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Outline

To examine reconstruction performance and study the shower energy correction

1. Recap of Particle Selection and Reconstruction
2. Introduce the Impact Parameter (IP) for Shower Candidates (NEW!)
3. Improved Shower Selection and Energy Correction (NEW!)

4. 1Y Mass and Momentum Reconstruction

NEW Production 4 MC Sample:

Data: pionana_Prod4 5387 1GeV_1 14 21.root
MC: pionana_Prod4 _mc_1GeV_1 14 21.root
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* Reconstruction: -3 to +4 deg. bias, resolution with a long tail.

 Data-MC are consistent.
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* Rec. shower energy is always less than the true shower energy

Selected shower Energy

e Reconstruction: ~ - 20% bias, poor resolution around truth peak

e Data-MC discrepancy is found in first bin

— Shower candidates.
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* The plot on the right is the 1D histogram for the shower E resolution.

 There are many shower candidates with very bad resolution as indicated by the red circle.

* Need to find a way to reduce this region using reconstructed objects.

* The easiest way is to use the hits purity and completeness, however these variables are not

available in data.
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A smaller impact parameter means the shower
direction is more aligned with the piO direction.

These showers usually have more energies due

to Lorentz boost and easier to reconstruct.
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Definition of IP:

Impact Parameter Cuts
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The 2D plots on the right show the shower E resolution against the number of hits.

Number of Hits Cuts

Number of Hits

Small number of hits usually corresponds to low completeness .

Showers have number of hits less than 80 are rejected to improve the resolution.
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Shower candidates with very bad resolution have been reduced a lot after the IP and hHits cuts.

Now we have a negative bias about -20% in shower energy bias.

These cuts also reduced our MC sample by 50%.
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Shower Cuts Summary

1) Each shower candidate has an IP less than 10 cm.
2) Each shower candidates has at least 80 hits.
3) Leading shower energy E ..o+ larger than 50 MeV.

4) Two showers have an opening angle > 20° and < 80°.

Now, | need to consider the energy loss due to the inefficiencies
of the clustering methods.

See my previous talk for last two cuts
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https://indico.fnal.gov/event/22617/contributions/197604/attachments/134911/167542/DUNE_Collaboration_Meeting.pdf
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 Thered line on top the 2D histogram is the profile histogram. This profile histogram plots the mean
reconstructed shower energy in that bin of true shower energy with the uncertainty.

* The plot on the right is the best fit of the profile histogram using the assumption E,,;, .o =

(Eypoorr —0.01167)/0.68
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Summary and Discussions

Studied proton, shower and ° reconstruction:

1. Proton

* Proton angle (w.r.t. beam) and momentum reconstructions are okay.
* Has contaminations from the secondary protons but reduced after event selection.

2. Shower

* By applying 4 cuts on shower candidates, the reconstruction energy has been improved.
* From the truth-matching information, a correction E., .- = (Eyncorr —0.01167)/0.68 is found
from the inverse of the linear fit to the profile histogram.

3. Pion m°

« Reconstructed m° mass has been improved with a mean value 0.134 with o = 0.065

* There is a data-MC discrepancy around the mass peak.

« 1% momentum and direction are good.
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ToDOs:

* Instead of using the mean value of reco. Shower E, It’s better to fit the reco. distribution for each
true bin.

0

* Find out why there is a large data exceed in some " reconstruction bins.

* Read the tech notes from Aaron Higuera (https://docs.dunescience.org/cgi-
bin/private/ShowDocument?docid=18355) about the ProtoDUNE-SP Electron Analysis.

19


https://docs.dunescience.org/cgi-bin/private/ShowDocument?docid=18355

BACK UP



Gaussian Fit

1 F
%2/ ndf 14.04/4 3 1 2 I ndf 12.05/5 F ¥ / ndf 2293/8
Constant 3446 = 20362.7 E Constant 94.96 = 10.29 F Constant 130.6 = 13.0
o8- Mean -1.621 1.084 Mean 0.05182 = 0.00143 E Mean 006444 = 0.00122
Sigma 0.4354 = 0.3830 E Sigma 0.01504 = 0.00101 o Sigma  0.01754 =0.00138
06| E
04l F F
02 E
a 1 1 TN P » 1 L 1 1
140 P 3
%2/ ndf 30.7/9 %2 I ndf 28.37/12 - %2 I ndf 2274/12 E %2 I ndf 27.53/12
120 - Constant 1447 £ 10.0 Constant 93.46 + 7.47 Constant 7712 £5.42 3 Constant 59.68 + 4.56
Mean 0.07693 + 0.00124 0.09296 = 0.00184 F Mean 0.1087 = 0.0022 E Mean 0.1274 +0.0029
100 - Sigma 0.0218 + 0.0009 0.03083 = 0.00168 Sigma 0.03694 = 0.00142 E Sigma  0.04788 = 0.00239
8 o
60 - E
a0 E E
20 - E E
60 F E
2 / ndf 32.85/14 #2 I ndf 58.75/15 2 / ndf 47.12/15 Indf 54.13/16
onstant 48.92 = 3.83 Constant 3349 +3.08 E onstant 25.92 256 stant 24.19 2,41

lean 0.1402 + 0.0036 0.1477 = 0.0051
0.04963 = 0.00239 0.05598 = 0.00325

0.169 = 0.006
0.07602 = 0.00571

0.1888 + 0.0059
0.07768 = 0.00559

Candidates

n 1 =]
o0
%2/ ndf 84.62/13 %2 I ndf 565.82/16 E ¥2 I ndf 44.65/17 %2 / naf 38.39/17
w0 Constar 15.92 = 1.90 L Constaft 16.81=2.05 Consta 12.75 = 2.62 Constant 46 +1.57
Mean 0.1802 = 0.0098 Mean 0.2496 = 0.0085 F Mean b.2618 = 0.0153
Sigma 0.0802 = 0.0077 sigfha | 0.09684 = 0.01006 Sigma (9079 = 0.01740

30F %2 1 ndf .31/16 E ¥2 1 ndf ¥2 1 ndf 3 %2 / ndf

Constant 7x52 3 Constant 2 X Constant . Constant
3 Mean . =[0. Mean

Sigma  0.1137 =0.048% Sigma

L = == L L L L Laaaad Lo L L
005 01 015 02 025 03 035 04 045 0 005 01 015 02 025 03 035 04 045 0 005 01 015 02 025 03 035 04 045 O 005 01 015 02 025 03 035 04 045 0.

Rec. Shower Energy (GeV)

Each panel represent one bin in truth shower energy



08

0.6

0.4

0.2

Candidates

Each panel represent one bin in truth shower energy

Landau Fit

%2 I ndf 13.74 /4 %2 I ndf 6.05/5 F %2/ ndf 11.41/8
po 9475 + 64438.6 3 PO 4525 = 6968.6 E 0 1680 + 607.8
p1 -0.1442 + 0.1513 p1 0.04257 + 0.00260 o p1 0.04889 = 0.00180
p2 0.00279 = 0.00965 F p2 0.002122 = 0.001471 - p2 0.005045 = 0.001041
%* / ndt 53/9 %? / ndt 59.47 /12 %2 ndf 69.5/12 E %2 I ndf 71.38/12
p0 708.8 = 61.9 p0 408.9 = 38.0 F po 337.8 = 30.0 E PO 289.3 = 35.3
p1 0.0599 + 0.0014 p1 0.07565 = 0.00419 pi 0.07913 + 0.00376 E pi 0.09874 = 0.00543
p2 0.0112 = 0.0007 p2 0.01699 = 0.00125 o 0.01923 = 0.00127 3 p2 0.02341 = 0.00274

96.66 /14
212.7 £ 245
0.0971 = 0.0055
0.02257 = 0.00215

%2 / ndf
po
p1
P2

95.89/15
141158 3
0.09984 = 0.00549
0.02951 = 0.00257

2 / ndf 76.33/15
PO 1126 = 11.5
0.1175 = 0.0075

0.04367 = 0.00366

69.32/16

110.6 = 121
0.1434 + 0.0078
0.04665 = 0.00462

95.56 /13

74.97 = 9.45
0.1324 + 0.0098
0.04681 = 0.00540

82.75/16

61.58 = 6.82
0.2033 + 0.0149 -
.07789 = 0.00840

2 I ndf 66.83/17
po 40.612 5.7
p1 0.195 = 0.019

041+ 0.01205

51.28 /17
b.03 + 5.29
0p4d5 = 0.0218

L L
04 045 0.

Rec. Shower Energy (GeV)




Gaussian Fit (with extended x range)
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