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Why raster the beam?

• Spread power deposition (several kW) over larger area on the target 
 mitigate temperature increase, density fluctuations, melting 

• Modulate beam parameters 
 study beam-correlated asymmetries  

→

→
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Raster for JLab Hall A

• Pair(s) of raster magnets  
(vertical and horizontal) 

• 5x5 mm2 on target 
• Raster magnet length = 25 cm 
• Raster drift length: 

• 23 meters (nominal) 

• 15 meters (MOLLER) 
• Driven by 25 kHz triangle wave

≈

≈

0 0.2 0.4 0.6 0.8 10

0.2

0.4

0.6

0.8

1

(a) Raster frequencies of 204 and 212 multiples of

the helicity flip frequency.
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(b) Raster frequencies of 205 and 213 multiples of

the helicity flip frequency.

Figure 2.23: Simulated raster pattern showing the improvement in target face coverage
by going from raster frequencies which are divisible (a) by the di↵erence between them to
frequencies which are not (b). In red is a fraction of the pattern to display the trajectories,
and in black is one full helicity flip period’s pattern to display the change in target face
coverage.

Figure 2.24: Schematic of the raster frequency controls. The 10 MHz signal is used in the
injector to give a consistent clock while the measured MPS signal sent from the injector
to Hall A over fiber optic cables marks the beginning of new helicity windows and is used
to tune the raster frequencies in two independent channels of the Agilent 33522A function
generator. Updated and adapted from [19, 24].

70

Red illustrates raster path for part of cycle 
Black shows full pattern for each helicity state 
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Current required to drive JLab raster

Figure 1.  Normal target location is at the right edge of the plot.  The horizontal beam size (red) is 

almost twice the vertical (green).  This is a result of the competing constraints on the beam with 

inadequate variables.  The blue line is the horizontal beam size due to dispersion with dp/p 2E-4.  The 

black line is the size due to vertical dispersion in the Compton polarimeter chicane.  These need to be 

summed in quadrature with the red and green values, respectively.  In the line at the top of all the 

images, red indicates quadrupoles and blue dipoles.  X axis m.

A 5 mm square raster at the target is standard.  The figure below shows the results with the horizontal 

raster [red] at power supply maximum 50 A and the vertical at 34 A.  The raster is driven by a triangle 

wave at 25 kHz; it suffices to show DC result for those currents.  The requirement that 2.5 mm half-

response be obtained at 50 A prevents the horizontal and vertical envelopes from being matched in 

Figure 1 given six quadrupoles between raster and target.  . 

Figure 2.  Raster response with subsequent quadrupoles set to provide envelopes in Figure 1.  50 A 

horizontal and 34 A vertical drive.  Note the horizontal scale change from figure 1; this figure shows 

only the last 26 m to the pivot vs 151 m there.  X axis meters.  Right axis unused.  

Moller polarimeterraster

Compton 

polarimeter

Nominal ( 23 meter “drift”) 

• Two pairs of raster coils,  
intermediate quads 

• 50 A (horizontal) 
• 34 A (vertical)

≈

Horizontal

Vertical
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≈

Horizontal

Vertical
Figure 5. Phase advance from 1C07 quad to 32 cm past end of LH2 target.  The two vertical lines at 

left indicate the position of H/V coils which can be used to excite small position variations to quantify 

helicity dependent position differences.  The two lines at the right are BPMs after all excited magnets.  

There is adequate but not optimal phase difference between the exciting coils and the BPMs.  There are

two intermediate BPMs on the right not indicated.  The four BPMs in question are elements 275, 287, 

301 and 321.  Two cavity BPMs are also in this region.  If the phase advance proves inadequate one of 

the coil pairs may be moved farther upstream during or after the first sixteen week MOLLER run. 

Figure 6. Raster response is linear as all magnets after the raster are degaussed during production 

running.  74 A in vertical coil, green, for 5 mm square at center of target; 80 A for 5 mm square at 

upstream end of target chamber.  

MOLLER ( 15 meter drift): 

• One pair of raster coils, 
degaussed quads  

• 80 A (horizontal & vertical) 
• Coil temp 64° C  

(insulation max 130° C)

≈

Vertical
Horizontal
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Considerations for P2 raster

• Same size as MOLLER raster (5x5 mm2) 
• At target entrance? Center? 

• Raster drift length 
• Long segment before P2, but where is last accelerator component?   

• Raster magnet length and current 
• Recycle existing magnets?  Purchase new ones? 
• P2 momentum only 1.4% of MOLLER momentum 

…nearly 100x reduction in rigidity


