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Motivation
What can ECFA HF Study add beyond state-of-the-art?

• Unclear which project will be built - but to get any, a strong e+e- community is required! 
=> How can HEP community engage in e+e- Higgs Factory studies after Snowmass?  

• Most can only spend only a small fraction of their time on “future topics” 
=> lower threshold to contribute as far as possible  
=> avoid duplication

• ECFA Study is not tied to a specific e+e- project:
• for people who hesitate to “sell their soul” to FCC or ILC or …  this could be the ideal place!
• minimum:  

forum to present work and discuss science and detector requirements across projects
• even better: trigger actual joint work => focus topics
• support the use of common software and exchange of data-sets via Key4HEP

=> How can ILD engage and contribute?
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Purpose of Focus Topics - in the words of Aidan Robson 
Chief Editor of the final report of the ECFA HF Study
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Overview
and reminder on structure of ECFA HF study

• central entry point: https://indico.cern.ch/event/1044297/ 
• three (top-level) WGs
• WG1 Physics Potential opted for a substructure
• 16 focus topics

• for each, one sub-area within WG1 takes the lead
• WG2 and WG3 contribute on the relevant performance aspects

• currently, expert teams are being formed on each of the topics, will define the more detailed work program 
=> we (ILD) should support this by helping to find currently (or in the past? or possibly future?) 
active people in ILD

• ILD people in ECFA-HF-WG1 (besides JL):
• Junping, Marcel => GLOBal Interpretations
• Filip => SeaRCHes
• Adrián => PRECision

https://indico.cern.ch/event/1044297/
https://indico.cern.ch/event/1044297/
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Overview
and reminder on structure of ECFA HF study

• central entry point: https://indico.cern.ch/event/1044297/ 
• three (top-level) WGs
• WG1 Physics Potential opted for a substructure
• 16 focus topics

• for each, one sub-area within WG1 takes the lead
• WG2 and WG3 contribute on the relevant performance aspects

• currently, expert teams are being formed on each of the topics, will define the more detailed work program 
=> we (ILD) should support this by helping to find currently (or in the past? or possibly future?) 
active people in ILD

• ILD people in ECFA-HF-WG1 (besides JL):
• Junping, Marcel => GLOBal Interpretations
• Filip => SeaRCHes
• Adrián => PRECision

Caveat: all the following is work in progress, 

presentation here is meant to trigger discussion!

https://indico.cern.ch/event/1044297/
https://indico.cern.ch/event/1044297/
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Focus Topics
at a glance
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1 e+e− → Zh with h → ss (Z → anything) at √s = 240..250 GeV
HtoSS, HTE

• joined SiD / ILD Snowmass study:
• Valentina Cairo, Matt Basso, Jan Strube  

=> first study based on ILD full sim + 
cheated Kaon-ID

• Ulrich Einhaus, Bohdan Dudar 
=> realistic Kaon ID, with dE/dx and ToF; 
      algorithmic developments, PID tools
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2 Differential cross-sections in e+e− → Zh at √s = 240..250 GeV and 350 GeV
ZHang, HTE

• CP study H->tautau by Daniel
• anomalous HVV couplings by Tomohisa
• H->ZZ* by Evgeny
• H->WW* by Mila
• … ?
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3 Determination of the Higgs self-coupling
HSelf, GLOB

• existing ZHH / vvHH by Claude, Masakazu, 
Junping

• EFT fitting: Junping…
• new ZHH analysis by Julie 
• SiD/ C^3: Caterina & student
• …
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4 W Mass from Threshold and Continuum
WMass, PREC

• theory predictions and MC generators
• detector-level studies including mass 

reconstruction techniques 
• systematic limitations and calibration strategies

• ILD: Graham & Justin
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Figure 11: The left distribution shows the mass of the hadronic W-boson after overlay
removal and selection cuts against the remaining background events. The selection
used is the tight selection. O↵-shell events are not displayed. The right distribution
shows the resolution of the hadronic W mass with respect to the true mass in Monte
Carlo to illustrate the di↵erence of the raw reconstruction before �� removal and se-
lection versus selected events proceeding �� removal. Uses 1600 fb�1 in (�0.8,+0.3).

4.5 Results

A fit with the convolution of a Breit-Wigner with a Gaussian (Voigtian) of the
hadronic W mass is performed on the tight signal sample with the combined lep-
ton categories shown in Figure 12. The resulting fit models the shape and the mean
of the distribution well but deviates around 90 GeV and the edges of the fit window.
The width of the fit is also in excess of the true width, which is about 2 GeV. This
means that the Voigtian model is inadequate in describing the simulated data likely
due to the inadequacy of a single Gaussian for modeling the resolution. However,
because the shape is similar to simulated data, the fitted model is used to understand
the achievable mass resolution given a perfect model. Statistics consistent with 1600
fb�1 (9.36M Events) are produced according to the previously fitted model with a
mean MW = 79.7079 GeV, width �W = 10.6972 GeV and �W = 0.0 GeV and refitted
to achieve the statistical error on the mean �MW (stat.) = 2.4 MeV with goodness-
of-fit �2/ndof = 67.8/77. This fit neglects background contributions but includes
the o↵ shell contributions. The toy model refit is also included in Figure 12. The
cross-section and errors are extracted from Table 3 according to the formula:

� =
NT �NB

L✏
(4)

where NT is the observed number of events that passes the selection and NB is the
expected number of background events that contaminate the signal selection. The
resulting statistical error on the cross-section is dominated by Poisson errors on NT ,

17

performance appropriate to the envisaged ILC detectors. The previous study was
started in 1999 and had very conservatively assumed experimental characteristics
similar to the LEP detectors.

Such a measurement would necessarily entail significant allocation of running time
to data-taking near

p
s = 161 GeV where the cross-section is most sensitive to MW.

Low statistics measurements at a single center-of-mass energy with unpolarized beams
were done in 1996 by the LEP experiments [11–14] and were reviewed in [15,16]. The
dependence of the cross-section on center-of-mass energy is illustrated in Figure 1.
There are two primary experimental issues at the heart of interpreting a high statistics
threshold scan as a measurement of the W mass. Firstly, one needs excellent control of
the absolute center-of-mass energy, and secondly one needs to be able to control
the background. These are discussed further in the next section.
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Figure 1: The unpolarized CC03 cross-section for WW production vs center-of-
mass energy. The cross-section is evaluated with GENTLE2.0 including ILC beam-
strahlung.
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5 Differential Cross-sections in WW and evW
WWdiff, GLOB

• comparision of theory predictions and MC 
generators

• detector-level studies including full differential 
angular information

• reconstruction of CP angles
• optimal observables 
• interface to global interpretations
• CP violating operators and other effects beyond 

“standard” TGCs 

• past activities at DESY (Jakob…), none currently
• new PhD student in CERN EP-SFT on e- 

reconstruction, evW one benchmark application, 
but not exclusively ILD

�� 'PVS�GFSNJPO aUT� 1PMBSJTBUJPO NFBTVSFNFOU JO UIF QSFTFODF PG QIZTJDBM QBSBNFUFST

	B
 	C


'JHVSF �ͽ�� " DPNQBSJTPO PG UIF 5($ VODFSUBJOUJFT 	B
 GSPN UIF aUT XJUI B GSFF PS
aYFE ƻ֨ QBSBNFUFS TIPXT UIBU B MJNJUFE LOPXMFEHF PG UIF MFGU�SJHIU BTZNNFUSZ �
NPEFMFE UISPVHI ƻ֨ BT GSFF QBSBNFUFS � DBO EFUFSJPSBUF UIF 5($ QSFDJTJPO ESBTUJ�
DBMMZ NPTU OPUBCMZ GPS �ݙݬ 5IJT BêFDUT UIF VOQPMBSJTFE NFBTVSFNFOU TUSPOHFS UIBO
BOZ NFBTVSFNFOU XJUI QPMBSJTFE CFBNT BT JT WJTJCMF JO UIF VODFSUBJOUZ SBUJP 	C
 PG
UIF 	� �
 TDFOBSJP UP UIF WBSJPVT QPMBSJTFE TDFOBSJPT�

'JHVSF �ͽ�� ͽ%�DPOaEFODF FMMJQTFT PG UIF 5($ QBSBNFUFST JO UIF aUT XJUI UIF EFGBVMU
QBSBNFUFS TFU TIPX UIBU CFBN QPMBSJTBUJPO JNQSPWFT UIF 5($ QSFDJTJPO JO POF TQFDJaD
EJSFDUJPO� 5IF FMMJQTFT BTTVNF(BVTTJBO VODFSUBJOUJFT GPS BMM QBSBNFUFST 	QSPCMFNBUJD
GPS ݙބ BT TFFO JO aHT� � BOE �
�

ͼͿͼ
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6 Detector-level simulation study at a typical ttbar threshold energy  
7 ttbar threshold scan optimisation
TTdet, HTE + GLOB

• detector-level studies of total & differential cross-
section, asymmetries, CP observables

• detector requirements and reconstruction/analysis 
methods

• interface to global interpretations

• theory predictions and MC generators
• backgrounds, polarisation, energy-step optimisation
• interpretation incl. “classic” threshold scan parameters 

as well as electroweak coupling parameter extraction, 
also CPV

ILD
• ttbar 500 GeV studies by Roman’s group
• past activities at 

• MPI (Frank Simon / Katja Seidel)
• CLICdp: Warsaw (Filip et al)
• in context of ECFA study, Marcel volunteered to 

take the lead on these topics
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8 Luminosity measurements from low-angle Bhabhas
LUMI, PREC

• theory and MC generators: comparison of state-
of-the-art and ultimate requirements 

• detector-level simulations at all √s, including 
backgrounds etc

• measurement strategies
• requirements on LumiCal: resolutions, 

alignment

ILD
• detailed study by Ivanka at 500 GeV / 1 

TeV
• lower energies: for CEPC
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Figure 3. Correction of the signal counting loss due to beamstrahlung and ISR at 1 TeV ILC (left). On the
right, the same distributions are zoomed above 80% of the nominal CM energy.

For βcoll larger than some critical value β ∗ (approximately 0.24 in the ILC case [26]), the
effective angular acceptance is zero and such events are irreducibly lost. In all other cases, the
counting loss can be corrected using Equation 4.4.

This correction method was tested using the simulation described in Section 3.1. The perfor-
mance of the method is tested by comparison of the corrected CM energy spectrum of Bhabha-
events to the control spectrum obtained by event selection based on the scattering angle in the
collision frame, so the control spectrum corresponds to the signal events as if they were unaffected
by the counting loss due to the longitudinal boost caused by Beamstrahlung and ISR. The results
are shown in Figure 3 for the 1 TeV case. The control spectrum is plotted in black, the spectrum
affected by the counting loss in red, the corrected spectrum in green. The blue line represents the
events for which βcoll > β ∗.

As can be seen from Figure 3, despite severe counting losses due to beamstrahlung and ISR,
the agreement after correction is excellent above 80% of the nominal CM energy (800 GeV). The
range below 80% of the nominal CM energy is dominated by events for which βcoll > β ∗. Due to
kinematic constraints, high values of βcoll are possible only with high energy loss, which explains
the sudden drop of such events at 80% of the nominal CM energy. However, a small number of
events with apparent βcoll > β ∗ is present also at energies above 80% of the nominal CM energy,
because occasionally the assumption that β⃗coll is collinear with the beam axis is broken due to
off-axis ISR.

The following is the list of sources of systematic uncertainty of the presented correction
method:

1. Off-axis ISR. In rare events with significant off-axis ISR, the assumption that β⃗coll is collinear
with the beam axis does not hold,

2. The implicit assumption that the cluster around the most energetic shower always contains
the Bhabha electron. In a small fraction of events of order of a few permille, this is not the
case and the reconstructed polar angles θ lab1,2 may differ from the final electron angles.

3. The use of the approximate angular differential cross section for the Bhabha scattering in the
calculation of w(βcoll),

– 8 –
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9 New Exotic Scalars
EXscalar, SRCH

ILD
• past study by Yan Wang (recoil)
• staus by Teresa
• … ?

Have direct contact with Filip
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10 Long-lived particles
LLPs, SRCH

ILD
• V0 / Kinked signatures / dE/dx
• DESY / Warsaw / KEK

Have direct contact with Filip

        18 January 2023 Jan Klamka, Overlay reduction in the searches for displaced vertices 12      

Final selection – other variables

● At least one more (independent) variable needed to 
achieve the assumed reduction

● We expect that signal tracks should come out of a 
single point %Ureference points should be close

● In busier backgound events, still many tracks evade the 
cuts – e.g. curlers, secondary decays

% either far reference points or close centres of helices

helix1
helix2

dref
dC

● dref – distance between reference points 

(TrackStates / first hits)

● dC – distance between centres of helices 

projections into XY plane
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11 Exotic Top decays
EXtt, SRCH

CLICdp (and generic)
• past study on FCNC top decays by Filip

Have direct contact with Filip



ECFA Focus Topics & ILD |  ILD General Meeting | 7 March 2023  |  Jenny List 16

12 CKM matrix elements from WW  
CKMWW, FLAV

ILD
• PhD thesis Uli Einhaus
• new flavour tagging developments  

(cf. H->ss, also b/c tagging with ML, 
Mareike, Taikan et al)

Figure 110: ROC curves for dE/dx-PID, comparing the effect of different underlying
dE/dx resolutions. Here, V0 information is omitted.

To investigate the impact of the dE/dx resolution, the event files were re-reconstructed
with different corresponding values. This was possible in reconstruction due to the
interplay of the uncertainty of the energy loss of each TPC hit, calculated by Geant4 in
the simulation, and the combination of the individual TPC hit energy values to a track
dE/dx estimate by the Compute_dEdxProcessor in the reconstruction. The hit energy
loss created by Geant4 results in an effective dE/dx resolution for tracks of about 2.6 %,
which is much smaller than current extrapolations of TPC readout systems developed
for ILD. These aim at a resolution of 5 % for ILD and have shown a performance of up
to 4.5 % when extrapolated to ILD. This discrepancy between simulation and realistic
values is compensated by the Compute_dEdxProcessor. After calculating a track dE/dx
estimate, it applies a dedicated Gaussian smearing factor to that estimate, which is tuned
to result in an overall dE/dx resolution of 4.5 %. This smearing factor can be altered
to change the effective dE/dx resolution, as long as it is larger than the intrinsic 2.6 %

from Geant4. In this study, the events used were re-reconstructed with no smearing
and default smearing, as well as two larger smearing values, resulting in effective dE/dx
resolution values of 2.6 %, 4.5 %, 7.0 % and 10.0 %. Figure 110 shows the impact of
varying the underlying dE/dx resolution on the BDT AUC: at �dE/dx = 10 % there is
hardly any separation power left, while the AUC at �dE/dx = 2.6 % is much closer the
MC value.

141
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13 B0 -> K0*tau+tau-  
BKtautau, FLAV

ILD
• ???
• Z pole full sim?  

with ILC & FCCee variants of 
ILD???
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14 Two-fermion final states (MZ and beyond)
TwoF, HTE

ILD
• above Z:  

Roman, Adrián, Daniel, Taikan, … 

• Z pole full sim?  
with ILC & FCCee variants of ILD???
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Figure 2: First row: distribution of preselected 2-jet distributions. Second row: the f1 distribution as defined in Eq.
3. Third row: the f2 distribution as defined in Eq. 3. All distributions are shown for the 100% left and right handed
polarisarion cases.
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15 B-/C-fragmentation functions and hadronisation rates
BCfrag, FLAV

ILD
• PhD Paul Malek 

• PID tool activities (U. Einhaus, B. 
Dudar, …)
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16 Gluon splitting into bb / cc, interplay with H->gg/cc/bb
Gsplit, PREC

ILD
• past studies on H->gg/cc/bb by 

Masakazu, Felix Mueller, Hiroaki  

• nothing on gluon splitting?
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Conclusions
There’s a lot to do - get involved!

• start discussion how ILD can and would like to contribute => physics coordinators & physics WG conveners 
• people? 
• MC? 

• 250 GeV in good shape (even if PID etc needs reprocessing to get latest & greatest) => anybody could start working
• 350 GeV “ancient” (DBD) - do we need a re-sim/rec here? At least partially (eg ttbar and dominant backgrounds)? 

Or even brandnew Whizard 3 + Pythia 8? 
• 161 GeV / Z pole - never done? 

• Do we want to go there in full sim? 
• ILD@ILC and/or ILD@FCCee? 
• SGV ?

• tie all this strongly to
• tool developments, ML, QC, …
• detector requirements & performance

• pay a lot more attention to systematics, include techniques for their control


