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DIS	Factorization	and	Collinear	Parton	Distribution	functions,	(PDFs),		𝑓(𝑥)

The	physical	observable:	
Structure	Function
Ø Expansion	over	Q

Related	to	the	parton (collision)
Hard	part:	Partonic coefficient	function
Ø Process	dependent
Ø Perturbative

Related	to	the	target	(intrinsic	properties)
Soft	part:	The	PDF
Ø Process	independent
Ø Non-perturbative

QCD	coupling

𝑋DIS:
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Feynman’s	Parton	Model
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SIDIS:

SIDIS	Factorization	and	Transverse	Momentum	Dependent	Distributions	(TMDs),		𝑓 𝑥, 𝑘5 , D 𝑧, 𝑘5

TMD	PDF TMD	FF 6



The	integral	relation

𝑃𝐷𝐹

SIDIS: 𝑋DIS:

Sum		all	the	𝑃7 and	integrate	over	the	
transverse	momenta	

8𝑑-𝒌5

�

�

	𝑓 𝜉, 𝒌5 = 𝐷𝑖𝑣𝑒𝑟𝑔𝑒𝑛𝑡	𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑙	; 𝑛𝑒𝑒𝑑𝑠	𝑡𝑜	𝑏𝑒	𝑟𝑒𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑

𝐴	𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦	𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛	𝑖𝑠	𝑙𝑖𝑘𝑒	𝑃 𝑥 = 8𝑑𝑥
�

�

	𝑃 𝑥, 𝑦	
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The	integral	relation
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SIDIS: 𝑋DIS:

Sum		all	the	𝑃7 and	integrate	over	the	
transverse	momenta	

8𝑑-𝒌5

�

�

	𝑓 𝜉, 𝒌5 = 𝐷𝑖𝑣𝑒𝑟𝑔𝑒𝑛𝑡	𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑙	; 𝑛𝑒𝑒𝑑𝑠	𝑡𝑜	𝑏𝑒	𝑟𝑒𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑

𝐴	𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦	𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛	𝑖𝑠	𝑙𝑖𝑘𝑒	𝑃 𝑥 = 8𝑑𝑥
�

�

	𝑃 𝑥, 𝑦	

𝑓(𝜉) = 8𝑑-𝒌5

�

�

	𝑓 𝜉, 𝒌5
Probability	of	interacting	with	a	quark	

that	carries	longitudinal	momentum	fraction, 𝜉
Probability	of	interacting	with	a	quark	that	carries	
longitudinal	momentum	fraction, 𝜉 and	transverse	

momentum	𝒌5
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DY:

TMD

TMD

DY	Factorization	and	Transverse	Momentum	Dependent	Distributions	(TMDs),		𝑓(𝑥, 𝑘5)
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Evolution	of	TMDs

TMD

TMD

CSS	evolution
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Regions	of	a	TMD

𝑓 𝑥, 𝑘5, 𝑄

𝑘5

Large	𝑘5: 𝑘5~𝑄Small	𝑘5: 𝑘5~ΛRST
Intermediate	𝑘5:
ΛRST ≪ 𝑘5 	≪ 𝑄

𝑓VWX 𝑥, 𝑘5 = 𝐶 ⊗ 𝑓 𝑥
𝑓 𝑥, 𝑘5 = 𝑓VWX 𝑥, 𝑘5 +𝒪(1/𝑘5-)
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Conventional	TMD	pheno
§ Fourier	transform	𝑓(𝑥, 𝒌5, 𝑄) into	the	coordinate	space

𝑓 𝑥, 𝑏5, 𝑄

𝑏5 12



Conventional	TMD	pheno
§ Fourier	transform	𝑓(𝑥, 𝒌5, 𝑄) into	the	coordinate	space

§ Choose	a	demarcation	line	that	separates	the	nonperturbative and	perturbative	regions;		𝑏^_`

ex:

𝑓 𝑥, 𝑏5, 𝑄

𝑏^_` 𝑏5 13



Conventional	TMD	pheno
§ Fourier	transform	𝑓(𝑥, 𝒌5, 𝑄) into	the	coordinate	space

§ Choose	a	demarcation	line	that	separates	the	nonperturbative and	perturbative	regions;		

§ Separate	𝑓a(𝑥, 𝒃5, 𝑄) into	perturbative	and	non-perturbative	(NP)	parts	

𝑏^_`

𝑏^_`

𝑓 𝑥, 𝑏5, 𝑄 Perturbative Nonperturbative
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Conventional	TMD	pheno
§ Fourier	transform	𝑓(𝑥, 𝒌5, 𝑄) into	the	coordinate	space

§ Choose	a	demarcation	line	that	separates	the	nonperturbative and	perturbative	regions;		

§ Separate	𝑓a(𝑥, 𝒃5, 𝑄) into	perturbative	and	non-perturbative	(NP)	parts	

§ Calculate	the	perturbative	part	using	OPE	and	parameterize	the	non-perturbative	part	

𝑏^_`

𝐶 ⊗ 𝑓 𝑥 Parametrize ex: ,
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Conventional	TMD	pheno
§ Fourier	transform	𝑓(𝑥, 𝒌5, 𝑄) into	the	coordinate	space

§ Choose	a	demarcation	line	that	separates	the	nonperturbative and	perturbative	regions;		

§ Separate	𝑓a(𝑥, 𝒃5, 𝑄) into	perturbative	and	non-perturbative	(NP)	parts	

§ Calculate	the	perturbative	part	using	OPE	and	parameterize	the	non-perturbative	part	

§ Find	the	parameters	through	the	fits	to	the	data

𝑏^_`

⊙⊙ ⊙ ⊙

⊙
⊙

⊙
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Problems	of	Conventional	TMD	pheno

§ Demarcating	the	regions	as	perturbative	and	
nonperturbative in	coordinate	space	and	the	arbitrary		
𝑏^_` dependence

§ Matching	the	TMD	parametrizations	to	the		
perturbative	tail

§ Preserving	the	relation	between	the	TMD	and	the	
collinear	PDFs	to	preserve	the	probabilistic	meaning	of	
the	TMD

§ The	scale	the	fits	are	done	and	evolution
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Hadron	structure-oriented	approach:	The	parametrization	

𝑓 𝑥, 𝑘5, 𝑄- =
𝑓VWX at	large			𝑘5

NP	peak	at	small			𝑘5

A	parametrization	that

Ø satisfies 𝑓 𝑥 = 8𝑑-𝑘5	𝑓(𝑥, 𝑘5)
�

�

Ø behaves	like
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Fitting	moderate	Q,	DY	measurements	
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Testing	predictions	at	larger	Q
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§ Conventional	TMD	pheno

§ Demarcating	the	regions	as	perturbative	and	
nonperturbative in	coordinate	space	and	the	
arbitrary		𝑏^_` dependence

§ Matching	the	TMD	parametrizations	to	the		
perturbative	tail

§ Preserving	the	relation	between	the	TMD	and	
the	collinear	PDFs	to	preserve	the	probabilistic	
meaning	of	the	TMD

§ Fits	are	made	at	high	Q	and	TMDs	are	evolved	
from	to	low	Q	

§ Hadron	structure-oriented	approach

§ There	is	no	abrupt	separation	of	perturbative	
and	nonperturbative regions,	no	𝑏^_`
dependence

§ There	is	no	matching	issue.	The	
nonperturbative part	matches	the	OPE	tail	by	
construction

§ The	relation	between	the	TMD	and	the	
collinear	PDFs	is	preserved	and	the	TMDs	have	
a	physical	meaning

§ Fits	are	made	at	moderate	Q	and	TMDs	are	
evolved	to	high	Q	

21



q Extending	the	HSO	analysis	to	data	covering	larger	values	of	Q.

q Broadening	the	range	of	processes	included	at	the	fitting	stage,	and	to	employ	
a	more	diverse	and	sophisticated	set	of	nonperturbative calculations	and	
model	assumptions	in	the	treatment	of	nonperturbative structures.

q Improving	the	parametrization	and	get	better	agreements	for	the	postdictions

q ….

Outlook

THANK	YOU	FOR	YOUR	ATTENTION

22


