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Introduction
• e+e- physics will be a major topic this Snowmass 

• studies for Snowmass are an excellent opportunity to involve new people 

• provide simple to use but qualitatively convincing tools! 

• HOW ?
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Concept overview - what will we offer
Generator-level events 

• stdhep format 
• ECM = 250GeV*, 350GeV, 

500GeV, 1TeV 
• “full SM” + selected signals 
• L ~= ECM * fb-1 / GeV :-) 
• Whizard 1.95 
• beam energy spectra 
• full treatment of spin / 

polarisation  
(beams -> tau decays) 

• OPAL hadronisation tune 
• head-on 
* 250 GeV superseeded 
soon by Whizard 2.8.x, 10 
ab-1, LCIO format => stdhep 
on request
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Delphes card for 
“generic (I)LC detector” 

• describing a particle flow 
detector in Delphes is a 
challenge 

• but widely used in pp 
community 

• simple Delphes card from SiD 
(C.Potter) 
=> performance factors 2…
10 away from full 
simulation! 

• very involved CLICdp setup 
(P.Roloff et al) 

• ILD is working on a 
reasonable description 
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miniDST 
• brand-new initiave within ILD 

• define a reduced, high-level data format  
(isolated leptons & photons, jets, particle flow objects, MCtruth) 

• readable in root (loading one shared library), no Marlin etc required 

• filled from 1) SGV,  2) full simulation, and, possibly 3) Delphes
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Generator-level event samples
• DBD-samples (Whizard 1.95):  
• readily available in stdhep format on the grid (ilc-vo) 
• => copy to some Snowmass space for access without ilc-vo 

membership? 
• new 250 GeV samples (Whizard 2.8.x), new beam spectrum:  
• upcoming, but by default lcio format only  
• => upon request: write also sthep, but then disk space needs to be 

provided! 
• LCC Generator Group is available for advice and support for generating 

additional samples (eg BSM signals).
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Delphes
• will provide a Delphes card 

describing “a generic ILC 
detector” 

• avoid Delphes-based “SiD vs 
ILD” comparisons 

• existing SiD card 2…10x worse 
than ILD full simulation 
  

             => 
• no central processing of 

events with Delphes planned 
on our side
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DELPHES task force
Goal:
●prepare the updated ILC detector model for Snowmass studies.

Key developments planned:

●Include forward detector description
➔LumiCal and LHCAL included in particle flow reconstruction
▷Increase of the angular coverage for exotic studies…

�Verify/improve description of calorimeter segmentation

�Verify/improve “granularity” of response description
➔Better modeling of single-particle reconstruction

�Improve description of b- and c- tagging
➔Also taking into account angular and energy dependence

�More options for jet clustering
➔Choice between inclusive and exclusive clustering with different number of jets

Dedicated repository created:  https://github.com/ILDAnaSoft/ILDDelphes
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SGV
• the battle-proven ILC fast simulation tool 
• ready to be used at anytime by anybody: 
 
 

• producing either LCIO-DST or direct analysis / root tree writing 
• see also: https://agenda.linearcollider.org/event/8525/contributions/

45543/attachments/35501/55052/berggren-ildphone-12may20.pdf 
• plan for Snowmass: provide miniDST filled from SGV 

=> storage outside of ilc-vo to be provided by Snowmass

6

Installing SGV

svn export https://svnsrv.desy.de/public/sgv/tags/SGV-3.0rc1/
SGV-3.0rc1/

Then

bash install

This will take you about a minute ...
Study README, and README in the samples sub-directory, to eg.:

Get STDHEP installed.
Get CERNLIB installed in native 64bit.
Get Whizard (basic or ILC-tuned) installed, with complications
solved.
Get the LCIO-DST writer set up

https://agenda.linearcollider.org/event/8525/contributions/45543/attachments/35501/55052/berggren-ildphone-12may20.pdf
https://agenda.linearcollider.org/event/8525/contributions/45543/attachments/35501/55052/berggren-ildphone-12may20.pdf
https://agenda.linearcollider.org/event/8525/contributions/45543/attachments/35501/55052/berggren-ildphone-12may20.pdf
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Full Simulation 
• the ultimate level of realism 
• requires getting in contact with SiD / ILD 
• both Detector Concepts welcome newcomers! 
• ILD offers a “guest membership” - costs nothing, apart from following ILD 

publication rules 
• plan for Snowmass: provide miniDST filled from ILD full simulation & 

reconstruction - somewhat later than SGV-miniDST, though. 
=> analyses can start with SGV-miniDST, option to move to ILD-miniDST if 
deeper interest 
=> again storage outside of ilc-vo to be clarified / provided by 
Snowmass? 
=> SiD version ?
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Summary
• available already: 
• DATA: generator-level event samples 250 GeV, 350 GeV, 500 GeV, 1 TeV 
• TOOL: SGV fast simulation 

• in preparation, hopefully in place by ~mid July: 
• DATA: SGV-miniDST of the above generator-level samples 
• TOOL: Delphes card for a “generic ILC detector” 

• in preparation, coming during ~fall: 
• DATA: ILD-miniDST of new 250 GeV samples, other energies tbd 
• TOOL: miniDST output for Delphes ? 

• data with “ILD” in the name will require at least “guest membership”
8
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• arXiv:1602.07748 
(SiD Delphes card  
by Chris Potter) 

• compared to full  
simulation  
performance as in 

• SiD DBD 

• ILD IDR
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7.4. Monte Carlo Production on the Grid

• charged particles
using the momentum measured in the tracking detectors with the excellent resolution described
in sec. 8.1

• photons
measured in the ECAL with an energy resolution of ‡(E)/E ≥ 17%/


(E/GeV)

• neutral hadrons
measured predominantly in the HCAL1 with an energy resolution of ‡(E)/E ≥ 50%/


(E/GeV)

The best jet energy measurement in hadronic events would be achieved if the above algorithm
would work perfectly. However in reality there is always confusion in the assignment of individual
CalorimeterHits to Clusters and showers as well as in the assignment of tracks to clusters. The
best PFA implementation to date is PandoraPFA [145], interfaced to Marlin in a dedicated package
DDMarlinPandora. The ILD reconstruction with Pandora also utilizes the instrumented return yoke
and the forward calorimeters. The input to PandoraPFA are the reconstructed tracks, candidates for
kinks and V 0s as well as all digitized calorimeter hits. A number of sophisticated clustering algorithms
are then applied in an iterative way, thereby optimizing the track-cluster matching based on the
momentum-energy consistency. The output of PandoraPFA is a list of reconstructed particles, typically
referred to as particle flow objects (PFO).

7.3.4 High Level Reconstruction

After having reconstructed all the individual particles in the event, the next step in the processing is the
reconstruction of primary and secondary vertices. This is carried out in iLCSoft with the LCFIPlus [146]
package. The primary vertex of the event is found in a tear-down procedure, starting with all tracks
and gradually removing tracks with the largest ‰2 -contribution, up to a given ‰

2 -threshold. Thereby,
the constraints from the expected beam spot (‡x = 516 nm,‡y = 7.7 nm,‡z ≥ 200 µm at Ecms =

250 GeV) are taken into account . In a second step LCFIPlus tries to identify secondary vertices,
applying suitable requirements for invariant masses, momentum directions and ‰

2s. Secondary vertices
and optionally isolated leptons can be used by LCFIPlus for jet clustering, aiming at high e�ciency for
correctly identifying heavy flavor jets. The actual jet clustering is then performed by using a cone-based
clustering with a Durham-like algorithm [147]. Alternatively users can use kT jet clustering algorithms
from the Fastjet [148] library that is interfaced to Marlin in a dedicated package MarlinFastJet. LCFIPlus
also provides algorithms for jet flavor tagging using boosted decision trees (BDTs) based on suitable
variables from tracks and vertices. A palette of additional high level reconstruction algorithms is used
for physics analyses:

• particle identification using dE/dx, shower shapes and multi-variate methods

• ““-finders for the identification of fi0 and ÷-mesons

• reconstructed particle to Monte-Carlo truth linker for cross checking analysis and reconstruction
e�ciencies

• tools for jet clustering using Monte-Carlo truth information

• processors for the computation of various event shapes

7.4 Monte Carlo Production on the Grid

The linear collider community uses the ILCDirac [149] toolkit for large scale Monte Carlo production on
the Grid. ILCDirac is highly configurable and ILD uses a dedicated production chain [150], a schematic

1hadronic showers often start in the ECAL and might extend into the Muon system - this is taken into account in
PandorPFA

ILD Design Report: 97
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Tracking efficiency

11

Chapter 8. Detector and Physics Performance

(a) (b)

(c) (d)

(e) (f)

Figure 8.2. Track finding e�ciency for prompt (rvertex < 10 cm) tracks in tt̄-events at 500 GeV as a function of
kinematic variables for the large and small detector: (a) as a function of momentum p (b) as a function of transverse
momentum pT (c) as a function of cos(◊)). The e�ect on the e�ciency of overlaying hits from 1BX and 2BX of
pair background is shown in (d). The tracking e�ciency as a function of cos(◊) and either momentum or transverse
momentum is shown for the large model in (e) and (f) respectively.

SiD DBD
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SiD DBD pt threshold in SiD Delphes  
~5x higher than ILD 

full simulation, 
significant inefficiency  

even at high pt
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1/pt resolution vs p

12

SiD DBD

8.1. System performance

(a) (b)

(c) (d)

(e) (f)

Figure 8.1. Tracking resolutions for single muons for the large and small ILD detector models. (a) Inverse transverse
momentum resolution ‡1/pT

as a function of momentum and the ratio small/large in (b). (c) Impact parameter
in the r„-plane ‡d0 as a function of momentum and the ratio small/large in (d). (e) Impact parameter along the
z-axis ‡z0 as a function of momentum and the ratio small/large in (f).

ILD Design Report: 103
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SiD Delphes  
~2x worse than ILD 

full simulation in barrel, 
~2x better in forward
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SGV

13

SGV Tracker simulation

SGV: How tracking works
SGV is a machine to calculate covariance matrices

Tracking: Follow track-helix through
the detector.

Calculate cov. mat. at perigee,
including material,
measurement errors and
extrapolation. NB: this is
exactly what Your Kalman filter
does!
Smear perigee parameters
(Choleski decomposition:
takes all correlations into
account)
Helix parameters exactly
calculated, errors with one
approximation: helix moved to
(0,0,0) for this.

Mikael Berggren (DESY-HH) SGV ILD, May ’20 8 / 22
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SGV Tracker simulation

SGV and FullSim LDC/ILD: momentum resolution

Lines: SGV, dots: Mokka+Marlin
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Jet Energy Resolution

14

SiD DBD

8.1. System performance
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Figure 8.3. Jet energy resolution (JER), evaluated as defined in eq. 8.1 for Z æ qq -events and q œ [u, d, s]. (a)
comparison of the JER for the large and small ILD detector in the barrel region with | cos(◊thrust)| < 0.7 (b) the
same for the endcap region with 0.7 < | cos(◊thrust)| < 0.98 (c) JER as function of the polar angle (thrust-axis) of
the event. (d) JER for u, d, s di-jet events together with cc and bb events, with (dashed lines) and without (solid
lines) correcting the ‹ energies using Monte Carlo truth information. (e) Jet energy scale for the large and small
model for barrel events.

ILD Design Report: 105
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Figure 8.3. Jet energy resolution (JER), evaluated as defined in eq. 8.1 for Z æ qq -events and q œ [u, d, s]. (a)
comparison of the JER for the large and small ILD detector in the barrel region with | cos(◊thrust)| < 0.7 (b) the
same for the endcap region with 0.7 < | cos(◊thrust)| < 0.98 (c) JER as function of the polar angle (thrust-axis) of
the event. (d) JER for u, d, s di-jet events together with cc and bb events, with (dashed lines) and without (solid
lines) correcting the ‹ energies using Monte Carlo truth information. (e) Jet energy scale for the large and small
model for barrel events.
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Figure 8.3. Jet energy resolution (JER), evaluated as defined in eq. 8.1 for Z æ qq -events and q œ [u, d, s]. (a)
comparison of the JER for the large and small ILD detector in the barrel region with | cos(◊thrust)| < 0.7 (b) the
same for the endcap region with 0.7 < | cos(◊thrust)| < 0.98 (c) JER as function of the polar angle (thrust-axis) of
the event. (d) JER for u, d, s di-jet events together with cc and bb events, with (dashed lines) and without (solid
lines) correcting the ‹ energies using Monte Carlo truth information. (e) Jet energy scale for the large and small
model for barrel events.
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SGV Calorimeter simulation

Proof of principle of the parametrisation

Feed exactly the same physics events through FullSim or SGV.

Overall:
Total seen energy

e+e� !ZZ ! four jets:
Reconstructed MZ at
different stages in FullSim.
Seen Reconstructed MZ ,
FullSim and SGV.
Jet-Energy resoulution (NB:

r.m.s., including jet-finding uncertainties ) not

the standard plot for JER!)
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Chapter 8. Detector and Physics Performance
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Figure 8.8. (a) Reconstruction e�ciency for single 30 GeV photons in the large and small detector models for
Ecms = 500 GeV and Ecms = 250 GeV as a function of the polar angle. (b) Fraction of clusters that are falsely
reconstructed from background hits (1-purity) as a function of the polar angle.

8.2 High-level Reconstruction Performance

8.2.1 Flavour-Tag Performance

The e�cient identification of heavy flavour jets in hadronic events is an indispensable ingredient to
many important physics analyses, such as the H æ cc and H æ bb branching ratio measurements.
The LCFIPlus tool, described in section 7.3.4, is used for flavour tagging with BDTs. The training of
the BDTs is done with e+e≠ æ 6 q events at

Ô
s = 500 GeV, where all quarks are chosen to have

the same flavour, mostly from e+e≠ æ ZZZ events. The jets are predominantly produced in the
central region of the detector in these events at the given center of mass energy. The performance
is evaluated with a sub-sample of the same type of events that has not been used for training the
BDT. The resulting performance is shown in Fig. 8.9 for the large and small ILD detector model. In
(a) the background rate as a function of the c-tagging e�ciency for b-quark and light flavour quark
jets is plotted and (b) shows the background rate for c-quark and light flavour quark jets as a function
of the b-tagging e�ciency. As expected from the impact parameter and vertex resolutions there are
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Figure 8.9. Flavour tag performance for the large and small ILD detector models. (a) background rate as a function
of the c-tagging e�ciency for b-quark and light flavour quark jets. (b) background rate as a function of the b-tagging
e�ciency for c-quark and light flavour quark jets.
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BDT. The resulting performance is shown in Fig. 8.9 for the large and small ILD detector model. In
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jets is plotted and (b) shows the background rate for c-quark and light flavour quark jets as a function
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Figure 8.9. Flavour tag performance for the large and small ILD detector models. (a) background rate as a function
of the c-tagging e�ciency for b-quark and light flavour quark jets. (b) background rate as a function of the b-tagging
e�ciency for c-quark and light flavour quark jets.
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Figure 8.9. Flavour tag performance for the large and small ILD detector models. (a) background rate as a function
of the c-tagging e�ciency for b-quark and light flavour quark jets. (b) background rate as a function of the b-tagging
e�ciency for c-quark and light flavour quark jets.
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SGV Calorimeter simulation

Proof of principle of the parametrisation

Feed exactly the same physics events through FullSim or SGV.

Overall:
Total seen energy

e+e� !ZZ ! four jets:
Reconstructed MZ at
different stages in FullSim.
Seen Reconstructed MZ ,
FullSim and SGV.
Jet-Energy resoulution (NB:

r.m.s., including jet-finding uncertainties ) not

the standard plot for JER!)
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