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In questo manuale sono illustrate 
le regole base per la corretta 
applicazione del marchio 
Università di Pavia. 
Il logo, i caratteri tipografici e i colori 
scelti sono infatti gli elementi 
che partecipano alla costruzione 
dell’identità visiva di qualsiasi attore 
che voglia presentarsi al mercato, 
sia esso un prodotto mass market, 
un’Istituzione o un ateneo. 
Sono il suo volto commerciale ma 
anche istituzionale, quello che 
permetterà all’Università di Pavia di 
essere riconoscibile nel tempo 
agli occhi del suo pubblico interno, 
ma anche esterno. 
Proprio per il ruolo centrale  
che rivestono, tali elementi devono 
essere rappresentati e utilizzati 

secondo regole precise e inderogabili, 
al fine di garantire la coerenza e 
l’efficacia dell’intero sistema di identità 
visiva. Per questo è importante che il 
manuale, nella sua forma cartacea 
o digitale, venga trasmesso a tutti 
coloro che in futuro si occuperanno 
di progettare elementi di 
comunicazione per l’Università di 
Pavia.
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2002: no data on transversity
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2012: about 100 data points, first extractions
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2002: no data on transversity

2012: about 100 data points, first extractions

2022: hope we will be able to give the 

same kind of talk as Werner and Marcin
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Theory:
general remarks
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Transversity

Boost



Helicity            Transversity

• Difference transversity/helicity: relativistic effect
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pQCD framework

• HELICITY: solid pQCD framework

see talk by Werner Vogelsang
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pQCD framework

• HELICITY: solid pQCD framework

• TRANSVERSITY: solid pQCD framework for collinear 
factorization, TMD factorization needs some work.

see talk by Werner Vogelsang
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It is important to look at the proton’s spin 
from two different sides 

Helicity            Transversity
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Phenomenology: 
general remarks
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x-Q2 coverage: helicity

M. Stratmann, talk at DIS2012
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Data points: helicity8

so far been tested only for inclusive jet production data.
In addition, the evolution of the PDFs needs to be per-
formed as a separate calculation, whereas in our approach
it is immediately included in Mellin moment space.

This latter advantage can in fact be used for further
improvements of our Mellin technique. The scale depen-
dence of the PDFs, which we have so far suppressed, can
be schematically written as

∆fi(N, µ) =
∑

i′

Eii′(N, µ0, µ)∆fi′(N, µ0) . (24)

Here, Eii′ (N, µ0, µ) denotes the appropriate evolution
matrix from the initial scale µ0 where we parameterize
the PDFs to the scale µ relevant for a certain observ-
able O. Inserting (24) into Eq. (17) allows to absorb also
the scale evolution of the PDFs into the pre-calculated
Mellin grids by extending Eq. (23) to

d∆ˆ̃σijk(N, M) ≡ 1

κ

I
∑

n=1

∑

i′j′

x−M
1 x−N

2

Ei′i(N, µ0, µ)Ej′j(M, µ0, µ)w(n)′
i′j′k S ,(25)

so that the luminosity function in Eq. (18) now only
refers to the PDFs at the initial scale µ0, Lij(N, M) =
∆fi(N, µ0)∆fj(M, µ0). An advantage of this re-shuffling
is that now all dependence on the scale µ is contained
in the look-up tables (25), eliminating the need to per-
form the scale evolution later in the fitting code. More
importantly, if the experimental observable used in the
global fit involves an integration over a bin in, say, the
transverse momentum pT of a jet, which also acts as the
factorization scale, the µ dependence of the PDFs is cor-
rectly taken care of in the integration. While we have not
made use of this particular improvement in the present
analysis, we expect it to be useful in the future for further
optimizing the performance of the global analysis code.

III. GLOBAL ANALYSIS AND UNCERTAINTY
ESTIMATES FOR POLARIZED PDFS

In this Section we give a detailed account of the first
global analysis of polarized PDFs presented in Ref. [28]
which in the following will be referred to as “DSSV”. We
first discuss the data selection and the determination of
the best fit, which we compare to the fitted data. We then
focus on the studies of uncertainties, including a compar-
ison of the Lagrange multiplier method used in [28] and
the more standard Hessian error matrix approach. For
the latter we present a new family of eigenvector PDFs,
as described above, which greatly facilitates estimates of
the PDF uncertainties of any given observable of interest.

A. Determination of the optimal fit

Our first physics objective is to establish the set of
polarized PDFs that gives the optimum theoretical de-

TABLE I: Data used in our NLO global analysis of polarized
parton densities, the individual χ2 values for each set, and
the total χ2 of the fit.

experiment process Ndata χ2

EMC [2] DIS (p) 10 3.9
SMC [3] DIS (p) 12 3.4
SMC [3] DIS (d) 12 18.4
COMPASS [4] DIS (d) 15 8.1
E142 [5] DIS (n) 8 5.6
E143 [6] DIS (p) 28 19.3
E143 [6] DIS (d) 28 40.8
E154 [7] DIS (n) 11 4.5
E155 [8] DIS (p) 24 22.6
E155 [9] DIS (d) 24 17.1
HERMES [10] DIS (He) 9 6.3
HERMES [11] DIS (p) 15 10.5
HERMES [11] DIS (d) 15 16.9
HALL-A [12] DIS (n) 3 0.2
CLAS [13] DIS (p) 10 5.9
CLAS [13] DIS (d) 10 2.5
SMC [14] SIDIS (p,h+) 12 18.7
SMC [14] SIDIS (p,h−) 12 10.6
SMC [14] SIDIS (d,h+) 12 7.3
SMC [14] SIDIS (d,h−) 12 14.1
HERMES [15] SIDIS (p,h+) 9 6.4
HERMES [15] SIDIS (p,h−) 9 4.9
HERMES [15] SIDIS (d,h+) 9 11.4
HERMES [15] SIDIS (d,h−) 9 4.5
HERMES [10] SIDIS (He,h+) 9 4.7
HERMES [10] SIDIS (He,h−) 9 6.9
HERMES [15] SIDIS (p,π+) 9 9.6
HERMES [15] SIDIS (p,π−) 9 4.9
HERMES [15] SIDIS (d,π+) 9 9.4
HERMES [15] SIDIS (d,π−) 9 19.5
HERMES [15] SIDIS (d,K+) 9 6.2
HERMES [15] SIDIS (d,K−) 9 5.8
HERMES [15] SIDIS (d,K++K−) 9 3.4
COMPASS [16] SIDIS (d,h+) 12 6.2
COMPASS [16] SIDIS (d,h−) 12 12.0
PHENIX [22] pp (200GeV,π0) 10 14.2
PHENIX [23] pp (200GeV,π0) 10 7.1 [13.8] a

PHENIX [24] pp (62GeV, π0) 5 3.1 [2.8] a

STAR [25] pp (200 GeV, jet) 10 8.8
STAR (prel.) [26] pp (200 GeV, jet) 9 6.9
TOTAL: 467 392.6

aThe PHENIX data were still preliminary when the global anal-
ysis [28] presented here was performed. The χ2 value quoted in
brackets is evaluated with the published data [23, 24] but without
re-fitting.

scription of the available hard scattering data. The data
sets for the spin asymmetries we use in our analysis are
listed in Tab. I, along with the number of data points
fitted. We minimize the effective χ2 function in Eq. (1).
Attempts to further improve the global fit by introducing
normalization shifts for each experiment and minimizing
χ2 according to Eq. (2) were to no avail. All theoretical
spin asymmetries in Eq. (1) are calculated at NLO, using
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scription of the available hard scattering data. The data
sets for the spin asymmetries we use in our analysis are
listed in Tab. I, along with the number of data points
fitted. We minimize the effective χ2 function in Eq. (1).
Attempts to further improve the global fit by introducing
normalization shifts for each experiment and minimizing
χ2 according to Eq. (2) were to no avail. All theoretical
spin asymmetries in Eq. (1) are calculated at NLO, using

DSSV08, PRD 80 (09)



25

Data points: helicity8

so far been tested only for inclusive jet production data.
In addition, the evolution of the PDFs needs to be per-
formed as a separate calculation, whereas in our approach
it is immediately included in Mellin moment space.

This latter advantage can in fact be used for further
improvements of our Mellin technique. The scale depen-
dence of the PDFs, which we have so far suppressed, can
be schematically written as

∆fi(N, µ) =
∑

i′

Eii′(N, µ0, µ)∆fi′(N, µ0) . (24)

Here, Eii′ (N, µ0, µ) denotes the appropriate evolution
matrix from the initial scale µ0 where we parameterize
the PDFs to the scale µ relevant for a certain observ-
able O. Inserting (24) into Eq. (17) allows to absorb also
the scale evolution of the PDFs into the pre-calculated
Mellin grids by extending Eq. (23) to

d∆ˆ̃σijk(N, M) ≡ 1

κ

I
∑

n=1

∑

i′j′

x−M
1 x−N

2

Ei′i(N, µ0, µ)Ej′j(M, µ0, µ)w(n)′
i′j′k S ,(25)

so that the luminosity function in Eq. (18) now only
refers to the PDFs at the initial scale µ0, Lij(N, M) =
∆fi(N, µ0)∆fj(M, µ0). An advantage of this re-shuffling
is that now all dependence on the scale µ is contained
in the look-up tables (25), eliminating the need to per-
form the scale evolution later in the fitting code. More
importantly, if the experimental observable used in the
global fit involves an integration over a bin in, say, the
transverse momentum pT of a jet, which also acts as the
factorization scale, the µ dependence of the PDFs is cor-
rectly taken care of in the integration. While we have not
made use of this particular improvement in the present
analysis, we expect it to be useful in the future for further
optimizing the performance of the global analysis code.

III. GLOBAL ANALYSIS AND UNCERTAINTY
ESTIMATES FOR POLARIZED PDFS

In this Section we give a detailed account of the first
global analysis of polarized PDFs presented in Ref. [28]
which in the following will be referred to as “DSSV”. We
first discuss the data selection and the determination of
the best fit, which we compare to the fitted data. We then
focus on the studies of uncertainties, including a compar-
ison of the Lagrange multiplier method used in [28] and
the more standard Hessian error matrix approach. For
the latter we present a new family of eigenvector PDFs,
as described above, which greatly facilitates estimates of
the PDF uncertainties of any given observable of interest.

A. Determination of the optimal fit

Our first physics objective is to establish the set of
polarized PDFs that gives the optimum theoretical de-

TABLE I: Data used in our NLO global analysis of polarized
parton densities, the individual χ2 values for each set, and
the total χ2 of the fit.

experiment process Ndata χ2

EMC [2] DIS (p) 10 3.9
SMC [3] DIS (p) 12 3.4
SMC [3] DIS (d) 12 18.4
COMPASS [4] DIS (d) 15 8.1
E142 [5] DIS (n) 8 5.6
E143 [6] DIS (p) 28 19.3
E143 [6] DIS (d) 28 40.8
E154 [7] DIS (n) 11 4.5
E155 [8] DIS (p) 24 22.6
E155 [9] DIS (d) 24 17.1
HERMES [10] DIS (He) 9 6.3
HERMES [11] DIS (p) 15 10.5
HERMES [11] DIS (d) 15 16.9
HALL-A [12] DIS (n) 3 0.2
CLAS [13] DIS (p) 10 5.9
CLAS [13] DIS (d) 10 2.5
SMC [14] SIDIS (p,h+) 12 18.7
SMC [14] SIDIS (p,h−) 12 10.6
SMC [14] SIDIS (d,h+) 12 7.3
SMC [14] SIDIS (d,h−) 12 14.1
HERMES [15] SIDIS (p,h+) 9 6.4
HERMES [15] SIDIS (p,h−) 9 4.9
HERMES [15] SIDIS (d,h+) 9 11.4
HERMES [15] SIDIS (d,h−) 9 4.5
HERMES [10] SIDIS (He,h+) 9 4.7
HERMES [10] SIDIS (He,h−) 9 6.9
HERMES [15] SIDIS (p,π+) 9 9.6
HERMES [15] SIDIS (p,π−) 9 4.9
HERMES [15] SIDIS (d,π+) 9 9.4
HERMES [15] SIDIS (d,π−) 9 19.5
HERMES [15] SIDIS (d,K+) 9 6.2
HERMES [15] SIDIS (d,K−) 9 5.8
HERMES [15] SIDIS (d,K++K−) 9 3.4
COMPASS [16] SIDIS (d,h+) 12 6.2
COMPASS [16] SIDIS (d,h−) 12 12.0
PHENIX [22] pp (200GeV,π0) 10 14.2
PHENIX [23] pp (200GeV,π0) 10 7.1 [13.8] a

PHENIX [24] pp (62GeV, π0) 5 3.1 [2.8] a

STAR [25] pp (200 GeV, jet) 10 8.8
STAR (prel.) [26] pp (200 GeV, jet) 9 6.9
TOTAL: 467 392.6

aThe PHENIX data were still preliminary when the global anal-
ysis [28] presented here was performed. The χ2 value quoted in
brackets is evaluated with the published data [23, 24] but without
re-fitting.

scription of the available hard scattering data. The data
sets for the spin asymmetries we use in our analysis are
listed in Tab. I, along with the number of data points
fitted. We minimize the effective χ2 function in Eq. (1).
Attempts to further improve the global fit by introducing
normalization shifts for each experiment and minimizing
χ2 according to Eq. (2) were to no avail. All theoretical
spin asymmetries in Eq. (1) are calculated at NLO, using

8

so far been tested only for inclusive jet production data.
In addition, the evolution of the PDFs needs to be per-
formed as a separate calculation, whereas in our approach
it is immediately included in Mellin moment space.

This latter advantage can in fact be used for further
improvements of our Mellin technique. The scale depen-
dence of the PDFs, which we have so far suppressed, can
be schematically written as

∆fi(N, µ) =
∑

i′

Eii′(N, µ0, µ)∆fi′(N, µ0) . (24)

Here, Eii′ (N, µ0, µ) denotes the appropriate evolution
matrix from the initial scale µ0 where we parameterize
the PDFs to the scale µ relevant for a certain observ-
able O. Inserting (24) into Eq. (17) allows to absorb also
the scale evolution of the PDFs into the pre-calculated
Mellin grids by extending Eq. (23) to

d∆ˆ̃σijk(N, M) ≡ 1

κ

I
∑

n=1

∑

i′j′

x−M
1 x−N

2

Ei′i(N, µ0, µ)Ej′j(M, µ0, µ)w(n)′
i′j′k S ,(25)

so that the luminosity function in Eq. (18) now only
refers to the PDFs at the initial scale µ0, Lij(N, M) =
∆fi(N, µ0)∆fj(M, µ0). An advantage of this re-shuffling
is that now all dependence on the scale µ is contained
in the look-up tables (25), eliminating the need to per-
form the scale evolution later in the fitting code. More
importantly, if the experimental observable used in the
global fit involves an integration over a bin in, say, the
transverse momentum pT of a jet, which also acts as the
factorization scale, the µ dependence of the PDFs is cor-
rectly taken care of in the integration. While we have not
made use of this particular improvement in the present
analysis, we expect it to be useful in the future for further
optimizing the performance of the global analysis code.

III. GLOBAL ANALYSIS AND UNCERTAINTY
ESTIMATES FOR POLARIZED PDFS

In this Section we give a detailed account of the first
global analysis of polarized PDFs presented in Ref. [28]
which in the following will be referred to as “DSSV”. We
first discuss the data selection and the determination of
the best fit, which we compare to the fitted data. We then
focus on the studies of uncertainties, including a compar-
ison of the Lagrange multiplier method used in [28] and
the more standard Hessian error matrix approach. For
the latter we present a new family of eigenvector PDFs,
as described above, which greatly facilitates estimates of
the PDF uncertainties of any given observable of interest.

A. Determination of the optimal fit

Our first physics objective is to establish the set of
polarized PDFs that gives the optimum theoretical de-

TABLE I: Data used in our NLO global analysis of polarized
parton densities, the individual χ2 values for each set, and
the total χ2 of the fit.

experiment process Ndata χ2

EMC [2] DIS (p) 10 3.9
SMC [3] DIS (p) 12 3.4
SMC [3] DIS (d) 12 18.4
COMPASS [4] DIS (d) 15 8.1
E142 [5] DIS (n) 8 5.6
E143 [6] DIS (p) 28 19.3
E143 [6] DIS (d) 28 40.8
E154 [7] DIS (n) 11 4.5
E155 [8] DIS (p) 24 22.6
E155 [9] DIS (d) 24 17.1
HERMES [10] DIS (He) 9 6.3
HERMES [11] DIS (p) 15 10.5
HERMES [11] DIS (d) 15 16.9
HALL-A [12] DIS (n) 3 0.2
CLAS [13] DIS (p) 10 5.9
CLAS [13] DIS (d) 10 2.5
SMC [14] SIDIS (p,h+) 12 18.7
SMC [14] SIDIS (p,h−) 12 10.6
SMC [14] SIDIS (d,h+) 12 7.3
SMC [14] SIDIS (d,h−) 12 14.1
HERMES [15] SIDIS (p,h+) 9 6.4
HERMES [15] SIDIS (p,h−) 9 4.9
HERMES [15] SIDIS (d,h+) 9 11.4
HERMES [15] SIDIS (d,h−) 9 4.5
HERMES [10] SIDIS (He,h+) 9 4.7
HERMES [10] SIDIS (He,h−) 9 6.9
HERMES [15] SIDIS (p,π+) 9 9.6
HERMES [15] SIDIS (p,π−) 9 4.9
HERMES [15] SIDIS (d,π+) 9 9.4
HERMES [15] SIDIS (d,π−) 9 19.5
HERMES [15] SIDIS (d,K+) 9 6.2
HERMES [15] SIDIS (d,K−) 9 5.8
HERMES [15] SIDIS (d,K++K−) 9 3.4
COMPASS [16] SIDIS (d,h+) 12 6.2
COMPASS [16] SIDIS (d,h−) 12 12.0
PHENIX [22] pp (200GeV,π0) 10 14.2
PHENIX [23] pp (200GeV,π0) 10 7.1 [13.8] a

PHENIX [24] pp (62GeV, π0) 5 3.1 [2.8] a

STAR [25] pp (200 GeV, jet) 10 8.8
STAR (prel.) [26] pp (200 GeV, jet) 9 6.9
TOTAL: 467 392.6

aThe PHENIX data were still preliminary when the global anal-
ysis [28] presented here was performed. The χ2 value quoted in
brackets is evaluated with the published data [23, 24] but without
re-fitting.

scription of the available hard scattering data. The data
sets for the spin asymmetries we use in our analysis are
listed in Tab. I, along with the number of data points
fitted. We minimize the effective χ2 function in Eq. (1).
Attempts to further improve the global fit by introducing
normalization shifts for each experiment and minimizing
χ2 according to Eq. (2) were to no avail. All theoretical
spin asymmetries in Eq. (1) are calculated at NLO, using

467

DSSV08, PRD 80 (09)
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Extractions: helicity

• DSSV08, arXiv:0904.3821 (467 points -- DIS, SIDIS, pp)

• LSS10, arXiv:1010.0574 (1043 -- DIS,SIDIS)

• BB10, arXiv:1005.3113 (1385 -- DIS)

• AAC, arXiv:0808.0413 (451 points -- DIS, SIDIS, pp) 

• COMING SOON: Neural Network PDFs, talk by E. Nocera at DIS2012
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for u and d flavours as determined by our global
fit, at Q2 = 2.4 GeV2; we also show the Sof-
fer bound [46] (highest or lowest lines) and the
(wider) uncertainty bands of our previous extrac-
tion [20].

although this might not be the proper evolution,
it should mitigate the above-mentioned effect.

As it is well known, in a non relativistic the-
ory the helicity and the transversity distributions
should be equal. We then show in Fig. 7 the
extracted transversity distribution together with
the helicity distribution of Ref. [38] at Q2 = 2.4
GeV2. It results that, both for u and d quarks,
we have |∆T q| < |∆q|.

Another interesting quantity, related to the
first x-moment of the transversity distribution,
is the tensor charge:

δq =

∫ 1

0
dx (∆T q − ∆T q̄) =

∫ 1

0
dx∆T q (20)

where the last equality is valid for zero antiquark
transversity, as assumed in our approach. From
our analysis we get, at Q2 = 0.8 GeV2,

δu = 0.54+0.09
−0.22 δd = −0.23+0.09

−0.16 . (21)

Such values are quite close to various model pre-
dictions [47,48,49,50] for tensor charges which
span the ranges 0.5 ≤ δu ≤ 1.5 and −0.5 ≤
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although this might not be the proper evolution,
it should mitigate the above-mentioned effect.

As it is well known, in a non relativistic the-
ory the helicity and the transversity distributions
should be equal. We then show in Fig. 7 the
extracted transversity distribution together with
the helicity distribution of Ref. [38] at Q2 = 2.4
GeV2. It results that, both for u and d quarks,
we have |∆T q| < |∆q|.
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our analysis we get, at Q2 = 0.8 GeV2,

δu = 0.54+0.09
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Such values are quite close to various model pre-
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Comparison with models
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Axial and tensor charges
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Axial and tensor charges

AxialAxial TensorTensor
Lattice (1.4 GeV) DSSV (1 GeV) Lattice (1.4 GeV) Ans (0.9 GeV)

u 0.64 0.82 0.84 0.54

d -0.35 -0.45 -0.23 -0.23

s -0.11 -0.11 -0.05 0

Sum 0.18 0.26 0.56 0.39

∆Σq =
∫ 1

0
dx gq+q̄

1 δΣq =
∫ 1

0
dx hq−q̄

1
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S. Aoki et al., PRD 56 (1997)
see also M. Göckeler et al. [QCDSF/UKQCD], PLB (05)
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Charge Errors
Anselmino
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Charge Errors

NNPDFpol1.0 DSSV08

ΔΣ 0.32 ± 0.11 0.26 ± 0.03

Anselmino
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talk by E. Nocera at DIS2012

The error is large, but probably still largely underestimated

Example of
 Neural Network results
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see Alexei Prokudin’s talk
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the rate of the suppression.
To conclude, we remark that it is important for future

theoretical calculations to not only explain experimen-
tal results, but also to make precise pQCD-based pre-
dictions that can be tested against future data at larger
Q. With this in mind, we view the success of the TMD-
factorization treatment in explaining the HERMES and
COMPASS as highly encouraging.
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the rate of the suppression.
To conclude, we remark that it is important for future

theoretical calculations to not only explain experimen-
tal results, but also to make precise pQCD-based pre-
dictions that can be tested against future data at larger
Q. With this in mind, we view the success of the TMD-
factorization treatment in explaining the HERMES and
COMPASS as highly encouraging.
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FIG. 7: The first moment of the valence u and d Sivers functions, evaluated at Q = Q0, obtained from our best fits of the
Asin (φh−φS)

UT azimuthal moments as measured by HERMES [11] and COMPASS [12, 23] Collaborations. The extraction
of the Sivers functions on the left side takes into account the TMD-evolution (left column of Table II), while for those
on the right side it does not (right column of Table II). The shaded area corresponds to the statistical uncertainty of the
parameters, see Appendix A of Ref. [5] for further details.

QCD framework in which to study the TMDs and their full Q2 dependence. That would put the study of TMDs
– and the related reconstruction of the 3-dimensional parton momentum structure of the nucleons – on a firm
basis, comparable to that used for the integrated PDFs.

Previous extractions of the Sivers functions from SIDIS data included some simplified treatment of the Q2

evolution, which essentially amounted to consider the evolution of the collinear and factorized part of the
distribution and fragmentation functions (DGLAP-evolution). It induced modest effects, because of the slow
Q2 evolution and of the limited Q2 range spanned by the available data. The situation has recently much
progressed, for two reasons: the new TMD-evolution [8, 9] shows a strong variation with Q2 of the functional
form of the unpolarized and Sivers TMDs, as functions of the intrinsic momentum k⊥; in addition, some new
COMPASS results give access to Sivers asymmetries at larger Q2 values.

It appears then possible to test the new TMD-evolution. In order to do so one has to implement the full
machinery of the TMD-evolution equations in a viable phenomenological scheme. We have done so following
Ref. [9] and the simplified version of the TMD-evolution given in Eqs. (6)-(7). We have used them in our
previous procedure adopted for the extraction of the Sivers functions [5, 13, 18], with the same input parameters;
moreover, we have considered also the updated HERMES [11] and the new COMPASS [12] data.

A definite statement resulting from our analysis is that the best fit of all SIDIS data on the Sivers asymmetry
using TMD-evolution, when compared with the same analysis performed with the simplified DGLAP-evolution,
exhibits a smaller value of the total χ2, as shown in Table I. Not only, but when analyzing the partial contribu-
tions to the total χ2 value of the single subsets of data, one realizes that such a smaller value mostly originates
from the large Q2 COMPASS data, which are greatly affected by the TMD evolution. We consider this as an
indication in favor of the TMD evolution.

A more comprehensive study of the TMD evolution and its phenomenological implications is now necessary.
Both the general scheme and its application to physical processes need improvements. The recovery of the usual
collinear DGLAP evolution equations, after integration of the TMD evolution results over the intrinsic momenta,
has to be understood. Consider, as an example, the simple expression of the evolution of the unpolarized TMD
PDF, as given in Eq. (27). Such an evolution describes how the TMD dependence on k⊥ changes with Q2,
but does not induce any change in the x dependence, which, at this order, remains fixed and factorized. The
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of the Sivers functions on the left side takes into account the TMD-evolution (left column of Table II), while for those
on the right side it does not (right column of Table II). The shaded area corresponds to the statistical uncertainty of the
parameters, see Appendix A of Ref. [5] for further details.

QCD framework in which to study the TMDs and their full Q2 dependence. That would put the study of TMDs
– and the related reconstruction of the 3-dimensional parton momentum structure of the nucleons – on a firm
basis, comparable to that used for the integrated PDFs.

Previous extractions of the Sivers functions from SIDIS data included some simplified treatment of the Q2

evolution, which essentially amounted to consider the evolution of the collinear and factorized part of the
distribution and fragmentation functions (DGLAP-evolution). It induced modest effects, because of the slow
Q2 evolution and of the limited Q2 range spanned by the available data. The situation has recently much
progressed, for two reasons: the new TMD-evolution [8, 9] shows a strong variation with Q2 of the functional
form of the unpolarized and Sivers TMDs, as functions of the intrinsic momentum k⊥; in addition, some new
COMPASS results give access to Sivers asymmetries at larger Q2 values.

It appears then possible to test the new TMD-evolution. In order to do so one has to implement the full
machinery of the TMD-evolution equations in a viable phenomenological scheme. We have done so following
Ref. [9] and the simplified version of the TMD-evolution given in Eqs. (6)-(7). We have used them in our
previous procedure adopted for the extraction of the Sivers functions [5, 13, 18], with the same input parameters;
moreover, we have considered also the updated HERMES [11] and the new COMPASS [12] data.

A definite statement resulting from our analysis is that the best fit of all SIDIS data on the Sivers asymmetry
using TMD-evolution, when compared with the same analysis performed with the simplified DGLAP-evolution,
exhibits a smaller value of the total χ2, as shown in Table I. Not only, but when analyzing the partial contribu-
tions to the total χ2 value of the single subsets of data, one realizes that such a smaller value mostly originates
from the large Q2 COMPASS data, which are greatly affected by the TMD evolution. We consider this as an
indication in favor of the TMD evolution.

A more comprehensive study of the TMD evolution and its phenomenological implications is now necessary.
Both the general scheme and its application to physical processes need improvements. The recovery of the usual
collinear DGLAP evolution equations, after integration of the TMD evolution results over the intrinsic momenta,
has to be understood. Consider, as an example, the simple expression of the evolution of the unpolarized TMD
PDF, as given in Eq. (27). Such an evolution describes how the TMD dependence on k⊥ changes with Q2,
but does not induce any change in the x dependence, which, at this order, remains fixed and factorized. The
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of the Sivers functions on the left side takes into account the TMD-evolution (left column of Table II), while for those
on the right side it does not (right column of Table II). The shaded area corresponds to the statistical uncertainty of the
parameters, see Appendix A of Ref. [5] for further details.

QCD framework in which to study the TMDs and their full Q2 dependence. That would put the study of TMDs
– and the related reconstruction of the 3-dimensional parton momentum structure of the nucleons – on a firm
basis, comparable to that used for the integrated PDFs.

Previous extractions of the Sivers functions from SIDIS data included some simplified treatment of the Q2

evolution, which essentially amounted to consider the evolution of the collinear and factorized part of the
distribution and fragmentation functions (DGLAP-evolution). It induced modest effects, because of the slow
Q2 evolution and of the limited Q2 range spanned by the available data. The situation has recently much
progressed, for two reasons: the new TMD-evolution [8, 9] shows a strong variation with Q2 of the functional
form of the unpolarized and Sivers TMDs, as functions of the intrinsic momentum k⊥; in addition, some new
COMPASS results give access to Sivers asymmetries at larger Q2 values.

It appears then possible to test the new TMD-evolution. In order to do so one has to implement the full
machinery of the TMD-evolution equations in a viable phenomenological scheme. We have done so following
Ref. [9] and the simplified version of the TMD-evolution given in Eqs. (6)-(7). We have used them in our
previous procedure adopted for the extraction of the Sivers functions [5, 13, 18], with the same input parameters;
moreover, we have considered also the updated HERMES [11] and the new COMPASS [12] data.

A definite statement resulting from our analysis is that the best fit of all SIDIS data on the Sivers asymmetry
using TMD-evolution, when compared with the same analysis performed with the simplified DGLAP-evolution,
exhibits a smaller value of the total χ2, as shown in Table I. Not only, but when analyzing the partial contribu-
tions to the total χ2 value of the single subsets of data, one realizes that such a smaller value mostly originates
from the large Q2 COMPASS data, which are greatly affected by the TMD evolution. We consider this as an
indication in favor of the TMD evolution.

A more comprehensive study of the TMD evolution and its phenomenological implications is now necessary.
Both the general scheme and its application to physical processes need improvements. The recovery of the usual
collinear DGLAP evolution equations, after integration of the TMD evolution results over the intrinsic momenta,
has to be understood. Consider, as an example, the simple expression of the evolution of the unpolarized TMD
PDF, as given in Eq. (27). Such an evolution describes how the TMD dependence on k⊥ changes with Q2,
but does not induce any change in the x dependence, which, at this order, remains fixed and factorized. The
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and used in a global fit to the SIDIS data to obtain the
transversity distribution function.
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