
HERMES measurements of 

nucleon transverse spin structure

Francesca Giordano

DESY, Hamburg

For the  collaboration

Pacific Spin 2009, Yamagata, Japan



Francesca Giordano Pacific Spin 2009 2

HERaMEasurement of Spin

HERA storage ring @ DESY
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HERaMEasurement of Spin

Lepton (Electron/Positron) beam (27.6GeV/c)

off a transversely polarised 

hydrogen target

<P>~72.5±0.053%
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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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Semi-Inclusive DIS cross section
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DF

FF
Leading twist expansion

[ ]11, DfF TUU C∝



Francesca Giordano Pacific Spin 2009 8

DF

FF
Leading twist expansion

[ ]11, DfF TUU C∝

T

L

U

TLUN / q

Distribution Functions (DF)

⊥
1h

⊥

Tg1

1g ⊥
Lh1

1h
⊥

Th1,
⊥

Tf1

1f

T

U

Uq/h

1D

⊥
1H

Fragmentation 

Functions (FF)



Francesca Giordano Pacific Spin 2009 9

DF

FF
Leading twist expansion

[ ]11, DfF TUU C∝

T

L

U

TLUN / q

T

U

Uq/h

1D

⊥
1H

Distribution Functions (DF)

Fragmentation 

Functions (FF)

⊥
1h

⊥

Tg1

1g ⊥
Lh1

1h
⊥

Th1,
⊥

Tf1

1f



Francesca Giordano Pacific Spin 2009 10

= Boer= Boer--MuldersMulders functionfunction

CHIRALCHIRAL--ODDODD

⊥

1h

Leading twist expansion

CHIRALCHIRAL--EVENEVEN!

chiral-odd

DF

chiral-odd

FF

[ ]⊥⊥

11 HhC
T

L

U

TLUN / q

T

U

Uq/h

1D

⊥
1H

Distribution Functions (DF)

Fragmentation 

Functions (FF)

⊥
1h

⊥

Tg1

1g ⊥
Lh1

1h
⊥

Th1,
⊥

Tf1

1f



Francesca Giordano Pacific Spin 2009 11

Unpolarized Semi-Inclusive DIS

BOER-MULDERS 

EFFECT
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Experimental extraction
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Multidimensional (    )w
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unfolding procedure

Experimental extraction
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The multi-dimensional analysis
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Hydrogen data: cos2φh [ ]⊥⊥−∝ 11
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L. P. Gamberg and G. R. Goldstein, 

Phys. Rev. D77:094016, 2008

B. Zhang et al.,

Phys. Rev. D78:034035, 2008
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Hydrogen data: cos2φh [ ]⊥⊥−∝ 11
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V. Barone et al.

Phys.Rev. D78:045022, 2008
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Hydrogen data: cosφh
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Hydrogen data: cosφh
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h+

⊥⊥ ≈ du hh
,1,1

Hydrogen vs. Deuterium data
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h-

⊥⊥ ≈ du hh
,1,1

Hydrogen vs. Deuterium data
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Semi-Inclusive DIS cross section
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Leading twist expansion
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Leading twist expansion
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Leading twist expansion
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= = Transversity functionTransversity function1h

Leading twist expansion
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Collins effect
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Leading twist expansion
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The Sivers function: describes the correlations
between the transverse polarization of the nucleon 
and the transverse momentum of the struck quark 

� spin-orbit structure of the nucleon

a non-zero Sivers function requires a
non-vanishing quark orbital
angular momentum inside the 

nucleon
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Semi Inclusive DIS on transversely polarized target

Collins effect

Sivers effect

Leading-Twist
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Semi Inclusive DIS on transversely polarized target

Collins effect

Sivers effect

Leading-Twist

Pretzelosity

directly related to quark orbital angular 

momentum

measures the deviation of nucleon shape 

from sphere
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Collins amplitudes
[ ]⊥∝ 11HhC
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Collins amplitudes
[ ]⊥∝ 11HhC
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Non zero quark orbital

angular momentum !

Final results:

� Large positive for ππππ+

� Consistent with zero for ππππ-

� Slightely positive for ππππ0
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Sivers amplitudes for charged kaons

� Large positive for K+

� Consistent with zero for K-
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Additional Twist-3 contributions:

sinφS sin(2φh-φS)           
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Summary

SIDIS over Unpolarized targets:

• Negative <cosφφφφh> moments are extracted for positive and negative 
hadrons, with a larger absolute value for the positive ones

• The results for the <cos2φφφφh> 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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Summary

SIDIS over Unpolarized targets:

• Negative <cosφφφφh> moments are extracted for positive and negative 
hadrons, with a larger absolute value for the positive ones

• The results for the <cos2φφφφh> moments are negative for the positive 
hadrons and positive for the negative hadrons:                  
Evidence of a non-zero Boer-Mulders function

SIDIS over Transversely polarized target:

• First evidence of a significant SSA Collins amplitudes for ππππ-mesons:

allowed the first extraction of the transversity function!

• Significant SSA Sivers amplitudes for  ππππ+ and K+:

non-zero quark orbital angular momenta!

• Additional sine contributions to AUT found to be consistent with zero, 
except the sizable negative sinφφφφS ampltudes for ππππ

-
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Why a multi-dimensional analysis?

4D         binned in ),,,( ⊥hPzyx
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Compass results
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Experimental status:     
hφcos

EMC

E665

ZEUS

c)

Negative results in all the existing 
measurements

No distinction between hadron type or   
charge
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hφ2cos

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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Vector meson contamination


