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Background

* “CAF” (=Common Analysis Format) files are ROOT ntuples
designed for high-level analysis

- Used in the FD TDR LBL analysis
- Planned use for ND TDRs, 2x2 prototype, ...

 Effort to clean up/modernize the format is underway

- Current format is result of 2" Law of Thermodynamics and is ...
unwieldy at best

- | have a proposal that I've been shopping around (slides: LBL,
ND Sim/Reco)

* How to store necessary truth info is an important aspect of the
design


https://indico.fnal.gov/event/59182/#30-proposal-for-sr-overhaul
https://indico.fnal.gov/event/59243/#16-caf-and-standard-record-dis

Current approach
the caf tree contains

genie::GHepRecord Class Reference StandardRecord objects

(some truth info sprinkled
among the branches)

GENIE's GHEP MC event record. More...

#include <GHepRecord.h>

Public Member Functions caf::StandardRecord Class Reference
GHepRecord () x — O R

Gt IepRocond (intsiza) The StandardRecord is the primary top-level object in the Common Analysis File trees.
GHepRecord (const GHepRecord &record)
GHepRecord (TRootlOCtor *)
virtual ~GHepRecord () Files |
virtual Interaction * Summary (void) const

Browser |Eile Edit View Options Toaol

#include <StandardRecord.h>

Public Attributes

virtual void AttachSummary (Interaction *interaction) E* ? @ raw Dp’[iﬂn: I—E int meta_run ﬂoi:: ::nmgl'le-;":rackConlNumu
virtual void AddParticle (const GHepParticle &p) int meta_subrun /ﬁaathii\
virtual void AddParticle (int pdg, GHepStatus_t ist, int mom?1, int mom2, DF’JGT - double pot [ float Elep \
virtual void AddParticle (int pdg, GHepStatus_t ist, int mom?1, int mom2, float eRec_FromDep int_ isCC
double z, double t) PROOF Seszions float Ev_reco i
virtual GHepParticle * Particle (int position) const gm.r Files float Ev_reco_nue ::z ::;Ezunusc
virtual GHepParticle * FindParticle (int pdg, GHepStatus_t ist, int start) const | - float Ev_reco_numu int LepPDG
virtual it ParticlePosition (int pdg, GHepStatus_ti, int start=0) const || = mn/usen1 000/gds/sftp:host=dunegpvmi 5.fnal. gov,user=jwolco float mvaresult int mode
virtual int ParticlePosition (GHepParticle *particle, int start=0) const float mvanue int GENIE_ScatteringMode
virtual vector< int > * GetStableDescendants (int position) const c """ float mvanumu int nP
GEvGenMode_t EventGenerationMode (void)const || il | meta;i float cvnnue int nN
virtual GHepParticle * Probe (void) const e float cvnnumu int nipi0
virtual GHepParticle * TargetNucleus (void) const E---ﬂ:gEHEE\I’t,‘ float cvnnutau int nipip
virtual GHepParticle * RemnantNucleus (void) const s )ﬂ genie_remrd float cvnne futinipin
virtual GHepParticle * HitNucleon (void) const int reco_q ?nt n?em
virtual GHepParticle * HitElectron (void) const float Elep_reco Tm n!kp
virtual GHepParticle * FinalStatePrimaryLepton (void) const float theta_reco ::t ::::1
virtual GHepParticle * FinalStateHadronicSystem (void) const int reco_lepton_pdg int_miother

float RecoHadEnNue int nUNKNOWN

virtual int ProbePosition (void) const ‘;J A t t. CAF fll
virtual int TargetNucleusPosition (void) const represen a IVe I e float Recol.epEnhlue int_nNucleus

virtual int RemnantNucleusPosition (void) const

float RecolLepEnNumu float Q2

virtual int HitNucleonPosition (void) const float RecoHadEnNumu float W

virtual int HitElectronPosition (void) const double pileup_energy float Y

virtual int  FinalStatePrimaryLeptonPosition (void) const SRNDBranch nd float X
virtual int  FinalStateHadronicSystemPosition (void) const / int RecoMethodNue float vix_x
’ i .' o T - int RecoMethodNumu float vixy
: Currently CAFs contain i TackHoniletodama | 165 12

/ int reco_numu

: ) ' two collections of truth info i reco e o
the genieEvt tree contains | i s

int muon_contained

entire GHepRecord objects | — |

int muon_exit float eRecoP

from G E N I E float Ehad_veto | float eRecoN

float nue_pid \ﬂgat eRecoPip ~ /

.


https://internal.dunescience.org/doxygen/classcaf_1_1StandardRecord.html
https://internal.dunescience.org/doxygen/classgenie_1_1GHepRecord.html

Why this arrangement?

* GENIE record maintained for use with nusystematics
- Lots of info needed to cover all possible reweight knobs
— nusystematics has direct interface to GENIE-Reweight

 StandardRecord truth branches have a few uses:

- Parameterized reconstruction

— Connect reco to true particles propagated by GEANT4:
GENIE doesn't know about every true particle we care
about (e.g.: secondary 11" - 11° charge exchange)

— Branches in SR are just way easier to work with



In the proposed/updated scheme
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namespace caf

{ class SRTruthBranch
{

public:
std::vector<SRT
std::size t nnu

o

cior o

class StandardRecord

{

public:

e §
Metadata a It
Metadata a L

the detec

SRDetectorMetaBranch meta;

rue nus

¥

= 0;

ruelnteractiorn> nu;

ab
aid

SRBeamBranch heam;

ow

o : o static constexpr float NaN std::numeric_limits<ﬂoat>::signaling_NaN();
public:
to the FDs bool isvtxcont = false; ///< Is true vertex is
int pdg = 0; <
to the ND co int = 0 <

bool iscc = false;
ScatteringMode mode = ScatteringMode :: kUnknownMode;

h int targetPDG = 0;
1nt hll:nuc :‘ é;
float E = NaN;
SRVector3D vtx;

H H SRVector3D momentum;
Expanded info stored in

StandardRecord for convenience - vt
float kenX = NaN;
float inelasticity = NaN;
fFlaat N2 - MaN- ~Taa ta

(See baCku pS for Content Of Generator generator = Generator :: kUnknownGenerator; /<
= . - std::vector<unsigned int>  genVersion; <
SRTrueParth -Le’ If Curlous) std::string genConfigString; ///< St

int nprim = 0; <
std:: vector<SRTrueParticle> prim; < vec
int nprefsi = 0; <
std::vector<SRTrueParticle> prefsi; /< Pri




Do we need the full GENIE record?

Arguments for storing full GENIE records:

* Engineering an alternate structure is duplicate effort (at least
IN some sense)

- However, could borrow from NOVA, SBN, T2K experience to reduce
this burden

* Hard to ensure all necessary info is kept in alternate structure
- If we miss something, then we have to respin files (painful)
- (but again, prior expt. experience is valuable)

* nusystematics is already engineered to use GENIE records
— Allows for arbitrary post facto reweights to be applied



Do we need the full GENIE record?

Arguments against storing full GENIE records:

GENIE records are fairly unwieldy and not beginner-friendly

genie_record->Summary().InitState().Tgt().A() ...

GENIE records cannot be interpreted without loading the relevant GENIE
library

- Ties CAF usage together with a specific GENIE version - fragile

- Potentially leaves some truth info inaccessible without the GENIE library. Do we
demand all users who want neutrino truth load GENIE?...

We could precalculate and store GENIE reweight knob values at fixed o
pulls (a la NOvVA)

Linkage between StandardRecord and
GENIE trees is tedious to navigate.
Overlaid spill files will not help

: no dictionary for cla
: no dictionary for cla
: no dictiomary for cla

>: no dictionmary for class genie::GHepP




What about file size considerations?

* Main concern Iis whether ~doubling the truth
info footprint is a problem

- The GENIE tree may be somewhat larger than my
proposed upgrade because it retains off-shell
Intermediate particles

- OTOH my proposal includes space for important
secondaries too

- We wind up duplicating most everything else

* Let's have a look at an example...



NOVA

What about file size considerations?
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A representative NOVA file
(copy most[?] of the GENIE record, plus some
GEANT stuff)

A modern-ish ND CAF
(from the August 2022 LBL workshop)
Of the 50 MB (4655 events) in this file,
3.7 MB (7.5%) is the GENIE-equivalent,
(average 821 bytes/ev)

294 MB (52%) is the genie_record TTree
(average 1064 bytes/ev)
+ 0.2 MB (45 bytes/ev) precalc xsec shift wgts

Of the 567 MB (289777 events) in this file,



What about file size considerations?

* | don't think file size considerations are worth
factoring into the decision. Based on another
experiment's real-life experience:

- We'll need most of that info regardless of how it's
stored, and GENIE's storage is ~comparable Iin
footprint to any other

— GENIE truth winds up being a fairly small part of the
total file budget in real usage

— Doubling the space taken up seems unlikely to be a
big problem
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Summary and discussion points

* | don't feel strongly about keeping the GENIE record so long as it's
not the only access point for truth info

— Space in files seems unlikely to be an overriding consideration to me

- Users are free to ignore the GENIE branch (and its library requirements)
If there's another entry point

* | think we do need to have access to (most of) the truth
Information without depending on linking any other libraries

— All kinds of studies (in lots of circumstances) need truth info, and | think
it's a bad idea to burden everybody with library linking requirements

- While aesthetically distasteful, | think the practical considerations justify
duplicating some of the info

e Other discussion?

11



Backup slides follow
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What's in a “true particle™?

/// Common Analysis Files

namespace caf

{

/// \brief The StandardRecord is the primary t

V7

class StandardRecord

{

{

Common Analysis File trees.

public:

///| Vector of true nus, cosmics, etc. contributing to this reco interaction candidate
L Ty + wknTwll T ot oo 42 * e

class SRTruthBranch

pL

/// True particle in the particle record.
/77 (Most particles we store come straight from GENIE (so-called "primaries"),
A/ but occasionally we want info about other intermediaries as well)

class pRTrueParticle

private:

// just to keep the typing under control below

static constexpr float NaN = std::numeric_limits<float>::signaling_NaN();

std::vector<unsigned int> daughters; ///< GEANT4

G4Process start_process; ///< GEANT4 process
G4Process  end_process; ///< End G4 process

trackIDs of daughter particles from this particle

that created this particle (kPrimary means 'came from GENIE')

of the particle

, but occasionally cosmics etc.

public:
int pdg = 0; ///< Particle
int G4ID = -1; ///< ID of the particle (taken from GEANT4 -- -1 if this particle is not propogated by G4
int interaction_id = -1; ///< True interaction ID of the source of this particle ) ) )
float time = NaN; ///< Generation time at true interaction vertex [ns] might be a rock particle or cosmic
SRLorentzVector p; ///< Momentum at generation point [GeV/c] utrino (may be different than "pdg’ if this file i
SRVector3D start pos; ///< Particle generation position [cm] ‘
SRVector3D end_pos; ///< Particle end position (decay, interaction, stop) [cm] j}ggghnepfm?”ce(fake)
struck target
unsigned int parent; ///< GEANT4 trackID of parent particle from this particle

eon pair).
202 — pp

oord. [em]

SRVector3D position; < Neutrino 1nteraction position

oat time = NaN; ///< True interaction time

True partiCIeS Coming Out after FSI, at bjorkenX = NaN; ///< Bjorken x = (k-k')"2/(2%p.q) [Dimensionless]
or before

//todo: how to store other true

particles (e.qg. if a Reco particle|| -

matches a non-primary)?

Generator
std::vector<tgsigned int>  genVersion;
std::string genConfigString;

nprim = 0;

std::vector| SRTrueParticlel prim;
int nprefsi = 0;

std:: vectorfSRTrueParticled prefsi;

/<
/<
/<
/<

inelasticity = NaN; ///< Inelasticity v = (p.q) / (k.p) = q@ / Enu

flaat - MaN- /e Trnuariant fanvr_mamontnm tvrancfar fram Tontan +tn nurlaar cuctom

generator = Generator :: kUnknownGenerator; ///< The generator that created this neutrino intera

///< Version of the generator that created this neut
///< String associated with generator configuration.

Number of primary daughters

Primary daughters. The lepton always comes first in this vector.
How many primary daughters there were prior to FSI

Primary daughters prior to FSI.
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