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Search	  for	  Physics	  	  
Beyond	  Standard	  Model	  

•  Search	  for	  non-‐zero	  EDMs	  of	  fundamental	  
par,cles:	  neutron,	  storage	  ring	  
experiments	  

•  Parity-‐viola,ng	  electron	  scaLering	  
•  Atomic	  parity-‐viola,on	  
•  Muon	  anomolous	  magne,c	  moment	  
•  Muonium	  hyperfine	  structure	  
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Theorists have developed a powerful formalism for 
studying the 3D partonic picture of the nucleon.  It is 
encoded in Generalized Parton Distributions and  
Transverse Momentum Dependent Distributions 

Transverse 
Momentum  
Dependent 
distributions 

Generalized 
Parton  
Distributions 

Wigner	  	  distribu,on	  
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21st	  Century	  View	  of	  the	  Nucleon	  
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•  Spin	  physics	  has	  played	  a	  crucial	  role	  in	  developing	  this	  modern	  
perspec,ve	  
	   	  -‐	  Collins,	  Sivers	  effects	  
	   	  -‐	  Fermilab	  (E704),	  HERMES,	  COMPASS,	  JLab,	  RHIC	  

•  Both	  transverse	  and	  longitudinal	  asymmetries	  are	  important	  
	  -‐	  Transversity	  

•  Going	  forward	  we	  have	  a	  powerful,	  unifying	  framework	  	  to	  map	  
out	  the	  structure	  of	  the	  nucleon	  
	  -‐	  COMPASS,	  JLab,	  RHIC-‐spin,	  Mainz,	  LHC	  (?),…….	  	  	  	  	  -‐-‐-‐-‐-‐-‐-‐>	  	  	  	  	  EIC	  	  

•  Understanding	  nuclear	  structure	  from	  the	  perspec,ve	  of	  high	  
energy	  QCD	  is	  also	  a	  high	  priority	  –	  connect	  to	  the	  quark	  gluon	  
plasma	  

•  Lafce	  QCD	  is	  an	  increasingly	  important	  element	  in	  making	  
progress.	  

Towards	  an	  Era	  of	  Precision	  QCD	  



Proton	  Spin	  DecomposiHon	  

C.	  Alexandrou	  et	  al.,	  	  arXiv:1609.00253	  	  

§ 	  LQCD	  projec,ons:	  OAM	  40-‐50%,	  nearly	  all	  quark	  OAM	  is	  the	  
result	  of	  disconnected	  interac,ons.	   	  	  
§ 	  Quark	  OAM	  is	  experimentally	  the	  least	  constrained	  contribu,on	  
	   	  =>	  	  Strong	  mo,va,on	  of	  spin	  physics	  at	  12	  GeV	  

	   	  In	  LQCD,	  gauge	  invariant	  decomposi,on	  (X.	  Ji):	  	  
    Jp = ½ = (½ ΔΣq + Lq) + Jg   

OAM	  

mπ=140MeV	  

Lq=46% 

K.F.	  Liu,	  C.	  Lorce,	  	  arXiv:1508.00911	  

Lq=40% 
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Nuclei	  on	  the	  LaJce	  
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EIC	  

RHIC	  /	  LHC	  
pp/pA	  

JLab	  
COMPASS	  

EIC	  unifies	  



Where	  does	  the	  Spin	  of	  the	  proton	  hide?	  
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Gluon	  	   Quarks	  	   orbital	  angular	  
momentum	  	  1/2	  -‐	  	   -‐	   =	  
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“Helicity	  sum	  rule:”	  
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Challenge:	  	  	  
Can	  we	  put	  all	  this	  detailed	  informaQon	  
together	  to	  provide	  to	  the	  interested	  
non-‐scienQst	  a	  compelling	  visualizaQon	  
of	  the	  proton?	  
	  
Can	  we	  visualize	  the	  microcosm?	  
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The	  Sun	  as	  viewed	  by	  neutrino	  
detecHon	  deep	  underground	  
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Super-‐Kamiokande	  experiment	  in	  4504	  days	  of	  data	  taking	  
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Spitzer-‐Hubble-‐Chandra	  
Composite	  of	  M101	  
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Crab	  
Nebula	  
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Google	  “proton”	  -‐>	  Images	  
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Scroll	  down	  several	  pages	  
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Double	  Helicity	  Flip	  Gluon	  Structure	  
FuncHon	  Δ(x,Q2)	  

•  Jaffe	  and	  Manohar	  in	  1989	  iden,fied	  a	  leading-‐
twist,	  double-‐helicity	  flip	  structure	  func,on	  Δ(x,Q2)	  	  

•  Would	  be	  a	  clear	  signature	  for	  exo,c	  glue	  in	  nuclei,	  
i.e.	  gluons	  not	  associated	  with	  individual	  nucleons	  

•  Accessed	  via	  inclusive	  DIS	  from	  transversely	  
polarized	  nucleus	  with	  J≥1	  

•  Experiment	  using	  polarized	  target	  under	  
development	  at	  Jefferson	  Lab	  (J.	  Maxwell)	  

•  Under	  considera,on	  for	  future	  EIC	  
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Can	  it	  be	  measured?	  

•  Δ(x,Q2)	  corresponds	  to	  a	  helicity	  amplitude	  A+-‐,-‐+	  
•  Photon	  helicity	  flip	  of	  two	  
•  Unavailable	  to	  bound	  	  
	  	  	  	  nucleons	  or	  pions	  in	  nucleus	  
•  Virtual	  ρ	  or	  Δ?	  	  Gluons	  not	  	  
	  	  	  	  associated	  with	  a	  nucleon?	  
•  New	  lafce	  QCD	  result	  for	  first	  moment	  of	  
Δ(x,Q2)	  in	  a	  ϕ	  meson	  is	  preliminary	  but	  promising	  
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•  Sta,s,cally	  clean	  and	  theore,cally	  
	  	  	  	  	  	  consistent	  signal	  
•  A2	  –	  second	  moment	  of	  Δ(x,Q2)	  
•  Find	  A2	  ~	  0.23(2)(5)	  

1606.04505,	  Aug	  2016	  



JLab:	  Fixed	  Polarized	  Target	  Approach	  
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•  Leverage	  cos	  2ϕ	  to	  isolate	  Δ:	  need	  azimuthal	  detector	  acceptance	  
•  Form	  tensor	  asymmetry	  

	   	  -‐	  θm	  =	  54.7o	  cancels	  b1	  and	  b2	  dependence	  
	   	  -‐	  change	  polariza,on	  sub-‐states	  

•  Form	  difference	  of	  vector	  asymmetry	  and	  unpolarized	  cross	  sec,on	  
	   	  -‐	  θm	  =	  54.7o	  cancels	  b1	  and	  b2	  dependence	  
	   	  -‐	  Lose	  cancella,on	  of	  acceptances	  and	  efficiencies	  
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Nuclei	  of	  Interest	  for	  Nuclear	  
Gluonometry	  

Richard	  Milner	   University	  of	  Illinois	   26	  



Richard	  Milner	   University	  of	  Illinois	   27	  



Richard	  Milner	   University	  of	  Illinois	   28	  



Report	  	  
from	  	  

InternaHonal	  Spin	  Physics	  Commi9ee	  
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Symposia	  on	  High	  Energy	  Spin	  Physics	  
•  Started	  at	  Argonne	  in	  1974	  at	  ANL:	  First	  polarized	  HE	  proton	  beam	  

in	  the	  12	  GeV	  Zero-‐Gradient-‐Synchrotron)	  
•  Following,	  every	  two	  years:	  	  

	   	   	  -‐	  Argonne	  (1976,	  1978)	  
	  	  	  	  	  	  	   	   	  -‐	  Lausanne	  (1980)	  

	   	   	  -‐	  BNL	  (1982)	  
	   	   	  -‐	  Marseille	  (1984)	  	  
	   	   	  -‐	  Protvino	  (1986)	  	  
	   	   	  -‐	  Minneapolis	  (1988)	  	  
	   	   	  -‐	  Bonn	  (1990)	  	  
	   	   	  -‐	  Nagoya	  (1992)	  
	   	   	  -‐	  Bloomington	  (1994)	  
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1st	  InternaHonal	  High	  Energy	  Spin	  Physics	  
Symposium	  at	  Argonne,	  1974	  

Argonne,	  July	  1974	  
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H.	  Anderson	  

P.	  Dirac	  

R.	  Sachs	  
L.	  Michel	  

L.	  Dick	  

A.	  Krisch	  
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Joint	  InternaHonal	  Symposia	  on	  
Spin	  Physics	  

•  Started	  at	  Amsterdam	  in	  1996	  
•  Following	  every	  2	  years:	  	  

	   	  -‐	  Protvino	  (1998)	  	  
	   	  -‐	  Osaka	  (2000)	  	  
	   	  -‐	  BNL	  (2002)	  	  
	   	  -‐	  Trieste	  (2004)	  	  
	   	  -‐	  Kyoto	  (2006)	  	  
	   	  -‐	  CharloLesville	  (2008)	  	  
	   	  -‐	  Juelich	  (2010)	  	  
	   	  -‐	  Dubna	  (2012)	  
	   	  -‐	  Beijing	  (2014)	  
	   	  -‐	  Urbana-‐Champaign	  (2016)	  
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InternaHonal	  Spin	  Physics	  Commi9ee	  
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Haiyan	  Gao	  succeeds	  Richard	  Milner	  as	  Chair	  January	  1,	  2017	  for	  a	  four-‐year	  term	  



Workshop	  on	  Polarized	  Sources,	  
Targets	  and	  Polarimetry	  PSTP	  2017	  

•  It	  was	  decided	  by	  the	  ISPC	  that	  
PSTP	  2017	  will	  be	  held	  at	  the	  
Center	  for	  Axion	  and	  Precision	  
Physics	  at	  the	  Ins,tute	  for	  Basic	  
Science,	  Daejeon,	  South	  Korea	  	  
in	  September	  or	  October,	  2017	  

•  The	  co-‐organizers	  are	  Yannis	  
Semertzidis	  and	  Seongtae	  Park	  	  	  
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23rd	  InternaHonal	  Spin	  Physics	  
Symposium	  2018	  

•  It	  was	  decided	  by	  the	  ISPC	  that	  the	  
next	  Interna,onal	  Spin	  Physics	  
Symposium	  will	  be	  held	  at	  the	  
University	  of	  Ferrara,	  Italy	  in	  
September,	  2018.	  

•  The	  organizer	  is	  Paolo	  Lenisa	  from	  
the	  University	  of	  Ferrara	  and	  
INFN.	  
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Summary	  
•  It	  is	  an	  exci,ng	  ,me	  for	  spin	  physics.	  
•  It	  is	  shaping	  our	  view	  of	  the	  microcosm.	  
•  Upgrades	  of	  exis,ng	  facili,es	  ensure	  vitality	  for	  about	  a	  

decade.	  
•  Polariza,on	  technical	  developments	  reported	  at	  SPIN	  2016	  

are	  truly	  impressive.	  
•  In	  the	  long	  term	  we	  absolutely	  must	  have	  the	  electron-‐ion	  

collider.	  
•  We	  must	  find	  effec,ve	  ways	  to	  convey	  what	  we	  are	  learning	  

about	  the	  fundamental	  structure	  of	  maLer	  to	  	  the	  non-‐
specialist.	  

•  I	  wish	  to	  congratulate	  MaLhias	  and	  Anselm	  and	  their	  
colleagues	  for	  a	  fantas,c	  SPIN	  2016.	  

•  See	  you	  in	  Ferrara	  in	  September	  2018!	  
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