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HighLAND analysis framework
•HighLAND: High Level Analysis Development


• HighLAND has been crucial for T2K near detector analyses


•Highly optimized, thread safe, compiled c++ code and run on the 
shell command line (not as root macro)


• Very compact set of packages: 1 minute to download and 5 
minutes to compile


• Functionality: 


• Event selection & systematics propagation


• Drawing Tools & Event display


• Data reduction
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We have not started from scratch: All this functionality exists since long time 
from T2K. The system is fully validated !!!! 
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Previous HighLAND talks
•MCC6 and MCC7 eras


• FD sim/reco 23/11/2015: https://indico.fnal.gov/conferenceDisplay.py?confId=10882

• LBL 24/11/2015: https://indico.fnal.gov/conferenceDisplay.py?confId=10861 

• S&C 15/12/2015: https://indico.fnal.gov/conferenceDisplay.py?confId=11030

• DUNE CM, 14/09/2016, https://indico.fnal.gov/event/10613/session/18/contribution/52/material/slides/0.pdf

• PD meas/ana 13/10/2016: https://indico.fnal.gov/event/13110/

• DUNE CM 24/01/2017: https://indico.fnal.gov/event/10641/session/12/contribution/81/material/slides/0.pdf


•MCC11, MCC12 era

• ProtoDUNE analysis workshop 27/01/2019


• https://indico.fnal.gov/event/19133/

• Long talk explaining the framework and its functionality


• DRA Analysis meeting 9/05/2019

• https://indico.fnal.gov/event/20776/

• Actual ProtoDUNE analyses using HighLAND


• DUNE CM, 21/05/2019

• https://indico.fnal.gov/event/18681/session/13/contribution/93/material/slides/0.pdf

• Actual ProtoDUNE analyses using HighLAND


• Analysis meeting 5/12/2019

• https://indico.fnal.gov/event/22522/

• HighLAND as candidate for systematic error propagation
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http://www.apple.com
https://indico.fnal.gov/conferenceDisplay.py?confId=10861
https://indico.fnal.gov/conferenceDisplay.py?confId=11030
https://indico.fnal.gov/event/10613/session/18/contribution/52/material/slides/0.pdf
https://indico.fnal.gov/event/13110/
https://indico.fnal.gov/event/10641/session/12/contribution/81/material/slides/0.pdf
https://indico.fnal.gov/event/19133/
https://indico.fnal.gov/event/20776/
https://indico.fnal.gov/event/18681/session/13/contribution/93/material/slides/0.pdf
https://indico.fnal.gov/event/22522/
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HighLAND in few hours
• This is the HighLAND redmine wiki page
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instructions and scripts 

to install and run

link to detailed doxygen documentation

https://cdcvs.fnal.gov/redmine/projects/highland/wiki

https://cdcvs.fnal.gov/redmine/projects/highland/wiki
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Results in 10 minutes
• Download, compile and install the framework


• Run the ProtoDUNE example: 


•Where input.root can be a LArSoft reco file or a HighLAND minitree, 
for example: 
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https://cdcvs.fnal.gov/redmine/projects/highland/wiki/Install

5 minutes

1 minute for 10K events

../Linux-x86_64/RunProtoDuneExampleAnalysis.exe -n 10000 -v -o output.root input.root

/dune/data/users/acervera/MiniTreesFilter/mini_data_run5387_calocorr_filter_pos_tof0-250.root

https://cdcvs.fnal.gov/redmine/projects/highland/wiki/Install
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Make a plot

8

root -l output.root

root [1] DrawingToolsBase draw("output.root")

root [2] TTree* d   = (TTree*)_file0->Get("default");

root [3] draw.Draw(d,”beam_mom_raw",100,0,2,"beamparticle","accum_level[0][0]>2")

root tree
variable to plot

binning
color categories

pass cut 2



Highland concepts
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Highland flow and concepts

10
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Highland flow and concepts

10

event model

event selection

event variation

event weight

correction

micro-tree

Drawing tools



Event model
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• HighLAND decouples input file’s format from actual analysis by 
extracting info from the input file and saving it into an internal event 
model

12

LArSoftFiles

Extract part of the information 

HighLAND event model

• AnaBeam

• AnaParticle

• AnaTrueParticle

• …

• In this way the analysis is independent of the input format
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• HighLAND decouples input file’s format from actual analysis by 
extracting info from the input file and saving it into an internal event 
model

12

LArSoftFiles

Extract part of the information 

HighLAND event model

• AnaBeam

• AnaParticle

• AnaTrueParticle

• …

• In this way the analysis is independent of the input format

Analysis tree 1 Analysis tree 2 …
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HighLAND event model
• The event model is very simple


• This is the current event model, which can be easily modified
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AnaParticleBAnaVertexB AnaTrueVertexB AnaTrueParticleB

AnaRecObjectC AnaTrueObjectC

AnaBeamB

AnaDataQualityB

AnaEventInfoB

AnaEventB

AnaEventC

inherits

has one

has several
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Some classes

14

AnaBeam

AnaParticleAnaTrueParticle



Event selection
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Event selection
•Once the input file info is extracted and saved into the internal event 

model, the event selection can proceed


• A selection is a collection of steps, which can be actions or cuts


• Each selection inherits from SelectionBase, which has a main 
mandatory method DefineSteps 

• Each step inherits from StepBase and implements the method Apply

16
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The box
• The Toy Box is used to pass derived information from one step to 

another in the selection

17

ToyBoxB

ToyBoxPD

ProtoDUNE box

Base class
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Stopping proton selection
• Reproduce Heng-Ye’s 1GeV/c stopping 

proton analysis

18

1. beam TOF compatible with proton

2. Δx, Δy  at  z=0

3. Δθ at z=0

4. Length/CSDA range (proton) 

beam track

z=0

TPC track
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Example of action

19

primary 

information

derived 

information
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Example of action

19

primary 

information

derived 

information
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Example of action

19

primary 

information

derived 

information
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Example of action

19

primary 

information

derived 

information
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Example of action

19

primary 

information

derived 

information

distance between each track and the beam track
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Example of action

19

primary 

information

derived 

information

Save this track in the box
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Example of cut

20

primary 

information

derived 

information

• The track in the TPC that matches the beam-detectors track, and 
that was saved as box.MainTrack, can now be used in a subsequent 
step, a cut in this case



•Other cuts used only primary information
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Example of cut

21

primary 

information

derived 

information



•Other cuts used only primary information
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Example of cut

21

primary 

information

derived 

information



•Other cuts used only primary information
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Example of cut

21

primary 

information

derived 

information



•Other cuts used only primary information
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Example of cut

21

primary 

information

derived 

information



Systematic error 
propagation
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Systematics
• Full systematic propagation functionality is one of the main 

HighLAND benefits


• Systematic are propagated numerically by multiple throws (toy 
experiments)


• Two type of systematic propagation methods


• Event Variations:  Modify the input data


• Event Weights:  Just a global weight for the event

23



Anselmo Cervera Villanueva, IFIC-Valencia

Systematics in T2K
• Example for a selection with a muon and a proton

24
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Propagation methods

25

Some systematic errors in T2K
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Propagation methods

25

variation
Some systematic errors in T2K
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Propagation methods

25

variation weight
Some systematic errors in T2K
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Corrections
• Correct a well known data MC difference to reduce the 

corresponding systematic


• Example: dEdxCorrection 

• Scales the dEdx of each hit by the correction factor and 
recomputes PIDA

26

correction
error on  

correctionbins of PDG

data/dEdx.dat

PIDA

corrected

raw
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dEdxVariation systematic
• The error on the correction is the systematic


• 100 toy experiments. Each toy applies a different correction factor to 
all hits. Then PIDA is recalculated

27

correction
error on  

correctionbins of PDG

PIDA

with 
systematic

corrected
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The different levels
• The three levels are available in the HighLAND output file

28

raw PIDA corrected  PIDA systematic propagated  
PIDA

corrected

single value for each event single value for each event 100 values for each event
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Effect on the selection
•When the PIDA cut is applied the dEdx systematic has an effect on 

the number of selected events


• Integrated:  0.3% 

• Differential:  < 3%

29

for events passing all cuts, including PIDA

differential error < 3%



Systematic 
implementation
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SystematicBase

EventVariationBase EventWeightBaseBinnedParams

dEdxVariation

highland core classes

user class

SystematicBase
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SystematicBase

EventVariationBase EventWeightBaseBinnedParams

dEdxVariation

highland core classes

user class

correction
error on  

correctionbins of PDG

utility class that helps in dealing 

with data files containing 

systematic parameters

SystematicBase
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The header file

32

mandatory

optional 

to gain in speed
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Systematic parameters

33

PDG mean_corr mean_var

$PROTODUNEEXAMPLEANALYSISROOT/data/dEdx.dat
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Relevant objects
• This method is called only once per event at initialisation level


•Only relevant objects for this systematics are saved into the SystBox


• In this way, for each toy experiment, the loop over objects can be 
much faster

34
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The systematic propagation

35

PDG mean_corr mean_var

x

0 = x ·
✓
1 + � · �

µ

◆
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Undo the variation
• The next toy experiment should do variations from the nominal 

values, not from the previous toy. Two options:


• Reset the entire event, clone again the original event


• Just reset the observables the systematic has changed

36

slow

fast
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The systematic propagation

37

PDG mean_corr mean_var

x

0 = x ·
✓
1 + � · �

µ

◆
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The systematic propagation

37

PDG mean_corr mean_var

x

0 = x ·
✓
1 + � · �

µ

◆

systematic index parameter index 

for this systematic

 



• For each toy experiment  the ToyExperiment class is filled:


• A random throw for each parameter in each systematic
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Filling toy experiments

38

x

0 = x ·
✓
1 + � · �

µ

◆
This method fills the δ 

for each systematic parameter

systematic index

parameter index 

for that systematic

 

δ
weight of this toy (in general the same for all toys)

already implemented 
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What the user should implement ?
• For the systematic, only header, constructor and  Apply method


• The rest is optional or already provided with the framework

39



Anselmo Cervera Villanueva, IFIC-Valencia

•Obviously the user should implement his analysis algorithm and tell 
the system with selections and systematics to use

40
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• Add the systematic to the EventVariationManager


• Add the selection to the SelectionManager

41
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The path forward
• Code preparation


• Migration to cmake


• Upgrade LArSoftConverter to ProtoDUNE production 2 


•Git repositories


•Give access to git repository in Valencia to few experts


• new repository for user code in FNAL


• Implementation of ProtoDUNE selections and systematics


•Get in contact with analyzers who want to start propagating 
systematics and understand their needs


•Migrate their selections to HighLAND


• Proto implementation of some systematics

42

almost done

almost done
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• Thoughts from the analysis group

43

Beam composition
Beam momentum
Beam-TPC Energy loss
Signal model
Vertex Identification/Position
space point -> reconstructed object not done correctly
Signal definition
muon contamination from pion decay
Cosmic background
Incorrect classification of track-like particles as showers
Fiducial Volume definition
Stitching across APAs
EField value
APAs Alignment
Wire response (cross-talk in wires?)
Gain of the channel
ADC to charge conversion
signal/noise
T0 estimation → synchronization with beam clock?
Lifetime ?  f(T, time, y)
Drift velocity
Recombination / dEdx  : f(E, t, theta)

https://docs.google.com/document/d/15akjuTH7qI4mG-0rDTIsMlZUq1SazquFx-TAG25qvTw/edit

In T2K

https://docs.google.com/document/d/15akjuTH7qI4mG-0rDTIsMlZUq1SazquFx-TAG25qvTw/edit
https://docs.google.com/document/d/15akjuTH7qI4mG-0rDTIsMlZUq1SazquFx-TAG25qvTw/edit


backup 
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• Beam Composition: weights


• Beam Momentum


• WEIGHTABLE? Build a prediction in the particle gun with a spread of 
energies consistent with whatever we predict from a beamline simulation 
which is dedicated and separate. Then we can slosh events around.


• JC: The particle gun already has a spread mentioned.


• JC: the CERN group has a dedicated separate simulation. There was an 
idea to simulate the whole thing. => Haven’t heard-- we could check in 
on this? Clarify what if any plan was here.


• Energy loss between beam and TPC


45
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• Signal model: Misidentifying or missing pions/protons → Selection Uncertainty


• Absorption, Charge exchange model uncertainties:


• Geant4 predicted hadronic final state composition (number of protons, 
neutrons, 


• Final state particle kinematics (outgoing momentum, angle to each 
particle)


• => Where do we think the signal model is potentially insufficient? 


• Mine DUET paper


• Ron Ransome’s talk: 


• Then, develop a suitable technique with weighting or particle gun 
stitching.


• Background model? Elastic scattering. 


• => Same as above.


46



Anselmo Cervera Villanueva, IFIC-Valencia

• Reconstruction error: Vertex Identification/Position


• This will couple to both the selection uncertainty and the energy 
estimations in a few ways:


• Stop ‘too short’ 


• Stop ‘too late’ (i.e. along daughter particle)


•Miss elastic scattering -- Need to understand energy lost to nucleus 


47
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Systematics
• Systematics are propagated numerically using toy- experiments 

(pseudo-experiments or virtual analyses)


• Each toy-experiment is defined by a set of random throws (one for 
each systematic parameter)


• The covariance of the number of events selected in a given bin is 
computed in the usual way:

48
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Analysis group’s concerns
• In the next slides I address the concerns of the analysis group:


• new framework to learn


• need hit level info


• highland uses CMT and not cmake


• code sharing and git repository

50
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Concern 1
• Analyzers are familiar with protoduneana, not with HighLAND, 

and they will expend a lot of time trying to understand the new 
framework 

• It takes 5 minutes to download and compile HighLAND


• It is a very light framework, with very few concepts to understand. It 
will take a day for a student to start producing results


•Migrating an existing analysis to HighLAND will take few days. After 
that, progress will be much faster


•We can help with the migration !!!

51
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Concern 2
• All the analyses right now are still working at the hit level (vertex 

mis-reconstruction studies, elastic scattering tagging, machine 
learning PID and shower reconstruction, etc.) 

• HighLAND can run on LArSoft reco files


• This is highly complicated for protodune, an analyser has first to 
work with the reco files, then move to highland (or another 
analysis package) for selection and systematics and then move 
to a fit/unfolding package for a measurement 

• Since HighLAND works with any input format (provided the 
appropriate converter) moving to higher analysis levels and 
reduced inputs is completely transparent 


• Ideally fitting/unfolding package should be such that it can 
accept any input (HighLAND or other)

52
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Concern 3
• HighLAND uses CMT while protoduneana uses cmake  

• Being HighLAND a separate set of packages it does not matter


• Anyway, we will migrate to cmake next week. It is straight forward. In 
fact it was already in the to do list

53
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Concern 4
• Analysers working on similar analyses, how they will commit 

and share code since the code lives on a different repository?  

• This is how we get existing highland packages


•We can get protoDUNE specific highland packages from the DUNE 
repository 

54

git clone  http://cdcvs.fnal.gov/projects/protoduneHighland      highland2/myAnalysis/v0r0



Data reduction
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Data Reduction functionality
• LArSoft files are way too big 

• I don’t have much experience with them but getting them and 
running on them is not easy


•Most information in those files is not needed for the analysis


• The analysis should proceed on files that are manageable 

• Small size


• Fast to run over


• Easy to understand for non-experts in simulation/reconstruction


• HighLAND can read LArSoft files and produce two other file types, 
much smaller and simpler


• Those files can be used as input for HighLAND analyses 

56
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Data Reduction functionality
• The event model can be dumped into a root file in two ways:


• MiniTree: The class AnaEvent is saved


• Pros: Does not need maintenance, changes en the event model 
are automatically propagated   

• Cons: Not very easy to navigate


• FlatTree: Similar to the DUNE AnaTrees. The user decides the objects 
that are saved in the tree and the name of the variables. The output is 
a flat tree with basic type variables: double, float, int, char, and 
vectors of them.


• Pros: Very easy to navigate   

• Cons: Difficult to maintain. Need to propagate changes in event 
model


• Both have similar size and running speed

57
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Running directly on LArSoft files
• A list of LArSoft files in a text file: file.list


• Run the example example over that list in dunegpvm03.fnal.gov


• This is the final output on the screen

58

40 minutes for 230 events

~50 GB for 230 events

most time expended in reading the file
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MiniTree
• First create a MiniTree from the same list


• The MiniTree is much smaller than the initial LArSoft files and can be 
easily transferred to a laptop


• Now running the analysis is much faster

59

takes 40 minutes

2 seconds for 230 events (a factor 1000)

~20 MB (a factor 5000)
most space taken by truth info. 

(More than 500 particles/event )
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Summary of data reduction

• The MiniTree does not contain yet all info needed for the analysis but 
I don’t think it will be much larger. Current info: 


• True Particles and True Vertices


• All reconstructed tracks and showers, and the link to the 
corresponding True Particle. 


•No hits

60

LArSoft MiniTree Factor

File size 50 GB 20 MB 5000

processing time 2200’’ 2’’ 1000
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Analysis flow

61

LArSoftFiles

MiniTree

µTree

Extract part of the information 

Save into a root file the class AnaSpill

Read the MiniTree 

HighLAND event model

1. Corrections

2. Event selection & systematic prop.

3. Build top level physic quantities

4. Save relevant variables into the final root tree 

DrawingTools
plots

HighLAND event model

• AnaSpill

• AnaBeam

• AnaParticle

• AnaTrueParticle
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Data reduction for real DATA

62

LArSoftFiles µTree12 h

Example for 337  LArSoft files: 1 GeV/c

44757 events
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Data reduction for real DATA

62

LArSoftFiles µTree12 h

MiniTree-0

12 h

µTree-044757 events 1 h

Example for 337  LArSoft files: 1 GeV/c

44757 events
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Data reduction for real DATA

62

LArSoftFiles µTree12 h

1 h

MiniTree-1 70 s µTree-1

-80<X0 <20
370<Y0 <470
0<TOF <250

30679 events

MiniTree-0

12 h

µTree-044757 events 1 h

Example for 337  LArSoft files: 1 GeV/c

44757 events
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Data reduction for real DATA

62

LArSoftFiles µTree12 h

MiniTree-2

2 min

50 s µTree-2

170<TOF <250

23025 events

1 h

MiniTree-1 70 s µTree-1

-80<X0 <20
370<Y0 <470
0<TOF <250

30679 events

MiniTree-0

12 h

µTree-044757 events 1 h

Example for 337  LArSoft files: 1 GeV/c

44757 events
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Data reduction for MC

63

Example for 5225  LArSoft files: 1 GeV/c SCE  
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Data reduction for MC

63

Example for 5225  LArSoft files: 1 GeV/c SCE  

LArSoftFiles

MiniTree-0
3 h

MiniTree-1

MiniTree-2

1 h

3 min

1 h

10 days

µTree-0

µTree-1

µTree-2

-80<X0 <20
370<Y0 <470

truth of saved recon 

particles and 

all its descendants

52114 events 
36 GB

52114 events 
8 GB

µTree10 days

52159 events 
160 GB 

52250 events 
13 TB

3 h
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Data reduction for MC

63

Example for 5225  LArSoft files: 1 GeV/c SCE  

LArSoftFiles

MiniTree-0
3 h

MiniTree-1

MiniTree-2

1 h

3 min

1 h

10 days

µTree-0

µTree-1

µTree-2

-80<X0 <20
370<Y0 <470

truth of saved recon 

particles and 

all its descendants

52114 events 
36 GB

52114 events 
8 GB

µTree10 days

52159 events 
160 GB 

52250 events 
13 TB

3 h

In a laptop



Event Selection 
Drawing tools
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ProtoDUNE example
• An example exists in the git repository: protoDuneAnalysisExample 

package. Documentation exists in redmine. The package contains: 


• stoppingKaonSelection


• dEdxCorrection, dEdxVariation (systematic)


• Selection of 1 GeV/c beam kaons stopping in the detector 


• It was tested using MCC7

65
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Event Selection
• A selection is a collection of steps (cuts or actions)


• Each selection inherits from SelectionBase, which has a main 
mandatory method DefineSteps 

• Each step inherits from StepBase and implements the method Apply

66

stoppingKaonSelection
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Running and plotting the example
• To run the example

67

RunProtoDuneAnalysisExample.exe -o kaon_1gev.root  input.root

input fileoutput file

(MicroTree) LArSoft


FlatTree

MiniTree
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Track multiplicity
• About 95% of events have at least one reconstructed track


• 1-4 reconstructed tracks is typical


•When >0 tracks, color indicates true particle associated with kaon 
candidate track in the event (see next)

68

root commands to do the plot
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Kaon candidate track
• Kaon candidate track defined as track starting most upstream 

(lowest z)


•With this definition, kaon candidate associated to true kaon only 
~50% of the times


• Partly because kaon decays or interacts before reaching the 
active volume (z>0) in ~30% of the simulated events
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Fraction of stopping kaons and range cut
•Only ~10% of the events have a kaon stopping in the active volume


• Require ~200 cm range tracks to select all correctly reconstructed 
kaons decaying at rest
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Multiplicity cut
• In addition to track range, >1 track requirement further improves 

kaon decay at rest selection


• Reason: tracks from kaon daughters are expected
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The PIDA variable

72

in black 
recomputed PIDA

The recomputed PIDA is narrower because we have used all 3 wire planes, 
while the one in the AnaTree only use one

before cuts

Averaged over all hits with residual range R<30
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The PIDA cut
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root commands to do the plot

the code for the cut

accum_level>2 means events passing cut 2 

(>0 tracks, range cut, >1 track)
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Efficiency and purity
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99.9%

9%

root commands to do the plot



Reading LarSoft file
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Reading the LArSoft file
• Using root TFile::MakeProject the art classes headers are recreated


• So we don’t need art nor LArSoft to read the LArSoft file
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Reading the LArSoft file
•We read the “Events” tree in a LarSoft file


• Disable all branches we are not interested in to gain in speed
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HighLAND event model
• LArSoft info is extracted and saved into the HighLAND event model


• This is the current event model, which can be easily modified
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AnaParticleBAnaVertexB AnaTrueVertexB AnaTrueParticleB

AnaRecObjectC AnaTrueObjectC

AnaBeamB

AnaDataQualityB

AnaEventInfoB

AnaEventB

AnaEventC

inherits

has one

has several
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Track and shower info
• This is the method to fill the AnaParticle’s (track/shower)
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There is a method in LArSoft 

to do this. We had to reproduce that 

method inside HighLAND 
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• reco_beam_


• reco_daughter_      : daughter tracks from beam particle


• reco_daughter_true_byE_


• reco_daughter_true_byHits


• reco_daughter_PFP_true_byHits_ 


• reco_daughter_allTrack_ 


• reco_daughter_allShower_


• reco_daughter_shower_true_byE


• reco_daughter_shower_true_byHits_


• reco_daughter_


• true_beam_


• reco_beam_


• true_daughter
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reco beam

82



Anselmo Cervera Villanueva, IFIC-Valencia

reco beam
  fTree->Branch("reco_beam_type", &reco_beam_type);

  fTree->Branch("reco_beam_startX", &reco_beam_startX);

  fTree->Branch("reco_beam_startY", &reco_beam_startY);

  fTree->Branch("reco_beam_startZ", &reco_beam_startZ);

  fTree->Branch("reco_beam_endX", &reco_beam_endX);

  fTree->Branch("reco_beam_endY", &reco_beam_endY);

  fTree->Branch("reco_beam_endZ", &reco_beam_endZ);

  fTree->Branch("reco_beam_len", &reco_beam_len);

  fTree->Branch("reco_beam_trackDirX", &reco_beam_trackDirX);

  fTree->Branch("reco_beam_trackDirY", &reco_beam_trackDirY);

  fTree->Branch("reco_beam_trackDirZ", &reco_beam_trackDirZ);

  fTree->Branch("reco_beam_trackEndDirX", &reco_beam_trackEndDirX);

  fTree->Branch("reco_beam_trackEndDirY", &reco_beam_trackEndDirY);

  fTree->Branch("reco_beam_trackEndDirZ", &reco_beam_trackEndDirZ);

  fTree->Branch("reco_beam_vtxX", &reco_beam_vtxX);

  fTree->Branch("reco_beam_vtxY", &reco_beam_vtxY);

  fTree->Branch("reco_beam_vtxZ", &reco_beam_vtxZ);

  fTree->Branch("reco_beam_trackID", &reco_beam_trackID);

  fTree->Branch("reco_beam_dQdX", &reco_beam_dQdX);

  fTree->Branch("reco_beam_dEdX", &reco_beam_dEdX);

  fTree->Branch("reco_beam_calibrated_dEdX", &reco_beam_calibrated_dEdX);

  fTree->Branch("reco_beam_resRange", &reco_beam_resRange);

  fTree->Branch("reco_beam_TrkPitch", &reco_beam_TrkPitch);

  fTree->Branch("reco_beam_calo_wire", &reco_beam_calo_wire);

  fTree->Branch("reco_beam_calo_tick", &reco_beam_calo_tick);

  fTree->Branch("reco_beam_nTrackDaughters", &reco_beam_nTrackDaughters);

  fTree->Branch("reco_beam_nShowerDaughters", &reco_beam_nShowerDaughters);

  fTree->Branch("reco_beam_flipped", &reco_beam_flipped);

  fTree->Branch("reco_beam_passes_beam_cuts", &reco_beam_passes_beam_cuts);

  fTree->Branch("reco_beam_vertex_slice", &reco_beam_vertex_slice);

 fTree->Branch("reco_beam_vertex_dRs", &reco_beam_vertex_dRs);

  fTree->Branch("reco_beam_vertex_hits_slices", &reco_beam_vertex_hits_slices);

  fTree->Branch("reco_beam_true_byE_endProcess", &reco_beam_true_byE_endProcess);

  fTree->Branch("reco_beam_true_byE_process", &reco_beam_true_byE_process);

  fTree->Branch("reco_beam_true_byE_origin", &reco_beam_true_byE_origin);

  fTree->Branch("reco_beam_true_byE_PDG", &reco_beam_true_byE_PDG);

  fTree->Branch("reco_beam_true_byE_ID", &reco_beam_true_byE_ID);

  fTree->Branch("reco_beam_true_byHits_endProcess", &reco_beam_true_byHits_endProcess);

  fTree->Branch("reco_beam_true_byHits_process", &reco_beam_true_byHits_process);

  fTree->Branch("reco_beam_true_byHits_origin", &reco_beam_true_byHits_origin);

  fTree->Branch("reco_beam_true_byHits_PDG", &reco_beam_true_byHits_PDG);

  fTree->Branch("reco_beam_true_byHits_ID", &reco_beam_true_byHits_ID);


  fTree->Branch("reco_beam_true_byE_matched", &reco_beam_true_byE_matched);

  fTree->Branch("reco_beam_true_byHits_matched", &reco_beam_true_byHits_matched);

  fTree->Branch("reco_beam_true_byHits_purity", &reco_beam_true_byHits_purity);
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  fTree->Branch("reco_beam_Chi2_proton", &reco_beam_Chi2_proton);

  fTree->Branch("reco_beam_Chi2_ndof", &reco_beam_Chi2_ndof);


  fTree->Branch("reco_beam_cosmic_candidate_lower_hits", &reco_beam_cosmic_candidate_lower_hits);

  fTree->Branch("reco_beam_cosmic_candidate_upper_hits", &reco_beam_cosmic_candidate_upper_hits);

  fTree->Branch("reco_beam_cosmic_candidate_ID", &reco_beam_cosmic_candidate_ID)

  fTree->Branch("reco_beam_true_byE_endPx", &reco_beam_true_byE_endPx);

  fTree->Branch("reco_beam_true_byE_endPy", &reco_beam_true_byE_endPy);

  fTree->Branch("reco_beam_true_byE_endPz", &reco_beam_true_byE_endPz);

  fTree->Branch("reco_beam_true_byE_endE", &reco_beam_true_byE_endE);

  fTree->Branch("reco_beam_true_byE_endP", &reco_beam_true_byE_endP);


  fTree->Branch("reco_beam_true_byE_startPx", &reco_beam_true_byE_startPx);

  fTree->Branch("reco_beam_true_byE_startPy", &reco_beam_true_byE_startPy);

  fTree->Branch("reco_beam_true_byE_startPz", &reco_beam_true_byE_startPz);

  fTree->Branch("reco_beam_true_byE_startE", &reco_beam_true_byE_startE);

  fTree->Branch("reco_beam_true_byE_startP", &reco_beam_true_byE_startP);


  fTree->Branch("reco_beam_true_byHits_endPx", &reco_beam_true_byHits_endPx);

  fTree->Branch("reco_beam_true_byHits_endPy", &reco_beam_true_byHits_endPy);

  fTree->Branch("reco_beam_true_byHits_endPz", &reco_beam_true_byHits_endPz);

  fTree->Branch("reco_beam_true_byHits_endE", &reco_beam_true_byHits_endE);

  fTree->Branch("reco_beam_true_byHits_endP", &reco_beam_true_byHits_endP);


  fTree->Branch("reco_beam_true_byHits_startPx", &reco_beam_true_byHits_startPx);

  fTree->Branch("reco_beam_true_byHits_startPy", &reco_beam_true_byHits_startPy);

  fTree->Branch("reco_beam_true_byHits_startPz", &reco_beam_true_byHits_startPz);

  fTree->Branch("reco_beam_true_byHits_startE", &reco_beam_true_byHits_startE);

  fTree->Branch("reco_beam_true_byHits_startP", &reco_beam_true_byHits_startP);


    fTree->Branch( "reco_beam_spacePts_X", &reco_beam_spacePts_X );

    fTree->Branch( "reco_beam_spacePts_Y", &reco_beam_spacePts_Y );

    fTree->Branch( "reco_beam_spacePts_Z", &reco_beam_spacePts_Z );

;
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true beam
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true beam
  fTree->Branch("true_beam_PDG", &true_beam_PDG);

  fTree->Branch("true_beam_ID", &true_beam_ID);

  fTree->Branch("true_beam_endProcess", &true_beam_endProcess);

  fTree->Branch("true_beam_endX", &true_beam_endX);

  fTree->Branch("true_beam_endY", &true_beam_endY);

  fTree->Branch("true_beam_endZ", &true_beam_endZ);

  fTree->Branch("true_beam_startX", &true_beam_startX);

  fTree->Branch("true_beam_startY", &true_beam_startY);

  fTree->Branch("true_beam_startZ", &true_beam_startZ);


  fTree->Branch("true_beam_startPx", &true_beam_startPx);

  fTree->Branch("true_beam_startPy", &true_beam_startPy);

  fTree->Branch("true_beam_startPz", &true_beam_startPz);

  fTree->Branch("true_beam_startP", &true_beam_startP);


  fTree->Branch("true_beam_endPx", &true_beam_endPx);

  fTree->Branch("true_beam_endPy", &true_beam_endPy);

  fTree->Branch("true_beam_endPz", &true_beam_endPz);

  fTree->Branch("true_beam_endP", &true_beam_endP);


  fTree->Branch("true_beam_startDirX", &true_beam_startDirX);

  fTree->Branch("true_beam_startDirY", &true_beam_startDirY);

  fTree->Branch("true_beam_startDirZ", &true_beam_startDirZ);


  fTree->Branch("true_beam_nElasticScatters", &true_beam_nElasticScatters);

  fTree->Branch("true_beam_elastic_costheta", &true_beam_elastic_costheta);

  fTree->Branch("true_beam_elastic_X", &true_beam_elastic_X);

  fTree->Branch("true_beam_elastic_Y", &true_beam_elastic_Y);

  fTree->Branch("true_beam_elastic_Z", &true_beam_elastic_Z);

  fTree->Branch("true_beam_IDE_totalDep",    &true_beam_IDE_totalDep);

  fTree->Branch("true_beam_IDE_found_in_recoVtx",    &true_beam_IDE_found_in_recoVtx);


  fTree->Branch("true_beam_nHits", &true_beam_nHits);

  fTree->Branch("true_beam_reco_byHits_PFP_ID", &true_beam_reco_byHits_PFP_ID);

  fTree->Branch("true_beam_reco_byHits_PFP_nHits", &true_beam_reco_byHits_PFP_nHits);

  fTree->Branch("true_beam_reco_byHits_allTrack_ID", &true_beam_reco_byHits_allTrack_ID);
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  fTree->Branch("true_beam_daughter_PDG", &true_beam_daughter_PDG);

  fTree->Branch("true_beam_daughter_ID", &true_beam_daughter_ID);

  fTree->Branch("true_beam_daughter_len", &true_beam_daughter_len);

  fTree->Branch("true_beam_daughter_startX", &true_beam_daughter_startX);

  fTree->Branch("true_beam_daughter_startY", &true_beam_daughter_startY);

  fTree->Branch("true_beam_daughter_startZ", &true_beam_daughter_startZ);

  fTree->Branch("true_beam_daughter_startPx", &true_beam_daughter_startPx);

  fTree->Branch("true_beam_daughter_startPy", &true_beam_daughter_startPy);

  fTree->Branch("true_beam_daughter_startPz", &true_beam_daughter_startPz);

  fTree->Branch("true_beam_daughter_startP", &true_beam_daughter_startP);

  fTree->Branch("true_beam_daughter_endX", &true_beam_daughter_endX);

  fTree->Branch("true_beam_daughter_endY", &true_beam_daughter_endY);

  fTree->Branch("true_beam_daughter_endZ", &true_beam_daughter_endZ);

  fTree->Branch("true_beam_daughter_Process", &true_beam_daughter_Process);

  fTree->Branch("true_beam_daughter_endProcess", &true_beam_daughter_endProcess);

  fTree->Branch("true_beam_daughter_nHits", &true_beam_daughter_nHits);


  fTree->Branch("true_beam_daughter_reco_byHits_PFP_ID", &true_beam_daughter_reco_byHits_PFP_ID);

  fTree->Branch("true_beam_daughter_reco_byHits_PFP_nHits", &true_beam_daughter_reco_byHits_PFP_nHits);

  fTree->Branch("true_beam_daughter_reco_byHits_PFP_trackScore", &true_beam_daughter_reco_byHits_PFP_trackScore);

  fTree->Branch("true_beam_daughter_reco_byHits_allTrack_ID", &true_beam_daughter_reco_byHits_allTrack_ID);

  fTree->Branch("true_beam_daughter_reco_byHits_allTrack_startX", &true_beam_daughter_reco_byHits_allTrack_startX);

  fTree->Branch("true_beam_daughter_reco_byHits_allTrack_startY", &true_beam_daughter_reco_byHits_allTrack_startY);

  fTree->Branch("true_beam_daughter_reco_byHits_allTrack_startZ", &true_beam_daughter_reco_byHits_allTrack_startZ);

  fTree->Branch("true_beam_daughter_reco_byHits_allTrack_endX", &true_beam_daughter_reco_byHits_allTrack_endX);

  fTree->Branch("true_beam_daughter_reco_byHits_allTrack_endY", &true_beam_daughter_reco_byHits_allTrack_endY);

  fTree->Branch("true_beam_daughter_reco_byHits_allTrack_endZ", &true_beam_daughter_reco_byHits_allTrack_endZ);

  fTree->Branch("true_beam_daughter_reco_byHits_allTrack_len", &true_beam_daughter_reco_byHits_allTrack_len);


  fTree->Branch("true_beam_daughter_reco_byHits_allShower_ID", &true_beam_daughter_reco_byHits_allShower_ID);

  fTree->Branch("true_beam_daughter_reco_byHits_allShower_startX", &true_beam_daughter_reco_byHits_allShower_startX);

  fTree->Branch("true_beam_daughter_reco_byHits_allShower_startY", &true_beam_daughter_reco_byHits_allShower_startY);

  fTree->Branch("true_beam_daughter_reco_byHits_allShower_startZ", &true_beam_daughter_reco_byHits_allShower_startZ);

  fTree->Branch("true_beam_daughter_reco_byHits_allShower_len", &true_beam_daughter_reco_byHits_allShower_len);


  fTree->Branch("true_beam_Pi0_decay_ID", &true_beam_Pi0_decay_ID);

  fTree->Branch("true_beam_Pi0_decay_parID", &true_beam_Pi0_decay_parID);

  fTree->Branch("true_beam_Pi0_decay_PDG", &true_beam_Pi0_decay_PDG);

  fTree->Branch("true_beam_Pi0_decay_startP", &true_beam_Pi0_decay_startP);

  fTree->Branch("true_beam_Pi0_decay_len", &true_beam_Pi0_decay_len);

  fTree->Branch("true_beam_Pi0_decay_nHits", &true_beam_Pi0_decay_nHits);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_PFP_ID", &true_beam_Pi0_decay_reco_byHits_PFP_ID);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_PFP_nHits", &true_beam_Pi0_decay_reco_byHits_PFP_nHits);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_PFP_trackScore", &true_beam_Pi0_decay_reco_byHits_PFP_trackScore);


  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allTrack_ID", &true_beam_Pi0_decay_reco_byHits_allTrack_ID);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allTrack_startX", &true_beam_Pi0_decay_reco_byHits_allTrack_startX);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allTrack_startY", &true_beam_Pi0_decay_reco_byHits_allTrack_startY);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allTrack_startZ", &true_beam_Pi0_decay_reco_byHits_allTrack_startZ);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allTrack_endX", &true_beam_Pi0_decay_reco_byHits_allTrack_endX);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allTrack_endY", &true_beam_Pi0_decay_reco_byHits_allTrack_endY);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allTrack_endZ", &true_beam_Pi0_decay_reco_byHits_allTrack_endZ);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allTrack_len", &true_beam_Pi0_decay_reco_byHits_allTrack_len);


  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allShower_ID", &true_beam_Pi0_decay_reco_byHits_allShower_ID);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allShower_startX", &true_beam_Pi0_decay_reco_byHits_allShower_startX);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allShower_startY", &true_beam_Pi0_decay_reco_byHits_allShower_startY);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allShower_startZ", &true_beam_Pi0_decay_reco_byHits_allShower_startZ);

  fTree->Branch("true_beam_Pi0_decay_reco_byHits_allShower_len", &true_beam_Pi0_decay_reco_byHits_allShower_len);


  fTree->Branch("true_beam_grand_daughter_ID", &true_beam_grand_daughter_ID);

  fTree->Branch("true_beam_grand_daughter_parID", &true_beam_grand_daughter_parID);

  fTree->Branch("true_beam_grand_daughter_PDG", &true_beam_grand_daughter_PDG);

  fTree->Branch("true_beam_grand_daughter_nHits", &true_beam_grand_daughter_nHits);

  fTree->Branch("true_beam_grand_daughter_Process", &true_beam_grand_daughter_Process);

  fTree->Branch("true_beam_grand_daughter_endProcess", &true_beam_grand_daughter_endProcess);
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reco daughter track
  fTree->Branch("reco_daughter_trackID", &reco_daughter_trackID);

  fTree->Branch("reco_daughter_true_byE_completeness", &reco_daughter_true_byE_completeness);

  fTree->Branch("reco_daughter_true_byE_purity", &reco_daughter_true_byE_purity);

  fTree->Branch("reco_daughter_true_byE_PDG", &reco_daughter_true_byE_PDG);

  fTree->Branch("reco_daughter_true_byE_ID", &reco_daughter_true_byE_ID);

  fTree->Branch("reco_daughter_true_byE_origin", &reco_daughter_true_byE_origin);

  fTree->Branch("reco_daughter_true_byE_parID", &reco_daughter_true_byE_parID);

  fTree->Branch("reco_daughter_true_byE_parPDG", &reco_daughter_true_byE_parPDG);

  fTree->Branch("reco_daughter_true_byE_process", &reco_daughter_true_byE_process);

  fTree->Branch("reco_daughter_true_byHits_PDG", &reco_daughter_true_byHits_PDG);

  fTree->Branch("reco_daughter_true_byHits_ID", &reco_daughter_true_byHits_ID);

  fTree->Branch("reco_daughter_true_byHits_origin", &reco_daughter_true_byHits_origin);

  fTree->Branch("reco_daughter_true_byHits_parID", &reco_daughter_true_byHits_parID);

  fTree->Branch("reco_daughter_true_byHits_parPDG", &reco_daughter_true_byHits_parPDG);

  fTree->Branch("reco_daughter_true_byHits_process", &reco_daughter_true_byHits_process);

  fTree->Branch("reco_daughter_true_byHits_purity", &reco_daughter_true_byHits_purity);

  fTree->Branch("reco_daughter_true_byHits_sharedHits", &reco_daughter_true_byHits_sharedHits);

  fTree->Branch("reco_daughter_true_byHits_emHits", &reco_daughter_true_byHits_emHits);

  fTree->Branch("reco_daughter_true_byHits_len", &reco_daughter_true_byHits_len);

  fTree->Branch("reco_daughter_true_byHits_startX", &reco_daughter_true_byHits_startX);

  fTree->Branch("reco_daughter_true_byHits_startY", &reco_daughter_true_byHits_startY);

  fTree->Branch("reco_daughter_true_byHits_startZ", &reco_daughter_true_byHits_startZ);

  fTree->Branch("reco_daughter_true_byHits_endX", &reco_daughter_true_byHits_endX);

  fTree->Branch("reco_daughter_true_byHits_endY", &reco_daughter_true_byHits_endY);

  fTree->Branch("reco_daughter_true_byHits_endZ", &reco_daughter_true_byHits_endZ);

  fTree->Branch("reco_daughter_true_byHits_startPx", &reco_daughter_true_byHits_startPx);

  fTree->Branch("reco_daughter_true_byHits_startPy", &reco_daughter_true_byHits_startPy);

  fTree->Branch("reco_daughter_true_byHits_startPz", &reco_daughter_true_byHits_startPz);

  fTree->Branch("reco_daughter_true_byHits_startP", &reco_daughter_true_byHits_startP);

  fTree->Branch("reco_daughter_true_byHits_startE", &reco_daughter_true_byHits_startE);

  //Alternative reco

  fTree->Branch("reco_daughter_PFP_true_byHits_PDG", &reco_daughter_PFP_true_byHits_PDG);

  fTree->Branch("reco_daughter_PFP_true_byHits_ID", &reco_daughter_PFP_true_byHits_ID);

  fTree->Branch("reco_daughter_PFP_true_byHits_origin", &reco_daughter_PFP_true_byHits_origin);

  fTree->Branch("reco_daughter_PFP_true_byHits_parID", &reco_daughter_PFP_true_byHits_parID);

  fTree->Branch("reco_daughter_PFP_true_byHits_parPDG", &reco_daughter_PFP_true_byHits_parPDG);

  fTree->Branch("reco_daughter_PFP_true_byHits_process", &reco_daughter_PFP_true_byHits_process);

  fTree->Branch("reco_daughter_PFP_true_byHits_sharedHits", &reco_daughter_PFP_true_byHits_sharedHits);

  fTree->Branch("reco_daughter_PFP_true_byHits_emHits", &reco_daughter_PFP_true_byHits_emHits);

  fTree->Branch("reco_daughter_PFP_true_byHits_len", &reco_daughter_PFP_true_byHits_len);

  fTree->Branch("reco_daughter_PFP_true_byHits_startX", &reco_daughter_PFP_true_byHits_startX);

  fTree->Branch("reco_daughter_PFP_true_byHits_startY", &reco_daughter_PFP_true_byHits_startY);

  fTree->Branch("reco_daughter_PFP_true_byHits_startZ", &reco_daughter_PFP_true_byHits_startZ);

  fTree->Branch("reco_daughter_PFP_true_byHits_endX", &reco_daughter_PFP_true_byHits_endX);

  fTree->Branch("reco_daughter_PFP_true_byHits_endY", &reco_daughter_PFP_true_byHits_endY);

  fTree->Branch("reco_daughter_PFP_true_byHits_endZ", &reco_daughter_PFP_true_byHits_endZ);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPx", &reco_daughter_PFP_true_byHits_startPx);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPy", &reco_daughter_PFP_true_byHits_startPy);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPz", &reco_daughter_PFP_true_byHits_startPz);

  fTree->Branch("reco_daughter_PFP_true_byHits_startP", &reco_daughter_PFP_true_byHits_startP);

  fTree->Branch("reco_daughter_PFP_true_byHits_startE", &reco_daughter_PFP_true_byHits_startE);

  fTree->Branch("reco_daughter_PFP_true_byHits_endProcess", &reco_daughter_PFP_true_byHits_endProcess);

  fTree->Branch("reco_daughter_PFP_true_byHits_purity", &reco_daughter_PFP_true_byHits_purity);

  fTree->Branch("reco_daughter_allTrack_ID", &reco_daughter_allTrack_ID);

  fTree->Branch("reco_daughter_allTrack_dEdX", &reco_daughter_allTrack_dEdX);

  fTree->Branch("reco_daughter_allTrack_dQdX", &reco_daughter_allTrack_dQdX);

  fTree->Branch("reco_daughter_allTrack_resRange", &reco_daughter_allTrack_resRange);

  fTree->Branch("reco_daughter_allTrack_dQdX_SCE", &reco_daughter_allTrack_dQdX_SCE);

  fTree->Branch("reco_daughter_allTrack_dEdX_SCE", &reco_daughter_allTrack_dEdX);

  fTree->Branch("reco_daughter_allTrack_resRange_SCE", &reco_daughter_allTrack_resRange);

  fTree->Branch("reco_daughter_allTrack_calibrated_dEdX", &reco_daughter_allTrack_calibrated_dEdX);

  fTree->Branch("reco_daughter_allTrack_calibrated_dEdX_SCE", &reco_daughter_allTrack_calibrated_dEdX_SCE);

  fTree->Branch("reco_daughter_allTrack_Chi2_proton", &reco_daughter_allTrack_Chi2_proton);

  fTree->Branch("reco_daughter_allTrack_Chi2_ndof", &reco_daughter_allTrack_Chi2_ndof);

  fTree->Branch("reco_daughter_allTrack_Theta", &reco_daughter_allTrack_Theta);

  fTree->Branch("reco_daughter_allTrack_Phi", &reco_daughter_allTrack_Phi);

  fTree->Branch("reco_daughter_allTrack_len", &reco_daughter_allTrack_len);
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 fTree->Branch("reco_daughter_allTrack_startX", &reco_daughter_allTrack_startX);

  fTree->Branch("reco_daughter_allTrack_startY", &reco_daughter_allTrack_startY);

  fTree->Branch("reco_daughter_allTrack_startZ", &reco_daughter_allTrack_startZ);

  fTree->Branch("reco_daughter_allTrack_endX", &reco_daughter_allTrack_endX);

  fTree->Branch("reco_daughter_allTrack_endY", &reco_daughter_allTrack_endY);

  fTree->Branch("reco_daughter_allTrack_endZ", &reco_daughter_allTrack_endZ);

  fTree->Branch("reco_daughter_allTrack_dR", &reco_daughter_allTrack_dR);

  fTree->Branch("reco_daughter_allTrack_to_vertex", &reco_daughter_allTrack_to_vertex);

  //////

  fTree->Branch("reco_daughter_allShower_ID", &reco_daughter_allShower_ID);

  fTree->Branch("reco_daughter_allShower_len", &reco_daughter_allShower_len);

  fTree->Branch("reco_daughter_allShower_startX", &reco_daughter_allShower_startX);

  fTree->Branch("reco_daughter_allShower_startY", &reco_daughter_allShower_startY);

  fTree->Branch("reco_daughter_allShower_startZ", &reco_daughter_allShower_startZ);


  fTree->Branch("reco_daughter_shower_true_byE_PDG", &reco_daughter_shower_true_byE_PDG);

  fTree->Branch("reco_daughter_shower_true_byE_ID", &reco_daughter_shower_true_byE_ID);

  fTree->Branch("reco_daughter_shower_true_byE_origin", &reco_daughter_shower_true_byE_origin);

  fTree->Branch("reco_daughter_shower_true_byE_parID", &reco_daughter_shower_true_byE_parID);

  fTree->Branch("reco_daughter_shower_true_byE_parPDG", &reco_daughter_shower_true_byE_parPDG);

 

  fTree->Branch("reco_daughter_shower_true_byE_startPx", &reco_daughter_shower_true_byE_startPx);

  fTree->Branch("reco_daughter_shower_true_byE_startPy", &reco_daughter_shower_true_byE_startPy);

  fTree->Branch("reco_daughter_shower_true_byE_startPz", &reco_daughter_shower_true_byE_startPz);

  fTree->Branch("reco_daughter_shower_true_byE_startP", &reco_daughter_shower_true_byE_startP);

  fTree->Branch("reco_daughter_shower_true_byE_endProcess", &reco_daughter_shower_true_byE_endProcess);


  fTree->Branch("reco_daughter_shower_true_byHits_PDG", &reco_daughter_shower_true_byHits_PDG);

  fTree->Branch("reco_daughter_shower_true_byHits_ID", &reco_daughter_shower_true_byHits_ID);

  fTree->Branch("reco_daughter_shower_true_byHits_origin", &reco_daughter_shower_true_byHits_origin);

  fTree->Branch("reco_daughter_shower_true_byHits_parID", &reco_daughter_shower_true_byHits_parID);

  fTree->Branch("reco_daughter_shower_true_byHits_parPDG", &reco_daughter_shower_true_byHits_parPDG);

  fTree->Branch("reco_daughter_shower_true_byHits_process", &reco_daughter_shower_true_byHits_process);

  fTree->Branch("reco_daughter_shower_true_byHits_purity", &reco_daughter_shower_true_byHits_purity);

  fTree->Branch("reco_daughter_shower_true_byHits_startPx", &reco_daughter_shower_true_byHits_startPx);

  fTree->Branch("reco_daughter_shower_true_byHits_startPy", &reco_daughter_shower_true_byHits_startPy);

  fTree->Branch("reco_daughter_shower_true_byHits_startPz", &reco_daughter_shower_true_byHits_startPz);

  fTree->Branch("reco_daughter_shower_true_byHits_startP", &reco_daughter_shower_true_byHits_startP);

  fTree->Branch("reco_daughter_shower_true_byHits_endProcess", &reco_daughter_shower_true_byHits_endProcess);


  ///Reconstructed info -- daughter

  fTree->Branch("reco_daughter_showerID", &reco_daughter_showerID);

  fTree->Branch("reco_daughter_dQdX", &reco_daughter_dQdX);

  fTree->Branch("reco_daughter_dEdX", &reco_daughter_dEdX);

  fTree->Branch("reco_daughter_resRange", &reco_daughter_resRange);

  fTree->Branch("reco_daughter_shower_dQdX", &reco_daughter_shower_dQdX);

  fTree->Branch("reco_daughter_shower_dEdX", &reco_daughter_shower_dEdX);

  fTree->Branch("reco_daughter_shower_resRange", &reco_daughter_shower_resRange);

  fTree->Branch("reco_daughter_len", &reco_daughter_len);

  fTree->Branch("reco_daughter_startX", &reco_daughter_startX);

  fTree->Branch("reco_daughter_startY", &reco_daughter_startY);

  fTree->Branch("reco_daughter_startZ", &reco_daughter_startZ);

  fTree->Branch("reco_daughter_endX", &reco_daughter_endX);

  fTree->Branch("reco_daughter_endY", &reco_daughter_endY);

  fTree->Branch("reco_daughter_endZ", &reco_daughter_endZ);

  fTree->Branch("reco_daughter_deltaR", &reco_daughter_deltaR);

  fTree->Branch("reco_daughter_dR", &reco_daughter_dR);

  fTree->Branch("reco_daughter_to_vertex", &reco_daughter_to_vertex);

  fTree->Branch("reco_daughter_slice", &reco_daughter_slice);

  fTree->Branch("reco_daughter_shower_to_vertex", &reco_daughter_shower_to_vertex);

  fTree->Branch("reco_daughter_shower_startX", &reco_daughter_shower_startX);

  fTree->Branch("reco_daughter_shower_startY", &reco_daughter_shower_startY);

  fTree->Branch("reco_daughter_shower_startZ", &reco_daughter_shower_startZ);

  fTree->Branch("reco_daughter_shower_len", &reco_daughter_shower_len);


  fTree->Branch("reco_daughter_PFP_ID", &reco_daughter_PFP_ID);

  fTree->Branch("reco_daughter_PFP_nHits", &reco_daughter_PFP_nHits);

  fTree->Branch("reco_daughter_PFP_trackScore", &reco_daughter_PFP_trackScore);

  fTree->Branch("reco_daughter_PFP_emScore", &reco_daughter_PFP_emScore);

  fTree->Branch("reco_daughter_PFP_michelScore", &reco_daughter_PFP_michelScore);
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reco daughter track
  fTree->Branch("reco_daughter_trackID", &reco_daughter_trackID);

  fTree->Branch("reco_daughter_true_byE_completeness", &reco_daughter_true_byE_completeness);

  fTree->Branch("reco_daughter_true_byE_purity", &reco_daughter_true_byE_purity);

  fTree->Branch("reco_daughter_true_byE_PDG", &reco_daughter_true_byE_PDG);

  fTree->Branch("reco_daughter_true_byE_ID", &reco_daughter_true_byE_ID);

  fTree->Branch("reco_daughter_true_byE_origin", &reco_daughter_true_byE_origin);

  fTree->Branch("reco_daughter_true_byE_parID", &reco_daughter_true_byE_parID);

  fTree->Branch("reco_daughter_true_byE_parPDG", &reco_daughter_true_byE_parPDG);

  fTree->Branch("reco_daughter_true_byE_process", &reco_daughter_true_byE_process);

  fTree->Branch("reco_daughter_true_byHits_PDG", &reco_daughter_true_byHits_PDG);

  fTree->Branch("reco_daughter_true_byHits_ID", &reco_daughter_true_byHits_ID);

  fTree->Branch("reco_daughter_true_byHits_origin", &reco_daughter_true_byHits_origin);

  fTree->Branch("reco_daughter_true_byHits_parID", &reco_daughter_true_byHits_parID);

  fTree->Branch("reco_daughter_true_byHits_parPDG", &reco_daughter_true_byHits_parPDG);

  fTree->Branch("reco_daughter_true_byHits_process", &reco_daughter_true_byHits_process);

  fTree->Branch("reco_daughter_true_byHits_purity", &reco_daughter_true_byHits_purity);

  fTree->Branch("reco_daughter_true_byHits_sharedHits", &reco_daughter_true_byHits_sharedHits);

  fTree->Branch("reco_daughter_true_byHits_emHits", &reco_daughter_true_byHits_emHits);

  fTree->Branch("reco_daughter_true_byHits_len", &reco_daughter_true_byHits_len);

  fTree->Branch("reco_daughter_true_byHits_startX", &reco_daughter_true_byHits_startX);

  fTree->Branch("reco_daughter_true_byHits_startY", &reco_daughter_true_byHits_startY);

  fTree->Branch("reco_daughter_true_byHits_startZ", &reco_daughter_true_byHits_startZ);

  fTree->Branch("reco_daughter_true_byHits_endX", &reco_daughter_true_byHits_endX);

  fTree->Branch("reco_daughter_true_byHits_endY", &reco_daughter_true_byHits_endY);

  fTree->Branch("reco_daughter_true_byHits_endZ", &reco_daughter_true_byHits_endZ);

  fTree->Branch("reco_daughter_true_byHits_startPx", &reco_daughter_true_byHits_startPx);

  fTree->Branch("reco_daughter_true_byHits_startPy", &reco_daughter_true_byHits_startPy);

  fTree->Branch("reco_daughter_true_byHits_startPz", &reco_daughter_true_byHits_startPz);

  fTree->Branch("reco_daughter_true_byHits_startP", &reco_daughter_true_byHits_startP);

  fTree->Branch("reco_daughter_true_byHits_startE", &reco_daughter_true_byHits_startE);

  //Alternative reco

  fTree->Branch("reco_daughter_PFP_true_byHits_PDG", &reco_daughter_PFP_true_byHits_PDG);

  fTree->Branch("reco_daughter_PFP_true_byHits_ID", &reco_daughter_PFP_true_byHits_ID);

  fTree->Branch("reco_daughter_PFP_true_byHits_origin", &reco_daughter_PFP_true_byHits_origin);

  fTree->Branch("reco_daughter_PFP_true_byHits_parID", &reco_daughter_PFP_true_byHits_parID);

  fTree->Branch("reco_daughter_PFP_true_byHits_parPDG", &reco_daughter_PFP_true_byHits_parPDG);

  fTree->Branch("reco_daughter_PFP_true_byHits_process", &reco_daughter_PFP_true_byHits_process);

  fTree->Branch("reco_daughter_PFP_true_byHits_sharedHits", &reco_daughter_PFP_true_byHits_sharedHits);

  fTree->Branch("reco_daughter_PFP_true_byHits_emHits", &reco_daughter_PFP_true_byHits_emHits);

  fTree->Branch("reco_daughter_PFP_true_byHits_len", &reco_daughter_PFP_true_byHits_len);

  fTree->Branch("reco_daughter_PFP_true_byHits_startX", &reco_daughter_PFP_true_byHits_startX);

  fTree->Branch("reco_daughter_PFP_true_byHits_startY", &reco_daughter_PFP_true_byHits_startY);

  fTree->Branch("reco_daughter_PFP_true_byHits_startZ", &reco_daughter_PFP_true_byHits_startZ);

  fTree->Branch("reco_daughter_PFP_true_byHits_endX", &reco_daughter_PFP_true_byHits_endX);

  fTree->Branch("reco_daughter_PFP_true_byHits_endY", &reco_daughter_PFP_true_byHits_endY);

  fTree->Branch("reco_daughter_PFP_true_byHits_endZ", &reco_daughter_PFP_true_byHits_endZ);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPx", &reco_daughter_PFP_true_byHits_startPx);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPy", &reco_daughter_PFP_true_byHits_startPy);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPz", &reco_daughter_PFP_true_byHits_startPz);

  fTree->Branch("reco_daughter_PFP_true_byHits_startP", &reco_daughter_PFP_true_byHits_startP);

  fTree->Branch("reco_daughter_PFP_true_byHits_startE", &reco_daughter_PFP_true_byHits_startE);

  fTree->Branch("reco_daughter_PFP_true_byHits_endProcess", &reco_daughter_PFP_true_byHits_endProcess);

  fTree->Branch("reco_daughter_PFP_true_byHits_purity", &reco_daughter_PFP_true_byHits_purity);

  fTree->Branch("reco_daughter_allTrack_ID", &reco_daughter_allTrack_ID);

  fTree->Branch("reco_daughter_allTrack_dEdX", &reco_daughter_allTrack_dEdX);

  fTree->Branch("reco_daughter_allTrack_dQdX", &reco_daughter_allTrack_dQdX);

  fTree->Branch("reco_daughter_allTrack_resRange", &reco_daughter_allTrack_resRange);

  fTree->Branch("reco_daughter_allTrack_dQdX_SCE", &reco_daughter_allTrack_dQdX_SCE);

  fTree->Branch("reco_daughter_allTrack_dEdX_SCE", &reco_daughter_allTrack_dEdX);

  fTree->Branch("reco_daughter_allTrack_resRange_SCE", &reco_daughter_allTrack_resRange);

  fTree->Branch("reco_daughter_allTrack_calibrated_dEdX", &reco_daughter_allTrack_calibrated_dEdX);

  fTree->Branch("reco_daughter_allTrack_calibrated_dEdX_SCE", &reco_daughter_allTrack_calibrated_dEdX_SCE);

  fTree->Branch("reco_daughter_allTrack_Chi2_proton", &reco_daughter_allTrack_Chi2_proton);

  fTree->Branch("reco_daughter_allTrack_Chi2_ndof", &reco_daughter_allTrack_Chi2_ndof);

  fTree->Branch("reco_daughter_allTrack_Theta", &reco_daughter_allTrack_Theta);

  fTree->Branch("reco_daughter_allTrack_Phi", &reco_daughter_allTrack_Phi);

  fTree->Branch("reco_daughter_allTrack_len", &reco_daughter_allTrack_len);
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 fTree->Branch("reco_daughter_allTrack_startX", &reco_daughter_allTrack_startX);

  fTree->Branch("reco_daughter_allTrack_startY", &reco_daughter_allTrack_startY);

  fTree->Branch("reco_daughter_allTrack_startZ", &reco_daughter_allTrack_startZ);

  fTree->Branch("reco_daughter_allTrack_endX", &reco_daughter_allTrack_endX);

  fTree->Branch("reco_daughter_allTrack_endY", &reco_daughter_allTrack_endY);

  fTree->Branch("reco_daughter_allTrack_endZ", &reco_daughter_allTrack_endZ);

  fTree->Branch("reco_daughter_allTrack_dR", &reco_daughter_allTrack_dR);

  fTree->Branch("reco_daughter_allTrack_to_vertex", &reco_daughter_allTrack_to_vertex);

  //////

  fTree->Branch("reco_daughter_allShower_ID", &reco_daughter_allShower_ID);

  fTree->Branch("reco_daughter_allShower_len", &reco_daughter_allShower_len);

  fTree->Branch("reco_daughter_allShower_startX", &reco_daughter_allShower_startX);

  fTree->Branch("reco_daughter_allShower_startY", &reco_daughter_allShower_startY);

  fTree->Branch("reco_daughter_allShower_startZ", &reco_daughter_allShower_startZ);


  fTree->Branch("reco_daughter_shower_true_byE_PDG", &reco_daughter_shower_true_byE_PDG);

  fTree->Branch("reco_daughter_shower_true_byE_ID", &reco_daughter_shower_true_byE_ID);

  fTree->Branch("reco_daughter_shower_true_byE_origin", &reco_daughter_shower_true_byE_origin);

  fTree->Branch("reco_daughter_shower_true_byE_parID", &reco_daughter_shower_true_byE_parID);

  fTree->Branch("reco_daughter_shower_true_byE_parPDG", &reco_daughter_shower_true_byE_parPDG);

 

  fTree->Branch("reco_daughter_shower_true_byE_startPx", &reco_daughter_shower_true_byE_startPx);

  fTree->Branch("reco_daughter_shower_true_byE_startPy", &reco_daughter_shower_true_byE_startPy);

  fTree->Branch("reco_daughter_shower_true_byE_startPz", &reco_daughter_shower_true_byE_startPz);

  fTree->Branch("reco_daughter_shower_true_byE_startP", &reco_daughter_shower_true_byE_startP);

  fTree->Branch("reco_daughter_shower_true_byE_endProcess", &reco_daughter_shower_true_byE_endProcess);


  fTree->Branch("reco_daughter_shower_true_byHits_PDG", &reco_daughter_shower_true_byHits_PDG);

  fTree->Branch("reco_daughter_shower_true_byHits_ID", &reco_daughter_shower_true_byHits_ID);

  fTree->Branch("reco_daughter_shower_true_byHits_origin", &reco_daughter_shower_true_byHits_origin);

  fTree->Branch("reco_daughter_shower_true_byHits_parID", &reco_daughter_shower_true_byHits_parID);

  fTree->Branch("reco_daughter_shower_true_byHits_parPDG", &reco_daughter_shower_true_byHits_parPDG);

  fTree->Branch("reco_daughter_shower_true_byHits_process", &reco_daughter_shower_true_byHits_process);

  fTree->Branch("reco_daughter_shower_true_byHits_purity", &reco_daughter_shower_true_byHits_purity);

  fTree->Branch("reco_daughter_shower_true_byHits_startPx", &reco_daughter_shower_true_byHits_startPx);

  fTree->Branch("reco_daughter_shower_true_byHits_startPy", &reco_daughter_shower_true_byHits_startPy);

  fTree->Branch("reco_daughter_shower_true_byHits_startPz", &reco_daughter_shower_true_byHits_startPz);

  fTree->Branch("reco_daughter_shower_true_byHits_startP", &reco_daughter_shower_true_byHits_startP);

  fTree->Branch("reco_daughter_shower_true_byHits_endProcess", &reco_daughter_shower_true_byHits_endProcess);


  ///Reconstructed info -- daughter

  fTree->Branch("reco_daughter_showerID", &reco_daughter_showerID);

  fTree->Branch("reco_daughter_dQdX", &reco_daughter_dQdX);

  fTree->Branch("reco_daughter_dEdX", &reco_daughter_dEdX);

  fTree->Branch("reco_daughter_resRange", &reco_daughter_resRange);

  fTree->Branch("reco_daughter_shower_dQdX", &reco_daughter_shower_dQdX);

  fTree->Branch("reco_daughter_shower_dEdX", &reco_daughter_shower_dEdX);

  fTree->Branch("reco_daughter_shower_resRange", &reco_daughter_shower_resRange);

  fTree->Branch("reco_daughter_len", &reco_daughter_len);

  fTree->Branch("reco_daughter_startX", &reco_daughter_startX);

  fTree->Branch("reco_daughter_startY", &reco_daughter_startY);

  fTree->Branch("reco_daughter_startZ", &reco_daughter_startZ);

  fTree->Branch("reco_daughter_endX", &reco_daughter_endX);

  fTree->Branch("reco_daughter_endY", &reco_daughter_endY);

  fTree->Branch("reco_daughter_endZ", &reco_daughter_endZ);

  fTree->Branch("reco_daughter_deltaR", &reco_daughter_deltaR);

  fTree->Branch("reco_daughter_dR", &reco_daughter_dR);

  fTree->Branch("reco_daughter_to_vertex", &reco_daughter_to_vertex);

  fTree->Branch("reco_daughter_slice", &reco_daughter_slice);

  fTree->Branch("reco_daughter_shower_to_vertex", &reco_daughter_shower_to_vertex);

  fTree->Branch("reco_daughter_shower_startX", &reco_daughter_shower_startX);

  fTree->Branch("reco_daughter_shower_startY", &reco_daughter_shower_startY);

  fTree->Branch("reco_daughter_shower_startZ", &reco_daughter_shower_startZ);

  fTree->Branch("reco_daughter_shower_len", &reco_daughter_shower_len);


  fTree->Branch("reco_daughter_PFP_ID", &reco_daughter_PFP_ID);

  fTree->Branch("reco_daughter_PFP_nHits", &reco_daughter_PFP_nHits);

  fTree->Branch("reco_daughter_PFP_trackScore", &reco_daughter_PFP_trackScore);

  fTree->Branch("reco_daughter_PFP_emScore", &reco_daughter_PFP_emScore);

  fTree->Branch("reco_daughter_PFP_michelScore", &reco_daughter_PFP_michelScore);
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reco daughter track
  fTree->Branch("reco_daughter_trackID", &reco_daughter_trackID);

  fTree->Branch("reco_daughter_true_byE_completeness", &reco_daughter_true_byE_completeness);

  fTree->Branch("reco_daughter_true_byE_purity", &reco_daughter_true_byE_purity);

  fTree->Branch("reco_daughter_true_byE_PDG", &reco_daughter_true_byE_PDG);

  fTree->Branch("reco_daughter_true_byE_ID", &reco_daughter_true_byE_ID);

  fTree->Branch("reco_daughter_true_byE_origin", &reco_daughter_true_byE_origin);

  fTree->Branch("reco_daughter_true_byE_parID", &reco_daughter_true_byE_parID);

  fTree->Branch("reco_daughter_true_byE_parPDG", &reco_daughter_true_byE_parPDG);

  fTree->Branch("reco_daughter_true_byE_process", &reco_daughter_true_byE_process);

  fTree->Branch("reco_daughter_true_byHits_PDG", &reco_daughter_true_byHits_PDG);

  fTree->Branch("reco_daughter_true_byHits_ID", &reco_daughter_true_byHits_ID);

  fTree->Branch("reco_daughter_true_byHits_origin", &reco_daughter_true_byHits_origin);

  fTree->Branch("reco_daughter_true_byHits_parID", &reco_daughter_true_byHits_parID);

  fTree->Branch("reco_daughter_true_byHits_parPDG", &reco_daughter_true_byHits_parPDG);

  fTree->Branch("reco_daughter_true_byHits_process", &reco_daughter_true_byHits_process);

  fTree->Branch("reco_daughter_true_byHits_purity", &reco_daughter_true_byHits_purity);

  fTree->Branch("reco_daughter_true_byHits_sharedHits", &reco_daughter_true_byHits_sharedHits);

  fTree->Branch("reco_daughter_true_byHits_emHits", &reco_daughter_true_byHits_emHits);

  fTree->Branch("reco_daughter_true_byHits_len", &reco_daughter_true_byHits_len);

  fTree->Branch("reco_daughter_true_byHits_startX", &reco_daughter_true_byHits_startX);

  fTree->Branch("reco_daughter_true_byHits_startY", &reco_daughter_true_byHits_startY);

  fTree->Branch("reco_daughter_true_byHits_startZ", &reco_daughter_true_byHits_startZ);

  fTree->Branch("reco_daughter_true_byHits_endX", &reco_daughter_true_byHits_endX);

  fTree->Branch("reco_daughter_true_byHits_endY", &reco_daughter_true_byHits_endY);

  fTree->Branch("reco_daughter_true_byHits_endZ", &reco_daughter_true_byHits_endZ);

  fTree->Branch("reco_daughter_true_byHits_startPx", &reco_daughter_true_byHits_startPx);

  fTree->Branch("reco_daughter_true_byHits_startPy", &reco_daughter_true_byHits_startPy);

  fTree->Branch("reco_daughter_true_byHits_startPz", &reco_daughter_true_byHits_startPz);

  fTree->Branch("reco_daughter_true_byHits_startP", &reco_daughter_true_byHits_startP);

  fTree->Branch("reco_daughter_true_byHits_startE", &reco_daughter_true_byHits_startE);

  //Alternative reco

  fTree->Branch("reco_daughter_PFP_true_byHits_PDG", &reco_daughter_PFP_true_byHits_PDG);

  fTree->Branch("reco_daughter_PFP_true_byHits_ID", &reco_daughter_PFP_true_byHits_ID);

  fTree->Branch("reco_daughter_PFP_true_byHits_origin", &reco_daughter_PFP_true_byHits_origin);

  fTree->Branch("reco_daughter_PFP_true_byHits_parID", &reco_daughter_PFP_true_byHits_parID);

  fTree->Branch("reco_daughter_PFP_true_byHits_parPDG", &reco_daughter_PFP_true_byHits_parPDG);

  fTree->Branch("reco_daughter_PFP_true_byHits_process", &reco_daughter_PFP_true_byHits_process);

  fTree->Branch("reco_daughter_PFP_true_byHits_sharedHits", &reco_daughter_PFP_true_byHits_sharedHits);

  fTree->Branch("reco_daughter_PFP_true_byHits_emHits", &reco_daughter_PFP_true_byHits_emHits);

  fTree->Branch("reco_daughter_PFP_true_byHits_len", &reco_daughter_PFP_true_byHits_len);

  fTree->Branch("reco_daughter_PFP_true_byHits_startX", &reco_daughter_PFP_true_byHits_startX);

  fTree->Branch("reco_daughter_PFP_true_byHits_startY", &reco_daughter_PFP_true_byHits_startY);

  fTree->Branch("reco_daughter_PFP_true_byHits_startZ", &reco_daughter_PFP_true_byHits_startZ);

  fTree->Branch("reco_daughter_PFP_true_byHits_endX", &reco_daughter_PFP_true_byHits_endX);

  fTree->Branch("reco_daughter_PFP_true_byHits_endY", &reco_daughter_PFP_true_byHits_endY);

  fTree->Branch("reco_daughter_PFP_true_byHits_endZ", &reco_daughter_PFP_true_byHits_endZ);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPx", &reco_daughter_PFP_true_byHits_startPx);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPy", &reco_daughter_PFP_true_byHits_startPy);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPz", &reco_daughter_PFP_true_byHits_startPz);

  fTree->Branch("reco_daughter_PFP_true_byHits_startP", &reco_daughter_PFP_true_byHits_startP);

  fTree->Branch("reco_daughter_PFP_true_byHits_startE", &reco_daughter_PFP_true_byHits_startE);

  fTree->Branch("reco_daughter_PFP_true_byHits_endProcess", &reco_daughter_PFP_true_byHits_endProcess);

  fTree->Branch("reco_daughter_PFP_true_byHits_purity", &reco_daughter_PFP_true_byHits_purity);

  fTree->Branch("reco_daughter_allTrack_ID", &reco_daughter_allTrack_ID);

  fTree->Branch("reco_daughter_allTrack_dEdX", &reco_daughter_allTrack_dEdX);

  fTree->Branch("reco_daughter_allTrack_dQdX", &reco_daughter_allTrack_dQdX);

  fTree->Branch("reco_daughter_allTrack_resRange", &reco_daughter_allTrack_resRange);

  fTree->Branch("reco_daughter_allTrack_dQdX_SCE", &reco_daughter_allTrack_dQdX_SCE);

  fTree->Branch("reco_daughter_allTrack_dEdX_SCE", &reco_daughter_allTrack_dEdX);

  fTree->Branch("reco_daughter_allTrack_resRange_SCE", &reco_daughter_allTrack_resRange);

  fTree->Branch("reco_daughter_allTrack_calibrated_dEdX", &reco_daughter_allTrack_calibrated_dEdX);

  fTree->Branch("reco_daughter_allTrack_calibrated_dEdX_SCE", &reco_daughter_allTrack_calibrated_dEdX_SCE);

  fTree->Branch("reco_daughter_allTrack_Chi2_proton", &reco_daughter_allTrack_Chi2_proton);

  fTree->Branch("reco_daughter_allTrack_Chi2_ndof", &reco_daughter_allTrack_Chi2_ndof);

  fTree->Branch("reco_daughter_allTrack_Theta", &reco_daughter_allTrack_Theta);

  fTree->Branch("reco_daughter_allTrack_Phi", &reco_daughter_allTrack_Phi);

  fTree->Branch("reco_daughter_allTrack_len", &reco_daughter_allTrack_len);
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 fTree->Branch("reco_daughter_allTrack_startX", &reco_daughter_allTrack_startX);

  fTree->Branch("reco_daughter_allTrack_startY", &reco_daughter_allTrack_startY);

  fTree->Branch("reco_daughter_allTrack_startZ", &reco_daughter_allTrack_startZ);

  fTree->Branch("reco_daughter_allTrack_endX", &reco_daughter_allTrack_endX);

  fTree->Branch("reco_daughter_allTrack_endY", &reco_daughter_allTrack_endY);

  fTree->Branch("reco_daughter_allTrack_endZ", &reco_daughter_allTrack_endZ);

  fTree->Branch("reco_daughter_allTrack_dR", &reco_daughter_allTrack_dR);

  fTree->Branch("reco_daughter_allTrack_to_vertex", &reco_daughter_allTrack_to_vertex);

  //////

  fTree->Branch("reco_daughter_allShower_ID", &reco_daughter_allShower_ID);

  fTree->Branch("reco_daughter_allShower_len", &reco_daughter_allShower_len);

  fTree->Branch("reco_daughter_allShower_startX", &reco_daughter_allShower_startX);

  fTree->Branch("reco_daughter_allShower_startY", &reco_daughter_allShower_startY);

  fTree->Branch("reco_daughter_allShower_startZ", &reco_daughter_allShower_startZ);


  fTree->Branch("reco_daughter_shower_true_byE_PDG", &reco_daughter_shower_true_byE_PDG);

  fTree->Branch("reco_daughter_shower_true_byE_ID", &reco_daughter_shower_true_byE_ID);

  fTree->Branch("reco_daughter_shower_true_byE_origin", &reco_daughter_shower_true_byE_origin);

  fTree->Branch("reco_daughter_shower_true_byE_parID", &reco_daughter_shower_true_byE_parID);

  fTree->Branch("reco_daughter_shower_true_byE_parPDG", &reco_daughter_shower_true_byE_parPDG);

 

  fTree->Branch("reco_daughter_shower_true_byE_startPx", &reco_daughter_shower_true_byE_startPx);

  fTree->Branch("reco_daughter_shower_true_byE_startPy", &reco_daughter_shower_true_byE_startPy);

  fTree->Branch("reco_daughter_shower_true_byE_startPz", &reco_daughter_shower_true_byE_startPz);

  fTree->Branch("reco_daughter_shower_true_byE_startP", &reco_daughter_shower_true_byE_startP);

  fTree->Branch("reco_daughter_shower_true_byE_endProcess", &reco_daughter_shower_true_byE_endProcess);


  fTree->Branch("reco_daughter_shower_true_byHits_PDG", &reco_daughter_shower_true_byHits_PDG);

  fTree->Branch("reco_daughter_shower_true_byHits_ID", &reco_daughter_shower_true_byHits_ID);

  fTree->Branch("reco_daughter_shower_true_byHits_origin", &reco_daughter_shower_true_byHits_origin);

  fTree->Branch("reco_daughter_shower_true_byHits_parID", &reco_daughter_shower_true_byHits_parID);

  fTree->Branch("reco_daughter_shower_true_byHits_parPDG", &reco_daughter_shower_true_byHits_parPDG);

  fTree->Branch("reco_daughter_shower_true_byHits_process", &reco_daughter_shower_true_byHits_process);

  fTree->Branch("reco_daughter_shower_true_byHits_purity", &reco_daughter_shower_true_byHits_purity);

  fTree->Branch("reco_daughter_shower_true_byHits_startPx", &reco_daughter_shower_true_byHits_startPx);

  fTree->Branch("reco_daughter_shower_true_byHits_startPy", &reco_daughter_shower_true_byHits_startPy);

  fTree->Branch("reco_daughter_shower_true_byHits_startPz", &reco_daughter_shower_true_byHits_startPz);

  fTree->Branch("reco_daughter_shower_true_byHits_startP", &reco_daughter_shower_true_byHits_startP);

  fTree->Branch("reco_daughter_shower_true_byHits_endProcess", &reco_daughter_shower_true_byHits_endProcess);


  ///Reconstructed info -- daughter

  fTree->Branch("reco_daughter_showerID", &reco_daughter_showerID);

  fTree->Branch("reco_daughter_dQdX", &reco_daughter_dQdX);

  fTree->Branch("reco_daughter_dEdX", &reco_daughter_dEdX);

  fTree->Branch("reco_daughter_resRange", &reco_daughter_resRange);

  fTree->Branch("reco_daughter_shower_dQdX", &reco_daughter_shower_dQdX);

  fTree->Branch("reco_daughter_shower_dEdX", &reco_daughter_shower_dEdX);

  fTree->Branch("reco_daughter_shower_resRange", &reco_daughter_shower_resRange);

  fTree->Branch("reco_daughter_len", &reco_daughter_len);

  fTree->Branch("reco_daughter_startX", &reco_daughter_startX);

  fTree->Branch("reco_daughter_startY", &reco_daughter_startY);

  fTree->Branch("reco_daughter_startZ", &reco_daughter_startZ);

  fTree->Branch("reco_daughter_endX", &reco_daughter_endX);

  fTree->Branch("reco_daughter_endY", &reco_daughter_endY);

  fTree->Branch("reco_daughter_endZ", &reco_daughter_endZ);

  fTree->Branch("reco_daughter_deltaR", &reco_daughter_deltaR);

  fTree->Branch("reco_daughter_dR", &reco_daughter_dR);

  fTree->Branch("reco_daughter_to_vertex", &reco_daughter_to_vertex);

  fTree->Branch("reco_daughter_slice", &reco_daughter_slice);

  fTree->Branch("reco_daughter_shower_to_vertex", &reco_daughter_shower_to_vertex);

  fTree->Branch("reco_daughter_shower_startX", &reco_daughter_shower_startX);

  fTree->Branch("reco_daughter_shower_startY", &reco_daughter_shower_startY);

  fTree->Branch("reco_daughter_shower_startZ", &reco_daughter_shower_startZ);

  fTree->Branch("reco_daughter_shower_len", &reco_daughter_shower_len);


  fTree->Branch("reco_daughter_PFP_ID", &reco_daughter_PFP_ID);

  fTree->Branch("reco_daughter_PFP_nHits", &reco_daughter_PFP_nHits);

  fTree->Branch("reco_daughter_PFP_trackScore", &reco_daughter_PFP_trackScore);

  fTree->Branch("reco_daughter_PFP_emScore", &reco_daughter_PFP_emScore);

  fTree->Branch("reco_daughter_PFP_michelScore", &reco_daughter_PFP_michelScore);
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reco daughter track
  fTree->Branch("reco_daughter_trackID", &reco_daughter_trackID);

  fTree->Branch("reco_daughter_true_byE_completeness", &reco_daughter_true_byE_completeness);

  fTree->Branch("reco_daughter_true_byE_purity", &reco_daughter_true_byE_purity);

  fTree->Branch("reco_daughter_true_byE_PDG", &reco_daughter_true_byE_PDG);

  fTree->Branch("reco_daughter_true_byE_ID", &reco_daughter_true_byE_ID);

  fTree->Branch("reco_daughter_true_byE_origin", &reco_daughter_true_byE_origin);

  fTree->Branch("reco_daughter_true_byE_parID", &reco_daughter_true_byE_parID);

  fTree->Branch("reco_daughter_true_byE_parPDG", &reco_daughter_true_byE_parPDG);

  fTree->Branch("reco_daughter_true_byE_process", &reco_daughter_true_byE_process);

  fTree->Branch("reco_daughter_true_byHits_PDG", &reco_daughter_true_byHits_PDG);

  fTree->Branch("reco_daughter_true_byHits_ID", &reco_daughter_true_byHits_ID);

  fTree->Branch("reco_daughter_true_byHits_origin", &reco_daughter_true_byHits_origin);

  fTree->Branch("reco_daughter_true_byHits_parID", &reco_daughter_true_byHits_parID);

  fTree->Branch("reco_daughter_true_byHits_parPDG", &reco_daughter_true_byHits_parPDG);

  fTree->Branch("reco_daughter_true_byHits_process", &reco_daughter_true_byHits_process);

  fTree->Branch("reco_daughter_true_byHits_purity", &reco_daughter_true_byHits_purity);

  fTree->Branch("reco_daughter_true_byHits_sharedHits", &reco_daughter_true_byHits_sharedHits);

  fTree->Branch("reco_daughter_true_byHits_emHits", &reco_daughter_true_byHits_emHits);

  fTree->Branch("reco_daughter_true_byHits_len", &reco_daughter_true_byHits_len);

  fTree->Branch("reco_daughter_true_byHits_startX", &reco_daughter_true_byHits_startX);

  fTree->Branch("reco_daughter_true_byHits_startY", &reco_daughter_true_byHits_startY);

  fTree->Branch("reco_daughter_true_byHits_startZ", &reco_daughter_true_byHits_startZ);

  fTree->Branch("reco_daughter_true_byHits_endX", &reco_daughter_true_byHits_endX);

  fTree->Branch("reco_daughter_true_byHits_endY", &reco_daughter_true_byHits_endY);

  fTree->Branch("reco_daughter_true_byHits_endZ", &reco_daughter_true_byHits_endZ);

  fTree->Branch("reco_daughter_true_byHits_startPx", &reco_daughter_true_byHits_startPx);

  fTree->Branch("reco_daughter_true_byHits_startPy", &reco_daughter_true_byHits_startPy);

  fTree->Branch("reco_daughter_true_byHits_startPz", &reco_daughter_true_byHits_startPz);

  fTree->Branch("reco_daughter_true_byHits_startP", &reco_daughter_true_byHits_startP);

  fTree->Branch("reco_daughter_true_byHits_startE", &reco_daughter_true_byHits_startE);

  //Alternative reco

  fTree->Branch("reco_daughter_PFP_true_byHits_PDG", &reco_daughter_PFP_true_byHits_PDG);

  fTree->Branch("reco_daughter_PFP_true_byHits_ID", &reco_daughter_PFP_true_byHits_ID);

  fTree->Branch("reco_daughter_PFP_true_byHits_origin", &reco_daughter_PFP_true_byHits_origin);

  fTree->Branch("reco_daughter_PFP_true_byHits_parID", &reco_daughter_PFP_true_byHits_parID);

  fTree->Branch("reco_daughter_PFP_true_byHits_parPDG", &reco_daughter_PFP_true_byHits_parPDG);

  fTree->Branch("reco_daughter_PFP_true_byHits_process", &reco_daughter_PFP_true_byHits_process);

  fTree->Branch("reco_daughter_PFP_true_byHits_sharedHits", &reco_daughter_PFP_true_byHits_sharedHits);

  fTree->Branch("reco_daughter_PFP_true_byHits_emHits", &reco_daughter_PFP_true_byHits_emHits);

  fTree->Branch("reco_daughter_PFP_true_byHits_len", &reco_daughter_PFP_true_byHits_len);

  fTree->Branch("reco_daughter_PFP_true_byHits_startX", &reco_daughter_PFP_true_byHits_startX);

  fTree->Branch("reco_daughter_PFP_true_byHits_startY", &reco_daughter_PFP_true_byHits_startY);

  fTree->Branch("reco_daughter_PFP_true_byHits_startZ", &reco_daughter_PFP_true_byHits_startZ);

  fTree->Branch("reco_daughter_PFP_true_byHits_endX", &reco_daughter_PFP_true_byHits_endX);

  fTree->Branch("reco_daughter_PFP_true_byHits_endY", &reco_daughter_PFP_true_byHits_endY);

  fTree->Branch("reco_daughter_PFP_true_byHits_endZ", &reco_daughter_PFP_true_byHits_endZ);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPx", &reco_daughter_PFP_true_byHits_startPx);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPy", &reco_daughter_PFP_true_byHits_startPy);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPz", &reco_daughter_PFP_true_byHits_startPz);

  fTree->Branch("reco_daughter_PFP_true_byHits_startP", &reco_daughter_PFP_true_byHits_startP);

  fTree->Branch("reco_daughter_PFP_true_byHits_startE", &reco_daughter_PFP_true_byHits_startE);

  fTree->Branch("reco_daughter_PFP_true_byHits_endProcess", &reco_daughter_PFP_true_byHits_endProcess);

  fTree->Branch("reco_daughter_PFP_true_byHits_purity", &reco_daughter_PFP_true_byHits_purity);

  fTree->Branch("reco_daughter_allTrack_ID", &reco_daughter_allTrack_ID);

  fTree->Branch("reco_daughter_allTrack_dEdX", &reco_daughter_allTrack_dEdX);

  fTree->Branch("reco_daughter_allTrack_dQdX", &reco_daughter_allTrack_dQdX);

  fTree->Branch("reco_daughter_allTrack_resRange", &reco_daughter_allTrack_resRange);

  fTree->Branch("reco_daughter_allTrack_dQdX_SCE", &reco_daughter_allTrack_dQdX_SCE);

  fTree->Branch("reco_daughter_allTrack_dEdX_SCE", &reco_daughter_allTrack_dEdX);

  fTree->Branch("reco_daughter_allTrack_resRange_SCE", &reco_daughter_allTrack_resRange);

  fTree->Branch("reco_daughter_allTrack_calibrated_dEdX", &reco_daughter_allTrack_calibrated_dEdX);

  fTree->Branch("reco_daughter_allTrack_calibrated_dEdX_SCE", &reco_daughter_allTrack_calibrated_dEdX_SCE);

  fTree->Branch("reco_daughter_allTrack_Chi2_proton", &reco_daughter_allTrack_Chi2_proton);

  fTree->Branch("reco_daughter_allTrack_Chi2_ndof", &reco_daughter_allTrack_Chi2_ndof);

  fTree->Branch("reco_daughter_allTrack_Theta", &reco_daughter_allTrack_Theta);

  fTree->Branch("reco_daughter_allTrack_Phi", &reco_daughter_allTrack_Phi);

  fTree->Branch("reco_daughter_allTrack_len", &reco_daughter_allTrack_len);
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 fTree->Branch("reco_daughter_allTrack_startX", &reco_daughter_allTrack_startX);

  fTree->Branch("reco_daughter_allTrack_startY", &reco_daughter_allTrack_startY);

  fTree->Branch("reco_daughter_allTrack_startZ", &reco_daughter_allTrack_startZ);

  fTree->Branch("reco_daughter_allTrack_endX", &reco_daughter_allTrack_endX);

  fTree->Branch("reco_daughter_allTrack_endY", &reco_daughter_allTrack_endY);

  fTree->Branch("reco_daughter_allTrack_endZ", &reco_daughter_allTrack_endZ);

  fTree->Branch("reco_daughter_allTrack_dR", &reco_daughter_allTrack_dR);

  fTree->Branch("reco_daughter_allTrack_to_vertex", &reco_daughter_allTrack_to_vertex);

  //////

  fTree->Branch("reco_daughter_allShower_ID", &reco_daughter_allShower_ID);

  fTree->Branch("reco_daughter_allShower_len", &reco_daughter_allShower_len);

  fTree->Branch("reco_daughter_allShower_startX", &reco_daughter_allShower_startX);

  fTree->Branch("reco_daughter_allShower_startY", &reco_daughter_allShower_startY);

  fTree->Branch("reco_daughter_allShower_startZ", &reco_daughter_allShower_startZ);


  fTree->Branch("reco_daughter_shower_true_byE_PDG", &reco_daughter_shower_true_byE_PDG);

  fTree->Branch("reco_daughter_shower_true_byE_ID", &reco_daughter_shower_true_byE_ID);

  fTree->Branch("reco_daughter_shower_true_byE_origin", &reco_daughter_shower_true_byE_origin);

  fTree->Branch("reco_daughter_shower_true_byE_parID", &reco_daughter_shower_true_byE_parID);

  fTree->Branch("reco_daughter_shower_true_byE_parPDG", &reco_daughter_shower_true_byE_parPDG);

 

  fTree->Branch("reco_daughter_shower_true_byE_startPx", &reco_daughter_shower_true_byE_startPx);

  fTree->Branch("reco_daughter_shower_true_byE_startPy", &reco_daughter_shower_true_byE_startPy);

  fTree->Branch("reco_daughter_shower_true_byE_startPz", &reco_daughter_shower_true_byE_startPz);

  fTree->Branch("reco_daughter_shower_true_byE_startP", &reco_daughter_shower_true_byE_startP);

  fTree->Branch("reco_daughter_shower_true_byE_endProcess", &reco_daughter_shower_true_byE_endProcess);


  fTree->Branch("reco_daughter_shower_true_byHits_PDG", &reco_daughter_shower_true_byHits_PDG);

  fTree->Branch("reco_daughter_shower_true_byHits_ID", &reco_daughter_shower_true_byHits_ID);

  fTree->Branch("reco_daughter_shower_true_byHits_origin", &reco_daughter_shower_true_byHits_origin);

  fTree->Branch("reco_daughter_shower_true_byHits_parID", &reco_daughter_shower_true_byHits_parID);

  fTree->Branch("reco_daughter_shower_true_byHits_parPDG", &reco_daughter_shower_true_byHits_parPDG);

  fTree->Branch("reco_daughter_shower_true_byHits_process", &reco_daughter_shower_true_byHits_process);

  fTree->Branch("reco_daughter_shower_true_byHits_purity", &reco_daughter_shower_true_byHits_purity);

  fTree->Branch("reco_daughter_shower_true_byHits_startPx", &reco_daughter_shower_true_byHits_startPx);

  fTree->Branch("reco_daughter_shower_true_byHits_startPy", &reco_daughter_shower_true_byHits_startPy);

  fTree->Branch("reco_daughter_shower_true_byHits_startPz", &reco_daughter_shower_true_byHits_startPz);

  fTree->Branch("reco_daughter_shower_true_byHits_startP", &reco_daughter_shower_true_byHits_startP);

  fTree->Branch("reco_daughter_shower_true_byHits_endProcess", &reco_daughter_shower_true_byHits_endProcess);


  ///Reconstructed info -- daughter

  fTree->Branch("reco_daughter_showerID", &reco_daughter_showerID);

  fTree->Branch("reco_daughter_dQdX", &reco_daughter_dQdX);

  fTree->Branch("reco_daughter_dEdX", &reco_daughter_dEdX);

  fTree->Branch("reco_daughter_resRange", &reco_daughter_resRange);

  fTree->Branch("reco_daughter_shower_dQdX", &reco_daughter_shower_dQdX);

  fTree->Branch("reco_daughter_shower_dEdX", &reco_daughter_shower_dEdX);

  fTree->Branch("reco_daughter_shower_resRange", &reco_daughter_shower_resRange);

  fTree->Branch("reco_daughter_len", &reco_daughter_len);

  fTree->Branch("reco_daughter_startX", &reco_daughter_startX);

  fTree->Branch("reco_daughter_startY", &reco_daughter_startY);

  fTree->Branch("reco_daughter_startZ", &reco_daughter_startZ);

  fTree->Branch("reco_daughter_endX", &reco_daughter_endX);

  fTree->Branch("reco_daughter_endY", &reco_daughter_endY);

  fTree->Branch("reco_daughter_endZ", &reco_daughter_endZ);

  fTree->Branch("reco_daughter_deltaR", &reco_daughter_deltaR);

  fTree->Branch("reco_daughter_dR", &reco_daughter_dR);

  fTree->Branch("reco_daughter_to_vertex", &reco_daughter_to_vertex);

  fTree->Branch("reco_daughter_slice", &reco_daughter_slice);

  fTree->Branch("reco_daughter_shower_to_vertex", &reco_daughter_shower_to_vertex);

  fTree->Branch("reco_daughter_shower_startX", &reco_daughter_shower_startX);

  fTree->Branch("reco_daughter_shower_startY", &reco_daughter_shower_startY);

  fTree->Branch("reco_daughter_shower_startZ", &reco_daughter_shower_startZ);

  fTree->Branch("reco_daughter_shower_len", &reco_daughter_shower_len);


  fTree->Branch("reco_daughter_PFP_ID", &reco_daughter_PFP_ID);

  fTree->Branch("reco_daughter_PFP_nHits", &reco_daughter_PFP_nHits);

  fTree->Branch("reco_daughter_PFP_trackScore", &reco_daughter_PFP_trackScore);

  fTree->Branch("reco_daughter_PFP_emScore", &reco_daughter_PFP_emScore);

  fTree->Branch("reco_daughter_PFP_michelScore", &reco_daughter_PFP_michelScore);




Anselmo Cervera Villanueva, IFIC-Valencia

reco daughter track
  fTree->Branch("reco_daughter_trackID", &reco_daughter_trackID);

  fTree->Branch("reco_daughter_true_byE_completeness", &reco_daughter_true_byE_completeness);

  fTree->Branch("reco_daughter_true_byE_purity", &reco_daughter_true_byE_purity);

  fTree->Branch("reco_daughter_true_byE_PDG", &reco_daughter_true_byE_PDG);

  fTree->Branch("reco_daughter_true_byE_ID", &reco_daughter_true_byE_ID);

  fTree->Branch("reco_daughter_true_byE_origin", &reco_daughter_true_byE_origin);

  fTree->Branch("reco_daughter_true_byE_parID", &reco_daughter_true_byE_parID);

  fTree->Branch("reco_daughter_true_byE_parPDG", &reco_daughter_true_byE_parPDG);

  fTree->Branch("reco_daughter_true_byE_process", &reco_daughter_true_byE_process);

  fTree->Branch("reco_daughter_true_byHits_PDG", &reco_daughter_true_byHits_PDG);

  fTree->Branch("reco_daughter_true_byHits_ID", &reco_daughter_true_byHits_ID);

  fTree->Branch("reco_daughter_true_byHits_origin", &reco_daughter_true_byHits_origin);

  fTree->Branch("reco_daughter_true_byHits_parID", &reco_daughter_true_byHits_parID);

  fTree->Branch("reco_daughter_true_byHits_parPDG", &reco_daughter_true_byHits_parPDG);

  fTree->Branch("reco_daughter_true_byHits_process", &reco_daughter_true_byHits_process);

  fTree->Branch("reco_daughter_true_byHits_purity", &reco_daughter_true_byHits_purity);

  fTree->Branch("reco_daughter_true_byHits_sharedHits", &reco_daughter_true_byHits_sharedHits);

  fTree->Branch("reco_daughter_true_byHits_emHits", &reco_daughter_true_byHits_emHits);

  fTree->Branch("reco_daughter_true_byHits_len", &reco_daughter_true_byHits_len);

  fTree->Branch("reco_daughter_true_byHits_startX", &reco_daughter_true_byHits_startX);

  fTree->Branch("reco_daughter_true_byHits_startY", &reco_daughter_true_byHits_startY);

  fTree->Branch("reco_daughter_true_byHits_startZ", &reco_daughter_true_byHits_startZ);

  fTree->Branch("reco_daughter_true_byHits_endX", &reco_daughter_true_byHits_endX);

  fTree->Branch("reco_daughter_true_byHits_endY", &reco_daughter_true_byHits_endY);

  fTree->Branch("reco_daughter_true_byHits_endZ", &reco_daughter_true_byHits_endZ);

  fTree->Branch("reco_daughter_true_byHits_startPx", &reco_daughter_true_byHits_startPx);

  fTree->Branch("reco_daughter_true_byHits_startPy", &reco_daughter_true_byHits_startPy);

  fTree->Branch("reco_daughter_true_byHits_startPz", &reco_daughter_true_byHits_startPz);

  fTree->Branch("reco_daughter_true_byHits_startP", &reco_daughter_true_byHits_startP);

  fTree->Branch("reco_daughter_true_byHits_startE", &reco_daughter_true_byHits_startE);

  //Alternative reco

  fTree->Branch("reco_daughter_PFP_true_byHits_PDG", &reco_daughter_PFP_true_byHits_PDG);

  fTree->Branch("reco_daughter_PFP_true_byHits_ID", &reco_daughter_PFP_true_byHits_ID);

  fTree->Branch("reco_daughter_PFP_true_byHits_origin", &reco_daughter_PFP_true_byHits_origin);

  fTree->Branch("reco_daughter_PFP_true_byHits_parID", &reco_daughter_PFP_true_byHits_parID);

  fTree->Branch("reco_daughter_PFP_true_byHits_parPDG", &reco_daughter_PFP_true_byHits_parPDG);

  fTree->Branch("reco_daughter_PFP_true_byHits_process", &reco_daughter_PFP_true_byHits_process);

  fTree->Branch("reco_daughter_PFP_true_byHits_sharedHits", &reco_daughter_PFP_true_byHits_sharedHits);

  fTree->Branch("reco_daughter_PFP_true_byHits_emHits", &reco_daughter_PFP_true_byHits_emHits);

  fTree->Branch("reco_daughter_PFP_true_byHits_len", &reco_daughter_PFP_true_byHits_len);

  fTree->Branch("reco_daughter_PFP_true_byHits_startX", &reco_daughter_PFP_true_byHits_startX);

  fTree->Branch("reco_daughter_PFP_true_byHits_startY", &reco_daughter_PFP_true_byHits_startY);

  fTree->Branch("reco_daughter_PFP_true_byHits_startZ", &reco_daughter_PFP_true_byHits_startZ);

  fTree->Branch("reco_daughter_PFP_true_byHits_endX", &reco_daughter_PFP_true_byHits_endX);

  fTree->Branch("reco_daughter_PFP_true_byHits_endY", &reco_daughter_PFP_true_byHits_endY);

  fTree->Branch("reco_daughter_PFP_true_byHits_endZ", &reco_daughter_PFP_true_byHits_endZ);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPx", &reco_daughter_PFP_true_byHits_startPx);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPy", &reco_daughter_PFP_true_byHits_startPy);

  fTree->Branch("reco_daughter_PFP_true_byHits_startPz", &reco_daughter_PFP_true_byHits_startPz);

  fTree->Branch("reco_daughter_PFP_true_byHits_startP", &reco_daughter_PFP_true_byHits_startP);

  fTree->Branch("reco_daughter_PFP_true_byHits_startE", &reco_daughter_PFP_true_byHits_startE);

  fTree->Branch("reco_daughter_PFP_true_byHits_endProcess", &reco_daughter_PFP_true_byHits_endProcess);

  fTree->Branch("reco_daughter_PFP_true_byHits_purity", &reco_daughter_PFP_true_byHits_purity);

  fTree->Branch("reco_daughter_allTrack_ID", &reco_daughter_allTrack_ID);

  fTree->Branch("reco_daughter_allTrack_dEdX", &reco_daughter_allTrack_dEdX);

  fTree->Branch("reco_daughter_allTrack_dQdX", &reco_daughter_allTrack_dQdX);

  fTree->Branch("reco_daughter_allTrack_resRange", &reco_daughter_allTrack_resRange);

  fTree->Branch("reco_daughter_allTrack_dQdX_SCE", &reco_daughter_allTrack_dQdX_SCE);

  fTree->Branch("reco_daughter_allTrack_dEdX_SCE", &reco_daughter_allTrack_dEdX);

  fTree->Branch("reco_daughter_allTrack_resRange_SCE", &reco_daughter_allTrack_resRange);

  fTree->Branch("reco_daughter_allTrack_calibrated_dEdX", &reco_daughter_allTrack_calibrated_dEdX);

  fTree->Branch("reco_daughter_allTrack_calibrated_dEdX_SCE", &reco_daughter_allTrack_calibrated_dEdX_SCE);

  fTree->Branch("reco_daughter_allTrack_Chi2_proton", &reco_daughter_allTrack_Chi2_proton);

  fTree->Branch("reco_daughter_allTrack_Chi2_ndof", &reco_daughter_allTrack_Chi2_ndof);

  fTree->Branch("reco_daughter_allTrack_Theta", &reco_daughter_allTrack_Theta);

  fTree->Branch("reco_daughter_allTrack_Phi", &reco_daughter_allTrack_Phi);

  fTree->Branch("reco_daughter_allTrack_len", &reco_daughter_allTrack_len);

 

90

 fTree->Branch("reco_daughter_allTrack_startX", &reco_daughter_allTrack_startX);

  fTree->Branch("reco_daughter_allTrack_startY", &reco_daughter_allTrack_startY);

  fTree->Branch("reco_daughter_allTrack_startZ", &reco_daughter_allTrack_startZ);

  fTree->Branch("reco_daughter_allTrack_endX", &reco_daughter_allTrack_endX);

  fTree->Branch("reco_daughter_allTrack_endY", &reco_daughter_allTrack_endY);

  fTree->Branch("reco_daughter_allTrack_endZ", &reco_daughter_allTrack_endZ);

  fTree->Branch("reco_daughter_allTrack_dR", &reco_daughter_allTrack_dR);

  fTree->Branch("reco_daughter_allTrack_to_vertex", &reco_daughter_allTrack_to_vertex);

  //////

  fTree->Branch("reco_daughter_allShower_ID", &reco_daughter_allShower_ID);

  fTree->Branch("reco_daughter_allShower_len", &reco_daughter_allShower_len);

  fTree->Branch("reco_daughter_allShower_startX", &reco_daughter_allShower_startX);

  fTree->Branch("reco_daughter_allShower_startY", &reco_daughter_allShower_startY);

  fTree->Branch("reco_daughter_allShower_startZ", &reco_daughter_allShower_startZ);


  fTree->Branch("reco_daughter_shower_true_byE_PDG", &reco_daughter_shower_true_byE_PDG);

  fTree->Branch("reco_daughter_shower_true_byE_ID", &reco_daughter_shower_true_byE_ID);

  fTree->Branch("reco_daughter_shower_true_byE_origin", &reco_daughter_shower_true_byE_origin);

  fTree->Branch("reco_daughter_shower_true_byE_parID", &reco_daughter_shower_true_byE_parID);

  fTree->Branch("reco_daughter_shower_true_byE_parPDG", &reco_daughter_shower_true_byE_parPDG);

 

  fTree->Branch("reco_daughter_shower_true_byE_startPx", &reco_daughter_shower_true_byE_startPx);

  fTree->Branch("reco_daughter_shower_true_byE_startPy", &reco_daughter_shower_true_byE_startPy);

  fTree->Branch("reco_daughter_shower_true_byE_startPz", &reco_daughter_shower_true_byE_startPz);

  fTree->Branch("reco_daughter_shower_true_byE_startP", &reco_daughter_shower_true_byE_startP);

  fTree->Branch("reco_daughter_shower_true_byE_endProcess", &reco_daughter_shower_true_byE_endProcess);


  fTree->Branch("reco_daughter_shower_true_byHits_PDG", &reco_daughter_shower_true_byHits_PDG);

  fTree->Branch("reco_daughter_shower_true_byHits_ID", &reco_daughter_shower_true_byHits_ID);

  fTree->Branch("reco_daughter_shower_true_byHits_origin", &reco_daughter_shower_true_byHits_origin);

  fTree->Branch("reco_daughter_shower_true_byHits_parID", &reco_daughter_shower_true_byHits_parID);

  fTree->Branch("reco_daughter_shower_true_byHits_parPDG", &reco_daughter_shower_true_byHits_parPDG);

  fTree->Branch("reco_daughter_shower_true_byHits_process", &reco_daughter_shower_true_byHits_process);

  fTree->Branch("reco_daughter_shower_true_byHits_purity", &reco_daughter_shower_true_byHits_purity);

  fTree->Branch("reco_daughter_shower_true_byHits_startPx", &reco_daughter_shower_true_byHits_startPx);

  fTree->Branch("reco_daughter_shower_true_byHits_startPy", &reco_daughter_shower_true_byHits_startPy);

  fTree->Branch("reco_daughter_shower_true_byHits_startPz", &reco_daughter_shower_true_byHits_startPz);

  fTree->Branch("reco_daughter_shower_true_byHits_startP", &reco_daughter_shower_true_byHits_startP);

  fTree->Branch("reco_daughter_shower_true_byHits_endProcess", &reco_daughter_shower_true_byHits_endProcess);


  ///Reconstructed info -- daughter

  fTree->Branch("reco_daughter_showerID", &reco_daughter_showerID);

  fTree->Branch("reco_daughter_dQdX", &reco_daughter_dQdX);

  fTree->Branch("reco_daughter_dEdX", &reco_daughter_dEdX);

  fTree->Branch("reco_daughter_resRange", &reco_daughter_resRange);

  fTree->Branch("reco_daughter_shower_dQdX", &reco_daughter_shower_dQdX);

  fTree->Branch("reco_daughter_shower_dEdX", &reco_daughter_shower_dEdX);

  fTree->Branch("reco_daughter_shower_resRange", &reco_daughter_shower_resRange);

  fTree->Branch("reco_daughter_len", &reco_daughter_len);

  fTree->Branch("reco_daughter_startX", &reco_daughter_startX);

  fTree->Branch("reco_daughter_startY", &reco_daughter_startY);

  fTree->Branch("reco_daughter_startZ", &reco_daughter_startZ);

  fTree->Branch("reco_daughter_endX", &reco_daughter_endX);

  fTree->Branch("reco_daughter_endY", &reco_daughter_endY);

  fTree->Branch("reco_daughter_endZ", &reco_daughter_endZ);

  fTree->Branch("reco_daughter_deltaR", &reco_daughter_deltaR);

  fTree->Branch("reco_daughter_dR", &reco_daughter_dR);

  fTree->Branch("reco_daughter_to_vertex", &reco_daughter_to_vertex);

  fTree->Branch("reco_daughter_slice", &reco_daughter_slice);

  fTree->Branch("reco_daughter_shower_to_vertex", &reco_daughter_shower_to_vertex);

  fTree->Branch("reco_daughter_shower_startX", &reco_daughter_shower_startX);

  fTree->Branch("reco_daughter_shower_startY", &reco_daughter_shower_startY);

  fTree->Branch("reco_daughter_shower_startZ", &reco_daughter_shower_startZ);

  fTree->Branch("reco_daughter_shower_len", &reco_daughter_shower_len);


  fTree->Branch("reco_daughter_PFP_ID", &reco_daughter_PFP_ID);

  fTree->Branch("reco_daughter_PFP_nHits", &reco_daughter_PFP_nHits);

  fTree->Branch("reco_daughter_PFP_trackScore", &reco_daughter_PFP_trackScore);

  fTree->Branch("reco_daughter_PFP_emScore", &reco_daughter_PFP_emScore);

  fTree->Branch("reco_daughter_PFP_michelScore", &reco_daughter_PFP_michelScore);
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reco daughter
  fTree->Branch("reco_daughter_Chi2_proton", &reco_daughter_Chi2_proton);

  fTree->Branch("reco_daughter_Chi2_ndof", &reco_daughter_Chi2_ndof);

  fTree->Branch("reco_daughter_momByRange_proton", &reco_daughter_momByRange_proton);

  fTree->Branch("reco_daughter_momByRange_muon", &reco_daughter_momByRange_muon);

  fTree->Branch("reco_daughter_allTrack_momByRange_proton", &reco_daughter_allTrack_momByRange_proton);

  fTree->Branch("reco_daughter_allTrack_momByRange_muon", &reco_daughter_allTrack_momByRange_muon);


  fTree->Branch("reco_daughter_shower_Chi2_proton", &reco_daughter_shower_Chi2_proton);

  fTree->Branch("reco_daughter_shower_Chi2_ndof", &reco_daughter_shower_Chi2_ndof);


  fTree->Branch("reco_daughter_trackScore", &reco_daughter_trackScore);

  fTree->Branch("reco_daughter_emScore", &reco_daughter_emScore);

  fTree->Branch("reco_daughter_michelScore", &reco_daughter_michelScore);


  fTree->Branch("reco_daughter_shower_trackScore", &reco_daughter_shower_trackScore);

  fTree->Branch("reco_daughter_shower_emScore", &reco_daughter_shower_emScore);

  fTree->Branch("reco_daughter_shower_michelScore", &reco_daughter_shower_michelScore);
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true daughter
  fTree->Branch("true_daughter_nPi0", &true_daughter_nPi0);

  fTree->Branch("true_daughter_nPiPlus", &true_daughter_nPiPlus);

  fTree->Branch("true_daughter_nProton", &true_daughter_nProton);

  fTree->Branch("true_daughter_nNeutron", &true_daughter_nNeutron);

  fTree->Branch("true_daughter_nPiMinus", &true_daughter_nPiMinus);

  fTree->Branch("true_daughter_nNucleus", &true_daughter_nNucleus);
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My concerns
• Doing analysis in LArSoft violates most previous requirements. But 

anyway, let’s assume we go this way. This are my concerns: 

1. Porting not trivial at all. Many classes and concepts involved. It 

would require significant changes to the current code in 
HighLAND. Validation in protoduneana  will take a while


2. Systematics propagation should be very, very fast. It will take a 
while to optimize the code in protoduneana


3. HighLAND produces a output tree with the results of the selection 
and systematics propagation, and has dedicated drawing tools. At 
plotting level one can: i) play with the cuts, ii) play with the 
systematics and change the binning. Implementing this 
functionality in protoduneana will take time 

4. At the end we want to address all previous points in protoduneana, 
so we will reinvent the wheel
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