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Analysis workflow

* updates on brach: Ubaldi_temp
* Action based structure

Event Loop( ) After Loop( )
Create a map of selection cuts
for event and tracks (reco level)
Create a map of variable values
needed for cross section (reco level)

Create a map of selection cuts
and variable values (MC truth level)

° Fill a Flat Tree with the previous maps
for every event
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Analysis workflow

* updates on brach: Ubaldi_temp
* Action based structure

Event Loop( ) After Loop( )
Create a map of selection cuts o the.ﬂ prc]:_cesls datato
for event and tracks (reco level) obtain a final cross section
Create a map of variable values
needed for cross section (reco level)

Create a map of selection cuts
and variable values (MC truth level)

° Fill a Flat Tree with the previous maps
for every event
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Giacomo Ubaldi

1 Analysis folder:
- Folder added:

7% TANAbase ) Library folder:
| CMakelLists.txt
', TANAbase.LinkDef.h - New analysis manager class:
© TANAactBaseNtu.cxx v 8 TAGbase
I TANAactBaseNtu.hxx [F cMakeLists.txt
" TANAactNtuMass.cxx h TAGbase.LinkDef.h
"/ TANAactNtuMass.hxx £ ThGanekinmper;cox
C' GlobalAna.cxx
" GlobalAna.hxx

« Base class for analysis: TANAactBaseNtu
- Example of analysis class- TANAactNtuMass

| . Master class managmg analysns “GlobalAna |

FOOT Analysis and Reconstruction Meeting - 27 feb 2024
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_1 Global analysis class: GlobalAna

class GlobalAna : public TNamed // using TNamed for the in/out files

{
public:
// default constructor
GlobalAna(TString expName, Int_t runNumber, TString fileNameIn, TString fileNameout, Bool_t isMC = false);

// default destructor
virtual ~GlobalAna();

// Read parameters
void ReadParFiles(); // End loop
virtual void AfterEventLoop();
-— -— -— L] -— -—
P //Create raw action L .

virtual void CreateAnaActiun()'h // Open File Out
- - e s e - virtual void OpenFileOut();
// Add required items :
virtual void AddRequiredItem(); — // Close File Out

virtual void CloseFileQut();

// Set histogram directory _
virtual void SetHistogramDir(); // Create L@ branch in tree
virtual void SetTreeBranches();
// Loop events
virtual void LoopEvent(Int_t nEvents); // Goto Event
virtual Bool_t GoEvent(Int_t iEvent);

// Begin loop

virtual void BeforeEventLoop(); T —

T ——

F—

= Base on the structure of BaseReco class
FOOT Analysis and Reconstruction Meeting - 27 feb 2024




void GlobalAna::CreateAnaAction

GlobalAna: :CreateAnaAction()

if (fAnaManager->GetAnalysisPar().AnalysisCuts)

fActGlbCuts = 10 1 4tsMa EventCutsMap, "anaActCuts'

—_—_—_—_q

fActGlbTrackCounts =|' v TANAactNtuGlbTrackCounts fTr Counts_reco, fTrackGlbCou

1T (fFlagMCid e o om on o o

fActMCref = New_ TANAaatNtuHCref fli' refMap, fEventMCrefMap, fTrackMCrefCounts, "a

> . ; :
fActCrossSection ="new TANAactCrossSection ('gaaActCrossSection”, fFlagMC, fpNtuGlbTr{
fActCrossSection->CreateHistogram();: ‘
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Selection Cuts
G TANAactNtuSelectionCuts

In Loop(): (3

For every reconstructed track, two cut maps are associated:
* fEventCutsMap for element-wise cuts
* fTrackCutsMap for track-wise cuts

Giacomo Ubaldi 11



Selection Cuts
G TANAactNtuSelectionCuts

Ay
In Loop(): &g .
. ) « for every cut, a key of the map is generated
For every reconstructed track, twg cut maps are associated: - anint value of 0,1 (or others if exception)
* fEventCutsMap for element-wise cuts is associated to each key

* fTrackCutsMap for track-wise cuts
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Selection Cuts
G TANAactNtuSelectionCuts

d
In Loop( ) ‘: » for every cut, a key of the map is generated
For every reconstructed track, twp cut maps are associated: « anint value of 0,1 (or others if exception)
* fEventCutsMap for element-wise cuts is associated to each key

* fTrackCutsMap for track-wise cuts
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Selection Cuts, events

https://baltig.infn.it/asarti/shoe/-/wikis/Analysis-Cuts

key

SCcut

BMcut

NTracksCut

TWnum

Giacomo Ubaldi

description

There is NOT pileup in the SC and the energy release is higher than the one of a primary
(> .005 GeV)

Only one track crosses the BM detector

The number of reconstructed tracks should be higher than 1

The number of reconstructed tracks is the same of the reconstructed TW points

values

1: the condition is hold
0 : the condition is not
verified
**-90%* : some errors
expect

1: the condition is hold
0 : the condition is not
verified
**-99%* : some errors
expect

1: the condition is hold
0 : the condition is not
verified

1: the condition is hold
0 : the condition is not
verified
**-99%* : some errors
expect



Selection Cuts, tracks

https://baltig.infn.it/asarti/shoe/-/wikis/Analysis-Cuts

key description values

TWclone The specific track has the same TWpoint of at least another track 1: the condition is hold
0 : the condition is not
verified
**-99** : the track has not
TW point

TrackQuality The specific track has a residual < 0.01and a p-value > 0.01 1: the condition is hold
0 : the condition is not
verified

VTXposCut The reconstructed VTX point is positioned within the target dimensions 1: the condition is hold
0 : the condition is not
verified

**-09%* : some errors
expect

Giacomo Ubaldi 15




Reco quantities

e TANAactNtuGlbTrackCounts

In Loop(): (}'

The idea is to create a map for every track, in which the main variables (the one for
Cross sections) are inserted

* fTrackGIbCounts reco for reconstructed values of variables
* fTrackGIbCounts_MC for true values of variables

Giacomo Ubaldi 16



Event: 95

Reco quantities reco tracks MAP:

Element ©

[Beta]
TANAactNtuGlbTrackCounts ?éﬁgigz?
In Loop(): && %+ﬁ2$g{ia:
The idea is to create a map for every track, in which the main variables (the one for EEPFFPEPS
cross sections) are inserted T
* fTrackGIbCounts reco for reconstructed values of variables [Beta]

» fTrackGIbCounts MC for true values of variables -1.313688;
[Charge]

0.000000;
[Theta]

MC tracks MAP:
Element 0O
[Beta_true]
0.000000;

3.473851;
Element 2
[Beta]
0.639217;
[Charge]
1.000000;
[Theta]
7.711094;
Element 3
[Beta]
0.634058;
[Charge]
1.000000;
[Theta]
Giacomo Ubaldi 5.999578:

[Charge true]
8.000000;
[Theta_true]
0.000000;




MC reference Cuts & quantities

TANAactNtuMCref
)
InLoop(): & . . « for every cut, a key of the map is generated
For every TAMCParticles, three cut maps are associated: « anint value of 0,1 (or others if exception)
« fEventMCrefMap for element-wise MC cuts is associated to each key

* fTrackMCrefMap for track-wise MC cuts
* fTrackMCrefCounts for true values of variables

Giacomo Ubaldi 18



MC reference Cuts & quantities

TANAactNtuMCref

In Loop(): (}'

For every TAMCParticles, three cut maps are associated:
» fEventMCrefMap for element-wise MC cuts

* fTrackMCrefMap for track-wise MC cuts

» fTrackMCrefCounts for true values of variables

CheckTrueEvent(0ldReg,NewReg,particle,cross,particle _ID);

CheckRefTracks(0ldReg, NewReg, particle,cross,particle ID);

fTrackMCrefCounts[1iCross]|
refCounts[11Cross]["T
fTrackMCrefCounts[iiCross]|

rge_true"] = Z true;

I
heta true"] = Theta BM true;
'‘Beta

true"] = Beta true;

Giacomo Ubaldi

/[ primary beams

for every cut, a key of the map is generated
an int value of 0,1 (or others if exception)
is associated to each key

if it crosses the TG entering

/I the fragment exits the TG and reaches the TW

19



Toward Cross Section Measurements, 1

TANAactCrossSection

In Loop(): &3
Two TTree are filled with the retrieved quantities for all the tracks:
e aTree for reco-wise tracks

e aTreeMC for MC _truth-wise MC cuts

Giacomo Ubaldi
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Toward Cross Section Measurements, 1

,’/</;
\/ TANAactCrossSection

In Loop(): &3

Two TTree are filled with the retrieved quantities for all the tracks:
 aTree for reco-wise tracks
» aTreeMC for MC _truth-wise MC cuts

fAnTree->Branch("Event ID", &aTree.event id);
fAnTree->Branch(" ¢ ID", &aTree.track id);
fAnTree->Branch("Parameters", &aTree.parameters);
fAnTree->Branch(" ters _"Lh*“, &aTree.parameters truth);
fAnTree->Branch| vCuts", &a .RecoEvCuts) ;
fAnTree->Branch("RecoTrackCuts T ree.RecoTrackCuts);

fAnTreeMC->Branch("Event ID" &aTreeME.event_id.;
fAnTreeMC->Branch("Track ID", &aTreeMC.track id)
fAnTreeMC->Branch("Pai ters truth", SaTreeMC. pd[dmetPlb truth);
fANTreeMC->Branch( "Ev( ", &aTreeMC.RecoEvCuts);
fAnTreeMC->Branch("TRackCuts", &aTreeMC.RecoTrackCuts);

Giacomo Ubaldi 21



Toward Cross Section Measurements, 1

TANAactCrossSection

In Loop(): &3

Two TTree are filled with the retrieved quantities for all the tracks:
« aflree for reco-wise tracks

 alreeMC for MC_truth-wise MC cuts

fAnTree->Branch("Event ID", &aTree.event id);
fAnTree->Branch("Track ID", &aTree.track id); Maps from
fAnTree->Branch &aTree.parameters);
fAnTree->Branch

E s siress: i AR .FII::' e Ciideh : - ; ol g : ) <
fAnTree->Br a’”:h| REEEEs : TANAactNtuGlbTrackCounts
fAnTree->Br amh "RecoTrackCuts

TANAactNtuSelectionCuts

fAnTreeMC->Branch("Event ID", &aTreeMC.event id);

fAnTreeMC->Branch gl ! ack ID", &a TreeH[ TrmF id);

fAnTreeMC->BrancH( "Pai ers truth", &aTreeMC. parameters truth)

fAnTreeMC->BrancH( "EvCuts", maTreer’IC RecoEvCuts) ; TANAactNtuMCref
fﬁnTreeME-}Branch:“THac;inLJ“. &aTreeMC.RecoTrackCuts);

Giacomo Ubaldi 22



Analysis workflow

* updates on brach: Ubaldi_temp
* Action based structure

Event Loop() After Loop()

Create a map of selection cuts J o Fg'f[e_r, DFC]Z_CeSIS data to .
‘ for event and tracks (reco level) obtain a final cross section
Create a map of variable values J
& ' needed for cross section (reco level)

Create a map of selection cuts /
and variable values (MC truth level)

° Fill a Flat Tree with the previous maps {
for every event

Giacomo Ubaldi 24




Toward Cross Section Measurements, 2

o TANAactCrossSection

After Loop():
Let’s handle the TTree using the new ROOT class ROOT::RDataFrame

rossSection: :EndEventLoop()

ROOT: :RDataFrame d(*fAnTree);

ROOT: :RDataFrame d MC(*fAnTreeMC);

... but what is RDataFrame?

Giacomo Ubaldi 25



/r—"'—-_-__‘o_at_-—a‘i{i‘t{r{’e

ROOT
sy
Apache Arrow
[ ATLAS xAQOD ]
[ LHCb's MDF ]
<Your Format>

Goals:

= Be the fastest way to manipulate HEP data

-> Be the go-to ROOT analysis interface from laptop to cluster
- Consistent mterfaces in Python and C++

=> Top notch ¢ nentation and examples

Customisation point,
public interface!

https:l/lindico.cern.ch/event/759388/contributions/3356304/attachments/1815599/2968077/RDF__ HSF_JeffersonLab.pdf 5



Analyses as computation graphs

O data

() transformation

ROQOT::RDataFrame df(dataset); @ result

auto df2 = df.Filter("x > 0")

b ,/

Define("r2", "x*x + y*y"); o I.--"/deﬂné\\\,ll_h A
\r2=x2+y2 vy
auto rHist = df2.Histo1D("r2"); }f Y. 12

N

df2.Snapshot("newtree", "newfile.root");

Write datasets to disk, also in parallel.

https:l/lindico.cern.ch/event/759388/contributions/3356304/attachments/1815599/2968077/RDF__ HSF_JeffersonLab.pdf 8



Analyses as computation graphs

// Run a parallel analysis

ROOT::EnablelmplicitMT();
ROOT::RDataFrame df(dataset);

auto df2 = df.Filter("x > 0")

O data

() transformation

O result

b ,/

Define("r2", "x*x + y*y"); o I.--"/deﬂné\\\,ll_h A
\r2=x2+y2 vy
auto rHist = df2.Histo1D("r2"); }f Y. 12

N

df2.Snapshot("newtree", "newfile.root");

\ Write datasets to disk, also in parallel.

https:l/lindico.cern.ch/event/759388/contributions/3356304/attachments/1815599/2968077/RDF__ HSF_JeffersonLab.pdf 8



Yields via RDataFrame, 1

TANAactCrossSection

After Loop():
Create histograms of (differential) yields of a specific variable, according to cuts

filter = d.Filter [aEantEutﬁrmp]: td::map<string, Int t> EvCut) { 1

AactNtuSelectionCuts
["Rarn + - ||1|
{"Reco | 5

.Filter Uarldblpalet values] (map<string, Float t> parameter)
["Parameters } i

TANAactNtuGlbTrackCounts

TH1D hist = (TH1D)filter.Define I_ tParam"

Create histogram

.HistolD< as output

.GetValue();

Giacomo Ubaldi 29



Yields via RDataFrame, 2

TANAactCrossSection

After Loop(): IMPORTANT

Create histograms of (differential) yields of a specific variable, according to cuts

same keys from c TANAactNtuSelectionCuts

aEventCutsMap["TWnum" ]
aTrackCutsMap["TrackQ

aVariablesList.push back("Charge");

FillYield(d, aEventCutsMap, aTrackCutMap, aVariablesList,
aEventCutsMap.clear();

aVariablesList.clear();

aTrackCutsMap.clear();

same keys from TANAactNtuGlbTrackCounts

Giacomo Ubaldi 30



Analysis comparison, reco level

new analysis :—— |RP05;|;6NT
: — old

CutsMap, aVariablesList,

old analysis

if |[(VTok && chi2Cut &&
residualCut && nt > 1 &&
hasSameTwPoint.at(it) == &&

10?

ht_TW == m;TWltqu >GetPointsN(
MyReco("MChi2TWTngt L

) 1 2 3 4 5 6 7 8

Giacomo Ubaldi 31




Analysis comparison, MC level

] 10° =
new analysis = new
C old
dE'PntFut'Hap"" B
aTrackCutsMap | | B
aVariablesList.push back arge true 10° —
FillyYield(d MC, aEventCutsMap, aTrackC =
—
old analysis
104§
FillMCPartYields(); - —
1034_I‘II\I|\II\‘II\I|II\I|\II\|II\I|\I\I|\I

1 2 3 4 5 6 7 8

Giacomo Ubaldi 32



Examples

Theta y/eld d/fferent/al in charge

aEv
aTr

aVar - t.push_back
t.push_back
FillYield d, 3EVuutLut;Hap, aTrackCutsMap, aVariableslList,

El':jé test3.root

=25 CrossSection;1
- (Z] viekd_test_Charge:1
D yield_test_Theta;1
] yiekd_test_differential_theta;1
| Jg yiEld_test_differential_theta#Charge[0.5-1.5]_Theta[0-15](Theta);1
| ja vield_test_differential_theta#Charge[1.5-2.5] Theta[0-15](Theta);1
{k yield_test_differential theta#Charge[2.5-3.5]_Theta[0-15](Theta);1
Lk yield_test differential_theta#Charge[3.5-4.5] Theta[0-15](Theta);1
Lk yield_test_differential _theta#Charge[4.5-5.5]_Theta[0-15](Theta);1
Lk yield_test_differential theta#Charge[5.5-6.5]_Theta[0-15](Theta);1
Lﬁ. yield_test_differential theta#Charge[6.5-7.5]_Theta[0-15](Theta):1
Lk yield_test differential theta#Charge[7.5-8.5]_Theta[0-15](Theta);1

Giacomo Ubaldi

Entries

Yield Theta
Yield Theta |
O — |
@ Yield Theta
.E - i P ——
e 0 Yield Theta ‘
E S — |
w @ Yield Theta
1 g 10 o i fuadCorsl? £ 2 Traud 5ot
w .§ Entries 88
t 102 Mean 0.1504
; w a Std Dev  0.1244
; B
10
107"
10
107" E
10 r
1072 i
1072
1=
:iw N IR B RRI ATRRTTRN SRR SR A
0 2 4 6 8 10 12 14
Theta
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Conclusions

* new selections can be introduced in TANAactNtuSelectionCuts and TANAactNtuMCref

 closure test with the previous analysis framework (DecodeGIbAna) to see bugs and
features

 refine details like paths and parameter files (f.e. parameters binning, “standard” cuts...)
* introduce the machinery for cross section measurements (efficiencies, purity... xsec)

* When everything is fixed, the framework could be easily applied to all the data takings
(HIT22, CNAO23 ..))

Giacomo Ubaldi 34



Back up slides
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Selection Cuts, 1

G TANAactNtuSelectionCuts

In Loop( ):
For every reconstructed track, two cut maps are associated:

* fEventCutsMap for element-wise cuts
* fTrackCutsMap for track-wise cuts

SCpileUpCut();
BMCut () ;

TwClonesCut();
NTracksCut();

it'= 8; it < nt: ift+t)
{
fGlbTrack = fNtuGlbTrack->GetTrack(it);
VitxPositionCut(it, fGlbTrack);

TrackQualityCut(it, fGlbTrack);

if (isMC

MC VTMatch(it, fGlbTrack);
MC_MSDMatch(it,fGlbTrack);

MC TwParticleOrigin(it, fGlbTrack);

MC_isGoodReco(it,fGlbTrack);

Giacomo Ubaldi

« for every cut, a key of the map is generated
* an int value of 0,1 (or others if exception)
is associated to each key

Event cuts:

/I Check if there is pile up in the SC, triggering an event

/I Check if there is only one track in BM

/I Check events with N° of tracks == N° of TW points
Check the tracks with the same TW point

/I Check if N° of tracks for every eventis > 1

Track cuts:
[/l Cuts about vtx position with the target dimensio
I/l Cuts about quality chi2 and residual of a track

/I Compare the track with the MC_ID to infer if it is a good
reco track

36



Reco quantities, 1

TANAactNtuGlbTrackCounts

In Loop():

The idea is to create a map for every track, in which the main variables (the one for
Cross sections) are inserted

* fTrackGIbCounts reco for reconstructed values of variables
* fTrackGIbCounts_MC for true values of variables

it = 0; it < nt; it++)

fGlbTrack = fNtuGlbTrack->GetTrack(it);

F t t Z reco = fGlbTrack->GetTwChargeZ();

F t t Th reco = fGlbTrack->GetTgtThetaBm()* TMath: :RadToDeg() ;

F t Tof meas = fGlbTrack->GetTwTof - fPrimary tof;

F t t Beta reco = fGlbTrack->GetLength / Tof meas / TA rafo::GetLightVelocity();
fTrackGlbCounts reco[it]["Charg = Z reco; /Il Charge
fTrackGlbCounts reco[it]["Theta"] = Th_reco; /I Theta
fTrackGlbCounts reco[it]["Beta Beta reco; I Beta

mcNtuPart = (TAMCntuPart *)fpNtuMcTrk-=0bject();
TAMCpart *particle = mcNtuPart->GetTrack(TrkIdMC) ;
loat t Z true = particle->GetCharge();
t Th true = 0;
. t Beta true = 0;

fTrackGlbCounts MC[it]["Cl e true"] = Z true; Il Charge
fTrackGlbCounts MC[it]["Theta t = Th true; /I Theta
- _ /l Beta

fTrackGlbCounts MC[it]["Bet: ! Beta true;
Giacomo Ubaldi 37




Improved Interfaces ‘

TTreeReader reader(data);

TTreeReaderValue<A> x(reader,"x");
TTreeReaderValue<B> y(reader,"y");
TTreeReaderValue<C> z(reader,"z");

what we | while (reader.Next()) {
. ; ..« A what we
Wwrite if (IsGoodEntry(*x, *y, *z))
h->Fill(*x); oo
}

full control over the event loop
requires some boilerplate

users implement common tasks again and again
parallelisation is not trivial 2



RDataFrame: declarative analyses

RDataFrame d(data);
auto h = d.Filter(IsGoodEntry, {"x","y","z"})
.HistolD("x");

full control over the analysis

no boilerplate

common tasks are already implemented
parallelization is not trivial?

D @& @& @

26



Examples

Charge y/eld

FillYield(d, P:E\erlT( UT:Hd[I aTrackCutsf‘-’lap, aVariableslList,

Yield Charge
v O owpa Rl kgl S i 5 Crasgs
E 9[}:_ Enfries a2
R E C Mean 7.793
= ‘::[gtesﬁ root E.[}:— Std Dev  1.069
El aﬁrﬂsﬁemmn 1 C
' El aweid test Charge;1 70—
P .| g vield_test Charge#Charge[0.5-8 5](Charge);1 C
60—
50
40
30
20
10
ﬂ:lllllllIIII|IIII|IIII|IIII|III‘|—|—|—I—|'II|II
1 2 3 4 5 G 7 )
Charge
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Examples

Theta yield

Yield Theta
yhakd_twal_ Testid{0-15|{Theis;
_E 90— Entries 9z
: i= C Mean 0.2284
E"'C—Lﬁggimms ot “ 8o — SidDev  0.4274
(423 CrossSection; C
|:| yield_test_Charge;1 2p-
- vield_test_Theta;1 -
! Lk yield_test Theta#Theta[0-15](Theta);1 60
50—
40
0
20
10
: — 1 '_|_| | | L1 1 | 11 | | L1 1 | 11 1 | L1 1 | |
ﬂb 2 4 &8 B 10 12 14

Thet
Giacomo Ubaldi el 41




Analysis strategy

In the analysis, | am considering the following levels:

MC DATASET
<+ —
N_Reference (MC)
_ —» | take the MC_ID of the track <«
all -I:AM;iPrr?;I;fZams (most frequent id)
* primary fragments generated in the TG l
* which cross the beginning of TW

(all the particle inside the geometrical _

acceptance of the setup without secondary : ) L
(Tracks with MC_ID which satisfies

fragmentation beneath the detectors '
+ check about gamma decay) MC GENERATION requirements)

42
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Analysis strategy

To compute angular differential cross section:

d Y(Z,0
9 (2,60) - 29
do Nbeam Nta’rget Q@ E(Za 9)

where:
Y: fragment counts N_RECO
N,  n°ofprimary events
Nt . n° of scattering centers per unit area
arget
E: efficiency N_Good Reco / N_Reference (MC)
Qs: angular phase space

Giacomo Ubaldi 43
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