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TMD: transverse-momentum-dependent parton distribution

Quark

Nucleon
Unpolarized Longitudinally polarized Transversely polarized

Unpolarized

Longitudinally 
polarized

Transversely 
polarized

Ø Eight transverse-momentum-dependent parton distributions exist at leading twist

categorized by the nucleon and quark spin ;

Ø The unpolarized one !" have been extracted with excellent precision in deep inelastic 

scattering (DIS);

Ø All can be accessed in semi-inclusive deep inelastic scattering (SIDIS).
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SIDIS

Factorization:																																																X. D. Ji et al. Phys. Rev., D71:034005, 2005

• Perturbative	part:
Hard	scattering.

• Non-perturbative	parts:
Transverse-momentum-dependent	fragmentation	function	(FF);
TMD.
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SIDIS

In	total,	18	structure	functions	2 3, 4, 56, 78 A.~Bacchetta et al. JHEP02(2007)093
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SIDIS

q Simulate	the	SIDIS	process	with	differential	cross	section:	
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Simulation

The	structure	function	.//,1 is	the	convolution	of	TMD	and	FF:

.//,1 = ;<
=

>=? @A?BCDE ;, BCF G(I, |KC − IBC|?)

The	widely	used	Gaussian	approximation	for	the	transverse	momentum	
dependence,	

DE ;, BCF = D ;, 0 >UVW
XBY

F
,

G I, ZC
F = G I, 0 >UVW

XZY
F
.

• D ;, 0 :	unpolarized	PDF,	well	studied	in	DIS	and	other	processes;

• G I, 0 :	describe	the	process	of	the	struck	quark	fragmenting	into	a	hadron,

can	be	obtained	from	(>e + >U ⟶ ℎ± +j)	data.
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Simulation

q Cuts:

Deep	scattering	:																							12 = −!2 > 1

Inelastic	scattering	and	avoid	the	resonance	region	:	

W = (! +@)2> 2.3

Avoid	the	resonance	region	:

FG = (! +@ −@H)2> 1.6

Favor	the	current	fragmentation	region	:

0.2 < O =
@ P @H
@ P !

< 0.8

q EicC-I:	

Beam	energy 3.5×20 GeV	

Luminosity	10[[ \]^2_^`

q Run time�365	days
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Simulation
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Simulation

1

10

210

310

410

510

610

=20GeVp=3.5GeV, Ee)X, EpKinematic coverage of p(e,e'

2-10 1-10 1
 Bjorken x

1

10

210

)2
 (G

eV
2

 Q
=20GeVp=3.5GeV, Ee)X, EpKinematic coverage of p(e,e'

sea	region valence	region



11

Angular-momentum coverage
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Projection: transverse target single-spin asymmetry 

!"# ≡
1
&'

()"#
()""

= !"#
+,--./0 sin 45 +47 +!"#

7.89:0 sin 45 −47 +!"#
<:9=>9-,0.=? sin 345 −47

q The	target	asymmetry	is	defined	as:

N! =
1
O

1

P:QR
1−!S ≈

1
O

1

P:QR

q The	projected	uncertainty:																																										M. Anselmino et al. EPJA(2011) 47:35

!: the	asymmetry,	relatively	small;

O: the	parameter	related	to	the	polarization	and	efficiency;

P:QR:	raw	counts.

The	Collins,	Sivers and	Pretzelosity functions	have	different	angular	dependence,	
and	thus	can	be	separated.	
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Collins asymmetry uncertainty for pion in 4D($, &, '( and ,-)

• Position	is	according	to	left	and	$-axis,	error	bar	to	the	right	axis.
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Collins asymmetry uncertainty for pion in 4D($, &, '( and ,-)

• Position	is	according	to	left	and	$-axis,	error	bar	to	the	right	axis.
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Collins asymmetry uncertainty for pion in 4D($, &, '( and ,-)
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Collins asymmetry uncertainty for kaon in 4D($, &, '( and ,-)
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Summary

ü The	simulation	of	the	SIDIS	process	using	unpolarized	PDF	and	FF	 to	estimate	
the	statistical	error.

Ø EicC-I	is	a	promising	platform	to	study	TMDs	,

• The	asymmetry	can	be	precisely	mapped	in	the	full	4D	phase	space.

• It	can	cover	both	valence	and	sea	quark	regions.



Thank		you!


