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Analects of Confucius 
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Analects of Confucius 
(first three sentences) 

• Learning the new, and frequently 
reviewing the old, isn’t that fun? 

• Having friends coming from afar, 
isn’t that delightful? 

• Not being offended when other 
people do not recognize your 
work, isn’t that a true gentleman?  
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Don’t be offended if your talk is not properly cited 
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T. Shibata 

Tremendous contributions to spin physics 



Broad and in-depth talks in PacSPIN2015 

• Theory (16 talks) 

– Ji, Ma, Hatta, Kumano, Lin, Doi, Xiong, X. Chen, Kao, 
Kroll, Tanaka, Qiu, Thomas, Yoshida, Brodsky, Liang 

• Experiment (22 talks) 

– Mallot, Gao, Pisano, Schnell, Sawada, d’Hose, 
Fimushkin, Choi, Kunne, Kim, Sichtermann, Kawall, 
Mibe, J. Chen, Miyachi, Denisov, Xu, Goto, Nakano, 
Meziani, Lansberg 

• Topics 

– Overview, Lattice, Spin decomposition, 3D tomography, 
Form-factor, Longitudinal spin, Transverse spin, GPD, 
Future facilities, Muon g-2 and EDM, etc. 

 

•6 



Spin structures of the nucleons  

 

• Full of surprises and enigmas. Resolving them 
often led to important new insight on QCD. 

• Close synergy between theory and experiment.   

• The progress of lattice QCD calculations allow 
direct comparison with the experiments 

• Novel parton distributions and their properties 
become accessible by experiments using 
lepton and hadron beams   
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Why is it interesting?   



Intricate internal structure of the nucleons  
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• Carved from a single 
piece of elephant ivory 

• A total of 21 nested 
concentric layers 

• Each layer rotates freely 

• Various windows allow us 
to view deeper and 
deeper inside 
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Haiyan Gao 

The Proton Radius Puzzle 
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Flavor structure of the proton sea 

From Frank 

Close’s textbook 

(1980) 

There was a time when nucleon was nice 

and simple…… 

Actually, the nucleon is  full of surprises !! 
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SeaQuest 

Kenichi Nakano 
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Huey-Wen Lin 

See related talk of Xiaonu Xiong 

First Lattice calculation of ( ) ( )u x d x



Where does the spin of the proton 

come from? 
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EMC experiment in 1988/1989 

0. "Spin Crisis"2 0.3
q

q q      



Impressive experimental progress in QCD spin 
physics in the last 30 years 

 Inclusive spin-dependent DIS   
➥ CERN: EMC, SMC, COMPASS 

➥ SLAC: E80, E142, E143, E154, E155 

➥ DESY: HERMES 

➥ JLab: Hall A, B and C 

 

 Semi-inclusive DIS 
➥ SMC, COMPASS 

➥ HERMES, JLab 

 

 Polarized pp collisions 
➥ ANL: ZGS 

➥ FERMILAB: E704,…. 

➥ BNL: AGS, PHENIX, STAR 

        and BRAHMS 
 

 Polarized e+e- collisions 
➥KEK: Belle 
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Z. Meziani 
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F. Kunne 



NLO QCD fit to world DIS data 

•G.K. Mallot 5/10/2015 •PACSPIN Taipei •16 
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• come back to World data fits incl. SIDIS and pp later 

G. Mallot 
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G. Mallot 

Photon-gluon fusion 
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E. Sichtermann 
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0

 from PHENIXLLA
 from STARjet

LLA

E. Sichtermann Chong Kim  
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1

0.001

( ) 0dx g x 

1

0.001

( ) 0dx g x 
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( ) and ( ) from of  production Lu x d x A W  

STAR data   E. Sichtermann 

 consistent with some models and Lattice u d  
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( ) and ( ) from of  production Lu x d x A W  

PHENIX data   Chong Kim 

 consistent with STAR result u d  

•arXiv:1504.07451 



Spin Decomposition 
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 There has been much theoretical confusion about 
spin sum rule for the nucleon, many dozens of 
theoretical papers have been written on the 
subject.  

 F. Wang, X. S. Chen, Wakamatsu, E. Leader, C. 
Lorce, Y. Hatta, X. Ji, F. Yuan, Y. Zhao, … 

 But the confusion is over, move on! 

 

 

Xiang-Dong Ji 

See talks by Bo-Qiang Ma and Xiang-Song Chen 



Partonic spin sum rule 
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Results 

L(u) + L(d) [CI] ~= 0 

(observed in other Lat) 

J(u) >> J(d) [CI] ~= 0 

Glue    = 28(08)% 

Spin    = 25(12)% 

Orbital = 47(13)% 

DI part is important 

From our old results: 
Dong et al., PRL75(1995)2096 

Takumi Doi 



•Workshop @ J-PARC •26 

Tony Thomas 



 

•27 

Stan Brodsky 



Generalized PDF’s 

•G.K. Mallot 5/10/2015 •PACSPIN Taipei 

X.-D. Ji, PRL 78 (1997) 610 

Ji’s sum rule for total orbital momentum: 

DVCS 
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• Correlating transverse spatial and  
longitudinal momentum degrees of freedom 

• PDFs and elastic FF as limiting cases 
• H, H  f1 , g1 for    0; 
• no such limiting cases for E, E  
• H (E) for nucleon helicity (non)conservation 

~ 

Gerhard Mallot  
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Gunar Schnell 
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Gunar Schnell 



DVCS  at JLab 
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Hall-B: DVCS cross-section on the proton in Hall-B (E01-113) 

Silvia Pisano 

•H. S. Jo et. al., hep-ex:1504.02009, accepted by PRL 



•32 

Peter Kroll 



Nicole d’Hose  
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K. Tanaka  T. Sawada  



J-PARC High-Momentum beam and the P-50 
spectrometer 
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T. Sawada  
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Leading-Twist Quark Distributions 

 

  

            

          

          

Three survive 

after K┴ 

integration 

The other five 

are transverse 

momentum (K┴) 

dependent 

(TMD) 

( A total of eight distributions) 

Transverse Momentum Dependent (TMD) 

Quark Distributions 

Transversity 

Sivers function 

Boer-Mulders   

function 

See overviews 

by Z. Liang 

and J. Qiu  
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Three parton distributions describing 

transverse momentum and/or transverse spin  

 1) Transversity  

2) Sivers function  

3) Boer-Mulders function  

Correlation between  and q Ns S 

Correlation between  and q qs k 

Correlation between  and  N qS k 

Three transverse quantities:

1) Nucleon transverse spin

                

2) Quark transverse spin

                

3) Quark transverse 

    momentum

                

 Three different correlations

N

q

q

S

s

k


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  Product of ( ) ( ) is non-zero

  A surprising flavor dependence :  / 1

  Extraction of  ( ) requires an independent measurement of

    Collins function ( )

unfavored favored
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1 1

   "Collins" asymmetry 

in( )  

:

s S UT h H      

Observation of sin ( + ) dependence in SIDISS 

Hermes (2005) 

Y. Miyachi  



Extraction of Transversity and Collins fragmentation 
function from SIDIS and Belle data 

•39 

Torino group, Anselmino et al., PRD 87, 094019 (2013) 

SIDIS 

 on p

SIDIS 

 on p
SIDIS 

 on d

Belle 

 ee 
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Cancellation between proton and neutron in deuteron ? 

sin ( + ) dependence from COMPASSS 

Need an independent measurement on neutron 

160 GeV/c muon on polarized 6Li D target 

Consistent 

with zero! 

Compass (2005) 

Oleg Denisov  



3He↑(e,e’π+/-)x at JLab Hall A 
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e 

Polarized 
3He Target 

π 

HRSL 

16o 

g* 

e’ 

BigBite 
30o 

Obtain full coverage in 

Φ angle by rotating the 

target spin direction 

J. Chen  



Extraction of Transversity and Collins fragmentation 
function from SIDIS and Belle data 
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Torino group, Anselmino et al., PRD 87, 094019 (2013) 

Transversity Collins pion FF 

 quarku

 quarkd

Favored

Unfavored



Extraction of nucleon tensor charge 
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Torino group, Anselmino et al., PRD 87, 094019 (2013) 

1

1 1
0
[ ( ) ( )]q qq h x h x dx  

1 : Extractions from global fits 

(using two different Collins FF 

parameterizations) 

 

2-10: Predictions from various 

models (including LQCD) 

u d

0.787 0.319u d    

 Tensor charges are smaller 

   than axial charge

 Discrepancy could be 

   caused by neglecting

   sea transversity in the fit







Recent progress in LQCD suggests the possibility to 
calculate the x-dependence of parton distributions  
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The -dependence of

the quark and antiquark

transversity distributions

can be calculated (not 

just their moments)

x



Extraction of Sivers function from SIDIS data 
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Torino group, Anselmino et al., 

Eur. Phys. J. A39 (2009) 89 

(2013) 

 and -quark Sivers functions have opposite signs

 Sea-quark Sivers functions are non-zero (from  data)

u d

K 

 





• Does Sivers function change sign between 
DIS and Drell-Yan? 

• Sign and magnitude of the sea-quark Sivers 
functions? 

• Q2-evolution of the Sivers function?  
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Outstanding questions on Sivers function 
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Polarized Drell-Yan with 190 GeV/c pion beam

(Sivers asymmetry) 

Oleg Deniosov 



Proposal to measure Sivers in polarized 
Drell-Yan at Fermilab 

• Propose using the existing dimuon spectrometer 

• Possibility of polarized target is also being considered 
•48 

Proposal (P-1027)  ( Polarized Drell-Yan with polarized proton beam) 

Main goals:  

                     2) T

1) Accelerate polarized p

est "sign-change" of T-od

roton b

d Siver

eam at the Main Injector

s function in Drell-Yan

W. Lorenzon 



A-dependence of neutron AN 

• Isospin effect? 

• Nuclear effect? 
• Nucleus size  

• Neutron skin  

• Coherent effect 

• Other trigger or offline 
event selection results 
to be obtained  

•October 8, 2015 •49 

Yuji Goto 



Collins Asymmetry from STAR 
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Qinghua Xu 
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Bo-Qiang Ma 

Husimi Distribution for Nucleon Tomography 

Yoshitake Hatta 



Structure Functions of Deuteron 
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S. Kumano  



Future Facilities 
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V. Fimushkin  

Z. Meziani  J.-P. Lansberg  

W. Lorenzon  



Muon g-2 and EDM experiments 
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Muon’s magnetic moment and EDM can 

be non-zero because it has non-zero spin 

David Kawall  Tutomu Mibe  

Fermilab E989  J-PARC E34  



Tao-Te-Ching of Laozi 

(first two sentences) 
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• The “Dao” which can be articulated 
is not the eternal “Dao”. 

• The object which can be named is 
not the enduring object. 

道可道，非常道。
名可名，非常名。 
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• The “Dao” which can be articulated 
is not the eternal “Dao”. 

• The object which can be named is 
not the enduring object. 

道可道，非常道。
名可名，非常名。 

A truly successful Symposium 

can not be summarized 



A big “Thank you” to Wen-Chen Chang, 
Hai-Yang Cheng, and Ms. Jing-Xuan Su 
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