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Semi-inclusive DIS




Semi-inclusive DIS

() = photon virtuality
M = hadron mass

;| = hadron transverse momentum
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Semi-inclusive DIS

() = photon virtuality
M = hadron mass

P, 1 = hadron transverse momentum 2 Ul 2
hLl qr = Py /2
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SIDIS structure functions

do
dx dy dos dz dop, dP? |

o2 2
11 cos ¢ cos 2¢
1ROy Fyur +eFuurn +2e(1+¢) cosop Fopy ¥ + e cos(20n) Frgy "

+ e v/2e(l —e) singy 529 + Sy [ /2e(1 +€) sindp FI2 7" + esin(2¢y) Fo2 20

+ 5L Ae [\/1 —e2 Frp 4+ +/2e(1—¢) costhFz%S%

+ 57 | singn — ¢5) (i * +e iy ) + & sin(gn + ¢5) Fp T

1 Sin(30n — dg) Fon39n=9s) { | /9e(1 + ) sin ¢g FER?s

+ v/2e(L + €) sin(2¢n — ds) Fp 2" "% | + Sphe | V1 — €2 cos(¢n — dg) Frm 0 77%

+v/2e(1 —€) cos s Fi7 % + v/2e(1 — €) cos(2¢n — ¢s) Fz(;f<2¢h¢s)] }
see e.q. AB, Diehl, Goeke, Metz, Mulders, Schlegel, JHEP093 (07)
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SIDIS structure functions

do
2 2
dr dydgs dzdg, aPZ, | fuur(@: 2, By, Q)

o2 2
11 cos ¢ cos 2¢
1ROy Fyur +eFuurn +2e(1+¢) cosop Fopy ¥ + e cos(20n) Frgy "

+ e v/2e(l —e) singy 529 + Sy [ /2e(1 +€) sindp FI2 7" + esin(2¢y) Fo2 20

+ 5L Ae [\/1 —e2 Frp 4+ +/2e(1—¢) cos¢hFEf¢h

+ 57 | singn — ¢5) (i * +e iy ) + & sin(gn + ¢5) Fp T

1 Sin(30n — dg) Fon39n=9s) { | /9e(1 + ) sin ¢g FER?s

+ v/2e(L + €) sin(2¢n — ds) Fp 2" "% | + Sphe | V1 — €2 cos(¢n — dg) Frm 0 77%

+1/2e(1 —€) cosdps Fi % +1/2¢e(1 — €) cos(26n — ¢s) Fz(;f<2¢h¢5)] }
see e.q. AB, Diehl, Goeke, Metz, Mulders, Schlegel, JHEP093 (07)
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High and low transverse momentum




High and low transverse momentum




High and low transverse momentum

Low Intermediate High

g < Q¢ D NG OSNE




Expansion at low trans. momentum




Expansion at low trans. momentum

First do the 7/Q expansion




Expansion at low trans. momentum

First do the 7/Q expansion

This term is suppressed (twist-4)
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Expansion at low trans. momentum

Then study the behavior af intermediate g7

1

a7
M
/ \ 0?2

AN N il
This term is sfill suppressed because g7 << Q
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Expansion at high frans. momentum

At high g7 the two terms are equally important




Expansion at high frans. momentum

At high g7 the two terms are equally important

Going to intermediate g7 the upper term becomes dominant
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Matching




Matching




Matching

\ 1
q2

Must match!
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Matching

\ 1
a%

Must match!

M2

The perturbative part is the “tail” of the nonperturbative part
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Unexpected mismatch




Unexpected mismatch




Unexpected mismatch

We are neglecting something that cannot be neglected...




Expansion at low trans. momentum




Expansion at low trans. momentum

This term is suppressed (twist-4)
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Expansion at low trans. momentum

At some point this term becomes dominant
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Expansion at high frans. momentum

M2
ar
Q>

A X

/ QQ'Q%

At high g this term is suppressed
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Expected mismatch

Cannot
and must not match!




Expected mismatch

Cannot
and must not match!

M2

a7

B
ii

12

Two distinct mechanisms are involved
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Calculation af high g+

Collinear factorization

Twist-2 integrated PDFs
e.g. fi(z)

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




Calculation af high g+

Collinear factorization

Twist-2 integrated PDFs Twist-3 integrated PDFs
€.0. fi(z) €.0. Gr(z1,z2)

see e.g. Koike, Nagashima, Eguchi, Koike, Tanaka,
Vogelsang, NPB744 (06) NPB752 (06) & NPB763 (07)




Example of analytic formula




Example of analytic formula




Example of analytic formula

(3) 2 (3)
i <




Example of analytic formula

(3) 2 (3)
i <




From high to intermediate




From high to intermediate




From high to intermediate

Intermediate q7  Four = 3 5ras ek | () DAV L( G ) + £1(0) (D1 © Py + DL i) @

g%

t (Ppa ® f7 + Py ® £7) (x) D%(z>]

2
where L(— = 2CrIn 22—2 o
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From high to intermediate

1 1 S a a i a a
Intermediate g7 Fouir = 2 Q;ZQ D> [fl (z) Di(2) L(?—Q) + f1'(@) (DY © Pog + DI ® Pyg) (2)
T a

T

 (Pra ® 7 + Ppy ® 1) (x) D%(z>]

DGLAP splitting
where (%) o0, -, functions
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From high to intermediate

High gt FUUT—Q2 i 221‘/ / (
X[ff<ae i

Intermediate g7 Four = : el [fl z) D (z)L(%) + fi (2) (DT ® Pyq + DI ® Fyq)(2)

Large log, MDGLAP splitting

needs resummation  where H(2) =20m ey functions

C]T qT
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Calculation at low gt

krfactorization

il |
Twist-2 TMDs Twist-3 TMDs

e.g. fi(z,p7) e.J. /(z,p7)

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




Calculation at low gt

krfactorization

! /!
Twist-2 TMDs Twist-3 TMDs

e.g. fi(z,p7) e.J. /(z,p7)

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




From low to intermediate

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

» Compute the high-ransverse-momentum behavior of the TMD PDFs by considering
diagrams such as

Twist-2 miegru’red PDFs Twist-3 miegru’red PDFs




From low to intermediate

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

» Compute the high-ransverse-momentum behavior of the TMD PDFs by considering
diagrams such as

Twist-2 miegru’red PDFs Twist-3 miegru’red PDFs

* Consider also the high-ransverse-momentum contribution of the soft factor
Collins, Soper, NPB193 (81)




From low to intermediate

Low qrT Howeir s eri / d2PT d2kT dle 5?) (PT —kr+1lp+ CIT)ffL(%P%) D1 (=, k%) U(l'_2r)




From low to intermediate

Low qrT Howeir s eri / d2PT d2kT dle 5?) (PT —kr+1lp+ CIT)ffL(%P%) D1 (=, k%) U(l'_2r)
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From low to intermediate

Low qrT Howeir s eri / d2PT d2kT dle 5?) (PT —kr+1lp+ CIT)ffL(%P%) D1 (=, k%) U(l'_2r)

D
sttt eri [ff(% ar)

D (2)

L2+ 1) D2 63) + £ (@)




From low to intermediate

Low qrT Howeir s eri / dQPT d2kT dle 5?) (PT —kr+1lp+ CIT>ffL(ZU7Pc2r) D1 (=, k%) U(l'_2r)

D
sttt eri [ff(% ar)

DY (z DY
1) | o) Dy gB) + @) A2

ay 1 [L(p=)
2m2 pZ. 2

Use  fi(e,p2) F3(@) — Crfi(@) + (P ® 1+ Ppy ® ff)(:v)] ,




From low to intermediate

Low qrT Howeir s eri / dQPT d2kT dle 5?) (PT —kr+1lp+ CIT>ffL(ZU7Pc2r) D1 (=, k%) U(l'_2r)

D
sttt eri [ff(% ar)

DY (z DY
1) | o) Dy gB) + @) A2

ay 1 [L(p=)
2m2 pZ. 2

Use  fi(e,p2) F3(@) — Crfi(@) + (P ® 1+ Ppy ® ff)(:v)] ,

L 53!
(772”’ ) Di(z) — CrD{(z) + (D] ® Py + DI ® Pyqy)(2) | ,

3 F 2L I
Dl(zva)_ 22 ng% [




From low to intermediate

Low qrT Howeir s eri / dQPT d2kT dle 5?) (PT —kr+1lp+ CIT>ffL(ZU7Pc2r) D1 (=, k%) U(l'_2r)

4

Bon eri [ff(% ar)

use

) I

Di(zk7) =

DY (z D¢
1) | o) Dy gB) + @) A2

as 1 [L(n‘l)

s o7 | £1@) ~ Cofl(e) + (Pag © f1 + Pog 8 £)(0)].

Gid (11 L<"’71)Dq — CrDYN+(DIQP,, DR P
2 _21.2 1(2) F 1(2) ( 1 qq 1 gq)(z) )
2Qmr4 2z kT 2

OéSCF 1

2 2
v dr




From low to intermediate

Low qrT Howeir s erg / dQPT d2kT dle 5?) (PT —kr+1lp+ CIT>ff(xapc2r) D1 (=, k%) U(l'_2r)

4

Intermediate g7 Frvr = ze? [ff‘(w, ar)

DY (z DY
1) | o) Dy gB) + @) A2

ay 1 [L(p=)
2m2 pZ. 2

Use  fi(e,p2) F3(@) — Crfi(@) + (P ® 1+ Ppy ® ff)<x>] ,

L(ny 1
(2h )Di](?«’) — CrDi(2) + (DI ® Pyg + DI ® Pyg) (2) |

3 F 2L I
Dl(zva)_ 22 ng% [

OéSCF 1
== 5 q%

1«

Fvur =

IACLABY: (ff—T) + 2(2) (DS ® Py + DI © Pyg) (2)

a

o5 ot bt

+ (Pgg @ 1 + Pyy ® f7) () D%(z)]
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Selected examples

do
dzx dy dps dz dgy, dP?|

2 2

4 cos cos
i 202 2 (13/- 2 {FUU,T +eFuurn +v2e(l+¢€) cos oy FUU% + e cos(2¢4) FUU2¢h

+ A V2e(1 ~€) singn Frp " + S | v/2e(l +¢) singp Fyyp ™" + esin(2¢n) Fryy """
#51 [m ~7 By 4 /2 =) con g F
+ Sr | sin(¢n — ¢s) (F(S]i;fééh—¢s) 1 sF[s]i;E%h—%)) 1 ¢ sin(dnt ) FERIPHHAR)

+ e sin(3¢n — ¢5) £ +/2e(T+e) sings [

+ v/2e(1 + €) sin(2¢, — ¢s) Fin 2"~ | 4 Sph, [ V1 — €2 cos(dp — dg) Frop %%

+ 25(1 " 5) COS ¢S’ FICJC;¢S —+ 1/ 25(1 i 5 5) COS(2¢h 13 ¢S) Fz(;?(2¢h¢5)] }




Selected examples

do
dzx dy dps dz dgy, dP?|

2 2

4 cos cos
1} el (19_ H {@ e Fyur ++v/2e(l +¢) cos ¢@ ecos(2¢h@

+ e v/2e(1 —¢) singy, 307" + 81 |v/2e(1 + ) singp, Fi " + £sin(2¢p) F§22¢h]

50 [VIZ i+ VB8 o 12
+ St | sin(¢p, — Qbs) SF[S;;E%}L—%)) + e sin(¢n + ¢g) F[S]i;(¢h+¢s)
+ & sin(3gn — Bs) Fom "~ 9%) 4\ /2e(1 + ¢) sin gg Fiin¢s
+ v/2e(1 + €) sin(2¢, — ¢s) Fin 2"~ | 4 Sph, [ V1 — €2 cos(dp — dg) Frop %%

+ 25(1 " 5) COS ¢S’ FICJCT)?¢S —+ 1/ 25(1 i 5 5) COS(2¢h 13 ¢S) Fz(;?(2¢h¢5)] }




Selected examples

do
dz dy dps dz déy, dP?| talks of Kafer and Giordano

2 2

b cos cos

+ e v/2e(1 —¢) singy, 307" + 81 |v/2e(1 + ) singp, Fi " + £sin(2¢p) F§22¢h]

ke | VI iy VIS onon
+ St | sin(ép — Qbs) SF[S;;%F%)) + € sin(¢n + ¢g) F[s]i;(¢h+¢s)
+ e sin(3¢n — ) Fonl>?7%) £\ /2e(1+ €) sin ¢g Fiin®s
+/2e(1 + €) sin(2¢n — ds) FZ};@%_%) U isapad | A alneeE cos(¢n — bs) Fg;(%—cbs)

+ 25(1 " 5) COS ¢S’ FICJCT)?¢S —+ 1/ 25(1 i 5 5) COS(2¢h 13 ¢S) Fz(;?(2¢h¢5)] }




Selected examples

do
dz dy dps dz déy, dP?| talks of Kafer and Giordano

2 2

« COS COS

+ e v/2e(1 —¢) singy, 307" + 81 |v/2e(1 + ) singp, Fi " + £sin(2¢p) F§22¢h]

+ 5L Ae [ V1 —e2 Frp ++/2e(1 —€) cos ¢y, F£3°
talks of wednesday
+ Sy | sin(en — ¢S) e F0 090 e sin(gh + bs) Fyl® 79
+ e sin(3¢n — ¢5) Fop %) + /2e(1 1 ) sings Frp?*
+ Vv2¢(1 +¢) sin(2¢y, — ¢s) F(S)};(%h_%) + S7tAe | V1 — €2 cos(opn — @s) cm}s(%_gbsl

+ 25(1 " 5) COS ¢S’ FICJCT)?¢S —+ 1/ 25(1 i 5 5) COS(2¢h 13 ¢S) Fz(;?(2¢h¢5)] }




Fuu o structure function

Intermediate

1

g%

4

Collins, Soper, Sterman, NPB250 (85)




Fuu o structure function

Intermediate

1

g%

Collins, Soper, Sterman, NPB250 (85)




Feos2¢n structure function




Feos2¢n structure function




Feos2¢n structure function

cos 29y _
FUU

i

Boer-Mulders effect

Intermediate




COS 2 -
Feos2¢n structure function

U

i

Boer-Mulders effect

Intermediate

Expected mismatch: high and low calculations represent two distinct mechanisms

NOTE: it's a twist-2 calculation




FEos22 and weighting

unweighted weighted

cos 2¢n 2 pcos 20y
Fip arF iy




FEos22 and weighting




FEos22 and weighting

unweighted weighted

cos 2¢n 2 pcos 20y
Fip arF iy




FEos22 and weighting

weighted

2 COos 2(}‘)’1
qrF; UuU




FEos22 and weighting

unweighted weighted

cos 2¢n 2 pcos 20y
Fip arF iy




FEos22 and weighting

unweighted weighted

cos 20, 0s 2¢p,
FUU

P

at[IHN

0 1 2 3 4
¢2(GeV?) 42 (GeV?)

‘ITF Uu

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




cos 20, ﬂsymme"y

see also Barone, Prokudin, Ma 0804.3024
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cos 20, ﬂsymme"y

see also Barone, Prokudin, Ma 0804.3024

I

i

Boer-Mulders effect




cos 20, ﬂsymme"y

see also Barone, Prokudin, Ma 0804.3024

I

2
qr

2

f 4— Can be calculated

Boer-Mulders effect with pQCD




cos 20, ﬂsymme"y

see also Barone, Prokudin, Ma 0804.3024

il  #

— (an be calculated
with pQCD

i

Boer-Mulders effect

Nonperturbative twist-4
(Cahn twist-4?)




cos 20, ﬂsymme"y

see also Barone, Prokudin, Ma 0804.3024

T

2

qr
alll] o

f — (an be calculated

Boer-Mulders effect with pQCD

Nonperturbative twist-4 " i 2 3 L
(Cahn twist4?) Details not known (resummation?)




cos 20, ﬂsymme"y

see also Barone, Prokudin, Ma 0804.3024

I

2

qr
alll] o

f — (an be calculated

Boer-Mulders effect with pQCD

Nonperturbative twist-4 " i 2 3 K
(Cahn twist-4?) Details not known (resummation?)

Similarly for Drell-Yan Boer-Mulders measurement and Belle Collins measurement

talks of M. Grosse-Perdekamp and J.-C. Peng
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Feosen structure function




Feosen structure function




Feosen structure function

Intermediate

1
Qqr

3 4 2 (GeV?)
Unexpected mismatch: same power behavior, but they don't match

Problems with the formalism at low transverse momentum!




From low to intermediate




From low to intermediate

oM [ hk My , L
cos ¢p __ < TV 1 h
I.OW qT FUU = Q C[ Mh (Zlfh Hl i M fl 3

4

Intermediate g7




From low to intermediate

oM hk
CoS Pp __ 1 1

4

Intermediate 1 geoson — _% Y we? [x fie(z, ¢) %ﬁz) P il

Mh f DJ‘> 11 inT

Mt M




From low to intermediate

IM hk. M, . Dt ;
costh Ml M h 1]
Low qr Foog™ = 0 C[ M, (a:hHl i fi L )

4

Imermediﬂie qrt Flifg‘bh — ZQT Zaze [foa(ZE C]T) Da( ) e )

UL
USe  wfti(o,p}) = %[ i




From low to intermediate

oM hk. M, D+ h M H
costh_ 11 h 1] pT 1] h ; |
low g7 ‘v _QC[ Mh<th1 Mflz) M(xf D1+Mhlz>]

) 4 . absentin “Cahn effedt”
Intermediate g7 geosen _ _24r er [a;fM(x 2) D"’( ) _ foa )D“(z,q%]

4

USE  sfi(aad) = o oy |20 @) + (Pl 514 Py ® ) (@)

not consistent with “Cahn effect”
Cf. “Cahn effect calculations” of Anselmino, Boglione, Prokudin, Turk, EPJA31




From low to intermediate

IM hk. M, . Dt ;
costh Ml M h 1]
Low qr Foog™ = 0 C[ M, (a:hHl i fi L )

4

Imermediﬂie qrt Flifg‘bh — ZQT Zaze [foa(ZE C]T) Da( ) e )

UL
USe  wfti(o,p}) = %[ i




From low to intermediate

oM [ hk; M;, , D+
costh 11 M h 11
I.OW qT UU = ? C[ Mh (Zlfh Hl M fl 3 )

4

Intermediate g7 geosen _ _24r er [foa(x 2) D"’( ) _ foa )D“(z,q%]

4

use zf 4z, p7) = 20:2 2;% [L<772_ ) fll@)+ (P, ® fl+ P, ® ff )(x)]

L(ny*)
2”’ Di(z) —2CrDi(z) + (D ® Py, + DI ® P, )(2)

vtz IR
5 T sl st




From low to intermediate

oM hk
CoS Pp __ 1 1
I.OWqT aallli Q C[ M, (thl i

4

Intermediate qr  peos o

LY
use ikl B 20:2 2;% [L<772 ) @)+ (P, @ fl + P, ® flg)(x)]

L(ny ')
2h Di(z) — 2CrDi(z) + (Di ® P}, + D{ ® P, )(2)

z T 9p2 222k,

D19(z, k%) AL [

) 4

COS 1 s a a QZ a a a
FUU¢h T _QqT 972 2 25’763 [fl (x)D1(Z)L<g> + f1(z) (Dl ®Péq+D1 ®P9/q)(z)

(Pl ® f2 + Pl @ f7)(z) Di(2)—2Cr [ () D%<z>]




From low to intermediate

LI Blng hk
Low g7 iy | ?c[——T<th5+

4

Intermediate qr  peos o

LY
use ikl B 20:2 2;% [L<772 ) @)+ (P, @ fl + P, ® flg)(x)]

z T 9p2 222k,

2

D19(z, k%) AL [

L —1
(") Di(z) — 2CrDi(2) + (Dg ® Péq + D{ ® Pg/q)(z)]

) 4

COS 1 s a a QZ a a a
FUU¢h T _QqT 972 2 25’763 [fl (x)D1(Z)L<g> + f1(z) (Dl ®Péq+D1 ®P9/q)(z)

+ (P ® 1f + Fly @ £2)(0) D)2t ) Di) | Y > Not the same as high
AfS trans. mom. calculation!
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From low to intermediate

oM [ hk i h My, | H
cos dn _ ¥ i PT I} hpl
Llow g7 fuv _QC[ Mh<xhﬂl+ 2 M(xf D1+Mhlz>]

It seems so easy to correct it...
) Y

Intermediate 1 geoson — DEE) _ oy ﬁm(z,q%)]

22 Z

LY
use ikl B 20:2 2;% [L<772 ) @)+ (P, @ fl + P, ® flg)(x)]

z T 9p2 222k,

D19(z, k%) AL [
2

L —1
(") Di(z) — 2CrDi(2) + (Dg ® Péq + D{ ® Pg/q)(z)]

) 4

COS 1 s a a QZ a a a
FUU¢h T _QqT 972 2 25’763 [fl (x)D1(Z)L<g> + f1(z) (Dl ®Péq+D1 ®P9/q)(z)

+ (P ® 1f + Fly @ £2)(0) D)2t ) Di) | Y > Not the same as high
AfS trans. mom. calculation!
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From low to intermediate

OM hk. M, . D+ h M, | H
costh Hhitl 1T h _ﬂ 1] h ; |
Low qr H G 0 C[ A (a:hHl i J1 y ) iV (:cf D; + W h z)]

It seems so easy to correct it...
) Y

|niel‘mediﬂie qT F(C](%?(bh i1 ZQT er [fo_a(x QT) Da( ) _fl( )DLG < QT }Ffl Da ) U( %F)

2

USE  afoa.pd) = 2 2;% [“”2 ) i) 4 (Pl @ f1 4 Pl @ ff)(x)]

D19(z, k%) el L RE (0
2 [ ) D4(z) ~ 20rDi(z) + (DY © Py + DI @ pg'q)(z)]

) 4

CcoS ¢, 1 s 2 a a QZ
FUU :_QQT 92 52 era fl(m)Dl( ) QT

+ (P ® 1f + Fly @ £2)(0) D)2t ) Di) | Y > Not the same as high
AfS trans. mom. calculation!

)"‘fl( )(D%@)Péq"‘D?@Pg/q)(z)




Foien=29) (Sivers) structure funct.

unweighted

sin(¢r—¢s)
FUT,Th [

a7 (GeV?)

Ji, Qiu, Vogelsang, Yuan, PLB638 (06)
Koike, Vogelsang, Yuan, arXiv:0711.0636




unweighted

sin(¢r—¢s)
FUT,Th [

a7 (GeV?)

Ji, Qiu, Vogelsang, Yuan, PLB638 (06)
Koike, Vogelsang, Yuan, arXiv:0711.0636

structure funct.

weighted

qTFls;;%h—qﬁs)




Foien=29) (Sivers) structure funct.

unweighted weighted

F(S;;E,?h_d)S) qTF(s;;%h—qﬁs)

a7(GeV?) a7(GeV?)

Ji, Qiu, Vogelsang, Yuan, PLB638 (06) | | J |
Koike, Viogelsang, Yuan, arXiv:0711.0636 Welghilng IS good.




Power behaviors and expected mismatches

observable

low-q7 calculation

twist

order

power

high-g7 calculation

twist order

power

powers match

Four

FUU,L

cos ¢y,
FUU

cos 2¢p,
FUU

F[SE ®n
Fip
Fop
Frr

iz

sin(¢n—¢s)
5 UT,Th °
in(¢n—os)
A
F(S]i;(¢h+¢s)

sin(3¢p—¢s)
FUT h S

in ¢

sin(2¢5, — )
FUT h S

Fz‘;f(¢h—¢s)

cos g
F LT

FICE?(Q(bh_d)S)

[\

W W NN W W NN RN WD WWNN W

Og

1/q3

1/(Qqr)
1/q7
1/(Qar)
1/(Qar)
1/q7
1/¢7
1/(Qar)
1/q3

1/¢3

1/q}
1/(Qq7)
1/(Qq7)

1/¢3
1/(Qq7)
1/(Qq7)

2

W W W w W w NN

1/q7

1/Q?
1/(Qqr)

1/Q*
1/(Qqr)

1/47
1/(Qar)
1/ g7
1/(Q%qr)
1/43
1/(Q*qr)
1/(Qq3)
1/(Qay)

yes




Power behaviors and expected mismatches

observable

low-q7 calculation

twist

order

power

high-q7r calculation

twist order

power

powers match

Four
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i
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1/(Q*qr)
1/(Qa7)
1/(Qq3)
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Table of unexpected mismatches

observable

low-q7 calculation

twist

order

power

high-g7r calculation

twist order

power

powers match

exact match

Four

FUU,L

[\

A

1/q3

2

1/q3
1/Q?

yes

v

cos ¢p,
FUU

1/(Qar)

1/(Qqr)

X

cos 2¢yp,
FUU

sin gbh
FLU

Sin¢h
FUL

sin 2¢y,
FUL

FLL

1/q7
1/(Qar)
1/(Qqr)

1/q7

1/¢7

1/Q?
1/(Qar)

1/q3

cos ¢y,
FLL

1/(Qar)

1/(Qar)

F[Sjl;ﬂfgih —¢s)
Fg};(fh )
F[S]i;((bh +¢s)
F[S]i;(?’qﬁh —¢s)
F[s]i;(%h —¢s)

F£<;§(¢h—¢s)

¢

Fipte
cos(2¢p—¢s)
FLT h S
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W W W W W w I

1/¢3
1/(Q%qr)

1/¢3
1/(Q*qr)
1/(Qa7)
1/(Qa7)




Table of unexpected mismatches

low-g7 calculation high-g7r calculation

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

Fyur 2 Ol 1/g% 1/¢% yes

1/Q’
1/(Qqr)

FUU,L

cos ¢p,
FUU

DN | W |~

cos ¢y,
FLL

sin(¢p —¢s)
Fyrr' 0

sin(¢p—os)
Fyry' °

F[S]i;wh +os3)

FSin(én—os)

w W N
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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 cannot match (expected mismatches)

For some structure functions, the two calculations should describe the same mechanism, but no exact
matching is present (unexpected mismatch)

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

The study has several phenomenological consequences
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