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FIG. 63. Beam data for the sextupole measurements with x-plane modulation. The 
2 Hz and 42 Hz data are at the top and the 20 Hz and 22 Hz data are at the bottom. 
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found during the next phase of the beam measurements. 

6.5 BE DIPOLE MEASUREMENTS 

In this section the results for the dipole measurements in Arc 1 are presented. 

For this test the sextupole magnet used earlier was degaussed so that it would not 

interfere with measuring the relatively weak allowed multipole content of the dipole 

pair. As was discussed in section 5.4, a four corrector bump was used to offset the 

beam within the dipole magnets. The quadrupoles within the orbit bump were also 

degaussed to eliminate the quad kicks which would otherwise oppose the corrector 

kicks. For each measurement tune beam was used to establish a precise orbit across 

the dipole pair and to return the beam to the center of the BPM used to make the 

measurements. 

The TOSCA measurements and magnet measurement data both show that the 

extent of the nonlinearity due to allowed sextupole should increase with an offset in 

the horizontal direction. The TOSCA results also showed a decrease in the multipole 

content as the beam rises above the midplane. Measurements of the dipole pair 

were done in both planes. For the horizontal tests the beam was modulated in the 

midplane and in 1 mm steps above the midplane to 5 mm. There were no frequencies 

detected other than the primary driving frequencies and the AC line harmonics. 

This limitation was also observed during the sextupole calibration runs. During x-

plane modulation the Lorentz forces are in the same plane as the beam modulation 

preventing the relatively weak signal from being detected. For the earlier sextupole 

calibration run there were no peaks below 400 G/cm. Moving to the y-plane however 

offered better results. For these tests the beam was modulated in the v/-plane at 

x=0 mm to x =10 mm in 1 mm steps. 

A plot of the results for the dipole measurements is shown in Fig. 64. The raw 

data for the measurement is shown in Table 12 with the x position corrected for the 

nonlinearity of the Beam Position Monitor. The linear trend is clear from the data 

for all frequencies and qualitatively compares to the results from TOSCA and the 

Magnet Measurement Facility. TOSCA also predicts that beyond a horizontal orbit 

of 12 mm the field begins to rise more sharply. The beam-based test are unfortunately 

limited by the physical aperture of the beam pipe. Attempting to modulate the beam 

beyond 1 cm caused beam scraping. The final point at x= 10.342 mm hints at this 

departure from the linear trend. 
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FIG. 64. Beam data for y-plane modulation in a pair of BE dipoles. 

TABLE 12. Spectral data for y — y1 modulation vs. x position in BE Dipole 

Corr. 3>pos (mm) 1 Hz 2 Hz 20 Hz 21 Hz 22 Hz 42 Hz 
0.000 0.0391 0.0192 0.0786 0.0579 0.0797 0.0383 
1.000 0.0475 0.0199 0.0821 0.0776 0.0808 0.0403 
2.000 0.0488 0.0193 0.0851 0.0794 0.0869 0.0408 
3.000 0.0495 0.0191 0.0868 0.0789 0.0862 0.0431 
4.000 0.0482 0.0207 0.0869 0.0781 0.0869 0.0430 
5.000 0.0513 0.0224 0.0874 0.0766 0.0866 0.0440 
6.000 0.0514 0.0217 0.0866 0.0782 0.0864 0.0440 
7.033 0.0511 0.0198 0.0860 0.0761 0.0856 0.0441 
8.105 0.0480 0.0203 0.0855 0.0749 0.0850 0.0442 
9.205 0.0490 0.0216 0.0881 0.0737 0.0860 0.0439 

10.342 0.0423 0.0285 0.0976 0.0658 0.0993 0.0469 
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6.6 BSY RECOMBINER MEASUREMENTS 

The final set of beam-based tests were conducted in the Beam Switchyard Re-

combiner using the MAZ kicker magnets that were fabricated as part of this research. 

The intent of these tests was to qualify the extent of the nonlinearity of the whole 

system of magnets by performing beam modulations in both planes at multiple am­

plitudes. To simplify the lattice the quadrupoles downstream of the kicker magnets 

were degaussed. Without the quad kicks it was much easier to establish the desired 

modulation amplitudes. For these test we chose amplitudes of 5 mm, 10 mm and, 15 

mm at the BPM near the end of the beamline. The three different modulations in 

both plane are shown in Fig. 65. 

The source of any nonlinearity in this transport line can come from errors in 

individual magnets or from the magnets in the adjacent beamlines which are tightly 

nested as the beamlines come together in the Beam Switchyard. A TOSCA model of 

this system had not been developed to compare against so we rely on the calibration 

runs and ARC1 dipole measurements to bound the field quality of the system. A 

linear result to ±5 mm is adequate as that is typically the steering allowance used in 

setting up the machine. The results are shown in the FFT plots in Figs. 66 and 67. 

The first set are the x-plane modulations. At 5 mm only the primary frequencies 

are visible in the modulation plane. Other than noise in the y-plane there's also 

a 1 Hz peak two orders of magnitude down from that in the x-plane which likely 

is due to a small roll error in the placement of the first horizontal kicker. At 10 

mm we see the 1 Hz peak grow in the y plane and in the x-plane we start to see 

frequencies consistent with an octupole field which are even more pronounced in the 

bottom plot. At these amplitudes we begin to approach the limit of the polynomial 

correction for the BPM nonlinearity which was only computed to a 2 cm grid or an 

apparent position of around 16 mm. 

The second set of measurements are with y-plane modulations. At 5 mm we see 

the strong driving frequencies at the right and coupling to the other plane at both 

frequencies. The roll error for both vertical kickers is apparently over three degrees 

and will need to be checked at the next opportunity. At 10 mm we again start to 

see octupole sidebands which become more apparent in the bottom trace and once 

again likely due to limitations with the correction algorithm. 
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FIG. 65. Plots of small, medium and large beam modulations as measured at the 
6T09 BPM. 
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FIG. 66. Series of FFT plots of the 6T09 BPM for x - x' modulation. 
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X FFT for SmaR Y-Y* Modulation 
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Y FFT for Larga Y-Y" Modiiatiort 

FIG. 67. Series of FFT plots of the 6T09 BPM for y — y' modulation. 
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CHAPTER 7 

CONCLUSIONS 

7.1 SUMMARY OF EXPERIMENT 

This experiment set out to study the feasibility of using simultaneous transverse 

beam modulation as a means of measuring the nonlinear fields of the magnets that 

make up a beam transport system. The intent was to develop a calibration standard 

with a known and controllable nonlinear sextupole and to then use the technique 

to characterize the nonlinear multipole content in dipoles as well as whole systems 

of magnets. Traditional methods of tuning the CEBAF accelerator have used linear 

techniques to tune the optics of the machine which are of course insensitive to non­

linear effects. The development of this technique is hoped to be able to extend our 

tuning capabilities to account for nonlinear effects when gauging the overall quality 

of the beam tune. 

The derivation of the functional form of magnetic fields within dipoles, 

quadrupoles, sextupoles, and octupoles as well as the general multipole expansion 

provide a clear foundation for understanding the interaction of the beam with the 

Lorentz forces of the beam transport system. In particular we gain the ability to 

predict the expected harmonic content for different types of magnets based on the 

functional form of the fields as derived using Maxwell's equations. 

Fundamental linear optics theory and the well-known matrix formalism for linear 

systems was presented to provide a basis for the development of an analytical model. 

This simple model was used to establish the expected frequencies for the harmonic 

content of sextupoles and octupoles when the beam is simultaneously modulated at 

two distinct frequencies. 

Through the development of the Chebyshev formalism we have shown that the 

unique properties of this class of polynomials coupled with the orthogonality of 

Fourier cosine expansions allows us to perform modulation experiments with mini­

mum error. With the application of precise modulation frequencies to the beam and 

the use of the NAFF algorithm to minimize peak detection errors we found good 

agreement between the theory, multiple models and the experimental results. 
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The existing air-core kicker magnets in Arc 1 were well suited for this research. 

In general they were able to provide sufficient field at 1 Hz and 21 Hz as they 

were originally designed as part of a 30 Hz system. For the measurements in the 

Beam Switchyard Recombiner there were no magnets available. New magnets were 

designed, fabricated, tested and installed to perform this research. Using the Law 

of Biot-Savart a simple model of an air-core magnet was developed to come up 

with a working design. Bench measurements verified that the integrated dipole field 

strength was within 2% of the prediction. Thermal performance was also well within 

specification. 

It was important to minimize the nonlinear fields of the kicker magnets so that 

their multipole content would not impact the results. The fabrication and assembly 

process successfully provided magnets with low harmonic content. In fact their per­

formance in this regard was better than the magnets in Arc 1 despite them being 

physically longer. One thing that I had not considered during the design process was 

the effect of the higher inductance. Initial measurements showed a severe roll-off at 

low frequencies. A simple change to a gain resistor provided better matching and 

fixed the problem. 

Both the existing magnets in Arc 1 and the new magnets were installed with a 

few degree roll about the beamline axis. This provides a small amount of cross-plane 

coupling. A better job could have been done to manage the error. 

The nonlinear errors of the Beam Position Monitor System were corrected using 

a Poisson model. Good results were achieved across a ±2 cm aperture in both planes 

with correction to better than 10 microns. 

The data acquisition system required extensive work to integrate it into the mea­

surement scheme. The use of I-Q sampling and the CORDIC algorithm worked well 

with the 499 MHz beam micropulse structure. The end result provided exceptional 

performance with regard to the signal:noise ratio and overall repeatability of mea­

surement results. 

The results from the Magnet Measurement Facility and TOSCA simulations were 

used to predict the expected behaviour for dipole measurements. Both predicted an 

increase in multipole strength as a function of position which was confirmed with 

beam-based measurements. 

The elegant software package was used to develop a model of the beamline. Simu­

lations were then conducted for sextupole and dipole magnets. The model predicted 
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that there should be a linear increase in harmonic content with sextupole excitation. 

The model also predicted an increase in harmonic content as a function of transverse 

position within a dipole. Both were confirmed with beam-based measurements. 

The beam measurements for the sextupole calibration run and the elegant model 

both showed a linear dependence of amplitude with sextupole excitation for all har­

monic sidebands. The difference in slope between beam measurements and the model 

can be attributed to a mismatch between the linear model and the real machine 

transport. 

The beam measurements for the BE dipole magnets in Arc 1 verified the qual­

itative results from TOSCA, Magnet Measurement and elegant simulations. The 

amplitude of the sidebands increase as a function of transverse position in the dipole. 

The real machine aperture limited the extent to which this could be measured due 

to beam loss on the vacuum beam tube at large transverse position. 

The measurements in the Beam Switchyard Recombiner indicate that within a 

±5 mm aperture the system is very linear. Larger amplitude excitations do indicate 

a departure from linearity. A detailed model of this system was not developed for 

comparison. 

Overall the experiment was successful in measuring the nonlinear fields of sex-

tupoles, dipoles and systems of magnets with good signal:noise. 

7.2 SUGGESTIONS FOR FUTURE WORK 

Looking forward, its likely that more measurements will be made as the 12 GeV 

machine is commissioned. Some improvements in the methods used here and the 

upgrade of existing hardware will make measurements such as these more integrated 

in the accelerator. For example, the BPM electronics used here are now decommis­

sioned. The new BPM systems that are being installed have onboard data acquisition 

hardware that rival what was used here and are distributed around the whole ma­

chine. 

The nonlinear correction algorithm for the Beam Position Monitor System used 

here had not been implemented in the machine before this research. These algo­

rithms are being built into the hardware which will make the model more precise. 

In particular the beam orbit in the Extraction regions are typically well outside the 

linear range of the system. 

There are many complementary machine modeling techniques under development 
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at Jefferson Lab that are all aimed at nailing down the linear model. Coupling this 

research with those activities will make commissioning the machine far more efficient 

and effective in the 12 GeV era. 
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APPENDIX A 

ELEGANT SIMULATION FILES 

A.l ARC 1 LATTICE FILE 

The following text describes the beamline for simulating the ARCl experiment 

as described in section 5.4. It includes all components on the beamline from the 

MAZ1S08H kicker to the IPM1A21 Beam Position Monitor. The settings in the 

model match the values that were in the control system during the beam tests. 

MAZ1S08H: HKICK, L=0, KICK=0, TILT=0, STEERING=0 

D116: DRIFT, L=5.08611 

IPM1S08: MONITOR, L=0 

MQB1S08: KQUAD, L=0.15, Kl=l.521231, TILT=0 

MBT1S08H: HKICK, L=0, KICK=0, TILT=0 

MBT1S08V: VKICK, L=0, KICK=0, TILT=0 

MAZ1S09V: VKICK, L=0, KICK=0, TILT=0, STEERING=0 

IPM1S09: MONITOR, L=0 

MQB1S09: KQUAD, L=0.15, Kl—1.50963, TILT=0 

MBT1S09V: VKICK, L=0, KICK=0, TILT=0 

IPM1S10: MONITOR, L=0 

MQB1S10: KQUAD, L=0.15, Kl= 7.410557e-01, TILT=0 

MBT1S10H: HKICK, L=0, KICK=0, TILT=0 

MBT1S10V: VKICK, L=0, KICK=0, TILT=0 

MAZ1E01H: HKICK, L=0, KICK=0, TILT=0, STEERING=0 

MAZ1E01V: VKICK, L=0, KICK=0, TILT=0, STEERING=0 

IPM1E01: MONITOR, L=0 

MQB1E01: KQUAD, L=0.15, Kl=-0.373350, TILT=0 

MBT1E01H: HKICK, L=0, KICK=0, TILT=0 

MBT1E01V: VKICK, L=0, KICK=0, TILT=0 

D121: DRIFT, L=0.4803 

MBW1E01: CSBEND, L=0.500137 & 
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, ANGLE=-0.0405309085544383, K1=0 k 

, TILT=0 k 

, E1=0, HGAP=0, FINT=0.5 k 

, E2=-0.0405309085544383, EDGE_0RDER=1 k 

, INTEGRATI0N_0RDER=4 k 

, N_KICKS=20 

D122: DRIFT, L=5.75472 

MBX1E02: CSBEND, L=l.00027 & 

, ANGLE=0.0810616425759514, K1=0 k 

, TILT=0 k 

, E1=0.0405309085544383, HGAP=0, FINT=0.5 k 

, E2=0.0405309085544383, EDGE_0RDER=1 k 

, INTEGRATI0N_0RDER=4 k 

, N_KICKS=20 

MBW1E03: CSBEND, L=0.5001370000000001 k 

, ANGLE=-0.0405309085544383, K1=0 k 

, TILT=0 k 

, El=-0.0405309085544383, HGAP=0, FINT=0.5 k 

, E2=0, EDGE_0RDER=1 & 

, INTEGRATI0N_0RDER=4 k 

, N_KICKS=20 

D123: DRIFT, L=0.525003 

IPM1E02: MONITOR, L=0 

MQB1E02: KQUAD, L=0.15, K1=0.556967, TILT=0 

MBT1E02H: HKICK, L=0, KICK=0, TILT=0 

MBT1E02V: VKICK, L=0, KICK=0, TILT=0 

D124: DRIFT, L=15.6361 

IPM1E03: MONITOR, L=0 

MQB1E03: KQUAD, L=0.15, Kl=-0.613577, TILT=0 

MBT1E03H: HKICK, L=0, KICK=0, TILT=0 

MBT1E03V: VKICK, L=0, KICK=0, TILT=0 

D124A: DRIFT, L=0.36866 

IHA1E03: MONITOR, L=0 

D124B: DRIFT, L=15.2675 
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IPM1A01: MONITOR, L=0 

MQB1A01: KQUAD, L=0.15, Kl-1.05041, TILT=0 

MBT1A01H: HKICK, L=0, KICK=0, TILT=0 

MBT1A01V: VKICK, L=0, KICK=0, TILT=0 

ITV1A01: MONITOR, L=0 

D125: DRIFT, L=l.71272 

MQB1A02: KQUAD, L=0.15, Kl=-0.288196, TILT=0 

D126: DRIFT, L=2.68242 

MKMATCH1S: MARK ft, FITP0INT=1 

MBE1A01: CSBEND, L=l.00161 & 

, ANGLE=0.196349540849362, Kl=-0.00229840648881061 & 

, TILT=0 & 

, E1=0.09817477042468099, HGAP=0.0127, FINT=0.5 & 

, E2=0.09817477042468099, EDGE_0RDER=1 & 

, INTEGRATI0N_0RDER=4 k 

, N_KICKS=20 

D127: DRIFT, L=5.2152 

IPM1A03: MONITOR, L=0 

MQB1A03: KQUAD, L=0.15, Kl—1.16578, TILT=0 

MBT1A03V: VKICK, L=0, KICK=0, TILT=0 

D128: DRIFT, L=2.3809 

D159: DRIFT, L=0.15 

D129: DRIFT, L=0.21202 

IPM1A04: MONITOR, L=0 

MQB1A04: KQUAD, L=0.15, Kl=2.13112, TILT=0 

MBT1A04H: HKICK, L=0, KICK=0, TILT=0 

D130: DRIFT, L=0.70155 

ITV1A04: MONITOR, L=0 

D131: DRIFT, L=1.87544 

IPM1A05: MONITOR, L=0 

MQB1A05: KQUAD, L=0.15, Kl=-0.84544, TILT=0 

MBT1A05V: VKICK, L=0, KICK=0, TILT=0 

D132: DRIFT, L=5.05061 

MBE1A02: CSBEND, L=l.00161 & 
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, ANGLE=0.196349540849362, Kl=-0.00229840648881061 ft 

, TILT=0 ft 

, E1=0.09817477042468099, HGAP=0.0127, FINT=0.5 ft 

, E2=0.09817477042468099, EDGE_0RDER=1 ft 

, INTEGRATI0N_0RDER=4 ft 

, N_KICKS=20 

IPM1A06: MONITOR, L=0 

MQB1A06: KQUAD, L=0.15, K1=0.79145, TILT=0 

MBT1A06H: HKICK, L=0, KICK=0, TILT=0 

D133: DRIFT, L=4.54514 

MBE1A03: CSBEND, L=1.00161 ft 

, ANGLE=0.196349540849362, Kl=-0.00229840648881061 k 

, TILT=0 k 

, E1=0.09817477042468099, HGAP=0.0127, FINT=0.5 ft 

, E2=0.09817477042468099, EDGE_0RDER=1 k 

, INTEGRATI0N_0RDER=4 k 

, N_KICKS=20 

IPM1A07: MONITOR, L=0 

MQB1A07: KQUAD, L=0.15, Kl=-0.849233, TILT=0 

MBT1A07V: VKICK, L=0, KICK=0, TILT=0 

D134: DRIFT, L=2.74293 

IPM1A08: MONITOR, L=0 

MQB1A08: KQUAD, L=0.15, Kl-1.56739, TILT=0 

MBT1A08H: HKICK, L=0, KICK=0, TILT=0 

D135: DRIFT, L=2.93902 

IPM1A09: MONITOR, L=0 

MQB1A09: KQUAD, L=0.15, Kl=-0.757331, TILT=0 

MBT1A09V: VKICK, L=0, KICK=0, TILT=0 

D136: DRIFT, L=5.0506 

MBE1A04: CSBEND, L=1.00161 ft 

, ANGLE=0.196349540849362, Kl=-0.00229840648881061 ft 

, TILT=0 ft 

, E1=0.09817477042468099, HGAP=0.0127, FINT=0.5 ft 

, E2=0.09817477042468099, EDGE_0RDER=1 ft 



, INTEGRATI0N_0RDER=4 & 

, N_KICKS=20 

D137: DRIFT, L=2.38277 

IPM1A10: MONITOR, L=0 

D138: DRIFT, L=2.38277 

IPM1A11: MONITOR, L=0 

MQB1A11: KQUAD, L=0.15, Kl=l.243258, TILT=0 

MBT1A11H: HKICK, L=0, KICK=0, TILT=0 

MBE1A05: CSBEND, L=l.00161 k 

, ANGLE=0.196349540849362, Kl=-0.00229840648881061 k 

, TILT=0 k 

, E1=0.09817477042468099, HGAP=0.0127, FINT=0.5 k 

, E2=0.09817477042468099, EDGE_0RDER=1 k 

, INTEGRATI0N_0RDER=4 k 

, N_KICKS=20 

IPM1A13: MONITOR, L=0 

MQB1A13: KQUAD, L=0.15, Kl=-0.897279, TILT=0 

MBT1A13V: VKICK, L=0, KICK=0, TILT=0 

MSB1A14: SEXT, L=0.15, K2=32.65, 0RDER=2, DX=0.00 

IPM1A14: MONITOR, L=0 

MQB1A14: KQUAD, L=0.15, Kl=1.39555, TILT=0 

MBT1A14H: HKICK, L=0, KICK=0, TILT=0 

D157: DRIFT, L=l.87544 

D140: DRIFT, L=0.51167 

MQB1A15: KQUAD, L=0.15, Kl=-0.854162, TILT=0 

MBT1A15V: VKICK, L=0, KICK=0, TILT=0 

MBE1A06: CSBEND, L=l.00161 k 

, ANGLE=0.196349540849362, Kl=-0.00229840648881061 ft 

, TILT=0 k 

, E1=0.09817477042468099, HGAP=0.0127, FINT=0.5 k 

, E2=0.09817477042468099, EDGE_0RDER=1 k 

, INTEGRATI0N_0RDER=4 k 

, N_KICKS=20 

IPM1A16: MONITOR, L=0 
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MQB1A16: KQUAD, L=0.15, K1=0.539361, TILT=0 

MBT1A16H: HKICK, L=0, KICK=0, TILT=0 

MBE1A07: CSBEND, L=l.00161 k 

, ANGLE=0.196349540849362, Kl=-0.00229840648881061 k 

, TILT=0 k 

, E1=0.09817477042468099, HGAP=0.0127, FINT=0.5 k 

, E2=0.09817477042468099, EDGE_0RDER=1 ft 

, INTEGRATI0N_0RDER=4 ft 

, N_KICKS=20 

D141: DRIFT, L=5.51485 

MQB1A17: KQUAD, L=0.15, Kl=-1.00616, TILT=0 

MBT1A17V: VKICK, L=0, KICK=0, TILT=0 

IPM1A18: MONITOR, L=0 

MQB1A18: KQUAD, L=0.15, Kl=l.29706, TILT=0 

MBT1A18H: HKICK, L=0, KICK=0, TILT=0 

D158: DRIFT, L=2.23747 

IPM1A19: MONITOR, L=0 

MQB1A19: KQUAD, L=0.15, Kl=-0.5900030000000001, TILT=0 

MBT1A19V: VKICK, L=0, KICK=0, TILT=0 

MBE1A08: CSBEND, L=l.00161 k 

, ANGLE=0.196349540849362, Kl=-0.00229840648881061 ft 

, TILT=0 k 

, E1=0.09817477042468099, HGAP=0.0127, FINT=0.5 k 

, E2=0.09817477042468099, EDGE_0RDER=1 k 

, INTEGRATI0N_0RDER=4 k 

, N_KICKS=20 

D142: DRIFT, L=2.68242 

IPM1A21: MONITOR, L=0 

D1000: DRIFT, L=4.563783 

D1001: DRIFT, L=0.522307 

D1003: DRIFT, L=4.66066 

D1004: DRIFT, L=0.42545 

D1005: DRIFT, L=14.8678 

D1006: DRIFT, L=0.2921 
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D1007: DRIFT, L=0.47625 

D117: DRIFT, L=4.46076 

D118: DRIFT, L=0.62535 

D119: DRIFT, L=14.5108 

D120: DRIFT, L=0.5 

A.2 ARC1 ELEGANT FILE 

The following text contains the instructions for performing the simulations of the 

experiment using the lattice of the previous section. The segments of the file are 

described in section 5.4. 

&run_setup 

lattice="ARCl.lte", 

use_beamline="ARCl", 

p_central_mev=559.865372797133, 

centroid=0/'/,s. cen 

&end 

&run_control n_indices=l 

ftend 

&vary.element 

index_number=0 

enumeration_file=corrector.sdds 

enumeration_column=MAZlS09V 

name=MAZlS09V 

item=VKICK 

fiend 

&vary_element 

index_number=0 

enumeration_file=corrector.sdds 

enumeration_column=MAZlE01V 

name=MAZlE01V 

item=VKICK 

feend 

&bunched_beam 



n_particles_per_bunch=l, 

emit_x=2e-09, emit_y=2e-09, 

beta_x=6.35476, alpha_x=-0.0575519, 

beta_y=27.1339, alpha_y=-1.86361 

sigma_dp=2e-05,sigma_s=0.0, 

distribution_type[0] = 3*"gaussian" 

distribution_cutoff[0] = 3*3, 

enforce_rms_values[0]=1,1,1 

Send 

fctrack 

fiend 
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MATLAB CODE FOR ANALYZING BPM WIRE DATA 

The following code was used to convert the raw data from the 32 BPM wires to 

position data, rotate the position data to the lab frame and calculate the Fast Fourier 

transform and Power Spectral Density of the time domain data. 

'/.Convert BPM 4-channel wire data to properly rotated BPM positions 

'/.The data_in matrix contains the raw wire data 

'/.The BPM alpha values are read from the alpha matrix 

'/.The BPM names are read from the alphatext matrix 

'/.The sample rate is typically 500 Hz. 

'/. 
function [x,y] = wires2fft_psd(data_in,alpha,alphatext,sample_rate) 

'/,k=18.81; '^Sensitivity for M15 BPM 

k=25.67; '/^Sensitivity for M20 BPM 

m=length(data_in); 

xrot=zeros(size(data_in)); '/.Preallocate memory 

yrot=zeros(size(data_in)); '/.Preallocate memory 

'/. 

'/.Loop for converting wire data to position data 

'/.in rotated frame which is then rotated to the 

'/.laboratory frame 

7. 

for n=(2:4:30) 

xrot(:,0.25*n+0.5)=k*(data_in(:,n)-alpha(0.25*n+0.5,1) 

*data_in(:,n+l))./(data_in(:,n)+alpha(0.25*n+0.5,l)*data_in(:,n+l)); 

yrot(:,0.25*a+0.5)=k*(data_in(:,n+2)-alpha(0.25*n+0.5,2) 

*data_in(:,n+3))./(data_in(:,n+2)+alpha(0.25*n+0.5,2)*data_in(:,n+3)) ; 

x=cos(pi/4)*xrot-sin(pi/4)*yrot; '/.rotate to lab frame 

y=cos (pi/4) *yrot+sin(pi/4) *xrot; '/.rotate to lab frame 

'/. 
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'/.Plot beam aspect ratio in x-y plane 

*/. 

plot(x(:,0.25*n+0.5),y(:,0.25*n+0.5),'k.','MarkerSize',.1) 

grid on 

xlim([-12,12]) 

ylim([-12,12]) 

xlabel('X Position (mm)') 

ylabeK'Y Position (mm)') 

title(alphatext(0.25*n+0.5+1,1)); 

pause 

end 

% 

'/,Determine the Fourier Transform and the Power Spectral Density 

'/,of the Beam Position Monitor time-domain data. 

% 

x=x(l:m,1:8); 

y=y(l:m,1:8); 

NFFT=2"15; 

X=fft(x,NFFT)/m; 

Y=fft(y,NFFT)/m; 

XPSD=X.*conj(X); 

YPSD=Y.*conj(Y); 

f=sample_rate/2*linspace(0,l.NFFT/2+1); 

figure; 

% 

'/.Plot FFT and PSD 

% 

for index=(l:8) 

subplot(2,2,1);semilogy(f,2*abs(X(l:NFFT/2+l,index))); 

grid('on'); 

xlim([0,45]); 

ylim('auto'); 

xlabel('Frequency (Hz)'); 

ylabel('Power'); 



title([alphatext(index+l,1),'x']); 

subplot(2,2,2);semilogy(f,2*abs(Y(1:NFFT/2+1,index))); 

grid('on'); 

xlim( [0,45] ) ; 

ylim('auto'); 

xlabel('Frequency (Hz)'); 

ylabel('Power'); 

title('y'); 

subplot(2,2,3);semilogy(f,XPSD(1:NFFT/2+1,index)); 

grid('on'); 

xlim([0,45]); 

ylim('auto'); 

xlabel('Frequency (Hz)'); 

ylabel('Power'); 

titleCy'); 

subplot(2,2,4);semilogy(f,YPSD(1:NFFT/2+1,index)); 

grid('on'); 

xlim([0,45]); 

ylim('auto'); 

xlabel('Frequency (Hz)'); 

ylabel('Power'); 

t i t l e ( ' y ' ) ;  

pause 

end 
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APPENDIX C 

POISSON CODE FOR SIMULATING BPM 

The following text shows the Poisson Automesh file which defines the physical di­

mensions of the BPM can as well as the position of one of the antennae. 

! Poisson Automesh file for creating an M20 Beam Position Monitor 

! Draw the outer wall of the Beam Position Monitor centered at 0,0 

&po x=4.2799,y=0.0 ft 

ftpo nt=2,x0=0.0,y0=0.0,r=4.2799,theta=90. ft 

ftpo nt=2,x0=0.0,y0=0.0,r=4.2799,theta=180. ft 

ftpo nt=2,x0=0.0,y0=0.0,r=4.2799,theta=270. ft 

ftpo nt=2,x0=0.0,y0=0.0,r=4.2799,theta=360. ft 

! Draw one of the four antennae centered at (0,2.45363) 

ftreg mat=0,voltage=l,ibound=-l ft 

ftpo x=0.07874,y=2.45363 ft 

ftpo nt=2,x0=0,y0=2.45363,r=0.07874,theta=90. ft 

ftpo nt=2,x0=0,y0=2.45363,r=0.07874,theta=180. ft 

ftpo nt=2,x0=0,y0=2.45363,r=0.07874,theta=270. ft 

ftpo nt=2,x0=0,y0=2.45363,r=0.07874,theta=360. ft 

ftreg kprob=0, 

xjfact=0.0, 

Poisson or Pandira problem 

Electrostatic problem 

Mesh interval for x direction 

Mesh interval for y direction 

Cartesian coordinates 

dx=0.01, 

dy=0.01, 

icylin=0, 

conv=l, 

nbsup=0, 

nbslo=0, 

nbsrt=0, 

nbslf=0, 

ltop=10 ft 

! Convert inches to centimeters 

! Dirichlet boundary condition at upper edge 

! Dirichlet boundary condition at lower edge 

! Dirichlet boundary condition at right edge 

! Dirichlet boundary condition at left edge 

! Maximum row number for field interpolation 
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