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1987	  The	  proton	  spin	  crisis	  
2000	  The	  proton	  form	  factor	  crisis	  
2012	  The	  proton	  size	  crisis	  



Patrizia	  Rossi	  	  	  	  	  	  	  	  	  Elba	  XII	  Workshop	  -‐	  June	  25-‐29,	  2012	  

Jefferson	  Lab	  Mission	  

4	




Patrizia	  Rossi	  	  	  	  	  	  	  	  	  Elba	  XII	  Workshop	  -‐	  June	  25-‐29,	  2012	  

The	  21st	  Century	  Science	  QuesEons	  

5	


•  What	  is	  the	  role	  of	  gluonic	  excitaEons	  in	  the	  
spectroscopy	  of	  light	  mesons?	  	  

•  Where	  is	  the	  missing	  spin	  in	  the	  nucleon?	  
	  What	  is	  the	  role	  of	  orbital	  angular	  momentum?	  

•  Can	  we	  reveal	  a	  novel	  landscape	  of	  nucleon	  
substructure	  through	  measurements	  of	  new	  
mulEdimensional	  distribuEon	  funcEons?	  

•  What	  is	  the	  relaEon	  of	  short-‐range	  nuclear	  structure	  
and	  parton	  dynamics?	  

	


•  Can	  we	  discover	  evidence	  for	  physics	  
	  beyond	  the	  standard	  model	  
	  of	  parEcle	  physics?	  
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Maintain	  capability	  to	  deliver	  
lower	  pass	  beam	  energies	  :	  
2.2,	  4.4,	  6.6,….	  

§ Enhanced	  capabiliEes	  
in	  exisEng	  Halls	  
§ Increase	  of	  Luminosity	  
1035	  -‐	  ~1039	  cm-‐2s-‐1	  

The completion of the 12 
GeV Upgrade of CEBAF 
was ranked the highest 
priority in the 2007 NSAC 
Long Range Plan. New	  Hall	  

CHL-‐2	  

	  20	  cryomodules	  

	  Add	  5	  
	  cryomodules	  

	  Add	  5	  
	  cryomodules	  

	  20	  cryomodules	  

	  Add	  arc	  
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Hall	  C	  –	  precision	  determina/on	  of	  valence	  quark	  
proper/es	  in	  nucleons	  and	  nuclei	  

high	  momentum	  spectrometers	  &	  
dedicated	  equipments	  

Hall	  B	  -‐	  3-‐D	  nucleon	  structure	  via	  GPDs	  	  &	  TMDs	  	  	  
Search	  new	  form	  of	  hadron.	  maBer	  via	  Meson	  Spectr.	  

4π	  detector	  

Hall	  A	  –	  form	  factors,	  GPDs	  	  &	  TMDs	  ,	  SRC	  
Low-‐energy	  tests	  of	  the	  SM	  and	  Fund.	  Symmetry	  Exp. 

high	  luminosity,	  high	  resoluEon	  
&	  dedicated	  equipments	  

Hall	  D	  -‐	  exploring	  origin	  of	  confinement	  by	  studying	  
exo/c	  mesons	  using	  real	  photons	  

HermeEc	  detector	  
Photon	  tagger	  
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Hall D & Counting House 

Hall D Interior 

Central Drift Chamber 
(Carnegie Mellon) 

Forward Drift Chamber 
(Jlab) 

BCAL Module 
(Regina Univ.) 

Mini-BCAL 
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Key	  
Features:	  
1	  torus	  &	  	  
1	  solenoid	  
magnet	  	  
 
new	  detectors:	  
Cerenkovs,	  
calorimeters,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
driE	  chambers,	  
silicon	  vertex	  
tracker	  	  	  
 
re-‐use	  some	  
exisGng	  detector	  PCAL  

(JLab/Ohio/W&M/NSU/JMU) 

Drift Chamber 
Region 1  

(Idaho State U) 

Drift Chamber 
Region 2  

(Old Dominion U) 

Drift Chamber 
Region 3  

(Jefferson Lab) Silicon Vertex Tracker 
(JLab/FNAL/UNH) 
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Dipole Magnet Prototype Coil 
(SigmaPhi, France) 

1cm screen grid	


Diffusely 
illuminated 

mirror 
(behind)	


HGC Mirror 
(U Regina) 

PreShower 
(Yerevan/NSL) 
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Spectrometer Carriage Parts 

Quartz Hodoscope 
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All detectors but one 
from user contributions 

SHMS 



Patrizia	  Rossi	  	  	  	  	  	  	  	  	  Elba	  XII	  Workshop	  -‐	  June	  25-‐29,	  2012	  

Planning	  for	  Future	  Equipments	  

11	


Future	  Hall	  A	  Large	  InstallaEon	  Programs:	  
•  MOLLER	  

-‐  Parity	  ViolaGng	  (PV)	  e-‐e	  scaNering	  
-‐  Precise	  Standard	  Model	  test	  
-‐ 	  SubmiNed	  to	  DOE-‐ONP	  Sep.	  2011	  

•  SoLID	  (PV	  e-‐	  -‐	  q	  scahering	  +	  SIDIS)	  
-‐  PV	  e-‐quark	  +	  High	  Precision	  TMD	  Studies	  
-‐ 	  Chinese	  collaboraGon	  sGll	  developing	  
-‐	  	  	  	  CLEO	  solenoid	  under	  negoGaGon	  
-‐ 	  Directors	  review	  in	  Fall	  2012?	  

	


Also	  ongoing:	  	  
•  SBS	  spectrometer 	   	   	   	  	  
•   π0 spectrometer	  (off	  SHMS	  carriage) 	   	  	  
•  	  Windowless	  target	  for	  proton	  charge	  radius	  exp. 	  	  
•  	  Forward	  Tagger	  for	  CLAS12 	   	   	  	  
•  1	  sector	  RICH	  detector	  for	  CLAS12 	   	   	  	  
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•  High gradient cryomodule performance	

	
demonstrated in tunnel	


	
 Met research beam spec. of 108 MeV @ 465 µA	


•  Central Helium Liquefier-2 equipment in place	


•  Hall D – equipment installation in progress	


•  Superconducting magnets under construction	


•  All major detector systems under construction	


12	  GeV	  Upgrade	  –	  Recent	  Progress	  	  	  

CHL-2 
installation 

Third C100 Cryomodule 
transferred to tunnel 

TIME (in 20 minute increments) 

C100 Cryomodule Energy Gain – May 18th 
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•  12	  	  16-‐month	  installaEon	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
May	  2012	  -‐	  May	  Sept	  2013	  

•  Hall	  A	  commissioning	  start	  	  	  	  	  	  	  	  
Oct	  2013	  	  Feb	  2014	  

•  Hall	  D	  commissioning	  start	  	  	  
April	  2014	  	  Oct	  2014	  

•  Halls	  B	  &	  C	  commissioning	  start	  
Oct	  2014	  	  Apr	  2015	  

 

Project	  CompleEon:	  	  

June	  2015	  
 

FY12:	  reducEon	  of	  $16M	  
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•  What	  is	  the	  role	  of	  gluonic	  excitaEons	  in	  the	  
spectroscopy	  of	  light	  mesons?	  	  

•  Where	  is	  the	  missing	  spin	  in	  the	  nucleon?	  
	  What	  is	  the	  role	  of	  orbital	  angular	  momentum?	  

•  Can	  we	  reveal	  a	  novel	  landscape	  of	  nucleon	  substructure	  
through	  measurements	  of	  new	  mulEdimensional	  
distribuEon	  funcEons?	  

•  What	  is	  the	  relaEon	  of	  short-‐range	  nuclear	  structure	  and	  
parton	  dynamics?	  

	


•  Can	  we	  discover	  evidence	  for	  physics	  
	  beyond	  the	  standard	  model	  
	  of	  parEcle	  physics?	  

M.	  BaNaglieri’s	  talk	  
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Use	  8-‐9	  GeV	  polarized	  photons	  (12	  GeV	  electron	  beam)	  
─	  The	  expectaGon	  from	  the	  flux	  tube	  model	  is	  that	  hybrids	  will	  be	  	  	  	  
	  	  	  	  be	  produced	  at	  a	  rate	  comparable	  to	  normal	  mesons	  
	  	  
Use	  hermeGc	  detector	  with	  large	  acceptance	  	  
─	  Decay	  modes	  expected	  to	  have	  mulGple	  parGcles	  
─	  hermeGc	  coverage	  for	  charged	  and	  neutral	  parGcles	  
─	  high	  data	  acquisiGon	  rate	  to	  enable	  amplitude	  analysis	  	  
	  
Perform	  amplitude	  analysis	  
─	  idenGfy	  quantum	  numbers	  as	  a	  funcGon	  of	  mass	  
─	  check	  consistency	  of	  results	  in	  different	  decay	  modes	  	  
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è107	  γ/s	  on	  target	  

Design	  is	  expandable	  to	  
108	  γ/s	  

Rates	  are	  based	  on	  
•  12	  GeV	  electron	  beam	  
•  20	  µm	  diamon	  crystal	  
•  300	  nA	  electron	  beam	  
•  Collimator	  diam.:	  3.5	  mm	  
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HermeGc	  detecGon	  of	  charged	  and	  
neutral	  parGcles	  in	  solenoid	  magnet	  
Angular coverage :	

Charged particles: 1 ̊<θ<140 ̊ 	

Neutral particles: 2 ̊<θ<170 ̊ 	

Photon energy resolution :	

BCAL: σ(E)/E=(3.6+7.3/√E)% 	

FCAL: σ(E)/E=(2+5/√E)% 	

Momentum resolution: 	

σ(p)/p ~ 1– 3% (5 ̊– 140 ̊) 	

Trigger rate:	

200 kHz 	

Fully-pipelined electronics 	
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Courtesy	  of	  E.	  Smith/MESON2012	  
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•  What	  is	  the	  role	  of	  gluonic	  excitaEons	  in	  the	  
spectroscopy	  of	  light	  mesons?	  	  

•  Where	  is	  the	  missing	  spin	  in	  the	  nucleon?	  
	  	  	  	  	  What	  is	  the	  role	  of	  orbital	  angular	  momentum?	  
	  
•  Can	  we	  reveal	  a	  novel	  landscape	  of	  nucleon	  

substructure	  through	  measurements	  of	  new	  
mulEdimensional	  distribuEon	  funcEons?	  

•  What	  is	  the	  relaEon	  of	  short-‐range	  nuclear	  structure	  
and	  parton	  dynamics?	  

	


•  Can	  we	  discover	  evidence	  for	  physics	  beyond	  the	  
standard	  model	  
	  of	  parEcle	  physics?	  

M.	  Contalbrigo’s	  talk	  

S.	  Niccolai’s	  talk	  

A.	  BaccheNa’s	  talk	  
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h 

TMDs 

Semi-‐Inclusive	  processes:	  
transverse	  momentum	  distribuGons	  

Hard	  exclusive	  processes 
spatial distributions of partons 

γ,h 

GPDs 
(QCDSF)	  

up 

Pasquini  & Yuan	


down 
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A = Δσ	

2σ	


σ+ - σ-	


σ+ + σ-	
 = 

ΔσLU ~ sinφ {F1H + ξ(F1+F2)H +kF2E}dφ 
  ~ 

Polarized beam, unpolarized target: 

H(ξ,t) 

Unpolarized beam, longitudinal target: 

ΔσUL ~ sinφ {F1H+ξ(F1+F2)(H +ξ/(1+ξ)E)}dφ 
  ~           H(ξ,t) ~ 

ξ ~ xB/(2-xB)  
k = t/4M2  

Unpolarized beam, transverse target: 

ΔσUT ~ cosφsin(φs-φ){k(F2H – F1E)}dφ 
E(ξ,t) 

GPDs	  extracEon	  possible	  ONLY	  through	  models/parameterizaEons	  	  
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The	  JLab	  DVCS	  program	  will	  be	  carried	  out	  in	  two	  
experimental	  Halls:	  A	  &	  B	  (CLAS12)	  

E12-‐06-‐119:	  proton	  	  NH3	  (B)	  

E12-‐12-‐010:	  proton	  	  HD	  (B)	  

E12-‐06-‐114:	  proton	  (A)	  
E12-‐06-‐119:	  proton	  (B)	  
E12-‐11-‐003:	  neutron	  (B)	  

SensiEvity	  to	  GPDs	  Nucleon	  
polarizaEon	  

H, H, E 
~ 

H, H, E 
~ 

E, H 

 
Unpolarized	  

Long.	  
Polarized	  

Transv.	  
Polarized	  
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Sivers 

•   DIS → ΔΣ ≅ 0.25 
	

•   RHIC + DIS → ΔG« 1 
	

•   → Lq 

The	  Incomplete	  Nucleon	  
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•   CLAS12 in Hall B 
 General survey, medium lumi 

•  SHMS- HMS in Hall C 
 L-T studies, precise π+/π- ratios 

 
•  SBS in Hall A 

 High x, High Q2, 2-3D 

•  SOLID in Hall A  
 High Lumi and acceptance – 4D 
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E12-09-018: π+,π- K+,K- 

E12-10-006 π+,π- 
E12-11-108: π+,π- 

3He 

Large	  variety	  of	  targets	  and	  different	  species	  of	  detected	  
hadrons	  will	  be	  fundamental	  for	  flavor	  separaEon	  

Hall	  A	  	  
SBS/SOLID	  

HALL	  C	  
HMS+SHMS	  

E12-09-017: π+,π- K+K-	


E12-06-104: π+,π- 	


E12-09-002: π+,π- 	


Hall	  B	  
CLAS12	  

E12-06-112: π+,π-,π0 

E12-09-008 k+, k- , k0 

E12-07-107: π+,π-,π0 

E12-09-009 k+, k- , k0 
 

E12-11-111: π+,π-, π0	


                     K+,K-	


H2, D2 NH3 HD H2, NH3, D2, ND3 

SIDIS	  @	  12	  GeV	  

E12-07-007:  π+,π- 
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PolarizaGon	  transfer	  technique	  
gives	  different	  results!	  

spaGal	  distribuGons	  of	  electric	  charge	  and	  current	  

Double	  polarizaGon	  experiments	  
only	  possible	  with	  high	  intensity,	  
high	  polarized	  beam	  
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•  6	  new	  experiments,	  of	  
which	  3	  with	  SBS,	  
approved	  	  to	  measure	  
proton	  and	  neutron	  GE	  &	  
GM	  at	  high	  Q2	  

•  Tests	  for	  phenomenological	  models:	  
New	  focus	  on	  role	  of	  relaEvity	  and	  	  	  	  	  
orbital	  moEons	  

 
•  Constraint	  of	  the	  GPDs	  H	  and	  E	  	  

"   High Luminosity (~1039) 	

"   Forward angle (down to 7 degree)	

"   Equipment flexibility 	
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•  What	  is	  the	  role	  of	  gluonic	  excitaEons	  in	  the	  
spectroscopy	  of	  light	  mesons?	  	  

•  Where	  is	  the	  missing	  spin	  in	  the	  nucleon?	  
	  What	  is	  the	  role	  of	  orbital	  angular	  momentum?	  

•  Can	  we	  reveal	  a	  novel	  landscape	  of	  nucleon	  
substructure	  through	  measurements	  of	  new	  
mulEdimensional	  distribuEon	  funcEons?	  

•  What	  is	  the	  relaEon	  of	  short-‐range	  nuclear	  structure	  
and	  parton	  dynamics?	  

	


•  Can	  we	  discover	  evidence	  for	  physics	  
	  beyond	  the	  standard	  model	  
	  of	  parEcle	  physics?	  

J.	  Birchall’s	  talk	  

K.	  Kumar’s	  talk	  

G.	  Urciuoli’s	  talk	  
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A	  wealth	  of	  anomalies	  can	  be	  explained	  by	  a	  new,	  dark	  force	  	  
•  BNL	  “g-‐2”	  expt:   

   Δaµ(expt-‐thy)	  =	  (295±88)	  x	  10-‐11	  (3.4	  σ)  

A	  dark	  force	  carrier	  in	  the	  10-‐100	  MeV	  
range	  can	  explain	  the	  difference	  

eccess	  in	  	  
e+/e-‐	  raEo	  

•  Hints	  from	  astrophysics:	  
	  
-‐  Hard	  leptons/no	  anGprotons	  for	  

PAMELA/Fermi	  	  
-‐  DAMA	  annual	  modulaGon	  signal	  

-	
…but	  not	  in	  
p/p	  raEo	  

p/
p	  
	


-	
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Vector	  boson	  A’	  	  
-‐	  kinemaGcally	  mixes	  with	  γ	

-‐	  α’	  =	  εαe.m	  	  	  	  ε	  =	  10-‐2	  –	  10-‐6	  
-‐	  Mass	  in	  the	  MeV-‐GeV	  region	


m
da
rk
	  

α’	  =	  εαe.m	  	

3	  Jefferson	  Lab	  proposals	  
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APEX	  uses	  the	  HALL	  A	  dual	  arms	  
spectrometers	  to	  reconstruct	  the	  e+e−	  pair	  
➡	  DC	  (tracking),	  gas	  Cherenkov	  (PID),	  hodoscopes(trigger)	  
➡	  	  great	  mass	  resoluGon	  (~MeV),	  small	  acceptance	  (~0.1%)	  
➡	  	  mass	  resoluGon	  dominated	  by	  angular	  resoluGon	  

Hall	  A	  

In	  July	  2010,	  APEX	  completed	  successful	  test	  run	  

• Primary	  goal	  was	  to	  confirm	  calculated	  BKG	  rates	  
• Physics	  data	  taken	  at	  2.2	  GeV	  	  
•  Excellent	  Mass	  ResoluEon	  σ(M)~	  1	  MeV	  

In	  January	  2011,	  PAC	  approved	  
APEX	  to	  run	  in	  12	  GeV	  era	  

PRL	  107	  (2011)	  191804	   Black	  →data	  	  
red→MC	  	  

	  blue→e+e−	  acc.	  

small	  mass	  
range...	  reflects	  
small	  acceptance	  
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High	  rate	  	  
High	  acceptance	  	  
High	  mass	  &	  Vertex	  
ResoluGon	  detector	  

Heavy	  Photon	  Search	  @	  Hall	  B	  

Silicon	  strip	  tracker	  inside	  an	  evacuated	  dipole	  for	  excellent	  vtx	  &	  mom	  resoluGon	  

low	  rate	  ➪	  intense	  beam	  
high	  background	  ➪	  high	  resoluGon➪	  measure	  displaced	  vertex	  

Last	  week	  PAC	  recommended	  to	  run	  HPS	  for	  15	  days	  as	  soon	  as	  12	  GeV	  
beam	  will	  be	  available	  

HPS	  parasiEc	  photon	  run	  in	  April-‐	  May	  2012:	  First	  clean	  beam	  and	  successful	  data	  taking	  for	  the	  last	  8	  
hours	  of	  CEBAF	  6	  GeV	  !	  

ε  <	  10−4	  	  ;	  mass	  20-‐200	  MeV	  



Patrizia	  Rossi	  	  	  	  	  	  	  	  	  Elba	  XII	  Workshop	  -‐	  June	  25-‐29,	  2012	  

DarkLight	  @	  JLab	  FEL	  

36	


• Use	  the	  FEL	  beam	  (~1mA,	  100	  MeV)	  incident	  on	  a	  H2	  gas	  jet	  target.	  Collect	  1/ab	  in	  ~	  60	  days	  of	  beam	  Gme	  

• High	  acceptance	  detector	  inside	  a	  6-‐coil	  toroid:	  gas	  TPC	  for	  recoil	  proton	  detecGon,	  GEMs	  for	  vertexing	  
and	  low	  momentum	  lepton	  recon,	  outer	  drix	  chambers	  for	  lepton	  momentum,	  scinEllator	  hodoscopes	  
for	  triggering	  

Last	  week	  PAC	  recommended	  to	  run	  DarkLight	  experiment	  as	  soon	  as	  12	  GeV	  
beam	  will	  be	  available	  if	  test	  run	  will	  succed	  

Beam	  test	  in	  FEL	  planned	  in	  July	  2012	  
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Many	  experiments	  in	  
the	  world	  to	  look	  for	  
heavy	  photons	  

APEX	  (Hall	  A)	  ~	  forward	  
spectrometers	  	  
HPS	  (Hall	  B)	  ~	  compact	  
Si-‐	  based	  vertex-‐tracker	  
DarkLight	  (JLab	  FEL)	  ~	  
high	  acceptance,	  H2	  gas	  
target	  	  	  
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Experiment 
 hadron spectrum 

GPDs, TMDs 
QCD 

Physics	  from	  high	  quality	  data	  demands	  precision	  analysis	  tools	  

•    Pool	  world	  theoreGcal/phenomenological	  experGse	  	  

•    Common,	  robust	  methodologies,	  especially	  in	  Amplitude	  Analysis	  

•   Train	  generaGon	  of	  experimentalists	  and	  theorists	  	  	  

global	  networking	  
to	  be	  led	  by	  Jefferson	  Lab	   BESIII 

EBAC 
SAID 

MAID 
 

Bonn- 
Gatchina 
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Physics	  OpportuniEes	  with	  the	  12	  GeV	  Upgrade	  at	  Jefferson	  Lab	  

•  Overview	   	   	   	   	   	  –	  	  McKeown,	  Pennington,	  Ent	  
• 	  Meson	  Spectroscopy	  and	  Structure	  	   	   	  –	  	  Meyer,	  Dudek	  	  
•	  Nucleon	  Structure	  and	  Spectroscopy	  	   	   	  –	  	  Meziani,	  Richards	  	  
•	  QCD	  and	  Nuclei	   	   	   	   	  –	  	  Weinstein,	  Miller	  	  
•	  The	  Standard	  Model	  and	  Beyond	  	   	   	  –	  	  Kumar,	  Essig	  	  
•	  Appendix	  A:	  Experimental	  Equipment	  	   	   	  –	  	  Young	  	  

Complete	  draE	  	  (~50	  pages),	  now	  being	  
circulated	  amongst	  wider	  audience	  

• 	  PreparaGon	  for	  NSAC	  subcommiNee	  acGvity	  
• 	  Update	  Physics	  Case	  for	  “NSAC”	  Audience	  
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•  Opportunity to discover and study new exotic mesons to 
elucidate the mechanism of confinement.	


•  Open a new landscape of nucleon tomography, with 
potential to identify the missing angular momentum. 	


•  Establish the quantitative foundation for the short-distance 
behavior in nuclei, underpinning the development of 
precision nuclear structure studies. 	


•  Provide stringent new tests of the standard model and 
extensions, complementing the information obtained at 
LHC.	



