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« Comments on high precision TMD Extractions:

 Theoretical limitations
« Data precision

e Sivers function in Generalized Parton Picture
(new COMPASS analysis of Sivers asymmetry)
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* New COMPASS analysis: Q2 binning of azimuthal asymmetries.

Phys.Lett. B770 (2017) 138-145

* Results on new phenomenological analysis by Torino-Cagliari collaboration:
M. Boglione, U. D'Alesio, C. Flore, JOGH

JHEP 1807 (2018) 148
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asymmetry in SIDIS
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asymmetry in SIDIS
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asymmetry in SIDIS

ASIn(dn—ds) _ 9 [ dpsdop [dot — dot] sin(ép, — ¢s) _ F;i;(cfm—r;r&rs)
. f dogdop, :d-{TT + d(}'ﬂ Fu

Fg;(¢h_¢5) f\J[AJVfQ/pT ('CE7 kJ_) QQ)J & {l)(zva_a Q2)J

FUU N{F(CB,]CJ_,Q2) & D(Zpr_,Q2)J

{Using results from Anselmino, et al. JHEP 04, 005 (2014),1312.6261 J




Combined fit of HERMES COMPASS (reanalysis)

and Jlab data (excluding K ).
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COMPASS (2017)
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no evolution
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Better assessment of errors at low-x using alpha
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Signals of scale dependence (first moment)
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Signals of scale dependence

(k1)s = g1 +g21n =5

g2 here to “mimic”
TMD evolution
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asymmetry in SIDIS
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Studies on asymmetries strongly depend on our
Knowledge of the unpolarized TMDs.
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Studies on asymmetries strongly depend on our

Knowledge of the unpolarized TMDs.
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To proceed to a high precision stage
we first need reliable extractions for unpolarized functions.

The more constraints from first principles the better.
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Ultimately, we want to extract TMDs (in all their glory)

Fourier Transform of:
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Drell Yan
High precision
phenomenology:

< LO, NLO, NNLO analysis
Eur.Phys.J. C78 (2018) no.2, 89
Ignazio Scimemi, Alexey Vladimirov

Still Some trouble at low energies
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Drell Yan

PDFs

Global Fits? First attempts

LO analysis

A. Bacchetta, F. Delcarro,

C. Pisano, M. Radici , A. Signori
JHEP 1706 (2017) 081

Fragmentation
Functions

SIDIS
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Small transverse momentum:

Harder to reproduce data as compared to simple gaussian model
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Large transverse momentum:
One would expect to be able to describe data with F. O.

At LO, F.O. is roughly an order of magnitude smaller than data

Try NLO ...
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COMPASS 17 bt
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This is probably preventing us from successfully match
TMD and large T regions.

We Need to understand the different regions in order to
trust TMD extraction




We need more studies on these to move to the next

Stage (low energy SIDIS and Drell-Yan).

Fg;(¢h_¢5) N[Aqu/pT (x7kJ_7Q2)J 02 {l)(zapJ_aQQ)

FUU N{F(xakva2) & D(Z7pJ_7Q2)]i

And come back to this
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Conclusions.

New analysis on Sivers asymmetries was presented.

Sivers function in u/d channels compatible with previous extractions
Need more data to constraint d (sea)

TMD evolution effects are hard to observe in the data

Scale dependence due to Twist-3 related may be visible from data
Need to continue improving on unpolarized function (low energies):

Understand large gT behavior
Successful matching to TMD region

Good progress, hopefully more studies will come in the near future
that allow to move from exploratory to high precision (low energy)
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Thank you.
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Back up
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V s=1 TeV, Q?=5000 GeV? v $=300 GeV, Q°=100 GeV? J §=17 GeV, @°=10 GeV*
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Matching is crucial, cannot afford to miss any constraint.
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Historical note ~ ANL-HEP-CP-87-45

April 30, 1987
Yn = ! In [Eh * p;.,;,]
2 |Ex—par)’

where Ej,pnr are the energy and longitudinal component of momentum of hadron A.

(Longitudinal ig defined by the direction of the momentum q.) The full range of y, allowed

kinematically if ¥

in the fully inclusive eA — e'X.

It has been established!® experimentally that the typica
in rapidity is Ay =~ 2. Therefore, if the dynamics of quark fragmentation is to be studied

independently of “contamination” from target fragmentation, it is necessary that ¥ 2 4,

or, equivalently, that

Wy = [Qg(l — ”)] > 7.4GeV. (17)
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Historical note ~ ANL-HEP-CP-87-45
April 30, 1987
1 [Eh + Pﬁ.L]

= —In
=2 B - PhL

where Ej,pnr are the energy and longitudinal component of momentum of hadron A.
(Longitudinal is defined by the direction of the momentum q.) The full range of y, allowed
kinematically is ¥ = InW3 = In(Q*(1 — z}/z); Wx is the invariant mass of the system X

in the fully inclusive eA — e'X.

It has been established!® experimentally that the typical hadronic correlation length
in rapidity is Ay =~ 2. Therefore, if the dynamics of quark fragmentation is to be studied

independently of “contamination” from target fragmentation, it is necessary that ¥ 2 4,

or, equivalently, that

2{1 —
Wy = QU2 5 7 4Gev. (17)

If the inequality Eq. {17) is satisfied, it should be possible to measure fragmentation

functions D(z, Q?) over essentially the full range of 2, 0 < z < 1. Somewhat smaller values

of Wx may be adequate if attention is restricted to the large = region. As Y is increased



More recently
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FIGURE 3. Relation between z — values in fragmentation and CM rapidity for W = 20 GeV.

P.J. Mulders AIP Conf.Proc. 588 (2001) 75-88
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halized ems-napidity distribution of positive had-
ering, in three bins of W, for three variants of the

particle identification procedure (see Sect. 3.1): assignment of the
proton mass if x, (m_)is < —0.15(stars). orif xp (m_)is < —0.20
(circles), or if x, (m,) is < —0.25 (triangles)
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