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Unpolarized Semi-Inclusive DIS (SIDIS)
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Unpolarized Semi-Inclusive DIS (SIDIS)



Leading twist azimuthal modulation

(Implicit sum over quark flavours)
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(Implicit sum over quark flavours)

...neglecting interaction dependent terms....
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Leading & next to leading twist azimuthal 

modulation
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Cahn and Boer-Mulders effects

CAHN EFFECT
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Cahn and Boer-Mulders effects











 ⋅−⋅⋅
−= ⊥⊥

11

2cos )ˆ)(ˆ(2
Hh

MM

pkphkh
F

h

TTTT
UU

rvvr

Cφ

CAHN EFFECT

11
Df⊥⊥

11 Hh

⊥⊥

11 Hh



HERaMEasurement of Spin

HERA storage ring @ DESY



HERMES spectrometer

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

Electron-hadron separation efficiency ~ 98-99%
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Experimental extraction),,,( ⊥= hPzyxω
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Experimental extraction

),(),( φωεφωε
RADacc ωd

),,,( ⊥= hPzyxω

Multidimensional (    )

unfolding procedure

ω

+= ∫ 1()(0 Ln
EXP ωσ )φωφω 2cos)(cos)( BA +



The unfolding procedure
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The unfolding procedure

Accounts for acceptance, 

radiative and smearing effects

depends only on 

instrumental and radiative effects
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Monte Carlo + Cahn model

Why a multidimensional analysis?

Measured inside acceptance

Generated in 4π
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Monte Carlo Test



Monte Carlo Test

4D         binned in ),,,( ⊥hPzyx



Results



Hydrogen target
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Hydrogen target
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Hydrogen target












+

⋅
−

⋅
−= ⊥⊥

...
ˆˆ2

1111

cos
Dfx

M

kh
Hhx

M

ph

Q

M
F T

h

T
UU

rr

Cφ
11

Df⊥⊥

11
Hh

fav

u

unf

u
HH

,

,1

,

,1

⊥

→

⊥

→ +− −≈
ππ



cos2φ interpretation
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cos2φ interpretation

Boer-Mulders

All contributions

Cahn (twist 4)

V. Barone et al.
Phys.Rev.D78:045022,2008



cosφ interpretation



Hydrogen VS. Deuterium h+

⊥⊥ ≈ du hh
,1,1



Hydrogen VS. Deuterium h-
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Summary
The existence of an intrinsic quark transverse motion gives origin to 
an azimuthal asymmetry in the hadron production direction:

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).
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Flavour dependent experimental results:
Negative <cosφφφφ> moments are extracted for positive and negative 

hadrons, with a larger absolute value for the positive ones

The results for the <cos2φφφφ> moments are negative for the positive 
hadrons and positive for the negative hadrons

- Evidence of a non-zero Boer-Mulders function    
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Compass results
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Statistics 

#SIDIS

(Million)

Hadron chargeTarget Type

1.53h+Deuterium

1.00h-

0.82h-

1.46h+Hydrogen



x bin=2
x bin=3

The multi-dimensional analysis

Z ⊥hP

φφφφ

x bin=1

x bin=5

φφφφ
φφφφ

φφφφ
φφφφ

First y bin

x bin=4

40.750.50.350.20.05PhT

510.750.60.450.30.2z

40.850.70.60.450.3y

510.270.1450.0780.0420.023x

#Bin limitsVariable

BINNING

400 kinematical bins x 12 φ-bins
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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



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)



Vector meson dilution



Monte Carlo Test                                        

Cahn Model
Unfolded


