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✦ 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.


✦ 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


✦ 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.

Introduction
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✦ We will build simplecalo1 made of volumes: Calo, CaloLayer, AbsorberLayer and SensitiveLayer 
and simplecalo2 using sensitive Cells to populate the sensitive layer


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

The target
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✦ The code is available at github.com/DRD6/DD4hepTutorials


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


✦ To follow this tutorial you can use any Alma9 machine with CVMFS mounted (e.g. cern lxplus)

Compilation instructions
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# Login to an Alma9 machine with CVMFS mounted, e.g. lxplus

source /cvmfs/sw.hsf.org/key4hep/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

Compile

☞ k4_local_repo sets the environmental variables and makes sure the correct libraries are used, it must be used 
on every new shell

http://github.com/DRD6/DD4hepTutorials
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✦ To check everything went well, we can visualize our 
geometry: 
 
geoWebDisplay simplecalo1/compact/simplecalo1.xml


✦ It is an empty box container to house the simple 
calorimeter we are going to create

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


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


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


✤ the variables needed for the desired geometry 
modularity (calorimeter x-y-z dimensions, …)

Step 1: Geometry, the XML file
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☞ About the XML variables: for large/complex geometries it is 
good practice to clearly comment their role in the geometry 
design, so that new users can safely change those numbers 
and study the implication on the simulation output without 
changing the C++ builder.

https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/compact/simplecalo1.xml
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✦ Every DD4hep geometry consists of an XML description 
file plus the C++ code (the geometry builder)


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


✦ 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

Step 1: Geometry, the XML file
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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
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✦ 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)

Step 1: Geometry, the XML file
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/compact/simplecalo1.xml
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✦ 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

Step 1: Geometry, the XML file
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/compact/simplecalo1.xml
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✦ We now have to write the C++ builder to create our 
calorimeter geometry. 
Let’s look at simplecalo1/src/simplecalo1.cpp


✦ First of all, how do I access the XML information 
in my C++ code?


✤ Accessing simplecalo1 name, id and  
dimensions

Step 2: Geometry, the C++ builder & XML
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/src/simplecalo1.cpp
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✦ We now have to write the C++ builder to create our 
calorimeter geometry. 
Let’s look at simplecalo1/src/simplecalo1.cpp


✦ First of all, how do I access the XML information 
in my C++ code?


✤ Accessing simplecalo1 name, id and  
dimensions


✤ Accessing subdetectors (CaloLayer, AbsLayer, 
SensLayer) dimensions

Step 2: Geometry, the C++ builder & XML
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/src/simplecalo1.cpp
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✦ Let’s create the calorimeter container, which is a 
simple Box. We need to create:


✤ a shape object (e.g. a Box, a Tube, …)


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


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

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

12

The Box class constructor uses half-lengths!

Visualization attributes are associated to the Volume
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✦ Let’s create the calorimeter container, which is a 
simple Box. We need to create:


✤ a shape object (e.g. a Box, a Tube, …)


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


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

Step 3: Geometry, the C++ builder and volumes
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The Box class constructor uses half-lengths!

Visualization attributes are associated to the Volume
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✦ Let’s create the calorimeter container, which is a 
simple Box. We need to create:


✤ a shape object (e.g. a Box, a Tube, …)


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


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


✦ The last step is to place the Volume inside its mother 
volume. 
Let’s place N layers (CaloLayerVol) inside our 
calorimeter (CaloVol)

Step 3: Geometry, the C++ builder and volumes
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The Box class constructor uses half-lengths!

Visualization attributes are associated to the Volume

The volume placement is defined in the 
reference system of the mother volume

☞ just uncomment this code block after Hands-on 2 solution
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✦ Let’s create the calorimeter container, which is a 
simple Box. We need to create:


✤ a shape object (e.g. a Box, a Tube, …)


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


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


✦ The last step is to place the Volume inside its mother 
volume. 
Let’s place N layers (CaloLayerVol) inside our 
calorimeter (CaloVol)


✦ and visualize it: geoWebDisplay simplecalo1.xml

Step 3: Geometry, the C++ builder and volumes
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The Box class constructor uses half-lengths!

Visualization attributes are associated to the Volume
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✦ Hand-on 2: Create the absorber layer and sensitive 
layer geometry and place them, one after the other, 
inside CaloLayer

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

Step 3: Geometry, the C++ builder and volumes
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☞ When you place a volume you also set its VolID
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✦ We now want to mark the sensitive layer as sensitive, 
i.e. able to access and score the step-by-step shower information


✦ 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 
volumes)


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


✦ simplecalo1 uses a built-in DD4hep


✤ CartesianGridXY to segment the sensitive layer into cells


✤ and sensitive detector action to store shower information 
(signals) for each cell


✤ To use this we only need to specify


 
Note: simplecalo2 will show how to specify your own sensitive 
detector action and access the step-by-step 
shower information in sensitive volumes

Step 3: Segmentation and sensitive detector(s)
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simplecalo1.cpp

simplecalo1.xml

https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/compact/simplecalo1.xml#L94
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✦ We are now ready to shoot particles in our calorimeter!


✦ The sc1SteeringFile.py is a steering file that configures a particle to be shot ( ), with an initial energy (50 
GeV), a position (0,0,-2*m) and a direction (0,0,1)


✦ Take some time to inspect the steering file 
(Hint: a steering file template can be dumped with ddsim —dumpSteeringFile)


✦ Let’s simulate some events: ddsim --steeringFile simplecalo1/sc1SteeringFile.py 
(this generates the EDM4hep file named simplecalo.root) 

e−

Step 4: Simulate events
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https://github.com/DRD6/DD4hepTutorials/blob/main/simplecalo1/sc1SteeringFile.py
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✦ The previous step generated an EDM4hep file named 
simplecalo.root


✦ Inspect it with ROOT, e.g. 
root -l simplecalo.root 
new TBrowser 
 
Some variables are already computed, for instance this is 
the hit longitudinal profile along z


✦ A simple code to read the file, access the information 
event-by-event and sum the total energy deposited in 
each cell is scripts/plot_cell_energy_sum.C. Usage 
root -b 
.L plot_cell_energy_sum.C 
plot_cell_energy_sum("../simplecalo.root") 
 
or using python 
python plot_cell_energy_sum.py ../simplecalo.root


✦ Hands-on 3: change the calorimeter sampling fraction 
and frequency and study how the changes affect the 
energy resolution

Step 5: Analyze the data
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✦ Instead of relying on built-in segmentations, 
simplecalo2 implements a geometry with a grid of 
10x10 sensitive cells placed inside sensLayer


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

Step 6: Build a slightly more complex geometry
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A single cell
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✦ Instead of relying on built-in segmentations, 
simplecalo2 implements a geometry with a grid of 
10x10 sensitive cells placed inside sensLayer


✦ 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:

Step 6: Build a slightly more complex geometry
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✦ Once our cells are marked as sensitive, we 
can access step-by-step 
the shower information within cells


✦ To do that simplecalo2 uses a custom 
sensitive detector action: 
simplecaloSDAction.cpp


✦ Its process method holds a pointer to the 
current simulated step. 
For instance, this access a lot of information 
useful for debugging or emulation of the signal

Step 7: Use a custom sensitive detector action
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https://github.com/DRD6/DD4hepTutorials/blob/lp-renamesc1actioncollection/sdaction/src/simplecaloSDAction.cpp
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✦ 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. 
Example of hit allocation


✦ Let’s run the simulation and the analysis: 
 
ddsim --steeringFile simplecalo2/
sc2SteeringFile.py 
 
python plot_cell_energy_sum.py ../
simplecalo.root


✦ The same results are found… let’s see what 
happens if we change the signal creation

Step 7: Use a custom sensitive detector action
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✦ 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

Step 7: Use a custom sensitive detector action
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10 cm x 10 cm sensitive cell

2 cm thick 
inefficient border
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✦ 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 
Solution:


✦ 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?

Step 7: Use a custom sensitive detector action

26



Lorenzo Pezzotti | DRD6 DD4hep Tutorial4/4/2025

✦ We need your help to populate DD4hepTutorials with new examples!


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

Conclusion
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https://github.com/DRD6/DD4hepTutorials

