OVERVIEW OF
TMD MEASUREMENTS

Contalbrigo Marco
INFN Ferrara

Partons in Nucleons and Nuclei
September 30, 2011 Marrakech



W, 9(x,k;,r) “Mother” Wigner distributions

Probability to find a quark g in a nucleon P with a certain polarization in a position r & momentum k

fup 06
d
= I° A °W" - O"
| ' 02 § _
s IER 8 O,v’% E 0
8 7 . 3 @ A P "i'
& ~02|) & E I / -02 | ,»'I
N 04 '
-0.4 k : = s -

~04 02 00 02 04 ' _0%0.6—0.4—0.2 0 02 04 06

px (GeV) by fm)

TMD PDFs: f Y(x,ks),. .. GPDs: HY(x,E 1), ...
Semi-inclusive measurements Exclusive Measurements
Momentum transfer to quark _Q | Momentum transfer to target
Direct info about momentum distribution O’i){- /Q\/ Direct info about spatial distribution

4
May explain SSA & Lam-Tung X‘ G
0.4 [-1s=20GeV '} May solve
3 PDFs f_Y(x),... .
AN oo P iGaerC - p'(X) proton spin puzzle
olemdz
- o » 1 1
o2 .o 3 7 J =—AZ+L =lim | dx x [H(x,C,t)+E(x,§,t)]
B PR

O 0.2 0.4 0.6 O.8 XF

Contalbrigo M.

PANIN 11, 30t September 2011, Marrakech




Leading Twist TMDs

quark polarisation . L
Number density and helicity:
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ysics reactions

[ SIDIS: rich phenomenology, the most explored so far ]
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The SIDIS case

quark polarisation
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quark polarisation

1S5 Cdse

SIDIS cross section
(transversely pol. target): ‘y(
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TMD factorization for P:<<Q
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Involved phenomenology due to the

convolution over transverse momentum
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First evidences
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2005: First evidence from HERMES measuring SIDIS on proton
A. Airapetian et al, Phys. Rev. Lett. 94 (2005) 012002
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& HELICITY
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r'he hadron multiplicities a»
Proton-deuteron asymmetry:

LO interpretation:
dN]I;l,(Z,QZ) - qujfdx fiq(.x,Qz)Dlhq(Zan) Ah = MZ - MZ
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quj [ dx £,,(x,0%)
Reflects different flavor content
Correlated systematics cancels
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SIDIS data constrain fragmentation at low c.m.
energy and bring enhanced flavor sensitivity
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Disentanglement of z and Py, ,: access to the transverse
intrinsic quark k; and fragmentation p
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TRANSVERSITY
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The Collins fragmentation

Correlation between quark polarization and [ e'e— hh X]
observed hadron transverse momentum A
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The Collins fragmentation

At low z little memory of the struck quar
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Two hadron asymmetries
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Transversity signals
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Non-trivial gauge link
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The Sivers signals

COMPASS 2010 proton data
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The Sivers challenges
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% Ay is vanishing at low p;

% Q?increases with p;
approaching DIS regime

« Study transition from
perturbative to
non-perturbative regime

Non-zero signals for positive
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CAHN & BOER-MULDERS

nucleon polarisation
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(THE NEGLECTED EFFECTS)
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The azimuthal modulation
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Summary

TMDs describe a new class of phenomena
providing novel insights into the rich nuclear structure

[ SIDIS and e*e- experiments provide evidence of non-zero TMDs ]

First generation experiments provide promises but also open questions

/ > Full coverage of valence region not achieved \
» Limited knowledge on transverse momentum dependences

> Role of the higher twist to be quantified

» Evolution properties to be defined

» Flavor decomposition to be refined

\ > Universality «— Fundamental test of QCD /




A very active field to explore for various upcoming experiments !




The 3D description of the nucleon

Distribution Functions (DF) BOER-MULDERS
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The Collins fragmentation
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PRETZELOSITY

Sensitive to the D-wave
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spherical shape of the
nucleon
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