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z 
U	
  unpolarized	
  
L	
  long.polarized	
  
T	
  trans.polarized	
  

Transverse	
  spin	
  effects	
  are	
  observable	
  as	
  correla4ons	
  of	
  
transverse	
  spin	
  and	
  transverse	
  momentum	
  of	
  quarks.	
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SIDIS	
  cross	
  sec4on	
  

18 structure 
functions !!	
  

Bacchetta et al., JHEP 0702:093,2007 

Long. Pol. target	
  

Trans.	
  Pol.	
  Target	
  

Experiment in preparation (CLAS) 

	
  

Unpol. target 	
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Transverse	
  Momentum	
  Dependent	
  (TMD)	
  Distribu4ons	
  

Transverse	
  Momentum	
  Distribu4ons	
  (TMDs)	
  of	
  partons	
  describe	
  the	
  
distribu4on	
  of	
  quarks	
  and	
  gluons	
  in	
  a	
  nucleon	
  with	
  respect	
  to	
  x	
  and	
  the	
  
intrinsic	
  transverse	
  momentum	
  	
  kT	
  carried	
  by	
  the	
  quarks	
  

Sivers	
  

Boer-­‐
Mulders	
  

pretzelosity	
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Nucleon	
  TMDs	
  

+	
  Higher	
  twist	
  distribu4on	
  func4ons	
  

leading twist TMDs 

Sivers	
  

Boer-­‐
Mulde
rs	
  

pretzelosity	
  

M.	
  Aghasyan	
  PacSPIN	
  2011,	
  Cairns	
   6	
  



Experimental configuration 	
  

Experimental configuration for 
unpolarized/long.polarized target 

Inner Calorimeter (424 
PbWO4 crystals) to detect 
high energy photons at 
forward lab angles.	
  

IC 

Polarized target (NH3/ND3) 
Pol. NH3, ND3 targets <PH> =0.75-0.8, <PD>=0.3 
Longitudinal polarization 

 →      →  

ep→e’πX	
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SIDIS	
  kinema4c	
  coverage	
  with	
  IC	
  
	
  Sca]ering	
  of	
  5.9	
  GeV	
  electrons	
  off	
  	
  
unpolarized	
  and	
  	
  polarized	
  proton	
  
and	
  deuteron	
  	
  targets	
  

 	
  DIS	
  kinemaCcs,	
  
	
  	
  	
  	
  Q2>1	
  GeV2,	
  	
  W2>4	
  GeV2,	
  	
  Mx

2>2	
  GeV2	
  

eπX	
  

CLAS	
  provides	
  a	
  wide	
  kinema4cal	
  coverage	
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  ϕ	
  	
  	
  

2009	
  data	
  

Q2	
  

Q2	
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Dilu4on	
  factor	
  for	
  NH3/	
  ND3	
  

CLAS z (cm)	



58.25	

56.75	



Al Banjo Windows (gray) L ~ 2.18 cm	


Helium filled (gray shading)	



CLAS z (cm)	



CLAS z (cm)	



57.50	

 58.59	

56.41	



Kapton Target Window	



Al Banjo Window	



A	
  and	
  B	
  hold	
  density	
  informa4on	
  
	
  for	
  all	
  materials	
  in	
  the	
  carbon	
  	
  
and	
  ammonia	
  targets	
  

P.E. Bosted and M.E. Christy Phys Rev. C 77, 065206 (2008)�
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DF	
  from	
  E05-­‐113	
  (NH3)	
  

π+	
  

π-­‐	
  

π0	
  

z	
   xB	
  

DF	
  

0	
  

0.3	
  

1	
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Longitudinally	
  polarized	
  NH3	
  target	
  	
  
E05-­‐113	
  

Avakian	
  PRL105	
  (2010)	
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The	
  sin2ϕ	
   moment	
  of	
  the	
  π+	
  at	
  large	
  xB	
  	
  
is	
  dominated	
  by	
  u-­‐quarks,	
  therefore	
  with	
  
addi4onal	
  input	
  from	
  other	
  experiments	
  
can	
  provide	
  a	
  first	
  glimpse	
  of	
  twist	
  2	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  func4on	
  h⊥1L

CLAS	
  and	
  HERMES	
  g1	
  are	
  consistent.	
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Longitudinal pol. target: A1-PT dependence  

Anselmino et. al 
PRD74,074015(2006)	
  

Different width of TMDs of quarks with different flavor and polarizations	
  

€ 

R =
k⊥width dist(g1)
k⊥width dist( f1)

R=0.40 
R=0.68 

R=1.0 
f1=0.25 GeV2 

•  Data shows slight preference for R<	
  1	


•  New experiment with 10 times more data will study the PT-dependence for different 

quark helicities and flavors for bins in x 

H. Avakian et al. 	
  
PRL105	
  (2010)	
  

π+	
   π0	
  π -­‐	
   Projected results 
for Exp. E05-113 
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New	
  data	
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New	
  data	
  with	
  IC	
  for	
  neutral	
  pions	
  significantly	
  improves	
  	
  
sta4s4cal	
  errors	
  and	
  allows	
  more	
  than	
  one	
  dimensional	
  extrac4on	
  of	
  AUL	
  an	
  ALL.	
  

New	
  data	
  for	
  π0	
  
S.	
  Jawalkar	
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  et	
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  PRL105	
  (2010)	
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Beam	
  Spin	
  Asymmetry	
  of	
  π0	
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Beam	
  Spin	
  Asymmetry	
  of	
  π0	
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Beam	
  Spin	
  asymmetry	
  of	
  π0	
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Models	
  and	
  Data	
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HT	
  func4on	
  related	
  to	
  force	
  on	
  the	
  
quark.	
  Burkardt	
  (2008),Qiu(2011)	
  

W.	
  Gohn(DIS2011)	
  

CLAS	
  

Factoriza4on	
  of	
  higher	
  twists	
  in	
  SIDIS	
  not	
  proved	
  
To	
  study	
  HT	
  pdfs	
  with	
  dihadron	
  SIDIS	
  (replace	
  H1┴	
  with	
  Interference	
  FF	
  PRD69	
  (2004)	
  )	
  

C.Schill(DIS2011)	
  

HT	
  SSAs	
  	
  comparable	
  at	
  JLab	
  and	
  COMPASS	
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Exclusive	
  π0π+	
  on	
  proton	
  

π0	
  

π0	
  

π0	
  

π0	
  

π+	
  

π+	
  

π+	
  

π+	
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Any	
  asymmetry	
  
extrac4on	
  
should	
  be	
  done	
  for	
  each	
  
xB,	
  y	
  ,	
  z,	
  PT	
  bin!	
  

Mx(ep-­‐>eπ+π0	
  x)	
  GeV	
  

M	
  (π+π0)	
  GeV	
   M	
  (π+π0)	
  GeV	
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Strong	
  single	
  pion	
  	
  ALU	
  
dependence	
  vs	
  mass	
  of	
  two	
  
pions	
  
Or	
  strong	
  single	
  pion	
  	
  ALU	
  
dependence	
  	
  
vs	
  xB/PT/z	
  of	
  single	
  pions?	
  



Summary	
  

•  ALU	
  of	
  π0	
  in	
  mul4dimensional	
  bins.	
  

•  ALU,	
  AUL	
  and	
  ALL	
  of	
  π0/+/-­‐	
  in	
  mul4dimensional	
  bins	
  is	
  coming.	
  

•  The	
  data	
  consistent	
  with	
  factoriza4on	
  (no	
  x	
  /z-­‐dependence	
  observed	
  in	
  single	
  and	
  double	
  
spin	
  asymmetry	
  measurements).	
  

•  Measured	
  asymmetries	
  (<sinφ>,	
  <sin2φ>,	
  …),	
  provide	
  access	
  to	
  new	
  transverse	
  momentum	
  
dependent	
  distribu4on	
  and	
  fragmenta4on	
  func4ons.	
  

•  Measured	
  spin	
  and	
  azimuthal	
  asymmetries	
  are	
  in	
  agreement	
  with	
  theory	
  predic4ons	
  and	
  
measurements	
  at	
  higher	
  energies.	
  

•  Measurements	
  of	
  azimuthal	
  dependences	
  of	
  double	
  and	
  single	
  spin	
  asymmetries	
  in	
  SIDIS	
  
indicate	
  that	
  there	
  are	
  significant	
  correla4ons	
  between	
  spin	
  and	
  transverse	
  distribu4on	
  of	
  
quarks.	
  

•  Sizable	
  higher	
  twist	
  asymmetries	
  measured	
  in	
  SIDIS	
  indicate	
  the	
  quark-­‐gluon	
  correla4ons	
  may	
  
be	
  significant	
  at	
  moderate	
  Q2.	
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Exclusive	
  π+π0	
  ALU	
  for	
  any	
  π0	
  

Strong	
  single	
  pion	
  	
  ALU	
  dependence	
  	
  
vs	
  mass	
  of	
  two	
  pions?	
  

Or	
  strong	
  single	
  pion	
  	
  ALU	
  
dependence	
  	
  
vs	
  xB/PT/z	
  of	
  single	
  pions?	
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What	
  about	
  ρ+-­‐>π+π0	
  	
  	
  	
  ?	
  
According	
  to	
  MC	
  VM	
  contribu4on	
  is	
  less	
  than	
  5%.	
  
What	
  do	
  I	
  have	
  in	
  data?	
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