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Uncontroversial Highlights 
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Structure & Spectroscopy 

25 years since the “proton spin crisis” 
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Vogelsang 



Talks & Topics 
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Topic exp theo total 

Longitudinal spin  1 3 4 

GPDs 2 2 4 

TMDs & transverse spin 3 3 6 

Spectroscopy & χPT 4 3 7 

Total 10 11 21 

• Excellent, balanced scientific programme 



Longitudinal spin 

 

• gluon polarisation 

• strangeness 

• spin decomposition 

• lattice 
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New devlopments on       : 

  gives gluon with    Vogelsang 
Stolarski 
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Vogelsang 
Stolarski 

LO Gluon polarisation from hadron production in DIS 



de Florian, Pfeuffer, 
Schäfer, WV (prel.) 

Vogelsang 

From single hadrons in DIS?  Resummed calculation! 
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Stolarski 
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Stolarski 
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Alexandrou 

Lattice 



Alexandrou 



•  still have a lot to learn about strangeness: 

HERMES 

ATLAS 

Vogelsang 
and FF! 



Longitudinal spin decomposition 

 

G.K. Mallot/CERN IWHSS Lisbon, April 2012 

Wakamatsu, 
Lorcé 



The dynamical OAMs of quarks and 

gluons can in principle be extracted 

model-independently  from GPD and 

polarized DIS measurements.  
 

At least one satisfactory solution  
G.K. Mallot/CERN IWHSS Lisbon, April 2012 

Wakamatsu 

Hatta’s recent work opened up a  

possibility that the  canonical OAM   

may also be related to observables.  



GPDs (and TMDs) 

 

• GPDs and TMDs, OAM 

• lattice 

• new data 

• future 
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Complete picture 

GTMDs and Wigner distributions 

PDFs FFs 

TMDs 

Charges 

GTMDs 

GPDs 

TMSDs 

TMFFs 

[C.L., Pasquini, Vanderhaeghen (2011)] 
[C.L., Pasquini (2011)] 

5D imaging 

Wigner distribution 

Lorcé, 
Pasquini 



Quark spin and OAM 

GPDs TMDs 

Quark spin Quark spin 

Ji sum rule 

Twist-3 

PPSS sum rule 

[Ji (1997)] 

[Penttinen, Polyakov, Shuvaev, Strikman (2000)] 

Genuine sum rule 

Pretzelosity 

[Burkardt (2007)] 
[Efremov, Schweitzer, Teryaev, Zavada (2008,2010)] 
[She, Zhu, Ma (2009)] 
[Avakian, Efremov, Schweitzer, Yuan (2010)] 
[C.L., Pasquini (2011)] 

• Model-dependent 
• Not intrinsic OAM 

TMDs 

GTMDs 

Pure twist-3! 

Lorcé 



 Pasquini 



 Pasquini 



 Muñoz 



Kinematic range (DVCS) 
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 Muñoz 
Future 



Wollny Future 



 

Wollny 

Future 



GPDs and CT 
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Strikman 
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Strikman 



transversity & TMDs 

 

• new data PDF & FF 

• TMD evolution 

• Drell-Yan 
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Makins 
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Makins 
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Makins 
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Sozzi 
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Sozzi 
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Sozzi 
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Sozzi 
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Bacchetta 
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Prokudin 



transversity & TMDs 

 

G.K. Mallot/CERN IWHSS Lisbon, April 2012 

Bacchetta, 
Prokudin 



Transversity 
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Sozzi 
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Prokudin 
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Quintans 
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Quintans 
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Bacchetta 



Spectroscopy & χPT 

 

• lattice, flux tube 

• new data: “bottomonium” 

• new data: light mesons 

• test of χPT 
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Peardon 
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Example: 

Peardon 
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Bicudo 

Tetraquark flux tube 
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Rupp 
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..

. 

Rupp 



ϒ(4&5S) “bottomonium”  bb  mesons 

_ 

2MB = 10358.7 MeV 

“(5S)” is very 
different from other 

 states 
100xГ wrt  

(2,3,4S) (1S) ππ 
  

Belle PRL100,112001(2008) 

Olsen 
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Olsen 



Comparison:  hb(2S) “signals” 

Expt DMhfs (2S)  (MeV) 

CLEO 48.7±2.7 

Belle 24.3±4.3  

ϒ
(2

S)

gh

b
(2

S)
? 

 

hb(2P)ghb(2S)  

MM(p+p-g) 

Belle: IWHSS’12 April, 2012   

 strong disagreement with theory 

 agrees with theory 

anomalously large 
production rate 

(~0.2✕cb1 rate) 


 

Bf[hb(2P)ghb(2S)] 

about right 

CLEO Belle: 

≈5σ discrepancy 

Seth: Trento April 2012 

Olsen 
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Neubert 
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Neubert 

Neubert 
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Neubert 
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Beck, 
Peardon 
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Beck 
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Beck 
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Friedrich 
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Friedrich 

Future 
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