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Review of the last meeting




Review of the last meeting

Motivation

Arbor

Merge clusters

Link cluster & track

Reconstruct particles

« Charged particle

« Photon id

« Fragment veto

Num. of Events
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Review of the last meeting

Rough statistics

Hit Collection Efficiency

ECAL, HCAL & Leakage ratio
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Reconstruction Accuracy & Precision
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Reconstructed direction of ideal clustering: center of gravity of all hits energy

Reconstructed direction of merge clustering: vector sum of momentums of all reco

. particles




Motivation

A test of photon reconstruction algorithm

« Hit collection efficiency

« Overview of split: #cluster vs. photon energy

« 1-1Reconstruction:
Energy accuracy & resolution
Position (angular) distribution

« I-NReconstruction:
Leading cluster: similar with 1-1 case

« Sub-leading cluster: energy & position distribution
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0. Sample

Single y in every event

10 energy points:
{1,2,3,4,5, 7,10, 15, 25, 40} GeV

10k events at each energy

Remove pre-interacted events before
analyze

Statistics without pre-interaction

mmmmmmmmmm

9288 9208 9197 9175 9133 9084 9036 9001 8819 8525 8296 7961 /740



Hit Collection Efficiency




1. Hit Collection Efficiency

ECAL, HCAL & Leakage ratio

Efficiency
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Cluster Split

Overview: Number of Cluster

1-1 Reconstruction
* Accuracy of Energy & Angular

7-N Reconstruction
* Leading Cluster
* Sub-leading Cluster
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2. Cluster Split

Num. of Cluster vs. Energy

O a D W~ 0O O N © ©

Statistics without pre-interaction

Energy [10 20 30 [40 50 |70 _|100 | 150 [250 [400 _

Statistic 9288 9208 9197 9175 9133 9084 9036 9001 8819 8525
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Cluster Split

Z-71 Reconstruction

Of=aNd W »h O O N 0 ©
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2.1. 1-1 Reconstruction

Energy Resolution & Accuracy
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Cluster Split

Z-N Reconstruction
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2.2. 1-N Reconstruction

Split & Back Scatter

* Leading Cluster: The clusters with
highest energy

e Split: The clusters that split from leading
cluster because of Arbor algorithm

* Back Scatter: The clusters that created
by back scattering particles, such as
photon or neutron.

Kernel
or
Leading

Back
Scatter

7
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2.2. 1-N Reconstruction

Condition of back scatter

Identify back scatters from MC Truth:

« Back scatter hit:
« cased by a back scatter particle

« obtuse angle between fly direction and born

direction of this particle

« Back scatter cluster or reco. particle:

« include >50% back scattering hits

bool PhotonIDTest::isBackScatterP(MCParticle *par)
{

TVector3 VTX = par—>getVertex();

TVector3 EndP = par—->getEndpoint();

TVector3 dx = EndP - VTX;

if (par—>isBackscatter() && VTX.Angle(dx) > 0.5 *x TMath::Pi())

{
return true;
}
else
{
return false;

}

std::vector<int> tag_isBackScatter = isBackScatterHit(hits, evt);

double num_BackScatter = std::accumulate(
tag_isBackScatter.begin(),
tag_isBackScatter.end(),
0);

double ratio = num_BackScatter / (double)tag_isBackScatter.size();

if (ratio >= 0.5)
{

return true;

1
J

else

[
1

return false;

1
7
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2.2. 1-N Reconstruction

Split & Back Scatter Chance
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2.2. 1-N Reconstruction

Angle of Split apart from Truth

Eruen =1{1,2,3,4} GeV Eiruen = {5,7,10} GeV Etruen = {15, 25,40} GeV
+  Leading cluster +  Leading cluster +  Leading cluster
Splitting cluster Splitting cluster Splitting cluster

} E
« Back scattering cluster « Back scattering cluster R «  Back scattering cluster

In 1I-N events, leading cluster always include most of energy and be close to the truth photon, while
clusters carry less energy and be farther from the truth photon.

* back scattering cluster can be considered as sub-leading cluster together with since its small statistic and the arbitrary condition.



2.2. 1-N Reconstruction: Leading cluster C‘} =N
%

Energy Distribution
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Comparing to 1-1 reconstruction,
1-N reconstruction (leading cluster) gives lower energy & worse energy resolution,

but these differences disappear with photon energy grows to 40 GeV
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Back Up

Equster (GEV)

Ecuster (GEV)

Energy Reconstruction
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2.2. 1-N Reconstruction: Leading cluster

Angular Distribution
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2.2. 1-N Reconstruction: Split & Back Scatter Y =N

. )

Angular Distribution
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Future

Future

 Single gamma with different direction or move to Z - 7t sample
« split probability as a function of polar angle
« energy resolution as a function of polar angle

« angle resolution as a function of polar angle
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Hit Collection Efficiency

Photon Energy Correction

Hit Collection Efficiency by energy
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2.2. 1-N Reconstruction

Ey

Num. of Events / 0.3 rad

Angle of Split apart from Leading
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2.2. 1-N Reconstruction: Sub-Leading cluster

Angular Distribution

Sub-Leading
Kernel
or Back
Leadin Seatter




2.2. 1-N Reconstruction

Angle of Split apart from Truth

total

E./E

Evruen = {1,2,3,4} GeV

Leading cluster
SP. in window
094 o SP.in full space

total

E,/E

Etruth = {5' 7; 10} GeV

Leading cluster
SP. in window
SP. in full space

total

Eclu/E

Etruth = {15; 25; 40} GeV

Leading cluster
SP. in window
SP. in full space

In I-N events, leading cluster always include most of energy and be close to the truth photon, while sub-
leading clusters carry less energy and be farther from the truth photon.

2nd line: every histogram has been normalized to the number of leading cluster.
back scattering cluster can be considered as sub-leading cluster together with

since its small statistic and the arbitrary condition.
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2.2. 1-N Reconstruction: Split & Back Scatter ' =N
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Angular Distribution
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Back Up

Check Generator Status

Parent
Reconstructed MCParticle_1st *getGeneratorStatus() Record
Particle - —
! isDecayedInTracker()
MC Photon MC Photon
* getGeneratorStatus() == 1 * no corresponding Reco. Record

* | isDecayedInTracker() particle




Check Generator Status

Final State Selection

MCParticle *FakePhoton::BackToGenerMCP(MCParticle xa_MCP)
{

MCParticle *xtmp_p = a_MCP;

bool condition = (tmp_p—>getGeneratorStatus() == 1);

while (!condition && !tmp_p—>getParents().empty())
{

std::cout << condition << " : "

<< tmp_p->getParents().size() << std::endl;
tmp_p = tmp_p—>getParents().at(0);

—— 1);

From the particle which directly contributed energy to a specific hit, getGeneratorStatus() leads us to find the final
state particle on generator level.

Using Z — 7t Sample (~ 1000 events) to check the reliability of this member function of class MCParticle.
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Check Generator Status

Overview of Particle ID in Simulation Sample

All Particles All Particles
5 All Particles _8 10° All
-é L Entries 145465 % Entries 145465
a Underflow 205 a Underflow 0
ke 104 = Overflow 6.724e+04 S Overflow 0
g = Integral  1.453e+05 2 104 Integral  1.4554+05
C GS = 1 Particles GS = 1 Particles
Entries 10084 Entries 10084
B Underflow 0 10° Underflow 0
10° — Overflow 0 Overflow 0
- Integral  1.008e+04 Integral  1.008e+04
L 102
102 =
- 10
L 1
10 - 1 | 1L 1 1 I 1 1 1 I 1 1 L I 1 L 1 | 1 | ﬂ H IH ” 1 ” I 1 1 1 1 ﬂ 1 1 1 1 | 1 1 1 1 I 1 1 1 1
-400 -200 0 200 400 50 100 150 200 250
MCPID Energy (GeV)

After setting GS( Generator Status ) == 1, about 6.8% particles has been selected as final state particle.



Check Generator Status

count

Particle ID

Simulation particles that Generator Status == 1 Difference between final states in Gener. & Simu. sample Generator particles that have no daughters
Entries 10084 . Entries 0| _ Entries 10084
E Underflow 0 S 4= Underflow 0| § E Underflow 0
4500 — Overflow 0 8 L Overflow 0| 8 4500 Overflow 0
E Integral  1.008e+04 L Integral 0 - Integral _ 1.008e+04
4000 - 4000—
E 0.8— =
3500 o 3500
30001 r 30001
= 0.6— =
2500 r 2500—
2000 = 04— 2000 =
1500 i 1500[—
1000F— 02— 1000
500— H H = 500— “ H
bl v e e b e e e ol L bl v e e e e e
-200 0 200 400 600 800 -200 0 200 400 600 800 -200 0 200 400 600 800
MCPID MCPID MCPID

Left: Selected final state candidates in simulation sample
Middle: Left - Right

Right: Final state particles in generator sample
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Check Generator Status

Generator Status vs. isCreatedinSimulation

GeneratorStatus vs. isCreatedInSimulation

GeneratorStauts = !(isCreatedInSimulation)
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Check Generator Status

Energy Distribution

count

Simulation particles that Generator Status == 1 Difference between final states in Gener. & Simu. sample Generator particles that have no daughters
Entries 10084 - Entries 0| _ Entries 10084
C Underflow 0 S 3 Underflow 0| § C Underflow 0
Overflow 0 8 - Overflow 0| 8 Overflow 0
2500(— Integral  1.008e+04 r Integral 0 2500 — Integral _ 1.008e+04
[ oF _ [
2000[ 13 2000
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1000f— L 1000[—
I 2l UL [
-3 E_
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50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 50 60 70 80 90
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Left: Selected final state candidates in simulation sample
Middle: Left - Right
Right: Final state particles in generator sample

getGeneratorStatus() is reliable ©
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I Check Generator Status

One can not always find final state using this function

After simulation, decayed particles
(GS = 2) in generator may have more
daughters whose GS =0, and one

can not find a GS = 1 parent particle.
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