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the experimental apparatus is a two stages 
spectrometer (SM1 and SM2) designed 

to have large angular acceptance and 
cover a broad kinematical range 
to operate with high energy hadron and
muon beams and polarised and 
unpolarised targets
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𝝁𝝁+ muon beam, 160 (190) GeV/c, -80% longitudinal polarisation

Semi-Inclusive Deep Inelastic Scattering

wide 𝒙𝒙 − 𝑸𝑸𝟐𝟐 range

and JLab12
experiments

complementary to
that of the HERMES
experiment

160 𝐺𝐺𝐺𝐺𝐺𝐺/𝑐𝑐
𝑊𝑊2 > 25 ⁄𝐺𝐺𝐺𝐺𝐺𝐺 𝑐𝑐2 2

𝑊𝑊2 > 4

11 𝐺𝐺𝐺𝐺𝐺𝐺/𝑐𝑐not competitive concerning 
luminosity, 
still a unique facility
while EIC is not running 

27 𝐺𝐺𝐺𝐺𝐺𝐺/𝑐𝑐

6 𝐺𝐺𝐺𝐺𝐺𝐺/𝑐𝑐
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target unpolarised

deuteron
Y. Bedfer 13 Sep, 16:40 
Nucleon helicity structure 

A. Moretti  12 Sep 14:30   
A. Kerbizi 12 Sep 14:55
this session
F. Kunne 13 Sep 14:50 
Nucleon helicity structure

F. Bradamante 11 Sep 14:55
this session
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PLB753  2016

𝒍𝒍 𝑵𝑵↑ → 𝒍𝒍′𝚲𝚲(�𝚲𝚲) 𝑿𝑿
𝚲𝚲 (�𝚲𝚲) polarisation

A. Moretti 
13 Sep 17:20 
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SIDIS off transversely polarised targets
some results
𝒍𝒍 𝑵𝑵↑ → 𝒍𝒍′𝒉𝒉 𝑿𝑿

• other Transverse Spin Asymmetries
beyond Collins and Sivers

• multidimensional analysis 
of all the proton TSAs
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Sivers asymmetry
𝒍𝒍 𝑵𝑵↑ → 𝒍𝒍′𝒉𝒉 𝑿𝑿

amplitude of the                                         modulation

~ 𝑓𝑓1𝑇𝑇⊥ 𝐷𝐷1⊗

the Sivers asymmetry

sinΦ𝑆𝑆𝑆𝑆𝑆𝑆 ≡ sin 𝜙𝜙ℎ − 𝜙𝜙𝑆𝑆

it requires final/initial-state interactions

should change sign from SIDIS to Drell-Yan (important test !!)

the Sivers function 𝒇𝒇𝟏𝟏𝟏𝟏⊥ is the most famous 
of the Transverse Momentum Dependent 
parton distribution functions

it gives the correlation between 
the parton transverse momentumand the nucleon transverse polarisation

see next talk (J. Matousek)



Sivers asymmetry
𝒍𝒍 𝑵𝑵↑ → 𝒍𝒍′𝒉𝒉 𝑿𝑿

amplitude of the                                         modulation

the Sivers asymmetry
some results

sinΦ𝑆𝑆𝑆𝑆𝑆𝑆 ≡ sin 𝜙𝜙ℎ − 𝜙𝜙𝑆𝑆

PLB693 2010
PLB717 2012
PLB744 2015

proton



Sivers asymmetry
𝒍𝒍 𝑵𝑵↑ → 𝒍𝒍′𝒉𝒉 𝑿𝑿

amplitude of the                                         modulation

the Sivers asymmetry
some results

sinΦ𝑆𝑆𝑆𝑆𝑆𝑆 ≡ sin 𝜙𝜙ℎ − 𝜙𝜙𝑆𝑆

PLB693 2010
PLB717 2012
PLB744 2015

proton measured on p also at high 𝑸𝑸𝟐𝟐 for 
direct comparison with Drell-Yan

PLB770 2017

gluon Sivers related TSAs: 
high 𝑃𝑃𝑇𝑇 hadron pairs and 
⁄𝐽𝐽 Ψ production

PLB772  2017

DSpin 2017
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PLB693 2010
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proton deuteron

PRL94 2005
NPB765 2007
PLB673 2009

 Sivers PDF
usually using also the HERMES proton data
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transverse momentum of the q
with respect to the nucleon direction

transverse momentum of the hadron 
with respect to the direction of the 
fragmenting quark

transverse momentum 
of the hadron

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆 = 𝜎𝜎𝑆𝑆
𝜎𝜎𝑈𝑈

at leading twist and leading order in QCD it is

transverse momentum
convolutions
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∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥C

𝑷𝑷𝑻𝑻 ⋅ 𝒌𝒌𝑇𝑇
𝑀𝑀𝑃𝑃𝑇𝑇

𝑓𝑓1𝑇𝑇
⊥𝑞𝑞 𝑥𝑥, 𝑘𝑘𝑇𝑇2 𝐷𝐷1

𝑞𝑞(𝑧𝑧,𝑝𝑝𝑇𝑇2)

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥C 𝑓𝑓1
𝑞𝑞 𝑥𝑥, 𝑘𝑘𝑇𝑇2 𝐷𝐷1

𝑞𝑞(𝑧𝑧,𝑝𝑝𝑇𝑇2)

C
𝑷𝑷𝑻𝑻 ⋅ 𝒌𝒌𝑇𝑇
𝑀𝑀𝑃𝑃𝑇𝑇

𝑓𝑓1𝑇𝑇
⊥ 1 𝑞𝑞 𝐷𝐷1

𝑞𝑞 = �𝑑𝑑2𝒌𝒌𝑇𝑇 �𝑑𝑑2𝒑𝒑𝑇𝑇 𝛿𝛿2(𝑧𝑧𝒌𝒌𝑇𝑇 + 𝒑𝒑𝑇𝑇 − 𝑷𝑷𝑇𝑇)
𝑷𝑷𝑻𝑻 ⋅ 𝒌𝒌𝑇𝑇
𝑀𝑀𝑃𝑃𝑇𝑇

𝑓𝑓1𝑇𝑇
⊥𝑞𝑞 𝑥𝑥, 𝑘𝑘𝑇𝑇2 𝐷𝐷1

𝑞𝑞(𝑧𝑧, 𝑝𝑝𝑇𝑇2)

C 𝑓𝑓1
𝑞𝑞 𝐷𝐷1
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when integrating over 𝑷𝑷𝑻𝑻:

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥, 𝑧𝑧 =
∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥 ∫𝑑𝑑2𝑷𝑷𝑻𝑻C

𝑷𝑷𝑻𝑻 ⋅ 𝒌𝒌𝑇𝑇
𝑀𝑀𝑃𝑃𝑇𝑇

𝑓𝑓1𝑇𝑇
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𝑞𝑞(𝑧𝑧, 𝑝𝑝𝑇𝑇2)

∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑥𝑥𝑓𝑓1
𝑞𝑞 𝑥𝑥 𝐷𝐷1

𝑞𝑞(𝑧𝑧)

assuming a Gaussian dependence ...

cannot be analytically evaluated 
in the general case:
to disentangle 𝑓𝑓1𝑇𝑇⊥ and 𝐷𝐷1 , and 
extract the Sivers function 
assumptions for the transverse-
momentum dependence of the 
distribution and fragmentation 
functions are needed



𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆,𝐺𝐺 𝑥𝑥, 𝑧𝑧 =
𝑎𝑎𝐺𝐺 ∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑥𝑥𝑓𝑓1𝑇𝑇

⊥ 1 𝑞𝑞 𝑥𝑥 𝑧𝑧𝐷𝐷1
𝑞𝑞 (𝑧𝑧)

∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑥𝑥𝑓𝑓1
𝑞𝑞 𝑥𝑥 𝐷𝐷1

𝑞𝑞(𝑧𝑧)
𝑎𝑎𝐺𝐺 =

𝜋𝜋𝑀𝑀

𝑝𝑝𝑇𝑇2 + 𝑧𝑧2 𝑘𝑘𝑇𝑇2 𝑆𝑆
≃

𝜋𝜋𝜋𝜋
2 𝑃𝑃𝑇𝑇

assuming a Gaussian dependence 

𝑓𝑓1𝑇𝑇
⊥ 1 𝑞𝑞(𝑥𝑥) = �𝑑𝑑2𝒌𝒌𝑇𝑇

𝑘𝑘𝑇𝑇2

2𝑀𝑀2 𝑓𝑓1𝑇𝑇
⊥𝑞𝑞(𝑥𝑥, 𝑘𝑘𝑇𝑇2)

the Sivers asymmetry

(𝑎𝑎𝐺𝐺 ≅ 1 for the Collins asymmetry)
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∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑥𝑥𝑓𝑓1𝑇𝑇

⊥ 1 𝑞𝑞 𝑥𝑥 𝐷𝐷1
𝑞𝑞 (𝑧𝑧)

∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑥𝑥𝑓𝑓1
𝑞𝑞 𝑥𝑥 𝐷𝐷1

𝑞𝑞(𝑧𝑧)

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑤𝑤′ 𝑥𝑥, 𝑧𝑧 = 2
∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑥𝑥𝑓𝑓1𝑇𝑇

⊥ 1 𝑞𝑞 𝑥𝑥 𝑧𝑧𝐷𝐷1
𝑞𝑞 (𝑧𝑧)

∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑥𝑥𝑓𝑓1
𝑞𝑞(𝑥𝑥) 𝐷𝐷1

𝑞𝑞(𝑧𝑧)

𝑤𝑤 = 𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧

𝑤𝑤′ = 𝑃𝑃𝑇𝑇/𝑀𝑀
𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑤𝑤𝑤 𝑥𝑥, 𝑧𝑧
𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆,𝐺𝐺 𝑥𝑥, 𝑧𝑧

=
4 𝑃𝑃𝑇𝑇
𝜋𝜋𝑀𝑀

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆,𝐺𝐺 𝑥𝑥, 𝑧𝑧 =
𝑎𝑎𝐺𝐺 ∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑥𝑥𝑓𝑓1𝑇𝑇

⊥ 1 𝑞𝑞 𝑥𝑥 𝑧𝑧𝐷𝐷1
𝑞𝑞 (𝑧𝑧)

∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑥𝑥𝑓𝑓1
𝑞𝑞 𝑥𝑥 𝐷𝐷1

𝑞𝑞(𝑧𝑧)
𝑎𝑎𝐺𝐺 =

𝜋𝜋𝑀𝑀

𝑝𝑝𝑇𝑇2 + 𝑧𝑧2 𝑘𝑘𝑇𝑇2 𝑆𝑆
≃

𝜋𝜋𝜋𝜋
2 𝑃𝑃𝑇𝑇

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑤𝑤 𝑥𝑥, 𝑧𝑧 =
∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥 ∫ 𝑑𝑑2𝑷𝑷𝑻𝑻

𝑃𝑃𝑇𝑇
𝑧𝑧𝑧𝑧C 𝑷𝑷𝑻𝑻 ⋅ 𝒌𝒌𝑇𝑇

𝑀𝑀𝑃𝑃𝑇𝑇
𝑓𝑓1𝑇𝑇
⊥𝑞𝑞 𝑥𝑥, 𝑘𝑘𝑇𝑇2 𝐷𝐷1

𝑞𝑞(𝑧𝑧,𝑝𝑝𝑇𝑇2)

∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑥𝑥𝑓𝑓1
𝑞𝑞 𝑥𝑥 𝐷𝐷1

𝑞𝑞(𝑧𝑧)

assuming a Gaussian dependence 

𝑓𝑓1𝑇𝑇
⊥ 1 𝑞𝑞(𝑥𝑥) = �𝑑𝑑2𝒌𝒌𝑇𝑇

𝑘𝑘𝑇𝑇2

2𝑀𝑀2 𝑓𝑓1𝑇𝑇
⊥𝑞𝑞(𝑥𝑥, 𝑘𝑘𝑇𝑇2)

the Sivers asymmetry

(𝑎𝑎𝐺𝐺 ≅ 1 for the Collins asymmetry)

but the assumption introduces a bias into the extraction of the Sivers function

this problem can be avoided measuring  the 𝑃𝑃𝑇𝑇 weighted asymmetries:

=



the weighted Sivers asymmetry

we have measured 
the weighted Sivers asymmetries on transversely polarised protons vs 𝑥𝑥 and 𝑧𝑧
using as weights both 𝑤𝑤 = 𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧 and 𝑤𝑤′ = 𝑃𝑃𝑇𝑇/𝑀𝑀

paper submitted



the weighted Sivers asymmetry

we have measured 
the weighted Sivers asymmetries on transversely polarised protons vs 𝑥𝑥 and 𝑧𝑧
using as weights both 𝑤𝑤 = 𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧 and 𝑤𝑤′ = 𝑃𝑃𝑇𝑇/𝑀𝑀

we have used the 2010 data, already used for the standard analyses
with the same standard cuts to select DIS events

𝑄𝑄2 > 1 GeV2, 0.1 < 𝑦𝑦 < 0.9, 𝑊𝑊 > 5 GeV/c2
and charged final state hadrons

𝑃𝑃𝑇𝑇 > 0.1 GeV/c, 𝑧𝑧 > 0.2 and 0.1 < 𝑧𝑧 < 0.2

paper submitted

𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧

𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧

𝑥𝑥



the 𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧weighted Sivers asymmetry
a few results

PLB717 2012 PLB717 2012

the trends of the weighted and unweighted asymmetries are similar 
both for positive and negative hadrons

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑤𝑤 𝑥𝑥 = 2
∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1𝑇𝑇

⊥ 1 𝑞𝑞 𝑥𝑥 �𝐷𝐷1
𝑞𝑞

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1
𝑞𝑞(𝑥𝑥)�𝐷𝐷1

𝑞𝑞
�𝐷𝐷1
𝑞𝑞 = �

𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚

𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑𝑑𝑑𝐷𝐷1

𝑞𝑞(𝑧𝑧)

𝑧𝑧 > 0.2 𝑧𝑧 > 0.2



the 𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧weighted Sivers asymmetry
a few results

PLB717 2012 PLB717 2012

the trends of the weighted and unweighted asymmetries are similar 
both for positive and negative hadrons

positive hadrons: asymmetry clearly different from zero, in particular at large x
ratio ~ 𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧

assuming u-dominance,

and our result represents the first direct measurement of 𝑓𝑓1𝑇𝑇
⊥ 1 𝑢𝑢(𝑥𝑥)

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆
𝑤𝑤,+ 𝑥𝑥 ≃ 2 �𝑓𝑓1𝑇𝑇

⊥ 1 𝑢𝑢(𝑥𝑥) 𝑓𝑓1𝑢𝑢 𝑥𝑥

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑤𝑤 𝑥𝑥 = 2
∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1𝑇𝑇

⊥ 1 𝑞𝑞 𝑥𝑥 �𝐷𝐷1
𝑞𝑞

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1
𝑞𝑞(𝑥𝑥)�𝐷𝐷1

𝑞𝑞
�𝐷𝐷1
𝑞𝑞 = �

𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚

𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑𝑑𝑑𝐷𝐷1

𝑞𝑞(𝑧𝑧)

𝑧𝑧 > 0.2 𝑧𝑧 > 0.2



the 𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧weighted Sivers asymmetry
a few results

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑤𝑤 𝑥𝑥 = 2
∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1𝑇𝑇

⊥ 1 𝑞𝑞 𝑥𝑥 �𝐷𝐷1
𝑞𝑞

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1
𝑞𝑞(𝑥𝑥)�𝐷𝐷1

𝑞𝑞
�𝐷𝐷1
𝑞𝑞 = �

𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚

𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑𝑑𝑑𝐷𝐷1

𝑞𝑞(𝑧𝑧)

positive hadrons: similar asymmetries  at low and higher 𝑧𝑧
u-quark dominance
supports the idea that factorisation works at small 𝑧𝑧 too, in our kinematic range

negative hadrons: at small 𝑧𝑧 the asymmetry increase, as expected
similar favored and unfavored FFs, the u-quark contribution increases



the 𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧weighted Sivers asymmetry
a few results

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑤𝑤 𝑧𝑧

PLB717 2012

PLB717 2012

positive hadrons: almost constant values vs 𝑧𝑧 -- u-quark dominance 
supports the idea that factorisation works at small 𝑧𝑧 in our kinematic range

negative hadrons: at small 𝑧𝑧 the asymmetry increases, as already seen



the weighted Sivers asymmetry
results

having the 𝑃𝑃𝑇𝑇/𝑧𝑧 weighted asymmetries, it is straightforward to extract the first 
transverse moment of the Sivers function

new

summary:

• the results confirm the naïve expectations

• no indication that we are nor in the current fragmentation region or 
that factorisation does not work in our kinematic range



extraction  of  𝒇𝒇𝟏𝟏𝟏𝟏⊥ 𝟏𝟏 (𝒙𝒙)

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆
𝑤𝑤,± 𝑥𝑥 = 2

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1𝑇𝑇
⊥ 1 𝑞𝑞 𝑥𝑥 �𝐷𝐷1

𝑞𝑞,±

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1
𝑞𝑞(𝑥𝑥)�𝐷𝐷1

𝑞𝑞,±
�𝐷𝐷1
𝑞𝑞,± = �

𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚

𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑𝑑𝑑𝐷𝐷1

𝑞𝑞,±(𝑧𝑧)

𝑓𝑓1
𝑞𝑞 , �𝐷𝐷1

𝑞𝑞,±from parametrisations

𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧 weighted asymmetries for positive e negative hadrons:



extraction  of  𝒇𝒇𝟏𝟏𝟏𝟏⊥ 𝟏𝟏 (𝒙𝒙)

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆
𝑤𝑤,± 𝑥𝑥 = 2

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1𝑇𝑇
⊥ 1 𝑞𝑞 𝑥𝑥 �𝐷𝐷1

𝑞𝑞,±

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1
𝑞𝑞(𝑥𝑥)�𝐷𝐷1

𝑞𝑞,±
�𝐷𝐷1
𝑞𝑞,± = �

𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚

𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑𝑑𝑑𝐷𝐷1

𝑞𝑞,±(𝑧𝑧)

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆
𝑤𝑤,± = 2

4𝑥𝑥𝑓𝑓1𝑇𝑇
⊥ 1 𝑢𝑢𝑣𝑣 �𝐷𝐷1

𝑢𝑢,± + 𝑥𝑥𝑓𝑓1𝑇𝑇
⊥ 1 𝑑𝑑𝑣𝑣 �𝐷𝐷1

𝑑𝑑,±

𝛿𝛿±
𝛿𝛿± = 9 Σ𝑞𝑞𝑒𝑒𝑞𝑞2𝑥𝑥𝑓𝑓1

𝑞𝑞 �𝐷𝐷1
𝑞𝑞

𝑥𝑥𝑓𝑓1𝑇𝑇
⊥ 1 𝑢𝑢𝑣𝑣 =

1
8
𝛿𝛿+𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆

𝑤𝑤,+�𝐷𝐷1
𝑑𝑑,− − 𝛿𝛿−𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆

𝑤𝑤,−�𝐷𝐷1
𝑑𝑑,+

�𝐷𝐷1
𝑢𝑢,+�𝐷𝐷1

𝑑𝑑,− − �𝐷𝐷1
𝑑𝑑,+�𝐷𝐷1

𝑢𝑢,−

𝑥𝑥𝑓𝑓1𝑇𝑇
⊥ 1 𝑑𝑑𝑣𝑣 =

1
2
𝛿𝛿−𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆

𝑤𝑤,−�𝐷𝐷1
𝑢𝑢,+ − 𝛿𝛿+𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆

𝑤𝑤,+�𝐷𝐷1
𝑢𝑢,−

�𝐷𝐷1
𝑢𝑢,+�𝐷𝐷1

𝑑𝑑,− − �𝐷𝐷1
𝑑𝑑,+�𝐷𝐷1

𝑢𝑢,−

𝑓𝑓1
𝑞𝑞 , �𝐷𝐷1

𝑞𝑞,±from parametrisations (CTEQ5D and DSS) 

𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧 weighted asymmetries for positive e negative hadrons:

neglecting the sea-quark Sivers distributions, it is

and



extraction  of  𝒇𝒇𝟏𝟏𝟏𝟏⊥ 𝟏𝟏 (𝒙𝒙)

results

• values clearly different from zero
• much larger uncertainties on 𝑓𝑓1𝑇𝑇

⊥ 1 𝑑𝑑𝑣𝑣 than on 𝑓𝑓1𝑇𝑇
⊥ 1 𝑢𝑢𝑣𝑣 because of the lack of 

corresponding deuteron data

bars: statistical 
uncertainties only 

•
o
𝑢𝑢𝑣𝑣
𝑑𝑑𝑣𝑣 at the 𝑄𝑄2 of the measurement

(1.24 to 25.6 GeV2)



extraction  of  𝒇𝒇𝟏𝟏𝟏𝟏⊥ 𝟏𝟏 (𝒙𝒙)

results

• values clearly different from zero
• much larger uncertainties on 𝑓𝑓1𝑇𝑇

⊥ 1 𝑑𝑑𝑣𝑣 than on 𝑓𝑓1𝑇𝑇
⊥ 1 𝑢𝑢𝑣𝑣 because of the lack of 

corresponding deuteron data

• substantial agreement with the fit to the HERMES p and the COMPASS p and 
d data by the Torino group (DGLAP evolution and Gaussian ansatz), with a slightly 
different trend for 𝑓𝑓1𝑇𝑇

⊥ 1 𝑑𝑑𝑣𝑣

bars: statistical 
uncertainties only 

•
o

curves and bands: 
fit to the HERMES p and 
COMPASS p and d data 
by the Torino group 

𝑄𝑄2 = 4 GeV2

PRD 86, 2012𝑢𝑢𝑣𝑣
𝑑𝑑𝑣𝑣 at the 𝑄𝑄2 of the measurement

(1.24 to 25.6 GeV2)



  previous point-by-point extraction [A.M., F.Bradamante, V.Barone, PRD95, 2017] 
using pion Sivers asymmetries from the COMPASS p and d data,
no assumptions on the Sivers function of the sea quarks, Gaussian ansatz 

slightly different trend for 𝑓𝑓1𝑇𝑇
⊥ 1 𝑑𝑑𝑣𝑣, uncertainties on average larger by a factor ~1.5

•
o
𝑢𝑢𝑣𝑣
𝑑𝑑𝑣𝑣

extraction  of  𝒇𝒇𝟏𝟏𝟏𝟏⊥ 𝟏𝟏 (𝒙𝒙)

results



  previous point-by-point extraction [A.M., F.Bradamante, V.Barone, PRD95, 2017] 
using pion Sivers asymmetries from the COMPASS p and d data,
no assumptions on the Sivers function of the sea quarks, Gaussian ansatz 

slightly different trend for 𝑓𝑓1𝑇𝑇
⊥ 1 𝑑𝑑𝑣𝑣, uncertainties on average larger by a factor ~1.5

•
o
𝑢𝑢𝑣𝑣
𝑑𝑑𝑣𝑣

we checked that using the p data only and imposing the sea-quark Sivers functions 
to be zero, both the central values and the uncertainties become very similar to the 
present ones

 the differences are not due to the use of unweighted asymmetries

extraction  of  𝒇𝒇𝟏𝟏𝟏𝟏⊥ 𝟏𝟏 (𝒙𝒙)

results



the weighted Sivers asymmetries

conclusions

• COMPASS has measured the 𝑃𝑃𝑇𝑇/𝑧𝑧𝑧𝑧 and the 𝑃𝑃𝑇𝑇/𝑀𝑀 weighted Sivers asymmetries 
in SIDIS off transversely polarised protons for positive and negative hadrons

• the 𝑧𝑧 dependence for positive hadrons agrees with the expectation in the case of 
𝑢𝑢-quark dominance for a measurement performed in the current-fragmentation 
region

• we have extracted the first moments of the Sivers functions for 𝑢𝑢𝑣𝑣 and 𝑑𝑑𝑣𝑣 quarks 
without assumptions on the transverse momentum dependence of the partonic and 
fragmentation functions

• the results compare well with previous extractions based on the Gaussian 
ansatz, hinting at its validity in our kinematic domain 

• as in previous works, the 𝑑𝑑-quark Sivers function is poorly determined 
because of the lack of data with a transversely polarised deuteron



Thank you
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