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Adding our calorimeter (2 models) O

»|n between SiW strip detector and MTC: --SND —SND_design 3
>5 simplified layers (5.6mm W + 0.65mm Si)
>Pixel size of ~5.5mm
>36x36 cm”2 layers (2x2 ASUs)

“SiwcCalo”

> After MTC:
>12 simplified layers (50mm Fe + 0.65mm Si) _-SND —SND_design 4
>Pixel size of ~5.5mm
>54x54 cmn”2 layers (3x3 ASUs)

Technical detail: We need “gGeoManager - SetVisLevel(5);”
for it to appear in TGeoViewer
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Sanity checks (SiwCalo): PG 60 GeV |, Y & m (N=300)
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Sanity checks (SiFeCalo): PG 60 GeV W, ¥ & m (N=300)

MTCDet SiFeCalo
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WIP (FairShip) O

» mplementing the SiWCalo and SiFeCalo models into the reconstruction chain

>+ a modified version substituting some SiTarget’s layers for ours (TBD?)

»Adding minimal digitization in our sensors

>GeV2MIP calibration factor and cutting out hits with E;; < 0.5 MIP (TBD?)
*|t seems like they don’t do anything like this, maybe they do it in the analysis step (?)
*What they call “digitization” is merging the Geant4 depositions into a simcalorimeterhit

»Have a look at neutrino events (TBD?)

»| tried to re-run what Eduard and me have but in the newer releases and everything
breaks, a full reimplementation needs to be done. (worth it?)

Important: This software is meant to be dropped before summer.
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Calorimeter studies in key4hep O

»Standard key4hep workflow:

Simulation | Reconstruction | Analysis | Optimization
(DD4hep) (Gaudi, ...) (ROOT, ...) (Python, ...)

Last Friday | presented this proof-of-concept in the SHiIP sw meeting

https://github.com/marherje/key4ship _PoC
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https://github.com/marherje/key4ship_PoC

Proof-of-concept (key4ship) R

v key4ship_PoC
v geometry
a elements.xml
N materials.xml
M SiPixelDetector.xml
» SND_compact.xml
v plugins
G+ SiPixelDetector.cpp
G+ SiTargetDetector.cpp
v reco
C+ BasicDigitizer.cpp
G+ GeV2MIPConversion.cpp
v run_scripts
@ ddsim_steering.py
@ digitize.py
.gitignore
clean.sh
M CMakelLists.txt

$ init_key4hep.sh

$ init_key4ship.sh
, LICENSE
i) README.md

>Geometry: Languages

L] ] |
® C++ 79.8% ® Python 12.0%
® CMake 4.8% Shell 3.4%

>General definitions

>Simulation steering files
»Plugins:

>The C++ detector building plugins
»Reco:

>The C++ Gaudi algorithms
»Run_scripts:

>Python steering files for sim (ddsim) and reco (Gaudi)

Simply source key4hep setup.sh, with a fixed date
Same + configuring runtime paths for C++ plugins and Python modules
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The PoC (Il)

>

SND_sim proof-of-concept of full key4hep sim+reco
chain: dd4hep + ddsim + gaudi

SND PoC with STarget and SiPixel — DD4hep v01-35 / key4hep 2026-02-01

Target stack (key4hep latest release in Feb 2026)

e DD4hep: v01-35

¢ ddsim: integrated in DD4hep v01-35

e Geant4: 11.x

¢ Gaudi: v4x series

¢ ROOT: 6.36+

o Platform: Ixplus.cern.ch, AlmaLinux 9

» Source: [cvmfs/sw.hsf.org/key4hep/setup.sh -r 2026-02-01

| o THPS-| PR RPN R

Build and run

# 1. Source key4dhep
source /cvmfs/sw.hsf.org/keyd4hep/setup.sh

# 2. Build plugin

mkdir build && cd build

cmake —-DCMAKE_PREFIX_PATH="$CMAKE_PREFIX_PATH" \
-DCMAKE_INSTALL_PREFIX=../install \
-DCMAKE_BUILD_TYPE=RelWithDebInfo ..

make install -j4

cd. .

# 3. Expose plugins to DD4hep & Gaudi algorithms to python
export LD_LIBRARY_PATH=$PWD/install/1ib64:$PWD/install/1lib:$LD_LIBRARY_PATH
export PYTHONPATH=$PWD/install/1ib64:$PWD/install/1lib:$PWD/install/python:$PYTHONPATH

# 4. Run ddsim
cd run_scripts
ddsim —-steeringFile ddsim_steering.py

This is as simple as it gets, if you have 40 subdetectors and 200 e

Gaudi algorithms the process is the same

Loading the project, once compiled, is |

0 N O U A WN R

k4run digitize.py

#!/usr/bin/env bash

# To use only if the project is already compile and you want to play with the steering file, for example.
# If you want to compile the project, please follow the instructions in the README.md file.

source /cvmfs/sw.hsf.org/key4hep/setup.sh —-r 2026-02-01
export LD_LIBRARY_PATH=$PWD/install/1ib64:$PWD/install/lib:$LD_LIBRARY_PATH
export PYTHONPATH=$PWD/install/lib64:$PWD/install/lib: $PWD/install/python:$PYTHONPATH

Now I'll go part-by-part over the next slides
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Simulation steering files R

»Easy to use
»Highly flexible (Very desirable for prototyping)
>This flexibility comes from how you prepare the plugin/s
»Compact steering file:
>Constants for world and detector plugins
>Constants for visualization (colors, transparency, etc.)
>Readouts for all the subdetectors
>Magnetic fields

>Subdetectors
*Can be defined here directly
*Can be imported (better option in the long run)
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My subdetectors’ steerings

>

layer repeat="10" vis="EcalVis"
slice material="Air" thickness="1.40xEcal_WThickness"
slice material="TungstenDens1910" thickness="4.20xEcal_WThickness"
slice material="CarbonFiber" thickness="Ecal_CFThickness"

SiPier defined on his slice material="Copper" thickness="Ecal_KaptonThickness"

slice material="Air" thickness="Ecal_GlueThickness_kap"

own file and bUiId slice material="Silicon" thickness="Ecal_WaferThickness650"
slice material="Air" thickness="Ecal_GlueThickness_pcbh"
Iayer'by'layer slice material="Copper" thickness="Ecal_KaptonThickness"

slice material="PCB"
slice material="Air"

thickness="Ecal_PcbThickness"
thickness="Ecal_ChipThickness"

slice material="Air" thickness="Ecal_w_slab_gap650"

layer

detectors
include ref="SiPixelDetector.xml"

detector name="SiTarget" type="SiTargetDetector" id="5"
parameters n_layers="SiTarget_n_layers"
target_thickness="SiTarget_absorber_thick"
target_spacing="SiTarget_layer_pitch"
module_offset="SiTarget_module_offset"
sensor_width="SiTarget_sensor_width"

For SiTarget only
general parameters
are plugged in

sensor_length="SiTarget_sensor_length"
sensor_thickness="SiTarget_sensor_thickness"
env_width="SiTarget_env_width"
env_height="SiTarget_env_height"
z_position="SiTarget_z_position"
absorber_material="TungstenDens1910"
sensor_material="Silicon"

detector
detectors
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vis="AirVis"
vis="TungstenVis"
vis="CFVis"
vis='"Cuvis"

vis="AirVis"

vis="S5iVis" sensitive="yes"
vis="Airvis"
vis="Cuvis"
vis="PCBVis"
vis="AirVis"
vis="AirVis"

readout="SiTargetHits"

This is in the
compact file




The plugins O

»This IS the hard part, the only hard part!
>~Not harder than the current FairShip geometry at all

»You defined here how to construct your detector:
“Input general parameters: N layers, slices of materials, type of detector

>Sensitive part/s description/s: Type (pixels, strips), information for encoding (system,
layer, slice, plane)

>| have 2 plugins

>SiPixelDetector: Very flexible, recycled from our previous SIWECAL TB simulations

°Built detector layer-by-layer, allowing customization per slice (different W, Si, glue,
PCB, whatever). All layers with similar digitization (pixels)

>SiTargetDetector: Inspire from the FairShip Tgeo implementation
*Get general parameters and built similar N Layers. All layers with 2 strip planes (X-Y).
J. P. Marquez | Calo5D@ijclab
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Gaudi algorithms

StatusCode execute(const EventContext&) const override
const autox input = m_inputHandle->get();
autox output = m_outputHandle->createAndPut();

for (const auto& hit : *input) {
auto nh = output->create();
nh.setCellID(hit.getCellID());
nh.setEnergy(static_cast<float>(hit.getEnergy() * (1/m_MIPValue)));
nh.setPosition(hit.getPosition());

info() << "GeV2MIPConversion: " << input->size() << " hits processed" << endmsg;
return StatusCode: :SUCCESS;
}

StatusCode finalize() override {
m_inputHandle. reset();
m_outputHandle. reset();
return Gaudi::Algorithm::finalize();

}
private:

Gaudi::Property<std::string> m_inputName{
this, "InputCollection", "SiTargetHits", "Input SimCalorimeterHit collection"};

Gaudi::Property<std::string> m_outputName{
this, "OutputCollection", "SiTargetHitsMIP", "Output SimCalorimeterHit collection"};

Gaudi: :Property<double> m_MIPValue{
this, "MIPValue", 0.000009, "MIP value for conversion (in GeV)"};

mutable std::unique_ptr<k4FWCore::DataHandle<edmdhep::SimCalorimeterHitCollection>> m_inputHandle;
mutable std::unique_ptr<k4FWCore::DataHandle<edm4hep::SimCalorimeterHitCollection>> m_outputHandle;
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»Every algorithm inherits from
Gaudi

>You always fit the template

»Building your own functions is
not more difficult than ROOT

»Everything is read/written
from/into EDM4hep

>You always stick to the format

It protect us from ourselves (& each other)




run_scripts: Simulation steering file a%s

import > H H
from DDSim.DD4hepSimulation import DD4hepSimulation Very Slmple pythOn SCrlpt

from g\ﬂm import mm, GeV, MeV

SIM = DD4hepSimulation () »Easy for generalization/template

SIM. runType "batch"

SIM.numberOfEvents 1000 o e .
SIM. skipNEvents 0 »This is a simple PG, example for PoC

SIM.compactFile = "../geometry/SND_compact.xml" >In principle ddsim can also interface Genie

SIM.outputFile = "output.edm4hep. root" with Geant4 into the dd4hep geometry
print("COMPACT FILE =", SIM.compactFile)

SIM.enableGun True
SIM.gun.particle "mu-"
SIM.gun.energy = 50 x GeV
SIM.gun.position (0, 0, -500 * mm)
SIM.gun.direction (0, @, 1)

SIM.physicsList "QGSP_BERT"
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run_script: Gaudi steering file a%a

from k4FWCore import ApplicationMgr, IOSvc (j (j. | . r] _f r]
from Configurables import GeVZMIPCor,wersion, BasicDigitizer >I ma e 2 Gau I a gorlt mS Or t e POC:

iosvc = I0Svc()

fosvc. Input = "output. edndhep. root >GeV to MIP conversion using a constant value

iosvc.Output = "snd_digi.edmd4hep.root"

>Basic “digitization”, just a MIP cut

mip_1 = GeV2MIPConversion('GeV2MIP_SiTarget")
mip_1.InputCollection = "SiTargetHits"
mip_1.0utputCollection = "SiTargetHitsMIP"
mip_1.MIPValue = 0.00009

1152 - GoUBMIPComvers ton(“Gevaip Sipiret® »Again, very simple python script & easy for
B (s P o A generalization/template work

mip_2.MIPValue = 0.0002

dig_1 = BasicDigitizer("BasicDigitizer_SiTarget")
dig_1l.InputCollection = "SiTargetHitsMIP"

dig_1.0utputCollection = "SiTargetHitsDigi" }The WOrkﬂOW iS trivial to fO”OW

dig_1.Threshold = 0.5

d1g 2 = Basicbigitizer("Basichigitizer_SiPixel”) >As well as adding future algorithms in the chain

dig_2.InputCollection = "SiPixelHitsMIP"
dig_2.0utputCollection = "SiPixelHitsDigi"
dig_2.Threshold = 0.5

ApplicationMgr| AppMgr: Controls what events to process, what algorithms to run, and in what order.
o : : ) : .
fveel Z O What happens if you do [mip_1, dig_1, mip_2, dig_2]?
[mip_1, mip_2, dig_1, dig 2], And if you do [mip_1, dig_2, mip_2, dig_1]?

TopAlg
ExtSvc [iosvc]

1
[y
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Testing geoDisplay and materialScan (in my VM) a%a

»| showed some dd4hep in-house tools

Description

v

Geometry viewer — Mozilla Firefox z / - y 2 t Lambda Endpoint/Startpoint
,
[0} @ = » % GLdrawing o
4382
Q 4515
4382
Visibility Co... M... "j:l
@ world_volume_1 m - i;;;
> SiPixel_envelope ¢ [ [] £ L > s 0 jr
v SiTarget_env_1 7l 7l 4
SiTarget W_0 7 [ g = SR "
SiTarget si 1 [zl [ Sili%on
SiTarget_si_2 7] 7 3 silicon -> Air
SiTarget W_3 2 [ ; LD
SiTarget_si_4 7 7 Sili... " s
SiTarget_si_5 7l = Sili... 2 e 12
SiTarget_W_6 & 7 Tu... 9 si B
SiTarget_si_7 7 [ Sili... Ad 9 :i
SiTarget_si_8 7 7 Sili... = =
SiTarget_W_9 7l 2 Tu
SiTargelfsiJO 7 2 Sili... 2 TungstenDens19. 11 i
SiTarget_si_11 71 [ Sili.... 53 si 7 3
SiTarget W_12 7] [ Tu... el o o :
SiTarget si 13 7] (7] Sili... S Rh e . -
SiTarget_si_14 7l = Sili.... 57 Tungstenbe 7 34
SiTarget W 15 [5] [o] Tu SE s
SiTarget_si_16 7l 7 Sili.... 14 34
SiTarget si 17 7] (o] sili... iLicons I
SiTarget W_18 7] (o] Tu... 5 = [ 7 :
SiTarget_si_19 7l [ Sili... ¢ 7
SiTarget_si_20 mw; Sili... =
SiTarget_W_21 7 [ Tu... 7 C 3 2
SiTarget_si_22 Zl 7 Sili... s
SiTarget_si_23 7 A Sili.... ili 8

WwWWWwwwwwww

nDens1910
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Examples of PoC (5 GeV e  shower - Sim)

>
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Examples of PoC (5 GeV e shower - Digi)

>

A
/\/

SiTargetHitsDigi.energy

SiPixelHitsDigi.energy

x10° SiTargetHitsDigi.e... SiPixelHisDIgi.e...
500f— Entries 620247 F Entries 31583
= Mean 1.761 - Mean 2.148
450 Std Dev 1.354 6000— Std Dev 1.561
400~ E
= 5000 —
350f— -
300f— 4000}—
250F— -
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200F— -
150 2000f—
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ok 1 1 0 E, . ]
0 10 20 (] 9 10
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x10 SiTargetHitsDigi.p... - S|P|erH|tsD|g|.p...
= Entries 620247 B Entries 31583
Mean -237.2 9000f— Mean -126.4
Std Dev 25.67 = Std Dev 32.34
= 8000f—
35— 7000/
sof- 6000f—
25— 5000
20— 4000f—
15— 3000
10— 2000f—
5 1000 H ”
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Other’s people contributions 0

»Matei has done some geometries+G4 simulation in GeoModel. Feedback:
>Geometry building is very easy
>G4 binding is fine
>Simulation output and edm4 is not well defined yet

»Eduard did MTC in GeoModel

>No sim or anything else
»Gilhermo said he prefers GeoModel for geometry because it knows it

>But not a strong opinion or work presented

Basically everyone wants GeoModel because it's easy for

building the geometry but there’s no define pipeline after that
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Current status

\/ \/

»Can be reduced to a single word: uncertainty

»| don’t know what to do
»| don’t want to waste resources
»Right now there are too many options, mostly in opposite directions

Collaboration meeting is in 2 weeks, what should | present there?

i I _ - ST
[ Nl LAl Jom were tarnz-r’n}fu:t;

3 A éy.}faﬁ”e;
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