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Introduction

TMD structure
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Introduction

Study of hadron structures

=
“\

at the EIC 4
-, 3D imaging

“Can we use jets at the EIC to probe TMD structure?”



Introduction

Standard processes
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Introduction

Beyond the standard processes

* Many other imaginable processes with sensitivity to the TMD structure

PP—Ji+Jo+ X, | |leP—ose+J+ X

PP J+V+X, |eP=-Q+Q+X,

PP — Jh)+X,..[leP— Jh)+ X, ..
LHC / RHIC EIC

». * 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 1) Inclusive jet production

3) Lepton + jet imbalance
el — J(h) +A with hadron in jet
2) Lepton + jet imbalance

eP—e+J+X eP —e+ J(h)+X
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Jet Substructure

Hadron inside inclusive jet production

Unpolarized case:

(replace pp with ep for EIC)
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Jet Substructure

Hadron inside inclusive jet production

Unpolarized case:

(replace pp with ep for EIC)
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(including polarized jet fragmentation functions)
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TMD hadron in jet (IMD]JFEFFEs)

e Still hard-collinear factorization structure other than jet function modified.
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Standard subtracted TMDFFs, say in SIDIS
Shown to be true perturbatively at NLO

Kang, Liu, Ringer, Xing, "1 7

* TMDJFFs can be related to TMDFFs . Kang, KL, Zhao, *20



Jet Substructure

Polarizing JFF

&

TMD Fragmentation Functions (I'MDEFFs)
| Quark polarization

* Polarizing FF fits from Belle data
Callos, Kang, Terry, “20
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Jet Substructure

Polarizing JFF

* Polarizing FF fits from Belle data
Callos, Kang, Terry, “20 9
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ZA

* Differential information in Z ) gives better ¢ |
constraint on data / qualitative understanding.

Vs =89 GeV, R=104
ns| < 4.5, 10 < pyr <15 GeV

0<jr <1GeV
e Predictions at the EIC kinematics

_10|||||||
- Positive from up quark PFF at small 2 A 0.15 0.2 025 03 035 04 045 0.5 0.55

ZA

- Negative from down quark PFF at z, £ 0.3
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Jet Substructure

Azimuthal angular dependence
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* Different structures come with different characteristic angular dependence.
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Lepton + Jet imbalance

* One of the simplest process ¢+ P — e+ Jet + X
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Lepton + Jet Imbalance

Lepton + Jet imbalance
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Quark Polarization

* With jet, only sensitive to single TMDs
Lancliuoniia iRt o Balecizad (compared to standard processes)
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Lepton + Jet Imbalance

Polarized Jet Fragmentation Functions
and lepton + jet imbalance

* Observation of polarized hadron inside jet
gives sensitivity to all TMDPDFs and TMDEFFs.
(analogous cotrrelations to standard SIDIS)

Jet axis

* Sensitivity to two TMDs, but sensitive
to ¢ | and J.1 separately (advantage of two axes)

’In;,lﬂll---.\,w ret-(jet h(Sy)

dyd?lyd*qrdz,d?,

Many characteristic Correlatlons

= F cos(oy O/.]l"; I,'\v,‘l v=o) + sin( Y (4 ).
Y Beam axi Z
A n\Pa= ) ) cos
ca axis . '\"{’\’ Fuiy +sin(d, = o) Frop'™™ } ! ,\,,{ ( )E ( )Fry
. ST{ sin(¢s. O‘I“'A;llu.\llfn A cos(os, Oq)l‘;‘; lli et + cos( DI, A ( VE,
+sin(os,, h ]F’;'ll AT tsin(2¢, — ép — & )F ) } ot S'T[('O\(Cb JF \1'.‘\ ( )F
} .\/.{,\, Fi ( VF F | F ( ’h)F,cf(:;\‘,‘ N ¢ sin(on, ) sin( Y
il t cos( ) cos( o)) Eppat
t H'T|:('(>( ) F Y ( ’I'El‘l;.iL . 7 T
t cos( DEppg 0%
2CC cos(2 S on)
- cos(os ’/,]]'7. 1 (20 &, ‘FI'I'_I_ A }}
( s, + 20, O F
e { sin(@n )F FA s FuLT Y ) sin( F,
co

14

Arratia, Kang, Prokudin, Ringer 20
Kang, KL, Shao, Zhao; In progress



Lepton + Jet Imbalance

Phenomenology : 4o0s(¢a—¢n)

COS(qu_Qg) : .
peostou—in) = Fovw’ (@0010) b (g1 ) Hi(5.)

Fouu(qi,ji) - fi(qL)D1(j1)

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

* “Separation” of the incoming
and outgoing dynamics.

Y Beam axis *Z

Quark polarization
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Unpolarized it in jet (Boer-Mulders, Collins)

Denominator
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Lepton + Jet Imbalance
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