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¢ Why Dihadron Fragmentation Functions?

¢ How well do we know DiFFs?
¢ The very first success: Transverse Target-Spin Asymmetry in two-pion SIDIS

¢ This year’s fav’ topic: Higher-twist distributions



Primary goal:

Proton structure

» 3 leading-twist PDFs:

f1(x) g1(x) h1(x)
U L T
unpolarized target longitudinally polarized target transversely polarized target

» ... and a bunch of higher-twist PDFs
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Primary goal:

Proton structure

» 3 leading-twist PDFs:

f1(x) ) (X-odd )
U ?: T
unpolarized target longitudinally polarized target | transversely polarized target

b 3 twist-3 PDFs:
e(x) Xocd) h(x) gr(x) Qeven)

» ... and a bunch of higher-twist PDFs




Why Dihadron Fragmentation Functions




Hadronization: fragmentation functions

see Francesca Giordano’s talk

Hadronization of the quark into a hadron h

DI™" (2, 17)

quark ;-)X



Hadronization: fragmentation functions

L ] see Francesca Giordano’s talk
Hadronization of the quark into a hadron h

DI™" (2, r7)

wark )>X



Hadronization: fragmentation functions

L ] see Francesca Giordano’s talk
Hadronization of the quark into a hadron h

DI™" (2, r7)

quak )>X

jet axis quark TN



Interference Fragmentation Functions

transverse pol. of the fragm. quark « angular distribution of hadron pairs in the transverse plane



TMD factorization

d PDFY® FFY] |
o o G D

Collinear factorization

do o<y PDFq(:z:).)iFFq (z, Mp)
q




Factorization

TMD factorization

rd PDF¢ F |
\ aoczq:[ .F ]-

Collinear factorization

do o<y PDFq(:z:).)iFFq (z, Mp)
q

TMD PDF vs. collinear PDF

see talks by J.0. Gonzalez H. & M. Radici



Factorization

TMD factorization

rd PDF1 4 |
\ aoczq:[ .F ]-

Y Convenientk bo use Dirrs! Collinear factorization

do o<y PDFq(:z:).)iFFq (z, Mp)
q

TMD PDF vs. collinear PDF

see talks by J.0. Gonzalez H. & M. Radici



The DIFF family

»  Twist-2
- | ] |
ATV = Dy(2,My) || Ao sl = LI gy
| | 2M
| plus 2 kr dependrent FF
»  Twist-3

Bianconi, Boffi, Jakob & Radici, PRD6Z2 Bacchetta & Radici, PRD69



The DIFF family

»  Twist-2 r
) o= _ G2 BT
AV =Dy (z,M) | Alietel = I g )
| | 2M
| plus 2 kr dependent FF
»  Twist-3

Kinematical twist-3 Wandzura-Wilzcek approximation

Dynamical twist-3 ...

» higher-twists...

Bianconi, Boffi, Jakob & Radici, PRD6Z2 Bacchetta & Radici, PRD69



The DIFF family

»  Twist-2

_ L R
AV =Dy(e,My) | Alie ) = SR e,

| 2M

»  Twist-3
Kinematical twist-3 Wandzura-Wilzcek approximation

Dynamical twist-3 ...

» higher-twists...

Bianconi, Boffi, Jakob & Radici, PRD6Z2

plus 2 kr dependent FF

E.D< H,G?

Bacchetta & Radici, PRD69
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The DIFF family

»  Twist-2

- L R
AV =Dy(e,My) | Alie ) = SR e,

| 2M

»  Twist-3

Kinematical twist-3 Wandzura-Wilzcek approximation

plus 2 kr dependent FF

{E,D<,H, G-

Dynamical twist-3 ... B< é<£ [:[ Ew
Y, Y Y

» higher-twists...

4 P-odd DiFFS [Bacchetta, Boer, Radici, in progress?? |

Bianconi, Boffi, Jakob & Radici, PRD6Z2

Bacchetta & Radici, PRD69



Two-hadron SIDIS

» Aur

B(y) |R| 2, e hi(2;Q%) Hy J, (2, My; Q?)
Aly) My 3, 5 f1(7:@Q%) Di(z, Mp; Q%)

A?}r:lp(¢R+¢S) Sine(:l:,y, 2 My Q) = —

Jaffe, Jin, Tiang, PRL 80
Radici, Jakob & Bianconi, PRD65

» A

2 q <,q Mh, q ~<Z,q
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Aly) Q 2 My > g €2 (%) DY oipp(2, M)

Bacchetta & Radici, PRD69
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V(y) M 1 [R| 2q € [wh%(w) H (2, My) + 235 g1 (2) éfp’q(z,Mh)]
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Two-hadron SIDIS

» Ayt

B(y) |R| 22, €2 hi(z;Q?)

sin(¢pp+¢g) sin 6 . _
AUT R s (:an7zaMh7 Q) _ _A(y) Mh 63 f{l(ﬂf QZ
E :q )

Jaffe, Jin, Tiang, PRL 80
Radici, Jakob & Bianconi, PRD65

» A

A%I&¢R sin ¢ (ZU, Y, =z, Mha Q) - =

Bacchetta & Radici, PRD69

» Au

Vi) M1 |R| S ¢ |20

sin sin 6
AUL¢R (x7y7Z7Mh7Q) — _A(’y) Q 9 Mh




Two-hadron SIDIS

»  Aur ‘/ﬁﬁ%ﬁ !

A?}I;S¢R+¢S) Sine(x,y,z,Mh; Q) _

B(y) |R| >, € hi(2; Q%)
A(y) My ), ez fi(z; Q3

Jaffe, Jin, Tiang, PRL 80
Radici, Jakob & Bianconi, PRD65

»  Aw

A%I&¢R sin o (.CU, Y, <, Mha Q) - =

Bacchetta & Radici, PRD69
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Two-hadron SIDIS

»  Aur ‘/'5&&& !

A?}I;S¢R+¢S) Sing(x,y,z,Mh; Q) _

B(y) |R| >, € hi(2; Q%)
A(y) My ), ez fi(z; Q3

Jaffe, Jin, Tiang, PRL 80
Radici, Jakob & Bianconi, PRD65

»  Aw

A%I&¢R sin o (.Cl?, Y, <, Mha Q) - =

Sﬁav awake unkil the
last part of the tallk !

Bacchetta & Radici, PRD69

» Au

V(y) M 1 |R] g eg th%,
Aly) Q 2 My,
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Aur at HERMES and COMPASS
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Pion pair production in e*e” annihilation

»  Artru-Collins asymmetry

+ 2 hemispheres
+ azimuthal modulation between the 2 hemispheres

h2 lepton frame

+ If we integrate over one hemisphere, we get a\

S0 R S,
1+ cos? o) (sin 6 (sin ) My S,

Acos(¢rtér) (2, My, Q%) = —

Boer, Jakob & Radici, PRD67



Artru-Collins asymmetry at Belle
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see Isabella Garzia’s talk



Pion pair production in pp' collision

dUUTw g
AN — A P 9 M2 f1®h1®H1
dO-UU / N(T]C'7| C'J_|7COS s C7¢R07¢SB)O< f1®f1®D1

Bacchetta & Radici, PRD70



Pion pair production in pp' collision

"

dOUT g
dO-UU ’ N(T]C'7| C'J_|7COS s C7¢R07¢SB)O< f1®f1®D1

Bacchetta & Radici, PRD70

»  A¥"® asymmetry @ Phenix

» A" asymmetry @ STAR



Pion pair production in pp' collision

dJUT

AN

_-dUUU
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»  A¥"® asymmetry @ Phenix

f1®h ® HY
1® 1 ® D

Bacchetta & Radici, PRD70
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What we know about DiFFs




First principles for D1

Hadronization process: { q— X }




Hadronization process:

First principles for D1

{ q— X ]

Related to MULTIPLICITIES

Nbr of events:

Nbr of pion pairs:

see Nour Makke’s talk

U/, + N ® 2
o (eTe )= — = 47— e
(ter) = @ 2
n" " a0? < +o-
U(ete” - ntn™ + X) — = 4W@ > el / dzdMy, DI ™ (2, M?)
—




First principles for D1

Hadronization process: { q— X 1
Related to MULTIPLICITIES see Nour Makke'’s talk
U/ + N o? -~
Nbr of events: oc” (eTe) = T = 4r @ ; €q.)
1 ire: T o ¥ B
Nbr of pion pairs: U (ete — - + X) = nlum — 4 % Z &2 / dzd M, D(11—>7r+7r (2, M2
One-hemisphere differential cross section:
. . GOOD NEWS:
do Ara? <F L , Bins in z & M related to nbr of pion
2 — 5 eq,Di (2, M}) pairs
dzdM; Q ~ " '

Monte Carlo event generator



Spectator model for D1

Most prominent channels at My < 1.8 GeV

20000 |
1. Background:

15000 |

LA VR W SR V]

g— 1 r X

10000 |

5000 | 2. p production: Mh~m,=770 MeV

q— pXo — 7T+7T_Xj

3. w production: Mh~my=782 MeV

— wX3z w11 X3

broad peak at Mh~500 MeV
Ig — wr Xy — ng

undetected 0

4. K production: Mh~mk=497 MeV
Bacchetta & Radici, PRD74

g — K'Xc — 777 X




Spectator model for D1

Most prominent channels at My < 1.8 GeV

20000 ¢
1. Background:

15000 ¢

g— 1 r X

10000} |

5000 | 2. p production: Mh~my=770 MeV

q— pXo — 7T+7T_Xj

Spectator model g | | X3
20000} :
pair produced in relative s-wave sgoaat 500 MeV
parameter tuned to PYTHIA output for HERMES 10000 | ] 77’ X 4/;;
| ected 0

5000 | &

Bacchetta & Radici, PRD74
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NJL-jet model for D1
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Matevosyan et al., 1310.1917

NJL vertices

Vector meson decays
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Parameterization of D1
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Mh (GeV)

Use PYTHIA output as “data set”

Relevant variables and quantities: (Z, Mh)

Standard fitting approach: Functional form in (z, M)



Parameterization of D1

LA VR W SR V]

20000 |

15000 |

10000 |

5000 |

Use PYTHIA output as “data set”

Relevant variables and quantities: (Z, Mh)

Standard fitting approach: Functional form in (z, M)
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Mh (GeV)

Scale dependence: Belle@100GeV? ... but SIDIS@ ~2.5GeV?



Parameterization of D1

Use PYTHIA output as “data set”

20000 ¢
;15000 |
i Relevant variables and quantities: (2, M)
> 10000 |

5000 | Standard fitting approach: Functional form in (z, M)
s | | |
04 0.6 0.8 1 1.2
Mh (GeV)
Scale dependence: Belle@100GeV? ... but SIDIS@ ~2.5GeV?

LO Evolution with unpol. splitting functions & HOPPET: Ceccopieri, Radici & Bacchetta, PLB 650 (2007) 81-89

qd, 99, 9, 99 \
1st step: forward evolution

Start fit @ 1GeV : Induce quark & gluon distristributions




Parameterization of the unpolarized DiFF

M: behavior

z=0.25, Q=1 GeV
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A.C., Bacchetta, Radici & Bianconi,PRD85
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Parameterization of the unpolarized DiFF

M: behavior PYTHIA at Belle

z=0.25, Q=1 GeV

NJL-jet based MC event generator
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A.C., Bacchetta, Radici & Bianconi,PRD85 H. Matevosyan et al., 1310.1917



Spectator model for Hi*

ot/Dl,oo

J
1,

Bacchetta & Radici, PRD74
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Spectator model for IFF

pair produced in relative p-wave
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parameter tuned to PYTHIA output for HERMES




Parameterization of Hi*

Artru-Collins
asymmetry@ Belle

\

g S Dz, My; QWA (2, Mi; Q%))

(sin @) (sin 6)
\ we just got them!

R
S o, Q%) (@7) =

(1 + cos? 03)
<SiI12 (92>

... just like the unpol. case

LO Evolution with chiral-odd splitting functions & HOPPET: j
1st step: forward evolution
q9,99

+ integration over bin ranges

Start fit @ 1GeV : Induce quark distristributions



Parameterization of H¢*

Q=1 GeV
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A.C., Bacchetta, Radici & Bianconi,PRD85



Parameterization of Hi*

Q=1 GeV
6.0e-01 i )
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Evolution effects : From Belle’s scale to HERMES and COMPASS’scale

— needs analytical expression and gluon DiFF — fits — [A.C., Bacchetta, Radici & Bianconi, PRD85]

A.C., Bacchetta, Radici & Bianconi,PRD85



Parameterization of Hi*

Q=1 GeV
6.0e-01
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Evolution effects : From Belle’s scale to HERMES and COMPASS’scale
— needs analytical expression and gluon DiFF — fits — [A.C., Bacchetta, Radici & Bianconi, PRD85]
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A.C., Bacchetta, Radici & Bianconi,PRD85
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The very first success




Transversity at SIDIS

U d
- : - Dy =D{=D, =D
Using symmetries for DiFFs: { HSY = &t = gt =g W 1 31 1 1,» ,
Di=D,, Dji=D,
Proton

Deuteron

why* (z, Q) + wh{* (v, Q%) o = Apis(2, Q%)

and combinations of both ...



Transversity at SIDIS

Using symmetries for DiFFs: { "= g = g =g W

Proton

Deuteron

why* (z, Q) + wh{* (v, Q%) o = Apis(2, Q%)

We take results for our analysis
from pion pair production in e*e- annihilation at Belle

and combinations of both ...



Point-by-point transversity

x hyV(x)-x h,WV(x)/4

extraction from HERMES data +——i
extraction from COMPASS data —Jl—
04}t )
® from COMPASS data
® from HERMES data
. .  DiFF analysis
¢ DiFF analysis ol 1
point by point from fit - # + point by point from fit
« [Bacchetta, A.C., Radici, PRL 107] + + ; { + % * [Bacchetta, A.C., Radici, JHEP 1303]
OO T 1 T }

0.01 0.10




Point-by-point transversity

x hyV(x)-x h,WV(x)/4

extraction from HERMES data +——i
extraction from COMPASS data —Jl—
04}t )
® from COMPASS data
® from HERMES data
. .  DiFF analysis
¢ DiFF analysis ol 1
point by point from fit - # + point by point from fit
« [Bacchetta, A.C., Radici, PRL 107] + + ; { + % * [Bacchetta, A.C., Radici, JHEP 1303]
OO T 1 T }

0.01 0.10

Ok, but not of practical use!



Point-by-point transversity

x hyV(x)-x h,WV(x)/4
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Point-by-point transversity

x hyV(x)-x h,WV(x)/4

extraction from HERMES data +——i
extraction from COMPASS data —Jl—
0.4} L ]
® from COMPASS data
® from HERMES data
. .  DiFF analysis
¢ DiFF analysis ol 1
point by point from fit - # + point by point from fit
« [Bacchetta, A.C., Radici, PRL 107] + + ; { + % * [Bacchetta, A.C., Radici, JHEP 1303]
OO T 1 T }

0.01 0.10

Ok, but not of practical use!

> Fit of valence transversity

Constraints from first principles

+ Soffer bound 2|hi(z, Q)| < |fl(z, Q%) + gi(z,Q%)| = 2SB(z, Q?)

4+ hi(x=1)=0 ; the parton model predicts hi(x=0)=0 but too restrictive in QCD



Collinear extraction of h1

Soffer Bound @ 2.4 GeV?

_0.1¢

001 002 005 010 020 /050 1.00
X

Band: Torino 2009 transversity m'

Best fit central curve @2.4 GeV? |
and standard 10 error band :
~0.2|
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001 002 005 010 020 050 1.00
X

Rigid version

Bacchetta,A.C.& Radici, JHEP1303



Collinear extraction of h1

Soffer Bound @ 2.4 GeV?

-01 i ! ! . P | ! . . ]
0 0.01 0.02 0.05 0.10 0.20 0.50 1.00
X

Band: Torino 2009 transversity /\of

Best fit central curve @2.4 (:‘.eVZ_O 1 :

and standard 10 error band :
-0.2;

-0.3

001 002 005 010 020 050 1.00
X

Rigid version

Bacchetta,A.C.& Radici, JHEP1303



Collinear extraction of h1

0.6,

10 error band from replicas @2.4 GeV?

see Marco Radici’s talk

: x?/d.o.f. ~1.1
~0.1" |

0.01 0.02 005 010 020 0.50 1.00

X
0.2
/\A L
Best fit central curve @2.4 GeV?2 0.0 SN
and standard 10 error band _04!
—0.2%—
—0.3:

0.01 0.02 005 010 0.20 050 1.00
X

Rigid version



Collinear extraction of h1

10 error band from replicas @2.4 GeV?

x*/d.o.f. ~ 1.1

_042_ I |X.l : _
0.01 0.02 0.05 0.10 0.20 0.50 1.00

X

Best fit central curve @2.4 GeV?
and standard 1o error band

Extra-flexible version _03— . . S
0.01 0.02 0.05 0.10 0.20 0.50 1.00
X



Tensor charge

Torino: Anselmino et al.,(2013)
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Tensor charge

Torino: Anselmino et al.,(2013)
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Pavia: Bacchetta et al., JHEP 03 (2012) 119
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61 ' 7. fit of A12 A
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sl : 4. MC flexible 4r :
- 3 |
5 — 3. standard flexible
1 | 2. MC rigid 2r —
' 1. standard rigid 1 :
3 04 05 0 06 08
du du




Tensor charge

Torino: Anselmino et al.,(2013)
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Pavia: Bacchetta et al., JHEP 03 (2012) 119
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0.28 1
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6.4x10—3 ~0
r i :
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| 8. fit of Ao o S
61 ' 7. fit of A12 A
5t : 6. MC extra flexible 6 :
4L ; 5. standard extra flexible 5t :
5l , 4. MC flexible 4t i
- 3t ;
— 3. standard flexible
2. MC rigid 2r —
1. standard rigid H :
3 04 05 0 06 08
du du




Tensor charge

Torino: Anselmino et al.,(2013)
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Extrapolation outside the range of data
oq = /1 dx hi’ ()

4x10-3 ~0
- . | & .
7 _ 9
| 8. fit of Ao ol _—
61 ' i 7. fit of A12 7 RV S—
5t : : 6. MC extra flexible 6 :
4L ; - 5. standard extra flexible 5t :
sl , | 4. MC flexible 41 i
: 3| |
5 — 3. standard flexible
1 2. MC rigid \ 2r —
' 1. standard rigid H :
0 02 03 04 05 =02 04 06 08 10
du du

Pavia: Bacchetta et al., JHEP 03 (2012) 119
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Future of transversity

e Functional Form crucial to standard fitting procedure Ob 12
= Highly unconstrained outside data range
= [mportant! e.g., for tensor charge

= \We NEED more data at higher x-values — JLab@12GeV

Proposal for CLAS12 (A rated & waiting for HDice target to be ready)

A 12 GeV Research Proposal to Jefferson Lab (PAC 39)

Measurement of transversity with dihadron production
in SIDIS with transversely polarized target

—‘ .

Dihadron Electroproduction in DIS with Transversely
Polarized *He Target at 11 and 8.8 GeV

Letter of Intent for SoLID

May 10, 2013

(Proposal to be submit to next PAC)
(A Letter of Intent to Jefferson Lab (PAC 40))

T — e
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Higher-twist PDFs



v

v

e(x): strange content of the proton

Pion-nucleon o term

/_1 dz (" + ¢¥) (z) = ﬁ (P|(iiu + dd)| P

- OnrN

related to the strangeness content of the nucleon

(NIGN) | m

YN — -

HN|(Wuthy + Yaa)N) — me—m OrN

large strange contribution

but mass contribution of strange not sensitive to y

oen =(50-70 MeV)

LO ChiPT



Higher-twist from experiments

BSA dependence on xb BSA dependence on z
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0.02 :— + 0.02 |— +
01— é * + * + 01— +é +

‘ ALY
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022 G2a 026 028 03 0% ost 036 \‘/ “"‘o.@’m 045 05 055 06 0.65

“©
“
@

- d Unpolarized H2 target
e - A } 0 Longitudinally-polarized NH3 target

o
) S Plot from Silvia Pisano, LNF-INFN - MeNu2013
m_(x' 1) (GeV)

Known twist-2 functions Unknown twist-3 functions



Higher-twist from experiments

»  Analysis of e(x) here at LNF (M. Mirazita, S. Pisano & A.C.)
» (Second) extraction but first in collinear factorization from BSA
»  Great experimentalist/theorist collaboration!

» TSA@CLAS: Analysis of hi(x) here at LNF (data analyzed by S. Pereira)
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(Second) extraction but first in collinear factorization from BSA
Great experimentalist/theorist collaboration!
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Higher-twist from experiments

Analysis of e(x) here at LNF (M. Mirazita, S. Pisano & A.C.)

TSA@CLAS: Analysis of hi(x) here at LNF (data analyzed by S. Pereira)
(Re)submit a proposal for CLAS@12?

Projections based on models for e(x) & h.(x) for PAC38

ASin(I)

0.08
-
=2

0.06

0

-0.02 -

0.02 -

-0.04 |-

0.2

A CLAS12
(prcuecteq)




More asymmetries?

» Yes, but we need more info on multiplicities for

» iK™ pairs, =K° pairs

» min* pairs

» Yes, but CLAS@12 kinematics probably more adapted
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More asymmetries?

» Yes, but we need more info on multiplicities for

» iK™ pairs, =K° pairs

» min* pairs = From Belle & BaBar?

§ From COMPASS & HERMES?

¥ From models? /\

» Yes, but CLAS@12 kinematics probably more adapted

04 0.6 0.8 1.0 1.2 14 1.6
M2 (GeV?)

» Study di- to single-hadron SIDIS limits.

H. Matevosyan et al., 1310.1917

» Can we get more first principles’based arguments?
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PYTHIA event generator for

gq—(rttm) X @ Belle kinematics

0.2<z<0.3
4.0e+02 T T T T T - T T
Zbin0 uds from Omega
0.3<z<0.4
3.5e+02 - 4.0e+02 T T T T T T T
Zbin1 uds from Omega
3.0e+02 - 3.5e+02 7 7]
2.5e+02 - 3.0e+02 - T T
T  20e+02 | 2.5e+02 |- 7] T
1.5e+02 | 2.0e+02 - 7 7]
1.0e+02 1.5e+02 T T
5.0e+01 - .0e+02 - 7 7]
0.0e+00 4-o8atrtapt ; L L L L E
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Mh
0.0e+00 1 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8



H1

gq—(rttm) X @ Belle kinematics

PYTHIA event generator for

0.2<z<0.3
4.0e+02 T T T T T - T T
Zbin0 uds from Omega
0.3<z<0.4
3.5e+02 4.0e+02 T T T T T T
Zbin1 uds from Omega
3.00402 0.4<z<0.55
.Oe+ 3.5e+02 | 4.06402 : : : : —t :
Zbing uds from Omega

2.5e+02 3.0e+02 | 356402 L B - i
2.0e+02 2.5e+02 3.00402 | ] i 7
1.5e+02 2.0e+02 | 250402 | T 7 B
1.0e+02 1.5e+02 |- 0e+02 - ] ] b
5.0e+01 .0e+02 - 15002 L 1 B i
0.0e+00 SR |cadon m me ; 1 —1 L L .

0.2 0.4 06 | 08 10 1:0e+4p3 b 14 16 18 .

Mh
0.0e+00 1 1 LA 1 1 i
0.2 04 50g@1F  ogff’ 10 1.4 16 1.8
Mh
0.0e+00 L L L L L L
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Mh

1.8



PYTHIA event generator for

gq—(rttm) X @ Belle kinematics

0.2<2<0.3
4.0e+02 T T T T T - T T
Zbin0 uds from Omega
0.3<z<0.4
3.5e+02 4.0e+02 T T T T T T T
Zbin1 uds from Omega
500402 0.4<2<0.55
.Oe+ 3.5e+02 | 406402 . . . . — .
Zbing uds from Omega
25e+02 F 3.0e+02 F ] i 0.55<z<0.75
3.5e+02 4.0e+03 . . . . — .
Zbin3 uds from Omega
T 2.0e+02 - 2.5e+02 - L l ] b
3.0e+02 350403 - |
1.5e+02 [ 2.0e+02 | | . b i
2.5e+02 3.0e+04 | -
1.0e+02 | 1.5e+02 [ ] b
0e+02 - 250402 | il -
5.0e+01 .0e+02 - B § 7 i
1.5R#02 T 20e+04 | -
0.0e+00 4-otatrrafn L y_1 L L 4
0.2 0.4 06 | o8 1.0 10e+p3 b 14 1.6 1564008 1 i
Mh
0.0e+00 1 1 A ¥ LN 1 1 1
0.2 04 5081 ogf! 1.0 ] 1.04@2 | 1.4 1.6 1.8 T i
Mh
0.0e+00 ! ! - ! ! ! !
0.2 0.4 0.6 50et0h g 1.0 1.2 1.4 16 1.8 T
0.0e+00 M _j\k . . . .
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
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PYTHIA event generator for

gq—(rttm) X @ Belle kinematics

s »9 Zbins
s — » Flavor decomposition
R > Up
' ™ Zbin uds from Omega —— ) dOWﬂ
: » strange
- | - » charm
: | | » p channel
Ll _ _ » w channels
P\ N | P | _ » KO channel
S T b » non resonant contrib.
SRR —

4.0e+03

3.5e+02

e.g. uds from w channels



Pion pair production in pp' collision

R .
doyr =2|Pci| Y Re Spr| sin (¢s,; — ¢Rc)/

dﬂ?adxb a dAa—anT ctd c (=
o fi(a) B ) ST e (5, M2
a,b,c,d

1672, dt

Bacchetta & Radici, PRD70



The Functional Form @ Q¢?

x hiV (x) = tanh (331/2 (A, + Byx + Cyz° + D, a:3)) (2 SBY(x) + 2 SBI(x))

1st order polynomial
A+ By x
2nd order polynomial
A, + B,z + C, z?

3rd order polynomial

Aq—i—Bqa;+C’qa:2+Dq:I:3
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The Functional Form @ Q¢?

x hiV (x) = tanh O(Aq + B,z + Cy2° + D, x?’)) (2 SBY(x) + 2 SBI(x))

1st order polynomial judicious choice for integrability of

the transversities
A+ By x

Rigid version

2nd order polynomial

4 | 2 |
) ¥ x“/d.o.f. ~ 1.1
Aq + b5 q T Cq L Flexible version ﬁ

3rd order polynomial no significant change in the X%/

dof in the 3 versions

Aq—i—Bqa;+C’qa:2+qu3

Extra-flexible version
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Fitting procedure:

(z, Mh) and Q?-dependence

Relevant variables and quantities: (Z, Mh)

\) unfactorized functional form — “theo”

Scale dependence: Belle@100GeV? ... but SIDIS@ ~2.5GeV?

LO Evolution with unpol. splitting functions & HOPPET: Ceccopiefi, Radict & Bacchetta,,PLB 650 (2007) 81-89

qq9, 99, 99, 99

0th step: backward evolution 1st step: forward evolution

Start fit @ 1GeV

’ i iori !
We don’t know GLUON distr. a priori !! Induce q & g distr.



Binning (z, Mn) of a12@Belle

\) z-binning : 0.2, 0.27, 0.33, 0.4, 0.5, 0.6, 0.7, 0.8, 1.0
mh-binning : 0.28, 0.4, 0.5, 0.62, 0.77,0.9, 1.1, 1.5, 2.

1st step: consider only bin 0.5<Mn<1.1 GeV

5 Z (theo — exp)*

X 2

LO Evolution with chiral-odd splitting functions & HOPPET: j
1st step: forward evolution

qq,99 ... just like the unpol. case

+ integration over bin ranges

D+F22+GMyz+HM?2z+J M
(M~ m2 ) + K

HE (2, Mp) o\ MR — 4m2 e (0=2)=Mn B/

Q?=1GeV? x2/dof=0.57
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From Belle data

with 1-to-100 Ge\?2 evolution correction: HERMES range: -0.251"1 (= 9% theo. err) from BELLE
small corrections

with 1-to-100 .G.e\/Z evolution correction: COMPASS range: -0.221-1 (= 5% theo. err.) from BELLE
negligible corrections

HERMES range | COMPASS range
\? o, = 0.564 0.785
Ns 0.303 0.443

ni = 0.146 + 0.037 0.163 + 0.031

From fit




Comparison with extraction
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PROTON

x hy"V(x)-x h,%(x)/4

0.6
fit
data HERMES +—&— il 04r
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! ) } 0.4
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DEUTERON
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fit
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0.01 0.10
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