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Figure 1: Run 4206 ramp phase when beam modulation coil2 is on
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Figure 2: (a) Dithering ramp function residual check for phase 2 (b) Dithering ramp function

residual check for phase 3
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Figure 3: Run 4206 ramp phase for one super-cycle when beam modulation is on

Figure 4: For run 4206, BPM linearity check plots of bpm4aY versus bpm4eY are shown

with the modulating the coil C2 (∂bpm4aY

∂C2
is largest in this run). Each point shows the

corresponding bpm average value per ramp phase (16 ramp phases for 240 Hz) . All X-

axis values are subtracted by their mean value in order to calculated the nonlinearity easily.

Different color presents different beam modulation supercycle. The pol2 fit functions are

shown as the red lines and the useful fit parameters p1 and p2 are shown as blue text on the

plots. The parameter p1 indicates the fit slope and p2 measures the curvature of the fit line.
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Figure 5: For run 4206, BPM sin phase check plots of bpm4aY versus ramp signal are

shown with the modulating the coil C2 (∂bpm4aY

∂C2
is largest in this run). Each point shows the

corresponding bpm value (16 ramp phases for 240 Hz) . Different color presents different

beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x + p2 ∗ 180/π) + p3 fit functions are

shown as the red lines.
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Figure 6: For run 4206, BPM sin phase check plots of bpm4aY versus ramp signal are

shown with the modulating the coil C2 (∂bpm4aY

∂C2
is largest in this run). Each point shows the

corresponding bpm value (16 ramp phases for 240 Hz) . Different color presents different

beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x + p2 ∗ 180/π) + p3 fit functions are

shown as the red lines.
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Figure 7: For run 4206, BPM sin phase check plots of bpm4aY versus ramp signal are

shown with the modulating the coil C2 (∂bpm4eY

∂C2
is largest in this run). Each point shows the

corresponding bpm value (16 ramp phases for 240 Hz) . Different color presents different

beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x + p2 ∗ 180/π) + p3 fit functions are

shown as the red lines.

Figure 8: For run 4206, BPM linearity check plots of bpm4aY versus bpm4eY are shown

with modulating the coil C2. Each point, which is shifted by parameter ”p0” from the above

fits, shows the corresponding bpm average value per ramp phase. Thus, the original points

from different dithering supercycles are drifted due the beam jitter, which are lined up with

the corresponding ”p0” shifts.
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Figure 9: For slug79, bpm4aY versus bpm4eY plots are shown with modulating the coil

C2 for the linearity check (∂bpm4eY

∂C2
is the most sensitive in this run). Each point shows the

corresponding bpm average value per ramp phase (30 supercycles in slug79).
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Figure 10: For slug79, bpm4aY versus bpm4eY plots are shown with modulating the coil

C2 for the linearity check (∂bpm4eY

∂C2
is the most sensitive in this run). Each point shows the

corresponding bpm average value per ramp phase. Here, the mean values of bpm4aY were

shifted by fit parameter ”p0”.
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Figure 11: For slug79, bpm4aY versus bpm4eY plots are shown with modulating the coil

C2 for the linearity check (∂bpm4eY

∂C2
is the most sensitive in this run). Each point shows the

corresponding bpm average value per ramp phase. Here, the mean values of bpm4aY were

shifted by fit parameter ”p0”.
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Figure 12: For slug 79, the fit parameter ”p1” from bpm4aY versus bpm4eY plots are

shown versus dithering supercycles. Total number of dithering supercycles is 34, and 27

with 0 < p1 < 1.48 cuts.
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Figure 13: For slug 79, the fit parameter ”p2” from bpm4aY versus bpm4eY plots are

shown versus dithering supercycles. Total number of dithering supercycles is 34, and 27

with 0 < p1 < 1.48 cuts. Nonlinearity is about 0.2%
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Figure 14: For slug 79, the fit parameter ”p1” from bpm4aY versus bpm4eY plots are shown

versus dithering supercycles.
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Figure 15: For slug 79, the fit parameter ”p2” from bpm4aY versus bpm4eY plots are shown

versus dithering supercycles.

Figure 16: For run 4763, bpm4aX versus bpm4eX plots are shown with modulating the coil

C5. Each point shows the corresponding bpm average value per ramp phase (4 supercycles).
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Figure 17: For run 4736, BPM sin phase check plots of bpm4aX versus ramp signal are

shown with the modulating the coil C5 (∂bpm4aX

∂C5
is largest in this run). Each point shows

the corresponding bpm value (16 ramp phases for 240 Hz) . Different color presents different

beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x + p2 ∗ 180/π) + p3 fit functions are

shown as the red lines.
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Figure 18: For run 4736, BPM sin phase check plots of bpm4eX versus ramp signal are

shown with the modulating the coil C5 (∂bpm4eX

∂C5
is largest in this run). Each point shows the

corresponding bpm value (16 ramp phases for 240 Hz) . Different color presents different

beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x + p2 ∗ 180/π) + p3 fit functions are

shown as the red lines.

9



Figure 19: For run 4763, bpm4aX versus bpm4eX plots are shown with modulating the coil

C5. Each point, which is shifted by its above fit parameter ”p0”, indicates the corresponding

bpm average value per ramp phase.
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Figure 20: For run 4736, BPM sin phase check plots of bpm4eX versus ramp signal are

shown with the modulating the coil C5 (∂bpm4eX

∂C5
is largest in this run). Each point shows the

corresponding bpm value (16 ramp phases for 240 Hz) . Different color presents different

beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x + p2 ∗ 180/π) + p3 fit functions are

shown as the red lines.
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Figure 21: For slug79, bpm4aX versus bpm4eX plots are shown with modulating the coil

C2 for the linearity check (∂bpm4eY

∂C2
is the most sensitive in this run). Each point shows the

corresponding bpm average value per ramp phase.
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Figure 22: For run slug79, sin phase angle shift checking plots. The fit p2 parameters from

p0 ∗ sin(2π ∗p1 ∗x+p2 ∗180/π) +p3 for the whole slug79 were plotted versus dithering super

cycle. Black is related to bpm4aX, red is related to bpm4eX
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Figure 23: For slug79, bpm4aX versus bpm4eX plots are shown with modulating the coil

C2 for the linearity check (∂bpm4eY

∂C2
is the most sensitive in this run). Each point shows the

corresponding bpm average value per ramp phase. Here, the mean values of bpm4aY were

shifted by fit parameter ”p0”.
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Figure 24: For slug79, bpm4aX versus bpm4eX plots are shown with modulating the coil

C2 for the linearity check (∂bpm4eY

∂C2
is the most sensitive in this run). Each point shows the

corresponding bpm average value per ramp phase. Here, the mean values of bpm4aY were

shifted by fit parameter ”p0”.
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Figure 25: For slug 79, the fit parameter ”p1” from bpm4aX versus bpm4eX plots are shown

versus dithering supercycles.
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Figure 26: For slug 79, the fit parameter ”p2” from bpm4aX versus bpm4eX plots are shown

versus dithering supercycles. Nonlinearity is < 1%
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Figure 27: For slug79, us dd versus bpm4eX plots are shown with modulating the coil C5

for the linearity check (∂bpm4eX

∂C5
is the most sensitive in this run). Each point shows the

corresponding bpm average value per ramp phase.
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Figure 28: For run 4736, BPM sin phase check plots of us dd versus ramp signal are shown

with the modulating the coil C5 (∂bpm4eX

∂C5
is largest in this run). Each point shows the

corresponding bpm value (16 ramp phases for 240 Hz) . Different color presents different

beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x + p2 ∗ 180/π) + p3 fit functions are

shown as the red lines.
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Figure 29: For run 4736, BPM sin phase check plots of us dd versus ramp signal are shown

with the modulating the coil C5 (∂bpm4eX

∂C5
is largest in this run). Each point shows the

corresponding bpm value (16 ramp phases for 240 Hz) . Different color presents different

beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x + p2 ∗ 180/π) + p3 fit functions are

shown as the red lines.
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Figure 30: For slug79, us dd versus bpm4eX plots are shown with modulating the coil C2

for the linearity check (∂bpm4eX

∂C5
is the most sensitive in this run). Each point shows the

corresponding bpm average value per ramp phase. Here, the mean values of bpm4aX were

shifted by fit parameter ”p0”.
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Figure 31: For slug 79, the fit parameter ”p1” from us dd versus bpm4eX plots are shown

versus dithering supercycles.
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Figure 32: For slug 79, the fit parameter ”p2” from us dd versus bpm4eX plots are shown

versus dithering supercycles. nonlinearity is about 1.4%

16



0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15 0.2
bpm11X

1.4−

1.35−

1.3−

1.25−

1.2−

1.15−

1.1−

1.05−

1−
bp

m
12

X

bpm12X_vs_bpm11X coil7 is on

Figure 33: For slug79, bpm4aX versus bpm4eX plots are shown with modulating the coil

C2 for the linearity check (∂bpm4eY

∂C2
is the most sensitive in this run). Each point shows the

corresponding bpm average value per ramp phase.
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Figure 34: For slug79, bpm4aX versus bpm4eX plots are shown with modulating the coil

C2 for the linearity check (∂bpm4eY

∂C2
is the most sensitive in this run). Each point shows the

corresponding bpm average value per ramp phase. Here, the mean values of bpm4aY were

shifted by fit parameter ”p0”.
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Figure 35: For slug 79, the fit parameter ”p1” from bpm4aX versus bpm4eX plots are shown

versus dithering supercycles.
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Figure 36: For slug 79, the fit parameter ”p2” from bpm4aX versus bpm4eX plots are shown

versus dithering supercycles.
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Figure 37: For run 4763, us avg versus bpm11X12X plots are shown with modulating the

coil C7 for the linearity check (∂bpm11X12X

∂C7
is the most sensitive in this run). Each point shows

the corresponding bpm average value per ramp phase.
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Figure 38: For run 4736, BPM sin phase check plots of bpm11X+0.4∗ bpm12X versus ramp

signal are shown with the modulating the coil C7 (∂bpm11X12X

∂C7
is largest in this run). Each

point shows the corresponding bpm value (16 ramp phases for 240 Hz) . Different color

presents different beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x+ p2 ∗ 180/π) + p3 fit

functions are shown as the red lines.
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Figure 39: For run 4736, BPM sin phase check plots of bpm11X+0.4∗ bpm12X versus ramp

signal are shown with the modulating the coil C7 (∂bpm11X12X

∂C7
is largest in this run). Each

point shows the corresponding bpm value (16 ramp phases for 240 Hz) . Different color

presents different beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x+ p2 ∗ 180/π) + p3 fit

functions are shown as the red lines.
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Figure 40: For run 4736, BPM sin phase check plots of us avg versus ramp signal are shown

with the modulating the coil C7 (∂bpm11X12X

∂C7
is largest in this run). Each point shows the

corresponding bpm value (16 ramp phases for 240 Hz) . Different color presents different

beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x + p2 ∗ 180/π) + p3 fit functions are

shown as the red lines.
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p2        0.0005251±    13 
p3       06− 3.404e± 0.05849 

 / ndf 2χ 06 / 796− 7.333e
p0       06− 4.983e±0.0003402 − 
p1       06− 6.651e± 0.0007129 
p2        0.0005251±    13 
p3       06− 3.404e± 0.05849 

 / ndf 2χ 06 / 796− 6.143e
p0       06− 4.566e±0.0003416 − 
p1       06− 5.339e± 0.0007477 
p2        0.0004242±    13 
p3       06− 3.107e± 0.05844 

 / ndf 2χ 06 / 796− 6.143e
p0       06− 4.566e±0.0003416 − 
p1       06− 5.339e± 0.0007477 
p2        0.0004242±    13 
p3       06− 3.107e± 0.05844 

Graph

Figure 41: For run 4736, BPM sin phase check plots of us avg versus ramp signal are shown

with the modulating the coil C7 (∂bpm11X12X

∂C7
is largest in this run). Each point shows the

corresponding bpm value (16 ramp phases for 240 Hz) . Different color presents different

beam modulation supercycle. The p0 ∗ sin(2π ∗ p1 ∗ x + p2 ∗ 180/π) + p3 fit functions are

shown as the red lines.
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Figure 42: For slug79, bpm11X12X versus us avg plots are shown with modulating the coil

C7 for the linearity check (∂bpm11X12X

∂C7
is the most sensitive in this run). Each point shows

the corresponding bpm average value per ramp phase.
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X  / ndf 2χ   7415 / 333
p0        0.0004052±0.0002842 − 
p1        0.9419±388.4 − 
p2         4646±1.681e+04 − 

 / ndf 2χ   7415 / 333
p0        0.0004052±0.0002842 − 
p1        0.9419±388.4 − 
p2         4646±1.681e+04 − 

 coil7 is on

Figure 43: For slug79, bpm11X12X versus us avg plots are shown with modulating the coil

C7 for the linearity check (∂bpm11X12X

∂C7
is the most sensitive in this run). Each point shows

the corresponding bpm average value per ramp phase. Here, the Xaxis errors were ignored

when the ”pol2” fit happened
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 / ndf 2χ   3809 / 332
p0        0.0005547± 0.0002198 
p1         3.37±352.7 − 
p2         7243±2.416e+04 − 
p3        3.188e+07±4.207e+08 − 

 / ndf 2χ   3809 / 332
p0        0.0005547± 0.0002198 
p1         3.37±352.7 − 
p2         7243±2.416e+04 − 
p3        3.188e+07±4.207e+08 − 

 coil7 is on

Figure 44: For slug79, bpm11X12X versus us avg plots are shown with modulating the coil

C7 for the linearity check (∂bpm11X12X

∂C7
is the most sensitive in this run). Each point shows

the corresponding bpm average value per ramp phase. Here, the Xaxis errors were ignored

when the ”pol3” fit happened
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 / ndf 2χ  28.06 / 20
p0        1.292±395.7 − 

 / ndf 2χ  28.06 / 20
p0        1.292±395.7 − 

p1 from us_avg vs bpm11X12X fit

Figure 45: For slug 79, the fit parameter ”p1” from bpm11X12X versus us avg plots are

shown versus dithering supercycles.
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 / ndf 2χ  11.43 / 20
p0         6071±2.212e+04 − 

 / ndf 2χ  11.43 / 20
p0         6071±2.212e+04 − 

p2 from us_avg vs bpm11X12X fit

Figure 46: For slug 79, the fit parameter ”p2” from bpm11X12X versus us avg plots are

shown versus dithering supercycles.
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 / ndf 2χ  0.05824 / 94

p0        0.004274± 0.2812 

p1       07− 1.422e± 0.06245 

p2        0.6997± 4.288 

p3        0.002515±  1.28 

Run4763 coil2 cycle=3585
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p0        1.809± 271.5 
p1         1.79± 0.06245 
p2         1.79± 0.249 
p3        1.799± 781.7 

 / ndf 2χ  301.3 / 94
p0        1.809± 271.5 
p1         1.79± 0.06245 
p2         1.79± 0.249 
p3        1.799± 781.7 

Run4763 coil2 cycle=3585

Figure 47: For run 4763 bpm4aY p0 ∗ sin(2π ∗ p1 ∗ (x+ p2)) + p3
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 / ndf 2χ  0.1453 / 75
p0        0.008237±0.2703 − 
p1       07− 2.186e± 0.0624 
p2        0.4857±0.4907 − 
p3        0.004953± 0.2178 

 / ndf 2χ  0.1453 / 75
p0        0.008237±0.2703 − 
p1       07− 2.186e± 0.0624 
p2        0.4857±0.4907 − 
p3        0.004953± 0.2178 

Run 4763 coil5 cycle=3586
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p0        0.2307±138.5 − 
p1       07− 6.991e± 0.0624 
p2        1.555±0.878 − 
p3        0.1677± 821.3 

 / ndf 2χ  159.9 / 75
p0        0.2307±138.5 − 
p1       07− 6.991e± 0.0624 
p2        1.555±0.878 − 
p3        0.1677± 821.3 

Run 4763 coil5 cycle=3586

Figure 48: For run 4763, bpm4eX p0 ∗ sin(2π ∗ p1 ∗ (x+ p2)) + p3
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p3        0.003515± 0.4425 

 / ndf 2χ  0.2112 / 129
p0        0.005646± 0.1383 
p1       07− 2.625e± 0.06244 
p2        1.519± 3.792 
p3        0.003515± 0.4425 
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p2        0.6068± 3.886 
p3        0.102± 832.7 

 / ndf 2χ  188.4 / 129
p0        0.1476± 116.4 
p1       07− 1.043e± 0.06244 
p2        0.6068± 3.886 
p3        0.102± 832.7 

Graph

Figure 49: For run 4763, bpm11X12X p0 ∗ sin(2π ∗ p1 ∗ (x+ p2)) + p3
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p3       05− 1.658e± 0.06058 

 / ndf 2χ 06 / 131− 4.787e
p0       05− 2.35e± 0.0004176 
p1            0± 0.06244 
p2            0± 3.886 
p3       05− 1.658e± 0.06058 

Run4763 coil7 cycle=3586
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p1       07− 1.043e± 0.06244 
p2        0.6068± 3.886 
p3        0.102± 832.7 

 / ndf 2χ  188.4 / 129
p0        0.1476± 116.4 
p1       07− 1.043e± 0.06244 
p2        0.6068± 3.886 
p3        0.102± 832.7 

Graph

Figure 50: For run 4763, usl p0 ∗ sin(2π ∗ p1 ∗ (x+ p2)) + p3
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Run 4763 coil7, cycle=3586

361.76 361.78 361.8 361.82 361.84 361.86 361.88 361.9

310×

event

700

750

800

850

900

950co
il7

 / ndf 2χ  188.4 / 129
p0        0.1476± 116.4 
p1       07− 1.043e± 0.06244 
p2        0.6068± 3.886 
p3        0.102± 832.7 

 / ndf 2χ  188.4 / 129
p0        0.1476± 116.4 
p1       07− 1.043e± 0.06244 
p2        0.6068± 3.886 
p3        0.102± 832.7 

Graph

Figure 51: For run 4763 usr p0 ∗ sin(2π ∗ p1 ∗ (x+ p2)) + p3
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 / ndf 2χ 06 / 129− 1.288e
p0       05− 1.242e±0.0002981 − 
p1       08− 6.315e± 0.06249 
p2        0.3655± 5.755 
p3       06− 8.672e± 0.05842 

 / ndf 2χ 06 / 129− 1.288e
p0       05− 1.242e±0.0002981 − 
p1       08− 6.315e± 0.06249 
p2        0.3655± 5.755 
p3       06− 8.672e± 0.05842 
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p1       07− 1.043e± 0.06244 
p2        0.6068± 3.886 
p3        0.102± 832.7 

 / ndf 2χ  188.4 / 129
p0        0.1476± 116.4 
p1       07− 1.043e± 0.06244 
p2        0.6068± 3.886 
p3        0.102± 832.7 

Graph

Figure 52: For run 4763 us avg p0 ∗ sin(2π ∗ p1 ∗ (x+ p2)) + p3
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