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From key requirements from physics: 
• pt resolution (total ZH x-section)  

𝜎(1/pt) = 2 x 10-5
 GeV-1

 ⊕ 1 x 10-3 / (pt sin1/2𝜃) 

• vertexing  (H → bb/cc/ττ)  
𝜎(d0) < 5 ⊕ 10 / (p[GeV] sin

3/2
𝜃) 𝜇m    

• jet energy resolution 3-4%  
(H → invisible) 

• hermeticity  𝜃min = 5 mrad  
(H → invis, BSM) 

To key features of the detector: 
• low mass tracker:  

• main device: Time Projection Chamber (dE/dx !) 
• add. silicon: eg VTX: 0.15% rad. length / layer) 

• high granularity calorimeters  
optimised for particle flow
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• executive summary => ILD input to European Strategy 
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Electron Beam

SiW ECal: 2 weeks at DESY with 
electric long slab prototype

A. Irles  |  19/09/2018 | CALICE Meeting 2018, Shangai Page 3

DESY@2018 – Electrical prototype of Long Slab

Daisy chain of 8 ASU (extendable to 12)

Corresponding to typical barrel length

Based on FEV12 ASU & SMBv4 (in stock)

● FEV12 is an adiabatic modi8cation of FEV11

No ILC geometrical constraint (thickness)

Baby-wafer 4x4 pixels on each ASU

HV $ltered by RC circuits to reduce noise

Adaptation of impedance of any lines 
(simulations)

DAQ resizing to cope with chips multiplicity

c.f. Calo parallel  
Wed 8:30 am 

K.Krüger, F.Sefkow



Highlight of Detector R&D: Calorimeter Testbeams

AHCal: 3 weeks at CERN-SPS  
with new large prototype 

5

Electron Beam

SiW ECal: 2 weeks at DESY with 
electric long slab prototype

A. Irles  |  19/09/2018 | CALICE Meeting 2018, Shangai Page 3

DESY@2018 – Electrical prototype of Long Slab

Daisy chain of 8 ASU (extendable to 12)

Corresponding to typical barrel length

Based on FEV12 ASU & SMBv4 (in stock)

● FEV12 is an adiabatic modi8cation of FEV11

No ILC geometrical constraint (thickness)

Baby-wafer 4x4 pixels on each ASU

HV $ltered by RC circuits to reduce noise

Adaptation of impedance of any lines 
(simulations)

DAQ resizing to cope with chips multiplicity

c.f. Calo parallel  
Tue 2 pm

c.f. Calo parallel  
Wed 8:30 am 

K.Krüger, F.Sefkow



ILD Performance:  
Understanding and Optimising



Motivation

ILD as in the DBD 
• is well thought-through detector design  
• delivers the required physics performance  
=> why bother about optimisation?
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Goals of current optimisation process: 
• how large is “Large”? 
• understand better the dependence of physics performance  

on various (high-level) detector performance aspects 
• quantify expected gain from possible improvements of the detector, e.g. ToF, new vertex geometry, … 
• identify limiting factors in detector design and/or reconstruction and quantify their impact



2018 MC Production for Detector Optimisation

• completely new detector simulation 
based on DD4HEP: 
• large detector “ILD-L”: RTPC = 1.8 m, B = 3.5 T 
• small detector “ILD-S”: RTPC = 1.46 m, B = 4 T 

• general overhaul of reconstruction 
• … and adding further realism 
• Spring 2018: first large scale MC production  

          => thanks to ILD MC production team!  
• full SM @ 500 GeV,  plus some 1 TeV, both detectors 
• based on events generated for DBD (Whizard 1.95)

8

ILD-L ILD-S
S.Lu
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Design of forward region: antiDID or no antiDID?
 DBD-ILD includes an antiDID field 
• guides e+e- pairs from beamstrahlung down the beam pipe 
• reduces “blind region” of BeamCal -> hermeticity! 
• reduces back-scatter into vertex detector 
Question: really needed / worth the effort?
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Still needs further investigations  

before final conclusions  

can be drawn!
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Documentation
Significant effort to improve documentation  
w.r.t. previous rounds of detector optimisation: 
• an overview on each benchmark on ILD webpages 
• general ilcsoft and ILD specific documentation on github 
• code, scripts, macros, README on github 
• public ILD note or paper  

(with internal review process) 
• and finally the IDR…

10
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due to B=4T

not the end of the story:  
B=4T means stronger focus  of pair background hits in VTX   
=> less background - or 1st layer closer to IP ?

Physics example: low ΔM new particles! 
eg Higgsinos ΔM=770 MeV 
c.f. BSM parallel Tue 2 pm
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S.Bilokin

ILD with CLIC FTD &  
conformal tracking 

- work in progress…

S.Lu
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Jet clustering? 
Background overlay? 

Semi-leptonic decays?
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• using new ee -> cc / bb analogously to uds samples 
• differences in  

• fragmentation 
• number /energy of neutral hadrons  
• but cheating neutrinos 

cause huge degradation of c/b - JER/JES

Y.Radkhorrami
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• using new ee -> cc / bb analogously to uds samples 
• differences in  

• fragmentation 
• number /energy of neutral hadrons  
• but cheating neutrinos 
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Opportunities to improve ILD - Time of Flight for PID
• ILD baseline: dE/dx (TPC) - resolution 

ILD-L :  4.4% (sim)  vs   4.2…4.7% (testbeam) 
ILD-S:  4.9% (sim)  vs   4.8…5.4%  (testbeam)                                            

• NEW: Studied potential improvement by time-of-flight by assuming  
10, 50,100 ps resolution on first 10 ECal hits
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Already 100 ps covers  

snuggly dE/dx’s blind spots! 

However: realisation needs  

significant R&D

c.f. VTX/TRK parallel  
Wed 8:30 am 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Physics Performance 



Choice of Physics Benchmarks
• cover a broad range of important performance aspects 
• focus on channels where detector is expected to dominate over limitations of reconstruction / analysis 
• ECM = 500 GeV (in one case 1 TeV) since more challenging for detector  

than 250 GeV: 
• higher momenta 
• more collimated jets 
• more forward topologies 
• higher backgrounds 
• …

18

Benchmark b/c  
JER/JES

uds  
JER/JES

pt  
res

mu  
ID e ID 𝛾 E / 𝛉 ISR tag Beam  

Cal b-/c-tag PID,vertex 
charge tau ID

M(H->bb)
BR(H->mumu)

H->invisible

ee->tautau

ee->WW->qqlnu

ee->nunuqqqq

ee->gammaZ

tt->bb qqlnu

BR(H->bb/cc/gg)

low DM Higgsinos

mono-photon WIMPs

extra H bosons
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A few examples…. 
… all work in progress!



H->𝜇𝜇 and momentum resolution
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Combined Results
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ILC250:
~17-20% precision
ILC250+500:
~12-15% precision

20.2%
14.3%

ILC250:
~18-22% precision
ILC250+500:
~14-18% precision

24.89%
17.52%

main performance aspect: 
pt resolution  

for high-momentum tracks

main physics observable:  
𝜎(𝜈𝜈H) x BR(H->𝜇𝜇) @ 500 GeV 
=> analysis on new samples w.i.p.

S. Kawada

DBD analysis for 𝜈𝜈H + qqH, 2 ab-1 250 GeV 
+ 4ab

-1
 500 GeV, canonical pol. sharing 

• full sim: 18% 
• “perfect” momentum  

resolution (2*10-6): 14% 
• “theoretical limit”  

(100% eff, 0 bkg): 7%
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e+e- → 𝜏+𝜏-  @ 500 GeV

main physics observables:  
AFB, tau polarisation

20

intermediate observables:  
tau decay mode separation

main performance aspect: 
𝛑0 → 𝛄𝛄 reconstruction

K. Yumino & D. Jeans

No of reco. 𝛑0 
vs true 𝜏 

decay mode 

# reconstructed 𝛄 

𝜏 decays with  
2 true photons 
ILD-L 47% correct 
ILD-S 41% correct
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c.f. sim/rec parallel 
Thu 8:30 am 

K.Yumino



Exotic Higgs bosons via recoil method
main physics observable:  95% CL limit on S95 vs MH from 𝜇𝜇H recoil 
S95 := σ95( ZH(MH=X) ) / σSM( ZH(MH=X) )

21

performance aspect(s): 
• muon ID & p resolution 
• ISR reconstruction 

stable generator particles

 
simulated particles 

full reco

 without ISR veto cut

Y. Wang
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performance aspect(s): 
• muon ID & p resolution 
• ISR reconstruction 

stable generator particles

 
simulated particles 

full reco

 without ISR veto cut

conclusions for detector optimisation (@ 250 GeV!) 
• full sim ~= generator level for MH > 70 GeV 
• low masses: ISR veto crucial  
• magenta vs red: 𝛾 conversions?

Y. Wang

c.f. BSM parallel 
Thu 2 pm 
Y.Wang
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Conclusions
• ILD is well alive despite difficult funding/person power situation 
• ILD members are very active in  

• R&D collaborations (testbeams…) 
• preparing input for the European Strategy Update, for ILD and ILC 

• ILD completed first large scale MC production with new simulation & 
reconstruction chain based on DD4HEP  

• ILD is re-optimizing its detector design: 
• benchmarking “large” and “small” ILD with selected physics channels  
• investigating possible improvements to the detector concept:  

e.g. forward tracking & time-of-flight 
• All developments since DBD will be summarised in the ILD Design Report “IDR”
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Quartic Gauge Couplings 

main physics observable:  
limits on aQGC @ 1 TeV

25

intermediate observable:  
Mij vs Mlk from 𝛎𝛎qqqq

main performance aspect: 
JER & JES (udscb)

J. Beyer
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ILCSoft : v02-00-01
M=770 MeV∆ γ-χ∼+
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Physics example: low ΔM new particles! 
eg Higgsinos ΔM=770 MeV


