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Introduc1on	
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v  Study	
  of	
  the	
  baryon	
  resonances	
  are	
  important	
  to	
  understand	
  the	
  fundamental	
  
	
  degrees	
  of	
  freedom	
  inside	
  hadrons.	
  	
  

v	
  	
  	
  	
  Missing	
  Baryon	
  Problem:	
  
	
  -­‐	
  a	
  lot	
  of	
  predicted	
  resonances	
  from	
  models	
  (Quark,	
  LaTce	
  etc.)	
  are	
  not	
  observed	
  yet.	
  	
  

	
  
	
  
	
  	
  	
  	
  
	
  
****	
  Existence	
  is	
  certain	
  	
  
***	
  Existence	
  is	
  very	
  likely	
  
**	
  Evidence	
  of	
  	
  
	
  	
  	
  	
  	
  	
  	
  existence	
  is	
  only	
  fair.	
  
*	
  	
  	
  	
  Evidence	
  of	
  	
  
	
  	
  	
  	
  	
  	
  existence	
  is	
  poor.	
  
	
  
	
  
	
  
	
  
	
  
	
  

PDG	
  ra1ng	
  for	
  N*	
  



Mo1va1on	
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v Pion	
  beams	
  was	
  the	
  primary	
  tool	
  to	
  study	
  resonances.	
  	
  

v  Not	
  all	
  resonances	
  couple	
  	
  
	
  	
  	
  	
  	
  	
  strongly	
  to	
  the	
  Nπ	
  channel.	
  
	
  
v  Interference	
  of	
  states:	
  

	
  Resonances	
  are	
  broad	
  and	
  	
  
	
  overlapping,	
  possible	
  	
  
	
  interference	
  between	
  	
  
	
  N	
  and	
  Δ	
  states.	
  

	
  
v  K+Λ	
  channel	
  is	
  important	
  that;	
  

-­‐	
  only	
  contribute	
  to	
  N*	
  with	
  I	
  =	
  1/2.	
  
	
  -­‐	
  Λ	
  -­‐>	
  pπ-­‐	
  ,	
  self-­‐analyzing	
  nature	
  of	
  Λ	
  hyperon	
  allow	
  us	
  to	
  measure	
  
	
  polariza1on	
  observables	
  from	
  its	
  decay	
  products.	
  	
  

v  Polariza1on	
  observables	
  are	
  sensi1ve	
  to	
  interference	
  from	
  	
  
	
  different	
  states.	
  

	
  
	
  



Polariza1on	
  Observables	
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•  Meson	
  photoproduc1on	
  describes	
  by	
  4	
  complex	
  amplitudes	
  that	
  includes	
  16	
  spin	
  
observable.	
  

	
  

	
  
	
  

	
  	
  	
  	
  	
  	
  	
  

For	
  the	
  case	
  of	
  circularly	
  polarized	
  
photon	
  beam	
  and	
  polarized	
  hyperon:	
   Transferred	
  polariza1on	
  from	
  circularly	
  

polarized	
  photon	
  beam	
  

recoil	
  hyperon	
  polariza1on	
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Pbeam
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  :	
  	
  Photon	
  beam	
  polariza1on	
  	
  



Cx,	
  Cz	
  	
  and	
  P	
  observables	
  

θcmk+

K+
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ŷ = p̂�⇥p̂K

|p̂�⇥p̂K |
x̂ = ŷ ⇥ ẑ

Circularly	
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  real	
  
photon	
  

	
  
	
   �p ! K+⇤

          	
  
Measure polarization transfer from ϒ to Λ in the production plane 
along “x” and “z” , and induced polarization perpendicular to 
production plane.�
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  Previous	
  Measurement	
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R.	
  Bradford	
  et	
  al.,	
  Phys.	
  
	
  Rev.	
  C	
  73,	
  035202	
  (2006)	
  

�p ! K+⇤

Experiment	
  was	
  in	
  	
  ELSA,	
  JLAB,	
  MAMI	
  

Already	
  verified	
  existence	
  of	
  N(1900).	
  	
  
	
  
More	
  data	
  for	
  Polariza1on	
  observables	
  are	
  
included.	
  
	
  
Suitable	
  to	
  study	
  higher	
  mass	
  states.	
  
	
  

Can	
  be	
  used	
  to	
  constrain	
  non-­‐resonant	
  
(t-­‐channel)	
  contribu1on.	
  
	
  



Jefferson	
  Lab	
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Jefferson	
  Lab	
  at	
  Newport	
  News,	
  
VA	
  

Hall	
  B	
  

Linear	
  accelerator	
  for	
  Jlab.	
  
-­‐>	
  Con1nuous	
  electron	
  beam.	
  
-­‐>	
  5.71	
  GeV	
  	
  
-­‐>	
  Delivered	
  simultaneously	
  to	
  
all	
  halls.	
  
	
  
	
  
	
  



CEBAF	
  Large	
  Acceptance	
  Spectrometer	
  (CLAS)	
  

Geometry	
  of	
  tagging	
  system	
  

60-­‐65	
  nA	
  electron	
  beam	
  (5.71	
  GeV)	
  

Hall	
  B	
  detector	
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G12	
  experiment	
  
w  Photoproduc1on	
  experiment;

	
  beam	
  energy	
  up	
  to	
  5.45	
  GeV.	
  	
  
w  Circularly	
  polarized	
  photon	
  beam.	
  
w  40	
  cm	
  long	
  unpolarized	
  hydrogen	
  

target.	
  	
  
	
  



Data	
  Analysis:	
  Event	
  selec1on	
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Analysis	
  done	
  with	
  two	
  topologies;	
  
	
  
3track	
  	
  
	
  
2track	
  	
  	
  	
  	
  
	
  
	
  
	
  

�p ! K+p⇡�
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�p ! K+p(⇡�)
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Selec1on;	
  
a.	
  	
  MM(K+)	
  <	
  1.4	
  GeV	
  
b.	
  	
  MM2(K+p)	
  <	
  300	
  MeV	
  and	
  	
  
	
  	
  	
  	
  	
  MM2(K+p)	
  >	
  -­‐300	
  MeV	
  	
  	
  
c.	
  Photon	
  selec1on	
  1ming	
  cut	
  
d.	
  Vertex	
  cut	
  
e.	
  Fiducial	
  cut	
  
f.	
  Time-­‐of-­‐flight	
  knockout	
  
g.	
  Kinema1c	
  fiTng	
  

	
   	
  prob	
  >	
  1%	
  for	
  3track	
  and	
  	
  
	
   	
  prob	
  >	
  5%	
  for	
  2track	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Λ0	
  
Σ0	
  

�p ! K+⇤ 	
  	
  	
  
⇤ ! p⇡�and n⇡�with 64% and 36%.
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Physics	
  Events	
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Low	
  efficiency	
  for	
  nega1ve	
  
charge	
  par1cle	
  in	
  CLAS	
  

Cx,	
  Cz	
  and	
  P	
  observables	
  are	
  measured	
  on	
  these	
  events.	
  



Observables	
  extrac1on	
  Methods	
  

•  1d	
  fit	
  method	
  
	
  	
  	
  	
  	
  	
  	
  

•  2d	
  fit	
  method	
  
	
  
•  Maximum	
  likelihood	
  method	
  

–  Event	
  by	
  event	
  basis.	
  
–  Reduce	
  the	
  bias	
  comes	
  from	
  acceptance	
  because	
  of	
  event	
  wise	
  analysis.	
  

	
  

	
  
–  Minimize	
  nega1ve	
  log	
  likelihood	
  to	
  fit	
  the	
  data;	
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α	
  	
  =	
  Weak	
  decay	
  asymmetry	
  0.642	
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Binning	
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Two	
  dimensional	
  binning;	
  
-­‐>	
  	
  	
  Center	
  mass	
  energy	
  (W)	
  and	
  	
  
-­‐>	
  	
  	
  Angular	
  distribu1on	
  of	
  kaon	
  in	
  cm	
  frame.	
  	
  



Comparision	
  of	
  3	
  methods	
  	
  

w [GeV]
1.8 2 2.2 2.4 2.6 2.8 3 3.2

XC

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1  < 0.350k
cmΘ 0.150 < cos 1d fit 2track

2d fit 2track

ML 2track

w [GeV]
1.8 2 2.2 2.4 2.6 2.8 3 3.2

ZC

0.4

0.6

0.8

1

1.2

 < 0.350k
cmΘ 0.150 < cos 1d fit 2track

2d fit 2track

ML 2track

	
  v Shows	
  excellent	
  agreements.	
  Later	
  showing	
  results	
  only	
  for	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  maximum	
  likelihood	
  method.	
  

v Why	
  ML?	
  	
  Applicable	
  even	
  when	
  low	
  sta1s1cs	
  per	
  bin.	
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P	
  results	
  and	
  comparision(CLAS	
  2010)	
  	
  

w [GeV]
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2

P

0.6−

0.4−

0.2−

0

0.2

0.4

0.6
 < -0.050k

cmΘ -0.150 < cos
clas_2010
g12 2track
g12 3track

w [GeV]
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2

P

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6
 < 0.050k

cmΘ -0.050 < cos
clas_2010
g12 2track
g12 3track

w [GeV]
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2

P

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6
 < 0.150k

cmΘ 0.050 < cos
clas_2010
g12 2track
g12 3track

w [GeV]
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2

P

1−
0.8−

0.6−

0.4−

0.2−

0
0.2
0.4
0.6
0.8

 < 0.250k
cmΘ 0.150 < cos

clas_2010
g12 2track
g12 3track

w [GeV]
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2

P

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

 < 0.350k
cmΘ 0.250 < cos

clas_2010
g12 2track
g12 3track

w [GeV]
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2

P
0.6−

0.4−

0.2−

0

0.2

0.4

0.6
 < 0.450k

cmΘ 0.350 < cos
clas_2010
g12 2track
g12 3track

w [GeV]
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2

P

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

 < 0.550k
cmΘ 0.450 < cos

clas_2010
g12 2track
g12 3track

w [GeV]
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2

P

0.6−

0.4−

0.2−

0

0.2

0.4
 < 0.650k

cmΘ 0.550 < cos
clas_2010
g12 2track
g12 3track
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Cx	
  Results	
  and	
  comparision(CLAS	
  2007)	
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Cz	
  Results	
  and	
  comparision(CLAS	
  2007)	
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Conclusion	
  and	
  Outlook	
  	
  	
  
	
  
•  Measured	
  Λ	
  polariza1on	
  observables	
  Cx	
  ,P	
  and	
  Cz	
  using	
  g12	
  dataset	
  

for	
  1.75	
  <	
  W	
  <	
  3.3	
  GeV.	
  
–  3	
  method:	
  1d/2d/ML	
  methods,	
  all	
  showing	
  consistent	
  results.	
  
–  2	
  topologies	
  analyzed:	
  results	
  are	
  mostly	
  self-­‐consistent.	
  

•  Preliminary	
  Cx/Cz	
  results:	
  
–  More	
  data	
  has	
  been	
  added	
  to	
  the	
  previous	
  measurements.	
  
–  Sta1s1cal	
  uncertainty	
  are	
  smaller	
  than	
  previous	
  g1c	
  results	
  for	
  W	
  <	
  2.54	
  

GeV.	
  
–  In	
  the	
  good	
  agreement	
  with	
  earlier	
  CLAS	
  results.	
  
–  First	
  1me	
  measurement	
  for	
  W	
  >	
  2.54	
  GeV.	
  
P	
  results:	
  
-­‐  agree	
  well	
  with	
  CLAS	
  2010	
  results. 
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�  Can	
  be	
  used	
  to	
  constrain	
  non-­‐resonant	
  (t-­‐channel)	
  contribu1on.	
  
�  Suitable	
  to	
  study	
  the	
  higher	
  mass	
  resonances.	
  	
  
	
  



Thank	
  You!	
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Event	
  selec1on	
  (cont…)	
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Timing	
  difference	
  between	
  event	
  
start	
  1me	
  from	
  tagger	
  and	
  start	
  
counter.	
  (<	
  1ns)	
  	
  

Vertex	
  distribu1on	
  	
  



Event	
  selec1on	
  (cont…)	
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Geometrical	
  1me-­‐of-­‐flight	
  fiducial	
  cut	
  

Kinema1c	
  fiTng	
  



R	
  values	
  for	
  the	
  Λ	
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Background	
  Subtrac1on	
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For	
  2Track;	
  energy	
  dependent	
  background	
  appears,	
  binned	
  on	
  energy	
  and	
  applied	
  
background	
  subtrac1on	
  method.	
  
	
  
Q	
  Value	
  Method:	
  
Event-­‐by-­‐event	
  basis	
  method	
  determining	
  the	
  signal	
  event	
  using	
  Q-­‐factor.	
  	
  

	
  M.	
  Williams,	
  M.	
  Bellis,	
  and	
  C.	
  A.	
  Meyer,	
  JINST	
  4,	
  P10003	
  (2009).	
  
	
  

Weighted	
  by	
  q	
  factor	
  ranges	
  
between	
  0	
  and	
  1.	
  	
  


