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Goals

* This session scheduled for 45 minutes

* Main goal - Visualize the status of the pattern-recognition after each main stage
e Add the visual monitoring algorithm to the Pandora configuration XML file after running the:

* 2D reconstruction

* 3D vertex reconstruction

* Track & Shower reconstruction & particle refinement
* 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

Visualize the algorithms



The neutrino algorithm chain

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

$ cd $MRB_TOP/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:

PandoraNu

<!-- TwoDReconstruction --> ]—‘\~ We’'re not running the event
<1-- VertexAlgorithms --> ;,L.\ sllcmg because we don’t have
<!-- ThreeDTrackAlgorithms --> cosmics to deal with

<!-- ThreeDShowerAlgorithms --> — I —

<!-- Repeat ThreeDTrackAlgorithms --> |

<!-- ThreeDRecoveryAlgorithms --> ]_ I T —

<!-- TwoDMopUpAlgorithms --> - =~

<!-- ThreeDHitAlgorithms --> \\\\\\\\\\\\\\\\\\\\\Tm“m¢WHMWmmm

<!-- ThreeDMopUpAlgorithms --> —

<!-- NeutrinoAlgorithms --> Particle refinement

<!-- Track and shower building --> a \\\‘\“‘--~“\\\

[~ | 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:
<ShowDetector>true</ShowDetector>

</algorithm>

<NuSettin§sFile>MyPand0raSettinﬁsiNeut?inoistandard.xm1<

. more settings ...

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

</CaloHitListNames>

/NuSettingsFile>

Remove this algorithm block

Change this line to point to
MyPandoraSettings Neutrino_Standard.xml

Remove this algorithm block



2D reconstruction



Add in some visualizations

* Add to MlyPandoraSettings Neutrino Standard.xml at the end of the TwoDReconstruction section

../c/MyPandoraSettings_Neutrine_Standard.xml

Set this to true - this will print to the terminal
all of the algorithms we are running

<ShouldDisplayAlgorithmInfo>true</ShouldDisplayAlgorithmInfo>

. more settings ...

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

</algorithm>

<algorithn type = “LArVisualflonitoring > Add these visual monitoring blocks. When we

<CaloHitListNames>CaloHitListV</CaloHitListNames>
<ClusterListNames>ClustersV</ClusterListNames>

<ShowDetector>true</ShowDetector> run; thls WI” make 3 event d|Sp|ay5 - eaCh
¢/atgoriEm showing the hits and clusters in the U, V and
1 ith _ q 1 itoring" . .
“ gfz:iozitListNam:::z;i;:irtz;:al;zal;HitListNames> W Views reSpECtIVE"y

<ClusterListNames>ClustersW</ClusterListNames>
<ShowDetector>true</ShowDetector>

SRR P Add the above lines just before
the VertexAlgorithms section




Visualizing the initial 2D reconstruction

$ cd $MRB_TOP/reco/work
$ lar -c event_display driver.fcl -s reco_events.root -n 1

Let’s just look at 1 event for now!

/home/share/november2022/reconstruction/

Eve Main Window

Viewsr 1 | Muls-View | 3D View | W View | U View | V View | 2D Views
Hide Viewer | Actions

2D clustering
algorithms in -
the U-view

2D clusters in
the U view

2D clustering
algorithms in -
the V-view

2D clustering
algorithms in -
the U-view

First visualization -
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Looking at the reconstructed particles — 3D View

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

\ [C [ Seenes
| Evem Display 0

o pCahHilL'le

== ClustersU

=W ‘CaloHits/Cluster’Eem|
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[com)=1.11
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01 CaloHits/ClusterEem|
| ‘CaloHits/Cluster’Eem|
A1V ‘CalkoHits/Cluster'Eem|
0 CaloHils/ClusterEem|

[com)=0.00:
[com}=0.00"
lcom}=0.00;
[com)=0.00;
[corr}=0.00;
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[-[E3 [ CaloHits/ClusterEem|
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o |l ‘CaloHits/ClusterEem|
01 CaloHits/ClusterEem|
| ‘CaloHits/Cluster’Eem|
- D I CalkoHits/Cluster/Eem|
([ [ CaloHits/Cluster/Eem|
1AW ‘CaloHits/Cluster’Eem|
.- D ~ CalkoHits/Cluster/Eem|
i1- (23 [ CaloHits/ClusterEem|
SN |l ‘CaloHits/Cluster’Eem|
01 CaloHits/ClusterEem|

N

Use Viewer 1 so
we can check and
uncheck boxes

Each colour
corresponds to a
different cluster

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

Eve Main Window o x
Browser Eve ‘
 e—
Eve ‘ Files | Viewer 1 ‘ Multi-View | 3D View | W View | U View | V View | 2D Views
aF WindowManager - ~ ‘ .Act\ons‘
Dp\"iewem ]

]..Dpﬁxhﬂil&’ﬂh‘slm E 0000

Command ‘

Command (local): |

Wheel up - zoom out
Wheel down - zoom in

Wheel press + drag - pan viewport

W - wireframe mode
R - return from wireframe mode




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 d

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

</algorithm> Return d

Eve Main Window 8 x Eve Main Window * Eve Main Windaw e x
Viewar | Wth-View | 90 Vi | Vi | U Vo | Vo | 20 Views Viewer | Wt Vigw | 30 View | Wiiom | U Viw| ¥ View | 20 Viems IEwS | Ml View | 30 Vi Vi View | U Ve | ¥ Vi 20 Vs
Hi w1 satns e Viewr 1 Acis e Viewst 1 Aetons,
/
> T
St | Guides| Cipping | Exbas| = Stie | Guccs| Clsing | Exias|  » S8 | Culdes | Clgpiog| Exias | = !
L [T SAVawer] L [T S ] \
Upsaiepemaour Upde benarour Upoas petavour \
T e szes - lgnom sizes \
™ P Fosatcn upeaia 7 Russtonupdale \
Upast seane Upge scane psaie scane
Camara Foms camara Homs camsraoms
Max Ho g e | 5000 3 P [ —
waxtoamwms: | 100 2 e L [
Gtear oo Glear Color Glnar oler
Lightsaurcas Lt saurces Lot sousces
¥ somm ¥ Bomm 7 Top
Fln B [ P tan
PFo P Sponar P Fon 2 Sescu 7 Frt
Command - - commrs ; N come
Poiesee scae: | 103/ Pantuzmeeals: | 10 2] Folnszn scal
e Cammand lscal A Commase doca) g — Comeand iscan
Wirstama g w10 2 WS it .
Ot w10 4 uins insawom - -

U view clusters

V view clusters

W view clusters
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3D vertex reconstruction
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Add in some more visualizations
* 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

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

<algorithm "LArVisualMonitoring">
Clu§tersv 1
e ot Visualize the selected neutrino vertex
along with the W-view clusters for
LArVisualMonitoring .
ClustersW Comparlson

NeutrinoVertices3D
true

Add the above lines just before the
ThreeDTrackAlgorithms section




Run Pandora again!

* Run our FHiCl file again

$ cd $MRB_TOP/reco/work

$ lar -c event_display driver.fcl -s reco_events.root -n 1

After the event display has loaded press Return ¢ three times, to skip through our visualizations
from part 1

VVVVVV

Actons

14
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Candidate 3D vertices vs W-view clusters

r

Expand the list of candidate Eve Main Window 5 @
1 - H | Browser Eve | |
Vertlces there WI” be many Eve |Fi\es | Viewer 1 |Mu|ti—View 3D View | W View | U View | V View | 2D Views
L5 | Tl = | Hide| Viewer 1 | Actions
DFSRHEI
arEven([isplayO ||

(I [ CaleHiListy
[C [ CustersU
a r Event Display 1
aF CalkoHitListv
-] [ ClustersV
(=5 [ Event Display 2
=AW CaloHitListW
- [C] [ CustersW
=1l Event Display 3
([ [ ClustersW

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

. [ —Vertex
i [ —Vertex
i [ —Vertex
s [ —Verex
i p—\ienex
. [o —Venex
A - [ —Verex
i [ —Vertex
i [ —Vertex
i [ —Vertex
s [ —Verex
s [ —Verex
. [o —Venex
- [ —Verex
- [ —Verex
e [ —Vertex
i [ —Vertex
i [ —Vertex
s [ —Verex
. [o —Venex
. [o —Venex
- [ —Verex
i [ —Vertex

B+ [ CanddateVertices3D w

% 124,446 y: 34.54
x -09 9886 y: 0379
x -100.469 y: -1.322
¥ -08 BEB5 y: 0.408
% -91.3307 y: 7117
x:-91.6344 y: 6.663!
% -99.928 y. 0.5880)
% 124 446 y 7542
x:-100.859 y:-3.231
x -09 9886 y: 1.308
¥ -100.959 y: -3.238
¥ 08 BEB5 y: 0.212
x:-81.3307 y: 6.668
% -99.951 y. 0.7092
% -92.3164 y: 5,848
x:-124 638 y: -71.88
* -100958 y: 1615
% -100.469 y: -1.491
¥ -100.959 y: 0,135
% -91.6344 y: 7.118
X -99.925 y. -0.4866)
% -99.951 y. 0.5098)
x: 92 3164 y: 6685

The yellow circles are

the candidate vertices

In this viewer the 3D

vertices are projected
the X-Z plane - this me
up with the W-view cl

D

ytches
usters

/ s

into

Command ‘

Command (local): |

Wheel up - zoom out
Wheel down - zoom in

W - wireframe mode

R - return from wireframe mode

Wheel press + drag - pan viewport
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Candidate 3D vertices vs W-view clusters

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

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

When you are finished,
press Return < to move
to the next display

Eve Main Window - o X
Browser Eve |
Eve ‘ Files | Viewer 1 | Mu\t\-VlewI3D View ‘IWVIGW‘ U View | V View | 2D Views
[ | N
i Seenes Hide| 3D View | Actions |
al— Event Display 0 [

(3 CalkHitListU

-] [ ClustersU

a r Ewvent Display 1

(| CalHitListy

aF ClustersV
a - Event Display 2

(AW ‘CaloHitListW

-] ClustersW
a = Event Display 3

QW ClustersW
SR CandidateVertices30 m
o [ —Verex x-124.446 y: 3454
e p—\ienex ¥ 999886 y: 0.379,
w W —Verex x:-100.469 y:-1.322 >
i [ —Verex x:-98.8685 y: 0408
& p—\}enex x 913307 y: 7017
& p—\}enex x-91.8344 y: 6.6835=
* it [ —Merex x:-99928 y: -0 5880]
e p—Venex X -124 446 y: 75 42 i /
w W —Verex x:-100.959 y:-3.231)

i p—\a‘enex x:-99.9886 y: 1.306

o [ —Verlex x:-100.859 y: 3.238 We're mimic mg
woss. [7 —Veriex x 988685 y: 0212 ] .

co [ —Verex x:-91.3307 v 6668 neutrinos co ing
e p—\fenex x:-99.951 y: 0.7092 . .

. [ =Vertex x:-92.3164 y:5 848 N thIS way

& p—\}enex x-124.638 y: -71.88
e p—Venex x-100959 y: 1815
e p—\ienex * 100469 y:-1.4391
B p—\fenex x:-100.959 y:0.135
B p—\fenex x:-91.8344 y:7.118

ach vertex here is displayed
s a yellow circle in the viewer

o [ —Verex x 99.928 y: 04866 Command |

& p—\}enex x:-99.951 y: 0.5098

Command (local): |
o p—\ienex * 923164 y: 6685 Jun

) —— s
] g

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

Left press + drag - rotate 3D view

W - wireframe mode
R - return from wireframe mode
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Selected neutrino vertex vs W-view clusters

Eve Main Window

3rowser Eve |

Eve | Files |
[ WindowManager
Qam Viewers

[E3 [ Scenes

. Event Display 0
Expand the list of selected D mwraa

. . 7 ClustersU
neutrino vertices - there e ey

D = CalloHitListy
should only be one o sty
arEvem Display 2
..DpCaIDH(LiStW
(£ ClustersW
arEvem Display 3
-1 [ ClustersW
- [ CandidaleVeriices3D m
apEvem Display 4
-2 7 Custersw :
: [ NeutinoVertices3D m
b p—\fenex ¥ -100.469 y: -0 7B358

Viewer 1 | Multi-View | 3D View | W View | U View | V View | 2D Views |

Viewer 1 Actions

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
When you are finished,

press Return < to move
to the next display

Command ‘

Command (local): |
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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 = >
<PfolListNames>TrackParticles3D ShowerParticles3D</PfolListNames>
<ShowDetector>true</ShowDetector>

</algorithm>

$ cd $MRB_TOP/reco/work
$ lar -c event display driver.fcl -s reco_events.root -n 1

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

Visualize the track-like and shower-like
reconstructed particles

Add the above lines just before the
ThreeDHitAlgorithms section

Run Pandora once again!
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Reconstructed track &

shower-like particles

Eve Main Window o x
jrowser Eve |
Expand all of the menus to see Eve | Files | | Viewer 1| | Mutti-View | 3D View | W View | U View | V View | 2D Views |
. . (C [ Windowhanager Viewer 1 Actions
the clusters at this point and e viewers
[Ea [ Scenes
how they have been matched ~ rewnoeomo

..Dl_CaanLtstU

3w ClustersU

= Event Display 1

- [ CaloHitListy

[Ea w7 ClustersV

= Event Display 2
..DpCaanLtstW

[E [ ClustersW
= Event Display 3

D = Clustersw

= W CandidateVerices30 m
_r Event Display 4

D = Clustersw

g% W NeutrinoVerices30 m

L o —Verex x-100.469 y: 078358

together into reconstructed
particles (PFOs)

v
B-53 [ TrackParlices3D
Eap PFO/E=0/m=0.105658/PDG=13
=" a [ Clusters/PFO/E=0/m=0.105658
: [L3 @ CaloHits/Cluster/Eemicorm=
[av GaloHits/Cluster'Eemicorm=
{C] [ CaloHitsiCluster/Eemicarm=
= W PFOE=0/m=0.105658/PDG=13
E‘ SN Clusters/PFO/E=0/m=0.105658
{C] [ CaloHitsiCluster/Eemicarm=
[L3 @ CaloHits/Cluster/Eemicorm=
[av GaloHits/Cluster'Eemicorm=

Eap PFO/E=0/m=0.105658/PDG=13
B 25 [ CustersPFO/E=0/m=0.105658
[av GaloHits/Cluster'Eemicorm=

{C] [ CaloHitsiCluster/Eemicarm=
([0 = ShowerParticles3D

Here there are 3 track-like
PFOs reconstructed

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

In this event there are no
shower-like particles to see

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

Each cluster is
given a different
colour

2" PFQ is this
tiny fragment

N

Each PFO has up to
one cluster per view

Clusters are matched
between views!

Recall how many tiny clusters we
previously had! Now pandora has
merged and split them to have zero
or one cluster per view per PFO

Command ‘

Command (local): |

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

W - wireframe mode
R - return from wireframe mode

When you are finished,
press Return < to move
to the next 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 = > . . . .
<PfolListNames>TrackParticles3D ShowerParticles3D</PfolListNames> Visualize the reconstructed partldes again

<ShowDetector>true</ShowDetector>

e Add the above lines just before the
ThreeDMopUpAlgorithms section

Run Pandora once again!

$ cd $MRB_TOP/reco/work
$ lar -c event_display_driver.fcl -s reco_events.root -n 1

* After the event display has loaded press Return ¢ six times, to skip through our visualizations
from parts 1-3
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3D hits

When you are finished,
press Return ¢ to close
the event display

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

Our PFOs now have a new
cluster of 3D hits that we
have just created

Since the last step, one of
the particles has been
classified as shower like - we
use different 3D hit creation
algorithms depending on the
PFOs track-shower
classification

Eve Main Window o

Browser Eve |

Eve |FMes |

Viewer 1 | Muli-View 3D View | W View | U View | V View | 2D Views |

D = WindowManager
=] Viewers
[Z3 [ Scenes
a ml Event Display 0
Qar CaloHitListU
D = Clustersl
a - Event Display 1
D = CaloHitListy
[ ClustersV
a ml Event Display 2
= CaloHitListW
Law ClustersW
- Event Display 3
Law ClustersW
- [ CandidateVerices3D m
a ml Event Display 4
[ ClustersW
e [ NeutrmoVertices3D
Lo = —Verex x:-100.469 y: 0.78358
a ml Event Display 5
(L[ TrackParticles3D
i..{I] [ ShowerParticles3D
a = Event Display 6
-5 [ TrackParticies3D
E| | PFQ/E=0/m=0.105658/PDG=13
E‘a ~ Clusters/PFO/E=0/m=0.105658
|23 ) CaloHits/ Cluster'Eem(car=
AW CaloHits/Cluster/Eem{com=
[27 ) CaloHits/ ClusterEem(car=

v
E| | PFQ/E=0/m=0.105658/PDG=13
E‘a = Clusters/PFO/E=0/m=0.105658
|23 ) CaloHits/ Cluster'Eem(car=
AW CaloHits/Cluster/Eem{com=
-1 [ ShowerParticles3D

Hide | 3D View

Command |

Command (local): ‘

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

Left press + drag - rotate 3D view

W - wireframe mode
R - return from wireframe mode
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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> Visualize the final reconstructed partldes
<ShowDetector>true</ShowDetector>

</algorithm>

Run Pandora once again!

$ cd $MRB_TOP/reco/work
$ lar -c event_display_driver.fcl -s reco_events.root

* After the event display has loaded press Return ¢ seven times, to skip through parts 1-4
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The final out

come

Eve Main Window

Browser Eve |

—

Eve |F\\es |

Viewer 1 [ Mulli-View | 3D View | W View | U View | V View | 2D Views |

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 > vy ~———

The neutrino PFO has 3
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)

Every PFO has a vertex this is
the reconstructed start

L |
=] mi Event Display 3
- (L[ Custersw
v [ CandidateVerices3D m
= Event Display 4
- [ [ Clusters
B W NeutrinoVerices3D w
iie [ —Mertex x:-100.469 y: -0783
a r Event Display 5
([ [ TrackParticies3D
i [[ [ ShowerPariicles3D
=]mi Event Display 6
- TrackPartickes3D
(22 [ ShowerParticles3D
e
(=425 [ CumentPios
= ap PRO/E=0/m=0/PDG=14
- o7 Verexlist w
[=-£25 [ DaughterPfos
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EE=rd Clusters/PFO/E=0/n
- (£ [ CaloHits/Cluste
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QW CaloHits/Cluste
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\ = [ Verexlist m
5423 [ PFO/E=0/m=0.1056581

553 [ Clusters/PFO/E=0/n
¥ CaF ‘CaloHits/Cluste:
- D |~ Calo Hits/Cluste
= PFQ/E=0/m=0.105658/1
EE=1r Glusters/PFO/E=0/n|
- [ [ CaloHits/Cluste
] CaloHits/Cluste
(£3 o CaloHits/Cluste:

position

3

Dpﬁah}‘i{&’ﬂl‘s{e

H\de|

3D View

| Actions | Hide |

2D U View

| Actions|

T L~
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Hids |
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-
2DV View
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| Actions|

/Y
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\
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2D W View
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| Actions|
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L_

b 02 X

Command ‘

Command (local): |

When you are finished,
press Return ¢ to close
the event display




Secondary particles - a different event

Browser Eve | ‘

Please note, this is now Eve | Fies |

Viewer 1| Muli-View | 3D View | W View | U View| v View 2D Views |

the final outcome of a = (17 TrackParticke3D | Hie| 2D W View | Actions | Hide| 2D U View | Adtions| Hide| 2D V View | Actions
different event L ShowerPartcesid

5[ Event Display 7 z P :

L1 ¥ CumentPfos

E5[ Event Display 8 eyl 151 163

{23 [ CaloHitListl) P
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H 25 [ Event Display 9
In this event, the muon P \
undergoes a secondar (O Custersy -
g y 3 Event Disiay 10 Parent-daughter link is made

interaction {03 [F CakHtListw i
& (7 Custeray between muon and the particle

In this event, the muon i |
5[] Event Display 11 . . .
undergoes a secondary & [ [ Custersiy from its|secondary interaction

[+ [ CandidateVerices3D m >
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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?



