaA2rX4NRTNOISaSCaN13nQS9jCjkVLC8Mkg1SwidkDHrGypJxLSXza/O7TOjjOwgVqYk2nP190RGIq2nkW86I4KhXvZm4n9eP8Xgysu4TFJkki4WBamwMbZnEdgjrhhFMTWEUMXNrTYNiSIUTVAVE4K7/PIq6VzU3Ua9cdeoNa+LOMpwAqdwDi5cQhNuoQVtoKDgGV7hzXqyXqx362PRWrKKmWP4A+vzBzQWkvo=</latexit>

Sh?

<latexit sha1_base64="RS9ybw2G2Ikrkae3Yvss+AHK4Vc=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCKsFYwcJYBH1ITRQ5jtNadezIdpCqKAu/wsIAQqx8Bht/g9NmgJYjWT46517de0+YMqq043xbK6tr6xubta369s7u3r59cNhTIpOYdLFgQg5CpAijnHQ11YwMUklQEjLSDyc3pd9/JFJRwR/0NCV+gkacxhQjbaTAPvZCwSI1TcyX3xdBPvZSItMisBtO05kBLhO3Ig1QoRPYX14kcJYQrjFDSg1dJ9V+jqSmmJGi7mWKpAhP0IgMDeUoIcrPZwcU8MwoEYyFNI9rOFN/d+QoUeWOpjJBeqwWvVL8zxtmOr7yc8rTTBOO54PijEEtYJkGjKgkWLOpIQhLanaFeIwkwtpkVjchuIsnL5PeRdNtNVt3rUb7uoqjBk7AKTgHLrgEbXALOqALMCjAM3gFb9aT9WK9Wx/z0hWr6jkCf2B9/gDxj5dI</latexit>

j?

<latexit sha1_base64="R6rG05HWmdXACM+5sHH9aVu/CGo=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WBnocevE4wX3AWkqaZltcmoYkFUbtwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8kLBqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKuSVGLSwQlLZD9EijDKSUdTzUhfSILikJFeOLku/N4DkYom/E5PBfFjNOJ0SDHSRgrsIy9MWKSmsbmy+zzIPEGkyAO77jScGeAycUtSByXagf3lRQlOY8I1ZkipgesI7WdIaooZyWteqohAeIJGZGAoRzFRfjbLn8NTo0RwmEhzuIYz9fdGhmJVRDSTMdJjtegV4n/eINXDSz+jXKSacDx/aJgyqBNYlAEjKgnWbGoIwpKarBCPkURYm8pqpgR38cvLpHvecJuN5m2z3roq66iCY3ACzoALLkAL3IA26AAMHsEzeAVv1pP1Yr1bH/PRilXuHII/sD5/AElFlu0=</latexit>

ST

<latexit sha1_base64="VYhKseuvPbgIFYnpL6gXUNvLPI8=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQy0OPQi8eJ+4KtlDRNt7A0KUkqjtJ/xYsHRbz6j3jzvzHdetDNByGP934/8vKChFGlHefbqmxsbm3vVHdre/sHh0f2cb2vRCox6WHBhBwGSBFGOelpqhkZJpKgOGBkEMxuC3/wSKSignf1PCFejCacRhQjbSTfro8DwUI1j82VPeR+1s19u+E0nQXgOnFL0gAlOr79NQ4FTmPCNWZIqZHrJNrLkNQUM5LXxqkiCcIzNCEjQzmKifKyRfYcnhslhJGQ5nANF+rvjQzFqohnJmOkp2rVK8T/vFGqo2svozxJNeF4+VCUMqgFLIqAIZUEazY3BGFJTVaIp0girE1dNVOCu/rlddK/bLqtZuu+1WjflHVUwSk4AxfABVegDe5AB/QABk/gGbyCNyu3Xqx362M5WrHKnRPwB9bnD8qnlO8=</latexit>
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Collins

• Boer-Mulders and Collins functions 
sensitive to transverse momentum measured 
with respect to different axes.

• “Separation’’ of  the incoming  
and outgoing dynamics.

<latexit sha1_base64="O4jLxc+kL5NgieHTLkLErIo0Cmk=">AAACLnicbZDLSgMxFIYzXmu9jbp0M1iEuikzRdRl8QJdVrAX6IxDJs20sZlMTDJCGfpEbnwVXQgq4tbHMG2Hoq0HQj7+/xyS8wecEqls+81YWFxaXlnNreXXNza3ts2d3YaME4FwHcU0Fq0ASkwJw3VFFMUtLjCMAoqbQf9i5DcfsJAkZjdqwLEXwS4jIUFQack3r9xQQJT2fOfW5Vjw4r0/vo+qU+UuU4Zp6DtT/1Lz1PHNgl2yx2XNg5NBAWRV880XtxOjJMJMIQqlbDs2V14KhSKI4mHeTSTmEPVhF7c1Mhhh6aXjdYfWoVY6VhgLfZiyxurviRRGUg6iQHdGUPXkrDcS//PaiQrPvJQwnijM0OShMKGWiq1RdlaHCIwUHWiASBD9Vwv1oM5P6YTzOgRnduV5aJRLzkmpfH1cqJxnceTAPjgAReCAU1ABVVADdYDAI3gG7+DDeDJejU/ja9K6YGQze+BPGd8/FB+oig==</latexit>

h
?
1 (q?)H

?
1 (j?)
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<latexit sha1_base64="/p8M8AXXVi4cLOHjQwAyXchEUzY=">AAACD3icbVDLSgMxFL3js9ZX1aWbYBFcSJmRoi6LblxWcNpCO5RMmrahSWZIMmIZ+guCK/0Td+LWT/BHXJtpZ2FbDwQO59zLPTlhzJk2rvvtrKyurW9sFraK2zu7e/ulg8OGjhJFqE8iHqlWiDXlTFLfMMNpK1YUi5DTZji6zfzmI1WaRfLBjGMaCDyQrM8INpnk++d+t1R2K+4UaJl4OSlDjnq39NPpRSQRVBrCsdZtz41NkGJlGOF0UuwkmsaYjPCAti2VWFAdpNOsE3RqlR7qR8o+adBU/buRYqH1WIR2UmAz1IteJv7rPc0OzGmhWEhj+tdBymScGCrJLEw/4chEKCsH9ZiixPCxJZgoZv+DyBArTIytsGiL8hZrWSaNi4p3WaneV8u1m7yyAhzDCZyBB1dQgzuogw8EhvAMr/DmvDjvzofzORtdcfKdI5iD8/ULgK6dAg==</latexit>

UU,U

<latexit sha1_base64="/p8M8AXXVi4cLOHjQwAyXchEUzY=">AAACD3icbVDLSgMxFL3js9ZX1aWbYBFcSJmRoi6LblxWcNpCO5RMmrahSWZIMmIZ+guCK/0Td+LWT/BHXJtpZ2FbDwQO59zLPTlhzJk2rvvtrKyurW9sFraK2zu7e/ulg8OGjhJFqE8iHqlWiDXlTFLfMMNpK1YUi5DTZji6zfzmI1WaRfLBjGMaCDyQrM8INpnk++d+t1R2K+4UaJl4OSlDjnq39NPpRSQRVBrCsdZtz41NkGJlGOF0UuwkmsaYjPCAti2VWFAdpNOsE3RqlR7qR8o+adBU/buRYqH1WIR2UmAz1IteJv7rPc0OzGmhWEhj+tdBymScGCrJLEw/4chEKCsH9ZiixPCxJZgoZv+DyBArTIytsGiL8hZrWSaNi4p3WaneV8u1m7yyAhzDCZyBB1dQgzuogw8EhvAMr/DmvDjvzofzORtdcfKdI5iD8/ULgK6dAg==</latexit>

UU,U
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<latexit sha1_base64="O4jLxc+kL5NgieHTLkLErIo0Cmk=">AAACLnicbZDLSgMxFIYzXmu9jbp0M1iEuikzRdRl8QJdVrAX6IxDJs20sZlMTDJCGfpEbnwVXQgq4tbHMG2Hoq0HQj7+/xyS8wecEqls+81YWFxaXlnNreXXNza3ts2d3YaME4FwHcU0Fq0ASkwJw3VFFMUtLjCMAoqbQf9i5DcfsJAkZjdqwLEXwS4jIUFQack3r9xQQJT2fOfW5Vjw4r0/vo+qU+UuU4Zp6DtT/1Lz1PHNgl2yx2XNg5NBAWRV880XtxOjJMJMIQqlbDs2V14KhSKI4mHeTSTmEPVhF7c1Mhhh6aXjdYfWoVY6VhgLfZiyxurviRRGUg6iQHdGUPXkrDcS//PaiQrPvJQwnijM0OShMKGWiq1RdlaHCIwUHWiASBD9Vwv1oM5P6YTzOgRnduV5aJRLzkmpfH1cqJxnceTAPjgAReCAU1ABVVADdYDAI3gG7+DDeDJejU/ja9K6YGQze+BPGd8/FB+oig==</latexit>
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Kang, KL, Shao, Zhao `21
Barone, Melis, Prokudin `10 (Boer-Mulders) 
Kang, Prokudin, Sun, Yuan `15  (Collins)
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Phenomenology : 
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SA

<latexit sha1_base64="TQ/iYeWtFXUeQnCpt6a6e4bPFH4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj14rFS+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPo3/VLZrbhzkFXi5aQMOer90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlqXFa9aqT5Uy7XbPI4CnMIZXIAHV1CDe6hDExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHtyY2S</latexit>

�SA
<latexit sha1_base64="gOjjGqEF8WNOjXwddPXEijVlWdo=">AAAB8nicbZDLSsNAFIYn9VbjrerSTWgRXJVExcuu6sZlRdMW0hAm00k7dDITZiZCCV37BG5cKOLGhU/jzvfwAZykRdT6w8DH/5/DnHPChBKpbPvDKM3NLywulZfNldW19Y3K5lZL8lQg7CJOueiEUGJKGHYVURR3EoFhHFLcDocXed6+xUISzm7UKMF+DPuMRARBpS3P7CYDEmTXwdk4qNTsul3ImgVnCrVGNYruPt3XZlB57/Y4SmPMFKJQSs+xE+VnUCiCKB6b3VTiBKIh7GNPI4Mxln5WjDy2drXTsyIu9GPKKtyfHRmMpRzFoa6MoRrIv1lu/pd5qYpO/IywJFWYoclHUUotxa18f6tHBEaKjjRAJIie1UIDKCBS+kpmcYTTXEffK89Ca7/uHNQPr5xa4xxMVAY7oAr2gAOOQQNcgiZwAQIc3INH8GQo48F4Nl4mpSVj2rMNfsl4+wKr/JS0</latexit>

h
<latexit sha1_base64="o0PnW9Qu0oHR+bO/AIAJRGge31A=">AAAB6HicbZDLSsNAFIZPvNZ4q7p0M1gEVyVR8bIQi25ctmAv0IYymU7bsZNJmJkIJfQJ3LhQxK0+jHs34ts4SYuo9YeBj/8/hznn+BFnSjvOpzUzOze/sJhbspdXVtfW8xubNRXGktAqCXkoGz5WlDNBq5ppThuRpDjwOa37g8s0r99SqVgorvUwol6Ae4J1GcHaWJV+O19wik4mNA3uBArnb/ZZ9Pphl9v591YnJHFAhSYcK9V0nUh7CZaaEU5HditWNMJkgHu0aVDggCovyQYdoV3jdFA3lOYJjTL3Z0eCA6WGgW8qA6z76m+Wmv9lzVh3T7yEiSjWVJDxR92YIx2idGvUYZISzYcGMJHMzIpIH0tMtLmNnR3hNNXR98rTUNsvugfFw4pbKF3AWDnYhh3YAxeOoQRXUIYqEKBwBw/waN1Y99aT9TwunbEmPVvwS9bLF0b5kGI=</latexit>

Sh

<latexit sha1_base64="jrDYGJ0EuJXG9RGxLjL0krf/jEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF4+V2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKzeZgPChX3Kq7AFknXk4qkKMxKH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbSvql6tWnuoVeq3eRxFOINzuAQPrqEO99CAFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEo9I25</latexit>

zJ

<latexit sha1_base64="MpZsu57jNfdSVplhK3x+ktubTfw=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj0Ip4q2A9IQ9lsN+3SzW7YnYg19Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnH17nfeWDacCXvYZKwICZDySNOCVjJ7wF7hOxp2r8t9ytVt+bOgJeJV5AqKtDsV756A0XTmEmgghjje24CQUY0cCrYtNxLDUsIHZMh8y2VJGYmyGYnT/GpVQY4UtqWBDxTf09kJDZmEoe2MyYwMoteLv7n+SlEl0HGZZICk3S+KEoFBoXz//GAa0ZBTCwhVHN7K6YjogkFm1Iegrf48jJpn9e8eq1+V682roo4SugYnaAz5KEL1EA3qIlaiCKFntErenPAeXHenY9564pTzByhP3A+fwA2E5E1</latexit>

xJ

<latexit sha1_base64="DAKpGr4/ko36AAPO3SCYPRC5lBc=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj0Ip4q2A9IQ9lsN+3SzW7YnUhL6M/w4kERr/4ab/4bN20O2vpg4PHeDDPzwkRwA6777aytb2xubZd2yrt7+weHlaPjtlGppqxFlVC6GxLDBJesBRwE6yaakTgUrBOOb3O/88S04Uo+wjRhQUyGkkecErCS3wM2gWwy69+X+5WqW3PnwKvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsVu6lhiWEjsmQ+ZZKEjMTZPOTZ/jcKgMcKW1LAp6rvycyEhszjUPbGRMYmWUvF//z/BSi6yDjMkmBSbpYFKUCg8L5/3jANaMgppYQqrm9FdMR0YSCTSkPwVt+eZW0L2tevVZ/qFcbN0UcJXSKztAF8tAVaqA71EQtRJFCz+gVvTngvDjvzseidc0pZk7QHzifPzMDkTM=</latexit>

yJ

<latexit sha1_base64="2Z3Vgf/4WBLfzPC4mhOPCN0unKg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeiF/FUwX5AG8pmu2mXbnbD7kQMoT/DiwdFvPprvPlv3LQ5aOuDgcd7M8zMC2LBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaMSTVmbKqF0LyCGCS5ZGzgI1os1I1EgWDeY3uR+95Fpw5V8gDRmfkTGkoecErBSfwDsCbJ0NryrDKs1t+7OgVeJV5AaKtAaVr8GI0WTiEmgghjT99wY/Ixo4FSwWWWQGBYTOiVj1rdUkogZP5ufPMNnVhnhUGlbEvBc/T2RkciYNApsZ0RgYpa9XPzP6ycQXvkZl3ECTNLFojARGBTO/8cjrhkFkVpCqOb2VkwnRBMKNqU8BG/55VXSuah7jXrjvlFrXhdxlNEJOkXnyEOXqIluUQu1EUUKPaNX9OaA8+K8Ox+L1pJTzByjP3A+fwA0i5E0</latexit>

x

<latexit sha1_base64="qt4o6cXFMptE+aIX3nJAFlDDbZE=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj04rGC/YA2lM120i7dbOLuRFpC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxuZ37rCbQRsXrASQJ+xAZKhIIztFK7izDGbDztlcpuxZ2DrhIvJ2WSo94rfXX7MU8jUMglM6bjuQn6GdMouIRpsZsaSBgfsQF0LFUsAuNn83un9NwqfRrG2pZCOld/T2QsMmYSBbYzYjg0y95M/M/rpBhe+5lQSYqg+GJRmEqKMZ09T/tCA0c5sYRxLeytlA+ZZhxtREUbgrf88ippXla8aqV6Xy3XbvI4CuSUnJEL4pErUiN3pE4ahBNJnskreXMenRfn3flYtK45+cwJ+QPn8wepApBi</latexit>

y

<latexit sha1_base64="yROZwmE8+zxU+27vIONWJwVaqvU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2ilTg/5E2aTab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5vVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqISjYEb/nlVdK6qHq1au2uVqlf53EU4QRO4Rw8uIQ63EIDmsBAwjO8wpvz4Lw4787HorXg5DPH8AfO5w+qh5Bj</latexit>

z

<latexit sha1_base64="W+TNK2M6NF1BZDNyl6nbBlVxvG0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj04rGC/YA2lM120y7dbOLuRKyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR9dRvPXBtRKzucJxwP6IDJULBKFqp3UX+iNnTpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns3gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTJ8nfaE5Qzm2hDIt7K2EDammDG1ERRuCt/jyMmmeV7xqpXpbLdeu8jgKcAwncAYeXEANbqAODWAg4Rle4c25d16cd+dj3rri5DNH8AfO5w+sDJBk</latexit>

�̂Sh

<latexit sha1_base64="MV5cx/Pg1hWKCAkcU4w6WN5D6YU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Qc0IWy2m2bpZhN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MONMacf5tiobm1vbO9Xd2t7+weGRfXzSVWkuCe2QlKeyH2JFORO0o5nmtJ9JipOQ0144vpv7vQmViqXiSU8z6id4JFjECNZGCmzbi7EuvCxms6B4DOJZYNedhrMAWiduSepQoh3YX94wJXlChSYcKzVwnUz7BZaaEU5nNS9XNMNkjEd0YKjACVV+sbh8hi6MMkRRKk0JjRbq74kCJ0pNk9B0JljHatWbi/95g1xHN37BRJZrKshyUZRzpFM0jwENmaRE86khmEhmbkUkxhITbcKqmRDc1ZfXSfeq4TYbzYdmvXVbxlGFMziHS3DhGlpwD23oAIEJPMMrvFmF9WK9Wx/L1opVzpzCH1ifPw+Vk/E=</latexit>

�̂h

<latexit sha1_base64="pS1iGr4hOLxAf81n3HjD73fQask=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cK9gPaWDbbTbN0swm7E6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPTwTX6DjfVmltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHq+UQzwSVrI0fBeoliJPIF6/qTm5nffWRK81je4zRhXkTGkgecEjTSwyAkmA2SkOfDLMyH1ZpTd+awV4lbkBoUaA2rX4NRTNOISaSCaN13nQS9jCjkVLC8Mkg1SwidkDHrGypJxLSXza/O7TOjjOwgVqYk2nP190RGIq2nkW86I4KhXvZm4n9eP8Xgysu4TFJkki4WBamwMbZnEdgjrhhFMTWEUMXNrTYNiSIUTVAVE4K7/PIq6VzU3Ua9cdeoNa+LOMpwAqdwDi5cQhNuoQVtoKDgGV7hzXqyXqx362PRWrKKmWP4A+vzBzQWkvo=</latexit>

Sh?

<latexit sha1_base64="RS9ybw2G2Ikrkae3Yvss+AHK4Vc=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCKsFYwcJYBH1ITRQ5jtNadezIdpCqKAu/wsIAQqx8Bht/g9NmgJYjWT46517de0+YMqq043xbK6tr6xubta369s7u3r59cNhTIpOYdLFgQg5CpAijnHQ11YwMUklQEjLSDyc3pd9/JFJRwR/0NCV+gkacxhQjbaTAPvZCwSI1TcyX3xdBPvZSItMisBtO05kBLhO3Ig1QoRPYX14kcJYQrjFDSg1dJ9V+jqSmmJGi7mWKpAhP0IgMDeUoIcrPZwcU8MwoEYyFNI9rOFN/d+QoUeWOpjJBeqwWvVL8zxtmOr7yc8rTTBOO54PijEEtYJkGjKgkWLOpIQhLanaFeIwkwtpkVjchuIsnL5PeRdNtNVt3rUb7uoqjBk7AKTgHLrgEbXALOqALMCjAM3gFb9aT9WK9Wx/z0hWr6jkCf2B9/gDxj5dI</latexit>

j?

<latexit sha1_base64="R6rG05HWmdXACM+5sHH9aVu/CGo=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WBnocevE4wX3AWkqaZltcmoYkFUbtwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8kLBqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKuSVGLSwQlLZD9EijDKSUdTzUhfSILikJFeOLku/N4DkYom/E5PBfFjNOJ0SDHSRgrsIy9MWKSmsbmy+zzIPEGkyAO77jScGeAycUtSByXagf3lRQlOY8I1ZkipgesI7WdIaooZyWteqohAeIJGZGAoRzFRfjbLn8NTo0RwmEhzuIYz9fdGhmJVRDSTMdJjtegV4n/eINXDSz+jXKSacDx/aJgyqBNYlAEjKgnWbGoIwpKarBCPkURYm8pqpgR38cvLpHvecJuN5m2z3roq66iCY3ACzoALLkAL3IA26AAMHsEzeAVv1pP1Yr1bH/PRilXuHII/sD5/AElFlu0=</latexit>

ST

<latexit sha1_base64="VYhKseuvPbgIFYnpL6gXUNvLPI8=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQy0OPQi8eJ+4KtlDRNt7A0KUkqjtJ/xYsHRbz6j3jzvzHdetDNByGP934/8vKChFGlHefbqmxsbm3vVHdre/sHh0f2cb2vRCox6WHBhBwGSBFGOelpqhkZJpKgOGBkEMxuC3/wSKSignf1PCFejCacRhQjbSTfro8DwUI1j82VPeR+1s19u+E0nQXgOnFL0gAlOr79NQ4FTmPCNWZIqZHrJNrLkNQUM5LXxqkiCcIzNCEjQzmKifKyRfYcnhslhJGQ5nANF+rvjQzFqohnJmOkp2rVK8T/vFGqo2svozxJNeF4+VCUMqgFLIqAIZUEazY3BGFJTVaIp0girE1dNVOCu/rlddK/bLqtZuu+1WjflHVUwSk4AxfABVegDe5AB/QABk/gGbyCNyu3Xqx362M5WrHKnRPwB9bnD8qnlO8=</latexit>

e(pB )

P (pA)

e(pD)

jet(pC)

Jet axis

Beam axis

Kang, KL, Shao, Zhao `21

Quark polarization
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Polarizing FF

• “Separation’’ of  the incoming  
and outgoing dynamics cancel  
the 

<latexit sha1_base64="wda99TgQ8CMGd1X3yQLjktaHA/A="></latexit>

A
sin(�̂⇤��̂S⇤

)
UU,T =

F
sin(�̂⇤��̂S⇤

)
UU,T

FUU,U
⇠ f1(q?)D?

1T (j?)

f1(q?)D1(j?)

<latexit sha1_base64="7pgO2ltuBBMtUGjh0Al6K90iCWI=">AAACDnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r9iG0Q8mkmTY0yYxJRixDP0FwpX/iTtz6C/6Ia9N2Frb1QOBwzr3ckxPEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzR1lChCGyTikboPsKacSdowzHB6HyuKRcBpKxheT/zWI1WaRbJuRjH1Be5LFjKCjZXuHrr1brHklt0p0DLxMlKCDLVu8afTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6dRx+jEKj0URso+adBU/buRYqH1SAR2UmAz0IveRPzXe5odmNMCsZDGhJd+ymScGCrJLEyYcGQiNOkG9ZiixPCRJZgoZv+DyAArTIxtsGCL8hZrWSbNs7J3Xq7cVkrVq6yyPBzBMZyCBxdQhRuoQQMI9OEZXuHNeXHenQ/nczaac7KdQ5iD8/ULT3ac8Q==</latexit>qT dependence for this case.

<latexit sha1_base64="wda99TgQ8CMGd1X3yQLjktaHA/A="></latexit>

A
sin(�̂⇤��̂S⇤

)
UU,T =

F
sin(�̂⇤��̂S⇤

)
UU,T

FUU,U
⇠ f1(q?)D?

1T (j?)

f1(q?)D1(j?)
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Kang, KL, Shao, Zhao `21

Phenomenology : 
<latexit sha1_base64="wda99TgQ8CMGd1X3yQLjktaHA/A="></latexit>

A
sin(�̂⇤��̂S⇤

)
UU,T =

F
sin(�̂⇤��̂S⇤

)
UU,T

FUU,U
⇠ f1(q?)D?

1T (j?)

f1(q?)D1(j?)

<latexit sha1_base64="7pgO2ltuBBMtUGjh0Al6K90iCWI=">AAACDnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r9iG0Q8mkmTY0yYxJRixDP0FwpX/iTtz6C/6Ia9N2Frb1QOBwzr3ckxPEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzR1lChCGyTikboPsKacSdowzHB6HyuKRcBpKxheT/zWI1WaRbJuRjH1Be5LFjKCjZXuHrr1brHklt0p0DLxMlKCDLVu8afTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6dRx+jEKj0URso+adBU/buRYqH1SAR2UmAz0IveRPzXe5odmNMCsZDGhJd+ymScGCrJLEyYcGQiNOkG9ZiixPCRJZgoZv+DyAArTIxtsGCL8hZrWSbNs7J3Xq7cVkrVq6yyPBzBMZyCBxdQhRuoQQMI9OEZXuHNeXHenQ/nczaac7KdQ5iD8/ULT3ac8Q==</latexit>qT•      dependence indeed cancels and is only sensitive to TMDFFs.

<latexit sha1_base64="wda99TgQ8CMGd1X3yQLjktaHA/A="></latexit>

A
sin(�̂⇤��̂S⇤

)
UU,T =

F
sin(�̂⇤��̂S⇤

)
UU,T

FUU,U
⇠ f1(q?)D?

1T (j?)

f1(q?)D1(j?)

EIC kinematics



                   Introduction	  	           	                Jet Substructure                                    Lepton + Jet Imbalance

Kang, KL, Shao, Zhao `21

Phenomenology : 
<latexit sha1_base64="wda99TgQ8CMGd1X3yQLjktaHA/A="></latexit>

A
sin(�̂⇤��̂S⇤

)
UU,T =

F
sin(�̂⇤��̂S⇤

)
UU,T

FUU,U
⇠ f1(q?)D?

1T (j?)

f1(q?)D1(j?)

• EIC pseudo-data significantly decreases the 
uncertainties in the determination of  TMDPFFs.

Kang, Terry, Vossen, Xu, Zhang `21



   

Conclusion

35

• New processes involving jets to non-perturbative structure

e P ! J(h) +X, ...e P ! e+ J +X eP ! e+ J +Xe P ! J(h) +X, ...
<latexit sha1_base64="XDI455EVHo+y5OBG6rNEsBoXK4Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg9TdIuqx6MXjCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6Hbqt56o0kyKBzNOaBDjgWARI9hYqen73TN03itX3Ko7A1omXk4qkMPvlb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10HGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNWtW7rNbuLyr1mzyOIhzBMZyCB1dQhzvwoQEEHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4AKBCONA==</latexit>

PP /
<latexit sha1_base64="w4zV13LRZ9b5EHmbZK5lGYFsOnM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe1flSv2yVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3VTjLc=</latexit>, <latexit sha1_base64="w4zV13LRZ9b5EHmbZK5lGYFsOnM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe1flSv2yVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3VTjLc=</latexit>, <latexit sha1_base64="w4zV13LRZ9b5EHmbZK5lGYFsOnM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe1flSv2yVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3VTjLc=</latexit>, <latexit sha1_base64="td6YN14m9Ph/l++ryrHLbZ29ibY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6u1+4tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALChjzY=</latexit>· · ·

• Jet substructure techniques can be used to access information about FFs

- Information differential in       allow more direct access to the FFszh

• Jet processes at the EIC can deconvolve the dependence between the TMDPDF and TMDFF.

- Its high luminosity, wide energy range, and polarized beams will illuminate  
our understanding of  the hadron structure and process of  hadronization.

• Jets are great way to ‘isolate’ and obtain ‘differential information’ of the  
non-perturbative structure of interest!

j?

h
Jet axis

- Jet axis provides us a mean to access TMDFF structure



   

Thank you!
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