


Reconstruction session

Talk Exercise Exercise Talk Exercise
Introduction to Running the Visualising the Pandora’s
Pandora reconstruction inputs algorithms
Key references: Pandora ProtoDUNE paper

Credit: These slides are based on previous
LArSoft workshop slides by Lorena Escudero
and Andrew Smith

Pandora MicroBooNE paper



https://arxiv.org/abs/2206.14521
https://arxiv.org/abs/2206.14521
https://arxiv.org/abs/2206.14521
https://link.springer.com/article/10.1140/epjc/s10052-017-5481-6
https://link.springer.com/article/10.1140/epjc/s10052-017-5481-6
https://link.springer.com/article/10.1140/epjc/s10052-017-5481-6

Goals

« Main goal - Visualise the status of the pattern-recognition after each main stage

« Add the visual monitoring algorithm to the Pandora configuration XML file after running the:
e 2D reconstruction
» 3D vertex reconstruction
e Track & Shower reconstruction & particle refinement
e 3D hit reconstruction
» Neutrino hierarchy reconstruction

» Please don’t worry if you don’t get through all of the steps
« This session is just for you to get some intuition for what Pandora’s algorithms do



Main Goal

Visualise the algorithms



The neutrino algorithm chain

» Go to our config directory and make a copy of the Pandora neutrino XML settings file

$ cd /exp/dune/data/users/SUSER/reco/config
$ cp $LARPANDORA DIR/scripts/PandoraSettings Neutrino Standard.xml

MyPandoraSettings Neutrino Standard.xml
$ vim MyPandoraSettings Neutrino Standard.xml

» Look through the file for the sections listed below: pandra

Input: cosmic-removed 2D hits

<!-- TwoDReconstruction --> :Fv\ M@Tenotnmnmgthe?vmﬂ

<1-- VertexAlgorithms --> v N IS I s|icing because we don’t have
: . = cosmics to deal with

<!-- ThreeDTrackAlgorithms -->

<!-- ThreeDShowerAlgorithms --> ¥ I

<!-- Repeat ThreeDTrackAlgorithms -->
<!-- ThreeDRecoveryAlgorithms --> j}
<!-- TwoDMopUpAlgorithms --> Ny
<!-- ThreeDHitAlgorithms -->
<!-- ThreeDMopUpAlgorithms -->
<!-- NeutrinoAlgorithms -->
<!-- Track and shower building --> _|

M~

3D vertex reconstruction

—

[~

Track and shower reconstruction

[~

Particle refinement

W

[~ I Particle hierarchy reconstruction

Output: candidate neutrinos




Point to our neutrino settings file

« Modify MyPandoraSettings Master Standard.xml and point it to our new neutrino settings file

- Remove the visual monitoring algorithms that we’ve been using so far

+ MyPandoraSettings_Master_Standard.xml
<pandora>

</algorithm>
<algorithm =

>
<CaloHitListNames>CaloHitListU CaloHitListV CaloHitListW</CaloHitListNames> Remove this a|gorithm block

<ShowDetector>true</ShowDetector>
</algorithm>

Change this line to point to
MyPandoraSettings_Neutrino_Standard.xml

<NuSettingsFile>MyPandoraSettings Neutrino Standard.xml</NuSettingsFile>

. more settings ...

<algorithm = > . .
<ShowCurrentPfos>true</ShowCurrentPfos> Remove thlS algorlthm bIOCk
<ShowDetector>true</ShowDetector>

</algorithm>

</pandora>_




2D reconstruction



Add in some visualizations

« Add to MyPandoraSettings Neutrino Standard.xml at the end of the TwoDReconstruction section

../c/MyPandoraSettings_Neutrino_Standard.xml

Set this to true - this will print to the terminal

<ShouldDisplayAlgorithmInfo>true</ShouldDisplayAlgorithmInfo> a” Of the algor|thms we are runnmg

. more settings ...

<algorithm = "LArVisualMonitoring">
<CaloHitListNames>CaloHitListU</CaloHitListNames>
<ClusterListNames>ClustersU</ClusterListNames>
<ShowDetector>true</ShowDetector>

</algorithm>

<algorithm type = "LArVisualMonitoring”> Add these visual monitoring blocks. When we
<CaloHitListNames>CaloHitListV</CaloHitListNames> . . .
<ClusterListNames>ClustersV</ClusterListNames> run, this will make 3 event d|sp|ays - each
<ShowDetector>true</ShowDetector>

SRS showing the hits and clusters in the U, Vand W

<algorithm = "LArVisualMonitoring"> . .
<CaloHitListNames>CaloHitListW</CaloHitListNames> Views res pectlve |y
<ClusterListNames>ClustersW</ClusterListNames>
<ShowDetector>true</ShowDetector>

</algorithm>

Add the above lines just before
the VertexAlgorithms section




Visualizing the initial 2D reconstruction

$ cd /exp/dune/data/users/SUSER/reco/work
$ lar -c event display driver.fcl -s reco2 lmulp.root -n 1

Can also run on pre-made reco2 file in
$ /exp/dune/data/users/dbrailsf/workshops/annecy2024/complete/reco2 lmulp.root

2D clustering
algorithms in -
the U-view

2D clustering
algorithmsin -
the V-view

2D clustering
algorithms in
the W-view

First visualization {

Running Algorithm: Alg0001, LArPreProcessing
Running Algorithm: Alge002, LArClusteringParent
---> Running Algorithm: Alg0003, LArTrackClusterCreation
Running Algorithm: Alg6004, LArLayerSplitting
Running Algorithm: Alg00605, LArLongitudinalAssociation
Running Algorithm: Alge0e6, LArTransverseAssociation
Running Algorithm: Alg0007, LArLongitudinalExtension
Running Algorithm: Alg0008, LArTransverseE: nsion
Running Algorithm: Alg0009, LArCrossGapsAssociation
Running Algorithm: Alg0010, LArCrossGapsExtension
Running Algorithm: Alg0011, LArOvershootSplitting
Running Algorithm: Alg6012, LArBranchSplitting
Running Algorithm: Alg0013, LArKinkSplitting
Running Algorithm: Alg0014, LArTrackConsolidation
Running Algorithm: Alg0016, LArClusteringParent

> Running Algorithm: Alg0017, LArTrackClusterCreation
Running Algorithm: Alg0018, LArLayerSplitting
Running : Alg0019, LArLongitudinalAssociation
Running : Alg0020, LArTransverseAssociation
Running Algorithm: Alg0021, LArLongitudinalExtension
Running Algorithm: Alg0022, LArTransverseExtension
Running Algorithm: Al1g0023, LArCrossGapsAssociation
Running Algorithm: Alg0024, LArCrossGapsExtension
Running Algorithm: Alg0025, LArOvershootSplitting
Running Algorithm: Alg0026, LArBranchSplitting
Running Algorithm: Alg0027, LArKinkSplitting
Running Algorithm: Alg0028, LArTrackConsolidation
Running Algorithm: Alg0036, LArClusteringParent
--> Running Algorithm: Alg0031, LArTrackClusterCreation
Running Algorithm: Alg0032, LArLayerSplitting
Running Alg0033, LArLongitudinalAssociation
Running : Alg0e34, LArTransverseAssociation
Running Algorithm: Alg0035, LArLongitudinalExtension
Running Algorithm: Alg0036, LArTransverseExtension
Running Algorithm: Alg0037, LArCrossGapsAssociation
Running Algorithm: Alg0038, LArCrossGapsExtension
Running Algorithm: Alg0039, LArOvershootSplitting
Running Algorithm: Alg0040, LArBranchSplitting
Running Algorithm: Alge041, LArKinkSplitting
Running Algorithm: Alg0042, LArTrackConsolidation
Running Algorithm: Alg0044, LArVisualMonitoring

PandoraMonitoring::InitializeEve(): DISPLAY environment set to :1001.0
Press return to continue
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e Viewer 1 | actons

N

D clusters in
the U view

Home

s000 2
0%

~Light sources:
 Tap  soton
¥ Let ¥ Aight
¥ Font 2 Specular

Point-size scale:
Line-with scale
<

Command

Command local) 5




Initial 2D reconstruction — U View

Turn off the hits, we’ve
included them so you can

Browser Eve ‘

Eve Main Window

always refer back to the
inputs if you like

Expand the list of clusters \

Try turning on and off
some of the clusters so
you can see what they
correspond to in the
viewer

/

Clusters are ordered
by the total energy
deposited

Eve |Files |

(¥ WindowManager
LA™ viewers
(1™ Scenes
3 [ Event Display 0
(1@ CaloHitListU
(¥ CaloHitListy
[ CaloHitListw
Event Display 0
v CaloHitListU
=43 ™ ClustersU
C] [V CaloHits/Cluster/Eem(corr =0.1283
D [V CaloHits/Cluster/Eem(corr =0.0471
CaloHits/Cluster/Eem(corr 0.0020

[j [V CaloHits/Cluster/Eem(corr =0.0006

C' [V CaloHits/Cluster/Eem(corr =0.0004
[j [V CaloHits/Cluster/Eem(corr =0.0002
[j [V CaloHits/Cluster/Eem(corr =0.0001

C' [V CaloHits/Cluster/Eem(corr =0.0001
(L1 ™ CaloHitsiCluster/Eem(corr =8.9343

(L1 ™ CaloHitsiCluster/Eem(corr =0.0003 N

C”U CaloHits/Cluster/Eem(corr =0.0001 | :
(L1 ™ CaloHitsiCluster/Eem(corr =0.0001 | :

viewer 1| Multi-view | 3D View| W View| U View| v View| 2D Views | Multi-view| 3D View | W View| U view| v view| 2D view

COIR Viewer 1 | Actions|

N\

4

Use Viewer 1 so
we can check and
uncheck boxes

After the initial 2D reconstruction
you will probably find 2 main
clusters (for the proton and
muon) but possibly many smaller
clusters at kinks and bifurcaggns

Each colour
corresponds to a
different cluster

Command |

Command (local): |

|

Wheel up - zoom out
Wheel down - zoom in
Wheel press + drag - pan viewport

W - wireframe mode
R - return from wireframe mode
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Looking at the other views

<algorithm = >
<CaloHitListNames>CaloHitListU</CaloHitListNames>
<ClusterListNames>ClustersU</ClusterListNames>
<ShowDetector>true</ShowDetector>
</algorithm>

Click in the terminal window

and press Return + to
visualize the other views

Return

<algorithm = >
<CaloHitListNames>CaloHitListV</CaloHitListNames>
<ClusterListNames>ClustersV</ClusterListNames>
<ShowDetector>true</ShowDetector>

</algorithm> Return

<algorithm = >
<CaloHitListNames>CaloHitListW</CaloHitListNames>
<ClusterListNames>ClustersW</ClusterListNames>
<ShowDetector>true</ShowDetector> Return
» </algorithm>

Eve Main Window ororo

A

| Eve Main Window (A (X Eve Main Window ORORE
RS T oroweer e
Viewer 1| Mut-View | 3D View |  View| U View| v View| 20 Views | Muli-View | 3D view| w View| u View| v view| 20 view Eve ‘ Files | Viewer 1| Muti-View | 3D View | W View| U View| v View| 2D Views | Mult-View| 3D View| W view| U View| v View| 20 View Eve | Files Viewer 1| Muit-View | 3D View | W View| U View| v View| 2D Views | Mult-View | 3D View| W View| U view| v view| 2D viey
Hide Viowert ctons| A |opmies e Viewer 1 R | Hi Viewer 1 [ ctons|
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¥ Reset on update. ¥ Reset on update. > e S R
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Upste Scene Updat Scens D
— o i , 5 Raston upisls |
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3D vertex reconstruction
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This tutorial’s reconstruction uses the 13

] ] ] ] older vertex reconstruction. DUNE-FD
Add in some more visualisations now uses deep-learning assisted

vertex reconstruction

« Add to MyPandoraSettings Neutrino Standard.xml at the end of the VertexAlgorithms section
The LArCandidateVertexCreation algorithm creates a
list of 3D candidate vertices at positions that project
onto the ends of the existing 2D clusters

The LArEnergyKickVertexSelection algorithm selects
the neutrino vertex from the candidates

/Visualise the 3D candidate vertices along \
with the W-view clusters for comparison

<algorithm = "LArVisualMonitoring">
Clustersw:

L T Visualise the selected neutrino vertex
along with the W-view clusters for
LArVisualMonitoring .
Clustersw: Com pa rlSOﬂ

NeutrinoVertices3D
true

Add the above lines just before the

QhreeDTrackAIgorithms section /




14

Run Pandora again!

» Run our FHiCl file again

$ cd /exp/dune/data/users/$SUSER/reco/work

$ lar -c event display driver.fcl -s reco2 lmulp.root -n 1

* After the event display has loaded press Return +! three times, to skip through our visualisations
from part 1

View done

> Running Algorithm: Algee47, LArCandidateVertexCreation

> Running Algorithm: Alg0048, LArEnergyKickvVertexSelection
Running Algorithm Tool: Tool0001, LArEnergyKickFeature
Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature
Running Algorithm Tool: Toolo0®l. LArEnergyKickFeature e [Fies Viewsr 1 | wut-Visw | 3D View| W View| U View| v View | 2D Views | Mult-view| 3D View| W View | U View| v View| 20 view
Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature ggvv':‘";f’“‘"”" hide Viewer 1 iActons
Running Algorithm Tool: Tool0001, LArEnergyKickFeature QI sceres
Running Tool: Tool0062, LArLocalAsymmetryFeature 31 Event Dispiay 0
Running hm Tool: Tool0001, LArEnergyKickFeature @ (I cobritlty
Running g Tool: Toole002, LArLocalAsymmetryFeature L ety

Running Tool: Toolee0l, LArEnergyKickFeature 31 Event Display 0

Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature (L CaboHitListy

Running Algorithm Tool: Tool@001, LArEnergyKickFeature 7’95'7"‘[‘”;‘:‘;”‘

Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature :"ul;:aln‘}:u:tv

Running Algorithm Tool: Tool@001, LArEnergyKickFeature © QO cintesy

Running Algorithm Tool: Tool0@02, LArLocalAsymmetryFeature QA Event Display 2

Running Algorithm Tool: Tool0001, LArEnergyKickFeature FEF ottty

Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature 3 Event Dy 3

Running Algorithm Tool: Tool0@01, LArEnergyKickFeature - ClstersW.

Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature -4 7 Conttevertees30 @

Running Algorithm Tool: Tool0001, LArEnergyKickFeature

Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature

Running Algorithm Tool: Tool0001, LArEnergyKickFeature

Running Algorithm Tool: Tool0002, LArLocalAsymmetryF ure

Running Algorithm Tool: Tool0001, LArEnergyKickFeature

Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature

Running Algorithm Tool: Tool0@01, LArEnergyKickFeature

Running Algorithm Tool: Toolee LArLocalAsymmetryFeature

Running Algorithm Tool: Tool@001, LArEnergyKickFeature

Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature

Running Algorithm Tool: Tool001, LArEnergyKickFeature . .

Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature Style | Guides | Clipping| Extas| = Command |

Running Algorithm Tool: Tool0001, LArEnergyKickFeature GLViewer [TGLSAVievier] Command (iocal)

Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature

Running Algorithm Tool: Tool0001, LArEnergyKickFeature

Running Algorithm Tool: Tool0002, LArLocalAsymmetryFeature

Running Algorithm Tool: Tool0001, LArEnergyKickFeature

Eve Main Window

Browser Eve

Upate behaviaur




Candidate 3D vertices vs W-view clusters

Expand the list of candidate
vertices - there will be many!

Browser Eve ]

Eve Main Window

\‘

Each vertex here is displayed as
a yellow circle in the viewer

Eve | Files |

|Viewer1 | Multi-View | 3D View| W view | U view| v View| 2D Views | Multi-View | 3D View| W View| U View| v view| 2D view

»

[V Event Display 3

(O™ Clustersw

=)+ [V CandidateVertices3D

185.167 y:23.2
149.962 y:-0.1
185.081 y:22€
1150127 y:-01
:-149.962 y:0.08
149.456 y: 261
149.962 y: 1.67
152.995 y:5.57
152.363 y: 4,68
149393 y:-30
150.127 y: 055
12051 y:8.045
120051 y:8.21
149.456 y:0.15
149393 y:-1.7

1-149.962 y: 34€
:-152.915 y: 7.61
152.336 y: 6.67
149.393 y.-6.1
150.171 y: 1.4
12051 y:7.948
1-149.393 y:0.1€ v

4 1] »

v

< %1% <RI KRR <R R R R R ] R R A

PN

Style [Guides| Clipping | Extras| 2,

GLViewer [TGLSAViewe] |

| up with the W-view clusters

Hide| Viewer 1 ‘ Actions

The yellow circles are

the candidate vertices
In this viewer the 3D

, vertices are projected into
- the X-Z plane - this matches

>

Command ‘

Command (local): |

Update behaviour
< il

|

15

Wheel up - zoom out
Wheel down - zoom in
Wheel press + drag - pan viewport

W - wireframe mode
R - return from wireframe mode
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Candidate 3D vertices vs W-view clusters

. . Eve Main Wind V) () (x
Expand the list of candidate ve Main Hindow
. . I Browser Eve |
vertices - there will be many: Eve | Files | viewer 1| Mulli—Viewl 3D View \Iw view | U view| v view| 2D Views | Muli-view 3D View | w view| U view| v view| 2D vie

317 Event Display 3 < | Hide| 3D View | Actions
(L™ Clustersw
-+ [V CandidateVertices3D W

1 -185.167 y: 232
49962 y:-0.1

185,081 y: 228 Each vertex here is displayed as
1150127 y: 0.1 a yellow circle in the viewer Wheel up - zoom out

49.962 y: 0.0 .
49,456 y: 251 Wheel down - zoom in

49962 y: 16 .
152995 4:55 Wheel press + drag - pan viewport
i %:-152.363 y: 4.6
:-149.393 y:-3.0

111

Each vertex here is displayed as
a yellow circle in the viewer

5o

N ’7---
p...
g
o e
o
o
v p...
e
o
o
- 50127 y: 05!
e 2051 y:8.04
S v 20.051 y:8.21
i [ = 49.456 y:0.1
v 149.393 y:-1.7
& == 152.995 y: 195
y R v 52363 y: 15
S v 85.167 y:22.1
S v 49962 y:-0.4 .
o [ 185,145 y:22.1 Left press + drag - rotate 3D view
o v :-150.171 y:-0.3
o v :-149.383 y: 576
i [ == 49.962 y:3.4€
o [ ==t 52915 y: 761
o [ - 52336 y: 667
- :-149.393 y:-6.1 -
“ in Ty oo tEs
. z : SusssssszsssmasEEg
press Return « to Style | Guides | Clipping | Extras |
GLViewer [TGLSAViewer] | 2 w W - wireframe mode
move to the neXt Update behaviour R ‘ .
dicnlay il e Command oca; | ~ R-return from wireframe mode

[V Reset on update
< T »

i ‘
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Selected neutrino vertex vs W-view clusters

Eve Main Window vialx

Browser Eve |

Eve | Files | Viewer 1 | Multi-View | 3D view | w view| U view | v view| 2D Views | Multi-View| 3D view | w view| U view | v view| 2D vi
(1% WindowManager Hiide Viewer 1 | Action
(O™ Viewers
(1™ Scenes 1

H Event Display 0 B
Expand the list of selected AT vt Doy

(¥ CaloHitListU |
neutrino vertices - there QM Caloitlisty »
(¥ CaloHitListw al
should only be one 317 Event Display 0 6!
(¥ CaloHitListU
@[]V Clusters |
[ Event Display 1 -l
(I CalaHitListy A
(O™ Clustersv
[ Event Display 2
-V CaloHitListw
-1V Clustersw
[ Event Display 3
(L1 Clustersw ‘ 1311
|V CandidateVertices3D M |
=3[V Event Display 4 :
-]V Clustersw
A=+ [ NeutrinoVertices3D W >
& [V ---Vertexii x:-149.962 y:0.1375:

Wheel up - zoom out
Wheel down - zoom in
Wheel press + drag - pan viewport

W - wireframe mode
R - return from wireframe mode

This is the selected
neutrino vertex

press Return + to ) A 8
move to the next stye | ~ | Command |
i s c d (local): .
display x -149.962 y: 0137593 z: 150132 | ommand (ocal): | E

4 in »

TE "




3D track & shower reconstruction
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Add in some more visualizations

« Add to MyPandoraSettings Neutrino Standard.xml at the end of the TwoDMopUpAlgorithms section

<algorithm = Visualize the track-like and shower-like

<PfolListNames>TrackParticles3D ShowerParticles3D</PfolListNames> .
<ShowDetector>true</ShowDetector> reconstructed pa rticles
</algorithm>

Add the above lines just before the
ThreeDHitAlgorithms section

Run Pandora once again!

$ /exp/dune/data/users/SUSER/reco/work
$ lar -c event display driver.fcl -s reco2 lmulp.root -n 1

* After the event display has loaded press Return + five times, to skip through our visualizations
from parts 1-2




Reconstructed track & shower-like particles

Expand all of the menus to see
the clusters at this point and
how they have been matched
together into reconstructed
particles (PFOs)

Here there are 2 track-like
PFOs reconstructed

Hover over a cluster to see
which view it belongs to - in
this case it’s the W view

. V|
In this event there are no / ] »

shower-like particles to see

Browser Eve |

Eve Main Window N4

Eve | Files |

(¥ WindowManager
(O™ Viewers
(O™ Scenes
[ Event Display 0
(1™ CaloHitListU
(1™ CaloHitListy
(L1 ¥ CaloHitListw
[ Event Display 0
(1™ CaloHitListU
(1™ ClustersU
[ Event Display 1
([ CaloHitListy
(1™ Clustersv
[ Event Display 2
(1™ CaloHitListw
([ Clusters\
[ Event Display 3
(1™ Clustersw
-+ [V CandidateVertices3D M
[ Event Display 4
(L1 Clustersw
- [ NeutrinoVertices3D M
[V Event Display 5
{23 ™ TrackParticles3D
A =3[V PFO/E=0im=0.105658/PDG=13
=423 ¥ Clusters/PFO/E=0im=0.105658,
(L1 ™ CaloHits/Cluster/Eem(carr )
(L1 ™ CaloHits/Cluster/Eem(corr )
N (L™ CaloHits/Cluster/Eem(corr )
=23 ¥ PFO/E=0im=0.105658/PDG=13
=23 ¥ Clusters/PFO/E=0im=0.105658.
El [V CaloHits/Cluster/Eemicorr)
D [V CaloHits/Cluster/Eemicorr)
D [V CaloHits/Cluster/Eemicorr)

Viewer 1| Multi-view | 3D View | w View | U view| v view| 2D Views | Multi-view | 3D View | w View | U view| v view| 2D vi
Fiide

Viewer 1

| Action

Remember, in Viewer
1 we display all views
on top of each other

Each cluster is
given a different
colour

\ Recall previously there were a

\ number of tiny clusters! Now

\ pandora has merged and split them
\ to have zero or one cluster per view
per PFO

Clusters are matched

Each PFO has up to between views!

one cluster per view

Wheel up - zoom out
Wheel down - zoom in
Wheel press + drag - pan viewport

W - wireframe mode
R - return from wireframe mode

press Return + to
move to the next

Command |

Command (local): |

display

|
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3D hit reconstruction
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Add in some more visualizations

« Add to MyPandoraSettings Neutrino Standard.xml at the end of the ThreeDHitAlgorithms section

<algorithm = > Visualise the reconstructed particles again
<PfolListNames>TrackParticles3D ShowerParticles3D</PfolListNames>
<ShowDetector>true</ShowDetector>

</algorithm> Add the above lines just before the
ThreeDMopUpAlgorithms section

Run Pandora once again!
$ cd /exp/dune/data/users/$USER/reco/work
$ lar -c event display driver.fcl -s reco2 lmulp.root -n 1
* After the event display has loaded press Return +' six times, to skip through our visualisations
from parts 1-3
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3D hits

. Eve Main Window V) (») (x
When you are finished,

Browser Eve ‘

press Return 0 Eve | Files | viewer 1| Mulli-\liewl 3D Viewl W view| U View| v view| 2D Views | Multi-view 3D View | w view| U view| v view| 2D view

close the event display Q7 soenes Hide | 3D View [ actions |
[ Event Display 0
LV CaloHitListu —
(O CaloHitListv
DF CaloHitListw
H [ Event Display 0
Expand all of the menus again e ity ‘ Wheel up - z00m out
to see what we now have QI Clstersu _
(S Event Disely 1 Each colour Wheel down - zoom in
[ CaloHitListy )
LI cstersv corresponds to a Wheel press + drag - pan viewport
‘[ Event Display 2 .
QR Cloritiity different PFO
(1™ Clustersw 7
[ Event Display 3 4os
(L1 Clustersw >
Our PFOs now have a new * A Coclinisrieso0
) ‘N[ Event Display 4
cluster of 3D hits that we (W Clustersw _
s |V NeutrinoVertices3D M X -120

have just created 1 Event Dispay 5

151
« | ®-[W TrackParticles3D > ” |
G Left press + drag - rotate 3D view
=23 [ TrackParticles3D

{237 PFO/E=Din=0.10S658/PDG=13
[ Clusters/PFO/E=Dim=0.105¢
@AE [ CaloHits/Cluster/Eem(c:
(1™ CaloHits/Cluster/Eem(cq

i (L1 ™ CaloHits/Cluster/Eem{cg Snsssssssssssssssss
Note that we use different o CaratyCustoomc i

3D hit creation algorithms £ AP PFO/E-Oi-0.106551PDG-13
. = {-j[? Clusters/PFO/E=0/m=0.105!

Sepin(}i] ing on 'jhe I;FO: SEE::::::E::Z::::&: p— < v W - wireframe mode

rack-shower classification Qi coartrmtwrtn] || Fl R - return from wireframe mode

(L) ¥ CaloHits/Cluster/Eem(cc

] ’ ‘

»

=186




Neutrino hierarchy reconstruction
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Add in some more visualizations

« Add to MyPandoraSettings Neutrino Standard.xml at the end of the file

<algorithm = >
<ShowCurrentPfos>true</ShowCurrentPfos>
<ShowDetector>true</ShowDetector>
</algorithm>

Visualize the final reconstructed particles

Run Pandora once again!

$ cd /exp/dune/data/users/$USER/reco/work
$ lar -c event display driver.fcl -s reco2 lmulp.root -n 1

* After the event display has loaded press Return +!' seven times, to skip through parts 1-4



The final outcome

Expand all of the menus again

to see what we now have ——)

The PFOs are now arranged in
a hierarchy! The top-level PFO

has PDG code =14 = v,

daughter PFOs which each
have clusters of 2D & 3D hits

The PFOs have been classified
once more as track-like
(assigned PDG 13) or shower-
like (assigned PDG 11 — none
here)

Every PFO has a vertex this is
the reconstructed start
position

Browser Eve |

Eve Main Window

Eve | Files |

Viewer 1 IMulti—ViEWI 3D View | W View| U View| v view| 2D views |

(1@ WindowManager

O™ Viewers

(1™ Scenes

N[ Event Display 0

(¥ CaloHitListU

([ CaloHitListy

Q¥ CaloHitListw

3 [V Event Display 1

b =44 [V CurrentPfos

[V PFO/E=0im=0/PDG=14
. [V VertexList

123 [V DaughterPfos
/ (=3 W PFO/E=0im=0.105858/PDC

=23V Clusters/PFO/E=0im=0.
(L™ CaloHits/Cluster/Es
(L1 ¥ CaloHits/Cluster/Ee

(L1 ¥ CaloHits/Cluster/Ee
(0¥ CaloHitsiCluster/Ee
(1@ CaloHits/Cluster/E¢
(L1 CaloHits/Cluster/Ee
v [V VertexList @
N

(L)@ CaloHits/Cluster/Ee| :

[L1[¥ CaloHits/Cluster/E¢
The neutrino PFO has 2 L e e osssaPo

/D'Aj ¥ PFO/E=0im=0.105658/PDC | :
=423 [V Clusters/PFO/E=0im=0. | |

Hide |

3D View

| Actions| Hide|

2D U View

| Actions |

Hide

-186 -120 %

2D V View

|Actions‘

Hide

-186 -120 X

2D W View

| actions |

-186 -120 X

Command |

Command (local): |

When you are finished,

press Return + to
close the event display
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Got spare time?

Run your FHICL file again over multiple events
Do you understand what Pandora is doing in each of the steps?
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