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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, | 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

* |'ll try to keep the discussion from wandering too far off
of LBL-relevance to keep the time under control



Intro: CAFs & StandardRecord
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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, Machs, ...]
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CAFs contain a series of
StandardRecord objects

(one per event)

They're currently a mess:

Only the people who put the branches

No documentation
Everything is at top level
Cryptic branch names
Duplicated quantities

in know what they are...

Public Attributes

int meta_run
int meta_subrun
double pot
float eRec_FromDep
float Ev_reco
float Ev_reco_nue
float Ev_reco_numu
float mvaresult
float mvanue
float mvanumu
float cvnnue
float cvnnumu
float cvnnutau /
float cvnne /
int reco_q
float theta_reco
int reco_lepton_pdg

float RecolLepEnNue

float RecoHadEnNue
float RecoHadEnNumu
double pileup_energy

SRNDBranch nd

int RecoMethodNue

int RecoMethodNumu

int TrackMomMethodNumu

int reco_numu

int reco_nue

int reco_nc

int muon_contained

int muon_tracker

int muon_ecal

int muon_exit

float Ehad_veto

float nue_pid

float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

caf::StandardRecord Class Reference

The StandardRecord is the primary top-level object in the Commaon Analysis File trees.

numu_pid float eRecoPim
LongestTrackContNumu float eRecoPi0
Ev float eRecoOther

float eDepP
isCC float eDepN
nuPDG float eDepPip
nuPDGunosc float eDepPim
LepPDG float eDepPiD
mode float eDepOther
GENIE_ScatteringMode float NuMomX
nP float NuMomY
nN float NuMomZ
nipi0 float LepMomX
nipip float LepMomY
nipim float LepMomZ
niem @
nikp float LepNuAngle
nikm ctor3D LepEndpoint
nik0 int run
niother int subrun
nNucleus int event
nUNKNOWN int isFD
Q2 int isFHC
w float CVNResultlsAntineutrino
Y float CVNResultNue
X float CVNResultNumu
vix_x float CVNResultNutau
vb_y float CVNResultNC
vix_z float CVNResultOProtons
det_x float CVNResult1Protons
eP float CVNResult2Protons
eN float CVNResultNProtons
ePip float CVNResultOPions
ePim float CVNResult1Pions
ePi0 float CVNResult2Pions
eOther float CVNResultNPions
eRecoP float CVNResultOPizeros
eRecoN float CVNResult1Pizeros
eRecoPip float CVNResult2Pizeros


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

A better design

caf::StandardRecord Class Reference

The StandardRecord is the primary top-level object in the Commeon Analysis File trees.

Public Attributes

SRHeader hdr
Header branch: run, subrun, etc. More...

SRSpill spill
Beam spill branch: pot, beam current, etc. More...
SRSlice slc

Slice branch: nhit, extents, time, etc. More...

SRTrackBranch trk
Track branch: nhit, len, etc. More...
SRVertexBranch vix
Vertex branch: location, time, etc. More...
SRMichelE me
Michel electron branch. More...
SREnergyBranch energy
Energy estimator branch. More...
SRIDBranch sel
Selector (PID) branch. More...
SRTruthBranch mc
Truth branch for MC: energy, flavor, etc. More...
SRParentBranch parent
True parent branch for matching, e.g. MRCC. More...
SRTrainingBranch training

Extra training information for prototyping PIDs etc. More...

SRTestBeam tb
Test Beam branch. More...

NOVA

{

public:

}:

class StandardRecord

StandardRecord();

~StandardRecord(};

SRHeader hdr; ///< Header branch: run, subrun, etc

/4 SRSpill spill; ///< Beam spill branch: pot, beam current, etc
SRS1liceRecoBranch reco; ///< Slice reco branch: tracks, showers, etc.
SRTruthBranch mc; f/4< Truth branch for all interactions

int nslc;

std::vector<SRSlice> slc,

int nfake_reco; ///< MNun lis
std::vector<SRFakeReco=> fake_reco; ///<

int ntrue_particles; ///< Numt in list
std::vector<SRTrueParticle> true_particles; //

ncrt_hits; ///< Number of

int

std::vector<SRCRTHit=> crt_hits; // CRT hits in event

int ncrt_tracks; ///< Number o

std::vector<SRCRTTrack= crt_tracks; ///

int nopflashes; ///

std::vector<SROpFlash= opflashes; ///<

bool pass_flashtrig; ///< Whether this Record passed the Flash Trigger requirement

SBN

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!]



A better design

caf::StandardRecord Class Reference
Public Attributes

std::vector< SRKalmanTrack > tracks

The StandardRecord is the primary top-level object in the Commeon Analysis File trees.

Public Attributes

std::vector< SRTrack >

3D Tracks produced by KalmanTrack More.

tracks2d
2D Tracks produced by KalmanTrack Mare.

SRHeader hdr size_t ntracks
size_t ntracks2d
Header branch: run, subrun, etc. More... ) AP .
unsigned int idxremid
SRSpill spill index number of the best ReMId track More
Beam spill branch: pot, beam current, etc. More... Public Attributes unsigned int idxmuonid
Index number of the highest scoring muonid track. More...
SRSlice slc SRKalman kalman
. . . unsigned int idxlongest
Slice branch: nhit, extents, time, etc. More... Tracks produced by KalmanTrack. More... 9 9
SRTrackBranch trk SRTrackBase discrete
Track branch: nhit, len, etc. More... 3D tracks produced by DiscreteTrack More... unsigned short nhit
number of hits More.
SRVertexBranch vix SRTrackBase cosmic I .
number of hits in x-view More.
Vertex branch: location, time, etc. More... Tracks produced by CosmicTrack. More... unsigned short ity
number of hits in y-view More.
SRMichelE me SRTrackBase window unsigned short. nplane
i ) number of planes spanned More.
Michel electron branch. More... Tracks produced by WindowTrack. More... unsigned short maxplanecont
maximum number of contiguous planes in prong More.
SREnergyBranch energy unsigned short maxplanegap
. maximum number of gapped planes in prong More.
Energy estimator branch. More... e
SRIDB h I total number of missing planes on track More.
ranc se float calE
Selector {PI D} branch. More... energy based on summed calibrated deposited charge [GeV] More.
SRVector3D start
Shower start point in detector coordinates. [cm]. More.
SRTruthBranch mc ———
Tl-u-th branch for Mc energy. ﬂaVOI’, eTC. More... Shower direction at start point [unit vector recommended]. More.
float pngminx
SRParentBranch parent = :l:::;‘xma‘ contain all the cell hits. [em]. More.
True parent branch for matching, e.g. MRCC. More... Maximum X that contain al the cell hts. om]. More.
float pngminy
SRTrainingBranch training Minimum Y that contain all the cell hits. [cm). More.
- . . . float pngmaxy
Extra training information for prototyping PIDs etc. More... Maximum ¥ that contain althe cell hits. . More.
float len
SRTestBeam tb track length [om] More.
View_t view
Test Beam branch. More... Prong view caf::kX = 0, caf:KY = 1 or caf:kXorY = 2. More.
float lenE

NOVA

energy based on track length and MIP assumption [GeV] More.

float overlapE

overlapping energy calculated by the NumuEnergy/TrackOverlapECalc module. More.

SRVector3D  stop
Track end point in detector coordinates. [cm]. More.

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



A better design

caf::StandardRecord Class Reference

The StandardRecord is the primary top-level object in the Commeon Analysis File trees.

Public Attributes
SRHeader hdr

Header branch: run, subrun, etc. More...
SRSpill spill
Beam spill branch: pot, beam current, etc. More...

Public Attributes

std:vector< SRNeutrino > nu
implemented as a vector to maintain mc.nu structure, i.e. not a pointer, but with 0 or 1 entries. More.

std:vector< SRCosmic > cosmic

SRSlice slc implemented as a vector to maintain mc.cosmic structure More...
Slice branch: nhit, extents, time, etc. More... R T e e
SRTrackBranch trk vector holding all Neutrinos More...
Track branch: nhit, len, etc. More... std:vector< SRCosmic > allcosmics short pdg
vector holding all Cosmics More... da code More...

SRVertexBranch vix g

Vertex branch: location, time, etc. More... (==t 2

True energy [GeV]. More...
SRMichelE me float visE

Michel electron branch. More... Sum of FLS hits that made CellHits from this neutrino [GeV]. More...
SREnergyBranch energy SRLorentzVector p

Energy estimator branch. More... True momentum [GeV]. More...

SRVector3D vix

SRIDBranch sel
Vertex position in detector coordinates [cm]. More...

Selector (PID) branch. More...

std::vector< SRTrueMichelE > michel
SRTruthBranch me Vector of true Michel electrons. More.
Truth branch for MC: energy, flavor, etc. More... ;
short pdgorig

SRParentBranch parent Unoscillated (unswapped) pdg code. More...

True parent branch for matching, e.g. MRCC. More... int hitnuc
SRLorentzVector hitnucp

SRTrainingBranch training
Initial state 4momentum of the struck nucleon. More.

Extra training information for prototyping PIDs etc. More...
float woscdumb

SRTestBeam th Simplest possible oscillation weight. More...
Test Beam branch. More... =

-

mode
interaction mode from enum mode_type:[QE, RES, COH, ...] More...

NOVA
true if charged-current interaction, false if not. More

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



A better design

caf::StandardRecord Class Reference

The StandardRecord is the primary top-level object in the Common Analysis File trees.

#include =<StandardRecord.h=

Public Member Functions

StandardRecord ()
. . . . ~StandardR d ()
We took a baby step in this direction Stndardecont

with the introduction of ND reco o
Public Attributes

caf::SRNDLAr Class Reference

branches last year...

ND-LAr reconstruction output. More...

int meta_run #include <SRNDLAF.hs
int meta_subrun
double pot Public Attributes
std::vector< SRTrack > tracks
float EREC_FTOITIDEP std::size_t ntracks =0
float Ev_reco std::vector< SRShower > showers
float Ev reco nue std::size_t nshowers =0
float Ev_reco_numu /
-, . . float mvaresult caf::SRNDBranch Class Referg¢nce
... but it's time to fix the rest of the C—
- i #include <SRNDBranch.h>
StandardRecord, or we probably will ;
never get to |t float RecoLepEnNumu Public Attributes
float RecoHadEnNumu SRNDLAr lar
double pileup_energy S?Tﬁsr tg:.;
ISRNDBranch nd l_ std:size_ t ntrkmatch=0
int RecoMethodNue std::vector< caf::SRNDTrackAssn > trkmatch
int RecoMethodNumu
int TrackMomMethodNumu 8
int reco_numu

.
.
.



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



New design: base elements

namespace caf

{

class StandardRecord

{

public:

SRDetectorMetaBranch meta;

SREeamBranch beam;

SRTruthBranch mc;

SRCommonRecoBranch common;

SRFDBranch fd;

SRNDEranch nd;

b

Design choice:
Broad categories
at top level

(we'll drill down into
these in a moment)

10




New design: base elements

/// Common Analysis Files
namespace caf

{

/// \brief The StandardRecord is the primary top-level object in the

Vi Common Analysis File trees. - -

class StandardRecord Design choice:

{ Separate “common” from
blic: 113 AV

e detector-specific” reco

/// Metadata about the detectors

SRDetectorMetaBranch meta;

/7 Information about the beam configuration and beam pulse for this event
SREeamBranch beam;

/// Truth information Hig_hESt-_lEVEl re_CO info:
SRTruthBranch mc; partlcles, Interactions, etc.
] o Stuff that you can infer

\

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

/// Reconstructed info expected to be common to all (?) detectors
SRCommonRecoBranch common;

(/’lfx’ Reconstructed info unigue to the FDs
SRFDBranch fd;

/// Reconstructed info unique to the ND complex N DEteCtor'SPECiﬁC reco Info:
\ SRNDBranch nd; y cluster, tracks, showers,
whatever 11
[everything you need for a
detailed analysis]

b



Common Analysis Files

rey

namespace caf

Common Analy
class StandardRecord

{

The StandardRe
51

5

cord 1

Drilling down: metadata

public:
/ Metadata about the d
SRDetectorMetaBranch met

etectors
aj

/7 Information about

SRBeamBranch heam;

/

SRTruthBranch mc;

Truth information

the beam

/// Reconstructed info expected
SRCommonRecoBranch common;

/// Reconstructed info unique to
SRFDBranch fd;

/ Reconstructed info unique to

SRNDBranch nd;

conf

class SRDetectorMetaBranch

qH

[s)

public:

// Full NDs (Phase I or Phase

SRDetectorMeta nd_lar; quid argon TPC (forms part of movable PRISM detector concept)

SRDetectorMeta nd_gar; gaseous argon TPC (forms part of movable PRISM detector concept
i f SRDetectorMeta tms; ctrometer/calorimeter (forms part of movable PRISM detector
Lo L

SRDetectorMeta sand; tracker and calorimeter, fixed on-axis in beam
the // ND prototypes (more to add?)

SRDetectorMeta lar2x2; ND-LAr prototype in NuMI beam prefix b/c you can't start

SRDetectorMeta minerva; tracker & | for 2x2; re sed former MINERvA detector
T’]E |

FDs (Phase II modules TBD...)
SRDetectorMeta fd_hd; // Horizontal drift (a.k.a.

— o+

module 1)
SRDetectorMeta fd_vd; 2

’

Vertica module

(a.k.a.

/7 FD prototypes (add
SRDetectorMeta pd_hd;

in

Phase II)
in Phase I)

One metadata element for each detector...

12




Drilling down

/// Common Analysis Files
namespace caf

{

A/ \brief
V74 Common Analysis File trees.

class StandardRecord

The StandardRecord is the primary top-level object in the

* metadata

//todo

: do we need branches for “post-merge”

metadata too? (shared post-merge
run/subrun numbering?...)

(forms part of movable PRISM detector concept)

///< high-pressure gaseous argon TPC (forms part of movable PRISM detector concept in Phase IT)

/)< magnetized spectrometer/calorimeter (forms part of movable PRISM detector concept in Phase I)

{
public:
/// Metadata about the detectors
SRDetectorMetaBranch meta;
class SRDetectorMetaBranch
/// Information about the beam confRgll {
SRBeamBranch heam; public:
7 Truth inf ti // Full NDs (Phase I or Phase II)
Vi ruth inrormation . . .
. /< 35-m . ) -
SRTruthBranch me; SRDetectorMeta nd_lar; /< 35-module liquid argon TPC
SRDetec eta nd_gar;
/// Reconstructed info expected to l SRDetectorMe®e, tms;
class SRDetectorMeta -
{
public:
bool enabled = false; ///< Does this detector have data present in this event?
unsigned int run = 0;]
unsigned int subrun = 0;
b unsigned int event = 0;
unsigned int subevt = 0;

/// detector-dependent trigger type for

int triggertype = -1;

unsigned long int readoutstart_.s = 0; ///< GPS
unsigned int readoutstart ns = 0; ///< GPS
unsigned long int readoutend_s = 0; /< GPS
unsigned int readoutend_ns = 0; ///< GPS

/// For NDs that are part of the PRISM system,

/// where (in meters relative to the beam center)
/// was the detector center located for this event?
double prism offset =

};

time

5 time
5 time
5 time

the relevant readout window

of trigger
of trigger
of trigger
of trigger

std::numeric_limits<double>::signaling_NaN();

readout
readout
readout
readout

start,
start,
end,
end,

seconds part
nanoseconds part
seconds part
nanoseconds part

d on-axis in beam

ix b/c you can’'t start a name with a digit in C+)
rmer MINERvA detector components

13




C Analys

class StandardRecord

{

public:

Drilling down: beam

Metadata about the detectors
a

Information about

SRBeamBranch heam;

g

bo

T

P
th inr

SRTruthBranch

{

/ Reconstru
SRCommonRecoB /
constexpr sta

private:

save on Ty

Reconstru

class SRBeamBranch

ing below

>

pi
tic float NaN = std::numeric_limits<float>::signaling_NaN();

SRFDBranch fdfj Public:
bool ismc; < data or si

' Reconstru

SRNDBranch nd bool isgoodpulse = true; data)
unsigned long int pulsetimesec = 0;

}: unsigned long int pulsetimensec = 0;

unsigned long int gpspulsetimesec = 0;
unsigned long int gpspulsetimensec = 0;
signed long long int deltapulsetimensec = -9999999;
float pulsepot = NaN; a user does not have to apply this correction
float hornI = NaN;

bool isFHC() const
bool is0OHC() const
bool isRHC() const

{ return hornl > 0; }; #hornl to see if
{ return std::abs(hornI) < 1; };

{ return hornI < 0; }

~+
wn
w
[
[
g

#hornl

[
[}
o
[
oy

#hornl to

have real have beam param

or now.

Not much to see here. Can easily be expanded as we go

14



Drilling down: truth

/// Common Analysis Files

namespace caf

{ class SRTruthBranch

{

/// \brief The StandardRecord is the primary t .
public:

Y/ Common Analysis File trees.
class StandardRecord

/7X|Vecfor of true nus, cosmics, etc. contributing to this reco interaction candidate

{

public:
/// Metadata about the detectors
SRDetectorMetaBranch meta;

std::vector{SRTrueInteractio

/77 Information about the beam cor
SRBeamBranch heam;

/¢ Truth information
SRTruthBranch mc;

/// Reconstructed info expected to be common to all (?) detectors
SRCommonRecoBranch common;

/74 Reconstructed info unique to the FDs
SRFDBranch fd;

/// Reconstructed info unique to the ND complex
SRNDBranch nd;

All the truth stuff you'd expect.
Not the full GENIE record
(that's stored separately),
but enough to make many useful plots

iguration and beam pulse for this event

/// \brief True interaction of probe particle with detector.
class BRTruelInteraction

{

Usually neutrinos, but occasionally cosmics etc.

private:
// just to keep the typing under control below
static constexpr float NaN = std::numeric_limits<float>::signaling_NaN();

public:
bool isvixcont = false; /7/< Is true vertex is within detector? If not, might be a rock particle or cosmic
int pdg = 0; ///< PDG code of probe particle

int pdgorig = 0; ///< Initial (unoscillated) PDG code of probe neutrino (may be different than “pdg’ if this file i:

bool iscc = false; ///< CC (true) or NC/interference (false)
ScatteringMode mode = ScatteringMode :: kUnknownMode; ///< Interaction mode
int targetPDG = 0; /4/< PDG code of struck target

/// PDG code of struck nucleon (or, in the case of MEC, struck nucleon-nucleon pair).
/// For MEC, the codes are: 2000000200 — nn, 2000000201 — np, 2000000202 — pp
int hitnuc = 0;

float E = NaN; ///< True energy [GeV]

SRVector3D vtx; ///< Interaction vertex position in detector coord. [cm]

SRVector3D momentum; ///< Neutrino three-momentum

SRVector3D position; ///< Neutrino interaction position

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

float bjorkenX = NaN; ///< Bjorken x = (k-k')"2/(2%p.q) [Dimensionless]

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

Flaat N7 - M=N- Fi e Truariant fanv_mamantnm twvancfavr fram Tantan ta nurlazr cuctom

Generator generator = Generator :: kUnknownGenerator; ///< The generator that created this neutrino intera
std::vector<unsigned int>  genVersion; ///< Version of the generator that created this neut
std::string genConfigString; ///< String associated with generator configuration.
int nprim = 0; ///< Number of primary daughters

std:: vector<SRTrueParticle> prim; ///< Primary daughters. The lepton always comes first in this vector.

int nprefsi = 0; ///< How many primary daughters there were prior to FSI

std:: vector<SRTrueParticle> prefsi; ///< Primary daughters prior to FSI.




Drilling down: truth

/// Common Analysis Files

namespace caf

{

True particles coming out after FSl,
or before

/// \brief The StandardRecord is the primary t

Ve

class StandardRecord

{

{

Common Analysis File trees.

public:
///| Vector of true nus, cosmics, etc. contributing to this reco interaction candidate

4 H.L(EDTHHL T ot aoaa -t o * e

L. TR

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

, but occasionally cosmics etc.

public:
int pdg = 0; /A< 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] xﬁgggynepfm@nce(faue)
[ struck target
unsigned int parent; ///< GEANT4 trackID of parent particle from this particle

trackIDs of daughter particles from this particle eon pair).

that created this particle (kPrimary means

of the particle

‘came from GENIE')

202 — pp

oord. [em]

//todo: how to store other true

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

matches a non-primary)?

std
std

std
int

Generator

SRVector3D position;
oat time = NaN;
at bjorkenX = NaN;

inelasticity = NaN;

- NaN-

:rvector<tgsigned int>

istring

;vector

SRTrueParticle

Al

Neutrino interaction position

///< True interaction time
///< Bjorken x = (k-k')"2/(2%p.q) [Dimensionless]
///< Inelasticity v = (p.q) / (k.p) = q@ / Enu

/e Trnuariant fanvr_mamontnm tvrancfar fram Tontan +tn nurlaar cuctom

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

genVersion;
genConfigString;

nprim = 0;
prim;
nprefsi = 0;

std:: vectorfSRTrueParticles prefsi;

///< 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.




Drilling down: common reco

v/ Co n Analysis Files
namespace caf

{

class StandardRecord
{
public:
SRDetectorMetaBranch meta; " Shared reconstructed info across all ') detector
R ) I class SRCommonRecoBranch
SRBeamBranch heam; {
- o public:
Tt Eraneh e /// Hypotheses for this neutrino interaction's identit)
SRTruthBranch mc; .
SRNeutrinoHypothesisBranch nuhyp;
/// Reconstructed info expected to be to a etectors
SRCommonRecoBranch common; B
/7 Hypotheses for this neutrino interaction energ
/// Reconstructed info unique to the FD SRNeutrinoEnergyBranch EHU;
SRFDBranch fd;
/// Reconstructed info unique to the ND complex /Y Reconstructed vertex locatic
SRNDBranch nd;
' SRVertexBranch vtx;
h
Collections of reconstructed particles

SRRecoParticlesBranch part;

b

al L

LLCo

Shared reco stuff.
Each of these is a branch because there are
multiple ways they can be reconstructed...




Drilling down: neutrino hypotheses

/// Common Analysis Files
namespace caf

{

/// \brief  The StandardRecord is the primary top-level object in the

V74 Common Analysis File trees.

class StandardRecord

{

public:

/// Metadata about the detectors
SRDetectorMetaBranch meta; /// Shared reconstructed info across all (?) detectors

L ‘ _ , , class SRCommonRecoBranch
/// Information about the beam configuration and beam pulse for this event

SRBeamBranch heam; {
public:

/77 Hypotheses for this neutrino interaction's identity
SRNeutrinoHypothesisBranch nuhyp;

/¢ Truth information
SRTruthBranch mc;

/// Reconstructed info expected to be common to all (?) detectors
SRCommonRecoBranch common;

/77 Hypotheses for ti neutrino interaction's energy

/74 Reconstructed info unique to the FDs SRNEUtPiﬂOEﬂEngB ch EﬂUj
SRFDBranch fd;

/// Reconstructed info unique to the ND complex 4 licted vertex location
SRNDBranch nd;

7/ Collections of reconstructed particles
SRRecoParticlesBranch part;

class SRNeutrinoHypothesisBranch

{
public:
SRCVNScoreBranch cvn;

// other reconstructions can go here: Pandora, DeeplearnPhysics, etc. once we have stuff to fill for them

IF

Neutrino classification. FD has CVN; we'll add others as they are available



Drilling down: neutrino energy

Design choice:

oamespace caf Different reconstruction pathways get different
t | CAF branches, rather than different collections

L e of CAFs with the same branches (that have to

public:

f be distinguished by metadata)

SRDetectorMetaBranch meta; Shared reconstructed info across all (?) detectors
class SRCommonRecoBranch

SRBeamBranch heam; ' {
public:

SRTruthBranch mc; nypotheses 1tor tnis | tri
SRNeutrinoHypothesisBranch nuhyp;

Reconstructed info expected to be common to all (?) detectors
SRCommonRecoBranch common;
Hypotheses for this neutrino interaction's energy

SRNeutrinoEnergyBranch Enuj;

SRFDBranch fd;

SRNDBranch nd; SRVertexBranch »fx;

XRecoParticlesBranch part;

class BRNeutrinoEnergyBranch
{
private:
static constexpr float NaN = std::numeric_limits<float>::signaling_NaN();

public:
float calo = NaN;
float lep_calo = NaN;
float regcnn = NaN;

I

Neutrino energy. One entry per style of reconstruction



Drilling down: neutrino vertex

namespace caf

{

class StandardRecord
{
public:

SRDetectorMetaBranch meta;

SRBeamBranch heam;

SRTruthBranch mc;

SRCommonRecoBranch common;

Design choice:

Different reconstruction pathways get different
CAF branches, rather than different collections

of CAFs with the same branches (that have to

SRFDBranch fd;

SRNDBranch nd;

class SRVertexBranch

{
public:

SRVector3D dlp;
SRVector3D pandora;
b

be distinguished by metadata)
clas;“;&E;m&ghgééoé;éé;H S
{
public:

SRNeutrinoHypothesisBranch nuhyp;

AVDOTNAesaes el 1R 101 a

SRNeutrinoEnergyBranch Enuj;

SRVertexBranch vtx;

LALi)

SRRecpPerticlesBranch part;

Vertex location. One per reconstruction pathway

20



Drilling down: reco particles

namespace caf

{

class StandardRecord

//todo: need to add linkage to true particle here
//todo: is it possible to preserve linkage to
“detector-specific” reco info?

{
public:
SRDeteeforMetanancH meta; I e e [ re inT etect
class.FRéecégéftiéie o o o
{
private:
statié constéxpr floét NaN = st&::Hu%é;icflimits<float>::signalinngaN(); ldentit
public:
static constexpr int kPdgHadronicBlob = 2000000002; < Special PDG code e e e e e T
int pdg = 0; < PDG code inferred f e o
float score = NaN; < PID score for this particle, if relevant
float E = NaN; < Rec tructed energ e
PartEMethod E_method = PartEMethod :: kUnknownMethod; < Meth sed to dete e ene e e
SRVector3D p; < Reconstructed entum fo e
SRVector3D start; < Reconstructed s e
SRVector3D end; < Reconstructed e e e ense
todo: would we prefer some kind of "es s" thing so that we can make a decision about contair l
or should this be the responsib y of the reco module? (what about stuff that crosses detector boundaries?...)
bool contained = false;
b
CEETSe ST e TroTCsuTanen
{
- H public:
Design choice: int ndtp W /7 need these counters for SRPr
. . std::vector<SiRecoParticle> dlp; < Particles reconstructed by DeeplearnPhysics machine learning stack
Containment flag lives here. '
H H H int npandora = @;
(ReqUIreS StUﬁIng a part|C|e std::vector<5RRecoParticle> pandora; < Particles reconstructed
. “ };
corresponding to “ungrouped '
b} -
energy” in here)




namespace caf

{

{

class StandardRecord . May not be necessary.

public:

Do we need separate branches for

SRBeamBranch heam;

SRTruthBranch mc;

Drilling down: FD

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

ProtoDUNESs, or would the same
“main detector” branches work ok?

SRCommonRecoBranch common;

SRFDBranch fd;

SRNDBran

class [FRFDBranch

{

b

public:
SRFD hd; < Horizontal drift, a.k.a. Module 1
SRFD vd; < Vertical drift, a.k.a. Module 2

dgeal wWitn moaules o o 4 wWhen we nave a Deller 1dea wnat they Aar

SRFD d _hd; < ﬂﬂfi:?ﬂfﬂ? ﬁfiff ProtoDUNE. todo: do we TE@IIV need a Seﬂﬁfﬁte branch for it?
- ! S
SRFD d vd; < Vert : Cd 1 _l " t ProtoDUNE. todo: do we rea -'1 -'1 v need a sSepara te branch for l t?
- ' s

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



Drilling down: ND

Common Analysis Files
namespace caf

{

common Analysis rFlle trees.
class StandardRecord
{

public:

SRDetectorMetaBranch meta;
SRBeamBranch heam;

SRTruthBranch mc;

Recon ructed in expe ed ) be I 11 ) Ll ? lete

SRCommonRecoBranch common;

Design choices:

Cross-detector track matches live
outside the individual detector
reco

The “full ND-LAr” branch can be
repurposed for 2x2

SRFDBranch fd; \

| class SRNDBranch
{

Recor ¥ ed

SRNDBranch nd;

b public:
SRNDLAYr lar;
- SRGAr gar;
SRTMS ims;

SRSAND sand;

A nie I ~ 07
vA 1 LCLC L
Ttk ?%2 prataotvoe 10 MNioMT
L LXL MTOLQLYRE LT

SRMINERVA minerva;

std::size t ntrkmatch = 0;
std::vector<caf :: SRNDTrackAssn> trkmatch;
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Drilling down: ND detectors

n Analysis Files
namespace caf
|" '-

1A
I Ar rercrons
—LAIL L oL Ui o

class SRNDLAT

class StandardRecord _[
{

Dublic:lcm'hm o o pu blic:

SDetectorkietaBranch neta; std::vector<SRTrack> tracks;
Y/ Information about the beam configuration and beam pulse for this event Std e Size_t NLrac |§5 — ﬂ;

SRBeamBranch heam;

ruth informatior

SRTruthBranch mc; std::vector<SRShower> showers;
" Reconstructed info expected to be common to all (?) detectors std:: Slze—t nshowers = E’;

SRCommonRecoBranch common; ].

SRFDBranch fd; \

" Reconstructed info ulf ¢1ass SRNDBranch

T t The “detector” elements here
’ g TerTT are just placeholders, for the

P SReAr  gar; moment, but are ready to be

SRTMS ims;
SRSAND  sand; extended at need

MTN A e
1Ll .'""' VA del

i Y e ) e g e MM T e o
with 2x2 prototype in NuMI beam

SRMINERVA minerva;

std::size t ntrkmatch = 0;
std::vector<caf :: SRNDTrackAssn> trkmatch;




Drilling down: ND track matches

namespace caf

{

| class SRNDTrackAssn

class Stay {
{puMic: DUDliC:
| int larid = -1; -LA
SRDet int tmsid = -1; T
int minervaid = -1; A
SRBeal float transdispl = -999.;  ///< perpendicular distance between the two tracks at longitudinal position of matching poi
) float angdispl = -999,;  ///< angular difference between the two tracks at longitudinal position of matching poi
SRTruj };
StComontecobronch comen; - Currently storing track indices (into the
et e e e e L\ relevant track vectors within the
I detector objects shown on previous
e e "l class SRNDBranch . -
SRpbrench nd; { slide), as well as distance and angular
. public: difference.
SRNDLAYr lar;
?  SReAr  gar; (These came from ND-LAr+TMS
SRTMS = tms; matching studies.)

SRSAND sand;

INERVA detector piecefused in conjuncti //todo: this should be a branch with

SRI‘-‘IIN;VA_miné;vE;; MY A mumple VeCtorS (mUItIple
styles of track matching)
std::size t ntrkmatch/= 0; . ;
std::vector<caf:: SRNDTrackAssn> trkmatch; //tOdO ' dupllcate for ShowerS?
b //todo: add a SRTrack branch here

too




Things to ponder

* We assume each “event” Is somehow
overlapping in time across detectors.

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

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

* |'ve dropped the PRISM-specific branches (since
everything should be in the new layout)

26



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]
| have a draft pull request against duneanaobj containing my proposal as of
right now

- | 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

27


https://github.com/DUNE/duneanaobj/pull/12
https://github.com/DUNE/duneanaobj/pull/11

backup slides follow
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How Is babby CAF formed?

H DUNE/ND_CAFMaker Public < EditPins v = ®watch 5 -

(> Code (%) Issues 2 i1 Pull requests 1 (® Actions [ Projects O wiki @) Se

¥ master ~ } 7 branches ) 3 tags Go to file Add file = ¢3» Code

‘= README.md Z

ND CAFMaker

ND_CAFMaker takesinput edep-sim, GENIE , and reconstructed objects from the
DUNE ND and combines them into the Common Analysis Format ("CAF").

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 preblem responsibility?) 729


https://github.com/DUNE/ND_CAFMaker
https://github.com/DUNE/ND_CAFMaker
https://github.com/DUNE/ND_CAFMaker

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)

ROOT Object Browser
Browser |File Edit View Options Tools Help
Files Canvas_1 |g\ Editor 1

Y E Draw Option: - rec.ndlar tracks.start.z

N Ll
S AWWWWWW WY & 2
EE ===z z2=nalglazt

w3 a a23aadaadaiazqz =
FEE C

tracks
rack:
3 @
ST P ORI I S N B
: = 00 300 600 800 1000
. & wers rec.ndlar.fracks.start.z
%n howers v
- Jyriem Gomman d
R 0 C d (local)
oA

Filter: | All Files (*.")

— 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

- | showed an example v, 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

30


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