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The FLC Group

>Management: 
§ Ties Behnke (group leader)

§ Felix Sefkow (deputy)

§ Andrea Schrader (administration)

> 4 Staff scientists

> ~5 Guest scientists

> 13 Postdocs and non-permanent scientific staff

> ~18 Students (PhD and diploma)

> 9 Technical staff (engineers, technicians, administrative)

> Strong links to University of Hamburg
§ Prof. Gudrid Moortgat-Pick and group

§ AvH Prof. Brian Foster and group
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plus 7 summer students!
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The FLC Group Objectives
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> Physics studies and detector developments for a future linear electron-
positron collider:
§ International Linear Collider

§ CLIC

>Group has its roots also in analysis of data from (formerly) existing 
lepton collider experiments (OPAL@LEP, H1@HERA)
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Studies for a Future Linear Collider

> Detector developments:
§ Design and optimisation of a detector concept for the ILC: 

the International Large Detector ILD

> Hardware developments for sub-detector components:
§ Calorimetry: hadronic calorimeter for ILD

§ Tracking: Time Projection Chamber for ILD

§ Polarimetry: beam diagnostics and impact on physics

§ Generic studies: tests and applications of novel photodetector for HEP experiments and 
medical applications

> Analysis activities:
§ Optimisation of the ILD detector concept

§ Physics studies of the ILC physics menu

> Engineering activities:
§ Integration studies of the ILD detector

§ Machine-Detector Interface for ILC
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The ILC Detector Challenge

>Why not copy LHC detectors?
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The ILD Detector Concept

6

> ILD: International Large Detector

> Designed following the particle flow paradigm
§ Excellent precision in spatial and energy measurement

> Subcomponents:
§ Mult-layer pixel vertex detector with excellent point 

resolution and minimum material budget

§ SI based intermediate tracking system

§ Large volume Time Projection Chamber with up to 224 
3d points per track, dE/dx measurement, low material 
budget

§ Highly segmented ECAL, cell size 5x5 mm2

§ Highly granular HCAL (3 x 3 cm2 analogue or 1 x 1 cm2 
digital)

§ Forward instrumentation below 5 mrad

§ Large superconducting coil (3.5 T)

§ Instrumented iron yoke
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Particle Flow
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Sergey Morozov DESY 27/09/2010 15

Energy resolution and Parlicle Flow

Example of 100 GeV jet with PandoraPFA applied

neutral hadron

photon

electron

Now we can start to understood the performance of a Particle Flow detector..

> Idea: use sub-detector with the 
best resolution for the energy 
measurement:
§ Charged particles: tracking sstem

§ Photons: electromagnetic calorimeter

§ Neutral hadrons: hadronic calorimeter

>Main problem: double counting:
§ Trace every single particle through

 the detector

> Ejet = Echarged + Ephotons + Eneutral hadr.

> σ2(Ejet)= σ2(Echarged) + σ2(Ephotons)
+ σ2(Eneutral hadr.) + σ2confusion
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Imaging Detector

> e+e- → ZH
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PHYSICS PERFORMANCE

associated calorimetric information resulting in an event e�ciency of 95.4% for identifying
both in µ+µ�X events and 98.8% for both electrons in e+e�X events. Candidate Z de-
cays are identified from oppositely charged pairs of identified leptons within a mass window
around mZ. Background from Z! `+`� is rejected using cuts on the transverse momentum
of the di-lepton system and the acollinearity of the two lepton tracks. Additional cuts reject
Z! `+`� events with initial and final state radiation. The backgrounds from e+e� ! ZZ and
e+e� ! W+W� are reduced using a multi-variate likelihood analysis based on the acopla-
narity, polar angle, transverse momentum and the invariant mass of the di-lepton system.

The reconstructed mrecoil distributions are shown in Figure 3.3-13. The combination
of signal and background is fitted using a function which assumes a Gaussian-like signal
and that the background can be approximated by a polynomial function. The results of
the fit for mH and �(e+e� ! ZH) are listed in Table 3.3-4. Also shown are the results
obtained when assuming the SM decay modes and branching fractions. In this case, labelled
“Model Dependent”, the background is further reduced by requiring charged particle tracks
in addition to those generated by the Z boson decay products.

3.3.1.1 Influence of Bremsstrahlung

From figure 3.3-13 it is clear that Bremsstrahlung from final state electrons and positrons
significantly degrades the recoil mass resolution in the e+e�X channel. One possible strategy
to mitigate this e↵ect is to identify the final state photons and include these in the recoil
mass calculation. A dedicated algorithm to identify Bremsstrahlung photons is used [32] and
the four momenta of the e+e�X + n� system is used in the event selection and recoil mass
calculation. Figure 3.3-14a) compares the recoil mass distribution with and without including
identified Bremsstrahlung photons. Figure 3.3-14b) shows the recoil mass distribution for the
model independent impact analysis including Bremsstrahlung photons. To extract the mass
and cross section a modified fitting function is used. The results of the fits (e+e�Xn�) for
mH and �(e+e� ! ZH) are listed in Table 3.3-4. Including Bremsstrahlung photons improves
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FIGURE 3.3-13. Results of the model independent analysis of the Higgs-strahlung process e+e� ! HZ in
which a) Z ! µ+µ� and b) Z ! e+e�. The results are shown for a beam polarisation of P (e+, e�) =
(+30%,�80 %).

38 ILD - Letter of Intent
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> If electroweak symmetry breaking is strong: WW-scattering process is 
important! 

> Need to distinguish WW from ZZ

> e+e-→ννZZ (red)  e+e-→ννWW (blue)

> Excellent jet energy resolution needed: ∆E/E ≤ 30%/√E
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Physics Performance

3.3.6 Strong EWSB
If strong electroweak symmetry breaking (EWSB) is realised in nature, the study of the
WW-scattering processes is particularly important. At the ILC, the W+W� !W+W� and
W+W� ! ZZ vertices can be probed via the processes e+e� ! ⌫

e

⌫
e

qqqq where the final
state di-jet masses are from the decays of two W-bosons or two Z-bosons. Separating the
two processes through the reconstruction of the di-jet masses provides a test of the jet energy
resolution of the ILD detector.

Strong EWSB can be described by an e↵ective Lagrangian approach in which there are two
anomalous quartic gauge couplings, ↵4 and ↵5 [38] which are identically zero in the SM. The
WW scattering events are generated at

p
s = 1TeV with WHiZard [39] assuming ↵4 = ↵5 =

0. Results are obtained for an integrated luminosity of 1 ab�1 with P (e+, e�) = (+0.3,�0.8).
Event selection cuts, similar to those of [38, 40, 41, 42], reduce the backgrounds from processes
other than the quartic coupling diagrams to ⇠ 20 % of the signal. Of the three possible jet-
pairings, the one which minimises |m

ij

� m
W/Z

| ⇥ |m
kl

� m
W/Z

| is chosen. Figure 3.3-22
shows, for ⌫

e

⌫̄
e

WW and ⌫
e

⌫̄
e

ZZ events, a) the reconstructed di-jet mass distribution, and b)
the distribution of average reconstructed mass, (m

ij

+ m
kl

)/2.0. Clear separation between
the W and Z peaks is obtained.
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FIGURE 3.3-22. a) The reconstructed di-jet mass distributions for the best jet-pairing in selected ⌫e⌫̄eWW
(blue) and ⌫e⌫̄eZZ (red) events at

p
s = 1TeV . b) Distributions of the average reconstructed di-jet mass,

(mij + mB
kl)/2.0, for the best jet-pairing for ⌫e⌫̄eWW (blue) and ⌫e⌫̄eZZ (red) events.

The parameters ↵4 and ↵5 are obtained from a binned maximum likelihood fit to the two-
dimensional distribution (10⇥10 bins) of the boson polar angle in the reference frame of boson
pair and the jet polar angle in the reference frame of each boson, giving �1.38 < ↵4 < +1.10
and �0.92 < ↵5 < +0.77. These sensitivities are slightly tighter than those from a previous
fast simulation study with the TESLA detector concept [41, 42].

3.3.7 Lepton production in SPS1a’
SUSY may provide a rich spectrum of kinematically accessible particles at the ILC oper-
ating at

p
s = 500 GeV, for example the production of gauginos and sleptons with masses

below 250 GeV. The signals for new physics consist of a complex mixture of dominant and

ILD - Letter of Intent 49
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Time Projection Chamber

> A Time Projection Chamber is the 
central tracking device at ILD:
§ genuine 3d trajectory measurement

§ spacepoint resolution: ~100 µm

§ minimise material budget

> Novel gas amplification schemes:
§ e.g. Gas Electron Multipliers (GEMs)

§ less material

§ reduced ExB effects

§ intrinsic ion backdrift suppression
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TPC Protoype at the DESY Testbeam
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LC-TPC Collaboration

> R&D collaborations are already significant international endeavours
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Analogue Hadronic Calorimeter for ILD

> Steel-scintillator sampling calorimeter

> High granularity 3 x 3 cm2

> Scintillator tiles read out by pixel photo 
detectors: SiPMs

13
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CALICE Collaboration

> R&D Collaboration for the development of high granularity calorimeter 
systems for a linear collider 

> Integrated testbeam experiments of full calo systems: ECAL, HCAL, Tail 
Catcher/Muon System:

14
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Imaging Calorimetry
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Polarimetry at the ILC

> ILC will have polarised beams
§ Physics needs precise knowledge

of polarisation: ∆P/P ≤ 0.25%

> Compton Polarimeter:
§ scatter circular polarised laser off the 

electron beam

§ cross section is dependent on laser helicity
times beam polarisation

§ asymmetry in Compton event rate w.r.t.
known laser helicity gives polarisation
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Polarimetry at the ILC Testbeam Data Analysis Summary
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and there are no Eb-dep. distortions of the energy spectrum
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Polarimetry at the ILC Testbeam Data Analysis Summary

ILC CHERENKOV DETECTOR LAYOUT

beam

aluminum tubes

x
y

z

photodetectors

LEDs

Staggered U-shaped channels
(separate gas system)

! front U-leg: calibration (LED, laser)
! hind U-leg: photodetector measuring

the Cherenkov radiation
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Polarimetry at the ILC Testbeam Data Analysis Summary

COMPTON PROCESS DEPENDENCIES
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Measure Compton event rate w.r.t. (known) laser helicity
⇒ resulting asymmetry directly prop. to beam polarisation !
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Engineering Challenges: e.g. the Push-pull System
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14MDI/Integration meeting M. Joré – ILD beam height studies

New ILD and SiD on a platform

18 m18 m

2.8 m

2.2 m

> ILC: two detectors share one interaction region

> Fast push-pull system needs to be designed
§ Change-over time: ~1 day

> 15 kt detectors need to be positioned to
sub-mm precision

> Final focus quadrupoles are carried
by the detectors
§ much higher alignment precision needed
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Summary

> FLC is one of the driving forces in the world for the development of future 
detectors at lepton colliders

> Prominent hardware activities are embedded in international R&D 
collaborations

> The physics challenge of the TeV scale at lepton colliders is being 
evolved following the results from LHC

> A unique group where hardware, software and analysis topics are being 
studied in close cooperation with our international partners

> Students and postdocs are always welcome
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www-flc.desy.de
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