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Std Dev     0.052± 0.4878 
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 / ndf 2χ  0.4125 / 2

Constant  3.62± 17.78 
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1D pull distribution
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Mean   0.08162± 0.005933 

Std Dev    0.05772± 0.5414 

Underflow       0

Overflow        0

 / ndf 2χ  3.069 / 3

Constant  4.2±  17.3 

Mean      0.08015± 0.02382 

Sigma     0.0957± 0.5039 

1D pull distribution
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1D pull distribution

Mean   0.1657± 0.0188 

Std Dev    0.1172±  1.099 

Underflow       0

Overflow        0

 / ndf 2χ  4.356 / 7

Constant  1.719± 7.641 

Mean      0.2089± 0.1204 

Sigma     0.226± 1.151 

1D pull distribution
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1D pull distribution

Mean   0.1703± 0.01048 

Std Dev    0.1204±   1.13 

Underflow       0

Overflow        0

 / ndf 2χ  5.543 / 7

Constant  1.373± 6.315 

Mean      0.30613±0.05162 − 

Sigma     0.3±   1.4 

1D pull distribution
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1D pull distribution

Mean   0.0379±0.002961 − 

Std Dev    0.0268± 0.2514 

Underflow       0

Overflow        0

 / ndf 2χ 07 / 0− 1.782e

Constant  439.9±    86 

Mean      4.512±1.389 − 

Sigma     1.0242± 0.7981 

1D pull distribution
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1D pull distribution

Mean        0±      0 

Std Dev         0±      0 

Underflow       0

Overflow        0

 / ndf 2χ 10 / 0− 3.635e

Constant  129.07± 57.42 

Mean      0.7733± 0.4508 

Sigma     1.2960± 0.2523 

1D pull distribution
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1D pull distribution
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Std Dev         0±      0 

Underflow       0
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Constant  129.07± 57.42 
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1D pull distribution
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1D pull distribution

Mean   0.1409±0.0003102 − 

Std Dev    0.09963± 0.9346 

Underflow       0

Overflow        0

 / ndf 2χ  1.697 / 4

Constant  1.798± 9.425 

Mean      0.270098± 0.008451 

Sigma     0.226± 1.184 

1D pull distribution
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1D pull distribution

Mean    0.178± 0.01457 

Std Dev    0.1258±   1.18 

Underflow       0

Overflow        0

 / ndf 2χ  4.592 / 8

Constant  1.309± 6.338 

Mean      0.2665±0.1085 − 

Sigma     0.244± 1.413 

1D pull distribution
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 / ndf 2χ   55.3 / 43
p0        182.1± 335.2 

 / ndf 2χ   55.3 / 43
p0        182.1± 335.2 
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1D pull distribution

Mean    0.169±0.01038 − 

Std Dev    0.1195±  1.121 

Underflow       0

Overflow        0

 / ndf 2χ   3.79 / 6

Constant  1.505± 6.618 

Mean      0.35155±0.05812 − 

Sigma     0.426± 1.487 

1D pull distribution
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p0        181.4± 825.4 

 / ndf 2χ  44.53 / 43
p0        181.4± 825.4 
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1D pull distribution

Mean   0.1516± 0.009975 

Std Dev    0.1072±  1.006 

Underflow       0

Overflow        0

 / ndf 2χ  4.343 / 6

Constant  1.876± 8.654 

Mean      0.2067±0.1042 − 

Sigma     0.210± 1.053 

1D pull distribution
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 / ndf 2χ  38.16 / 43
p0        14.07±14.39 − 

 / ndf 2χ  38.16 / 43
p0        14.07±14.39 − 
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1D pull distribution

Mean   0.1404±0.01255 − 

Std Dev    0.09927± 0.9312 

Underflow       0

Overflow        0

 / ndf 2χ  2.998 / 6

Constant  1.923± 8.784 

Mean      0.2778±0.1706 − 

Sigma     0.25±  1.09 

1D pull distribution
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 / ndf 2χ  14.51 / 43
p0        5.933± 5.266 

 / ndf 2χ  14.51 / 43
p0        5.933± 5.266 
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1D pull distribution

Mean   0.08658±0.00107 − 

Std Dev    0.06122± 0.5743 

Underflow       0

Overflow        0

 / ndf 2χ  2.548 / 4

Constant  4.04± 19.16 

Mean      0.07427±0.00065 − 

Sigma     0.0698± 0.4638 

1D pull distribution
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 / ndf 2χ   27.9 / 43
p0        2.355±1.517 − 

 / ndf 2χ   27.9 / 43
p0        2.355±1.517 − 
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1D pull distribution

Mean     0.12±0.0008455 − 

Std Dev    0.08488± 0.7962 

Underflow       0

Overflow        0

 / ndf 2χ  6.968 / 4

Constant  2.91± 11.65 

Mean      0.1446± 0.0285 

Sigma     0.1379± 0.6814 

1D pull distribution
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 / ndf 2χ  8.893 / 43

p0        9.166± 5.794 
 / ndf 2χ  8.893 / 43

p0        9.166± 5.794 
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1D pull distribution

Mean   0.06777±0.003386 − 

Std Dev    0.04792± 0.4495 

Underflow       0

Overflow        0

 / ndf 2χ  1.392 / 3

Constant  4.31± 20.69 

Mean      0.0674±0.0298 − 

Sigma     0.0618± 0.4382 

1D pull distribution
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 / ndf 2χ  51.85 / 43
p0         12.8± 14.67 

 / ndf 2χ  51.85 / 43
p0         12.8± 14.67 
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1D pull distribution

Mean   0.1636± 0.01533 

Std Dev    0.1157±  1.085 

Underflow       0

Overflow        0

 / ndf 2χ  2.968 / 7

Constant  1.824± 9.348 

Mean      0.159239±0.004996 − 

Sigma     0.1275± 0.9542 

1D pull distribution
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p0        7.755± 3.523 

 / ndf 2χ  10.98 / 43
p0        7.755± 3.523 
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1D pull distribution

Mean   0.07529±0.005589 − 

Std Dev    0.05324± 0.4994 

Underflow       0

Overflow        0

 / ndf 2χ  1.482 / 2

Constant  3.60± 17.71 

Mean     08− 5.747e±17 − 4.039e

Sigma     0.0772± 0.5194 

1D pull distribution



4871.0
4871.1

4871.2
4871.3

4871.4
4872.0

4872.1
4872.2

4872.3
4873.0

4873.1
4873.2

4873.3
4873.4

4874.0
4874.1

4874.2
4874.3

4874.4
4874.5

4875.0
4875.1

4875.2
4875.3

4875.4
4876.0

4876.1
4876.2

4876.3
4876.4

4876.5
4876.6

4877.0
4877.1

4877.2
4877.3

4877.4
4877.5

4877.6
4878.0

4878.1
4878.2

4878.3
4878.4

2.4

2.45

2.5

2.55

2.6

2.65

R
M

S
 (

um
)

diff_bpm1Y RMS (um)diff_bpm1Y RMS (um)



0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.011.012.013.014.015.016.017.018.019.020.021.022.023.024.025.026.027.028.029.030.031.032.033.034.035.036.037.038.039.040.041.042.043.0
200−

150−

100−

50−

0

50

100

150
 / ndf 2χ  48.99 / 43

p0         6.03±6.228 − 
 / ndf 2χ  48.99 / 43

p0         6.03±6.228 − 
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1D pull distribution

Mean   0.1591±0.01402 − 

Std Dev    0.1125±  1.055 

Underflow       0

Overflow        0

 / ndf 2χ  0.8592 / 6

Constant  1.472± 8.054 

Mean      0.3437±0.3974 − 

Sigma     0.26±  1.42 

1D pull distribution
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p0        2.425±3.015 − 

 / ndf 2χ  21.56 / 43
p0        2.425±3.015 − 
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1D pull distribution

Mean   0.1055± 0.004796 

Std Dev    0.07463± 0.7001 

Underflow       0

Overflow        0

 / ndf 2χ  4.638 / 4

Constant  2.80± 12.71 

Mean      0.14394± 0.02308 

Sigma     0.1116± 0.6677 

1D pull distribution
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p0         7.06±5.267 − 

 / ndf 2χ  59.12 / 43
p0         7.06±5.267 − 
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1D pull distribution

Mean   0.1747±0.01143 − 

Std Dev    0.1236±  1.159 

Underflow       0

Overflow        0

 / ndf 2χ  2.044 / 7

Constant  1.582± 7.857 

Mean      0.2171±0.1635 − 

Sigma     0.192± 1.241 

1D pull distribution
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 / ndf 2χ  34.85 / 43

p0        4.802± 2.188 
 / ndf 2χ  34.85 / 43

p0        4.802± 2.188 
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1D pull distribution

Mean   0.1342± 0.01541 

Std Dev    0.09486± 0.8899 

Underflow       0

Overflow        0

 / ndf 2χ  4.593 / 6

Constant  1.826± 8.934 

Mean      0.16022± 0.05741 

Sigma     0.1355± 0.9533 

1D pull distribution
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 / ndf 2χ  52.66 / 43
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diff_bpm11X (nm)
48

71
.0

48
71

.1
48

71
.2

48
71

.3

48
71

.4
48

72
.0

48
72

.1
48

72
.2

48
72

.3

48
73

.0
48

73
.1

48
73

.2
48

73
.3

48
73

.4
48

74
.0

48
74

.1
48

74
.2

48
74

.3

48
74

.4
48

74
.5

48
75

.0
48

75
.1

48
75

.2
48

75
.3

48
75

.4
48

76
.0

48
76

.1

48
76

.2
48

76
.3

48
76

.4
48

76
.5

48
76

.6
48

77
.0

48
77

.1
48

77
.2

48
77

.3

48
77

.4
48

77
.5

48
77

.6
48

78
.0

48
78

.1
48

78
.2

48
78

.3
48

78
.4

2−
1−
0
1
2

8− 6− 4− 2− 0 2 4 6 8
0

2

4

6

8

10

1D pull distribution

Mean   0.1649±0.01047 − 

Std Dev    0.1166±  1.094 

Underflow       0

Overflow        0

 / ndf 2χ  3.574 / 7

Constant  1.427± 7.195 

Mean      0.212449± 0.001451 

Sigma     0.179± 1.231 

1D pull distribution
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p0         2.91±0.9657 − 

 / ndf 2χ  14.67 / 43
p0         2.91±0.9657 − 
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1D pull distribution

Mean   0.08706±0.001922 − 

Std Dev    0.06156± 0.5775 

Underflow       0

Overflow        0

 / ndf 2χ  4.047 / 3

Constant  2.89± 13.72 

Mean      0.11977± 0.01166 

Sigma     0.0932± 0.6249 

1D pull distribution
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p0        9.013±     0 

 / ndf 2χ      0 / 43
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1D pull distribution

Mean        0±      0 

Std Dev         0±      0 

Underflow       0

Overflow        0

 / ndf 2χ 10 / 0− 3.635e

Constant  129.07± 57.42 

Mean      0.7733± 0.4508 

Sigma     1.2960± 0.2523 

1D pull distribution
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p0        91.61± 113.3 
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1D pull distribution
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Mean   0.07218±0.003402 − 
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Underflow       0

Overflow        0

 / ndf 2χ  3.472 / 2

Constant  5.88± 26.97 
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Sigma     0.0489± 0.3199 

1D pull distribution
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p0        22.88±15.55 − 

 / ndf 2χ  12.15 / 43
p0        22.88±15.55 − 
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Mean   0.07922±05 −7.97e− 
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Overflow        0

 / ndf 2χ   1.52 / 3

Constant  3.8±  17.4 

Mean      0.08066± 0.03199 
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1D pull distribution
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 / ndf 2χ  3.805 / 43
p0        34.73± 9.346 

 / ndf 2χ  3.805 / 43
p0        34.73± 9.346 
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Std Dev    0.03135± 0.2941 

Underflow       0

Overflow        0

 / ndf 2χ  3.809 / 1

Constant  6.86± 32.08 

Mean      0.0414±0.1041 − 

Sigma     0.0368± 0.2678 

1D pull distribution
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 / ndf 2χ  20.28 / 43
p0        147.6± 116.5 

 / ndf 2χ  20.28 / 43
p0        147.6± 116.5 
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Mean   0.1023± 0.009591 

Std Dev    0.07237± 0.6788 

Underflow       0

Overflow        0

 / ndf 2χ  1.852 / 4

Constant  3.02± 15.18 

Mean      0.09505± 0.00542 

Sigma     0.0786± 0.5939 

1D pull distribution
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0
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 / ndf 2χ   19.2 / 43
p0        25.27± 14.88 

 / ndf 2χ   19.2 / 43
p0        25.27± 14.88 
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Std Dev    0.07042± 0.6606 
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 / ndf 2χ  2.333 / 3

Constant  3.44± 15.24 
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Sigma     0.1161± 0.5998 

1D pull distribution
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1D pull distribution

Mean   0.1975± 0.01401 

Std Dev    0.1396±   1.31 

Underflow       0

Overflow        0

 / ndf 2χ  15.45 / 8

Constant  2.220± 8.559 

Mean      0.147±0.399 − 

Sigma     0.1356± 0.7144 

1D pull distribution



4871.0
4871.1

4871.2
4871.3

4871.4
4872.0

4872.1
4872.2

4872.3
4873.0

4873.1
4873.2

4873.3
4873.4

4874.0
4874.1

4874.2
4874.3

4874.4
4874.5

4875.0
4875.1

4875.2
4875.3

4875.4
4876.0

4876.1
4876.2

4876.3
4876.4

4876.5
4876.6

4877.0
4877.1

4877.2
4877.3

4877.4
4877.5

4877.6
4878.0

4878.1
4878.2

4878.3
4878.4

10

20

30

40

50

60

R
M

S
 (

pp
m

)
corr_us_avg_bpm16X RMS (ppm)corr_us_avg_bpm16X RMS (ppm)



0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.011.012.013.014.015.016.017.018.019.020.021.022.023.024.025.026.027.028.029.030.031.032.033.034.035.036.037.038.039.040.041.042.043.0

400−

200−

0

200

400

600
 / ndf 2χ  10.29 / 43

p0        30.65± 23.44 
 / ndf 2χ  10.29 / 43

p0        30.65± 23.44 

corr_us_avg_bpm16Y (ppb)
48

71
.0

48
71

.1
48

71
.2

48
71

.3

48
71

.4
48

72
.0

48
72

.1
48

72
.2

48
72

.3

48
73

.0
48

73
.1

48
73

.2
48

73
.3

48
73

.4
48

74
.0

48
74

.1
48

74
.2

48
74

.3

48
74

.4
48

74
.5

48
75

.0
48

75
.1

48
75

.2
48

75
.3

48
75

.4
48

76
.0

48
76

.1

48
76

.2
48

76
.3

48
76

.4
48

76
.5

48
76

.6
48

77
.0

48
77

.1
48

77
.2

48
77

.3

48
77

.4
48

77
.5

48
77

.6
48

78
.0

48
78

.1
48

78
.2

48
78

.3
48

78
.4

0.5−
0

0.5
1

1.5

8− 6− 4− 2− 0 2 4 6 8
0

2

4

6

8

10

12

14

16

18

1D pull distribution

Mean   0.07291±0.001517 − 

Std Dev    0.05156± 0.4837 

Underflow       0

Overflow        0

 / ndf 2χ  0.4125 / 2

Constant  3.62± 17.78 

Mean      0.08704±0.04438 − 

Sigma     0.0834± 0.5343 

1D pull distribution
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1D pull distribution

Mean   0.0805± 0.005851 

Std Dev    0.05692±  0.534 

Underflow       0

Overflow        0

 / ndf 2χ  0.7066 / 3

Constant  3.55± 17.55 

Mean      0.08158± 0.02387 

Sigma     0.0712± 0.5256 

1D pull distribution
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1D pull distribution

Mean   0.1633± 0.01854 

Std Dev    0.1155±  1.084 

Underflow       0

Overflow        0

 / ndf 2χ  4.515 / 6

Constant  1.736± 7.688 

Mean      0.209± 0.117 

Sigma     0.234± 1.144 

1D pull distribution
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1D pull distribution

Mean   0.1683± 0.01036 

Std Dev     0.119±  1.116 

Underflow       0

Overflow        0

 / ndf 2χ  5.567 / 7

Constant  1.427± 6.434 

Mean      0.29114±0.01977 − 

Sigma     0.281± 1.362 

1D pull distribution
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1D pull distribution

Mean   0.03815±0.00298 − 

Std Dev    0.02698± 0.2531 

Underflow       0

Overflow        0

 / ndf 2χ 07 / 0− 1.782e

Constant  439.9±    86 

Mean      4.512±1.389 − 

Sigma     1.0242± 0.7981 

1D pull distribution
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1D pull distribution

Mean        0±      0 

Std Dev         0±      0 

Underflow       0

Overflow        0

 / ndf 2χ 10 / 0− 3.635e

Constant  129.07± 57.42 

Mean      0.7733± 0.4508 

Sigma     1.2960± 0.2523 

1D pull distribution
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Std Dev    0.09053± 0.8492 

Underflow       0

Overflow        0
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1D pull distribution
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Mean   0.03982± 0.0004384 

Std Dev    0.02816± 0.2642 

Underflow       0

Overflow        0

 / ndf 2χ 08 / 0− 1.268e

Constant  5.73± 28.18 
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Sigma     0.0635± 0.3478 

1D pull distribution
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Mean   0.1289±0.001847 − 

Std Dev    0.09114±  0.855 

Underflow       0

Overflow        0

 / ndf 2χ  5.427 / 5

Constant  3.58± 10.59 

Mean      0.17070± 0.05542 

Sigma     0.2605± 0.7932 

1D pull distribution
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Mean   0.07253± 0.004406 

Std Dev    0.05128± 0.4811 

Underflow       0

Overflow        0

 / ndf 2χ  1.867 / 2

Constant  4.26± 21.04 
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Sigma     0.0584± 0.4278 

1D pull distribution
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Mean   0.08666± 0.008797 

Std Dev    0.06127± 0.5748 

Underflow       0

Overflow        0

 / ndf 2χ   0.86 / 3

Constant  3.26± 15.83 

Mean      0.11831± 0.03781 

Sigma     0.1041± 0.6023 

1D pull distribution
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Mean   0.1824±0.01039 − 

Std Dev    0.1289±   1.21 

Underflow       0

Overflow        0

 / ndf 2χ  3.687 / 7

Constant  1.387± 6.924 
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Sigma     0.278± 1.328 

1D pull distribution
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Mean   0.1677± 0.01424 

Std Dev    0.1186±  1.113 

Underflow       0

Overflow        0
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1D pull distribution
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 / ndf 2χ  16.49 / 43
p0        6.875±7.691 − 

 / ndf 2χ  16.49 / 43
p0        6.875±7.691 − 
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1D pull distribution

Mean   0.09228± 0.003426 

Std Dev    0.06525± 0.6121 

Underflow       0

Overflow        0

 / ndf 2χ  3.087 / 4

Constant  4.00± 19.18 

Mean      0.0714± 0.1383 

Sigma     0.0628± 0.4539 

1D pull distribution
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p0         33.8± 24.78 

 / ndf 2χ  79.87 / 43
p0         33.8± 24.78 
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1D pull distribution

Mean   0.2031± 0.0125 

Std Dev    0.1436±  1.347 

Underflow       0

Overflow        0

 / ndf 2χ  11.32 / 9

Constant  2.019± 6.389 

Mean     01− 3.390e±05 − 2.206e

Sigma     0.386± 1.161 

1D pull distribution
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 / ndf 2χ   57.4 / 43
p0        9.475± 1.046 

 / ndf 2χ   57.4 / 43
p0        9.475± 1.046 
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1D pull distribution

Mean   0.1722± 0.009259 

Std Dev    0.1218±  1.142 

Underflow       0

Overflow        0

 / ndf 2χ  11.11 / 8

Constant  2.051± 6.677 

Mean      0.2226± 0.1028 

Sigma     0.290± 1.064 

1D pull distribution
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0
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 / ndf 2χ  98.26 / 43
p0        65.61±37.88 − 

 / ndf 2χ  98.26 / 43
p0        65.61±37.88 − 
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1D pull distribution

Mean   0.2253±0.01474 − 

Std Dev    0.1593±  1.494 

Underflow       0

Overflow        0

 / ndf 2χ  3.616 / 9

Constant  1.069± 5.234 

Mean      0.353± 0.188 

Sigma     0.350± 1.807 

1D pull distribution
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200−
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 / ndf 2χ   12.4 / 43
p0         13.1± 7.745 

 / ndf 2χ   12.4 / 43
p0         13.1± 7.745 
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1D pull distribution

Mean   0.08005±0.000296 − 

Std Dev    0.0566±  0.531 

Underflow       0

Overflow        0

 / ndf 2χ  7.658 / 4

Constant  5.73± 25.79 

Mean      0.0505±0.1344 − 

Sigma     0.0444± 0.2999 

1D pull distribution
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p0        4.885±     0 
 / ndf 2χ      0 / 43

p0        4.885±     0 
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1D pull distribution

Mean        0±      0 

Std Dev         0±      0 

Underflow       0

Overflow        0

 / ndf 2χ 10 / 0− 3.635e

Constant  129.07± 57.42 

Mean      0.7733± 0.4508 

Sigma     1.2960± 0.2523 

1D pull distribution
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 / ndf 2χ      0 / 43
p0        3.006±     0 

 / ndf 2χ      0 / 43
p0        3.006±     0 
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1D pull distribution

Mean        0±      0 

Std Dev         0±      0 

Underflow       0

Overflow        0

 / ndf 2χ 10 / 0− 3.635e

Constant  129.07± 57.42 

Mean      0.7733± 0.4508 

Sigma     1.2960± 0.2523 

1D pull distribution
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 / ndf 2χ     42 / 43
p0        374.8± 388.8 

 / ndf 2χ     42 / 43
p0        374.8± 388.8 
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1D pull distribution
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 / ndf 2χ  1.678 / 2

Constant  6.19± 30.88 
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1D pull distribution
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Mean   0.1422±0.001334 − 

Std Dev    0.1006± 0.9434 

Underflow       0

Overflow        0

 / ndf 2χ  4.601 / 6

Constant  1.967± 8.667 

Mean      0.22303± 0.03992 

Sigma     0.227± 1.032 

1D pull distribution
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1D pull distribution

Mean   0.07354± 0.005617 

Std Dev     0.052± 0.4878 

Underflow       0

Overflow        0

 / ndf 2χ  5.044 / 3

Constant  7.84± 25.43 

Mean      0.09929± 0.02536 

Sigma     0.0848± 0.3264 

1D pull distribution
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1D pull distribution

Mean   0.09601± 0.009467 

Std Dev    0.06789± 0.6369 

Underflow       0

Overflow        0

 / ndf 2χ  0.7488 / 3

Constant  3.07± 14.55 

Mean     07− 1.219e±17 − 6.066e

Sigma     0.1208± 0.6661 

1D pull distribution
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Mean    0.155±0.009282 − 

Std Dev    0.1096±  1.028 

Underflow       0

Overflow        0

 / ndf 2χ  5.049 / 7

Constant  2.481± 9.939 

Mean      0.14491±0.03083 − 

Sigma     0.1817± 0.8557 

1D pull distribution
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Mean   0.1838± 0.01499 

Std Dev      0.13±  1.219 

Underflow       0

Overflow        0

 / ndf 2χ   4.91 / 7

Constant  1.698± 7.893 

Mean      0.20974± 0.06858 

Sigma     0.203± 1.109 

1D pull distribution
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1D pull distribution

Mean   0.05707±0.0007311 − 

Std Dev    0.04035± 0.3786 

Underflow       0

Overflow        0

 / ndf 2χ  4.481 / 2

Constant  5.06± 18.44 

Mean      0.10684±0.02023 − 

Sigma     0.1024± 0.4517 

1D pull distribution
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1D pull distribution
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Mean      0.256± 0.031 

Sigma     0.252± 1.263 

1D pull distribution
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1D pull distribution
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1D pull distribution

Mean        0±      0 

Std Dev         0±      0 

Underflow       0

Overflow        0

 / ndf 2χ 10 / 0− 3.635e

Constant  129.07± 57.42 

Mean      0.7733± 0.4508 

Sigma     1.2960± 0.2523 

1D pull distribution
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1D pull distribution

Mean        0±      0 

Std Dev         0±      0 

Underflow       0
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 / ndf 2χ 10 / 0− 3.635e

Constant  129.07± 57.42 

Mean      0.7733± 0.4508 

Sigma     1.2960± 0.2523 

1D pull distribution
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Mean   0.09573±0.007709 − 

Std Dev    0.06769±  0.635 

Underflow       0
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 / ndf 2χ  1.114 / 4
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1D pull distribution
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1D pull distribution
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