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•  Understanding	  the	  visible	  Universe,	  physics	  of	  
“How	  and	  Why”	  
–  Origin	  and	  EvoluUon	  	  
–  Nucleons	  dominate	  
–  How	  nucleons	  formed	  from	  quarks	  and	  gluons?	  	  
	  

•  @Largest	  scale:	  	  Gravity	  +	  X…	  
–  Structures	  of	  the	  (in)visible	  Universe	  
–  Black	  holes,	  Stars,	  Microwave	  Background	  …	  	  
–  Dark	  Ma^er,	  Dark	  Energy	  

•  @Smallest	  scale:	  QCD	  and	  Electroweak	  +	  X…	  
–  Structures	  of	  the	  nucleons	  and	  nucleus	  
–  Strongly	  interacUng	  quarks	  and	  gluons	  
–  No	  free	  quarks	  and	  gluons,	  color	  confinement	  
–  Novel	  phenomena	  

•  Many	  outstanding	  quesUons	  remain	  on	  “How	  
and	  Why”	  on	  nucleon	  structures	  
–  Strongly	  interacUng	  quark	  and	  gluon	  system	  	  
–  Novel	  distribuUons	  and	  dynamics	  of	  quarks	  and	  

gluons	  
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One approach to show case for General Public (Spin->HI->NP->Science->Congress) 

                         Sonia Kabana,  “Heavy Ion Collisions at RHIC and LHC and cosmological implications” ,

      17-21 Sept. 2012, Corfu, Greece

The Big Bang

9MulUple	  probes,	  for	  e.g.	  
	  -‐	  DistribuUon	  of	  CMB	  polarizaUon	  in	  the	  Universe	  
	  -‐	  DistribuUon	  of	  Gluon	  polarizaUon	  inside	  the	  Nucleon	  



•  A	  new	  facility	  is	  desired	  to	  advance	  our	  understanding	  of	  nucleon,	  a	  strongly	  
interacUng	  system	  
–  Explore	  the	  key	  uncharted	  regions	  that	  sensiUve	  to	  gluons	  
–  Precision	  study	  to	  test	  predicUons	  and	  improve	  our	  knowledge	  

•  Driven	  by	  recent	  discoveries	  and	  theoreUcal	  breakthroughs	  in	  QCD	  at	  the	  two	  
major	  US	  NP	  faciliUes,	  RHIC	  and	  JLab,	  as	  well	  as	  other	  faciliUes	  from	  worldwide,	  	  
–  Large	  Spin/TMD	  effects	  in	  polarized	  SIDIS	  and	  p+p	  reacUons	  –	  Sivers	  and	  Collins	  asymmetries	  
–  Quark	  and	  gluon	  interacUons/correlaUons	  inside	  the	  nucleon	  and	  nucleus	  –	  shadowing,	  

saturaUons	  	  	  	  
–  Quark,	  gluon	  and	  QGP,	  novel	  properUes	  –	  prefect	  liquid	  QGP	  

	  

•  Complementary	  to	  the	  current	  RHIC	  and	  JLab	  (and	  other	  worldwide)	  programs	  	  
–  A	  broad	  physics	  program	  with	  e+p	  and	  e+A	  driven	  by	  the	  desire	  for	  the	  next	  breakthroughs	  

•  Novel	  QCD	  process-‐dependent	  parton	  distribuUon	  funcUons	  in	  p+p	  at	  RHIC	  vs	  e+p	  in	  EIC	  
•  EIC	  on	  sea-‐quark	  and	  gluon	  polarizaUons	  vs	  Jlab-‐12’s	  focus	  on	  valence	  quark	  polarizaUon	  	  

•  How	  do	  we	  go	  from	  here	  to	  there?	  	  
–  Bo^om-‐Up	  approach	  
–  Get	  other	  NP	  and	  Public	  Support	  and	  Make	  it	  a	  NaUonal	  Priority	  
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Expert’s Point of View, for the question of “Why and so What” 



ScienUfic	  Impacts	  of	  EIC	  
•  The	  Frist	  Polarized	  High	  Energy	  e+p	  Collider	  

–  High	  center	  of	  mass	  energy	  (an	  order	  of	  
magnitude	  higher	  than	  polarized	  fixed-‐target	  
experiments)	  

–  High	  luminosity,	  >1000x	  of	  previous	  unpolarized	  
e+p	  collider	  

•  Open	  up	  a	  new	  domain	  for	  precision	  
measurements	  of	  emerging	  novel	  strong	  
interacUon	  phenomena	  at	  the	  fundamental	  
level	  of	  quarks	  and	  gluons	  
–  Spin,	  Charge,	  TMD,	  GPD	  as	  tools	  	  

•  Controlled	  access	  to	  selected	  physics	  processes	  
–  Spin,	  quark	  flavor	  	  
–  Large	  kinemaUcs	  coverage	  
–  Controlled	  size	  of	  probe	  	  
–  Universality	  of	  QCD	  descripUons	  

•  The	  First	  (Polarized)	  e+A	  Collider	  
–  High	  energy	  to	  access	  the	  quark	  and	  gluon	  

degree	  of	  freedom	  inside	  the	  nucleus	  	  

–  How	  quark	  and	  gluon	  distribuUons	  differs	  
between	  nucleon	  and	  	  nucleus?	  
•  Shadowing,	  saturaUon	  
•  EMC,	  correlaUon	  	  	  

–  Quark-‐gluon	  correlaUon	  inside	  the	  nucleus,	  
color	  transparency	  	  

–  How	  quarks	  and	  gluons	  interact	  with	  color	  
field	  and	  neutralize	  into	  physics	  parUcles?	  	  	   h
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Figure 1.7: Left: A schematic illustrating the interaction of a parton moving through cold
nuclear matter: the hadron is formed outside (top) or inside (bottom) the nucleus. Right: The
ratio of the semi-inclusive cross-section for producing a pion (red) composed of light quarks,
and a D0 meson (blue) composed of heavy quarks in e+lead collisions to e+deuteron collisions,
plotted as a function of z, the ratio of the momentum carried by the produced hadron to that
of the virtual photon (�⇤), as shown in the plots on the left.

nificantly from unity, with a suppression as x
decreases (often referred to as nuclear shad-
owing). Amazingly, there is as of yet no
knowledge whether the same holds true for
gluons. With its much wider kinematic reach
in both x and Q, the EIC could measure the

suppression of the structure functions to a
much lower value of x, approaching the re-
gion of gluon saturation. In addition, the
EIC could for the first time reliably quantify
the nuclear gluon distribution over a wide
range of momentum fraction x.

1.2.3 Physics Possibilities at the Intensity Frontier

The subfield of Fundamental Symmetries in nuclear physics has an established history of
key discoveries, enabled by either the introduction of new technologies or the increase in
energy and luminosity of accelerator facilities. While the EIC is primarily being proposed for
exploring new frontiers in QCD, it o↵ers a unique new combination of experimental probes
potentially interesting to the investigations in Fundamental Symmetries. For example,
the availability of polarized beams at high energy and high luminosity, combined with a
state-of-the-art hermetic detector, could extend Standard Model tests of the running of
the weak-coupling constant far beyond the reach of the JLab12 parity violation program,
namely toward the Z-pole scale previously probed at LEP and SLC.
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For non-QCD NP Colleagues 


