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g4hit energy-weighted RZ distribution

tower energy-weighted RZ distribution
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Modify geo from Virgile

Refined geometry -> read tower center directly from GEANT4 objects

Former geometry: Approximate center: projection at R = 93.5 cm
New geometry: actual tower center and individual rotation

actual center
(a.t. GEANT4 definition)

L cent



CaloGeomMappingv2: create RawTowerGeomv5

" " "

void RawTowerGeomv5::set_vertices(const std::vector<double>& vertices) B “Geometry tower (" << ix << ", " << iy << "):\n";
{ e "center of tower: ™ << "("

W

towerg->get center x() << ",

won

towerg->get_center_y() << ",
towerg->get_center_z() << ")\n";
"center of tower inner face: " << ("

nwon

towerg->get_center_int x() << ",
towerg->get_center_int_y() << “,"
towerg->get center_int z() << ")\n";
“"center of tower outer face: ™ << "("

non

towerg->get_center_ext_x() << “,

towerg->get center ext y() << “,

if ((int) vertices.size() != _nVtx * 3) towerg->get_center_ext z() << ")\n";
{ ' ' B e “center of tower lateral face (low phi): " << "("

towerg->get center low phi x() << ","

non

towerg->get_center_low_phi_y() << ",
towerg->get_center_low_phi_z() << “)\n";
"center of tower lateral face (high phi):

non

towerg->get_center_high phi x() << ",
towerg->get_center_high phi_y() << ","
towerg->get center_high phi z() << ")\n";

"center of tower lateral face (low eta): ™ << "("

non

towerg->get_center_low_eta_x() << ",

non

towerg->get center low eta y() << ",
towerg->get_center_low_eta_z() << ")\n";

"center of tower lateral face (high eta): " << "("
towerg->get center high eta x() << ","

towerg->get_center_high eta_y() << ",
towerg->get_center_high eta_z() << ")\n";

std: :cerr

<< "RawTowerGeomv5::set_vertices - input
exit(1);

<< vertices.size() << " vertices given. Expected 8 x 3." << std::endl;

o

b0l face_outside[ nVix]
face_inside[_nVtx]
face_low_eta[_nVix]




code and compile

* /sphenix/user/jzhangl/Virgikguide/CaloBase/RawTowerGeomv5.h
* /sphenix/user/jzhangl/Virgikguide/CaloBase/RawTowerGeomv5. cc

* /sphenix/user/jzhangl/Virgikguide/CaloReco/CaloGeomMappingv2.h
* /sphenix/user/jzhangl/Virgikguide/CaloReco/CaloGeomMappingv2.cc

* /sphenix/user/jzhangl/Virgikguide/calo_geom_mapping_exact.root

* /sphenix/user/jzhangl/Virgikguide/CaloReco/RawClusterBuilderTemplate.cc

Compilation order:
CaloBase -> CaloReco -> Your analysis module (eg. physiTuto/tutorial)



How to use the modify geo

FundAll_physiTuto.C :

// Load the modified geometry
CaloGeomMappingv2 *cgm = new CaloGeomMappingv2();
cgm->set_detector_name("CEMC");
cgm->setTowerGeomNodeName("TOWERGEOM_CEMCv3");
se->registerSubsystem(cgm);

tutorial:

geomEM = findNode::getClass <RawTowerGeomContainer> (topNode,
"TOWERGEOM_CEMCv3");



before modify:

tower R

hist2

Entries 7349
Mean 93.50
Std Dev 0.000e+0
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after modify:

tower_int R tower R
hist3 550 hist2
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EMC pos reco 0226
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Tower geom

Reference code: RawTowerGeomv5 , CaloGeomMappingv2

geometry center of tower

inner face plane

New geom:
8 vertex to describe tower geometry

we get innerface center (center of 1234) &
geomery center (center of 12345678)



EMC cluster geom

Reference code: RawClusterBuilderTemplate , G4 _CEmc_Spacal

setUseRawTowerGeomv5( { m_use_RawTowerGeomv5 = flag; }

setProjectToInnerSurface( ) { m_project_tower_innersurface = flag; }

| modified the tower geometry used in cluster reconstruction, and you
can set the cluster geometry through these two interfaces.

oid CEMC_Clusters()

! int verbosity = std::max(Enable::VERBOSITY, Enable::CEMC_VERBOSITY); IVI Od ify th e C E M C_CI USte rs() fu n Ctio n d efi n ed i n
FundAllServer *se = FundAllServer::instance(); G 4_C E m C_S pa Ca I .C;

if (G4CEMC::Cemc_clusterizer == GACEMC::kCemcTemplateClusterizer) .

-L tly, both th t t d th f t
RawClusterBuilderTemplate *ClusterBuilderl = new RawClusterBuilderTemplate("EmcRawClusterBuilderTemplatel™); Cu rren y’ O e geome ry Cen er a n e In ner ace Cen er a re
ClusterBuilderl->Detector("CEMC"); . .

ClusterBuilderl->setUseRawTowerGeomv5 (t 5 be l ng O bta I n ed .
ClusterBuilderl->setProjectToInnerSurfaci e);

ClusterBuilderl->Verbosity(verbosity);

ClusterBuilderl->set_threshold_energy(0.030);

st ng emc_prof LT

emc_prof += "/EmcPr Cprof_Thre

ClusterBuilderl->LoadProfile(emc_prof);

if (!Enable::CEMC_G4Hit) ClusterBuilderl->set_UseTowerInfo(1);

se->registerSubsystem(ClusterBuilderl);

usterBuil, late rBuilder2 = new RawClusterBuilderTemplate("Em ClusterBuilderTemplate2™);
ClusterBuilder2->Detector("C 5

ClusterBuilder2->setUseRawTowerGeomv5(true);

ClusterBuilder2->setProjectToInnerSurface e);

ClusterBuilder2->Verbosity(verbosity);

ClusterBuilder2->set_threshold_energy(0.030);

ClusterBuilder2->LoadProfile(emc_prof);
if (!Enable::CEMC_G4Hit) ClusterBuilder2->set_UseTowerInfo(1);

se->registerSubsystem(ClusterBuilder2);

if (GACEMC::Cemc_clusterizer == GACEMC::kCemcGraphClusterizer)
RawClusterBuilderGraph *ClusterBuilder = new RawClusterBuilderGraph(“Em
ClusterBuilder->Detector("CEMC") ;

ClusterBuilder->Verbosity(verbosity);
se->registerSubsystem(ClusterBuilder);




position information
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CEMC_Pr_Hit R

drawing branch CEMC_Pr_Hit R from tree
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what we can get position information are
Truth level:

Primary electron hit on CEMC innerface
Shower g4hit on CEMC

Reco level:
Tower( be hitted) innerface center
Tower( be hitted) geometry center

EMC cluster reco by tower innerface center
with energy weight
EMC cluster reco by tower geometry center
with energy weight



Plan

 Compare truth and reco information
* Get position resolution verse energy



Compare the positon 0312
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4 position

| Primary particle first hit on CEMC
Shower center with energy weight

cluster positon reco with geom center
cluster positon reco with innerface center



Compare the pos

double distance R = sgrt(delta x*delta x+delta y*delta y);

TP _DR g4hit_clustgeom_pt TP_DR_pr1_clustinnr_pt
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- Mean 4,660 1.2 N —t— —t— —’—
3 . Mean y 2.106 =
- —t Std Dev 2.507 B
B Std Devy 1.106 11—
250 e N
N —t— -
- 0.8—
2 — gy = -
- e L
1.5 — 0.6 B
: : TP_DR_pr1_clustinnr_pt
1 __ 04 L Entries 9361
I~ I Mean 4.660
: : Meany 1.261
0.5 — 0.2— Std Dev 2507
: - Std Devy 0.8031
O C | | 1 | ‘ | | ‘ 0 B \ | 1 ‘ ‘ | | ‘
0 2 4 6 8 10 0 2 4 6 8 10

pt pt



3.5

2.9

1.5

TP_DR g4hit_clustgeom E
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The final strange rise comes from the insufficient amount of data.
TP_DR_pr1_clustinnr_E

o B TP_DR_pr1_clustinnr_E
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* Using the inner face center to reconstruct the cluster position gives the best results now
* Using the inner face center to reconstruct the cluster position gives the best results now
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where the large R from?

h2 DR pr1_clustinnr_pt
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Plan
* better calo pos?
* Pico dst?

* other anything?

* which one is more important now?



make reco close to truth
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Counts

electron and positron

Comparison of e+ and e-
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sign from phi_truth - phi_reco to mark

reco on the left/right of truth

positron and electron have similar behavior
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dphiR and dR

500
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Counts
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In the radial direction, the truth-reco peak is around 3 mm,

dRadius = Rradius_reco - Rradius_truth

In the tangential direction, the truth-reco distribution shows a
deflection of -0.0083 rad, then dphi*R have a ~0.8cm shift

Counts

dphiR = (phi_truth - phi_reco) * Rradius

dRadi

h1_dRadius_pr1_clustinnr

distance between truth and reco

us

dphi * R
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modify dphiR(rotation) and dRadius(shift)

h1_dphiR_pr1_clust...
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more close to the truth

Counts

R(cm)
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Problem and plan

h2_corr_dR_dphiR

h_DR_pr1_clustinnr

Counts

h1_DR_pr1_clustinnr x 2 h2_.corr_dR_dphiR
B Entries 9546 = - Entries 9546
| [ - Mean x 0.07340
- Mean -0.04736 T 45 - - i by i
1000}— Std Dev 1.149 ’ ™ eany  -O. e-
L _y == Std Devx  0.7003
B 1 - - . - - = StdDevy  0.3131
B -
800+—
600 —
400/ —
200 —
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-20 -15 -10 -5 0 5 10 20 -2 -1.5 - -0.5 0 0.5 1 15 2
R(em) *Aphi dR

where is the little shift from? are the deviations in these two directions not independent?
But from the 2D plot, | still can't see why the peakisn't at 0 cm.

how to get smaller width ? for single particle reco-truth: pt/energy dependent? have correlation with
others varible? particle-by-particle modify the reco position

25
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4 position

| Primary particle first hit on CEMC
Shower center with energy weight

cluster positon reco with geom center
cluster positon reco with innerface center

27



Compare the pos

double distance R = sqrt(delta_x*delta x+delta_y*delta y);

TP_DR_g4hit_clustgeom_pt

N TP_DR_g4hit_clustge...
3 74’7 Entries 9361
- 4.660
3 —_— Mean y 2.106
aaaaaa
B evy
25— e
C _—
2 —
- o
151 ——
1
0.5
| |
ol \ ‘ |
. - 4 6 8 10

0.4

0.2

TP_DR _pr1_clustinnr_pt

0.8}

0.6

electron and positron

Comparison of e+ and e
— Positron
‘— Electron

15 Z‘D
R(em) * Aphi
sign from phi_truth - phi_reco to mark
reco on the left/right of truth

positron and electron have similar behavior

TP_DR_pr1_clustinnr_pt_PN

e-at<0

e+at>0

Previously, | observed that the cluster position reconstructed using the tower inner face center was

close to the position of the particle's G4Hit in the CEMC (which | treated as the hit point).

| think the first hit point on CEMC can be better used for reconstruction than the shower center,

because it represents the actual particle passage location.

| do some modify to let reco with inner face center to close to the truth(hit) position




dphiR and dR
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In the radial direction, the truth-reco peak is around 3 mm,

dRadius = Rradius_reco - Rradius_truth

In the tangential direction, the truth-reco distribution shows a
deflection of -0.0083 rad, then dphi*R have a ~0.8cm shift

Counts

dphiR = (phi_truth - phi_reco) * Rradius

dRadi

h1_dRadius_pr1_clustinnr

distance between truth and reco
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dphi * R
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modify dphiR(rotation) and dRadius(shift)

. h1_dphiR_pr1_clust...
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positon modify effect on pt resolution and E/p

the shift effect on pt resolution and E/p

T . . . blue means a phi shift on reco
Comparison between two different Geo setting....¢5  Pt=qBR

Delta Pt = (recoPt- truthPe)/cruthPt larger curve R

truth p vs delta p

ih pvs delta
truth p vs dotta p P e

larger pt

Electr

o ws 1= Electron
2 EMCal Cluster center

smallgr curve R

1 ositron
2 EMCal Cluster center

M EEEEEEE LI

Eprecoyvsp PT

N R
B 1oata

Eplreco)vs p

an 0008351
Sbov 0003301

e e Sl

H
H . [ . P’
(topNode, "CLUSTER_POS_COR_'CEMC"); = (topNode, "CLUSTERINNER_CEMC™); = _(topNode, "CLUSTER POS_COR_CEMC") (topNode, "CLUSTERINNER_CEMC");

% 0 5 LR 6 5 2 4

' Correction effect on inner center geometryﬁp%@

Delta Pt = (recoPt- truthPt)

Electron

EMCal inner center used

BEFORE correction applied
truth p vs delta p

Positron
EMCal inner center used
AFTER correction zgplied
nth p vs deita,

Positron
EMCal inner center used

Electron
EMCal inner center used
AFTER correction arplied BEFORE correction applied
truth p vs delta

truth p vs delta p

31



h2_z dphi_distri_test
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Distance between reco and truth with diff-modify
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i Taking the z-dependence into account and applying

- corrections in the radial and tangential directions still

- 'modify with z-dependence(mean) did not make the reconstruction closer to the truth.
-

0‘ ‘ ‘0.5‘ ‘1 ‘ 1.5‘ ‘ |2‘ 25 ‘ I3 3.5 W‘—H 5




Plan

* Continue study how to make the reconstruction closer to the truth
position, especially in the tangential direction (smaller dphi angle).

 Study the distance between the shower center and the cluster
reconstructed with the geometry center.

e Use calo energy to improve the Performance



Now. Use hit positon (x, y, z)

Get pt from curve in the xy-plane Calculate energy from pt and eta(theta) angle
Use fitting function
_ o PL, P2 EMcal
Pr=P dg d¢2 r A I
gl 7Y MVTX
g INTT
2 8
¥ <

Plan. Energy from calo

If including the EMCal(+HCal) Energy in the calculation maybe improve the resolution.
|

L T — swereom | For example: In the current fitting, we have pt = f(dphi),
75 | pr=0-10GeV/c veary s1s instead use pt = f(dphi) * g(E_emc),
Y6l Magnet: ~1.4 [T] Std Dev  0.09265 . * . . .
g <1 savevy 24| Where g could be something like gaus(E * cos(eta)), it might enhance the resolution.
£
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