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O Atransverse vertex position vs. AE/E with10-Gaussian fit with Towall
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O Alongitudinal vertex position vs. AE/E with10-Gaussian fit with Towall
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O AXxy vs. AE/E with10-Gaussian fit with Towall
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Correlations

d Az vs. AE/E with10-Gaussian fit with Towall,,,,.
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Correlations

4 Zhit vs. AE/E with10-Gaussian fit with Towall,,, > 200 cm
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Conclusions

Correlations between several variables and the energy residual were
checked.

A small effect may be in the correlation between the longitudinal vertex
residual and the energy residual with muons with ?. But there are no other
obvious correlations.

This means a bad fit for a variable is not translated to bad fits for other
variables. - the cause of the shift in the peak position of the energy
residual distribution is not due to bad fit.

As we saw the shifts of peak positions of various variables depend on the
number of Gaussians for the charge distribution, probably we need to
check the shifts as a function of the number of Gaussians.

(Use the Cris’ cnn files he posted).
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What Causes the Shifts of the Peak

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut

 Energy reconstruction residual of with a cut on Dwall,,,, > 200 cm
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What Causes the Shifts of the Peaks

L Performance difference between 6-Gaussian and 10-Gaussian fit with Ecut

 Energy reconstruction residual of with a cut on Dwall > 200 cmand on E,, . (0 GeV - 1 GeV)
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What Causes the Shifts of the Peaks

L Performance difference between 6-Gaussian and 10-Gaussian fit with Ecut

 Energy reconstruction residual of with a cut on Dwall,, . > 200 cm and on E,, . (1 GeV — 2 GeV)
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What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut

« Energy reconstruction residual of with a cut on Dwall
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What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut

« Energy reconstruction residual of with a cut on Dwall
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What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut

 Energy reconstruction residual of with a cut on Dwall,, . > 200 cm and on E,, . (4 GeV -5 GeV)
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What Causes the Shifts of the Peaks
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4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut

» Position residuals with a cut on Dwall
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What Causes the Shifts of the Peaks

L Performance difference between 6-Gaussian and 10-Gaussian fit with E,, . cut
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What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut

» Position residuals with a cut on Dwall,, > 200 cm and on E; . (1 GeV —2 GeV)

true

40 ~

35 ~

30 ~

25

20 1

15 A

10 1

6G 10G
[ Electrons 17.5 [ Electrons [ Electrons [ Electrons
Muons Muons Muons 20 Muons
15.0 40 1
12.5 1 | 15 -
1 | 30 4 “ |
I 10.0 4 i :
7.5 - —l_l_ 207 o1l N J‘
L T
h’L 2.0 7 |—J I J”‘ H’J‘Jlﬂ 10 - |J 5 1 I L |
| - G |1
2.5
il ' Lu ' hu Il . i f i 1Ju]1n_' i1
; . . hl‘...J‘nr..” 1 0.0 1 . I ”Illlﬂl Il H‘ﬂ]l oL= L : 'UIL':'F' acucn g 01+ : : l' ” T -‘rl] .
200 100 0 100 200 o 50 100 150 oo —200  —100 0 100 200 0 50 100 150 200
Axy[em] Ax, [em] Lx [cm] Ax [em]




What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut

* Position residuals with a cut on Dwall,,,, > 200 cm and on E,, . (2 GeV — 3 GeV)
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What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut

* Position residuals with a cut on Dwall,,,, > 200 cm and on E,, . (3 GeV — 4 GeV)
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What Causes the Shifts of the Peaks

L Performance difference between 6-Gaussian and 10-Gaussian fit with E,, . cut
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* Position residuals with a cut on Dwall,,,, > 200 cm and on E,, . (4 GeV -5 GeV)
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What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut

 PID with a cut on Dwall.,. > 200 cm: No cut on E
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What Causes the Shifts of the Peaks

 Performance difference between 6-Gaussian and 10-Gaussian fit with E, .
 PID with a cut on Dwall,,. > 200 cm and on E, . (0 GeV — 1 GeV)
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What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut
 PID with a cut on Dwall,,. > 200 cm and on E, . (1 GeV — 2 GeV)
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What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut
« PID with a cut on Dwall,,,. > 200 cm and on E,, . (2 GeV — 3 GeV)
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What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut
 PID with a cut on Dwall,,, > 200 cm and on E; . (3 GeV —4 GeV)
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What Causes the Shifts of the Peaks

4 Performance difference between 6-Gaussian and 10-Gaussian fit with E, . cut
« PID with a cut on Dwall,,. > 200 cm and on E,, . (4 GeV -5 GeV)
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Observations

The peak positions of the energy residual shifts to the left for both electros

(~5%) and muons (~3%) over all energy ranges.

- Muons start to show a lower tail in higher energy ranges probably due to
leak from the detector.

- These shifts seem dependent on the number of Gaussians used for the
charge distributions.

The peak position of the longitudinal vertex residual shifts towards the
direction of the particle.

- This effect is more pronounced with muons especially with 6-Gaussians.
- This effect for electrons is not visible with 10-Gaussians.

- This effect for muons get worse with the muon energy probably due to
leak from the detector.



Observations

The distributions of the residual of transverse vertex position show similar
shapes between for electrons and muons, and do not depend on the
particle energy.

The separation of PID distributions between for electron and muon

becomes better with the particle energy.

- The PID distribution for muon becomes flattened with the energy
probably due to leak from the detector.

- This effect doesn’t depend on the number of Gaussians used.



What's Next

As Cris suggested at the previous meeting, it is worth investigating the
results with more number of epochs — wait until the loss function value
settles.

As Junjie’s analysis with the correlated Q and T Gaussians showed that
the peak position of the energy residual distribution is at zero, | should try
the Q-T correlated Gaussians for fitting.

- Fatter distribution could be a problem?

A new fitting method?

- Instead using multiple independent Gaussians, we may use Kernel
Density Estimation which is based a non-parametric distribution using
multiple Gaussians with the same parameters.



KDE

0.6

0.5 A

|
[ Histogram from samples
== KDE from samples, bw = 0.1
== KDE from samples, bw = 0.2
== KDE from samples, bw = 0.4
e True distribution

» Data samples




