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Introduction

4+ This is a very simple tutorial on how to design a calorimeter simulation using DD4hep, how to store the
information using EDM4hep built-in collections and how to retrieve the data for analysis.

4+ We will show:

< how to create a DD4hep geometry with an XML file
and a C++ builder

“* how to create a sensitive layer and associate a readout
which exploits built-in segmentation and sensitive
detector action

¢ how to define a custom sensitive detector action for
more complex signal manipulation

“* how to shoot particles with ddsim command
*» how to read the output EDM4hep file to analyze the data

4+ If you have no experience in calorimetry simulation it will be useful also to define its generic concepts.
If you are experienced, it might be useful to start migrating your code to Key4hep.
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The target

We will build simplecalo? made of volumes: Calo, CaloLayer, AbsorberLayer and SensitiveLayer
and simplecalo2 using sensitive Cells to populate the sensitive layer

4+ We are not targeting any dimension nor technology, rather creating an example that it is easy to adjust
towards a realistic detector
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Compilation instructions

4 The code is available at github.com/DRD6/DD4hepTutorials

4+ We hope this will become a common repository for examples and tutorials relevant for DRD6 software

4+ To follow this tutorial you can use any Alma9 machine with CVMFS mounted (e.g. cern Ixplus)

Compile

# Login to an Alma9 machine with CVMFS mounted, e.g. lxplus
source /cvmfs/sw.hsf.org/keydhep/setup.sh

git clone git@github.com:DRD6/DD4hepTutorials.git

cd DD4hepTutorials

mkdir build install

cd build

cmake .. -DCMAKE_INSTALL_PREFIX=../install -Wno-dev

make install -j 8

cd ..

# The following command configures the environment to ensure the system can locate the DD4hep detector
builders:

k4_local_repo

= k4_local_repo sets the environmental variables and makes sure the correct libraries are used, it must be used
on every new shell
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http://github.com/DRD6/DD4hepTutorials

Visualization

4+ To check everything went well, we can visualize our

geometry:
4 Customer Portal 4 Red Hat 4@ Red Hat Products D... 4 Red Hat Enterprise ... & Red Hat Developer ... »
geoWebDisplay simplecalol/compact/simplecalol.xml b e @S » B GL drawing
| Search Q
4+ Itis an empty box container to house the simple Descrioton Vsi. C. M.
calorimeter we are going to create v @ word volur | 1 A

CaloVol_0 7 ‘,- Air
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Step 1: Geometry, the XML file

4+ Every DD4hep geometry consists of an XML description e
file plus the C++ code (the geometry bu:lder) <constant name="world_side" value="20xm"/>
o . . <constant name="world_x" value="world_side/2"/>
+ The XML file is used to specify all the mutable variables of <constant name="world_y" N
your geometry (typically the unmutable variables are constant namec'world 2" T ] il
hardcoded in the C++ builder) - - 5 -
<constant name="CaloX" value="1xm"/>
4+ Forinstance, inside simplecalo1/compact/simplecalo1.xml <constant name="CaloY" value="CaloX"/>
we have <constant name="CaloZ" value="2xm"/>
<constant name="CaloLayerX" value="CaloX"/>
*» the variables needed for the desired geometry __— <constant name="CaloLayerY" value="CaloY"/>
mOdU|a“ty (calorlmeter X-y-Z dimensions, ) <constant name="CaloLayerZ" value="10xcm"/>
<constant name="AbsLayerX" value="CaloX"/>
. . o <constant name="AbsLayerY" value="CaloY"/>
== About the XML variables: for large/complex geometries it is <constant name="AbsLayerZ"  value="Oxcm"/>

good practice to clearly comment their role in the geometry SEDISIEINE TELES SR EGRS VUGS RN e
design, so that new users can safely change those numbers SRS LS SRR L e
and study the implication on the simulation output without
changing the C++ builder.

<constant name="SensLayerZ" value="1.0xcm" />
<constant name="LayersNumber" value="20"/>

</define>
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/compact/simplecalo1.xml

Step 1: Geometry, the XML file

4+ Every DD4hep geometry consists of an XML description
file plus the C++ code (the geometry builder)

4+ The XML file is used to specify all the mutable variables of
your geometry (typically the unmutable variables are
hardcoded in the C++ builder)

4 For instance, inside simplecalo1/compact/simplecalo1.xml
we have

*» the variables needed for the desired geometry

modularity (calorimeter x-y-z dimensions, ...) /’

< the materials definitions.
Note that single elements materials are already
defined in the elements.xml compact file

<includes>

<gdmlFile ref="elements.xml"/>

</includes>

<materials>
<material name="Vacuum">
<D type="density" unit="g/cm3" value="0.0000000001" />
<fraction n="0.754" ref="N"/>
<fraction n="0.234" ref="0"/>
<fraction n="0.012" ref="Ar"/>
</material>
<material name="Air">
<D type="density" unit="g/cm3" value="0.0012"/>
<fraction n="0.754" ref="N"/>
<fraction n="0.234" ref="0"/>
<fraction n="0.012" ref="Ar"/>
</material>
<material name="Brass'>
<D type="density" unit="g/cm3" value="8.44" />
<fraction n="0.7" ref="Cu" />
<fraction n="0.3" ref="Zn" />
</material>
</materials>
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/compact/simplecalo1.xml
https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/compact/elements.xml

Step 1: Geometry, the XML file

4 Inside simplecalo1/compact/simplecalo1.xml
we have

“» the visualization attributes of your volumes
(alpha for transparency, r-g-b for color,
showDaughters to display volumes inside the current
volume and visibile to enable/disable visualization)

<display>
<vis name="CaloVis" alpha="1.0" r="0.0" g="1.0" b="0.0" showDaughters="true" visible="true"/>
<vis name="CaloLayerVis" alpha="1.0" r="0.0" ¢g="0.0" b="1.0" showDaughters="true" visible="true"/>
<vis name="AbsLayerVis" alpha="1.0" r="1.0" ¢="0.624" b="0.0" showDaughters="true" visible="true"/>
<vis name="SensLayerVis" alpha="1.0" r="1.0" ¢g="0.0" b="0.0" showDaughters="true" visible="true"/>

</display>
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/compact/simplecalo1.xml

Step 1: Geometry, the XML file

4 Inside simplecalo1/compact/simplecalo1.xml
we have

“» the visualization attributes of your volumes
(alpha for transparency, r-g-b for color,
showDaughters to display volumes inside the current
volume and visibile to enable/disable visualization)

¢ the detector + subdetectors specification:

% to each of them we associate a material, its
dimensions and visualization attributes,
plus a flag to make it sensitive
<detectors>
<detector name="simplecalol" type="simplecalol" vis="CaloVis" id ="0" readout="simplecaloR0">

<type_flags type=" DetType_CALORIMETER + DetType_ELECTROMAGNETIC + DetType_BARREL"/>
<dimensions x="CaloX

<absLayer material="Brass

<sensLayer material="Silicon
</detector>
</detectors>
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/compact/simplecalo1.xml

Step 2: Geometry, the C++ builder & XML

static Ref_t create_detector(Detector &description, xml_h e,

4+ We now have to write the C++ builder to create our SensitiveDetector sens) {
calorimeter geometw. std::cout << "-—> simplecalol::create_detector() start" << std::endl;
Let’s look at simplecalo1/src/simplecaloq.cpp

// Get info from the xml file

4 First of all, how do | access the XML information //

sens.setType("calorimeter");

in my C++ code?

xml_det_t x_det = e;
std::string det_name = x_det.nameStr();

¢ Accessing simplecalo1 name, id and
dimensions

std::cout << "-—> Going to create " << det_name << ", with ID: " << x_det.id()

v

<< std::endl;
xml_dim_t x_dim = x_det.dimensions();

const double CaloX = x_dim.x();

const double CaloY = x_dim.y();

const double CaloZ = x_dim.z();

std::cout << "-—> calo dimensions from XML description: x " << CaloX / m
<<"m y"<<CdloY / m<<"m z"<<CdloZ / m<< " m"
<< std::endl;
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/src/simplecalo1.cpp

Step 2: Geometry, the C++ builder & XML

4+ We now have to write the C++ builder to create our (7 IO AT SR
calorimeter geometry. /1
Let's look at simplecalo1/src/simplecalo1 .CDD xml_det_t x_calo = x_det.child(_Unicode(calo));
xml_det_t x_calolayer = x_det.child(_Unicode(caloLayer));
4 First of all, how do | access the XML information xml_det_t x_abslayer = x_det.child(_Unicode(absLayer));
18 my C++ code? xml_det_t x_senslayer = x_det.child(_Unicode(sensLayer));
o Accessing simpleca/o1 name, id and auto islayersens = x_senslayer.isSensitive();
dimensions

const double CaloLayerX = x_calolayer.x();

 Accessing subdetectors (CaloLayer, AbsLayer, e bl GEEler T

) - x_calolayer.y();
SensLayer) dimensions

v

const double CaloLayerZ = x_calolayer.z();

const double AbsLayerX = x_abslayer.x();
const double AbsLayerY = x_abslayer.y();
const double AbsLayerZ = x_abslayer.z();

const double SensLayerX = x_senslayer.x();
const double SensLayerY = x_senslayer.y();
const double SensLayerZ = x_senslayer.z();
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/src/simplecalo1.cpp

Step 3: Geometry, the C++ builder and volumes

_ _ o The Box class constructor uses half-lengths!
+ Let’s create the calorimeter container, which is a

Simple Box. We need to create: // Create a container for the calorimeter
//
¢ ashape object (e.g. a Box, a Tube, ...) M Box Calo(CaloX / 2., CaloY / 2., CaloZ / 2.);

Volume CaloVol("CaloVol", Calo,
'Z’ A Volume ObJeCt Wh|Ch represents an unplay description.material(x_calo.attr<std::string>(_U(material))));

CaloVol.setVisAttributes(description, x_calo.visStr());

instance of our volume
(its constructor needs a name, a shape and a

mater; aI) VISZI%[IOH attributes are associated to the Volume

4 Hands-on 1: create the Box and Volume for the
CaloLayer to be placed inside CaloVol
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Step 3: Geometry, the C++ builder and volumes

4 Let’s create the calorimeter container, which is a
simple Box. We need to create:

“ ashape object (e.g. a Box, a Tube, ...) >

“* A Volume object which represents an unplaW
instance of our volume
(its constructor needs a name, a shape and a
material)

4 Hands-on 1: create the Box and Volume for the
CaloLayer to be placed inside CaloVol

Solution:

v

The Box class constructor uses half-lengths!

// Create a container for the calorimeter
//
Box Calo(CaloX / 2., CaloY / 2., CaloZ / 2.);

Volume CaloVol("CaloVol", Calo,
description.material(x_calo.attr<std::string>(_U(material))));
CaloVol.setVisAttributes(description, x_calo.visStr());

Vismion attributes are associated to the Volume

// Hands-on 1 solution
//
// Create the calorimeter layer that will contain both the absorber
// and active elements
//
Box CaloLayer(CaloLayerX / 2., CaloLayerY / 2., CaloLayerZ / 2.);
Volume CaloLayerVol(
"CaloLayerVol", Calolayer,
description.material(x_calolayer.attr<std::string>(_U(material))));
CaloLayerVol.setVisAttributes(description, x_calolayer.visStr());
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Step 3: Geometry, the C++ builder and volumes

The Box class constructor uses half-lengths!

4 Let’s create the calorimeter container, which is a

Simple Box. We need to create: // Create a container for the calorimeter
//
¢ ashape object (e.g. a Box, a Tube, ...) M Box Calo(CaloX / 2., CaloY / 2., CaloZ / 2.);
Volume CaloVol("CaloVol", Calo,
’2‘ A Volume ObJeCt Wthh represents an unplaced description.material(x_calo.attr<std::string>(_U(material))));
instance Of our Volume / CaloVol.setVisAttributes(description, x_calo.visStr());
its constructor needs a name, a shape and a . '\[ . .
ﬁnaterial) P Visualization attributes are associated to the Volume
4 Hands-on 1: create the Box and Volume for the _ o
CaloLayer to be placed inside CaloVol The volume placement is defined in the
reference system of the mother volume
Solution: V // Place N calorimeter layers inside the CaloVol.

// Hint: use NumberOfLayers defined above.

4+ The last step is to place the Volume inside its mother G
V0|ume_ for (std::size_t i = @; i < static_cast<std::size_t>(NumberOfLayers); i++) {

Let’S place N |ayers (Ca/oLayerVO/) InSIde Our PlacedVolume CaloLayerPlaced = CaloVol.placeVolume(

: CaloLayerVol, i,
Calorlmeter (Ca/OVOI) - Position(@., 0., -CaloZ / 2. + CaloLayerZ / 2. + i * CaloLayerZ));

CaloLayerPlaced.addPhysVolID("calolayer", i + 1);
}

= just uncomment this code block after Hands-on 2 solution
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Step 3: Geometry, the C++ builder and volumes

The Box class constructor uses half-lengths!

4 Let’s create the calorimeter container, which is a

Simple Box. We need to create: // Create a container for the calorimeter
//
< ashape object (e.g. a Box, a Tube, ...) ¥ Box Calo(CaloX / 2., CaloY / 2., CaloZ / 2.);
Volume CaloVol("CaloVol", Calo,
'Z’ A Volume ObJeCt Wh|Ch represents an unplaced description.material(x_calo.attr<std::string>(_U(material))));
instance Of our VOIUme CaloVol.setVisAttributes(description, x_calo.visStr());
its constructor needs a name, a shape and a . '\[ . .
ﬁnaterial) P Visualization attributes are associated to the Volume
4+ Hands-on 1: create the Box and Volume for the | _ocan»»
CaloLayer to be placed inside CaloVol e o o [
v @ world_volurr -
- B Cafavl(;taoyer\ 7 :- 2::
Solution: &/ o
caloLayer\ : :- ﬁ;:
4+ The last step is to place the Volume inside its mother caom
volume. oo
Let’s place N layers (CaloLayerVol) inside our ctaze | o R
calorimeter (CaloVol) chye
CaloLayer\ [ :- Air
caloLayer\ ¥ | A?r
4 and visualize it: geoWebDisplay simplecalol.xml I
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Step 3: Geometry, the C++ builder and volumes

4+ Hand-on 2: Create the absorber layer and sensitive
layer geometry and place them, one after the other,
inside CaloLayer
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Step 3: Geometry, the C++ builder and volumes

4+ Hand-on 2: Create the absorber layer and sensitive
layer geometry and place them, one after the other,
inside CaloLayer

\ 4

Solution:

= \When you place a volume you also set its VollD

4 Customer Portal 4 Red Hat 4@ Red Hat Products D... 4@ Red Hat Enterprise ... 4 Red Hat Developer ... »

@ B S D % GL drawing
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// Place an absorber layer inside the calorimeter layer
//
Box AbsLayer(AbsLayerX / 2., AbsLayerY / 2., AbslLayerZ / 2.);
Volume AbsLayerVol(
"AbsLayerVol", AbsLayer,

description.material(x_abslayer.attr<std::string>(_U(material))));
AbsLayerVol.setVisAttributes(description, x_abslayer.visStr());
PlacedVolume AbsLayerPlaced = CaloLayerVol.placeVolume(

AbsLayerVol, 1, Position(@., 0., —-CaloLayerZ / 2. + AbsLayerZ / 2.));
AbsLayerPlaced.addPhysVolID("abslayer", 1);

// Place an active layer inside the calorimeter layer
//
Box SensLayer(SensLayerX / 2., SenslLayerY / 2., SensLayerZ / 2.);
Volume SensLayerVol(
"SensLayerVol", SensLayer,
description.material(x_senslayer.attr<std::string>(_U(material))));
SensLayerVol.setVisAttributes(description, x_senslayer.visStr());
PlacedVolume SensLayerPlaced = CalolLayerVol.placeVolume(
SensLayerVol, 1, Position(@., 0., CaloLayerZ / 2. - SensLayerZ / 2.));
SensLayerPlaced.addPhysVolID("abslayer", 0);
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Step 3: Segmentation and sensitive detector(s)

4+ We now want to mark the sensitive layer as sensitive,
l.e. able to access and score the step-by-step shower information

4+ DD4hep has built-in functionalities:

< to segment sensitive volumes (divide into sub elements/cells)
and store the shower information of each cell (it allows to
have multiple scoring volumes without creating additional Ry
volumes) if (islayersens) {

SensLayerVol.setSensitiveDetector(sens);

simplecalo1.cpp

¢ and ready-to-use sensitive actions, i.e. predefined }
scoring algorithms

4 simplecalo1 uses a built-in DD4hep simplecalo1.xml

<readouts>
< CartesianGridXY to segment the sensitive layer into cells <readout name="simplecalolR0">
<segmentation type="CartesianGridXY"

¢ and sensitive detector action to store shower information

(signals) for each cell grid_size x="1@xcm"
grid_size_y="10xcm" />
“* To use this we only need to specify <!—— NO SPACES BETWEEN ID DESCRIPTORS!!! ——>
<id>calolayer:5,abslayer:1,x:-10,y:-10</id>
Note: simplecalo2 will show how to specify your own sensitive </readout>

detector action and access the step-by-step

) . : e </readouts>
shower information in sensitive volumes
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/compact/simplecalo1.xml#L94

Step 4: Simulate events

We are now ready to shoot particles in our calorimeter!

The sc1SteeringFile.py is a steering file that configures a particle to be shot (e ), with an initial energy (50

GeV), a position (0,0,-2*m) and a direction (0,0,1)

4+ Take some time to inspect the steering file
(Hint: a steering file template can be dumped with ddsim —dumpSteeringFile)
4+ Let's simulate some events: ddsim —-steeringFile simplecalol/sclSteeringFile.py

(this generates the EDM4hep file named simplecalo.root)

INFO
INFO
INFO
INFO
INFO

GenerationlInit Within run:0 event 1.

50.000] GeV e- pos:(0.000 0.000 -2000.000) [mm]
Mom:50.000 GeV vertex:( 0.000 0.000 -2000.000) [mm]

[50.000 , 50.000] GeV e- pos:(0.000 0.000 -2000.000) [mm]

status:00000002 PDG: 11 Vtx:(+0.00e+00,+0.00e+00,-2.00e+03) [mm]

+++ Initializing event 1.
Shoot [0] [50.000 ,
Particle [0] e-

+-> Interaction [0]
+++ +-> ID: 0 e-

dir:( ©0.000 0.000 1.000)

direction: ( 0.000

PrimaryHandler INFO +++++ G4PrimaryVertex at (+0.00e+00,+0.00e+00,-2.00e+03)
ParticleHandler INFO +++ Event 0 Begin event action.
### Birks coefficients used in run time
Geant4Qutput2EDM4hep INFO +++ Saving EDM4hep event 0 run 0.
GenerationInit INFO +++ Initializing event 2. Within run:0 event 2.
INFO Shoot [1] [50.000 , 50.000] GeV e- pos:(0.000 0.000 -2000.000) [mm]
INFO Particle [0] e- Mom:50.000 GeV vertex:( 0.000 0.000 -2000.000) [mm]
INFO +-> Interaction [0] [50.000 , 50.000] GeV e- pos:(0.000 0.000 -2000.000) [mm]

INFO +++ +-> ID: 0 e- status:00000002 PDG: 11 Vitx: (+0.00e+00,+0.00e+00,-2.00e+03) [mm]

[mm] +0.00e+00
Access event related information.

[ns]

dir:( 0.000 0.000 1.000)

direction: ( 0.000

PrimaryHandler INFO

+++++ G4PrimaryVertex at (+0.00e+00,+0.00e+00,-2.00e+03) [mm] +0.00e+00 [ns]

4/4/2025
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/sc1SteeringFile.py

[ JoN ) [X| ROOT Object Browser

Browser |Ei|e Edit ¥iew Options Tools Help
. Files ‘ Canvas_1 ®| Editor 1 (|
te p i n a yze t e ata 8, V & Drawopton:[  [+] simplecaloRO.position.z
(root o 7000~ - Entries oo 73283
(CIPROOF Sessions o ;‘;agev ‘?‘5“’;
4+ The previous step generated an EDM4hep file named %J e
Ssimplecalo.root J -Gl ol
,ﬂFACParticles i i E_
. R A N 24 _MCParticles_parents 3000 -
4+ Inspect it with ROOT, e.qg. IS Tivocndu N N 3
root -1 simplecalo.root Bomenrooo ||
new TBrowser gémz'mm?mﬁszﬂx T
e — R I e
H [ . . ; &simpleca]oHD.contributions_ = -
Some variables are already computed, for instance this is - oreancrveason 3 | o)
the hit longitudinal profile along z by s ‘ o -
Filter: | &l Files (%) [~]
4+ Asimple code to read the file, access the information . -
event-by-event and sum the total energy deposited in ) coll_energy_sum_thi
. . z 80— Entries 500
each cell is scripts/plot_cell energy sum.C. Usage N
root —b 5 °F o o
.L plot_cell_energy_sum.C 5 s0f Prob 0.1428
plot_cell_energy_sum("../simplecalo.root") ol ng oogigijig’:i%
or using python e
python plot_cell_energy_sum.py ../simplecalo.root oE
20
4+ Hands-on 3: change the calorimeter sampling fraction of
and frequency and study how the changes affect the T AT N
0 0.5 1 1.5 2 25 3 3.5

o

11
4

energy reSO|UtiOn ' ‘ ' Cell energy sum [GeV]
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Step 6: Build a slightly more complex geometry

4 Customer Portal 4 Red Hat & Red Hat Products D... & Red Hat Enterprise ... & Red Hat Developer ... »

4+ Instead of relying on built-in segmentations, b oeom ey g
simplecalo2 implements a geometry with a grid of S [ semch
10x10 sensitive cells placed inside sensLayer Descpon Vi .. Mat..

v ® world_volu - Air
v CaloVol_0 - I Air
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Step 6: Build a slightly more complex geometry

4+ Instead of relying on built-in segmentations,
simplecalo2 implements a geometry with a grid of
10x10 sensitive cells placed inside sensLayer

4+ Hands-on 4: Create a grid of 100 sensitive cells
placed in a X-Y grid fashion inside sensLayer
and make them as sensitive
Solution:

Box Cell(CellX / 2., CellY / 2., CellZ / 2.);

Volume CellVol("CellVol", Cell,
description.material(x_cell.attr<std::string>(_U(material))));

Cellvol.setVisAttributes(description, x_cell.visStr());

v

// Make the cell sensitive
if (iscellsens)
CellVol.setSensitiveDetector(sens);
double x, y = 0;
for (std::size t i =0; i < 10; i++) {
y = SensLayerY / 2. - CellY / 2. - i x Celly;
for (std::size_t j = 0; j < 10; j++) {
x = =SensLayerX / 2. + CellX / 2. + j * CellX;
PlacedVolume CellVolPlaced =
SensLayerVol.placeVolume(CellVol, 10 x i + j, Position(x, y, 0.));
CellVolPlaced.addPhysVolID("cellid", 10 x i + j);
}
}
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Step 7: Use a custom sensitive detector action

iicout << " " << std::endl;

Once our cells are marked as Sensitive, we std::cout << "-—> simplecalo: track info: " << std::endl;
can access step-by-step std::cout

the shower information within cells << "-—-> Track #: " << aStep->GetTrack()->GetTrackID() << " *
<< "Step #: " << aStep—>GetTrack()->GetCurrentStepNumber() << " "

To do that simplecalo2 uses a custom << "Volume:
sensitive detector action: << aStep->GetPreStepPoint()->GetTouchableHandle()->GetVolume()->GetName()

. . << " " << std::endl;
SIm |eca|OSDACt|0n.C std::cout << "-—> simplecalo:: position info(mm): " << std::endl;
i std::cout << "-———> x: " << aStep—>GetPreStepPoint()->GetPosition().x()
4+ Its process method holds a pointer to the << " yi " << aStep->GetPreStepPoint()->GetPosition().y()
current simulated Step. << " z: " << aStep->GetPreStepPoint()->GetPosition().z()
For instance, this access a lot of information << std::endl;
USGfUl fOr debugglng or emU|atiOn Of the Signal std::cout << "-—> simplecalo: particle info: " << std::endl;

:1:cout
<< "————> Particle "

i i << aStep—>GetTrack()->GetParticleDefinition()->GetParticleName() << " "
--> simplecalo: track info:

---=-> Track #: 79395 Step #: 1 Volume: CellVol 54

<< "Dep(MeV) " << aStep—->GetTotalEnergyDeposit() << " "
<< "Mat " << aStep—>GetPreStepPoint()->GetMaterial()—->GetName() << " "

--> simplecalo:: position info(mm): << "Vol "
--=-=> X: -12.0474 y: -8.4104 z: -904.979 << aStep->GetPreStepPoint()->GetTouchableHandle()->GetVolume()->GetName()
--> simplecalo: particle info: << " " << std::endl;

----> Particle e- Dep(MeV) 0.0442447 Mat Silicon
--> CaloLayerID: 1 AbsLayerID O CelllID 54
--> Cell global pos(mm) -50 -50 -905
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https://github.com/DRD6/DD4hepTutorials/blob/lp-renamesc1actioncollection/sdaction/src/simplecaloSDAction.cpp

Step 7: Use a custom sensitive detector action

// Create the hits and accumulate contributions from multiple steps
//
Geant4HitCollection *coll = collection(m_collectionID);
Geant4Calorimeter::Hit xhit =

coll->findByKey<Geant4Calorimeter: :Hit>(VolID); // the hit

4+ This information can be saved in hits and hit-
collections.
Typically in calorimetry simulation an hit
corresponds to an active
readout element and multiple steps
contribute to its content. if ('hit) { // if the hit does not exist yet, create it
Example of hit allocation

v

hit = new Geant4Calorimeter::Hit();

hit->cellID = VolID; // this should be assigned only once

4 Let’s run the simulation and the analySiS: // we divide the coordinated by 10 to save them as cm
Position HitCellPos(CellPos.x() / 10, CellPos.y() / 10, CellPos.z() / 10);
ddsim —-steeringFile simplecalo2/ hit->position = CellPos; // this should be assigned only once

SCZSteeringFile- Py hit->energyDeposit = aStep->GetTotalEnergyDeposit();

coll->add(VolID, hit); // add the hit to the hit collection

else { // if the hit exists already, increment its fields
hit->energyDeposit += aStep—>GetTotalEnergyDeposit();

python plot_cell_energy_sum.py ../
simplecalo. root

4 The same results are found... let’'s see what
happens if we change the signal creation
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Step 7: Use a custom sensitive detector action

10 cm x 10 cm sensitive cell

4 Hands-on 5;

< Apply a very short time cut of 10 ns to
record the signal in the readout hits

¢ and consider a 2 cm-thick area around
cells x and y borders which is completely
inefficient, i.e. no signal is recorder from
that area

2 cm thick
inefficient border

<5\ INFN 4/4/2025 Lorenzo Pezzotti | DRD6 DD4hep Tutorial
74 g




Step 7: Use a custom sensitive detector action

4 Hands-on 5:;

if (aStep—>GetPreStepPoint()—>GetGlobalTime() > 10) {

return true;

Iy
G4ThreeVector globalPosition = aStep—>GetPreStepPoint()->GetPosition();

< Apply a very short time cut of 10 ns to
record the signal in the readout hits

G4ThreeVector localPosition =

< and consider a 2 cm-thick area around | _
theTouchable->GetHistory()->GetTopTransform().TransformPoint(

cells x and y borders which is completely
inefficient, i.e. no signal is recorder from

that area
Solution:

globalPosition);
if (std::abs(localPosition.x()) > 30. || std::abs(localPosition.y()) > 30.) {
return true;

}

v

4 Re-run the simulation and the analysis and
check the impact on the energy distribution,
does it introduce a response dependance
over the impact point?
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Conclusion

4+ We need your help to populate DD4hepTutorials with new examples!

4+ Please provide your inputs, requests or directly start contributing with new examples
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