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New	
  developments	
  which	
  now	
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  this	
  experiment	
  aJrac7ve	
  to	
  consider	
  
	
  
What	
  is	
  to	
  be	
  done?	
  How	
  can	
  we	
  make	
  the	
  polarized	
  target?	
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NOPTREX?	
  



Low	
  energy	
  neutrons	
  can	
  access	
  a	
  dense	
  forest	
  	
  
of	
  highly	
  excited	
  states	
  in	
  the	
  compound	
  nucleus.	
  	
  
	
  
Unique	
  phenomena	
  occur	
  in	
  this	
  regime	
  which	
  are	
  not	
  
widely	
  known	
  
	
  
One	
  such	
  phenomenon	
  is	
  the	
  large	
  amplifica7on	
  of	
  
discrete	
  symmetry	
  viola7on	
  effects	
  like	
  P	
  and	
  T	
  



	
  Neutron	
  Time-­‐of-­‐Flight	
  spectrum	
  in	
  transmission	
  through	
  Indium	
  

Excited	
  state	
  energies=~6	
  MeV	
  +(eV-­‐>keV)	
  
Narrow	
  resonances	
  (~100	
  meV)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  High	
  density	
  of	
  levels	
  per	
  unit	
  energy	
  	
  	
  	
  	
  



N- N Weak Interaction: Size and Mechanism 

Relative strength of weak / strong amplitudes: 
 
Use parity violation to isolate the weak contribution to the NN interaction. 
 
NN strong interaction at low energy largely dictated by QCD chiral symmetry. 
Can be parametrized by effective field theory methods. 

NN repulsive core → 1 fm range for NN strong force 

~1 fm 

                                = valence + sea quarks + gluons + … 
 
interacts through NN strong force, mediated by mesons 
 
QCD possesses only vector quark-gluon couplings → conserves parity  

Both W and Z exchange possess 
much smaller range [~1/100 fm] 

weak 



Parity	
  Viola7on	
  in	
  139La	
  .734	
  eV	
  	
  	
  	
  	
  Δσ/σ =0.097±.005.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
106	
  amplifica7on!	
  

How?	
  (1)	
  Admixture	
  of	
  (large)	
  s-­‐wave	
  amplitude	
  into	
  (small)	
  p-­‐wave	
  ~1/kR~1000	
  
(2)	
  Weak	
  amplitude	
  dispersion	
  for	
  106	
  Fock	
  space	
  components	
  ~sqrt(106)=1000	
  
Idea	
  is	
  to	
  use	
  the	
  observed	
  enhancement	
  of	
  PV	
  to	
  search	
  for	
  a	
  TRIV	
  asymmetry.	
  
	
  



Apparatus	
  to	
  Measure	
  σ	
  .k	
  Parity	
  Viola7ng	
  Asymmetry	
  

TRIPLE	
  collabora7on	
  measured	
  ~80	
  parity-­‐odd	
  asymmetries	
  in	
  p-­‐wave	
  resonances	
  in	
  heavy	
  
nuclei	
  G.	
  M.	
  Mitchell,	
  J.	
  D.	
  Bowman,	
  S.	
  I.	
  PenZla,	
  and	
  E.	
  I.	
  Sharapov,	
  Phys.	
  Rep.	
  354,	
  157	
  (2001).	
  
	
  
Quan7ta7ve	
  analysis	
  of	
  distribu7on	
  of	
  parity-­‐odd	
  asymmetries	
  conducted	
  using	
  nuclear	
  
sta7s7cal	
  spectroscopy	
  S.	
  Tomsovic,	
  M.	
  B.	
  Johnson,	
  A.	
  Hayes,	
  and	
  J.	
  D.	
  Bowman,	
  Phys.	
  Rev.	
  C	
  62,	
  
054607	
  (2000).	
  



Apparatus	
  for	
  
PV	
  at	
  a	
  spalla7on	
  neutron	
  
source	
  
	
  
Polarized	
  proton	
  target	
  to	
  
make	
  polarized	
  neutrons	
  
(S.	
  PenZla,	
  using	
  cryostat	
  now	
  
at	
  UVA!)	
  
	
  
	
  
Look	
  for	
  σ.k	
  dependence	
  of	
  
total	
  cross	
  sec7on	
  
	
  
	
  



Study	
  of	
  Parity	
  Viola7on	
  in	
  the	
  Compound	
  Nucleus	
  
A	
  Paradigm	
  for	
  Time	
  Reversal	
  



Comparison	
  of	
  experimental	
  CN	
  matrix	
  elements	
  with	
  Tomsovic	
  theory	
  using	
  DDH	
  “best”	
  
meson-­‐nucleon	
  couplings:	
  agreement	
  within	
  a	
  factor	
  of	
  2	
  



Sakharov	
  Criteria	
  to	
  generate	
  ma0er/an2ma0er	
  asymmetry	
  from	
  
the	
  laws	
  of	
  physics	
  
–  Baryon Number Violation (not yet seen) 
–  C and CP Violation (seen but too small by ~1010) 
–  Departure from Thermal Equilibrium (no problem?)  

A.D.	
  Sakharov,	
  JETP	
  LeJ.	
  5,	
  24-­‐27,	
  1967	
  	
  
 
 

	
  
	
  

Ma0er/An2ma0er	
  Asymmetry	
  in	
  the	
  Universe	
  in	
  Big	
  
Bang,	
  star2ng	
  from	
  zero	
  

Relevant neutron experimental efforts 
 
Neutron-antineutron oscillations (B) 
Electric Dipole Moment searches (T=CP) 
 
T Violation in Polarized Neutron Optics (T=CP) 



“Time	
  Reversal”	
  -­‐>	
  Mo7on	
  Reversal	
  

V1(t=0)

V2(t=1)

-V2(t=0)

V3(t=1)

Is the final state of the motion with time-reversed final conditions 
V3(t=1) the same as the time-reversed initial condition -V1(t=0)?

This is an experimental question         Gotta reverse the spins too 





T	
  viola7on	
  Searches	
  with	
  EDMs	
  and	
  
Compound	
  Nuclei	
  



The	
  enhancement	
  of	
  PVTR	
  (σ.[K	
  X	
  I])	
  is	
  (almost)	
  the	
  same	
  as	
  for	
  PV	
  (σ.K).	
  
Sensi7vity	
  expressed	
  as	
  a	
  ra7o	
  of	
  P-­‐odd/T-­‐odd	
  to	
  P-­‐odd	
  amplitudes	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  λ	
  can	
  be	
  measured	
  	
  with	
  a	
  sta7s7cal	
  uncertainty	
  of	
  ~1	
  10-­‐5	
  in	
  107	
  sec	
  at	
  MW-­‐class	
  
spalla7on	
  neutron	
  source	
  like	
  SNS/JSNS.	
  
	
  	
  
sensi7vity	
  ~	
  100	
  7mes	
  beJer	
  than	
  present	
  n	
  EDM	
  limit,	
  completely	
  different	
  system.	
  

�PT =
��PT

��P



T	
  viola7on	
  in	
  Neutron	
  Op7cs	
  
•  T	
  –	
  odd	
  term	
  in	
  FORWARD	
  scaJering	
  amplitude	
  (a	
  null	
  test,	
  like	
  

EDMs)	
  with	
  polarized	
  n	
  beam	
  and	
  polarized	
  nuclear	
  target	
  	
  
•  P-­‐odd/T-­‐odd	
  (most	
  interes7ng)	
  	
  
•  Amplified	
  on	
  select	
  P-­‐wave	
  epithermal	
  neutron	
  resonances	
  by	
  

~5-­‐6	
  orders	
  of	
  magnitude	
  
•  Es7mates	
  of	
  stat	
  sensi7vity	
  at	
  SNS/JSNS	
  look	
  very	
  interes7ng:	
  
Exis7ng	
  technology/sources-­‐>ΔσPT/ΔσP~1E-­‐5	
  
•  The	
  nuclei	
  of	
  interest,	
  resonance	
  energies,	
  and	
  P-­‐odd	
  

asymmetry	
  amplifica7ons	
  are	
  measured	
  

⇥�n · ( ⇥kn � ⇥I)

Nucleus	
   Resonance	
  Energy	
   PV	
  asymmetry	
  
131Xe	
   3.2	
  eV	
   0.043	
  
139La	
   0.748	
  eV	
   0.096	
  
81Br	
   0.88	
  eV	
   0.02	
  



So	
  why	
  has	
  this	
  experiment	
  never	
  been	
  done?	
  
How	
  to	
  design	
  experiment	
  that	
  can	
  realize	
  a	
  “null	
  test”?	
  
	
  
How	
  to	
  get	
  enough	
  polarized	
  eV	
  neutrons	
  on	
  resonance?	
  
	
  
How	
  best	
  to	
  characterize/eliminate	
  “non-­‐op7cal”	
  systema7c	
  
effects?	
  
	
  
Russian/Japanese/US	
  groups	
  looked	
  into	
  it	
  in	
  ~1990s:	
  
“death	
  by	
  a	
  thousand	
  cuts”	
  
	
  
Now	
  the	
  situa7on	
  is	
  greatly	
  improved	
  
	
  
Last	
  remaining	
  difficulty:	
  POLARIZED	
  TARGET	
  
	
  
	
  



False	
  TR	
  asymmetries	
  caused	
  by	
  
TRI	
  interac7ons	
  



Thinking	
  of	
  the	
  90s:	
  Make	
  the	
  apparatus	
  “symmetric”	
  by	
  having	
  both	
  a	
  neutron	
  
polarizer	
  and	
  a	
  neutron	
  polariza7on	
  analyzer.	
  

	
  	
  
Masuda’s	
  analysis	
  of	
  systema7c	
  uncertain7es	
  from	
  alignment	
  

The	
  13	
  Greek	
  leJers	
  
are	
  alignment	
  errors	
  

Polarizer	
  
(DNP	
  protons/	
  
3He)	
  

Analyzer	
  
(DNP	
  protons/	
  
3He)	
  

Polarized	
  target	
  
(DNP	
  139La)	
  



Cri7cism	
  of	
  alignment	
  schemes	
  formalized	
  by	
  
Lamoreaux	
  and	
  Golub	
  PRD50,5632(1994)	
  



How	
  to	
  eliminate	
  the	
  zoo	
  of	
  alignment	
  angles:	
  
Think	
  of	
  the	
  experiment	
  to	
  find	
  a	
  σ.Jxk	
  interac7on	
  as	
  
comparing	
  the	
  transmission	
  in	
  two	
  different	
  
configura7ons	
  of	
  the	
  apparatus	
  

The	
  misalignments	
  are	
  no	
  longer	
  relevant.	
  The	
  collima7on	
  system	
  must	
  accept	
  the	
  same	
  set	
  of	
  	
  
trajectories	
  through	
  the	
  target	
  in	
  both	
  rota7on	
  states.	
  The	
  earth’s	
  field	
  must	
  be	
  compensated	
  or	
  	
  
shielded	
  in	
  order	
  that	
  σ,	
  B,	
  and	
  I	
  reverse.	
  
	
  	
  
	
  



EDITORS’ SUGGESTION Phys. Rev. C (2015)
Search for time reversal invariance violation in neutron transmission

J. David Bowman and Vladimir Gudkov



“Mo7on-­‐Reversed”	
  Experiment	
  (sys	
  error	
  free	
  in	
  the	
  n	
  op7cs	
  limit)	
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Experiment	
  Components	
  

•  Intense	
  eV	
  neutron	
  beam	
  	
  
•  Polarized	
  eV	
  neutrons	
  
•  Ability	
  to	
  flip	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  B	
  (mechanical	
  
rota7on	
  of	
  apparatus,	
  B	
  shielding)	
  

•  Current	
  mode	
  eV	
  neutron	
  detector	
  
•  Polarized	
  nuclear	
  target	
  

⇥kn, ⇥�n, ⇥I



Neutron source flux with time. Only within last decade 
do we have ~MW-class short-pulsed spallation sources	
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Why	
  is	
  a	
  pulsed	
  spalla7on	
  neutron	
  source	
  
important	
  for	
  TREX?	
  

resonance	
  energy	
  ~eV,	
  	
  
resonance	
  width	
  ~meVs	
  
	
  
Short	
  pulse-­‐>	
  resonance	
  can	
  be	
  
resolved	
  using	
  neutron	
  7me-­‐of-­‐
flight	
  
	
  
The	
  rest	
  of	
  the	
  neutrons	
  in	
  the	
  
beam	
  can	
  be	
  used	
  to	
  
characterize	
  possible	
  systema7c	
  
effects	
  !	
  
	
  
>~104	
  more	
  of	
  these	
  “off-­‐
resonance”	
  neutrons	
  
	
  



Polarized 3He Neutron Spin Filters 

Polarized 
Outgoing 
Neutrons

Unpolarized 
Incoming 
Neutrons

Polarized 
3HeLaser-polarized Rb⇒3He nucleus

Rb

3He

Uniform	
  polarized	
  neutron	
  beam	
  phase	
  space	
  from	
  	
  
absorp7on	
  in	
  polarized	
  3He	
  gas	
  
	
  
Spin	
  flip	
  by	
  NMR	
  on	
  3He.	
  By	
  far	
  the	
  best	
  choice	
  for	
  TREX	
  
	
  
Need	
  more	
  polarized	
  3He	
  to	
  polarize	
  eV	
  neutrons	
  (σa~1/vn)	
  	
  



3He	
  Neutron	
  Spin	
  Filters	
  

> 80% 3He polarization for neutron spin filters 

( )
( ) ( )Hen

Hen

nlPP
nlPP

FR
σε

σ
tanh121

tanh1
−−

+
=

Confirmed with pol. n’s

Cell name D V, 
cm3 

Τup, h T1, h X PHe nl, bar-cm instrument 

Burgundy 4 895 4.76 NA NA 0.853±0.012 8.507±0.060 ANDR 

Maverick 4 615 4.33 NA NA 0.821±0.011 8.878±0.060 ANDR 

Burgundy 4 895 6.61 203 0.140 0.851±0.007 8.507±0.071 NG6A 

Maverick 4 615 5.76 208 0.177 0.826±0.007 8.878±0.071 NG6A 

Syrah 6.2 790 4.03 NA NA 0.835±0.023 13.16±0.16 BT-7 TAS 

Volume Bragg gratings are 
bulk slabs of photosensitive 
glass that contains Bragg 
planes with varying indices 
of refraction. They work as a 
frequency-selective feedback  
element. Chirped VBGs 
indicate variable grating 
periods







Ø  3He polarization ~80% 
Ø  Long lifetime 100 – 400 hrs, 

approaching dipole-dipole relaxation 
limit 

Ø Dimensions / pressures: 
Ø  8 – 12 cm in length 
Ø  1 – 3 bars 
Ø  Suitable for thermal/cold neutrons 

 

3He Program at SNS  

C.Y. Jiang, X. Tong, et al. Physics Procedia 42 (2013) 191 - 199 

In-house cell fabrication 

Need longer cells for polarizing epi-thermal neutrons 



Factors	
  influencing	
  choice	
  of	
  	
  
target	
  and	
  state	
  for	
  TR	
  studies	
  

•  Large	
  PV	
  asymmetry	
  
– Barrier-­‐penetra7on	
  enhancement	
  	
  ~	
  1/k	
  ~	
  E-­‐1/2	
  

•  Low	
  energy	
  resonance	
  
– Neutron	
  flux	
  at	
  a	
  spalla7on	
  source	
  ~	
  1/E	
  

•  139La	
  
– 10%	
  PV	
  
– E=.734	
  eV	
  

•  Possibility	
  to	
  polarize	
  
– Several	
  groups	
  have	
  reported	
  40%	
  polarized	
  La	
  
targets	
  



Dynamic	
  Nuclear	
  Polariza2on	
  using	
  microwaves	
  

Polarized	
  target:	
  the	
  hardest	
  part	
  of	
  the	
  apparatus?	
  Serious	
  cryogenics	
  for	
  large	
  volume	
  

Nucleus	
   Resonance	
  Energy	
   PV	
  asymmetry	
  
131Xe	
   3.2	
  eV	
   0.043	
  
139La	
   0.748	
  eV	
   0.096	
  
81Br	
   0.88	
  eV	
   0.02	
  

Our	
  nuclei	
  are	
  not	
  so	
  easy	
  to	
  polarize.	
  
All	
  are	
  J>=3/2-­‐>	
  spin	
  relaxa7on	
  by	
  	
  
quadrupolar	
  fields	
  etc.	
  	
  



















How	
  to	
  Polarize	
  Br:	
  Triplet-­‐DNP	
  method?	
  

•  High	
  electron	
  polariza7on	
  spontaneously	
  
produced	
  in	
  photo-­‐excited	
  aroma7c	
  molecule	
  

	
  A.	
  Henstra	
  et	
  al.	
  Phys.	
  LeJ.	
  A	
  134	
  (1988)	
  134.	
  
	
  

	
  
	
  

	
  Very	
  weak	
  dependence	
  on	
  	
  
	
  B	
  and	
  T	
  

Laser	
  excita7on	
  

singlet	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  triplet	


90%	
  
Can	
  bromine	
  be	
  polarized	
  
by	
  subs7tu7ng	
  it	
  into	
  
the	
  aroma7c	
  molecules	
  	
  
(pentacene/napthalene)	
  
used	
  for	
  this?	
  



Polariza2on	
  of	
  Pentacene	
  Molecule	
  at	
  High	
  Temperature*	
  
by	
  M.	
  Iinuma	
  et	
  al.	
  

laser	
  	
  
excita7on 

non-­‐radia7ve	
  process 

12% 

12% 

76% 

ms mI 

microwave	
  irradia7on 

>++ ,1| 1 
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2 
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1 
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T0 

S0 

S1 
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~20μsec 

~20nsec 

ground	
  state 

laser	
  excita7on 
radia7ve	
  process 

microwave	
  irradia7on	
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DNP	
  at	
  High	
  Temperature	
  and	
  Low	
  Field	
  
Single	
  crystal	
  of	
  naphthalene	
  doped	
  with	
  pentacene	
  

2)  microwave irradiation & sweep of the field within the lifetime 
       of the triplet state 	
  popula7on	
  transfer	
  	
  

1)  laser irradiation pentacene is excited to the triplet state. 

3)  transition from the triplet state to the diamagnetic ground state 
      spontaneously, where no spin-spin interaction between e and p. 
   

4)	
  	
  diffusion	
  of	
  proton	
  spin	
  from	
  pentacene	
  to	
  naphthalene	
  	
  

	
  proton	
  polariza7on	
  in	
  naphthalene	
  

It	
  can	
  be	
  polarized	
  at	
  77	
  K	
  /	
  270	
  K	
  and	
  0.3	
  T,	
  and	
  held	
  at	
  0.0007	
  T	
  

B	
  



Systema7c	
  Errors!	
  
(1)	
  Imperfect	
  flipping	
  of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  B	
  

Solu7on:	
  (superconduc7ng?)	
  magne7c	
  shielding?	
  Implemented	
  
in	
  neutron	
  scaJering	
  instruments	
  (CRYOPAD	
  at	
  ILL)	
  
	
  
(2)	
  Nonforward	
  scaJering:	
  use	
  neutron	
  TOF+nonforward	
  neutron	
  
detector?	
  

	
  
(3)	
  Polarized	
  target	
  nonuniformi7es/7me	
  dependence:	
  polarized	
  
neutron	
  imaging.	
  
	
  
(4)	
  Washout	
  of	
  signal	
  from	
  pseudomagne7c	
  precession:	
  how	
  to	
  
mininize?	
  

⇥kn, ⇥�n, ⇥I









SNS	
  beam	
  #1	
  (Seppo	
  PenZla)	
  

ORNL	
  statement:	
  
	
  
If	
  you	
  can	
  secure	
  the	
  
resources	
  for	
  the	
  
experiment,	
  you	
  can	
  
have	
  a	
  beam	
  at	
  SNS	
  



Present	
  Ac7vi7es	
  

LANSCE	
  proposal	
  successful:	
  beam7me	
  in	
  Dec.	
  2015	
  
	
  
Possibility	
  at	
  LANSCE:	
  IU	
  3He	
  polarizer+spin	
  flipper+eV	
  n	
  detector,	
  search	
  for	
  
new	
  large	
  p–wave	
  resonances.	
  Soonest	
  possible	
  experiment	
  ~fall	
  2016.	
  	
  



One	
  of	
  three	
  large	
  area	
  (~50	
  
cm	
  x	
  50	
  cm)	
  
NaI(Tl)	
  Xtal	
  arrays	
  at	
  IU	
  

Current	
  Ac7vi7es:	
  eV	
  Current-­‐Mode	
  
Neutron	
  Detector	
  Development	
  

n+10B-­‐>11B-­‐>4He+7Li*-­‐>0.448	
  
MeV	
  gamma+7Li	
  
	
  
Detect	
  0.488	
  MeV	
  gamma	
  in	
  
current	
  mode	
  using	
  NaI(Tl)	
  
	
  
NaI(Tl)	
  scin7lla7on	
  light	
  is	
  fast	
  
enough	
  that	
  7me	
  response	
  
of	
  this	
  detector	
  can	
  resolve	
  
many	
  neutron	
  TOF	
  bins	
  across	
  
the	
  p-­‐wave	
  resonance	
  	
  



T	
  viola7on	
  in	
  Neutron	
  Op7cs:	
  TREX	
  
•  T	
  –	
  odd	
  term	
  in	
  FORWARD	
  scaJering	
  amplitude	
  (a	
  null	
  test,	
  like	
  EDMs)	
  with	
  polarized	
  n	
  

beam	
  and	
  polarized	
  nuclear	
  target	
  	
  
•  P-­‐odd/T-­‐odd	
  (most	
  interes7ng)	
  	
  
•  Amplified	
  on	
  select	
  P-­‐wave	
  epithermal	
  neutron	
  resonances	
  by	
  ~5-­‐6	
  orders	
  of	
  

magnitude	
  
•  Es7mates	
  of	
  stat	
  sensi7vity	
  at	
  SNS/JSNS	
  look	
  very	
  interes7ng:	
  
Exis7ng	
  technology/sources-­‐>ΔσPT/ΔσP~1E-­‐5.	
  sensi7vity	
  can	
  
	
  be	
  ~x100	
  present	
  n	
  EDM	
  limit	
  
•  The	
  nuclei	
  of	
  interest,	
  resonance	
  energies,	
  and	
  P-­‐odd	
  asymmetry	
  amplifica7ons	
  are	
  

measured.	
  139La	
  can	
  be	
  polarized	
  using	
  DNP	
  (LaAlO3).	
  3He	
  with	
  SEOP	
  can	
  be	
  used	
  as	
  a	
  
polarizer	
  for	
  eV	
  neutrons	
  	
  

	
  
•  Can	
  139La,	
  131Xe,	
  81Br	
  be	
  polarized	
  in	
  large	
  quan77es	
  for	
  this	
  experiment?	
  

⇥�n · ( ⇥kn � ⇥I)

Nucleus	
   Resonance	
  Energy	
   PV	
  asymmetry	
  
131Xe	
   3.2	
  eV	
   0.043	
  
139La	
   0.748	
  eV	
   0.096	
  
81Br	
   0.88	
  eV	
   0.02	
  



Conclusions	
  

On-­‐resonance	
  T	
  viola7on	
  in	
  epithermal	
  neutron	
  resonances	
  can	
  now	
  be	
  measured	
  
with	
  interes7ng	
  sensi7vity	
  
	
  
MW-­‐class,	
  short-­‐pulsed	
  spalla7on	
  neutron	
  sources	
  (SNS,	
  JPARC)	
  are	
  beau7ful	
  	
  
sources	
  to	
  use	
  for	
  the	
  experiment:	
  neutron	
  7me-­‐of-­‐flight	
  can	
  be	
  used	
  to	
  great	
  	
  
advantage	
  to	
  characterize	
  possible	
  systema7c	
  errors,	
  especially	
  to	
  “dig	
  out”	
  any	
  	
  
non-­‐forward	
  scaJering	
  in	
  the	
  transmiJed	
  beam	
  
	
  
Individual	
  components/opera7on	
  modes	
  for	
  the	
  experiment	
  have	
  been	
  realized:	
  	
  
hardest	
  part	
  is	
  the	
  polarized	
  target	
  
	
  
	
  
	
  


