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Hall C Beamline – Layout for Unpolarized Targets
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Beamline: Møller to Target

Fast raster coils 
(2 x-y pairs)

Diagnostic girder
BCM triplet
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Beamline modifications

3.1. Polarized Electron Beam 56

expressions, we have
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for raster radius R and number of revolutions per radius traced N .

To create the amplitude modulation to control the radius of the spiral, a Wavetek

programmable waveform generator (G1) was used to generate a 30 Hz waveform of

the function t
1/2. Two other Waveteks (G2 and G3) were used to generate 100Hz sine

waves with a 90� phase di↵erence, creating a circle. The G2 and G3 are phase locked

to the clock of the G1, and their amplitudes are controlled by the G1, producing

the final spiral raster pattern. These signals controlled two pulse width modulation

amplifiers which drive the x and y slow raster deflection magnets [65]. In figure 3.8 we

show an example plot of hits versus the slow raster position in x and y for a sample

run.

Figure 3.8: Plot of number of hits in BETA versus the slow raster position for SANE
production run 73041, showing the slow raster pattern.

3.1. Polarized Electron Beam 54

Fast Raster

Hall C’s fast raster system uses two air-core magnets to spread the beam spot from

below 100 µm to 2⇥ 2 mm2. The intense local heating by such a small spot requires

the increase of the beam spot to prevent target damage; even the aluminum windows

of the target cryostat could be melted by such intense local heat. The deflection of the

beam is achieved by two bedstead “air-core” magnets sitting roughly 25m upstream

of the target. These magnets are formed by gluing cables together without the use of

potting material, and they o↵er quick response and resistance to eddy e↵ects.

The magnets are driven by purpose-built power sources implementing bipolar

MOSFET switching bridges which are controlled by pulse generators at the desired

raster frequency. To produce a uniform square beam spot, triangle waveforms are

used to drive the magnet currents. Figure 3.7 visualizes the fast raster via hits during

an example run in SANE plotted against the fast raster position at that time. More

information on Hall C’s fast raster system can be found in references [62] and [63].

Figure 3.7: Plot of number of hits in BETA versus the fast raster position for SANE
production run 73041, showing the fast raster pattern.

Standard beamline aperture needs to be able to 
transport rastered beam à size typically on the 
order of 2-3 mm

Polarized target needs raster pattern on the order of 
~1-2 cm à beamline modifications needed t 
accommodate this

Figures from James 
Maxwell’s thesis
SANE experiment



5

Changes for Polarized Target Running

1 pair fast raster coils
1 pair slow raster coils

Diagnostic girder
à replaced with 
polarized target 
girder

BCM triplet à pair of slow raster coils
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(Standard) Superharp Girder

2 inch BPMS

1.5 inch beam pipe
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M20 (3 inch) BPMs

Superharps

Viewer

Polarized Target Girder
SEM (removed)
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Superharp Grider and Hypernuclear Experiments

Hall C Pivot

Hypernuclear target

Enge

Diagnostic girder

Polarized target girder hasn’t been used since SANE experiment in 6 GeV era
à Will be used to provide additional diagnostics for Hypernuclear experiments 
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Polarized Target Girder - Refurbishment

Girder was kept in Physics Storage in Hall C area
à Over the years, parts have been scavenged for “emergency” 
repairs in other parts of accelerator
à Section of 3-inch beampipe gone (easy to replace)
à One 3-inch BPM and one superharp missing à harder to replace

à Could move one of the standard harps to this girder if needed
à Used 3-inch BPMs for Hall C Compton – may still be stored 

somewhere
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Slow raster coils

Before his retirement, Chen Yan made sure there 
were 2 sets of (x-y) slow raster coils available

à One pair in Physics Storage
à Need to locate 2nd pair – were perhaps lent to Hall 

B for target tests in UITF

One set of coils does not have enough bending 
power to achieve needed size at 5 pass – both sets 
required
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Beamline Performance at Low Currents

LAD experiment ran at lower 
currents during last run period
à Typical production running 

was at 300 nA
à Some tests were done at 

even lower currents (<100 
nA)

à Like 6 GeV era, beamline 
instrumentation (BPMs, 
BCMs) functioned ok

à There was some issue 
getting the slow position 
locks working, but this could 
have been resolved if more 
time had been taken
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g2p Beamline
b1/Azz target field direction will not be transverse, so pre-target chicane not needed
à g2p will need target chicane to transport the beam to dump (will also reduce incoming vertical angle of beam)
à Initial design from Jay Benesch, further calculations from Ryan Bodenstein

Figure 1: Floor plan in the Y-Z plane showing the full length of the beamline
in question. Green is the orbit going through the line. Blue are dipoles, and
orange represent other elements.

Figure 2: Floor plan in the Y-Z plane, zooming in on the region of the chicane.
Green is the orbit going through the line. Blue are dipoles, and orange represent
other elements.

Figure 3: Floor plan in the Y-Z plane, with the axes adjusted so that the small
details can be shown. Green is the orbit going through the line. Blue are dipoles,
and orange represent other elements.
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à Chicane will require 2 dipoles, 
different elevation at each energy

à Existing BE, FZ magnets do not 
have sufficient Bdl  - new magnets 
will need to be fabricated: 

1 m dipole capable of 1.55 T
2 m dipole capable of 1.45 T

Ryan Bodenstein’s note

While the FZ magnet used for the 2000 chicane has enough steel to reach the necessary BdL, the coils 
may melt.  The 1 meter MBE cannot be pushed that hard.  I suggest new magnets be fabricated with the
cross-section defined for the FFA 20+ GeV hall lines which evolved in TNs 21-051 (380 cm), 22-022 
(200 cm) and 23-008 (180 cm).  It is likely that a new coil can be designed for the FZ steel but I have 
chosen not to attempt this.  It seems to me better to prototype the new design and measure it as part of 
preparation for the energy upgrade.  

Five files are attached: a spreadsheet with the orbits for three passes in which I prepared the plot and 
tables below, three Optim files and a spreadsheet with 2010 modeling results for the FZ.  Yves Roblin 
of CASA has scripts to turn Optim into elegant files in which they or others competent in accelerator 
physics (as I am not) can refine the design.  Among the choices I made which will have to be revisited 
are removing the entrance and exit focusing terms from the chicane dipoles.  An attempt to keep the 
second (2m) dipole better centered in (x,z) than the cm span shown below should also be made to ease 
mechanical engineering requirements.  If one wants to get fancy one should use the actual solenoid 
field instead of the dipole approximation in refining the model but that wasn't necessary in 4/6 GeV 
days.  Again, this is a proof of principle exercise. 

Table 1: positions in accelerator coordinates

name S[cm] X[cm] Y[cm] Z[cm] TetaY[deg] Energy[Mev
]

Pass 2 2m_midpt 13981.977 -12170.965 9962.490 -38450.090 -0.383 4483
Pass 4 2m_midpt 13979.567 -12170.247 9980.257 -38449.155 -0.167 8843
Pass 5 2m_midpt 13979.267 -12170.155 9983.809 -38449.035 -0.125 11023

nominal iPIVOTC 14458.568 -12462.200 9999.800 -38829.405 0 11023
Pass 2 iPIVOTC 14461.803 -12462.198 10000.060 -38829.402 2.563 4483
Pass 4 iPIVOTC 14459.393 -12462.204 9999.462 -38829.409 1.315 8843
Pass 5 iPIVOTC 14459.093 -12462.200 9999.285 -38829.405 1.063 11023

nominal END 19896.568 -15773.908 9999.800 -43142.691 0 11023
Pass 2 END 19899.803 -15773.901 9999.894 -43142.682 -0.008 4483
Pass 4 END 19897.393 -15773.910 10000.852 -43142.694 0.012 8843
Pass 5 END 19897.093 -15773.907 10001.139 -43142.690 0.017 11023

Table 1 shows that I got close to nominal values with dead reckoning both at the pivot and at the end of
the dump tunnel.  Beam height variation at the pivot will be taken into account with vertical target 
motion over an 8 mm range or improved by further work by others.  Small angles remain so the beam 
is not perfectly centered on the dump face but it's close enough given the diameter of the thin region of 
the dished head.  Fields in the chicane dipoles vary slightly for the three designs, within a 2% span, for 
full transverse field.  For the 21° case, all scale.   

Table 2: ∫BdL for chicane dipoles

1 m G-cm 2 m G-cm solenoid
Pass 2 -1540000 2880000 -1342000
Pass 4 -1520000 2868000 -1342000
Pass 5 -1513000 2866000 -1342000

Note that there is 54 m from pivot to end of dump tunnel.  My magnet model ends ~18 m. 

Jay Benesch’s note

Figure 1 Vertical excursions in the chicane as a function of pass (beam energy). Pivot is at S~14460 as 
seen in Table 1.  

Conclusion
It is possible to create an upstream chicane which will locate the beam at the pivot and at the 

beam dump.  At least one new magnet and preferably two are required.  Responsibility for the 
mechanical design to allow the vertical motion shown in Figure 1, the detailed magnet design and the 
detailed optics design rests elsewhere.  This is just a proof of principle.   

More Discussion 

The Hall C beam leaves the Lambertson at y=9997.8 cm in accelerator coordinates.  The pivot was 
built at 10000 cm in accelerator coordinates; it has settled to 9999.8 cm for experiments with the 
standard spectrometers.  There is a 2 cm vertical chicane using two one-meter dipoles in the hall, 
followed by an unpowered one meter horizontal dipole.  The space these occupy was used in this 
design.  All diagnostics were left in existing positions.  The diagnostic girders will have to be tilted to 
match beam path through the chicane.  
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Qweak-era Beamline Upgrade

When modifying the beamline to accommodate new Compton polarimeter 
before Q-Weak, intention had been to re-use original FZ magnet, supported 
by “telescoping” stand for 12 GeV running
à This would have impeded movement of lifts and material from one side of 

hall to the other
à During 12 GeV Upgrade, the “bridge” style design was implemented 

instead

Support column used ~2000 for 2m dipole is in Physics storage building
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Scope of Work for Upstream Beamline
• b1/Azz

– Detailed design for slow raster, polarized target girder placement
– Refurbish polarized target girder
– Installation (accelerator installation, vacuum groups, instrumentation, 

survey and alignment)
• g2p

– Detailed design and fabrication of new chicane magnets ($$)
– Detailed design of beamline à remove “bridge”, re-install telescoping 

stand + slow raster, target girder as noted above
– Installation – this will be significantly more complex and time consuming.


