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Unpolarized Semi Inclusive DIS (SIDIS)
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Unpolarized SIDIS :

collinear approximation
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Unpolarized SIDIS :

non-collinear cross-section
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Unpolarized SIDIS :

non-collinear cross-section
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Leading twist expansion

T

L

U

TLUN / q

T

U

Uq/h

1D

⊥

1H

Distribution Functions (DF)

Fragmentation 

Functions (FF)

⊥

1h
⊥

1h

⊥

Tg1

1g ⊥

Lh1

1h
⊥

Th1,
⊥

Tf1

1f



7

Leading twist expansion
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Leading twist expansion

= Boer= Boer--MuldersMulders functionfunction

CHIRALCHIRAL--ODDODD
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= Boer= Boer--MuldersMulders functionfunction
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Structure functions expansion at twist 3
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Cahn and Boer-Mulders effects
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Cahn and Boer-Mulders effects
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BOER-MULDERS 

EFFECT

Cahn and Boer-Mulders effects
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Experimental status:     φcos

EMC

E665

ZEUS

c)

Negative results in all the existing 
measurements

No distinction between hadron type or   
charge
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φ2cos

EMC

ZEUS collaboration

XhHe →+

0.12.0 << z

222
/7220180 cGeVQ <<

01.001.0 << x 8.02.0 << y

ZEUS

Drell-Yan

Experimental status:     

Positive results in all the existing 
measurements

No distinction between hadron type or   
charge (in SIDIS experiments)

Indication of small Boer-Mulders
function for the sea quark (from Drell-Yan
experiments)
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HERa MEasurement of Spin

HERA storage ring @ DESY
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HERMES spectrometer

Resolution: ∆∆∆∆p/p ~ 1-2%  ∆θ∆θ∆θ∆θ <~0.6 mrad

Electron-hadron separation efficiency ~ 98-99%

Hadron identification with dual-radiator RICH
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HERMES spectrometer

Resolution: ∆∆∆∆p/p ~ 1-2%  ∆θ∆θ∆θ∆θ <~0.6 mrad

Electron-hadron separation efficiency ~ 98-99%

Hadron identification with dual-radiator RICH

ε ∼ 98%ε ∼ 98%ε ∼ 98%ε ∼ 98%

ε ∼ 88%ε ∼ 88%ε ∼ 88%ε ∼ 88%

ε ∼ 85%ε ∼ 85%ε ∼ 85%ε ∼ 85%
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Possible Measurements @              .

Flavour sensitive results:
- Distinction of hadron type and charge (thanks to the RICH 
identification)

- Results from scattering off different targets (Hydrogen, 
Deuterium,….)
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Deuterium,….)

Possible access to quark intrinsic 
transverse momenta via the cahn effect
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Possible Measurements @              .

Flavour sensitive results:
- Distinction of hadron type and charge (thanks to the RICH 
identification)

- Results from scattering off different targets (Hydrogen, 
Deuterium,….)

Information about the Boer-Mulders
distribution function

Possible access to quark intrinsic 
transverse momenta via the cahn effect

Possible sensitivity to functions related to graphs with 
an additional gluon (                      )HhDf
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Extraction method
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Extraction method
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Extraction method
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Extraction method
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Extraction method Monte Carlo 
check
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Extraction method
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Extraction method
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Extraction method
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Extraction method
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Extraction method
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Extraction method
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Extraction method

Fully differential analysisFully differential analysis
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The method
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Fake asymmetries
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Fake asymmetries
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Fake asymmetries
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Monte Carlo check

( )φφ 2coscos1 BA ++

MCMC

RAD

MCMC

RAD

MC

EXP

L

L

x
n

n

acc

acc

εεσ

εεσ

0

0

=
CAHN

n



50

Monte Carlo check:             .                           φosc

Cahn Model
Extracted values
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Monte Carlo check:            .φ2osc

Cahn Model
Extracted values
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Unfolding procedure
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Monte Carlo check:             .                           φosc

Cahn Model
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Monte Carlo check:             .                           φ2osc

Cahn Model
Extracted values
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Summary & Outlook
Accounting for the intrinsic quark transverse motion in the unpolarized cross-
section gives origin to an azimuthal asymmetry in the hadron production direction;

In particular it was stressed the existence of the

Cahn effect: an (higher twist) azimuthal modulation related to the existence of quark 
intrinsic motion;

Boer-Mulders effect: a leading twist asymmetry originated by the correlation between 
the quark transverse motion and spin (a kind of spin-orbit effect).



60

Monte Carlo studies show that:
A fully differential analysis together with an unfolding procedure is able to 
disentangle the ‘physical’ azimuthal asymmetry from the acceptance and radiative
modulations of the cross-section.

Summary & Outlook
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the quark transverse motion and spin (a kind of spin-orbit effect).
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Monte Carlo studies show that:
A fully differential analysis together with an unfolding procedure is able to 
disentangle the ‘physical’ azimuthal asymmetry from the acceptance and radiative
modulations of the cross-section.

Summary & Outlook

Possibilities @ HERMES
Information about the Boer-Mulders distribution function;

Possible access to quark intrinsic transverse momenta via the cahn effect;

Possible sensitivity to processes with an additional gluon;

Flavour sensitive results: 
Distinction of hadron type and charge
Results from scattering off different targets (Hydrogen, Deuterium,….)

HERMES collected enough statistics for a fully differential analysis!
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Monte Carlo studies show that:
A fully differential analysis together with an unfolding procedure is able to 
disentangle the ‘physical’ azimuthal asymmetry from the acceptance and radiative
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Summary & Outlook

Possibilities @ HERMES
Information about the Boer-Mulders distribution function;

Possible access to quark intrinsic transverse momenta via the cahn effect;

Possible sensitivity to higher twist effect;

Flavour sensitive results: 
Distinction of hadron type and charge
Results from scattering off different targets (Hydrogen, Deuterium,….)

HERMES collected enough statistics for a fully differential analysis!

Accounting for the intrinsic quark transverse motion in the unpolarized cross-
section gives origin to an azimuthal asymmetry in the hadron production direction;

In particular it was stressed the existence of the

Cahn effect: an (higher twist) azimuthal modulation related to the existence of quark 
intrinsic motion;

Boer-Mulders effect: a leading twist asymmetry originated by the correlation between 
the quark transverse motion and spin (a kind of spin-orbit effect).


