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The Sivers Functions from SIDIS data
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Extracted Sivers Functions

» Anselmino et al. Eur. Phys. J. A39,89 (2009)

*HERMES DATA 2002-2005 (proton target)
*COMPASS 2003-2004 (deuteron target)
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Extracted Sivers Functions
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Extracted Sivers Functions

HERMES 2002-5
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New data-new fit

»Smaller K asymmetries from HERMES

» Do we need sea quarks?

°u and d flavours only (7 parameters)
*HERMES DATA(2009) " m m° K K

®COMPASS DATA Deuteronm* m m° K K
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New data-new fit
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New data-new fit

FIT ud& donly
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New data-new fit
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New data-new fit

FIT u & d only
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New data-new fit

FIT u & d only
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Conclusions I

> A large anti-strange contribution is no more required

> The "sizes" of the Sivers functions are well constrained in
the available kinematical regions

» The behavior of the Sivers functions is hot constrained
by data in the full x range : JLAB, EIC



Polarized SIDIS& e+e- data:

Extraction of Collins function & Transversity

Anselmino et. al arXiv: 0812.4366v1
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Extraction of the transversity and the
Collins function

» Azimuthal asymmetry in polarized SIDIS

do! — do! = ’@ dAG(y, k1) ®

q

ANDh/qT (zsp_l_)

Transversity Collins function

/ dodeg[do! — do'] sin(¢ + ¢g)
Asin(é+9s) _ 5
urT -

/ dpdog [do! + dot]
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Extraction of the transversity and the

Collins function
»e’e” -> h; h, X BELLE Data

Thrust axis method

T -
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Al2y, 20,0, 01+ 03) =
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L
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Extraction of the transversity and the
Collins function

»Parametrization of Transversity function:

S Arq(z, k1) = %Ng(x)[fq/p(x) + Aq(2)] = e k1/ (kL)

\ Kﬂ]ﬁ)
Unpolarized PDF Helicity PDF

o (cg+Bq)
NI (z) = NI %0 (1 — z)Pa 2atld 27

N;, o, B free parameters
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Extraction of the transversity and the
Collins function

»Parametrization of the Collins function:

> ANDW/QT(Z,p_L) = QNE(Z)h(PL)Dﬂ/q(Z’pl)

/‘

s (Y +8)0tY

o N; (2) = Ng 27(1 — z) 760 Unpolarized FF
h _ 9 Pl —pi /M}QL
oh(pL) = V2egje vBound:
2
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vTorino vs Amsterdam notation

c
Ny, ¥, 8, M, free parameters AND, i (2py) = 2EHE(2,p))
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Extraction of the transversity and the
Collins function

> Simultaneous fit of HERMES, COMPASS and BELLE data
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*Anselmino et. al arXiv: 0812.4366v1
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Extraction of the transversity and the
Collins function

HERMES COMPASS
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Extraction of the transversity and the
Collins function

BELLE A,, (FLT)
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*Anselmino et. al arXiv: 0812.4366v1
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Conclusions ITI

»u and d transversity functions are opposite in signs
»Favored and unfavored are opposite in signs

»BELLE data sets are not symmeftric in z;, <-> z, exchange

S



Conclusions ITI

»u and d transversity functions are opposite in signs
»Favored and unfavored are opposite in signs

»BELLE data sets are not symmeftric in z;, <-> z, exchange
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Unpolarized SIDIS data:

Extraction of the Boer-Mulders function

Barone, Melis, Prokudin
Phys. Rev. D 81,224026 (2010)
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Extraction of the Boer-Mulders function

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

do = A+ Bcosp+ Ccos2¢p

® A =x fi1 ® D is the usual ¢-independent contribution

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

2falacongb _C

Acos 2¢ _
[ do A

L



Extraction of the Boer-Mulders function

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

do = A+ Bcosp+ Ccos2¢p

® A =x fi1 ® D is the usual ¢-independent contribution

.thf®ﬂf+é{1®1€1

N

Unpolarized PDF&FF gaussian as in Anselmino et

L

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

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

do = A+ Bcosp+ Ccos2¢p

® A =x fi1 ® D is the usual ¢-independent contribution

oC x hi ® I;If + é f1 @ D1 BM effect+Twist-4 Cahn effect

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

PP
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Extraction of the Boer-Mulders function

» 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 + gzf1 ® Di

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

i
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Extraction of the Boer-Mulders function

» Simple parametrization of the Boer-Mulders functions:

ohqu(:L‘, ki) = \g fllqji (x, kL) for valence quarks

o »hf‘q(:c, ki) = —\flljf] (x,k1)| for seaquarks
) A
> :
Inspired by models / Tensor magnetic moment
1L KL .1
hi(z, k1) = 2¢ fir (z, kL)
Burkardt, Phys. Rev. D72, 094020 (2005) Anomalous magnetic moment

Gockeler, Phys.Rev.Lett.98:222001,2007.
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Extraction of the Boer-Mulders function

Ohqu(:L‘, ki) = \g flLZ? (x, kL) for valence quarks

o »hf‘q(:c, ki) = —\flljf] (x,k1)| for seaquarks

»Models inspired:
hqu(xakJ—) — I]CC_% 1%?(33,/@_)
ohi"(z, k1)~ 1.80fi7 (x, k1) <0
ohi(z, k1) ~—0.94f5(x, k1) <0

L
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Extraction of the Boer-Mulders function

FITI
vGRV98 PDF
»HERMES proton and vDSS FF
deuteron target vGaussians: <ki>=0.25 (GeV/c)’
(x,z,P;) charged hadrons <p1>=0.20 (GeV/c)

(from Cahn effect)

»COMPASS deuteron target

(x,z) charged hadrons
vhi¥(z, k1) = Ay fil(z, k1)

»2 free parameters: it @ k) = —lfig (@ )

Sivers functions from
?\u ?\d

Anselmino et al. Eur. Phys. J. A39,89
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Extraction of the Boer-Mulders function
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Extraction of the Boer-Mulders function

HERMES Proton
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v'Same sign of Cahn contribution
for positive and negative pions

vBM contribution opposite in sign
for positive and negative pions

HERMES, Giordano:arXiv:0901.2438
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Extraction of the Boer-Mulders function
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Extraction of the Boer-Mulders function

» The Cahn effect is a crucial ingredient

vGaussians: <kf>=0.25 (GeV/c)’ | From Ref.[*]: analysis of
«p?>=0.20 (GeV/c)? 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)
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Extraction of the Boer-Mulders function

»FITII
COMPASS HERMES
<k?>=0.25 (GeV/c)* <k?>=0.18 (GeV/c)*
<p3>=0.20 (GeV/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

L
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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?



Intrisic parton motion in unpolarized SIDIS...

Boglione, Melis, Prokudin
Phys. Rev. D 84, 034033 (2011)
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Why such a large Cahn effect?

» The Cahn effect is suppressed by powers of Q:

do = A+ Bcosgp+ Ccos2p

® A = f1 ® D1 is the usual ¢-independent contribution

1
® 5 x 0 (f1 ® Dy + hi ® Hll) subleading Cahn+Boer-Mulders effect

oC x hi ® Hi + éfl @ [ BM effect+Twist-4 Cahn effect

ki
—<1??
@

s
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Why such a large Cahn effect?
»HERMES and COMPASS:  (Q?) ~ 2 GeV?

02 > 1 GeV?

» Analytical integration of the transverse momenta
e_ki/<ki>

(k1)

. 27T Jo'e)
/koL:/ d@/ dk | k|
0 0

fq/p(xa ki)= f(z)

(k1) ~ 0.25 (GeV/c)?

i



Bounds on the intrinic transverse momenta

¢/ The integration from O to infinity can be a crude assumption
¢/ The parton model provides kinematical limits on the transverse momentum size

»By requiring the energy of the parton to be smaller
than the energy of its parent hadron, we have

‘kl 2—2,)1—2,)Q° , 0<uz, <1

»By requiring the parton not to move backward
with respect to its parent hadron, we find

(1_33}3)
ki< (1—2333)2@ , Ty < 0.5

s



Bounds on the intrinic transverse momenta

¢/ The integration from O to infinity can be a crude assumption
¢/ The parton model provides kinematical limits on the transverse momentum size

> Energy

Forward

1.0

XB

S



Bounds on the intrinic transverse momenta

¢/ The integration from O to infinity can be a crude assumption
¢/ The parton model provides kinematical limits on the transverse momentum size

> Energy

Forward

0.0
HERMES and COMPASS |

— ¥

0.2 0.4 0.6 0.8 1.0

XB

s
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Smaller Cahn effect...
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No effects in "true” DIS regime...
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0.2 f
o3b
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S

EMC like kinematics:

Q? > 5 GeV?
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Conclusions IV

»In some kinematical region k, /Q~1

> A large Cahn effect is a consequence of that

» The parton model provides constraints
on the intrinsic transverse momenta

»Better description of <cosg> and <cos 2¢> data

»Impact in the calculation of <P%>

L
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Intrisic parton motion in unpolarized
SIDIS...

o= k3 /(%)
m(k7)

Unpolarized FF Dy, /,(2,p1) = Dy, /4 (2)

Unpolarized PDF  fy/p(x, k1) = f(x)

27T 00
[ e [k gyl = o)
0 0
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Intrisic parton motion in unpolarized
SIDIS...

do.f-l-'p—!nf’h)( Iral (1 + (1 B U) ,
- vV Dn
d;'l'.-’B dy dzp, dQPT — x, SU { 9 Fyu + (2 l;') 1 - Y COS Qp FUU + (1 g) cos 20p FUU }

Hyg = 26’3 /koJ_ fasp(®, k1) Dnye(2,01)
q

. 27T Jo'e)
/koL:»/ d¢/ dk | k|
0 0

e_P’IQ“/<P%>C;
Fou = Zf’ farp(@s) Dy yo(2n) ~(P2).

(Pr)e = (p1) + 2n (k1)
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Intrisic parton motion in unpolarized
SIDIS...

1 o—k3 / (k%)

fq/p(aja kJ_) — fq/p(aj) 1 o e_(kTax)2/<ki> 7T<ki>

kmax

27 0
fq/p(a:') :/0 dtp/o kJ_ko_ fq/p(ai',kj_)
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C2PHI
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Extraction of the Boer-Mulders Function
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Extraction of the Boer-Mulders function
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Extraction of the Boer-Mulders function
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Extraction of the Boer-Mulders function
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Extracted Sivers Functions

» Simple parametrization of the Sivers function

AN_]“Q/?)T (@, k) = 2Nglw) hlky) forp(2, K1)

o~k /(K2)

(k1)

Unpolarized PDF  fq/p(@, k1) = f(z)

vTorino vs Amsterdam notation

%Aqu/pT (:I:a A:J_) — _fn_tflli’?(ma ’l‘:l)

o
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Extracted Sivers Functions

» Simple parametrization of the Sivers function

Aqu/pT (;’L’, ]ﬁIJ_) = QNQ(IL') h(kj_) fq/p (33, kJ_)

(g +8q
No(@) = Noa(1 — o)fe Lot om0 o

hik.) = /2e Me K1/MP < 1

Ng, g, Bg & M1 free parameters
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