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hgem1
Entries  100000
Mean  1.2−   
RMS    0.1001

 / ndf 2χ  107.4 / 99
Constant  12.3±  3190 
Mean      0.0±1.2 −  
Sigma     0.00022± 0.09994 
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Entries  100000
Mean  1.2−   
RMS    0.1001

 / ndf 2χ  107.4 / 99
Constant  12.3±  3190 
Mean      0.0±1.2 −  
Sigma     0.00022± 0.09994 

hgem1
hgem2

Entries  100000
Mean  1.5−   
RMS    0.09985

 / ndf 2χ  78.91 / 99
Constant  12.4±  3199 
Mean      0.0±1.5 −  
Sigma     0.0002± 0.0997 
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hgem2
Entries  100000
Mean  1.5−   
RMS    0.09985

 / ndf 2χ  78.91 / 99
Constant  12.4±  3199 
Mean      0.0±1.5 −  
Sigma     0.0002± 0.0997 

hgem2

h
Entries  100000
Mean   0.7987
RMS     2.489

 / ndf 2χ  215.3 / 242
Constant  5.0±  1284 
Mean      0.008± 0.799 
Sigma     0.006± 2.481 
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Entries  100000
Mean   0.7987
RMS     2.489

 / ndf 2χ  215.3 / 242
Constant  5.0±  1284 
Mean      0.008± 0.799 
Sigma     0.006± 2.481 

hycal
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Entries  30154
Mean x 0.473− 
Mean y 0.1495− 
RMS x   82.23
RMS y   104.9

hmoller
Entries  30154
Mean x 0.473− 
Mean y 0.1495− 
RMS x   82.23
RMS y   104.9

hmoller
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hhgem1
Entries  114360
Mean x 68.78− 
Mean y    0.29
RMS x    58.4
RMS y   97.86

hhgem1

600− 400− 200− 0 200 400 600600−

400−

200−

0

200

400

600 hhgem2
Entries  112587
Mean x   66.89
Mean y  0.7737
RMS x   57.31
RMS y   96.88

hhgem2
Entries  112587
Mean x   66.89
Mean y  0.7737
RMS x   57.31
RMS y   96.88

hhgem2

Simulation test on validity of methods

GEM1 resolution GEM2 resolution

HyCal resolution

GEM1 Moller GEM2 Moller

• Detectors were given a fixed offset in simulation. 
• Use simulation data to test if the two methods give the correct offset value
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h_gemx_gem2
Entries  1000000
Mean   0.3083
RMS    0.1415

 / ndf 2χ  12.82 / 24
Constant  7.288e+01± 2.519e+04 
Mean      0.0003± 0.3083 
Sigma     0.0002± 0.1415 
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h_gemx_gem2

Entries  1000000
Mean   0.3083
RMS    0.1415

 / ndf 2χ  12.82 / 24
Constant  7.288e+01± 2.519e+04 
Mean      0.0003± 0.3083 
Sigma     0.0002± 0.1415 

h_gemx_gem2
h_gemy_gem2

Entries  1000000
Mean  0.2045− 
RMS    0.1413

 / ndf 2χ  22.28 / 23
Constant  7.286e+01± 2.522e+04 
Mean      0.0003±0.2045 − 
Sigma     0.0002± 0.1413 
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Entries  1000000
Mean  0.2045− 
RMS    0.1413

 / ndf 2χ  22.28 / 23
Constant  7.286e+01± 2.522e+04 
Mean      0.0003±0.2045 − 
Sigma     0.0002± 0.1413 

h_gemy_gem2

h_hycalx_gem2
Entries  1000000
Mean    2.238
RMS     2.301

 / ndf 2χ  350.2 / 332
Constant  4.5±  1547 
Mean      0.005± 2.241 
Sigma     0.004± 2.299 
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h_hycalx_gem2
Entries  1000000
Mean    2.238
RMS     2.301

 / ndf 2χ  350.2 / 332
Constant  4.5±  1547 
Mean      0.005± 2.241 
Sigma     0.004± 2.299 

h_hycalx_gem2
h_hycaly_gem2

Entries  1000000
Mean  1.17−  
RMS     2.295

 / ndf 2χ  323.7 / 350
Constant  4.5±  1554 
Mean      0.005±1.172 − 
Sigma     0.004± 2.289 
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Entries  1000000
Mean  1.17−  
RMS     2.295

 / ndf 2χ  323.7 / 350
Constant  4.5±  1554 
Mean      0.005±1.172 − 
Sigma     0.004± 2.289 

h_hycaly_gem2

h_gem2x_beam
Entries  1000000
Mean  1.487− 
RMS    0.3772

 / ndf 2χ  1.256e+05 / 397
Constant  2.565e+02± 1.614e+05 
Mean      0.000±1.499 − 
Sigma     0.0001± 0.1076 
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Entries  1000000
Mean  1.487− 
RMS    0.3772

 / ndf 2χ  1.256e+05 / 397
Constant  2.565e+02± 1.614e+05 
Mean      0.000±1.499 − 
Sigma     0.0001± 0.1076 

h_gem2x_beam
h_gem2y_beam

Entries  1000000
Mean    0.792
RMS    0.3764

 / ndf 2χ  1.256e+05 / 397
Constant  2.567e+02± 1.616e+05 
Mean      0.0001± 0.7991 
Sigma     0.0001± 0.1074 
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310× h_gem2y_beam
Entries  1000000
Mean    0.792
RMS    0.3764

 / ndf 2χ  1.256e+05 / 397
Constant  2.567e+02± 1.616e+05 
Mean      0.0001± 0.7991 
Sigma     0.0001± 0.1074 

h_gem2y_beam

Method1 on simulation data

Expect value : 0.3 Expect value : -0.2

Expect value : 2.3 Expect value : -1.1

Expect value : 0.8Expect value : -1.5
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h_gem1x_beam_m2
Entries  1000000
Mean  1.202− 
RMS    0.2021

 / ndf 2χ  1.313e+04 / 5
Constant  3.240e+02± 2.123e+05 
Mean      0.000±1.202 − 
Sigma     0.00010± 0.08044 
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310× h_gem1x_beam_m2
Entries  1000000
Mean  1.202− 
RMS    0.2021

 / ndf 2χ  1.313e+04 / 5
Constant  3.240e+02± 2.123e+05 
Mean      0.000±1.202 − 
Sigma     0.00010± 0.08044 

h_gem1x_beam_m2
h_gem1y_beam_m2

Entries  1000000
Mean   0.5837
RMS     1.674

 / ndf 2χ   9557 / 38
Constant  4.962e+01± 3.032e+04 
Mean      0.0007± 0.5946 
Sigma     0.0007± 0.4954 
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Entries  1000000
Mean   0.5837
RMS     1.674

 / ndf 2χ   9557 / 38
Constant  4.962e+01± 3.032e+04 
Mean      0.0007± 0.5946 
Sigma     0.0007± 0.4954 

h_gem1y_beam_m2

h_gem2x_beam_m2
Entries  1000000
Mean  1.499− 
RMS    0.2029

 / ndf 2χ   7747 / 5
Constant  3.132e+02± 2.147e+05 
Mean      0.0±1.5 −  
Sigma     0.00008± 0.07979 
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310× h_gem2x_beam_m2
Entries  1000000
Mean  1.499− 
RMS    0.2029

 / ndf 2χ   7747 / 5
Constant  3.132e+02± 2.147e+05 
Mean      0.0±1.5 −  
Sigma     0.00008± 0.07979 

h_gem2x_beam_m2
h_gem2y_beam_m2

Entries  1000000
Mean   0.7808
RMS     1.745

 / ndf 2χ   6475 / 37
Constant  4.650e+01± 2.778e+04 
Mean      0.0007± 0.7993 
Sigma     0.0008± 0.5291 
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Entries  1000000
Mean   0.7808
RMS     1.745

 / ndf 2χ   6475 / 37
Constant  4.650e+01± 2.778e+04 
Mean      0.0007± 0.7993 
Sigma     0.0008± 0.5291 

h_gem2y_beam_m2

h_hycalx_beam_m2
Entries  1000000
Mean   0.7189
RMS     3.019

 / ndf 2χ   3431 / 198
Constant  10.7±  7203 
Mean      0.003± 0.808 
Sigma     0.003± 2.333 
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Entries  1000000
Mean   0.7189
RMS     3.019

 / ndf 2χ   3431 / 198
Constant  10.7±  7203 
Mean      0.003± 0.808 
Sigma     0.003± 2.333 

h_hycalx_beam_m2
h_hycaly_beam_m2

Entries  1000000
Mean  0.3501− 
RMS     3.017

 / ndf 2χ   3260 / 197
Constant  10.7±  7214 
Mean      0.003±0.391 − 
Sigma     0.003± 2.329 
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Entries  1000000
Mean  0.3501− 
RMS     3.017

 / ndf 2χ   3260 / 197
Constant  10.7±  7214 
Mean      0.003±0.391 − 
Sigma     0.003± 2.329 

h_hycaly_beam_m2

Method2 on simulation data

Expect value : -1.2
Expect value : 0.6

Expect value : -1.5 Expect value : 0.8

Expect value : -0.4Expect value : 0.8

Compare to method1: distribution is wider 
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Entries  81824

Mean x 1.611− 
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Entries  79976

Mean x   4.154
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overlap moller gem2

Data: overlap ee2 events

Change compared to previous:

• require two ee2 events to find instant beam position 
• Previously require the two ee2 events to be time neighbors, like event #N and event #(N+1) 
• Now also require to be time adjacent, but need not to be close, like event #N and event 

#(N+m), m >= 1
5



hy
Entries  1379647

Mean   0.9479

Std Dev     2.635

 / ndf 2χ  291.7 / 147

Constant  1.324e+01± 1.008e+04 

Mean      0.0027± 0.9433 

Sigma     0.004± 2.053 
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Entries  1379647

Mean   0.9479

Std Dev     2.635

 / ndf 2χ  291.7 / 147

Constant  1.324e+01± 1.008e+04 

Mean      0.0027± 0.9433 

Sigma     0.004± 2.053 

YOffset
h_hycaly_gem2_offset_run1445

Entries  282136

Mean  0.9464− 

Std Dev     1.704
 / ndf 2χ  87.19 / 78

Constant  10.6±  3604 

Mean      0.0046±0.9385 − 
Sigma     0.006± 1.489 
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Entries  282136

Mean  0.9464− 

Std Dev     1.704
 / ndf 2χ  87.19 / 78

Constant  10.6±  3604 

Mean      0.0046±0.9385 − 
Sigma     0.006± 1.489 

hycal y offset relative to 2nd GEM

Data: HyCal clustering improvement

mm

HyCal detector offset relative to GEM2 

Due to improvement in HyCal clustering, compared to before, distribution width is smaller

Old New
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Data offset compare

1100 1200 1300 1400 1500

2−

1.8−

1.6−

1.4−

1.2−

1−

0.8−

0.6−

new table, method1
new table, method2
old table, method1

gem1x compare

1100 1200 1300 1400 1500
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0

0.5

1

1.5

new table, method1
new table, method2
old table, method1

gem1y compare

Run number Run number
m

mm
m

• New HyCal clustering, new Z calibration 
• Method1 and method2 overlaps 
• 0.1 mm - 0.2 mm difference compared to old table
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Data offset compare

Run number Run number
m

mm
m

• New HyCal clustering, new Z calibration 
• Method1 and method2 overlaps 
• 0.1 mm - 0.2 mm difference compared to old table
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Data offset compare

Run number Run number
m

mm
m

• New HyCal clustering, new Z calibration 
• Method1 and method2 overlaps 
• 0.1 mm - 0.2 mm difference compared to old table
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• M1 has 10 times larger statistics than M2 

• M1 has similar distribution width on both X and Y direction 

• M2 Y direction distribution width 4 times larger than X direction 

• Offset value from both methods agree, M2 with larger fluctuation 

• Generate offset table using M1

10


