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1. Detector: 5 software + 1 tracker talk.

2. Physics:
➜ QCD: 6 talks.
➜ SM Higgs: 3 talks.
➜ top: 2 talks + BSM Higgs: 1 talk.
➜ eA: 3 talks + UPCs: 1 talk.
➜ FCC: 3 talks.

All in all: 25 talks.
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Detector Session - 6 talks
Markus Frank (CERN):                  DD4hep - Detector Description Toolkit  
                                                       work status, components and usage 

Benedikt Hegner (CERN):             FCC Software Overview 

Andreas Salzburger (CERN):        Simulation & Reconstruction SW for FCC 
                                                       Lessons from the past and an outlook 

Julia Hrdinka (Wien):                     The Tracker description and Interface to Gaudi 
                                                       Experiences and first Results 

Anna  Zaborowska (Warsaw):       The Fast Simulation for FCC in GEANT, 
                                                       First experiences integrating the ATLAS tracker tool 

Luciano Musa (CERN):                  Upgrade of the ALICE Inner Tracking System 
 
5 talks with details of the software effort for the FCC-hh-eh-ee (started 2014);  
a platform for software developments commonly used  
+ an exemplary tracker upgrade for ALICE 
LHeC context: share the same point of views;  
                         synergy effects (optimistically - leave out all software license policies  
                                                      of (current) experiments/projects involved)
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Markus Frank: 
DD4hep - Detector Description Toolkit  

Based DD4hep/DDG4 tools - 
those results  (simple model still) ⇒ 
are accessible for everybody! 
(Yes, for students as well 😀) 

Thanks to all of the DD4hep/DDG4 
developer group!
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Simulation of Higgs->bb from LHeC ep 

• A compact DD4hep/DDG4 detector model mimic/simulate  
the response on physics, on reconstruction schemes,  
on analysis chains (ROOT/GEANT4 based)  

• The DD4hep/DDG4 toolbox covers   

• full detector description:  
geometry, materials, visualisation, readout, 
alignment, calibration …  

• single source of detector information for simulation,  
reconstruction, analysis 

• support of all phases of the experiment life cycle:  
detector concept development, detector optimization, 
construction, operation 
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ILD: Model ILD_o1_v05
(F.Gaede, L.Shaojun)

– VXD, FTD, SIT, TPC, SET, beam pipe   

– Ecal, Hcal, Yoke, Beamcal, Lcal, LHcal

Already more refined                 ⇒ 
the ILD detector - its simulation and  
( Simulation = Geometry + Detector response + 
                          Physics  ),  
reconstruction interfaced  
to existing software modules 
 
You get for “free”: 
Automatic conversion from ROOT  
to Geant4 volume definitions based  
on compact detector description in  
xml - the central and only definition



Summary: Physics and Detector. 5

Markus Frank: 
DD4hep - Detector Description Toolkit  

June 25th 2015 LHeC Workshop Chavannes-de-Bogis         Markus Frank / CERN 15

DDG4: Upcoming Developments
● Support for fast and parametrized simulation

– Speed-up by avoiding full Geant4 machinery

– Workshop @ CERN this autumn

● Multi-threading support 

– According to Geant4 rules

– Multiple instances of elements handling actions

during energy deposits while tracking

● Revisit integration into experiment frameworks

– See also talk from B.Hegner

● Move to ROOT 6
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Summary and Outlook

● The DD4hep toolkit (+extensions) start to become 
accepted: Client validation has started

● Simulation kit DDG4 being validated
● Alignment support to be completed

– Requires conditions support for full functionality

=> DDCond: extension to be developed

● Validate, verify, enhance and document

● Happy to welcome new users 
and their contributions
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Andreas Salzburger: 
Simulation & Reconstruction SW for FCC  

Andreas:   “joined the FCC SW project because I think we should learn from the 
past and make things better (i.e. I’m an optimist)” 

Covered ATLAS (CMS) based experiences: 
- SW frameworks & Event Data (also Benedict’s talk) 
- ATLAS/CMS adopted the GAUDI framework (from LHCb - Markus is one of the  
  Authors); rewritten for CMS 
  load on software performance from:  multiplicity (HE), pileup, trigger requirements  
  ⇒ consequences for Simulation 

CPU Consumption
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Andreas Salzburger: 
Simulation & Reconstruction SW for FCC  
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5Simulation: the ATLAS ISF project (-> Julia)

‣ One framework to combine full and fast simulation techniques 
- within one job  

- within one event (e.g. in different sub detectors) 

- within one detector (in regions of interest) 

12

FlavorFilterID: 
use full MC in cone 

around electron 

FlavorFilter: 
process µ  

with full MC

DefaultFlavorID: 
use fast MC

FlavorFilterID: 
use full within 

jet containing b-hadron 

DefaultFlavorCalo: 
fast MC
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‣ Common reconstruction software: 
- not obvious that one shoe fits all 

different needs for different setup (µ) 

- but the fabric and tools SHOULD be shared 
e.g. infrastructure (geometry, EDM): see talks of Benedikt, Julia 
track fitters (Kalman/GSF/EArm) 

- many excellent solution around (and stress-tested) at the LHC 
tracking, calorimetry, particle flow, b-tagging, etc. 

‣ My advice: let’s take what’s good and rewrite the rest 
- what an obviously bold statement … 

‣ Not entirely clear what the licensing situation is though 
- different experiments have different SW licence policies

16
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It is vital for the LHeC software environment 
getting a conversion from ROOT  
to FLUKA volume definitions (eA physics); 
reuse the (envisaged) developments 
from ATLAS !
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Comparing geometries

9

DD4hep

RecoGeo Geant4

Julia Hrdinka: 
The Tracker Description and Interface to Gaudi

Experiences and first Results

Using elements of DD4hep toolbox - xml-description, volumes creation 
- unfolding of volumes (ROOT) in GAUDI (ATLAS version), conversion for GEANT4 
- solved the interfacing to ATLAS tools (simulation - fast& detailed, reconstruction). 
- invent new layer and module handling (surfaces) 

Common event  
processing framework: 
Gaudi/GaudiHive

Detector 
description  
input: 
DD4Hep

Common I/O 
handling via 
Gaudi/FCC

Single simulation kernel: 
Geant4 RunManager 
embedded as Gaudi algorithm

job configuration, 
initialisation, 
event loop

input file 
output file

xml input file

central particle stack, 
forking into fast/full simulation engines

Geant4/VG4Flash

C

C
common service with 

translators into specific 
geometry/event data

event 
loop

Parametric

Fast MC

        Digitisation/Reconstruction
C

generator input

reconstructed 
event data

hitshits

© A. Salzburger 2

Common software framework
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Julia Hrdinka: 
The Tracker Description and Interface to Gaudi

Experiences and first Results

Geant4 vs. RecoGeo

10

Conclusion & Next steps

• We are able to build a first test tracker and provide it in the Geant4 and the 
reconstruction geometry 

• Implementation of magnetic field transport & track fitting from ATLAS code 

• Proof of principle 

  both full and fast simulation can be invoked from one common source 

  compare output 

   create tracks from truth particles via full simulation                    
  and fast simulation 

  input for parametric simulation 

11

√
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Anna  Zaborowska: 
The Fast Simulation for FCC in GEANT,  

First experiences integrating the ATLAS tracker tool

Underlined the importance of having 
“both fast and full simulation together in one framework” 
                             with Geant4 group (Federico, Alberto, ... )  

Common software framework - Gaudi    (with FCC Software group (Benedikt, …)) 
                                 

                      Geometry - DD4hep           (Julia Hrdinka and Andi Salzburger)  
 
                      taking into account  
                                         momentum/energy smearing  (CMS like & AtlFast) 
                      

FCC fast simulation with Geant4: first working prototype  
integrated into a common software framework (GAUDI) 

Plans: 
• integration of single-particle reconstruction into GAUDI; 
• extending the fast (parametric) simulation (efficiency, 
  misidentification, separation in the calorimeters …); 

    Incorporated in future GEANT4 release 
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Benedikt Hegner: 
FCC Software Overview

FCC Software needs to support the studies of multiple detectors 
At different stages different level of detail required 
– Smearing vs. fast sim vs. full sim 

FCC choices are 
– Delphes 
– Fast simulation 
– Full simulation with Geant4 
– Common Event Data Model 
– C++ and Python 

Delphes has been (mostly) integrated into the FCC SWF 
Fast Simulation in FCC - 

PAPAS is a PArametrized PArticle Simulation package (Colin Bernet) 
– based on particle flow experience mainly from CMS 
– prototyping environment for new algorithms in Python 
– ‘integrated’ into FCC software by using the same EDM 

First iteration of tracking data model finished 
Manpower very critical! 

Many software efforts going on in parallel 

      Please sign up and join!
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Luciano Musa: 
The ALICE Si-Tracker for the HL-LHC

Could serve as template when going for a realization of central trackers in the 
LHeC-Detector 

- low material budget   0.3% - 1.1%  X0  
- very low power consumption !   (faster R/O would require more; but separation of   
  tracking and time supplying modules possible) 

ALICE Upgrade Strategy 
- maximum rate of 50kHz R/O 
- improvement of vertexing and tracking capabilies at low pT 

- New Inner Tracking System - targets LHC Long Shutdown (2018/19)
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1. Detector: 5 software + 1 tracker talk.

2. Physics:
➜ QCD: 6 talks.
➜ SM Higgs: 3 talks.
➜ top: 2 talks + BSM Higgs: 1 talk.
➜ eA: 3 talks + UPCs: 1 talk.
➜ FCC: 3 talks.

All in all: 25 talks.
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in proton pdf, evolution
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PDF status [Cooper-Sarkar]
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Forward production
Small/large x related

Plus flavour decomposition: s, c, b, t?
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GPDs [Liuti]
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unpolarised!
Roadmap to extract GPDs from experiment: use of 

pseudodata to analyse the LHeC potential.
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DGLAP fit undergoing
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nPDFs [Olness]
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● New set just released.
● Disagreements can only 
be solved by data: 
pPb@LHC (to some 
extent: W, Z, jets), LHeC!!!
● NNLO QCD + QED!!!.
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● An impressive amount of work has been presented.

● New LHeC material is under construction: Higgs, top, BSM, 
QCD,…, to strength a realisable physics case.

● Manpower is needed, particularly for the detector part.

● Collaboration with the LHC experiments is desirable for the 
comparison with LHC expectations. 

Thanks for Voica and Peter for organising the session!!! 

Thanks a lot for your attention and apologies to those who find 
their work badly or under presented!!!


