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New IDEA baseline
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Differentiable simulation in dd4hep

Table 1. Input parameters for parameterized geometry construction.

* Fully parameterized idealized

Detector
. . Description Variable Name ~ Value Geometry Inputs
prOJ eCtlve geometry Half Z-extent of the barrel 7y 240m ye
Inner radius of the barrel Rinner 2.25m
Subdetectors deﬁned in ggﬁ:l:l;u:;]:::e(}ilg:]ujledglri?:he front crystals g:;, :?:?n : PrEjective gcnswu{:’t‘t{i.rs and
Nominal square thickness of timing crystals T 3mm ayer egmentations
Compact XML Front crystal length Fas 5cm
Rear crystal length Ry I15cm H
SiPM wafer thickness St 0.5 mm
Physics Config in Steering file Table 2. Secondary parameters calculated from input parameters. VC"YStaI SiPM Detector Volumes
o 'olumes Volumes
Description Variable Name  Formula g;
. Angular size of a single phi segment dd 2n/ No ai
Customlzable detector Angular size of barrel region ®Op atan(Zg [ Ripner) %
. Angular size of endcap region QO atan(Ripner /Z8) = .
response functlon Number of barrel segments in ¢ Nog floor(2Zg /Cr) ,@ ) Physics Settings
y Number of endcap segments in ¢ NOg floor(Rinner/ Crw) g
Angular size of a single barrel segment in dbg (m—20g)/Nby 2
Angular size of a single endcap segment in ¢ dfg O /NOg OH
Number of barrel segments in ¢ in a single phi segment Ny floor(27R nner / (N Cra ) Sensitive Action
Number of endcap segments in ¢ in a single phi segment™  Néj, floor2rR;  [(NoCry)) Filters
Angular size of barrel segments in ¢ dop dD/Neg .
Angular size of endcap segments in ¢ dey d®/Ng}, Energy deposit Wavelength
(Step-level) (Track-level)
’ . Sensitive Actions
/// // //’ /,/

]
v

i

¢ <
s L 7
N // \// N s

Crystal Hits

SiPM Hits

Hit Definitions



rojective gaps

Different ways to handle phi
and theta projective cracks

CMS: uniform angular tilt
offset in both

SCEPCal: linear planar offsets
> Flat phi segmentations
> Global z-offset in theta




Event displays — single photons (10-50 GeV)

. 0n0 |
Have hit positions, have |
geometry calculations

Plot hits and redraw geometry |

|
Lightweight, portable, runs in |
python notebooks
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Event displays — eeZZ 240 GeV
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Event displays — eeZZ 240 GeV .
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Detector response and synthetic data

“Sensitive action” processes particle step
interactions into hits

“Sensitive action filters” apply cuts on steps to
be processed
edepo
Effectively acts as a detector response
function
» Default is energy deposit per step (1 keV)

For optical photons, change to wavelength cut
at track-level, not step

New representations of same processes
> “Synthetic data”

Comparison for 10 MeV gamma shown Wavelength

Potentially useful as a new handle for PFA, (200nm)
studies ongoing

Material properties also have big effect
Many, many parameters to dial




Each subdetector has separate
readout collection

Standardized hit classes
> SimTrackerHit
> SimCalorimeterHit
> SimDRCalorimeter Hit

Easy to spin up ad-hoc python classes

or use something more official

To dos:
Digitization -> RECO

YV VY

spring

Performance optimizations
High-quality sample production
FCC calorimeter workshop in

Readout structure

=44 DCHCollection
. ~-3% DCHCollection cellID

3% DCHCollection e Dep

3% DCHCollection time

- ﬁ DEHCollection path Length

3% DCHCollection quality

- % DCHCollection position x

3% DCHCollection position y
3% DCHCollection position 2
.ﬁ DCHCollection momentum .=

e .ﬁ D CHCallection momentun.y

El,ﬂ ['REndcapTubes RO ScinLeft

------ ﬁ DREndcapTubesROScin Left energy

= S SCEPCal_readout
. 3% SCEPCal_readout.celllD

- ﬁ SCEPCal_readout eneroy

3% SCEPCal_readout position x

- % SCEPCal_readout position y

-3 SCEPCal_readout position 2

- % SCEFCal_readout.tavaC

- % SCEPCal_readout. t4vas

ﬁ DREndcapTubesROScinLeft.cellD

------ % DREndeapTubesR O ScinLeft position
------ ﬁ DR EndeapTubes RO Sein Left position.y
------ ﬁ DREndecapTukbesR O ScinLeft position.z

- ﬁ SCEPCal_readout.nCerenkow Prod
(. ﬁ SCEFCal_readout nScintillationProd

Hﬁg test_FCCee_nl_edepS00ey root

{ [ |events;1

----- D CHCaollection

----- A4 _DCHCallection_particle

----- ,ﬂ DFREndcapTubes RO Cher Left

----- ,ﬂ _DREndcapTubesROCher Left_contributions

----- ,ﬂ DR EndcapTubes RO Cher Left Contributions

----- ,ﬂ _DFREndeapTubes RO Cher Left Contributions_particle
----- ,ﬂ DR EndcapTubes RO Cher Right

----- ,ﬂ _DREndeapTubes ROCHer Right _contributions

----- .ﬂ DR EndcapTubes RO Cher Right Contributions

----- .ﬂ _DREndeapTubes ROCHer Right Contributions _particle
----- 'ﬂ DREndcapTubesROScinLeft

----- 'ﬂ _DREndeapTubesROScinLeft_contributions

----- 'ﬂ DR EndecapTubes RO ScinLeft Contributions

----- 'ﬂ _DREndeapTubesROScinLeft Cantributions_particle
----- ﬂ D'REndcapTubes RO ScinRight

----- ﬂ _DREndeapTubes RO ScinRight_contributions

----- ,ﬂ DR EndeapTubes RO ScinRight Cantributions

----- ,ﬂ _DFREndeapTubes RO ScinRight Contribations_particls
----- EventHeader

----- §h _EventHeader_weights

----- LurniCal Caollection

----- _LumiCalCallection_contributions

----- Lurni Cal Callection Contributions

----- .ﬂ _LumiCalCallection Contributions _particle

----- MC FParticles

----- 'ﬂ _MCParticles_parents

----- ﬂ _MCFParticles_daughters

----- ﬂ fuon Systern Collection

----- ﬂ _MuonSystem Collection_particle
----- SCEFCal_readout

----- _SCEFCal_readout_contributions
----- SCEFCal_readout Contributions
----- ,ﬂ _SCEFCal_readaut Contributions_particle
----- Sivir B Collection

----- 24 _sivirBCallection_particle

----- Sivir D Collection

----- 24 _sivirDCollection_particle

----- Wertex Barrel Collection

----- 'ﬂ _MertexBarrelCollection_particle
----- 'ﬂ ‘ertes Endeap Collection

----- ﬂ _ertexEndeap Collection_particle
----- HAGPIntKeys

----- GFInt'alues

----- ﬂ GFFloatkeys

----- GF Float'alues

----- ,ﬂ GFDoubleKeys

----- GF Doukle'alues

..... % GP String Keys

----- ,ﬂ GF String\alues

----- % |runs;1

----- % | metadata; |



More studies

Bi-level optimization

Reconstruction vs. geometry parameters

Detector response and synthetic data

More speculative studies

Picking the right neural network for the detector

Long context — transformers
Noise — diffusion
Adversarial combination, etc.

Let the physics case drive hardware development

Commit to full sim side-by-side comparisons for competing
technologies for a given physics goal requirement

Assess innovations in material/sensor properties

e.g. HHH from single loop corrections to HZ cross section
Light-jet background apparently dominates
Work backwards to define detector requirements for desired precision

Lattice-oriented crystals
Chromatic calorimetry
1000nm+ SiPMs

etc.
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