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Outline

• Scales in semi-inclusive DIS

• Calculations at high and low transverse 
momentum

• Selected examples of matching and 
mismatching structure functions

• Summary of all structure functions
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Relation between Ph⊥ and qT

2

22h T
T

P q
z Q

qx P
μ

μ μ⊥ = − −

2 22
T hq zP ⊥≈



Low and high transverse momentum ― Alessandro Bacchetta 5DIS08

Relation between Ph⊥ and qT
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NOTE: qT taken to be a positive scalar



Low and high transverse momentum ― Alessandro Bacchetta 6DIS08

High and low transverse momentum

2
Tq2Q2M

2 2
Tq Q
Low



Low and high transverse momentum ― Alessandro Bacchetta 7DIS08

High and low transverse momentum

2
Tq2Q2M

2 2
TM q

High



Low and high transverse momentum ― Alessandro Bacchetta 8DIS08

High and low transverse momentum

2
Tq2Q2M

2 2
Tq Q
Low

2 2
TM q

High
2 2 2

TM q Q
Intermediate



Low and high transverse momentum ― Alessandro Bacchetta 9DIS08

Calculation at high qT

Twist-2 integrated PDFs

see e.g. Koike, Nagashima, 
Vogelsang, NPB744 (06)

1 )e.g. (f x



Low and high transverse momentum ― Alessandro Bacchetta 9DIS08

Calculation at high qT

Twist-2 integrated PDFs Twist-3 integrated PDFs

see e.g. Koike, Nagashima, 
Vogelsang, NPB744 (06)

Eguchi, Koike, Tanaka, 
NPB752 (06) & NPB763 (07)

1 )e.g. (f x 1 2(e  , ).g. FG x x
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From high to intermediate

Take the limit
2

2 0Tq
Q

→

Easier to say than to do…
see e.g. Meng, Olness, Soper, PRD54 (96) 
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Calculation at low qT

Twist-2 TMD PDFs
(a.k.a. unintegrated PDFs)

see e.g. AB, Diehl, Goeke, Metz, Mulders, Schlegel, JHEP093 (07)
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Calculation at low qT

Twist-2 TMD PDFs
(a.k.a. unintegrated PDFs)

Twist-3 TMD PDFs
(a.k.a. unintegrated PDFs)

see e.g. AB, Diehl, Goeke, Metz, Mulders, Schlegel, JHEP093 (07)

2
1(e  ).g. , Tf x p 2( , )e.g. Tf x p⊥
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From low to intermediate

• Compute the high-transverse-momentum behavior of the TMD PDFs by 
considering diagrams such as

Twist-2 integrated PDFs Twist-3 integrated PDFs

• Consider also the high-transverse-momentum contribution of the soft 
factor

Collins, Soper, NPB193 (81)

see e.g. Ji, Qiu, Vogelsang, Yuan, PLB638 (06)
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structure functioncos h
UUF φ2

Low Intermediate
cos2 h

UUF φ
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2 2(GeV )Tq

Boer-Mulders
effect

High and low calculations represent two distinct mechanisms
NOTE: it’s a twist-2 calculation
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and weightingcos h
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Weighting is not a good idea to access Boer-Mulders function 
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structure functioncos h
UUF φ

Low Intermediate
cos h
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They have the same power behavior, but they don’t match
Problems with the formalism at low transverse momentum!

Cf. “Cahn effect calculations” of Anselmino, Boglione, 
Prokudin, Turk, EPJA31 (07)
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Koike, Vogelsang, Yuan, arXiv:0711.0636
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Table of power behaviors
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Table of exact matching
exact match

conjectures!
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Conclusions

• It is possible to study the behavior of SIDIS structure functions 
at high and low transverse momentum

• Both calculations should be correct in the intermediate 
transverse momentum region

• For some structure functions, the two calculations describe the 
same mechanism and there is an exact matching

• For some structure functions, the two calculations describe two 
different mechanism that are simultaneously present and do not 
match

• For some structure functions, the two calculations should 
describe the same mechanism, but no exact matching is present

• The last case indicates a violation of factorization with twist-3 
TMD PDFs

• The study has several phenomenological consequences
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Cahn effect


