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Summary

»Role of sea quarks in the Sivers asymmetry in
SIDIS

» Transversity & Collins function

»Boer-Mulders functions




Polarized SIDIS Ip'—I"h+X

Sea quarks sivers functions
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Extracted Sivers Functions
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New HERMES and COMPASS DATAL




New data-old fit
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New data-old fit

COMPASS Proton Target

COMPASS Proton

0.15 | ht 1 ht 1 ht
01t
0.05

Aﬂ_rll(‘bh"bs)
o

-0.05 |
-01 |
-0.15

0.15
01t
0.05 |

arXiv:1005.5609

Aﬁ_?_(‘bh"bs)
o

-0.05
01
-0.15

107 03 04 05 06 07 01 03 05 07 09
X z P (GeV)

Statistical and systematic errors added in quadrature, no scale error

h

— e ——




New data-old fit
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New data-new fit!

‘ FITI ‘ Valence only, no sea quarks

‘ FITII ‘ Valence + sea
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Valence only -No sea
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Conclusions I

> The old fit still describes well new HERMES
and COMPASS data

» Sea quarks can improve the description of the data
but are not well constrained

» A large anti-strange contribution is not more required




Polarized SIDIS& e+e- data:

Extraction of Collins function & Transversity




Polarized SIDIS& e+e- data:

Extraction of Collins function & Transversity

» Azimuthal asymmetry in polarized SIDIS
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Polarized SIDIS& e+e- data:

Extraction of Collins function & Transversity

»e'e” -> h; h, X BELLE Data

Thrust axis method
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Polarized SIDIS& e+e- data:

Extraction of Collins function & Transversity

»Parametrization of Transversity function:
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( Polarized SIDIS& e+e- data:

Extraction of Collins function & Transversity

»Parametrization of the Collins function:
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Polarized SIDIS& e+e- data:

Extraction of Collins function & Transversity

> Simultaneous fit of HERMES, COMPASS and BELLE data
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Polarized SIDIS& e+e- data:

Extraction of Collins function & Transversity
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Polarized SIDIS& e+e- data:

Extraction of Collins function & Transversity
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Polarized SIDIS& e+e- data:

HERMES Coll. arXiv:1006.4221
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Conclusions IT

»Extraction of u and d transversity functions

»Extraction of the pion Collins functions

»Coming next: extraction of the kaon
Collins functions (rough extraction! No BELLE datal)




Boer-Mulders function extraction
from A®*? in unpolarized SIDIS
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Extraction of the Boer-Mulders functions

» The angular distribution in the unpolarized SIDIS can be written as

do = A+ Bcosp+ Ccos2¢p

® A =x f1 ® D is the usual ¢-independent contribution

o( hf X Hf + éﬁ ® D1 BM effect+Twist-4 Cahn effect

2fd06052gb _C

Acos 2¢ _
[ do A
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Extraction of the Boer-Mulders functions

» The angular distribution in the unpolarized SIDIS can be written as

do = A+ Bcosp+ Ccos2¢p

® A =x f1 ® D is the usual ¢-independent contribution

oC o hy @ Hi + gz Jil R 131 BM effect+Twist-4 Cahn effect
I \

Unpolarized PDF&FF gaussian as in Anselmino et

D
1] Anselmino et. Phys. ReV D71, 074006 (2005)
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Extraction of the Boer-Mulders functions

» The angular distribution in the unpolarized SIDIS can be written as

do = A+ Bcosp+ Ccos2¢p

® A =x f1 ® D is the usual ¢-independent contribution

o( hf X I,{f — éfl ® D1 BM effect+Twist-4 Cahn effect

Collins function as in Anselmino et. al arXiv: 0812.4366v1




(

Extraction of the Boer-Mulders functions

» The angular distribution in the unpolarized SIDIS can be written as

do = A+ Bcosp+ Ccos2¢p

® A =x f1 ® D is the usual ¢-independent contribution

o( hf X Hf + éﬁ ® D1 BM effect+Twist-4 Cahn effect

\A BM that we want to extract from the fit of A“s*¢ data




Extraction of the Boer-Mulders functions

» Simple parametrization of the Boer-Mulders functions:
Lq _ Lqg
ohy “(z, k1) =Ny fi7(x, k1) for valence quarks

o»hfq(a:, ki) = —]flLTq (x,k1)| for seaquarks

V. Barone, S. Melis and A. Prokudin Phys. Rev. D81, 114026 (2010)
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Extraction of the Boer-Mulders functions

» Simple parametrization of the Boer-Mulders functions:
Lq _ Lqg
ohy “(z, k1) =Ny fi7(x, k1) for valence quarks

o»hfq(a:, ki) = —]flLTq (x,k1)| for seaquarks

—a

> ’ ;
Inspired by models Tensor magnetic moment

Anomalous magnetic moment
Burkardt, Phys. Rev. D72, 094020 (2005)

Gockeler, Phys.Rev.Lett.98:222001,2007.




Extraction of the Boer-Mulders functions

» Simple parametrization of the Boer-Mulders functions:
Lq _ Lqg
ohy “(z, k1) =Ny fi7(x, k1) for valence quarks

o»hfq(a:, ki) = —]flLTq (x,k1)| for seaquarks

»Models inspired:

q
hqu(xakJ—) — % fﬁ(x,/ﬁ_)

ohi“(z, k1) ~1.80fi7"(x, k1) <0
ohi%(z, k1) ~ —0.94f5(xz, k1) <0




Extraction of the Boer-Mulders functions

FITI

»HERMES proton and
deuteron target
(x,z,P1) charged hadrons

»COMPASS deuteron target
(x,z) charged hadrons

»2 free parameters:

Ay Ay
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vDSS FF
vGaussians: <k3>=0.25 (GeV/c)?

<p7>=0.20 (GeV/c)
(from Cahn effect)

v hi¥z, k) =N, fi(z, kL)

v hi(z, k) = —|fif(z, kL)

Sivers functions from
Anselmino et al. Eur. Phys. J. A39,89

e ——




Extraction of the Boer-Mulders functions

0.1 0.1
0.08 | : 0.08 }
X o006} E o006}
= = a3z
= 004} = 004}
» >
0.02 | : 0.02 |
0 0 .
107 10 1 1072 10 1
X X
ox?/d.o.f. = 3.73
o)\, =2.0+0.1 — hfdand hf“ both negative
o); = —1.1177 0
Compatible with models predictions
e e - B N




Extraction of the Boer-Mulders functions
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vCahn effect (Twist-4)comparable
to BM effect

v Same sigh of Cahn contribution
for positive and negative pions

vBM contribution opposite in sign
for positive and negative pions

HERMES, Giordano:arXiv:0901.2438




Acos 20

ACOS 20

-0.05

-015 |

Extraction of the Boer-Mulders functions

COMPASS Deuteron

0.15 T T " T T
01 ¢
0.05

vCahn effect (Twist-4)comparable
to BM effect

Cahn 7
Boer-Mulders

Caln:BM v Same sigh of Cahn contribution
' for positive and negative pions

01+ _._._ cahn T
Boer-Mulders 4
Cahn+BM

Cahn |
Boer-Mulders |
. Cahn+BM 7

015
01 ¢
005 r

[
005 | vBM contribution opposite in sign
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05 o Boerhdered o Boerhudert oo E*ggwfg;;- for positive and negative pions
107 107" 0304050607 01 03 05§y 07 09
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Data in p; not included in the fit

arXiv 0808.0114
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COMPASS, Kafer:




Extraction of the Boer-Mulders Function

» The Cahn effect is a crucial ingredient

vGaussians: <k?>=0.25 (GeV/c)? | From Ref.[*]: analysis of
«p?>=0.20 (GeV/c)y’ Cahn cos¢ effect form EMC data

COMPASS HERMES
<k3>=0.25 (GeV/c)’ <k3>=0.18 (GeV/c)’
<p3>=0.20 (GeV/c) <p3>=0.20 (GeV/c)

~EMC ~HERMES MC

[*] Anselmino et al. Phys. Rev. D71 074006 (2005)




Extraction of the Boer-Mulders Function

>FITII
COMPASS HERMES
<k?>=0.25 (GeV/c)* <k?>=0.18 (GeV/c)*
<p3>=0.20 (6eV/c)’ <p3>=0.20 (6eV/c)
~EMC ~HERMES MC

ox?/d.o.f. = 2.41
FITII o\, =2.140.1

0.00

Better description of HERMES but the BM is unchanged
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Acos 20

Acos 2¢

Acos 20

Acos 20

Extraction of the Boer-Mulders Function
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Extraction of the Boer-Mulders Function

HERMES Proton
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New HERMES datal Presented at SPIN2010
See talk by Francesca Giordano




Extraction of the Boer-Mulders Function

COMPASS Deuteron
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Extraction of the Boer-Mulders Function

Kaons!

/’é ot n* i { ] HERMES preliminary ]
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Conclusions III

»u and d BM functions have the same sign.
They are compatible with models

» Twist-4 Cahn effect cannot be neglected
at HERMES and COMPASS.

»Different average transverse momenta
for different experiments?

»Coming next: new fit HERMES & COMPASS

»Coming next: Kaons?






Boer-Mulders function extraction from
v in unpolarized DY processes
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Boer-Mulders function in DY from fits

»General expression for the dilepton angular distributions
in the dilepton rest frame:

1
do _ 3 [1 + Acos? 0 + psin 20 cos ¢ + (v/2) sin? 0 cos 2¢}

odQ  4r(A+3)




Boer-Mulders function in DY from fits

»General expression for the dilepton angular distributions
in the dilepton rest frame:

1
~ ;Zg = 47T()\3+ 3) [1 + Acos? f + p1sin 26 cos gbﬂﬂ) sin? 6 cos Zgb}

©)

---------------------------------------
1 e p+dat800 GeV/c
L m 7+ W at 252 GeV/c
08 - 4 7+ W at 194 GeV/c
i | |
06 -
> [
04 [ -
[ E i
02 i
L i I
0 % ...... L S . S [ S
.......................................
0 0.5 1 1.5 2 25 3 3.5
p; (GeV/c)




Boer-Mulders function in DY from fits

»General expression for the dilepton angular distributions
in the dilepton rest frame:

1
~ ;Zg _ 47T()\3+ 3) {1 + Acos? 0 + psin 20 cos ¢ + (v/2) sin? 0 cos Zgb}

» TMDs approach

—

hi® @ hi®
Unpolarized PDFs

L _

Boer-Mulders functions

V X




Boer-Mulders function in DY from fits

»We performed an analysis of E866 data on pp and pD Drell-Yan

hi% @ hy"

V X

fief




Boer-Mulders function in DY from fits

»We performed an analysis of E866 data on pp and pD Drell-Yan

hi® ® hi®
fief

V X

> Gaussian smearing for PDFs

.fQ/p(ma kJ_) ffj'( )ﬂ-(k ) —RL/(kL )= ——
(k%) = 0.25 (GeV/c)?

*]Anselmino et. Phys. ReV D71, 074006 (2005)

[ : : ,
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Boer-Mulders function in DY from fits

»We performed an analysis of E866 data on pp and pD Drell-Yan

hi® ® hi®
fief

™ u and d Boer-Mulders functions as extracted from SIDIS

V X

ohi U (x, k) = Ny fiod(z, kL)

Ay =2.0£0.1
0.00
Ag = —1.1175 0,

[“ISivers functions from Anselmino et al. Eur. Phys. J. A39,89

————




Boer-Mulders function in DY from fits

»We performed an analysis of E866 data on pp and pD Drell-Yan

hlLa, R hlLb
fief

UV X
> U and d Boer-Mulders parametrized similarly:

W0, ki) = Agfisf (@ ko)

[“ISivers functions from Anselmino et al. Eur. Phys. J. A39,89

I s —




Boer-Mulders function in DY from fits

»Results of the analysis of E866 data on pp and pD Drell-Yan
1Lq 1
hl q(az, kJ_) — )\qfﬂf](llj, kJ_)[*]

Ao = 3.25 £ 0.75 )
Xd.0.5 = 1.24 FITI
A= 0154013 47
0.01 0.01
|
0 /\ 0 /—\

102 107! 1 102 1071 1

X

. ["] Sivers functions from Anselmino et al. Eur. Phys. J._A39,89

e ——



Boer-Mulders function in DY from fits
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Boer-Mulders function in DY from fits
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Boer-Mulders function in DY from fits
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Boer-Mulders function in DY from fits

»Can we safely assume that the average transverse momentum is
the same in SIDIS and in DY?

> Gaussian smearing for unpolarized PDFs

o furp(, k1) = folw) wky e KL/ D)

From SIDIS: (k1) =0.25 (GeV/c)?

Typical DY : (k1) ~ 0.5 -1 (GeV/c)?

> Let us try to change this value




Boer-Mulders function in DY from fits

> Notice taht BM functions are proportional to the unpolarized pdf

N Wiz, k) = A fid(z, k2) = A po(2) nkr) £1(2,K3)

| Unpolarized PDF

[“ISivers functions from Anselmino et al. Eur. Phys. J. A39,89
\__ — — e — ——




Boer-Mulders function in DY from fits

> As an exercise let us assume different average transverse momentum
in the unpolarized PDF.

FITII| asFitIbutwith (£2)~0.64 (GeV/c)? [

[*] U. D'Alesio and F. Murgia, Phys. Rev. D67,




Boer-Mulders function in DY from fits

Ni= 0254020 dof T FITII

Same description of the datal

0.01

0.01

{k?) -0.25 (GaVic)? {K2) -0.25 (GeVi)?

(K2} =0.64 (GaVig)? rrememmsmssenen (18) =0.64 (GaVIg)? rorrne
£ £
e 2 0.005 >0 0.005
£ £
» »

0 0
1
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Conclusions IV

»U and d BM functions are different from zero
but not well constrained from E866 data alone.

»Different average transverse momenta
for different processes?
We need more theory and more experiments!










New data-old fit

COMPASS Proton Target

COMPASS Proton
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New data-old fit

COMPASS Proton Target

COMPASS Proton
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Polarized SIDIS:

Extraction of the Sivers Function

»11 free parameters:

N, Ny Ng N3 N, N
au cxd asea
B M

»HERMES (2002-5)
| (x,z,Py) mé&K

»COMPASS (2004)
(x,z,Py) mé&K

vGRV98 PDF
vDSS FF

vGaussians: <k3>=0.25 (GeV/c)?
<p7>=0.20 (GeV/c)
(from Cahn effect)
v Simulated evolution (unp.)

V ANF (@ k) = 2N (@) hiky) fop(a. ko)

(ovg + B,)(@atFa)

g 53
aq? By

‘/*’"\"rq () = Ny ata(l — ;13)-"'3 .

V (k) = Ve it oM
M

. °[1] Anselmino et al. Eur. Phys. J. A39,89




( Polarized SIDIS:

Extraction of the Sivers Function

»Gaussian smearing for both unpolarized PDF and FF

%\fq/p(:vj kJ_) — fq(iU) ﬂ-<’ii> e_kl/U{g)

GRV98 set H(ki) — 0.25 (GeV/c)Q

1

S D(z.p1) = Di(2) s em/@i

DSS set 1{p? ) = 0.20 (GeV /c)?

*JAnselmino et. Phys. ReV D71, 074006 (2005)
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Polarized SIDIS:

Extraction of the Sivers Function

» Simple parametrization of the Sivers function

%Aqu/pT (.”L‘, k’_]_) = QNQ(.’IJ) h(kl) fq/p(!l}', kJ_)

Unpolarized PDF

Nq, g, Bq & M free parameters
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