Separating Structure functions in

Alexel Prokudin

PennState
Berks




GPDs

TMDs

DVCS Ji (1997)
Radyushkin (1997)

Q2 ensures hard scale, pointlike interaction

A = P’ — P momentum transfer can be varied

Independently
Connection to 3D structure Burkardt (2000)
Burkardt (2003)
) (27T)2 q ’ ) 1

Drell-Yan frame AT =0 Weiss (2009)
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SIDIS

Kotzinian (1995),
Mulders,

Tangerman (1995),
Boer, Mulders (1998)

Q2 ensures hard scale, pointlike interaction

Py final hadron transverse momentum
can be varied independently

Connection to 3D structure

f(xagT) — /koJ_eigT.EJ_f(xa EL)

Ji, Ma, Yuan (2004)
Collins (2011)

bris the transverse separation of parton fields
In configuration space

& &

AP (2012)

x f, (X, kg, St )
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Semi Inclusive Deep Inelastic Scattering

/ . o
gP — é Tr X One can rewrite the cross-section in terms of 18
structure functions

Each structure function encodes parton dynamics
via convolutions of TMDs when factorization is
applicable

Kotzinian (1995),

Mulders, Tangerman (1995),
Boer, Mulders (1998)
Bacchetta et al (2007)

At the level of structure functions no model
dependence — the only assumption is one
photon exchange
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Structure functions

Structure functions are convolutions of unobserved partonic momenta:

[~ / Ak d?p L 6P (zky + P — Pur)wf(z, ki )D(z, pL)

/

Related to the observed hadron momentum

Convolution notation:

Fr~fo@D=Y € f,©D,

q
The TMD approximation is valid in the region

Pyr/z < @Q
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TMD distributions

q 8 functions in total (at leading

N U |_ T twist)

Each represents different
aspects of partonic structure

Each function is to be studied

Kotzinian (1995), Mulders, Tangerman (1995), Boer, Mulders (1998)

‘-4 PennState _ _
¥ Berks S) Alexei Prokudin



TMD Fragmentation Functions

q 8 functions
N U |_ T describing fragmentation
of a quark into spin 2
hadron

L Gy, HiL
T EST Gir Hy EF;T

Mulders, Tangerman (1995), Meissner, Metz, Pitonyak (2010)
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TMD Fragmentation Functions

q 8 functions
N U |_ T describing fragmentation
of a quark into spin 2
hadron

Pion production

Mulders, Tangerman (1995), Meissner, Metz, Pitonyak (2010)

‘-4 PennState _ _
¥ Berks 7 Alexei Prokudin



TMD

TMD factorization has a validity region Pp7/z < Q)
(two scale problem)

In order to describe cross section in a wide region of transverse momentum one
needs to add a Y term

do ( do )
— LY
do A APyt APt ) 701D
d Pyt

PhT/Z < Q PhT

Improved approach that aims to describe low-Q region:
Collins, Gamberg, AP, Rogers, Sato, Wang arXiv:1605.00671

'« PennState
2y Berks 8



Cross section of SIDIS
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Bacchetta et al (2007) Cross-section

5 [ " g ( > >]
= 1+~ )| (FvurzLeFuur):
2 2 _ ’ ’
drdydzdPypdopdy ryQ? 2(1 —¢) 2z virtual photon polarization

(1 +cospp /2e(14€) ASBPM 4 cos 20y, & AL
X singy, 1/2e(1 — ) A5

)\ beam polarization

+S7, {Sm o \/25 1+ ¢) A?}L% + sin 29y, € Asm 2¢h] Target polarization
+SLA [\/ 1 —e2 App +cos gy \/2e(1 —¢) ASY gbh} SL longitudinal
+S7 sin(¢n — ¢g) A Sln<¢h ¢s) ST transverse
+S7 sin(¢p + ¢s) € ?}I;S¢h+¢3)
+S7 sin(3¢n — ¢pg) € A?}r}(gqﬁh_qﬁs) Longitudinal to transverse photon flux ratio
+S7 singg \/2e(1 + ) APnPS 1 -y — 1y2y2
sin(2¢n —¢s) &= 1 2 2

+S7 sin(2¢, — ¢g) \/26 1+¢) Ar —y‘|‘§y ‘|‘Z’Yy
+S7A cos(pp, — ds) V1— ACOS(% ¢s) .

COS £
+87\ cospg \/2e(1 —¢) ALT¢S v = 0
+S7X cos(20n — dg) /2e(1 —¢) A%OTS(%}‘_%))
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Bacchetta et al (2007)

Cross-section

d:cdydzdPﬁngbhdw
(1 + cos ¢y, \/25(1 +¢) A((“;)(quﬁh + cos 20y, € Acos 2

Oyt
' o,
v

do :[a2 Y2 )(1+

ryQ? 2(1 — ¢

+A Sin¢h \/25 — )ASin¢h

+Sr {Smgbh \/25 (14 ¢) Az{L% +sin2¢), € Asm2¢h]

2

2x

+5LA [\/ 1 —e2 App + cos ¢y v/2e(1 —¢) Az°£¢h}

+ST sin(gn — ds) Apg ")

+5S1 Sln(¢h + ¢S) ?}lef¢h+¢s)

+S7 sin(3¢n — dg) £ AT s)
+S7 singg \/25 (1+¢) ASin¢S

+ST Sln(2¢h—¢s \/25 1+ )A?}I;_gQ(bh
+ST>\ COS ¢h — ¢S \/1 _ ACOS(Cbh ¢s)

+STA Ccos g \/25 _ )A(ioc;%

+S7A cos(2¢, — ¢g) \/25(1 —¢) Azo;(2¢h

PennState
Berks
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L )] (Fyur +eFuur)-

Asymmetry

Angular dependence

cos th

/\

Beam Target
Polarization
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Bacchetta et al (2007) Cross-section

e _ | _¥ 1+ — i (Fyur +eFyu )
drdydzdP2 dopdy | zyQ? 2(1 — €) 9 vu,T T ELUU,L
L+ cosgn v2e(1 +¢) A?IS}% 1 cos 205 € Ay o Single Spin Asymmetry

+A Sin¢h \/25 _ )ASiIlth /

+S5r {Sln¢h \/28 1 _|_5) A?}quh + sin 20y, € Astgbh]

+5LA [\/ 1 —e2 App + cos ¢y v/2e(1 —¢) Azofth}

+ST sin(gn — ds) Apg ")

+5S1 Sln(¢h + ¢S) ?}quf¢h+¢s)

+S7 sin(3¢n — dg) £ AT s)

+S7 singg /2e(1 +¢€) ASincbs

+S7 sin(2¢, — dg) /2e(1 + ¢) A?}I;S2¢h—¢5)
+S7A cos(¢n — ¢g) \/1_— ACOS(¢h ¢s)
+STA Ccos g \/25 _ )Azo;sbs

+S7A cos(2¢, — ¢g) \/25(1 —¢) A%O;(2¢h_¢S)>
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Bacchetta et al (2007)

Cross-section

e _ | _¥ 1+ — i (Fyur +eFyu )
drdydzdP2 depdy | zyQ? 2(1 — €) 9 vu,T T ELUU,L
L+ cosgn v2e(1 +¢) A?IS}% 1 cos 205 € Ay o Single Spin Asymmetry

+A singy \/2e(1 — ) ATp™"
+S |sindn /25(1 + ) ASP" 4 sin2¢y, & AT 20"

+SIA V1 —€2 App + cos gy, /2e(1 — ) AS% "

+ST sin(gn — ds) Apg ")

+5S1 Sin(¢h + ¢S) S(’}lef¢h+¢s)

+ST Sin(g(bh — qbs) E A?}I;S3¢h—¢s>
+S7 singg /2e(1 +¢€) ASincbs
+S7 sin(2¢, — dg) /2e(1 + ¢) A?ﬁ(?%—qﬁs)

7

Double Spin Asymmetry

—|—ST>\ COS th — ¢S \/1 _ ACOS(¢h ®s)
+STA Ccos g \/25 _ )A20;¢s

+S7A cos(2¢, — ¢dg) \/25(1 —¢) Aczo;(2¢h—¢s)>

Oyt
' o,
v
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Bacchetta et al (2007)

Cross-section

2 2

(87 Yy 2

hi

do B
d:cdydzdPﬁT dop,di) -

)

ryQ? 2(1 — ¢) (1 i 2

(Fvur +efvur)-

+ST
+ST
+S5T
+ST
+ST

1+ cos gn /2e(1+€) ASBP" 4 cos 2¢y, € AL

+\ sin ¢y /2e(1
. sin ¢@p, stth
+Sg, [singn, /2e(1 +¢) AL +sin2¢y, € A}

+SpA ‘\/1 — €2 App + cos op, \/2e(1 —¢) AEOISJ%‘

—e) A

Sin(th ¢S) Sln(¢h ¢s)
Sin(¢h +¢S) ?}T;S¢h+¢3)
Sin(g(bh — qbs) E A?}I}(3¢h_¢s>

sin pg /2e(1 +¢) A0S
sin(2p, — ¢s) \/2e(1+e) AT

—¢s)

Unpolarized modulations
Single Spin Asymmetry

7

Double Spin Asymmetry

+S7\ cos(pn — ds) V1— ACOS(% ¢s)
+87\ cosdg v/2e(1

+S7A cos(20n — ds) /2¢(1

—¢) A“fiqﬁs

cos(2¢
—e) App "

—¢S)>

Oyt
' o’
v
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Bacchetta et al (2007) Cross-section

v Unpolarized cross section

do o? Y’ Y’
— 1+ (Fvur +<Fvu.r)
dzdydzdP2,.dond [ 22(1 — ( 2>] ’ ’
rdydzd Pprdopdy ryQ* 2( ) L Unpolarized modulations

(|1 + cosgn /2e(1 +€) Afp® + cos 26, & Ay od Single Spin Asymmetry
X singy, 1/2e(1 — ) A5 /

+S |sindn /25(1 + ) ASP" 4 sin2¢y, & AT 20"

+SpA ‘\/1 — €2 App + cos op, \/2e(1 —¢) AEOISJ%‘

+ST sin(gn — ds) Apg ")

+5S1 Sin(¢h + ¢S) ?}T§S¢h+¢s)

+S7 sin(3¢, — ¢g) € A?}I;S3¢h—¢8) Double Spin Asymmetry

—|‘ST Sin¢5 \/25 1 —|—€) ASinng
+S7 sin(2¢, — dg) /2e(1 + ¢) A?}r}(%h_(bs)

+S7\ cos(pn — ds) V1— ACOS(% ¢s)
+S7\ cosdg \/2e(1 —¢) ACLOTSQSS

+S7A cos(2¢, — ¢dg) \/25(1 —¢) Aczo;(2¢h—¢s)>
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Partonic interpretation of structure functions in SIDIS
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Bacchetta et al (2007) O — twist 2 e — twist 3 Cross-section

do % Y2 v?
= 1 F Fyu)-
daedydzd P2, ddydy [ny2 2(1 — ) ( " 2x)] Fvur +efvoe)-
cos b . 2% Single Spin Asymmetry
1+ cos dn \/2e(1 +¢) Ay + cos 26 € A A%rllj(cbh) N %($€®Hf+,?
+A singy /2e(1 —e) ASPOn ]{% o
sin(¢ )
+Sr, {Smgbh V2e(1+¢) A?}L% + sin 2y, € Astth] Agp ™" 0 —(hiz ® H@"‘ )
sin(2¢
+SrA [\/ 1 —e2 App + cosdp \/2e(1 —¢) Aiofth} AUL( RS hiy 3 o
+St sin(¢n — ¢s) A Sm(gbh ?s) A?Jirilr(gbh_%) ~ fir ® Dy o
+Sr sin(on + ¢s) € i}f;(%*%) A OntOs) @ HYE
+S7 sin(3¢n — ¢s) € Agg 0 ASDBOR=0s) LO
+ST Sin¢5 \/25 1 —|—€) ASIH¢S Ai}fjlg¢h) ~ %(ijT ® Dy + )
sin(2¢p —
—|_S Sln(2¢h _ ¢S \/25 1 + ) 14{/"7_g 1= 9s) ASin(2¢h_¢S) % L D
+STA cos(¢n — ¢s) V1— ACOS(% ¢s) v T Q (wf @Dyt )

+87\ cospg \/2e(1 —¢) ACLO;QSS
+S7A cos(2¢, — ¢g) \/25(1 —¢) A%O;(Z%_(bs))
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Cross-section

Bacchetta et al (2007) O — twist 2 e — twist 3
dxdydzdPgngbhdw [nyZ 2(1 o 8) ( + 233‘)] ( U, T + & UU,L)

(1 +cospp /2e(14€) ASBPM 4 cos 20y, & AL
X singy, 1/2e(1 — ) A5
sin ¢@p, sin 2¢p,
+5r [Smgbh V2e(1+¢) A37%" 4+ sin2¢y, € Afr w

+5LA [\/ 1 —e2 App + cos ¢y v/2e(1 —¢) Azolsjqbﬂ

+ST sin(gn — ds) Apg ")
+57 Sln(¢h + ¢S) ?}quf¢h+¢s)
+ST Sil’l(3(/§h — qbs) E A?}rjlg3¢h_¢s)

+S7 singg /2e(1 +¢€) ASincbs
+S7 sin(2¢, — dg) v/2e(1 + ¢) A?ﬁ(%h—qﬁs)

—|—ST>\ COS th — ¢S \/1 _ ACOS(Cbh ®s)
+STA Ccos g \/25 _ )AEO;¢S

FSTA cos(20 — bs) v/22(1 — &) AT

—</5S)>
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Double Spin Asymmetry

O

Arp ~ g1 ® Dy

COS M ~
ALL% ~ 6(91 ® D1 + ?

CcCOS — O
ALT(¢h ?s) giT Dy

COS M =
A~ 6(917’ ® Dy + ?

cos(2¢n, — M .
ALT(2¢h ?s) 6(917’ ® Dy +...)
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Bacchetta et al (2007) O — twist 2 @ — twist 3 Cross-section

7 i ( 5 >]
_ 1+ (Fvur +€eFuur) -
22 [ 29(1 — > ’ ’
drdydzdlypdondy | wyQ - (1—¢) o » Unpolarized modulations
1+ cos ¢p, \/2e(1 +¢) Afrp?" + cos2¢y, € Afr*" Single Spin Asymmetry
_|_>\ Sin ¢h \/28 — ) ASln Pn M B e

cos ¢p e
+S5r {Sm dn /2e(1 + €) A?}L% + sin 2¢p, € Asmwh] Ayo 0 (fi®D1+ ...
+S51A [\/ 1 —¢e? App + cos ¢y, \/25(1 —¢) Az°£¢h} A?})(S]2¢h N hlL 2 HlL Y

+ST sin(gn — ds) Apg ")

+5S1 Sln(¢h + ¢S) ?}quf¢h+¢s)

+S7 sin(3¢n — dg) £ AT s)

+S7 singg \/2e(1 + ) APnPS

+S7 sin(2¢, — ¢g) \/25 1+ ¢) Ai’-}r}(%h_(bs)
+S7A cos(on — dg) \/1—— Acos(m’ ¢s)
+STA Ccos g \/25 _ )A%O;Qbs

+S7A cos(2¢, — ¢g) \/25(1 —¢) Azo;(2¢h—¢s))
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Bacchetta et al (2007) O — twist 2 Q — twist 3 Cross-section

v Unpolarized cross section

dajdydzdp}%ngbhdw [nyZ 2(1 o 8) ( - 2513)] ( UU,T T € UU,L)

(1 +cospp /2e(14€) ASBPM 4 cos 20y, & AL
X singy, 1/2e(1 — ) A5
sin ¢@p, sin 2¢p,
+5r {Smgbh V2e(1+¢) A37%" 4+ sin2¢y, € Afr ]

+5LA [\/ 1 —e2 App + cos ¢y v/2e(1 —¢) Az°£¢h}

+ST sin(gn — ds) Apg ")

+5S1 Sln(¢h + ¢S) ?}lef¢h+¢s)

+S7 sin(3¢n, — ¢g) € A?ESS%_%)

+S7 singg \/2e(1 + ) APnPS

+S7 sin(2¢0n, — ¢5) /2¢(1 + ¢) Ai’}r}(%h_(bs)
+SrA cos(gn — ds) V1 —e2 A OnT9s)
+S7A cospg \/2e(1 —¢) A(}JO;%

+S7A cos(2¢, — ¢g) \/25(1 —¢) Azo;(2¢h—¢s))

9

Four ~ f1 ® Dy
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What do we know about structure functions in SIDIS?
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Bacchetta et al (2007) O — twist 2 Q — twist 3 Cross-section

v Unpolarized cross section

dajdydzdp}%ngbhdw [nyZ 2(1 o 8) ( - 2513)] ( UU,T T € UU,L)

(1 +cospp /2e(14€) ASBPM 4 cos 20y, & AL
X singy, 1/2e(1 — ) A5
sin ¢@p, sin 2¢p,
+5r {Smgbh V2e(1+¢) A37%" 4+ sin2¢y, € Afr ]

+5LA [\/ 1 —e2 App + cos ¢y v/2e(1 —¢) Az°£¢h}

+ST sin(gn — ds) Apg ")

+5S1 Sln(¢h + ¢S) ?}lef¢h+¢s)

+S7 sin(3¢n, — ¢g) € A?ESS%_%)

+S7 singg \/2e(1 + ) APnPS

+S7 sin(2¢0n, — ¢5) /2¢(1 + ¢) Ai’}r}(%h_(bs)
+SrA cos(gn — ds) V1 —e2 A OnT9s)
+S7A cospg \/2e(1 —¢) A(}JO;%

+S7A cos(2¢, — ¢g) \/25(1 —¢) Azo;(2¢h—¢s))
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Four ~ f1 ® Dy

'« PennState
¥ Berks 22 Alexei Prokudin



Fyur ~ /1 ® Dy

Signori, Bacchetta, Radici, Schnell 2014 q
Anselmino, Boglione, Gonzalez, Melis, AP 2014 N U L T
U
Flavor dependence of the widths p
of unpolarized valence distributions L % | R
and sea distributions .o
o T 917
Signori et al Anselmino et al .
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII HERMES ﬂfp
1.8¢ i oy oors SzeX
16} | e e
1.4; i Rl szt e
733 1.2] . 1073 S
AN qof e v g ] N —
:EH - 1.0: . * :.::f.% B n 0.15 ,/l_‘ moz—0.14 /i-; ; -
0.8} g . 023 102 SexEy
I 2 ool . 10" 3 0.34 vezo—034 E _ TE
06l . .*% --%‘L‘ =y s AR
0 4_ e :;._'" T ’ . Q°=5.20 Gev? Q°=9.20 -:,'evZE
L -lI . .4‘ IIIIIIIIIII xp—0.25 ep—0.41
07 04 0.6 08 10 13 1416 PR VIR 1 o4 o7 1s
(ki.d, } Pp (GeV)
(ki) \ /
Flavor dependence seen in the data or not?
Perhaps studies that include TMD evolution will give a more definite answer.
PennState
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v
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Bacchetta et al (2007) O — twist 2 @ — twist 3 Cross-section

7 " g ( 5 >]
_ 1+ (Fvur +€eFuur) -
P2 [ 29(1 — 2 ’ ’
drdydzdlypdondy | wyQ - (1—¢) - - Unpolarized modulations
1+ cos dp \/26(1 + &) ASPOr 4 cos 2py, € AP Single Spin Asymmetry
_|_>\ Sin ¢h \/28 — ) ASln Pn M B e

cos ¢p e
+S5r {Sm dn /2e(1 + €) A?}L% + sin 2¢p, € Asmwh] Ayo 0 (fi®D1+ ...
+S51A [\/ 1 —¢e? App + cos ¢y, \/25(1 —¢) Az°£¢h} A?})(S]2¢h N hlL 2 HlL Y

+ST sin(gn — ds) Apg ")

+5S1 Sln(¢h + ¢S) ?}quf¢h+¢s)

+S7 sin(3¢n — dg) £ AT s)

+S7 singg \/2e(1 + ) APnPS

+S7 sin(2¢, — ¢g) \/25 1+ ¢) Ai’-}r}(%h_(bs)
+S7A cos(on — dg) \/1—— Acos(m’ ¢s)
+STA Ccos g \/25 _ )A%O;Qbs

+S7A cos(2¢, — ¢g) \/25(1 —¢) Azo;(2¢h—¢s))
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2 1 1
A((:/?(SJ RS hi ® Hj

1
x V()|

Ams. 2

Ams 2ih

Barone et al 2011

0.1 0.1
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0.06 | X 006t
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0.04 £ 004}
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0 0
X X
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0.1} e 1 o
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-DEIE r Ty g — —"'- _— : R
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Boer-Mulders function

Negative u-quark
Negative d-quark

Compatible with models

Naive T-odd, should change sign
In DY with respect to SIDIS
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Bacchetta et al (2007) O — twist 2 Q — twist 3 Cross-section

do o’ Y2 72
— 1 F; F; :
dedydzd P2, dep,dy L:yQ2 2(1 — &) ( i 2:1:)] (Four +e _UU’L) _
Single Spin Asymmetry

(1 +cospp /2e(14€) ASBPM 4 cos 20y, & AL
X singy, 1/2e(1 — ) A5
+57, {Sm on \/2e(1 + ¢) A?}L% +sin2¢y, € Asm 2%]
+SpA [m Arr + cosop /2e(1 —¢) Azofgbh} A?}I}J(%h) ~ i ® Hf%

+Sr Sln(th B (,bS) s1n(¢h ®s) A?}I;S¢h—¢3) N flJ_T ® D O
+S7 sin(¢én + ¢s) € ?}f;(%*%) A +6s) by o HE
+ST Sil’l(3¢h — qbs) £ A?}rjlg3¢h—¢s) Ar;}rjlg3¢h—gbs) ~ th J—O

—|—ST Sin¢5 \/25 1 —|—8) ASinng
+S7 sin(2¢ — ¢g) /2e(1 + ¢) Ai’}r}(%h_(bs)

+S7A cos(pp, — ds) V1— ACOS(% ¢s)
+STA Ccos g \/25 _ )A(ioc;%

+S7A cos(2¢, — ¢g) \/25(1 —¢) Azo;(2¢h—¢s))

'« PennState
¥ Berks 26 Alexei Prokudin



Single Spin Asymmetries at twist-2

A;’}I}J(%h) ~ hi; @ Hi Worm-gear
A?}I}((bh_%) ~ fi7 @ Dy Sivers asymmetry
A?}r}(gthrng) ~ hi ® Hf Collins asymmetry

A§}11153¢h_¢3) ~ hllT R Hll Pretzelosity
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AR k@ Hi Worm-gear

Teckentrup, Metz, Schweitzer 2009
Avakian, Bastami, Efremov, Kotzinian, Parsamyan, AP, Schlegel, Schweitzer in preparation

“Wandzura-Wilczek” approximation

L WW —type dt
hi (1) “(x) ~ —;t-/ 'U_Qh S (y)

Connection to transversity

-0.01

Talk by Bastami

-0.02 —

<

0.006 —

d

0.004 —

X h?L) 1 (x)

0.002 —
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Aspion=0s) o fb @ D1 sivers asymmetry

Vogelsang, Yuan 2005
x f5D9(x) _ Anselmino et al 2006, 2009,2013
0.1 — — T Negative u-quark Collins et al 2006
Anselmino et al 06 T _ Bacchetta, Radici 2011
Colins etal 06 | —— Positive d-quark Echevaria et al 2014
Sun, Yuan 2014

NCI U L T

0.05
d-quark

Big uncertainty

Precise data are needed

| I
-

0.05 :_ u-quark

M1 1 | | HERMES x-range

01 |0|2 0'4 0'6 0'8 Sivers function is related
' ' ' ' to OAM T

Anselmino et al 2012

—
©

3
=
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sin(¢n+¢s)
AUT htos

~ h ® Hif

Collins asymmetry

Kang et al (2015)
Anselmino et al (2013)
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A?Eﬁ(gd)h_qbs) ~ th X HlL Pretzelosity
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Bacchetta et al (2007) O — twist 2 0 — twist 3 Cross-section

do o’ Y2 v?
= 1 F F :
daxdydzd P2.dondy [azyQ2 2(1 — ¢) ( i 2:1:)] (Four +efuur) |
Double Spin Asymmetry

(1 +cospp /2e(14€) ASBPM 4 cos 20y, & AL
X singy, 1/2e(1 — ) A5
+Sr, {Sm on \/2e(1 + ¢) A?}L% + sin 2y, € Asm 2%] Q

Arp ~ g1 ® Dy
+SLA [\/ 1 —€2 App +cosdp v/2e(1 —¢) Azofgbh}

+ST sin(gn — ds) Apg ")

+5S1 Sln(¢h + ¢S) ?}lef¢h+¢s)

+S7 sin(3¢n — dg) £ AT s)

+S7 singg \/2e(1 + ) APnPS

+S7 sin(2¢0n, — ¢5) /2¢(1 +¢) Ai’-}r}(%h_(bs)
+SrA cos(dp — ds) V1 —e2 AL Or9s)
+STA Ccos g \/25 _ )AZO;cbs

+S7A cos(2¢, — ¢g) \/25(1 —¢) Azo;(2¢h—¢s))

COS = O
ALT(¢h #5) giT ® D
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Double Spin Asymmetries at twist-2

A ~ g1 ® Dy Helicity distributions

Azo;(Cbh—(/ﬁS) ~ g1T X Dl Worm-gear
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AN =23) g0 @ Dy Worm-gear

Kotzinian, Parsamyan, AP 2006
Anselmino, Efremov, Kotzinian, Pasamyan 2006
Avakian, Bastami, Efremov, Kotzinian, Parsamyan, AP, Schlegel, Schweitzer in preparation

“Wandzura-Wilczek” approximation
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AL ~ g1 @ Dy helicity

Anselmino, Efremov, Kotzinian, Pasamyan 2006
Avakian, Bastami, Efremov, Kotzinian, Parsamyan, AP, Schlegel, Schweitzer in preparation

Anselmino, Efremov, Kotzinian, Pasamyan 2006
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Bacchetta et al (2007) Cross-section

o
do o? Y2 v? \00\'
= 14+ — F F PN
dzdydzd P2 dondy L:y@? 2(1 — ¢) ( i 2:1:)] Four +efvur) o
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What if you need all modulations for a Monte Carlo etc?

Use parameterizations from extractions
Use model calculations

Use lattice QCD calculations

Use various approximations and relations

If everything else fails, assume to be zero
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