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

off a transversely polarised 

hydrogen target

<P>~72.5±0.053%

HERaMEasurement of Spin
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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

Aerogel n=1.03

C4F10 n=1.0014
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Leading twist Distribution Functions
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Transversity

DF

Leading twist Distribution Functions
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Transversity

In Semi Inclusive Deep Inelastic Scattering it is 

coupled to a chiral-odd Fragmentation Function

As Transversity is a chiral-odd function it can be probed 

only in conjuction with another chiral-odd function

hq
FFq

→⊗δ

CHIRALCHIRAL--EVENEVEN!

chiral-odd

DF

chiral-odd

FF
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Semi Inclusive Deep Inelastic Scattering

1-hadron production                 2-hadron production
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Semi Inclusive Deep Inelastic Scattering

1-hadron production 
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Collins Fragmentation Function
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Semi Inclusive Deep Inelastic Scattering

1-hadron production 
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Collins signature
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1-hadron production

( )
∑

∑ ⊥⊥⋅

+∝

q

T

q

Tq

q

T

q

T

h

hT
q

ST

h

UT
kzDpxqeyA

kzHpxq
M

Pk
Ie

SA
),(),()(

]),(),(
)ˆ(

[

sin2
2

1

22

2

1

22 δ

ϕϕ

r

⇑⇓

⇑⇓

+

−
=

hh

hhh

UTA
σσ

σσ

Collins signature



Francesca Giordano Gordon08 16

( )
∑

∑ ⊥⊥⋅

−+

q

T

q

Tq

q

T

q

T

q

T
hT

q

ST
kzDkxqeyA

kzDkxf
M

Pp
Ie

S
),(),()(

]),(),(
)ˆ(

[

sin2
2

1

22

2

1

2

1

2

r

ϕϕ

1-hadron production

( )
∑

∑ ⊥⊥⋅

+∝

q

T

q

Tq

q

T

q

T

h

hT
q

ST

h

UT
kzDpxqeyA

kzHpxq
M

Pk
Ie

SA
),(),()(

]),(),(
)ˆ(

[

sin2
2

1

22

2

1

22 δ

ϕϕ

r

⇑⇓

⇑⇓

+

−
=

hh

hhh

UTA
σσ

σσ

Collins signature



Francesca Giordano Gordon08 17

( )
∑

∑ ⊥⊥⋅

−+

q

T

q

Tq

q

T

q

T

q

T
hT

q

ST
kzDkxqeyA

kzDkxf
M

Pp
Ie

S
),(),()(

]),(),(
)ˆ(

[

sin2
2

1

22

2

1

2

1

2

r

ϕϕ

1-hadron production

( )
∑

∑ ⊥⊥⋅

+∝

q

T

q

Tq

q

T

q

T

h

hT
q

ST

h

UT
kzDpxqeyA

kzHpxq
M

Pk
Ie

SA
),(),()(

]),(),(
)ˆ(

[

sin2
2

1

22

2

1

22 δ

ϕϕ

r

⇑⇓

⇑⇓

+

−
=

hh

hhh

UTA
σσ

σσ

Collins signature



Francesca Giordano Gordon08 18

( )
∑

∑ ⊥⊥⋅

−+

q

T

q

Tq

q

T

q

T

q

T
hT

q

ST
kzDkxqeyA

kzDkxf
M

Pp
Ie

S
),(),()(

]),(),(
)ˆ(

[

sin2
2

1

22

2

1

2

1

2

r

ϕϕ

Collins signature

Sivers signature

1-hadron production
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Transversity

DF

Leading twist Distribution Functions
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The TMD Distribution Functions

Transversity

DF
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Sivers

DF

Transversity

DF

The TMD Distribution Functions
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The Sivers function describes the correlation between the 
transverse polarization of the nucleon and the transverse momentum of 

the struck quark � spin-orbit structure of the nucleon

Sivers mechanism

),(
2

1 T

q

T pxf
⊥

a non-zero Sivers function requires a
non-vanishing orbital angular momentum

inside the nucleon
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Collins amplitudes for pions
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8.1% scale uncertainty
� Large positive for ππππ+

� Large negative for ππππ-

� Consistent with zero for ππππ0

ππππ0 ���� γγγγγγγγ
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� Large positive for ππππ+

� Large negative for ππππ-

� Consistent with zero for ππππ0
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� Large positive for ππππ+

� Large negative for ππππ-

� Consistent with zero for ππππ0
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Collins amplitudes for charged kaons

� No significant non-zero 

Collins amplitudes for Kaons
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Collins amplitudes for charged kaons

-0.1

-0.05

0

0.05

0.1

0.15

0.2

2
 〈

s
in

(φ
+

φ
S
)〉

h
  
U

T

K
+

π
+

K
-

π
-

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.1 0.2 0.3

2
 〈

s
in

(φ
+

φ
S
)〉

h
  
U

T

x
0.2 0.3 0.4 0.5 0.6

z
0.2 0.4 0.6 0.8 1

Ph⊥ [GeV]

III
HERMES PRELIMINARY 2002-2005
lepton beam asymmetry, Collins amplitudes

8.1% scale uncertainty

� No significant non-zero 

Collins amplitudes for Kaons

� Collins amplitudes for K+ 

compatible with ππππ++++
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Sivers amplitudes for pions

� Large positive for ππππ+

� Consistent with zero for ππππ-

� Positive for  ππππ00
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Isospin symmetry fulfilled for ππππ-meson SSA amplitudes!
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Non zero quark orbital

angular momentum !

Sivers amplitudes for pions
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� Large positive for ππππ+

� Consistent with zero for ππππ-

� Positive for  ππππ0

Isospin symmetry fulfilled for ππππ-meson SSA amplitudes!

ππππ0 ���� γγγγγγγγ
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Sivers amplitudes for charged kaons

� Large positive for K+

� Consistent with zero for K-
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Sivers amplitudes for charged kaons
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� Large positive for K+

� Consistent with zero for K-

� K+ amplitudes are larger  

than the ππππ++++ amplitudes!
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Sivers amplitudes for charged kaons
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lepton beam asymmetry, Sivers amplitudes

8.1% scale uncertainty

Suggests a significant 

sea quark contribution

� Large positive for K+

� Consistent with zero for K-

� K+ amplitudes are larger  

than the ππππ++++ amplitudes!
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Semi Inclusive Deep Inelastic Scattering

2-hadron production
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Independent method to extract δq
Direct product of transversity and

Fragmentation function

(no convolution involved!)

BUT:

poorer statistics

increased number of variables
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PhAzimuthal dependence
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2-hadron production

The contribution to the Asymmetry is 

due to interference of different partial waves of the final state h+h-
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2-hadron production
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2-hadron production
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2-hadron production
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2-hadron production

First evidence of a TFirst evidence of a T--odd and odd and chiralchiral--odd                              odd                              

dihadrondihadron fragmentation function!fragmentation function!

RICH identification to 

select pions

(A. Airapetian et al, JHEP 06 (2008) 017)
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2-hadron production

POSITIVE ASYMMETRY 

in the whole range of Mππππππππ-mass
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2-hadron production

POSITIVE ASYMMETRY 

in the whole range of Mππππππππ-mass

No evidence of the signNo evidence of the sign--change at thechange at the ρρ0 0 mass           mass           

predicted by predicted by Jaffe et alJaffe et al..

(Phys.Rev.Lett.80,(1998))(Phys.Rev.Lett.80,(1998))
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2-hadron production

POSITIVE ASYMMETRY 

in the whole range of Mππππππππ-mass

Prediction by Prediction by BacchettaBacchetta & & RadiciRadici consistent consistent 

with mass dependence                  with mass dependence                  

((Phys.Rev.DPhys.Rev.D 74,(2006))74,(2006))
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Sivers

DF

Transversity

DF

The TMD Distribution Functions

Boer-Mulders

DF
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Unpolarized Semi Inclusive Deep Inelastic Scattering
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Unpolarized Semi Inclusive Deep Inelastic Scattering
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Multi-dimensional unfolding

procedure in progress!

Unpolarized Semi Inclusive Deep Inelastic Scattering
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Conclusion

1-hadron production:

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

allowed the first extraction of the transversity function!

)()(δA 1

)φsin(φ

UT
S zHxq

q⊥+ ⊗∝

(Anselmino et al. Phys.Rev. D75(2007))
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Conclusion

1-hadron production:

• 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!

2-hadron production:

• Significative non-zero asymmetries for ππππ+ππππ- -pairs:

independent probe of transversity!

first evidence for a non-zero chiral-odd interference 
fragmentation function! (to be measured in e+e-machines)

• No evidence of a sign change of SSA at ρρρρ0mass



Thank you!
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Vector meson contamination


