
R. Joosten, EINN2009, September 28, 2009 



R. Joosten, EINN2009, September 28, 2009 

SIDIS reactions in one photon exchange 
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N 

SPS 

LHC 

luminosity:      ~5 . 1032 cm-2  s-1 

beam intensity: 2.108 µ+/spill (4.8s/16.2s)  
beam momentum:      160 GeV/c 
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0.003 < x < 0.7 
10-3 < Q2 < 102 (GeV/c)2 

SM1 

SM2 

 µ beam 

MuonWall 

MuonWall 

E/HCAL E/HCAL 

RICH 

Polarised Target 

two stage spectrometer  
Large Angle Spectrometer (SM1),  
Small Angle Spectrometer (SM2) 

PID  
 RICH in LAS 

•  high energy beam 
•  large angular acceptance 
•  broad kinematical range  

  beam: 

  160 GeV/c 
     longitudinal polarisation   -76% 
     intensity    2·108 µ+/spill (4.8s/16.2s) 

Polarized Target: 

 2002-2004: 6LiD  (PT ≈ 50%, f = 0.38) 
 2007:  NH3 (PT ≈ 90%, f = 0.14) 
 solid target cells 
 Polarization reversal: once a week 
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11 days 
(19) 

9 days 
(14) 

14 days 
(24) 

SIDIS 
events 
(106) 

2007:  NH3 target (protons) 

First look: 

10·106 SIDIS events  
(~20% of data) 

New analysis: 

+ hadrons - hadrons 

Total 
statistics 5.7×106 h 4.5×106 h 

COLLINS SIVERS 

Total statistics 29×106 h 11×106 h 

2002-2004: 6LiD only 

+ hadrons - hadrons 

Total statistics 8.5×106 h 7.0×106 h 
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DIS cuts: 
• Q2>1 (GeV/c)2 

• 0.1<y<0.9 
• W>5 GeV/c2 

All hadrons 
  Energy Deposit in 

HCALs>Thr. ( 4 GeV HCal1 
and 5 GeV Hcal2 )  

  pT>0.1 GeV/c 

  z>0.2 
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3 quark polarimeter in SIDIS: 

•   Azimuthal asymmetries in one hadron production  
  (Collins effect) 

•   Azimuthal asymmetries in hadron pair production  
  (Interference fragmentation function) 

•   Transverse hyperon (Λ) polarization  
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h

h

q q 

The Collins FF                         correlates  the  

transverse spin of the fragmenting quark and the  

transverse momentum Ph⊥ of  produced hadron h 

The measured asymmetry AColl gives access to the transversity distribution  
times the Collins fragmentation function: 
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Systematic error  
below 30% of 
the statistical 
one 

only statistical  
errors shown 

Deuteron  
target 

final results from 2002-2004 data         

Physics Letters  
B 673 (2009)  
127–135 

2002-2004 
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at small x, the asymmetries are compatible with zero  
in the valence region the asymmetries are different from zero, 
 of opposite sign for positive and negative hadrons,   
 and have the same strength and sign as HERMES 

systematic errors ~ 0.5 σstat 

Proton  
target 

Full 2007 statistics 
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comparison with M. Anselmino et al. predictions 
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The measured asymmetry ARS is a product of transversity  
and the „Interference Fragmentation Function“ 

h1 (x) 
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Proton  
target Deuteron  

target 



R. Joosten, EINN2009, September 28, 2009 

Proton  
target 
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•  Secondary vertex downstream of primary vertex. 
•  PT > 23 MeV/c to exclude e+e− pairs 
•  Proton and pion momenta > 1 GeV/c 
•  Q2 > 1 (GeV/c)2 
•  0.1 < y < 0.9 
•  Use of RICH (2007 data) 
•  Λ decay distance DΛ > 7 σD 

•  Collinearity < 10 mrad 
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•  ~60% higher statistics with respect deuteron data 
•  Systematic errors have been estimated to be smaller 

than statistical errors from false polarization. 
• No dependence on x or z. 

No analysing power for transversity? 

Full 2007 statistics 

Proton  
target 
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A distortion in the distribution of quarks in transverse space 
can give rise to a nonzero Sivers function 

The presence of spin can distort the distribution of quarks  
(needs orbital angular momentum of quarks) 

The Sivers asymmetry: 
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Systematic error  
below 30% of 
the statistical 
one 

only statistical  
errors shown 

Deuteron  
Target 

final results from 2002-2004 data      

Physics Letters  
B 673 (2009)  
127–135 

2002-2004 
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the measured symmetries are small, compatible with 
zero  

systematic errors ~ 0.5 σstat 

Partial 2007 statistics Proton  
target 
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arXiv:0805.2677 

comparison with the most recent predictions from M. Anselmino et al.  
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Cahn effect, Boer-Mulders DF and  pQCD 

Boer- Mulders ⊗ Collins FF, Cahn effect and pQCD 

pQCD and beam polarisation 
pQCD expected to be 
important  at pt > 1 GeV/c 

here <pt> ≈ 0.5 GeV/c 



R. Joosten, EINN2009, September 28, 2009 

Leading order QED with kT  ≠  0 

After fragmentation: 
 contributes to cos φh and cos 2φ h  moments 

Access to <kT
2>     

R.N. Cahn PL B78 (1978) 269-273 … 
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down 

up 

  
 
  

proton 

quarks 

Side view Front view 

A distortion in the distribution of quark spin in transverse space 
can give rise to the Boer-Mulders function  Burkardt, hep-ph/0510408 

Quark spin can be unevenly distributed in transverse space 

 

 

A. Bacchetta 

Convoluted with Collins function 

Contributes to cos φh and cos 2φ h  moments  
  



R. Joosten, EINN2009, September 28, 2009 

• Azimuthal modulations in lp→l’hX measured by 

• EMC 
• E665 

• Large modulations up to 40% for cosφ, while cos2φ ~ 5% 

EMC E665 
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 the azimuthal distributions have to be 
corrected by the apparatus acceptance 

 dedicated MC simulations  
    for L and T target polarisation data 

acceptance 

 the corrected azimuthal distributions 
are fitted: 

data sample:   
- part of the 2004 data 
-  L and T target polarisation 
-  ONLY downstream target cell used 
- each with both polarisation directions 
 to cancel polarisation dependent effects 

Event selection: 
DIS events… 
  Q2>1 (GeV/c)2 

  0.1<y<0.9 
  W>5  (GeV/c2) 
Hadrons 
  0.2< z < 0.85 

  0.1<pT<1.5  (GeV/c) 

final azimuthal distribution 
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error bars:  
statistical errors 

bands:  
systematical 
errors 

Deuteron  
target 
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Deuteron  
target 

cosφ    modulation    (Cahn + Boer-Mulders) 

error bars:  
statistical errors 

bands:  
systematical errors 
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cosφ    modulation 

comparison with theory 

<kT
2> ≈ 0.25 GeV2/c2 
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cos2φ    modulation  (Cahn + Boer-Mulders)       

error bars:  
statistical errors 

bands:  
systematical errors 

Deuteron  
target 
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cos2φ    modulation 

comparison with theory 

• pQCD charge independent 

•  Cahn charge independent 
 (if  kT

u = kT
d  ) 

•  Boer–Mulders charge dependent 
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But caution: 
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Full 2002 -2004 data sample on a longitudinally polarized 
LiD (deuteron) target: 

~ 28 106 positive hadrons 
~ 25 106 negative hadrons 

The double ratio 

Is fitted by a 5 parameter fit: 
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  and Collins and  
 Sivers suppressed by 

      a1 
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suppressed by 
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and 

suppressed by 
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Sivers Collins 

8 Structure Functions for target transverse spin part, 4 LO 

Pretzelosity 
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Estimate on the basis of the positivity limit 
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g1T  is the only parton DF which is 
  chiral-even, T-even, leading twist function  
     in addition to the unpolarised DF  and to the helicity DF 

again cancellation between  
the u and d quarks in the deuteron ? 
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•  Collins Asymmetry on Proton Target: 
different from zero, comparable to HERMES 
agreement with predictions of Anselmino et al. 

•  Sivers Asymmetry on Proton Target: 
small and compatible with zero within the statistical errors 

  Extraction of the Sivers asymmetry on the full 
2007    run difficult due to instabilities 
•   Hadron Pair-Production: 
 Asymmetry significantly different from zero  
  - in agreement  with predictions  
 Two hadron Interference FF different from zero 
•   Λ polarisation: 
 No signal visible, neither for deuteron, nor for proton target 
  Fragmentation Function too small? 
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Error projection on Sivers asymmetries: 
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