Optics for PREx in 2010
Jay Benesch

Abstract

Combined optics, aka Moller optics to Ops, uses the two quad Moller polarimeter settings at all times.  MQA1H01 and MQA1H04 are used to bring the optics under control from the exit of the Moller polarimeter to the target and beam dump.  The solution shown is a slight modification of that created in June 2003.  The vertical spot size at the laser-electron interaction point in the Compton chicane was reduced to  = 60m from 100m including dispersive effects.  

This was rejected by the collaboration due to beam spot size at the target.  The standard optics was then modified to create small spots in the Compton and at the pivot, ignoring the Moller polarimeter quad settings.  This solution, on pages 5-7, appears to satisfy all requirements if the machine can be matched well.  

Optics
In June 2003 all of the combined (Moller) optics files for hall A were revised to use a two quad solution for the Moller polarimeter settings.  Optics were defined at 100 MeV intervals from 500 MeV to 6100 MeV and resulting files made available to the Magnet Scaling Tool (MST).  MST selects the closest file and scales it linearly to the actual beam energy.  PREx at 1056 MeV will therefore use the 1100 MeV file.  The plots below are taken from that file, slightly modified to reduce the vertical beam spot in the Compton chicane to  = 60m from 100m including dispersive effects.  
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Figure 1.  Hall A optics from Lambertson to pivot.  Note extreme horizontal (red) focusing by Moller system.  Pivot just before right edge of plot.  
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Figure 2.  Beam envelopes in hall A assuming perfect adiabatic damping.  0.05 cm vertical scale.  Blue is horizontal dispersive component assuming 1E-4 dp/p.  Black is vertical dispersive component.  
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Figure 3.  Phase advance between BPMs at end of line, ~141 and 147 m.  Pivot at 148.5m.  Vertical axis extent 90 degrees.  
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Figure 4.  Raster response.  Red, horizontal, is excited at 40% of full scale to get ~6mm half extent.  Green, vertical, is excited at 10% of full scale to get the same extent due to effect of quad MQA1H04.  Note that the Moller quads flip the sign of the horizontal raster with respect to excitation.  Further, the vertical fast raster excursion is only40 microns at the Moller target while the horizontal excursion is 2.5 mm.  
First Conclusions

· Combined optics, needed for high current Moller polarimetry, is possible at 1.056 GeV for PREX.  

· Spot size at target x~y~300m

· Spot size at Compton interaction point x~0m, y~60m including dispersion

· Raster settings are 4:1 asymmetric to get a square at the pivot.  With the low energy, a large raster may be obtained in both planes at the pivot target.  This raster may be too small at the Moller ploarimeter target.  
· Phase advance between the last two BPMs is minimal.  The utility of simultaneous excitation of two modulation coils must be examined for this optics.  
The material above was presented to R. Michaels.  The raster pattern at the Moller target is not adequate, as hypothesized above.  MQA1H04 was turned off to allow higher vertical raster and lower horizontal raster at the Moller target.  Size is now 1.5mm x 0.5 mm, as shown in figure 5. 
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Figure 5.  Raster to Moller target, which is at right axis.  2mm vertical scale.  Red horizontal, greem vertical
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Figure 6.  Raster to physics target.  Vertical scale +- 5mm.  Same excitation as figure 5. 
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Figure 7.  Phse advance in last 10m with altered optics
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Figure 8.  Beta functions from end of Compton to pivot
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Figure 9.  Beam envelopes to pivot.  400 microns X by 150 microns Y at pivot.  Compare to figure 2.   
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Figure 10.  Beam envelope to beam dump.  2mm vertical scale

Second Conclusions

· Raster settings are 1.5:1 asymmetric to get a square at the pivot.  

· Raster adequate at Moller target.  Desired 0.7mm square.  Actual 0.52mm by 1.5mm if pivot raster is 4mm square, half the size plotted.  
· Beam is adequately contained to beam dump

· Spot size at pivot is asymmetric.  The accelerator could run this way or could change one quad (MQA1H04) and the raster settings to switch between production running and Moller polarimetry.  

Modified Standard Optics for Prex

At the Beam Transport Team meeting 12/17/09, Bob Michaels presented a modified beam parameters list including spot size at the target 50 microns.  The first four pages of this document were shown at the meeting and it was decided that combined optics would be sacrified for spot size at the target.  The plots below show standard optics modified starting at MQA1C16 to create small spots at the Compton polarimeter and at the pivot.  Quad values for Prex (1056 MeV) are: 
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Figure 11.  Modified standard optics from end of arc to 11m past pivot. 
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Figure 12.  Beam envelope with perfect matching for optics above.  Recent measurements during the PVDIS 6 GeV run showed actual beam size at the beginning of the hall A line to be twice the design value.  
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Figure 13.  Phase advances for same region.  The two BPMs on the final diagnostics girder are at 141 and 146 m.  Phase advance between them appears adequate. 
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Figure 14.  Raster response with modified standard optics.  Raster is at 25% of maximum in both planes.  3 mm vertical scale.  Target is at 149m.  1.2 mm raster half-excursion at Moller polarimeter target.  

Third Conclusion
A modified version of standard hall A first pass optics with small spots in Compton and at the pivot is likely to be the best starting point to satisfy PREX's beam requirements.  
