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pVPD in d+Au (~9M evts)
finite rate for any combination of Ne from 1 to 3 and Nw 1 to 3.... (local trigger was “1.and.1”)

relative rate by (Ne,Nw): ”Event Classes”
Nw=1 Nw=2 Nw=3 Nw=1 Nw=2 Nw=3

Ne = 1 13% 4% 0.6% Ne = 1    9    9    3
Ne = 2 18% 5% 0.7% Ne = 2    9    9    3
Ne = 3 45% 11% 1.5% Ne = 3    3    3    1

     total = 100%       total = 49

Event Class Index [0-48] is unique identifier of which PMTs were live in a given event...

ind_EvClass = -1;
if (nw==1) {

if (ne==1){ ind_EvClass =           ind_E*3  + ind_W;  } else
if (ne==2){ ind_EvClass =   9 + indp_E*3  + ind_W;  } else
if (ne==3){ ind_EvClass = 18 +                      ind_W;  }

} else if (nw==2) {
if (ne==1){ ind_EvClass = 21 +   ind_E*3 + indp_W; } else
if (ne==2){ ind_EvClass = 30 + indp_E*3 + indp_W; } else
if (ne==3){ ind_EvClass = 39 +                     indp_W; }

} else if (nw==3) {
if (ne==1){ ind_EvClass = 42 +   ind_E;    } else
if (ne==2){ ind_EvClass = 45 + indp_E;    } else
if (ne==3){ ind_EvClass = 48;                    } }
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Backgrounds.......

raw TDC values
versus Zvtx...

(all event classes)

Backgrounds: possible start chs that cannot be “in-time”....
pVPD E-W totally inconsistent w/ Zvtx...
screws up entire timing scale (i.e. stop side)...

W1 on same side
as start ch

W1 is the start ch

Start ch on East

W1 is start ch but
Zvtx on wrong side!

rejected

rejected



General idea

Plot&Fit dependences of differences of (averages of) TDCs on ADC values

→ defines functions& parameters that flatten these difference distributions by definition...

The needed “start time” is the (E+W)/2 average of (average) TDC values

→ Apply the functions that flatten the differences to the averages in a consistent way...

Check whether this worked by looking how the stop-side 1/β-1/β(π) depends on pVPD ADC values

“1D approach”
reject background and define Event Class
flatten dependence of (E+W)/2 on Zvtx w/ linear fit
flatten dependence of this Zvtx residual on the various ADC values, one 1D ADC fit per pass
24 passes total

“2D approach”
reject background and define Event Class
flatten dependence of (E+W)/2 on Zvtx w/ linear fit
flatten dependence of this Zvtx residual on the various ADC values, one 2D ADC fit per pass
12 passes total
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p5         2021� 2.629e+05 
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Entries  5346
Mean    228.7
RMS       242
Underflow       0
Overflow   -17.76

 / ndf 2�  40.74 / 29
Prob   0.07261
p0        0.4379� -32.44 
p1        10.06� 824.1 
p2        78.27� -8600 
p3        435.1� 5.222e+04 
p4         2136� -1.583e+05 
p5         6775� 1.883e+05 
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p0        0.4379� -32.44 
p1        10.06� 824.1 
p2        78.27� -8600 
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Entries  6247
Mean    234.2
RMS     246.3
Underflow       0
Overflow   -16.04

 / ndf 2�  37.05 / 29
Prob   0.145
p0        0.4105� -21.54 
p1        9.228� 267.2 
p2        69.71�  1880 
p3        379.1� -3.915e+04 
p4         1827� 2.098e+05 
p5         5825� -3.629e+05 

htda1_22 htda1_22
Entries  6247
Mean    234.2
RMS     246.3
Underflow       0
Overflow   -16.04

 / ndf 2�  37.05 / 29
Prob   0.145
p0        0.4105� -21.54 
p1        9.228� 267.2 
p2        69.71�  1880 
p3        379.1� -3.915e+04 
p4         1827� 2.098e+05 
p5         5825� -3.629e+05 
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htda1_23
Entries  5547
Mean    222.7
RMS       237
Underflow       0
Overflow   -16.95

 / ndf 2�  37.55 / 29
Prob   0.1326
p0        0.4657� -33.91 
p1        10.37� 920.3 
p2        78.67� -1.134e+04 
p3        430.6� 8.157e+04 
p4         2091� -2.87e+05 
p5         6692� 3.856e+05 
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 / ndf 2�  37.55 / 29
Prob   0.1326
p0        0.4657� -33.91 
p1        10.37� 920.3 
p2        78.67� -1.134e+04 
p3        430.6� 8.157e+04 
p4         2091� -2.87e+05 
p5         6692� 3.856e+05 
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Entries  5366
Mean      231
RMS     242.7
Underflow       0
Overflow   -17.41

 / ndf 2�  33.09 / 29
Prob   0.2743
p0        0.4497� -43.82 
p1        10.04�  1471 
p2        74.15� -2.156e+04 
p3        400.1� 1.691e+05 
p4         1882� -6.391e+05 
p5         6070� 9.217e+05 
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 / ndf 2�  33.09 / 29
Prob   0.2743
p0        0.4497� -43.82 
p1        10.04�  1471 
p2        74.15� -2.156e+04 
p3        400.1� 1.691e+05 
p4         1882� -6.391e+05 
p5         6070� 9.217e+05 
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htda1_25
Entries  5989
Mean    236.4
RMS     248.9
Underflow       0
Overflow   -16.01

 / ndf 2�  39.86 / 29
Prob   0.08624
p0        0.4374� -27.02 
p1        9.569� 526.4 
p2        71.98� -2560 
p3          392� -2615 
p4         1870� 6.915e+04 
p5         5990� -1.608e+05 
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 / ndf 2�  39.86 / 29
Prob   0.08624
p0        0.4374� -27.02 
p1        9.569� 526.4 
p2        71.98� -2560 
p3          392� -2615 
p4         1870� 6.915e+04 
p5         5990� -1.608e+05 

200 400 600 800 1000
-20

-15

-10

-5

0

5

10

15

20
htda1_26

Entries  5325
Mean      233
RMS     246.6
Underflow       0
Overflow    -16.3

 / ndf 2�  35.05 / 29
Prob   0.2029
p0        0.4882� -27.87 
p1        10.63� 581.3 
p2        81.63� -4122 
p3        463.2� 1.401e+04 
p4         2322� -4516 
p5         7407� -4.477e+04 
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Prob   0.2029
p0        0.4882� -27.87 
p1        10.63� 581.3 
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p5         7407� -4.477e+04 
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Entries  4073
Mean    220.6
RMS     239.9
Underflow       0
Overflow   -18.07

 / ndf 2�  32.59 / 29
Prob   0.2945
p0        0.5385� -37.93 
p1         12.1�  1170 
p2        93.81� -1.628e+04 
p3        516.4� 1.242e+05 
p4         2503� -4.586e+05 
p5         7973� 6.498e+05 
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Prob   0.2945
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Entries  4734
Mean    222.2
RMS     241.4
Underflow       0
Overflow   -16.86

 / ndf 2�  33.56 / 29
Prob   0.2557
p0        0.458� -28.94 
p1        10.13�   623 
p2        75.37� -4708 
p3        404.3� 1.579e+04 
p4         1953� 302.3 
p5         6303� -6.417e+04 
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Prob   0.2557
p0        0.458� -28.94 
p1        10.13�   623 
p2        75.37� -4708 
p3        404.3� 1.579e+04 
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Entries  4123
Mean    222.5
RMS     240.3
Underflow       0
Overflow   -17.93

 / ndf 2�  24.59 / 29
Prob   0.6993
p0        0.5349� -41.7 
p1        11.71�  1291 
p2         85.8� -1.719e+04 
p3          457� 1.211e+05 
p4         2133� -4.064e+05 
p5         6893� 5.193e+05 
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 / ndf 2�  24.59 / 29
Prob   0.6993
p0        0.5349� -41.7 
p1        11.71�  1291 
p2         85.8� -1.719e+04 
p3          457� 1.211e+05 
p4         2133� -4.064e+05 
p5         6893� 5.193e+05 
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htda1_30
Entries  9288
Mean    292.4
RMS     275.3
Underflow       0
Overflow   -8.304

 / ndf 2�  36.74 / 29
Prob   0.153
p0        0.3597� -19.3 
p1        8.378� 617.4 
p2         64.6� -8458 
p3          353� 6.534e+04 
p4         1722� -2.44e+05 
p5         5505� 3.466e+05 
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 / ndf 2�  36.74 / 29
Prob   0.153
p0        0.3597� -19.3 
p1        8.378� 617.4 
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p3          353� 6.534e+04 
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htda1_31
Entries  10763
Mean    295.8
RMS     274.9
Underflow       0
Overflow   -8.296

 / ndf 2�  21.36 / 29
Prob   0.8455
p0        0.3325� -16.86 
p1        7.898� 469.7 
p2        62.39� -5197 
p3        342.5� 3.356e+04 
p4         1671� -1.036e+05 
p5         5321� 1.181e+05 
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 / ndf 2�  21.36 / 29
Prob   0.8455
p0        0.3325� -16.86 
p1        7.898� 469.7 
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p3        342.5� 3.356e+04 
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htda1_32
Entries  9265
Mean    287.7
RMS     271.6
Underflow       0
Overflow   -7.843

 / ndf 2�  29.55 / 29
Prob   0.4369
p0        0.362� -15.48 
p1        8.462�   406 
p2        65.89� -4620 
p3        358.4� 3.44e+04 
p4         1744� -1.304e+05 
p5         5551� 1.924e+05 
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Prob   0.4369
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Entries  6092
Mean    281.1
RMS     274.9
Underflow       0
Overflow   -8.717

 / ndf 2�  38.77 / 29
Prob   0.1061
p0        0.4427� -18.86 
p1        10.01� 551.7 
p2        74.67� -6244 
p3        398.3� 3.875e+04 
p4         1893� -1.169e+05 
p5         6091� 1.365e+05 
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 / ndf 2�  38.77 / 29
Prob   0.1061
p0        0.4427� -18.86 
p1        10.01� 551.7 
p2        74.67� -6244 
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Entries  7178
Mean    284.3
RMS     269.4
Underflow       0
Overflow   -7.624

 / ndf 2�  31.06 / 29
Prob   0.3628
p0        0.4154� -17.92 
p1        9.539� 506.8 
p2        72.35� -5158 
p3        389.4� 2.591e+04 
p4         1843� -5.09e+04 
p5         5905� 1.816e+04 
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 / ndf 2�  31.06 / 29
Prob   0.3628
p0        0.4154� -17.92 
p1        9.539� 506.8 
p2        72.35� -5158 
p3        389.4� 2.591e+04 
p4         1843� -5.09e+04 
p5         5905� 1.816e+04 
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htda1_35
Entries  6246
Mean    285.2
RMS     269.2
Underflow       0
Overflow   -9.136

 / ndf 2�  39.11 / 29
Prob   0.09954
p0        0.4365� -12.81 
p1        9.842� 259.9 
p2        72.42� -1063 
p3        380.7� -3765 
p4         1772� 4.503e+04 
p5         5714� -9.22e+04 
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htda1_36
Entries  6214
Mean      285
RMS       273
Underflow       0
Overflow    -7.99

 / ndf 2�  29.24 / 29
Prob   0.4524
p0        0.4385� -15.01 
p1        9.991� 330.1 
p2        75.21� -1867 
p3        402.7� 335.7 
p4         1889� 3.556e+04 
p5         6069� -8.545e+04 
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 / ndf 2�  29.24 / 29
Prob   0.4524
p0        0.4385� -15.01 
p1        9.991� 330.1 
p2        75.21� -1867 
p3        402.7� 335.7 
p4         1889� 3.556e+04 
p5         6069� -8.545e+04 
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htda1_37
Entries  7172
Mean      284
RMS     271.2
Underflow       0
Overflow   -8.104

 / ndf 2�  43.33 / 29
Prob   0.04244
p0        0.4205� -10.66 
p1        9.821� 175.1 
p2        77.72� -117.9 
p3        429.2� -8412 
p4         2118� 6.078e+04 
p5         6728� -1.257e+05 

htda1_37 htda1_37
Entries  7172
Mean      284
RMS     271.2
Underflow       0
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 / ndf 2�  43.33 / 29
Prob   0.04244
p0        0.4205� -10.66 
p1        9.821� 175.1 
p2        77.72� -117.9 
p3        429.2� -8412 
p4         2118� 6.078e+04 
p5         6728� -1.257e+05 
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htda1_38
Entries  6354
Mean      281
RMS     270.7
Underflow       0
Overflow     -8.4

 / ndf 2�   17.1 / 29
Prob   0.9605
p0        0.4526� -25.08 
p1        10.47� 962.9 
p2        81.51� -1.56e+04 
p3        443.8� 1.302e+05 
p4         2148� -5.142e+05 
p5         6844� 7.668e+05 
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 / ndf 2�   17.1 / 29
Prob   0.9605
p0        0.4526� -25.08 
p1        10.47� 962.9 
p2        81.51� -1.56e+04 
p3        443.8� 1.302e+05 
p4         2148� -5.142e+05 
p5         6844� 7.668e+05 
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htda1_39
Entries  44837
Mean    413.9
RMS     309.6
Underflow       0
Overflow   -5.383

 / ndf 2�  25.93 / 29
Prob   0.6294
p0        0.1693� -15.96 
p1        4.619� 584.2 
p2        40.87� -7732 
p3        229.2� 5.736e+04 
p4         1142� -2.119e+05 
p5         3571� 3.048e+05 

htda1_39 htda1_39
Entries  44837
Mean    413.9
RMS     309.6
Underflow       0
Overflow   -5.383

 / ndf 2�  25.93 / 29
Prob   0.6294
p0        0.1693� -15.96 
p1        4.619� 584.2 
p2        40.87� -7732 
p3        229.2� 5.736e+04 
p4         1142� -2.119e+05 
p5         3571� 3.048e+05 
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htda1_40
Entries  52357
Mean    416.4
RMS     311.2
Underflow       0
Overflow   -5.475

 / ndf 2�  31.36 / 29
Prob   0.3485
p0        0.1563� -13.83 
p1          4.3� 477.3 
p2        37.93� -5792 
p3        211.3� 4.092e+04 
p4         1037� -1.448e+05 
p5         3251� 1.986e+05 
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 / ndf 2�  31.36 / 29
Prob   0.3485
p0        0.1563� -13.83 
p1          4.3� 477.3 
p2        37.93� -5792 
p3        211.3� 4.092e+04 
p4         1037� -1.448e+05 
p5         3251� 1.986e+05 

200 400 600 800 1000

-4

-2

0

2

4

6

8

10

12
htda1_41

Entries  46353
Mean    415.5
RMS     312.2
Underflow       0
Overflow   -5.573

 / ndf 2�  50.49 / 29
Prob   0.007988
p0        0.1683� -17.42 
p1        4.563� 653.9 
p2        39.63� -8743 
p3        219.5� 6.244e+04 
p4         1080� -2.149e+05 
p5         3391� 2.822e+05 
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p1        4.563� 653.9 
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p5         3391� 2.822e+05 
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htda1_42
Entries  1830
Mean    234.6
RMS     242.1
Underflow       0
Overflow   -14.64

 / ndf 2�  29.21 / 29
Prob   0.454
p0        0.6607� -26.12 
p1        15.72� 540.9 
p2        127.1� -3691 
p3        732.8� 1.298e+04 
p4         3827� -8136 
p5        1.22e+04� -3.407e+04 
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Prob   0.454
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p1        15.72� 540.9 
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p3        732.8� 1.298e+04 
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p5        1.22e+04� -3.407e+04 
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Entries  1823
Mean    233.1
RMS     248.3
Underflow       0
Overflow   -18.42

 / ndf 2�   42.6 / 29
Prob   0.04956
p0        0.6334� -26.35 
p1        14.48� 434.4 
p2        113.2� -43.17 
p3        626.3� -3.084e+04 
p4         3066� 2.039e+05 
p5         9741� -3.85e+05 
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 / ndf 2�   42.6 / 29
Prob   0.04956
p0        0.6334� -26.35 
p1        14.48� 434.4 
p2        113.2� -43.17 
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Entries  1410
Mean    212.4
RMS     239.5
Underflow       0
Overflow   -19.01

 / ndf 2�  30.82 / 29
Prob   0.3737
p0        0.6894� -33.48 
p1        14.93�   747 
p2        107.3� -5806 
p3        559.6� 2.011e+04 
p4         2556� -1.351e+04 
p5         8341� -3.365e+04 
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 / ndf 2�  30.82 / 29
Prob   0.3737
p0        0.6894� -33.48 
p1        14.93�   747 
p2        107.3� -5806 
p3        559.6� 2.011e+04 
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p5         8341� -3.365e+04 
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htda1_45
Entries  2995
Mean    289.1
RMS     276.4
Underflow       0
Overflow   -7.731

 / ndf 2�  35.54 / 29
Prob   0.1873
p0        0.5493� -11.88 
p1         12.7� 173.8 
p2        97.03� 675.1 
p3        521.1� -1.841e+04 
p4         2496� 1.059e+05 
p5         8012� -1.933e+05 
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htda1_46
Entries  2076
Mean    280.7
RMS       274
Underflow       0
Overflow   -7.223
 / ndf 2�   26.5 / 29
Prob   0.5986
p0        0.6417� -28.61 
p1        14.87�  1129 
p2        116.2� -1.877e+04 
p3        643.7� 1.587e+05 
p4         3195� -6.351e+05 
p5        1.017e+04� 9.574e+05 

htda1_46 htda1_46
Entries  2076
Mean    280.7
RMS       274
Underflow       0
Overflow   -7.223
 / ndf 2�   26.5 / 29
Prob   0.5986
p0        0.6417� -28.61 
p1        14.87�  1129 
p2        116.2� -1.877e+04 
p3        643.7� 1.587e+05 
p4         3195� -6.351e+05 
p5        1.017e+04� 9.574e+05 
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htda1_47
Entries  2164
Mean    276.8
RMS     267.5
Underflow       0
Overflow   -7.645

 / ndf 2�  24.24 / 29
Prob   0.7169
p0        0.6565� -22.54 
p1        14.88� 689.7 
p2        113.7� -7686 
p3        629.7� 4.117e+04 
p4         3090� -8.722e+04 
p5         9874� 3.989e+04 

htda1_47 htda1_47
Entries  2164
Mean    276.8
RMS     267.5
Underflow       0
Overflow   -7.645

 / ndf 2�  24.24 / 29
Prob   0.7169
p0        0.6565� -22.54 
p1        14.88� 689.7 
p2        113.7� -7686 
p3        629.7� 4.117e+04 
p4         3090� -8.722e+04 
p5         9874� 3.989e+04 
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htda1_48
Entries  13465
Mean    405.8
RMS     310.9
Underflow       0
Overflow   -5.672

 / ndf 2�   21.3 / 29
Prob   0.8481
p0        0.2712� -13.31 
p1        7.383� 438.1 
p2         64.6� -5037 
p3        359.2� 3.493e+04 
p4         1777� -1.262e+05 
p5         5576� 1.829e+05 

htda1_48 htda1_48
Entries  13465
Mean    405.8
RMS     310.9
Underflow       0
Overflow   -5.672

 / ndf 2�   21.3 / 29
Prob   0.8481
p0        0.2712� -13.31 
p1        7.383� 438.1 
p2         64.6� -5037 
p3        359.2� 3.493e+04 
p4         1777� -1.262e+05 
p5         5576� 1.829e+05 

“1D” approach, Before
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htda12_0

Entries  23688
Mean    149.2
RMS     185.4
Underflow       0
Overflow   -1.542

 / ndf 2�  38.48 / 29
Prob   0.1121
p0        0.2087� 0.0953 
p1        0.03532� 2.242e-05 
p2        0.001992� -3.62e-06 
p3        8.099e-05� 2.331e-07 
p4        2.909e-06� -6.476e-09 
p5        7.03e-08� 6.501e-11 

htda12_0 htda12_0
Entries  23688
Mean    149.2
RMS     185.4
Underflow       0
Overflow   -1.542

 / ndf 2�  38.48 / 29
Prob   0.1121
p0        0.2087� 0.0953 
p1        0.03532� 2.242e-05 
p2        0.001992� -3.62e-06 
p3        8.099e-05� 2.331e-07 
p4        2.909e-06� -6.476e-09 
p5        7.03e-08� 6.501e-11 
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htda12_1

Entries  25101
Mean    156.6
RMS     191.3
Underflow       0
Overflow   -1.128

 / ndf 2�  41.97 / 29
Prob   0.05653
p0        0.2002� 0.09584 
p1        0.03266� 3.009e-05 
p2        0.00181� -3.788e-06 
p3        7.461e-05� 2.265e-07 
p4        2.705e-06� -6.502e-09 
p5        6.701e-08� 7.174e-11 

htda12_1 htda12_1
Entries  25101
Mean    156.6
RMS     191.3
Underflow       0
Overflow   -1.128

 / ndf 2�  41.97 / 29
Prob   0.05653
p0        0.2002� 0.09584 
p1        0.03266� 3.009e-05 
p2        0.00181� -3.788e-06 
p3        7.461e-05� 2.265e-07 
p4        2.705e-06� -6.502e-09 
p5        6.701e-08� 7.174e-11 
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htda12_2

Entries  25477
Mean    179.8
RMS     210.8
Underflow       0
Overflow   -2.696

 / ndf 2�  32.58 / 29
Prob   0.2952
p0        0.1984� 0.2067 
p1        0.03067� 4.397e-05 
p2        0.001613� -6.006e-06 
p3        6.444e-05� 3.755e-07 
p4        2.307e-06� -1.082e-08 
p5        5.66e-08� 1.162e-10 

htda12_2 htda12_2
Entries  25477
Mean    179.8
RMS     210.8
Underflow       0
Overflow   -2.696

 / ndf 2�  32.58 / 29
Prob   0.2952
p0        0.1984� 0.2067 
p1        0.03067� 4.397e-05 
p2        0.001613� -6.006e-06 
p3        6.444e-05� 3.755e-07 
p4        2.307e-06� -1.082e-08 
p5        5.66e-08� 1.162e-10 
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htda12_3

Entries  22739
Mean    150.3
RMS     183.8
Underflow       0
Overflow    -1.94

 / ndf 2�  19.58 / 29
Prob   0.9056
p0        0.1934� -0.006472 
p1        0.03234� 1.374e-06 
p2        0.001845� -1.603e-07 
p3        7.605e-05� 1.006e-08 
p4        2.75e-06� -4.109e-10 
p5        6.682e-08� 5.939e-12 

htda12_3 htda12_3
Entries  22739
Mean    150.3
RMS     183.8
Underflow       0
Overflow    -1.94

 / ndf 2�  19.58 / 29
Prob   0.9056
p0        0.1934� -0.006472 
p1        0.03234� 1.374e-06 
p2        0.001845� -1.603e-07 
p3        7.605e-05� 1.006e-08 
p4        2.75e-06� -4.109e-10 
p5        6.682e-08� 5.939e-12 
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htda12_4

Entries  24602
Mean    165.1
RMS     201.5
Underflow       0
Overflow   -0.4456

 / ndf 2�  34.03 / 29
Prob   0.2381
p0        0.1798� 0.1084 
p1        0.02905� 1.369e-05 
p2        0.001539� -2.035e-06 
p3        6.115e-05� 1.428e-07 
p4        2.149e-06� -4.5e-09 
p5        5.262e-08� 5.157e-11 

htda12_4 htda12_4
Entries  24602
Mean    165.1
RMS     201.5
Underflow       0
Overflow   -0.4456

 / ndf 2�  34.03 / 29
Prob   0.2381
p0        0.1798� 0.1084 
p1        0.02905� 1.369e-05 
p2        0.001539� -2.035e-06 
p3        6.115e-05� 1.428e-07 
p4        2.149e-06� -4.5e-09 
p5        5.262e-08� 5.157e-11 
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htda12_5

Entries  24360
Mean      182
RMS     214.3
Underflow       0
Overflow   -2.607

 / ndf 2�  21.57 / 29
Prob   0.8377
p0        0.1899� 0.1765 
p1        0.03028� 2.728e-05 
p2        0.001634� -3.378e-06 
p3        6.46e-05� 1.937e-07 
p4        2.277e-06� -5.339e-09 
p5        5.491e-08� 5.712e-11 

htda12_5 htda12_5
Entries  24360
Mean      182
RMS     214.3
Underflow       0
Overflow   -2.607

 / ndf 2�  21.57 / 29
Prob   0.8377
p0        0.1899� 0.1765 
p1        0.03028� 2.728e-05 
p2        0.001634� -3.378e-06 
p3        6.46e-05� 1.937e-07 
p4        2.277e-06� -5.339e-09 
p5        5.491e-08� 5.712e-11 
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htda12_6

Entries  17484
Mean    150.9
RMS     186.8
Underflow       0
Overflow   -0.331

 / ndf 2�  25.42 / 29
Prob   0.6564
p0        0.2359� -0.08252 
p1        0.03939� -7.861e-06 
p2        0.002197� 1.842e-06 
p3        8.82e-05� -1.636e-07 
p4        3.149e-06� 5.992e-09 
p5        7.7e-08� -7.653e-11 

htda12_6 htda12_6
Entries  17484
Mean    150.9
RMS     186.8
Underflow       0
Overflow   -0.331

 / ndf 2�  25.42 / 29
Prob   0.6564
p0        0.2359� -0.08252 
p1        0.03939� -7.861e-06 
p2        0.002197� 1.842e-06 
p3        8.82e-05� -1.636e-07 
p4        3.149e-06� 5.992e-09 
p5        7.7e-08� -7.653e-11 
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htda12_7

Entries  18668
Mean      164
RMS     197.6
Underflow       0
Overflow   0.4999

 / ndf 2�  27.46 / 29
Prob   0.5467
p0        0.218� 0.03236 
p1        0.03538� 1.487e-06 
p2        0.001962� -2.77e-07 
p3        8.238e-05� 2.777e-08 
p4        3.037e-06� -1.012e-09 
p5        7.518e-08� 1.18e-11 

htda12_7 htda12_7
Entries  18668
Mean      164
RMS     197.6
Underflow       0
Overflow   0.4999

 / ndf 2�  27.46 / 29
Prob   0.5467
p0        0.218� 0.03236 
p1        0.03538� 1.487e-06 
p2        0.001962� -2.77e-07 
p3        8.238e-05� 2.777e-08 
p4        3.037e-06� -1.012e-09 
p5        7.518e-08� 1.18e-11 
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htda12_8

Entries  18845
Mean    182.4
RMS     212.5
Underflow       0
Overflow   -1.439

 / ndf 2�  33.11 / 29
Prob   0.2734
p0        0.2313� 0.02322 
p1        0.03684� -2.337e-05 
p2        0.002033� 1.461e-06 
p3        8.499e-05� 4.113e-09 
p4        3.153e-06� -2.537e-09 
p5        7.762e-08� 5.065e-11 

htda12_8 htda12_8
Entries  18845
Mean    182.4
RMS     212.5
Underflow       0
Overflow   -1.439

 / ndf 2�  33.11 / 29
Prob   0.2734
p0        0.2313� 0.02322 
p1        0.03684� -2.337e-05 
p2        0.002033� 1.461e-06 
p3        8.499e-05� 4.113e-09 
p4        3.153e-06� -2.537e-09 
p5        7.762e-08� 5.065e-11 
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htda12_9

Entries  41501
Mean    147.3
RMS       182
Underflow       0
Overflow   -1.085

 / ndf 2�  30.18 / 29
Prob   0.405
p0        0.118� 0.03442 
p1        0.02021� -0.001518 
p2        0.001177� 0.0002263 
p3        4.873e-05� -1.478e-05 
p4        1.797e-06� 4.34e-07 
p5        4.367e-08� -4.681e-09 

htda12_9 htda12_9
Entries  41501
Mean    147.3
RMS       182
Underflow       0
Overflow   -1.085

 / ndf 2�  30.18 / 29
Prob   0.405
p0        0.118� 0.03442 
p1        0.02021� -0.001518 
p2        0.001177� 0.0002263 
p3        4.873e-05� -1.478e-05 
p4        1.797e-06� 4.34e-07 
p5        4.367e-08� -4.681e-09 
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htda12_10

Entries  44444
Mean    159.4
RMS     193.5
Underflow       0
Overflow   0.1278

 / ndf 2�  31.77 / 29
Prob   0.3298
p0        0.1183� 0.08594 
p1        0.01942� -0.001579 
p2        0.00109� 0.0002271 
p3        4.503e-05� -1.463e-05 
p4        1.653e-06� 4.282e-07 
p5        4.08e-08� -4.623e-09 

htda12_10 htda12_10
Entries  44444
Mean    159.4
RMS     193.5
Underflow       0
Overflow   0.1278

 / ndf 2�  31.77 / 29
Prob   0.3298
p0        0.1183� 0.08594 
p1        0.01942� -0.001579 
p2        0.00109� 0.0002271 
p3        4.503e-05� -1.463e-05 
p4        1.653e-06� 4.282e-07 
p5        4.08e-08� -4.623e-09 
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htda12_11

Entries  45616
Mean    180.2
RMS     211.3
Underflow       0
Overflow   -0.4762

 / ndf 2�  30.96 / 29
Prob   0.3674
p0        0.1202� 0.07896 
p1        0.01975� -0.001252 
p2        0.001129� 0.0002015 
p3        4.805e-05� -1.435e-05 
p4        1.819e-06� 4.6e-07 
p5        4.438e-08� -5.413e-09 

htda12_11 htda12_11
Entries  45616
Mean    180.2
RMS     211.3
Underflow       0
Overflow   -0.4762

 / ndf 2�  30.96 / 29
Prob   0.3674
p0        0.1202� 0.07896 
p1        0.01975� -0.001252 
p2        0.001129� 0.0002015 
p3        4.805e-05� -1.435e-05 
p4        1.819e-06� 4.6e-07 
p5        4.438e-08� -5.413e-09 
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htda12_12

Entries  26536
Mean    148.1
RMS     182.6
Underflow       0
Overflow   -0.6632

 / ndf 2�  43.89 / 29
Prob   0.03756
p0        0.1471� -0.02935 
p1        0.02554� -2.905e-05 
p2        0.00154� 5.272e-06 
p3        6.579e-05� -3.646e-07 
p4        2.498e-06� 1.141e-08 
p5        5.962e-08� -1.422e-10 

htda12_12 htda12_12
Entries  26536
Mean    148.1
RMS     182.6
Underflow       0
Overflow   -0.6632

 / ndf 2�  43.89 / 29
Prob   0.03756
p0        0.1471� -0.02935 
p1        0.02554� -2.905e-05 
p2        0.00154� 5.272e-06 
p3        6.579e-05� -3.646e-07 
p4        2.498e-06� 1.141e-08 
p5        5.962e-08� -1.422e-10 
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htda12_13

Entries  29477
Mean    162.8
RMS     198.5
Underflow       0
Overflow   -1.259

 / ndf 2�  36.27 / 29
Prob   0.1657
p0        0.1408� 0.09808 
p1        0.02376� -4.643e-05 
p2        0.001354� 4.216e-06 
p3        5.595e-05� -1.456e-07 
p4        2.054e-06� 1.687e-09 
p5        4.996e-08� 2.185e-12 

htda12_13 htda12_13
Entries  29477
Mean    162.8
RMS     198.5
Underflow       0
Overflow   -1.259

 / ndf 2�  36.27 / 29
Prob   0.1657
p0        0.1408� 0.09808 
p1        0.02376� -4.643e-05 
p2        0.001354� 4.216e-06 
p3        5.595e-05� -1.456e-07 
p4        2.054e-06� 1.687e-09 
p5        4.996e-08� 2.185e-12 
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htda12_14

Entries  29237
Mean    180.5
RMS     212.7
Underflow       0
Overflow   -1.287

 / ndf 2�  49.08 / 29
Prob   0.01131
p0        0.141� 0.0747 
p1        0.02294� -3.335e-05 
p2        0.001276� 4.033e-06 
p3        5.134e-05� -1.856e-07 
p4        1.833e-06� 2.798e-09 
p5        4.356e-08� 2.47e-13 

htda12_14 htda12_14
Entries  29237
Mean    180.5
RMS     212.7
Underflow       0
Overflow   -1.287

 / ndf 2�  49.08 / 29
Prob   0.01131
p0        0.141� 0.0747 
p1        0.02294� -3.335e-05 
p2        0.001276� 4.033e-06 
p3        5.134e-05� -1.856e-07 
p4        1.833e-06� 2.798e-09 
p5        4.356e-08� 2.47e-13 
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htda12_15

Entries  28074
Mean    149.5
RMS     184.3
Underflow       0
Overflow    1.183

 / ndf 2�  34.75 / 29
Prob   0.2129
p0        0.1431� 0.04605 
p1        0.02449� -2.118e-05 
p2        0.001429� 5.316e-06 
p3        6.053e-05� -2.582e-07 
p4        2.259e-06� 4.111e-09 
p5        5.434e-08� -1.974e-11 

htda12_15 htda12_15
Entries  28074
Mean    149.5
RMS     184.3
Underflow       0
Overflow    1.183

 / ndf 2�  34.75 / 29
Prob   0.2129
p0        0.1431� 0.04605 
p1        0.02449� -2.118e-05 
p2        0.001429� 5.316e-06 
p3        6.053e-05� -2.582e-07 
p4        2.259e-06� 4.111e-09 
p5        5.434e-08� -1.974e-11 
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htda12_16

Entries  30065
Mean      158
RMS     192.2
Underflow       0
Overflow   -0.1116

 / ndf 2�  29.13 / 29
Prob   0.4583
p0        0.1486� 0.09084 
p1        0.02473� -5.393e-05 
p2        0.001412� 4.925e-06 
p3        5.787e-05� -1.439e-07 
p4        2.099e-06� -4.716e-10 
p5        5.102e-08� 5.501e-11 

htda12_16 htda12_16
Entries  30065
Mean      158
RMS     192.2
Underflow       0
Overflow   -0.1116

 / ndf 2�  29.13 / 29
Prob   0.4583
p0        0.1486� 0.09084 
p1        0.02473� -5.393e-05 
p2        0.001412� 4.925e-06 
p3        5.787e-05� -1.439e-07 
p4        2.099e-06� -4.716e-10 
p5        5.102e-08� 5.501e-11 
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htda12_17

Entries  31348
Mean    181.8
RMS       215
Underflow       0
Overflow   -1.193

 / ndf 2�  32.07 / 29
Prob   0.3167
p0        0.1414� 0.0744 
p1        0.02275� -2.983e-05 
p2        0.001254� 1.413e-06 
p3        5.15e-05� -1.245e-07 
p4        1.867e-06� 7.945e-09 
p5        4.542e-08� -1.417e-10 

htda12_17 htda12_17
Entries  31348
Mean    181.8
RMS       215
Underflow       0
Overflow   -1.193

 / ndf 2�  32.07 / 29
Prob   0.3167
p0        0.1414� 0.0744 
p1        0.02275� -2.983e-05 
p2        0.001254� 1.413e-06 
p3        5.15e-05� -1.245e-07 
p4        1.867e-06� 7.945e-09 
p5        4.542e-08� -1.417e-10 
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htda12_18

Entries  222152
Mean    143.9
RMS     179.1
Underflow       0
Overflow   -0.7912

 / ndf 2�  55.97 / 29
Prob   0.001906
p0        0.04304� 0.03659 
p1        0.00752� -0.01367 
p2        0.0004503� 0.002108 
p3        1.907e-05� -0.0001407 
p4        7.148e-07� 4.258e-06 
p5        1.722e-08� -4.759e-08 

htda12_18 htda12_18
Entries  222152
Mean    143.9
RMS     179.1
Underflow       0
Overflow   -0.7912

 / ndf 2�  55.97 / 29
Prob   0.001906
p0        0.04304� 0.03659 
p1        0.00752� -0.01367 
p2        0.0004503� 0.002108 
p3        1.907e-05� -0.0001407 
p4        7.148e-07� 4.258e-06 
p5        1.722e-08� -4.759e-08 
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htda12_19

Entries  237642
Mean    153.4
RMS     188.8
Underflow       0
Overflow   -1.255
 / ndf 2�  41.21 / 29
Prob   0.06598
p0        0.04735� 0.02292 
p1        0.008117� 0.004889 
p2        0.0004777� -0.0006607 
p3        2.008e-05� 4.405e-05 
p4        7.496e-07� -1.344e-06 
p5        1.817e-08� 1.504e-08 

htda12_19 htda12_19
Entries  237642
Mean    153.4
RMS     188.8
Underflow       0
Overflow   -1.255
 / ndf 2�  41.21 / 29
Prob   0.06598
p0        0.04735� 0.02292 
p1        0.008117� 0.004889 
p2        0.0004777� -0.0006607 
p3        2.008e-05� 4.405e-05 
p4        7.496e-07� -1.344e-06 
p5        1.817e-08� 1.504e-08 
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htda12_20

Entries  248051
Mean    176.4
RMS     209.4
Underflow       0
Overflow   -1.683
 / ndf 2�  39.87 / 29
Prob   0.08604
p0        0.04306� 0.05242 
p1        0.006954� 0.0002685 
p2        0.0003868� -0.0001104 
p3        1.596e-05� 1.321e-05 
p4        5.869e-07� -5.165e-07 
p5        1.427e-08� 6.723e-09 

htda12_20 htda12_20
Entries  248051
Mean    176.4
RMS     209.4
Underflow       0
Overflow   -1.683
 / ndf 2�  39.87 / 29
Prob   0.08604
p0        0.04306� 0.05242 
p1        0.006954� 0.0002685 
p2        0.0003868� -0.0001104 
p3        1.596e-05� 1.321e-05 
p4        5.869e-07� -5.165e-07 
p5        1.427e-08� 6.723e-09 
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htda12_21

Entries  5344
Mean    155.9
RMS     187.6
Underflow       0
Overflow   -1.907
 / ndf 2�  36.05 / 29

Prob   0.172
p0        0.3158� 0.2014 
p1        0.05158� -0.03174 
p2        0.002869� 0.003648 
p3        0.0001184� -0.0001942 
p4        4.347e-06� 4.911e-06 
p5        1.07e-07� -4.815e-08 

htda12_21 htda12_21
Entries  5344
Mean    155.9
RMS     187.6
Underflow       0
Overflow   -1.907
 / ndf 2�  36.05 / 29

Prob   0.172
p0        0.3158� 0.2014 
p1        0.05158� -0.03174 
p2        0.002869� 0.003648 
p3        0.0001184� -0.0001942 
p4        4.347e-06� 4.911e-06 
p5        1.07e-07� -4.815e-08 
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htda12_22

Entries  6249
Mean      179
RMS     209.9
Underflow       0
Overflow    -1.94

 / ndf 2�  38.21 / 29
Prob   0.1178
p0        0.3019� -0.227 
p1        0.04738� 0.1326 
p2        0.002571� -0.0181 
p3        0.0001055� 0.001144 
p4        3.892e-06� -3.369e-05 
p5        9.615e-08� 3.725e-07 

htda12_22 htda12_22
Entries  6249
Mean      179
RMS     209.9
Underflow       0
Overflow    -1.94

 / ndf 2�  38.21 / 29
Prob   0.1178
p0        0.3019� -0.227 
p1        0.04738� 0.1326 
p2        0.002571� -0.0181 
p3        0.0001055� 0.001144 
p4        3.892e-06� -3.369e-05 
p5        9.615e-08� 3.725e-07 
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htda12_23

Entries  5548
Mean    178.3
RMS     209.9
Underflow       0
Overflow   -2.935

 / ndf 2�  28.18 / 29
Prob   0.5085
p0        0.3243� 0.2976 
p1        0.05022� 0.0182 
p2        0.002724� -0.001737 
p3        0.0001107� 7.309e-05 
p4        3.985e-06� -1.401e-06 
p5        9.476e-08� 1.008e-08 

htda12_23 htda12_23
Entries  5548
Mean    178.3
RMS     209.9
Underflow       0
Overflow   -2.935

 / ndf 2�  28.18 / 29
Prob   0.5085
p0        0.3243� 0.2976 
p1        0.05022� 0.0182 
p2        0.002724� -0.001737 
p3        0.0001107� 7.309e-05 
p4        3.985e-06� -1.401e-06 
p5        9.476e-08� 1.008e-08 
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htda12_24

Entries  5366
Mean    159.1
RMS     191.8
Underflow       0
Overflow    1.067
 / ndf 2�  15.14 / 29
Prob   0.9839
p0        0.3212� 0.1674 
p1        0.05051� -0.03755 
p2        0.002735� 0.003651 
p3        0.0001129� -0.0001612 
p4        4.058e-06� 3.377e-06 
p5        1.004e-07� -2.839e-08 

htda12_24 htda12_24
Entries  5366
Mean    159.1
RMS     191.8
Underflow       0
Overflow    1.067
 / ndf 2�  15.14 / 29
Prob   0.9839
p0        0.3212� 0.1674 
p1        0.05051� -0.03755 
p2        0.002735� 0.003651 
p3        0.0001129� -0.0001612 
p4        4.058e-06� 3.377e-06 
p5        1.004e-07� -2.839e-08 
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htda12_25

Entries  5989
Mean    178.7
RMS       210
Underflow       0
Overflow   -0.5257
 / ndf 2�  41.13 / 29
Prob   0.06707
p0        0.2896� 0.2228 
p1        0.04716� -0.03565 
p2        0.002555� 0.003606 
p3        0.0001033� -0.0001636 
p4        3.665e-06� 3.363e-06 
p5        9.244e-08� -2.517e-08 

htda12_25 htda12_25
Entries  5989
Mean    178.7
RMS       210
Underflow       0
Overflow   -0.5257
 / ndf 2�  41.13 / 29
Prob   0.06707
p0        0.2896� 0.2228 
p1        0.04716� -0.03565 
p2        0.002555� 0.003606 
p3        0.0001033� -0.0001636 
p4        3.665e-06� 3.363e-06 
p5        9.244e-08� -2.517e-08 
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htda12_26

Entries  5325
Mean    180.5
RMS       212
Underflow       0
Overflow   0.8029
 / ndf 2�  35.81 / 29
Prob   0.179
p0        0.3223� 0.1312 
p1        0.05144� -0.03278 
p2        0.002781� 0.003268 
p3        0.0001105� -0.0001579 
p4        3.891e-06� 3.851e-06 
p5        9.712e-08� -3.865e-08 

htda12_26 htda12_26
Entries  5325
Mean    180.5
RMS       212
Underflow       0
Overflow   0.8029
 / ndf 2�  35.81 / 29
Prob   0.179
p0        0.3223� 0.1312 
p1        0.05144� -0.03278 
p2        0.002781� 0.003268 
p3        0.0001105� -0.0001579 
p4        3.891e-06� 3.851e-06 
p5        9.712e-08� -3.865e-08 
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htda12_27

Entries  4072
Mean    155.2
RMS     192.3
Underflow       0
Overflow   -0.9792

 / ndf 2�  26.31 / 29
Prob   0.6088
p0        0.3507� 0.02534 
p1        0.05894� -0.005829 
p2        0.003234� -3.148e-05 
p3        0.0001259� 4.122e-05 
p4        4.343e-06� -2.072e-06 
p5        1.046e-07� 3.032e-08 

htda12_27 htda12_27
Entries  4072
Mean    155.2
RMS     192.3
Underflow       0
Overflow   -0.9792

 / ndf 2�  26.31 / 29
Prob   0.6088
p0        0.3507� 0.02534 
p1        0.05894� -0.005829 
p2        0.003234� -3.148e-05 
p3        0.0001259� 4.122e-05 
p4        4.343e-06� -2.072e-06 
p5        1.046e-07� 3.032e-08 

200 400 600 800 1000-5

-4

-3

-2

-1

0

1

2

3

4

5
htda12_28

Entries  4732
Mean    182.9
RMS       214
Underflow       0
Overflow   0.2248

 / ndf 2�  34.73 / 29
Prob   0.2137
p0        0.2852� 0.05291 
p1        0.04479� -0.009808 
p2        0.002283� 0.0001153 
p3        8.844e-05� 4.137e-05 
p4        2.992e-06� -2.162e-06 
p5        7.463e-08� 3.143e-08 

htda12_28 htda12_28
Entries  4732
Mean    182.9
RMS       214
Underflow       0
Overflow   0.2248

 / ndf 2�  34.73 / 29
Prob   0.2137
p0        0.2852� 0.05291 
p1        0.04479� -0.009808 
p2        0.002283� 0.0001153 
p3        8.844e-05� 4.137e-05 
p4        2.992e-06� -2.162e-06 
p5        7.463e-08� 3.143e-08 
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htda12_29

Entries  4123
Mean    179.7
RMS     211.7
Underflow       0
Overflow   -0.1826

 / ndf 2�   31.5 / 29
Prob   0.342
p0        0.4121� -0.1487 
p1        0.06442� 0.005958 
p2        0.003377� -0.0008368 
p3        0.000132� 4.879e-05 
p4        4.498e-06� -1.27e-06 
p5        1.085e-07� 1.201e-08 

htda12_29 htda12_29
Entries  4123
Mean    179.7
RMS     211.7
Underflow       0
Overflow   -0.1826

 / ndf 2�   31.5 / 29
Prob   0.342
p0        0.4121� -0.1487 
p1        0.06442� 0.005958 
p2        0.003377� -0.0008368 
p3        0.000132� 4.879e-05 
p4        4.498e-06� -1.27e-06 
p5        1.085e-07� 1.201e-08 
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htda12_30

Entries  9288
Mean    157.8
RMS     189.2
Underflow       0
Overflow   -0.9468

 / ndf 2�  24.02 / 29
Prob   0.728
p0        0.2087� 0.1761 
p1        0.03517� -0.02155 
p2        0.002023� 0.002532 
p3        8.265e-05� -0.0001381 
p4        3.023e-06� 3.496e-06 
p5        7.248e-08� -3.307e-08 

htda12_30 htda12_30
Entries  9288
Mean    157.8
RMS     189.2
Underflow       0
Overflow   -0.9468

 / ndf 2�  24.02 / 29
Prob   0.728
p0        0.2087� 0.1761 
p1        0.03517� -0.02155 
p2        0.002023� 0.002532 
p3        8.265e-05� -0.0001381 
p4        3.023e-06� 3.496e-06 
p5        7.248e-08� -3.307e-08 
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htda12_31

Entries  10763
Mean      177
RMS     205.7
Underflow       0
Overflow   -1.381

 / ndf 2�  25.35 / 29
Prob   0.6599
p0        0.1858� 0.1399 
p1        0.03166� -0.009933 
p2        0.001843� 0.001204 
p3        7.717e-05� -7.342e-05 
p4        2.877e-06� 2.164e-06 
p5        7.078e-08� -2.42e-08 

htda12_31 htda12_31
Entries  10763
Mean      177
RMS     205.7
Underflow       0
Overflow   -1.381

 / ndf 2�  25.35 / 29
Prob   0.6599
p0        0.1858� 0.1399 
p1        0.03166� -0.009933 
p2        0.001843� 0.001204 
p3        7.717e-05� -7.342e-05 
p4        2.877e-06� 2.164e-06 
p5        7.078e-08� -2.42e-08 

200 400 600 800 1000-5

-4

-3

-2

-1

0

1

2

3

4

5
htda12_32

Entries  9265
Mean    184.4
RMS     210.5
Underflow       0
Overflow    0.755

 / ndf 2�  29.06 / 29
Prob   0.4621
p0        0.2009� 0.1177 
p1        0.0326� -0.01264 
p2        0.001796� 0.0005185 
p3        7.287e-05� 2.555e-05 
p4        2.588e-06� -2.056e-06 
p5        6.382e-08� 3.366e-08 

htda12_32 htda12_32
Entries  9265
Mean    184.4
RMS     210.5
Underflow       0
Overflow    0.755

 / ndf 2�  29.06 / 29
Prob   0.4621
p0        0.2009� 0.1177 
p1        0.0326� -0.01264 
p2        0.001796� 0.0005185 
p3        7.287e-05� 2.555e-05 
p4        2.588e-06� -2.056e-06 
p5        6.382e-08� 3.366e-08 
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htda12_33

Entries  6092
Mean    159.2
RMS     193.7
Underflow       0
Overflow    0.604

 / ndf 2�  27.32 / 29
Prob   0.5546
p0        0.2462� 0.08548 
p1        0.04116� -0.003346 
p2        0.00229� -0.0001674 
p3        9.42e-05� 3.023e-05 
p4        3.445e-06� -1.186e-06 
p5        8.459e-08� 1.498e-08 

htda12_33 htda12_33
Entries  6092
Mean    159.2
RMS     193.7
Underflow       0
Overflow    0.604

 / ndf 2�  27.32 / 29
Prob   0.5546
p0        0.2462� 0.08548 
p1        0.04116� -0.003346 
p2        0.00229� -0.0001674 
p3        9.42e-05� 3.023e-05 
p4        3.445e-06� -1.186e-06 
p5        8.459e-08� 1.498e-08 
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htda12_34

Entries  7178
Mean    179.6
RMS     213.2
Underflow       0
Overflow   -1.401

 / ndf 2�  40.75 / 29
Prob   0.07237
p0        0.2131� 0.1669 
p1        0.03597� -0.02564 
p2        0.001992� 0.00222 
p3        7.835e-05� -8.324e-05 
p4        2.743e-06� 1.331e-06 
p5        6.704e-08� -6.753e-09 

htda12_34 htda12_34
Entries  7178
Mean    179.6
RMS     213.2
Underflow       0
Overflow   -1.401

 / ndf 2�  40.75 / 29
Prob   0.07237
p0        0.2131� 0.1669 
p1        0.03597� -0.02564 
p2        0.001992� 0.00222 
p3        7.835e-05� -8.324e-05 
p4        2.743e-06� 1.331e-06 
p5        6.704e-08� -6.753e-09 
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htda12_35

Entries  6246
Mean    182.3
RMS     210.8
Underflow       0
Overflow   -2.258

 / ndf 2�  33.28 / 29
Prob   0.2665
p0        0.2469� 0.2464 
p1        0.03965� -0.05092 
p2        0.002195� 0.005651 
p3        9.166e-05� -0.0002917 
p4        3.373e-06� 7.053e-06 
p5        8.34e-08� -6.421e-08 

htda12_35 htda12_35
Entries  6246
Mean    182.3
RMS     210.8
Underflow       0
Overflow   -2.258

 / ndf 2�  33.28 / 29
Prob   0.2665
p0        0.2469� 0.2464 
p1        0.03965� -0.05092 
p2        0.002195� 0.005651 
p3        9.166e-05� -0.0002917 
p4        3.373e-06� 7.053e-06 
p5        8.34e-08� -6.421e-08 
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htda12_36

Entries  6214
Mean      155
RMS     189.5
Underflow       0
Overflow   -1.928

 / ndf 2�  28.35 / 29
Prob   0.4995
p0        0.2365� 0.1808 
p1        0.03934� -0.001038 
p2        0.002275� -5.674e-05 
p3        9.23e-05� 1.929e-05 
p4        3.322e-06� -1.04e-06 
p5        7.912e-08� 1.636e-08 

htda12_36 htda12_36
Entries  6214
Mean      155
RMS     189.5
Underflow       0
Overflow   -1.928

 / ndf 2�  28.35 / 29
Prob   0.4995
p0        0.2365� 0.1808 
p1        0.03934� -0.001038 
p2        0.002275� -5.674e-05 
p3        9.23e-05� 1.929e-05 
p4        3.322e-06� -1.04e-06 
p5        7.912e-08� 1.636e-08 
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htda12_37

Entries  7171
Mean      178
RMS     210.3
Underflow       0
Overflow   -1.118

 / ndf 2�  27.22 / 29
Prob   0.5598
p0        0.2201� 0.1992 
p1        0.03737� -0.03516 
p2        0.002183� 0.003649 
p3        9.087e-05� -0.0001802 
p4        3.342e-06� 4.224e-06 
p5        8.021e-08� -3.751e-08 

htda12_37 htda12_37
Entries  7171
Mean      178
RMS     210.3
Underflow       0
Overflow   -1.118

 / ndf 2�  27.22 / 29
Prob   0.5598
p0        0.2201� 0.1992 
p1        0.03737� -0.03516 
p2        0.002183� 0.003649 
p3        9.087e-05� -0.0001802 
p4        3.342e-06� 4.224e-06 
p5        8.021e-08� -3.751e-08 
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htda12_38

Entries  6354
Mean    181.2
RMS     213.1
Underflow       0
Overflow   -2.398

 / ndf 2�  39.46 / 29
Prob   0.09309
p0        0.2576� 0.2675 
p1        0.04208� -0.06383 
p2        0.002302� 0.007831 
p3        9.395e-05� -0.0004563 
p4        3.372e-06� 1.273e-05 
p5        8.486e-08� -1.367e-07 

htda12_38 htda12_38
Entries  6354
Mean    181.2
RMS     213.1
Underflow       0
Overflow   -2.398

 / ndf 2�  39.46 / 29
Prob   0.09309
p0        0.2576� 0.2675 
p1        0.04208� -0.06383 
p2        0.002302� 0.007831 
p3        9.395e-05� -0.0004563 
p4        3.372e-06� 1.273e-05 
p5        8.486e-08� -1.367e-07 
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htda12_39

Entries  44837
Mean      154
RMS     188.7
Underflow       0
Overflow   -0.5918

 / ndf 2�   31.1 / 29
Prob   0.3608
p0        0.0813� 0.02376 
p1        0.01444� 0.01601 
p2        0.0008604� -0.00329 
p3        3.598e-05� 0.000247 
p4        1.336e-06� -7.685e-06 
p5        3.252e-08� 8.371e-08 

htda12_39 htda12_39
Entries  44837
Mean      154
RMS     188.7
Underflow       0
Overflow   -0.5918

 / ndf 2�   31.1 / 29
Prob   0.3608
p0        0.0813� 0.02376 
p1        0.01444� 0.01601 
p2        0.0008604� -0.00329 
p3        3.598e-05� 0.000247 
p4        1.336e-06� -7.685e-06 
p5        3.252e-08� 8.371e-08 

200 400 600 800 1000-5

-4

-3

-2

-1

0

1

2

3

4

5
htda12_40

Entries  52356
Mean    175.3
RMS     207.9
Underflow       0
Overflow   -0.6951

 / ndf 2�  31.43 / 29
Prob   0.3453
p0        0.07628� 0.09108 
p1        0.01276� -0.01825 
p2        0.0007241� 0.00202 
p3        3.002e-05� -0.000115 
p4        1.111e-06� 3.361e-06 
p5        2.721e-08� -3.941e-08 

htda12_40 htda12_40
Entries  52356
Mean    175.3
RMS     207.9
Underflow       0
Overflow   -0.6951

 / ndf 2�  31.43 / 29
Prob   0.3453
p0        0.07628� 0.09108 
p1        0.01276� -0.01825 
p2        0.0007241� 0.00202 
p3        3.002e-05� -0.000115 
p4        1.111e-06� 3.361e-06 
p5        2.721e-08� -3.941e-08 
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htda12_41

Entries  46354
Mean    177.6
RMS     208.5
Underflow       0
Overflow   -0.2139
 / ndf 2�  44.45 / 29
Prob   0.03325
p0        0.0831� 0.08777 
p1        0.01357� -0.01519 
p2        0.0007584� 0.0009221 
p3        3.112e-05� 1.243e-05 
p4        1.134e-06� -2.391e-06 
p5        2.778e-08� 4.764e-08 

htda12_41 htda12_41
Entries  46354
Mean    177.6
RMS     208.5
Underflow       0
Overflow   -0.2139
 / ndf 2�  44.45 / 29
Prob   0.03325
p0        0.0831� 0.08777 
p1        0.01357� -0.01519 
p2        0.0007584� 0.0009221 
p3        3.112e-05� 1.243e-05 
p4        1.134e-06� -2.391e-06 
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“1D” approach, After
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note Ne=1 event classes containing pVPD detector channel 1 (East, 12 o’clock posn)....
~15% worse resn...
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   (Ne,Nw) =(3,1)  avg resn = 94ps,  90ps,  82ps...
                         not final  (~5% improvement still possible...  see later slides)



“2D” approach
flatten same tdc <East>-<West> differences in specific Event classes
in given pass and Event Class, shift E by amount that depends on 2 ADCs
half the number of passes as compared to “1D” method
will give different global offsets than those from “1D” methods
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Average Resolution by (Ne,Nw)

  1     2   3     1   2   3

1 118.8 104.9  97.2  1 114.3 101.9  97.7
2 106.7  92.5  81.9   2 101.0  87.0  80.9
3 106.5  92.9  77.3  3  99.2  89.8  79.9

1 109.9  96.8  90.3  1 108.9  97.8  93.6
2  96.5  82.6  74.3  2  98.1  82.5  77.5
3  90.8  80.2  69.2  3  91.9  84.1  76.3

1 101.6  89.7  83.5  1 100.2  90.7  86.8
2  88.2  76.7  69.5  2  90.0  76.1  72.6
3  83.4  71.0  66.4  3  87.5  77.0  72.7

“1D” method                                           “2D method”
      Ne
Nw

      Ne
Nw

all ADC-ped >  5

all ADC-ped > 25

all ADC-ped > 50

}
}
}

more symmetric than i expected....



our threshold is at ADC-ped ~ 5ch...  mip peak is at ADC-ped ~ 7-8ch...
   → Min <PH>/threshold > 1-2

typically want Min <PH>/threshold > 5-10 for good timing

so one can trade Efficiency for Start Resn if needed....

BUT At very low ADC values, some methods are also breaking down....
i.e. flattening differences of (average) TDC values does not necessarily flatten the averages...
magnitude of effect greatest in Event Classes w/ low #s of PMTs on either side....

200 400 600 800 1000
400

420

440

460

480

500

520

540

560

580

600 ta0adce0
Entries  2621
Mean x   226.3
Mean y   511.6
RMS x    244.9
RMS y    5.981

ta0adce0 ta0adce0
Entries  2621
Mean x   226.3
Mean y   511.6
RMS x    244.9
RMS y    5.981

200 400 600 800 1000
400

420

440

460

480

500

520

540

560

580

600 taZadce0
Entries  2621
Mean x   226.3
Mean y   510.9
RMS x    244.9
RMS y    9.052

taZadce0 taZadce0
Entries  2621
Mean x   226.3
Mean y   510.9
RMS x    244.9
RMS y    9.052

still not quite there yet.........  
Event classes w/ Ne=2 or 3 and Nw=1 or 2 are almost all of the data

and less sensitive to this “feature”...    but i still need to fix this...
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 →  Offset (in TDC ch) for each (start-side) Event Class...
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Stop-side corrections
exact same fitting&correction routines used for both run-2 and run-3



TDC Calibrations
needs ~10% of the statistics necessary to do the (Zhit,ADC) stop-side calibrations....
done solely w/ offline data
same exact technique as for Run-2 AuAu data....

No consistency between Run-2 & Run-3
slopes  (no TDCs were changed)
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TCorrectData

class description - source file - inheritance tree

class TCorrectData : public TStar tAuAuCent , public
TStopAuAuCent , public TObject

p u b l i c :

TCo r r e c t Da t a TCo r r e c t Da t a ( )
TCo r r e c t Da t a TCo r r e c t Da t a ( Da t a Ty p e p e Da t a Ty p e , Co r r e c t i o n Ty p e p e CTy p e , I n t _ t p Ru n s , I n t _ t p Nu mb e r To Re a d , Bo o l _ t p Do Fi t s )
TCo r r e c t Da t a TCo r r e c t Da t a ( c o n s t TCo r r e c t Da t a &)

v o i d ~ TCo r r e c t Da t a ( )
s t a t i c TCl a s s * Cl a s s ( )

v i r t u a l TCl a s s * I s A( ) c o n s t
v i r t u a l v o i d Sh o wMe mb e r s ( TMe mb e r I n s p e c t o r & i n s p , c h a r * p a r e n t )

v o i d St a r t Co r r e c t i o n ( )
v i r t u a l v o i d St r e a me r ( TBu f f e r & b )

v o i d St r e a me r NVi r t u a l ( TBu f f e r & b )

Data Members

p r o t e c t e d :

Da t a Ty p e e f Da t a Ty p e t y p e o f d a t a b e i n g a n a l y z e d
Co r r e c t i o n Ty p e e f CTy p e t y p e o f c o r r e c t i o n b e i n g a p p l i e d

I n t _ t f Ru n s n u mb e r o f p a s s e s
I n t _ t f Nu mb e r t o Re a d n u mb e r o f e v e n t s t o a n a l y z e

Bo o l _ t f Do Fi t s e n a b l e / d i s a b l e f i t t i n g

Class Descr iption

Cl a s s t o a p p l y c o r r e c t i o n s d e p e n d i n g o n t h e d a t a s e t a n d t h e t y p e
o f c o r r e c t i o n t o b e a p p l i e d . Pa s s e s t h r o u g h t h e d a t a f o r a s e t n u mb e r
o f t i me s .
Co r r e c t i o n Ty p e s - > St a r t a n d St o p
Da t a Ty p e s - > Au Au Ce n t . . . .

TCorrectData() : TObject()

De f a u l t Co n s t r u c t o r

TCorrectData(DataType peDataType,CorrectionType peCType, Int_t pRuns,Int_t
pNumberToRead,Bool_t pDoFits)

c o n s t u c t o r t o i n i t i a l i z e t h e c o r r e c t i o n s

void StartCorrection()

f u n c t i o n t o d o t h e r e q u i r e d c o r r e c t i o n d e p e n d i n g o n t h e i n p u t s

Inline Functions

TCl a s s * Cl a s s ( )
TCl a s s * I s A( ) c o n s t

v o i d Sh o wMe mb e r s ( TMe mb e r I n s p e c t o r & i n s p , c h a r * p a r e n t )
v o i d St r e a me r ( TBu f f e r & b )
v o i d St r e a me r NVi r t u a l ( TBu f f e r & b )

TCo r r e c t Da t a TCo r r e c t Da t a ( c o n s t TCo r r e c t Da t a &)
v o i d ~ TCo r r e c t Da t a ( )
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C++ versions of original
CINT calibrations routines...

Au+Au calibrations code done...

d+Au being ported now....
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Playing with Np/Nmatch ratios  (Au+Au central)
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Not yet preliminary..........



Near Term Goals

Fix remaining problem areas in d+Au Start corrections

Improve background treatment to mass-squared distributions
Get Np/Nh ratios for AuAu & dAu

AuAu calibration is 100% complete
→ just need efficiencies for spectra and ratios...

TOFr calibration in the TOFp Style
→ just need TOFrMatchMaker

compare TOFp and TOFr performance when using the same strategy

study TOFr performance for freon-only and compare to freon+isobutane

With both trays fully calibrated, use them as two arm PID spectrometer....


