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Semi-inclusive DIS

0 : o Q
(M)+p' (P)— 1N+ h(P,)+ X X = TR
PP,
7 =
P-(I-1)
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Semi-inclusive DIS

T ' ~ QZ
()+p (P)— 1)+ h(P,)+ X X = 1)
PP,
=
P-(I-I')

M? =mass of proton®
Q2 = —(I -1")? = virtuality of photon
P’ =transverse momentum of pion’
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Relation between P,, and g+

Y7, 2
L = —Q¥ — ZX%P”

g2 ~P? /2
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Relation between P,, and g+

Y7, 2
B _ =—Q — 2X§P”

g2 ~P? /2

NOTE: g; taken to be a positive scalar
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High and low transverse momentum

Low
G <Q°
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High and low transverse momentum
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High and low transverse momentum

Low Intermediate High
o <Q? M? < ¢f <Q° M? < ¢?

1 5 I 5 2
M Q> ¢
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Calculation at high g+

VAN ! AVA™

Twist-2 integrated PDFs
e.g. f,(x)

see e.g. Koike, Nagashima,
Vogelsang, NPB744 (06)
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Calculation at high g+

; .

Twist-2 integrated PDFs Twist-3 integrated PDFs
e.g. f,(x) e.g. G- (X, X,)
see e.g. Koike, Nagashima, Eguchi, Koike, Tanaka,
Vogelsang, NPB744 (06) NPB752 (06) & NPB763 (07)
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From high to intermediate

2
Take the limit X o0

2
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From high to intermediate

2
Take the limit X o0

2

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

N\ ! N\

| ———

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

e.g. f.(x,p?)

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

2 VaN i A\

1
/_'—\
1

/

Twist-2 TMD PDFs Twist-3 TMD PDFs
(a.k.a. unintegrated PDFs) (a.k.a. unintegrated PDFs)
e.g. f,(x,p?) e.g. f*(x,p;)

see e.g. AB, Diehl, Goeke, Metz, Mulders, Schlegel, JHEP093 (07)
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From low to iIntermediate

see e.g. Ji, Qiu, Vogelsang, Yuan, PLB638 (06)

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

-

Twist-2 integrated PDFs Twist-3 integrated PDFs
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From low to iIntermediate

see e.g. Ji, Qiu, Vogelsang, Yuan, PLB638 (06)

e 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)
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SIDIS structure functions

do
dx dy dgg dz dp szzh n
2 2
L& GRS « 00’52“
= F + e Fyy.L + v 2e(1 + ¢) cos 1+ e cos(26p) Fy,
Xy OB 2{1_6){ w7 vu,L+y2e(1 +¢) cosép £y, (2¢p)

St

+2ey/2¢(1 — <) singp /) PP 4 5 [J%ﬁ +8) singp Fyy U1 4 e sin(@2gp) Frp ! ]

+ S5 e [ \/1 —c2 Fjy +/26(1 —c) cosgp F), r“?] + 87 [s;m{éh — ¢s) ( SH(”” s) 4 e F{S;Q{_Z’f?—“’S))
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SIDIS structure functions

do
éXdyifff}s Q’Zéff}gy ifP‘gJ_
e },2
e TS ¢ oS 24y
= + ¢ F, ++/2e(1+¢) cos 4 e cos(2 e
Xy Q2 2(1—5){‘”7 vu,L + y/2¢( ) Cospp Fyy; (2¢p)

St

+ e \/2e(1 —2) singn £y 7 4 5, [\/26{1 +¢) singy Fiy 1+ £ sin(2gy) FS'”E’H;?]
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F . 2“ — ik hp— o]
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S ¢

2y L
+ \/Qtﬁ — £) €08 g FCO S 4 \/Etﬁ — £) cos(2pp — Pg) FCDSE h— 81 l

18 structure functions
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SIDIS structure functions

do
dx dy f.?ff}s dz iff,f}h ifP‘gJ_

GQ$ COS 265
= Fuu. )+ € Fuur +y2e(1 +¢ ws@mws?@@
xy@ 2(1 —« )@ UL ( ) vy ( Yy

S|1 ”‘;-;
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FU?
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$IHH

F . 2“ — ik hp— o]
+ J 2e(1 + ¢) sin(2¢p — ¢g) Ff};< S)] + StXe [\/ 1 — &2 cos(dp — ¢s) F‘m" h= s’

S ¢

2y L
+ \/Qtﬁ — £) €08 g FCO S 4 \/Etﬁ — £) cos(2pp — Pg) FCDSE h— 81 l

18 structure functions
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F,u+ structure function

F \
oo \ Low Intermediate
\
\
\
~ 1
0 1 2 3 4 ¢ (GeV?)

Collins, Soper, Sterman, NPB250 (85)
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F,u+ structure function

\
oo Low Intermediate

Collins, Soper, Sterman, NPB250 (85)

D I 808 Low and high transverse momentum — Alessandro Bacchetta _!efferSon Lab 14




Foos# structure function

Fcoqu)h ’
U Low Intermediate
1
0 1 2 3 4 g2 (GeV?)
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Foos# structure function

Fcoqu)h ’
uu .
Low Intermediate
1
Q?
1
| ‘ af
0 1 2 3 4 a; (GeV?)
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Foos# structure function

Fcoqu)h ’
uu Low Intermediate
Boer-Mulders
effect
1
1
| ‘ g
0 1 2 3 4 a; (GeV?)
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Foos# structure function

R .
Low Intermediate
Boer-Mulders
effect
1
o Q?
1
, | ‘ e
0 1 2 3 4 a; (GeV?)

High and low calculations represent two distinct mechanisms
NOTE: it’s a twist-2 calculation
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Fios% and weighting

unweighted

CoS 20y,
|:UU
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F o and weighting

unweighted weighted

CoS2¢ coqu)
|:UU ' qT F '
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F o and weighting

unweighted weighted

CoS2¢ 0052(1)
|:UU ' qT F '

0 1 2 3 4 0 1 2 3 4
g, (GeV?) d; (GeV?)

Weighting is not a good idea to access Boer-Mulders function
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Feos structure function

- \ Low Intermediate
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Feos structure function

- \ Low Intermediate

\
= 1
— Qg
0 1 2 3 4 ¢ (GeV?)
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Feos structure function

- \ Low Intermediate

0 1 2 3 4 q; (GeV?)
They have the same power behavior, but they don’t match
Problems with the formalism at low transverse momentum!
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Feos structure function

- \ Low Intermediate

0 1 2 3 4 q; (GeV?)
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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Fonen=9s) (Sjvers) structure funct.

unweighted

sin(¢n—¢s)
FUT t

a; (GeVv?)

Ji, Qiu, Vogelsang, Yuan, PLB638 (06)
Koike, Vogelsang, Yuan, arXiv:0711.0636
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Fonen=9s) (Sjvers) structure funct.

unweighted weighted
in(fn—0s) in(n—0s)
FLT-:-n nrs | | N FUS_:_n h—Ps
\ \
\ \
\
\ N .
\ 1 ~ q_2
0 1 2 3 4 0 1 2 3 4
gr (GeV?) gr (GeV?)

Ji, Qiu, Vogelsang, Yuan, PLB638 (06)
Koike, Vogelsang, Yuan, arXiv:0711.0636
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Fonen=9s) (Sjvers) structure funct.

unweighted weighted
in(fn—0s) in(n—0s)
FLT-:-n nrs | | N FUS_:_n h—Ps
\ \
\ \
\
\ N .
\ 1 ~ q_2
0 1 2 3 4 0 1 2 3 4
gr (GeV?) gr (GeV?)

Ji, Qiu, Vogelsang, Yuan, PLB638 (06) _ _ _
Koike, Vogelsang, Yuan, arXiv:0711.0636 Weighting is good!
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Table of power behaviors

low-gr calculation high-gr calculation

ohservahble twist order power twist  order power powers match
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Table of

p. 41 of
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DISO8
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Table of power behaviors

low-gr calenlation high-g7 calculation

observable twist  order power twist order power powers match
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Table of exact matching

low-gr caleulation

high-gr calculation

observable twist order  power | twist order power powers match | exact match
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Table of exact matching

low-gr calculation

high-gr calculation

observable twist order  power | twist order power powers match | exact match
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Conclusions
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Conclusions

e |tis 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

e 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

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

 The study has several phenomenological consequences
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F,u+ high to Intermediate
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F.u+ low to Intermediate
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Cahn effect
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