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Exploring the transverse structure of the nucleon
(not only spin)

correlations”? orbiting A\ quarks?

Transverse Momentum Dependent Space dependent
distribution functions (TMDs) distribution functions

¢(z,k1;Q%) <> q(z,b;Q%)

talk by M. Vanderhaeghen



The nucleon, as probed in DIS, in collinear
configuration: 3 distribution functions
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Partonic intrinsic motion

Plenty of theoretical and experimental evidence for
transverse motion of partons within nucleons and of
hadrons within fragmentation jets

uncertainty principle Az ~1fm = Ap~0.2 GeV/c

primordial intrinsic motion
orbital motion + |

oL k
gluon radiation /((( :
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resummation of soft gluon emission




(I)(CE, kJ_)

The leading-twist correlator, with intrinsic k.,
contains several other functions .....
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The nucleon at twist-2
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SIDIS in parton

model with intrinsic
k.
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HADRON PRODUCTION PLANE

LEPTON SCATTERING PLANE
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infegrated parton distribution functions, PDF

H1 and ZEUS Combined PDF Fit
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transversity distributions
(blue lines = Soffer's bound)

M.A., M. Boglione, U. D'Alesio,

A. Prokudin, C. Tirk
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extracted Collins functions
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TMDs: "Cahn effect” at O(k1/Q)
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kinematical effect directly related to quark intrinsic motion

O(k3 /Q?): also a cos(2¢)dependence

cos ¢ dependence generated also by Boer-Mulders
® Collins term, via a kinematical effect in dA¢s



do/d¢,, (arbitrary units)

w

¢y, (radians) ¢y, (radians)

EMC data, up and pd, E between 100 and 280 GeV
(k1) =0.28 (GeV)*  (p7) =0.25 (GeV)?
(no B-M @ Collins contribution)

M.A., M. Boglione, U. D'Alesio, A. Kotzinian, F. Murgia and A. Prokudin



CLAS data, arXiv:0809.1153
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Gaussian k, dependence of unpolarized TMDs

P+ dependence of data in agreement with a
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2(cos(t, ),

2(cos(t, ),

cos ¢ dependence observed by HERMES

F. Giordano and R. Lamb, arXiv:0901.2438 [hep-ex]
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and by COMPASS

W. Kdfer, on behalf of the COMPASS collaboration, talk at
Transversity 2008, Ferrara
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comparison with:

M. Anselmino, M. Boglione, A. Prokudin, C. Tirk
Eur. Phys. J. A 31, 373-381 (2007)
does not include Boer - Mulders contribution



Sivers effect in SIDIS - Fyp® ™%
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Brodsky, Hwang, Schmidt model for Sivers function
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needs k. dependent quark distribution in p' and
final state interactions
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Sivers asymmetry best fits

M.A., M. Boglione, U. D'Alesio, A. Kotzinian, S. Melis, F. Murgia, A. Prokudin, C. Turk,
Eur. Phys. J. A39 (2009) 89
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Predictions for COMPASS, with a proton target,
and comparison with data (arXiv:0808.0086
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Sivers asymmetry: COMPASS vs HERMES,
problems?
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Collins effect in SIDIS - Fjp*os)
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Collins effect in SIDIS couples to transversity
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Collins asymmetry best fit

M. A., M. Boglione, U. D'Alesio, A. Kotzinian, F. Murgia,
A. Prokudin, S. Melis , e-Print: arXiv:0812.4366 [hep-ph]

HERMES B 2002-2005
preliminary

é*i-%—%—?_f

1 1 1 1 1 | | | | | | | | |
0O 01 02 03 04 05 0.6) 0.2 0.4 0.6 0.8 ) 02 04 06 0.8 1 1.

X Z P; (GeV)



sin (¢ +¢_+ )

+¢ +m)

sin (<|>h

0.1

7T COMPASS | 2003-2004
° o o + +
. Lﬁw oy AEL# T —————————
_ - T
s ,L% w4 4 ol d
" S : 3
1 1(1)-2 -;1(1)-1 012 014 0.16 018 015 'Il 1.I5



Predictions for COMPASS, with a proton
target, and comparison with data
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Predictions for JLab12, hydrogen target
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Boer-Mulders effect in SIDIS - 5%

F. Giordano and R. Lamb, on behalf of the HERMES
Collaboration, arXiv:0901.2438 [hep-ex]
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Cos ¢,

COS2 ¢,

sing,

W. Kdfer, on behalf of the COMPASS collaboration, talk at
Transversity 2008, Ferrara
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Comparison with thery
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what about the last 3 TMDs? any relation with
the others?

Y neglecting
1 .
hJ_(l)a ) ~ _’1,2/ % X Y TW'ST"B
() z Y 1) contributions

WD () ~ g% (x) — he(x)

similar to the Wandzura-Wilczek relation
g%(a?) ~ / % g1 (y) supported by experiment
r Y
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g (r)= [d°kL 2. 91T ", ]ﬁ)
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for a recent model of all twist-2 TMDs see Bacchetta et al.,
arXiv:0807.0323
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Conclusions

Sivers effect: is it there in SIDIS?

Sivers effect in hadronic, A'B — h + X, and
Drell-Yan processes. SSAs.

(non) universality of the Sivers function:
q-l _ q-l
[ 1T]SIDIS — _[ 1T]DY

TMDs: factorized gaussian k, dependence?
flavour dependence?

(K1)(@) 7 (p1)%(2) ?
relations among TMDs? and between TMDs and GPDs?

Orbital angular momentum
QCD evolution of TMDs ......



