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Abstract	
  
Target	
  foils	
  of	
  gold,	
  silver	
  and	
  copper	
  used	
  in	
  the	
  Spring	
  2014	
  re-­‐commissioning	
  of	
  
the	
  Mott	
  polarimeter	
  were	
  removed	
  from	
  the	
  scattering	
  chamber.	
   	
  A	
  set	
  of	
  14	
  gold	
  
foils	
   to	
  be	
  used	
   in	
  a	
  precision	
   test	
  of	
   the	
  polarimeter	
  analyzing	
  power	
  was	
  added,	
  
and	
   sibling	
   foils	
   (same	
   fabrication	
   run)	
   for	
   target	
   thickness	
   measurements	
   were	
  
identified.	
   	
  The	
  home	
  position	
  of	
   the	
   target	
   ladder	
  was	
  re-­‐calibrated	
  as	
  a	
   result	
  of	
  
repairing	
  a	
  motor	
  gear.	
  	
  Re-­‐commissioning	
  of	
  the	
  ladder	
  position	
  is	
  discussed.	
  
	
  
Spring	
  2014	
  &	
  Fall	
  2014	
  Target	
  Foils	
  
The	
  Mott	
   target	
   ladder	
   has	
   16	
   positions	
  with	
   two	
  mount	
   styles	
   (11	
   round	
   and	
   5	
  
rectangular).	
  	
  The	
  ladder	
  drawing	
  JLAB	
  DWG	
  39300-­‐E-­‐0215	
  is	
  shown	
  Appendix	
  A.	
  
	
  
Table	
  1.	
  	
  The	
  target	
  foils	
  discussed	
  in	
  this	
  note	
  are	
  described.	
  

	
  
	
  
The	
   Spring	
   2014	
   target	
   arrangement	
   (7	
   Au,	
   4	
   Ag,	
   3	
   Cu,	
   1	
   empty,	
   1	
   viewer)	
   was	
  
installed	
  on	
  October	
  31,	
  2013	
  and	
  used	
  to	
  re-­‐commission	
  the	
  polarimeter	
  (see	
  Table	
  
1).	
   On	
   September	
   12,	
   2014	
   the	
   Mott	
   chamber	
   was	
   vented	
   and	
   the	
   targets	
   were	
  
removed.	
   	
   All	
   of	
   the	
   foils	
   are	
   in	
   good	
   condition	
   except	
   for	
   the	
   0.05	
   µm	
   Au	
   foil	
  
(position	
  #12)	
  which	
   is	
   separated	
   from	
   its	
  backing	
  material,	
   possibly	
  due	
   to	
  poor	
  
thermal	
   contact	
   to	
   the	
   ladder	
  when	
   tested	
  at	
  high	
   current	
  ~40	
  µA.	
   	
  Note	
   that	
   the	
  
foils	
  are	
  free	
  standing	
  over	
  the	
  scattering	
  surface.	
  
	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
Fig.	
  1.	
  	
  The	
  downstream	
  surface	
  of	
  the	
  ladder	
  shows	
  the	
  Spring	
  2014	
  (left)	
  and	
  Fall	
  
2014	
  (right)	
  arrangements;	
  position	
  #1	
  is	
  lowest.	
  
	
  
A	
   new	
   set	
   of	
   targets	
   (14	
   Au,	
   1	
   empty,	
   1	
   viewer)	
   was	
   added	
   for	
   the	
   Fall	
   2014	
  
precision	
  test	
  of	
  the	
  polarimeter	
  analyzing	
  power	
  (see	
  Table	
  1).	
  Some	
  thin	
  100	
  keV	
  
Mott	
   polarimeter	
   foils	
   on	
   1	
   cm	
   ID	
   rings	
   were	
   mounted	
   to	
   round	
   target	
   ladder	
  
positions	
  using	
  fabricated	
  aluminum	
  adapters.	
   	
  Sibling	
  foils	
  to	
  those	
  installed	
  were	
  
identified.	
  	
  
	
  
Spring	
  2014	
  Target	
  Positions	
  
The	
   target	
   ladder	
   positions	
   used	
   during	
   the	
   Spring	
   2014	
   re-­‐commissioning	
   were	
  
lab-­‐surveyed	
  in	
  October	
  2013	
  and	
  reported	
  in	
  data	
  transmittal	
  L1527	
  (see	
  Appendix	
  
B).	
  Motor	
  positions	
   that	
   locate	
   targets	
   (spaced	
  1.425”	
  apart)	
   to	
   the	
   ideal	
   chamber	
  
axis	
   are	
   provided	
   and	
   indicate	
   targets	
   are	
   spaced	
   by	
   6617	
   +/-­‐	
   76	
   steps.	
   	
   A	
   final	
  
tunnel-­‐survey	
  found	
  the	
  ladder	
  assembly	
  high	
  by	
  0.2	
  mm,	
  thus	
  an	
  offset	
  of	
  36	
  steps	
  
(0.2mm	
  *	
  1”/25.4	
  mm	
  *	
  6617	
  steps/1”)	
  was	
  added	
  to	
  the	
  motor	
  controls	
  (see	
  Fig.	
  2).	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
Fig.	
  2.	
  	
  Target	
  ladder	
  motor	
  control	
  screen	
  for	
  Spring	
  2014.	
  
	
  
Fall	
  2014	
  Target	
  Positions	
  
While	
   replacing	
   a	
   damaged	
   motor	
   gear	
   during	
   the	
   Summer	
   2014	
   maintenance	
  
shutdown	
   the	
   target	
   ladder	
   fell,	
   even	
  with	
   the	
   locking	
   screw	
   in	
   place,	
   a	
   short	
   but	
  
unknown	
  distance	
  (<0.5”)	
  losing	
  the	
  home	
  position	
  of	
  the	
  October	
  2013	
  survey.	
   	
  A	
  
new	
   home	
   position	
   had	
   to	
   be	
   found.	
   	
   The	
   distance	
   from	
   the	
   ladder	
   flange	
   to	
   the	
  
lower	
   ladder	
   edge	
   (S	
   in	
   Fig.	
   3)	
   was	
   determined	
   for	
   four	
   positions	
   (twice	
   at	
   soft	
  
home)	
  using	
  a	
  large	
  caliper	
  and	
  aluminum	
  spacer.	
  After	
  subtracting	
  the	
  thickness	
  of	
  
the	
   spacer	
   0.2477	
   +/-­‐	
   0.0012”	
   the	
   value	
   of	
   S	
  was	
   found	
   and	
   reported	
   in	
   Table	
   2.	
  
Using	
   the	
   surveyed	
   stepper	
   resolution	
   (4644	
   steps/inch)	
   the	
   new	
   offset	
   is	
  
determined	
  by	
  a	
  linear	
  fit	
  of	
  motor	
  steps	
  versus	
  distance	
  S	
  (see	
  Fig.	
  4)	
  yielding,	
  
	
  

Motor	
  Position	
  [steps]	
  =	
  (36453+/-­‐75)	
  –	
  4644	
  *	
  S	
  [inches].	
  
	
  
	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
Fig.	
  3.	
  	
  Schematic	
  shows	
  the	
  distance	
  S	
  used	
  for	
  re-­‐calibration.	
  	
  
	
  
Table	
  2.	
  	
  Caliper	
  measurements	
  determine	
  S	
  [inches]	
  as	
  a	
  function	
  of	
  motor	
  position.	
  

	
  
	
  
	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  
Fig.	
  4.	
  	
  Motor	
  position	
  and	
  caliper	
  insertion	
  depth	
  (S)	
  to	
  the	
  target	
  ladder	
  edge.	
  	
  
	
  
Table	
   3.	
   	
   The	
   ideal	
   edge	
   (from	
   drawing),	
   motor	
   offset	
   (from	
   measurement),	
   and	
  
motor	
   resolution	
   are	
   used	
   to	
   compute	
   Spring	
   2014	
   motor	
   step	
   for	
   each	
   target.

	
  
	
  



Corresponding	
  new	
  motor	
  steps	
  of	
  the	
  target	
  ladder	
  positions	
  are	
  listed	
  in	
  Table	
  2.	
  	
  
The	
   new	
   positions	
   differ	
   from	
   the	
   old	
   by	
   -­‐5.97	
   mm	
  meaning	
   the	
   ladder	
   home	
   is	
  
physically	
  ~6	
  mm	
  higher	
   than	
  before.	
   	
   The	
  distribution	
  of	
   positions	
   (0.53	
  mm)	
   is	
  
dominated	
  by	
  the	
  October	
  2013	
  survey	
  distribution	
  (0.42	
  mm).	
  Note,	
  the	
  new	
  target	
  
positions	
   do	
   not	
   include	
   the	
   0.2	
  mm	
   (36	
   step)	
   offset	
   included	
   in	
   the	
   Spring	
   2014	
  
target	
  ladder	
  controls.	
  
	
  
To	
  mitigate	
  future	
  issues	
  the	
  vacuum	
  feed-­‐thru	
  dial	
  indicator	
  was	
  recorded	
  for	
  three	
  
reference	
  positions	
  described	
  in	
  Fig.	
  5.	
  

	
  
Fig.	
  5.	
  	
  Three	
  reproducible	
  configurations	
  of	
  the	
  dial	
  indicator	
  are	
  shown;	
  22°	
  metal-­‐
metal	
   contact	
   of	
   the	
   ladder	
   (left),	
   349°	
   hardware	
   home	
   position	
   limit	
   switch	
  
(center),	
  and	
  corresponding	
  337°software	
  home	
  position	
  (right).	
  	
  
	
  
Comparison	
  of	
  Spring	
  2014	
  and	
  Fall	
  2014	
  Ladder	
  Positions	
  
The	
  Mott	
   target	
   viewer	
  video	
   (UP=top	
   left,	
  DOWN=bottom	
  right)	
  using	
   the	
  Spring	
  
2014	
  and	
  Fall	
  2014	
  positions	
  indicates	
  the	
  scale	
  of	
  the	
  ~6	
  mm	
  position	
  difference;	
  
note	
  the	
  viewer	
  hole	
  is	
  5mm.	
  Since	
  even	
  small	
  bumps	
  to	
  the	
  camera	
  can	
  affect	
  the	
  
image	
  is	
  too	
  subjective	
  to	
  confirm	
  the	
  new	
  position.	
  	
  
	
  

	
  	
   	
  	
  	
   	
  
Fig.	
  6.	
  	
  Mott	
  viewer	
  positioned	
  using	
  Spring	
  (left)	
  and	
  Fall	
  (right)	
  configurations.	
  
	
  
	
   	
  



Conclusion	
  
The	
  Spring	
  2014	
  target	
  foils	
  were	
  removed	
  and	
  replaced	
  with	
  gold	
  foils	
  to	
  be	
  used	
  
for	
   the	
   Fall	
   2014	
   precision	
   analyzing	
   power	
   test	
   of	
   the	
   polarimeter.	
   	
   The	
   target	
  
ladder	
  positions	
  are	
  corrected	
  to	
  account	
  for	
  a	
  slippage	
  of	
  the	
  linear	
  actuator	
  during	
  
repair.	
   	
   New	
   target	
   motor	
   positions	
   are	
   calculated	
   combining	
   the	
   October	
   2013	
  
survey	
   (4464	
   steps/inch)	
   and	
   caliper	
  measurements	
   of	
   the	
   ladder	
   to	
   determine	
   a	
  
new	
  motor	
  offset	
  (36453+/-­‐75	
  steps)	
  corresponding	
  to	
  a	
  shift	
  of	
  -­‐5.97	
  mm.	
  The	
  new	
  
values	
   have	
   been	
   loaded	
   into	
   the	
   control	
   system	
   (see	
   Fig.	
   7).	
   	
   	
   Beam	
   studies	
   to	
  
determine	
  the	
  detector	
  rates,	
  spectra	
  and	
  beam	
  asymmetries	
  will	
  need	
  to	
  be	
  made	
  
as	
  a	
  function	
  of	
  vertical	
  position	
  of	
  the	
  target	
  and	
  beam	
  in	
  order	
  to	
  validate	
  the	
  new	
  
positions.	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
Fig.	
  7.	
  	
  Target	
  ladder	
  control	
  screen	
  for	
  Spring	
  2014.	
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