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Pre-introduction
● It's possible for this discussion to swell to fill any 

available volume
● These slides contain a walk-through of the whole set 

of changes
– Not everything is relevant to LBL, I think
– I'm currently on a “speaking tour” to shop this proposal 

around, so some slides are definitely here for other groups 
to digest carefully 

● I'll try to keep the discussion from wandering too far off 
of LBL-relevance to keep the time under control
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Intro: CAFs & StandardRecord

CAFs are our ROOT ntuple format
intended for high-level analysis

[They are the input file type for the FD TDR 
LBL analysis, which used CAFAna, and will 
be used by LBL for ND TDR studies also, 

whether CAFAna, Mach3, ...]
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Intro: CAFs & StandardRecord

⋮

CAFs contain a series of 
StandardRecord objects

(one per event)

They're currently a mess:
● No documentation
● Everything is at top level
● Cryptic branch names
● Duplicated quantities

Only the people who put the branches 
in know what they are...

https://internal.dunescience.org/doxygen/classcaf_1_1StandardRecord.html
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A better design

CAF makers in other experiments have found that a “hierarchical” structure
is both more easily maintained and easier for beginners to understand

[also notice the documentation of what each branch is!]

NOvA

SBN
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A better design

CAF makers in other experiments have found that a “hierarchical” structure
is both more easily maintained and easier for beginners to understand

NOvA
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A better design

NOvA
⋮

Other CAF users have found that a “hierarchical” structure
is both more easily maintained and easier for beginners to understand
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A better design

⋮

⋮

We took a baby step in this direction 
with the introduction of ND reco 

branches last year...

... but it's time to fix the rest of the 
StandardRecord, or we probably will 

never get to it.
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Considerations
● Our problem is not isomorphic to NOvA or SBN

– We have detectors of fundamentally different types
– We have many detectors (7 in Phase II!)
– We have independent detectors that sometimes need to be 

matched on an event-by-event basis (exhibit A: ND+LAr + 
spectrometer)

● We have multiple use cases in mind for CAFs
– LBL – (likely) highest-level info only
– Detector-specific studies (e.g.: xsec measurements)
– Prototyping data analysis
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New design: base elements

Design choice:
Broad categories 

at top level

(we'll drill down into 
these in a moment)
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New design: base elements

Highest-level reco info:
particles, interactions, etc.

Stuff that you can infer 
from any detector.

[LBL analysis should be 
able to work from this?]

Detector-specific reco info:
cluster, tracks, showers, 

whatever
[everything you need for a 

detailed analysis]

Design choice:
Separate “common” from 
“detector-specific” reco
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Drilling down: metadata

One metadata element for each detector...
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Drilling down: metadata
//todo: do we need branches for “post-merge” 

metadata too?  (shared post-merge 
run/subrun numbering?...)
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Drilling down: beam

Not much to see here.  Can easily be expanded as we go
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Drilling down: truth

All the truth stuff you'd expect. 
Not the full GENIE record
(that's stored separately), 

but enough to make many useful plots
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Drilling down: truth

True particles coming out after FSI,
or before

//todo: how to store other true 
particles (e.g. if a Reco particle 
matches a non-primary)?
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Drilling down: common reco

Shared reco stuff.
Each of these is a branch because there are 
multiple ways they can be reconstructed...
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Drilling down: neutrino hypotheses

Neutrino classification.  FD has CVN; we'll add others as they are available
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Drilling down: neutrino energy

Neutrino energy.  One entry per style of reconstruction

Design choice:
Different reconstruction pathways get different 
CAF branches, rather than different collections 
of CAFs with the same branches (that have to 

be distinguished by metadata)
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Drilling down: neutrino vertex

Vertex location.  One per reconstruction pathway

Design choice:
Different reconstruction pathways get different 
CAF branches, rather than different collections 
of CAFs with the same branches (that have to 

be distinguished by metadata)
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Drilling down: reco particles

Design choice:
Containment flag lives here.  
(Requires stuffing a particle 

corresponding to “ungrouped 
energy” in here)

//todo: need to add linkage to true particle here
//todo: is it possible to preserve linkage to 

“detector-specific” reco info?
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Drilling down: FD

One entry per FD.  Won't drill into SRFD, it's just a placeholder for the moment.

Design choice:
Each FD gets its own sub-branch.

May not be necessary.

Do we need separate branches for 
ProtoDUNEs, or would the same 

“main detector” branches work ok?
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Drilling down: ND
Design choices:

● Cross-detector track matches live 
outside the individual detector 
reco

● The “full ND-LAr” branch can be 
repurposed for 2x2 
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Drilling down: ND detectors

The “detector” elements here 
are just placeholders, for the 
moment, but are ready to be 

extended at need
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Drilling down: ND track matches

Currently storing track indices (into the 
relevant track vectors within the 

detector objects shown on previous 
slide), as well as distance and angular 

difference.
(These came from ND‑LAr+TMS 

matching studies.)

//todo: this should be a branch with 
multiple vectors (multiple 
styles of track matching)

//todo: duplicate for showers?
//todo: add a SRTrack branch here 

too
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Things to ponder

● We assume each “event” is somehow 
overlapping in time across detectors.

(Not StandardRecord's problem to solve, I don't 
think, but important to note.)

● How do we record “containment” in the common 
reco for particles that cross detector boundaries?

● I've dropped the PRISM-specific branches (since 
everything should be in the new layout)
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What's next?
● I'm currently “on tour” with this proposal.  Goal is to get feedback from:

– ND-prototypes “CAF task force”
– ND sim/reco
– LBL
– others?  [your suggestion here]

● I have a draft pull request against duneanaobj containing my proposal as of 
right now
– I encourage detailed feedback there, esp. line-by-line comments on the classes/files, if 

you have any
● There's a pending SAND pull request adding SAND-specific info, which needs 

to get merged before this proposal so that we don't stomp on each other
● The CAFMakers (ND & FD) will need updates to fill the updated structures
● Need to ensure CAFAna will build & run with updated StandardRecord

https://github.com/DUNE/duneanaobj/pull/12
https://github.com/DUNE/duneanaobj/pull/11
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backup slides follow
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How is babby CAF formed?

The ND CAFMaker writes out CAFs.

This is a shared tool amongst all ND groups and LBL
(originally built by LBL for FD TDR,

and has somehow become my problem responsibility?)

https://github.com/DUNE/ND_CAFMaker
https://github.com/DUNE/ND_CAFMaker
https://github.com/DUNE/ND_CAFMaker
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What is a “CAF”?
● CAFs are input to LBL analysis

– “Common Analysis Files,” which are ROOT format trees based on custom 
StandardRecord object  (more on that shortly)

– Contain summaries of events: higher-level reconstructed objects & truth information
● Goal: fast iteration in analysis.  (More propaganda at arXiv:2203.13768)

● CAFs are intended to have low barrier-to-entry and be easy to use
– I showed an example νμ CC energy estimator based on the ML reco reconstruction, with 

accompanying “howto”, in Dec. 2021
– The TMS group has demonstrated matching ND-LAr to TMS with CAFs as well

https://arxiv.org/abs/2203.13768
https://indico.fnal.gov/event/52169/
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