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The Future Detectors Group
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The Core Group 

• Post-Docs 
Naomi van der Kolk (since 10/2014),  Martin Ritter (working on Belle / Belle-II), 
Michal Tesar (since 03/2014)


• PhD Students 
Veronika Chobanova (mostly on Belle analysis), Miroslav Gabriel (since 10/2014), 
Marco Szalay, Michal Tesar (until 02/2014)


• Master Student 
Miroslav Gabriel (until 08/2014)


• Bachelor Students 
Tolga Sarp, Hendrik Windel


• Group Leader 
Frank Simon

• Close collaboration with:

• Belle / Belle-II group


• HLL


• And the technical departments! 

funded by Excellence 
Cluster
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The Context: Future Facilities at the Energy Frontier

• With the LHC in regular operation, the planing for future energy-frontier colliders has 
intensified

3

The LHC has discovered a Higgs boson at 125 GeV - and nothing else up to now
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The LHC has discovered a Higgs boson at 125 GeV - and nothing else up to now

➫ The “no-loose” theorem of the Terascale has delivered - but now there is no 
guarantee for additional discoveries in the TeV region

➫ Maximise our knowledge based on things we already know

‣ The Higgs: Fully understand electroweak symmetry breaking 

‣ The Top: Measure its properties as precisely as possible - use it as a potential 

window for New Physics

‣ Other electroweak precision measurements to look for cracks in the SM

Two options to move forward:
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The LHC has discovered a Higgs boson at 125 GeV - and nothing else up to now

➫ The “no-loose” theorem of the Terascale has delivered - but now there is no 
guarantee for additional discoveries in the TeV region

➫ Direct searches for New Physics - Explore higher energy scales, and regions of 
phase space not yet accessible to find new particles and / or evidence for new 
fundamental interactions and phenomena

➫ Maximise our knowledge based on things we already know

‣ The Higgs: Fully understand electroweak symmetry breaking 

‣ The Top: Measure its properties as precisely as possible - use it as a potential 

window for New Physics

‣ Other electroweak precision measurements to look for cracks in the SM
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Linear Electron-Positron Colliders - ILC

• The highest degree of complementarity to the LHC is provided by e+e- colliders

• Linear colliders provide the possibility to reach energies of 500 GeV and more
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Technical Design Report completed in early 2013

main linacs: 
superconducting RF acceleration 

structures, 35 MV/m

polarised positron source

polarised electron source

two detectors sharing one IR

• ILC: Currently the most advanced concept for a future energy frontier collider

• Baseline 500 GeV - upgrade to 1 TeV
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Linear Electron-Positron Colliders - CLIC
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• A possible future energy frontier collider at CERN

• e+e- collisions at up to 3 TeV with high luminosity (~ 6 x 1034 cm-2s-1 at 3 TeV)

• Staged construction 350 - 500 GeV, ~ 1.5 TeV, 3 TeV - detailed energies under study, 

based on physics and technical considerations

• Based on two-beam acceleration: gradients of 100 MV/m


• Development phase until ~2018 - CDR completed in 2012
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Activities in the Future Detectors Group
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• Main topics:

• Physics at future Linear Colliders


• Development of highly  
granular calorimeters


• In addition: Collaboration with  
vertex detector activities at HLL

common for ILC & CLIC
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Higgs Physics: H-> Jets @ 350 GeV

• A “sweet spot” for Higgs physics:

• ZH and WW fusion both have appreciable cross-sections


• Z boost in ZH sufficiently low for precise 
reconstruction of recoil mass for model-independent 
measurement of Higgs production


• Performed in the context of CLIC, equally relevant for ILC
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Figure 2: Cross sections for the three major Higgs production processes as a function of
center of mass energy.

2.2 Higgs Boson Observation

As we have discussed above, the ILC will study the Higgs boson using the features
available at an e+e� collider: a well-defined initial state, absence of strong-interaction
backgrounds, and controlled and calculable backgrounds from electroweak processes.
The relatively quiet environment of e+e� collisions also allows the construction of
detectors with higher intrinsic precision and heavy-flavor tagging e�ciency than is
possible at the LHC. These detectors essentially reconstruct all events in terms of
fundamental particles such as leptons, quarks, and gauge bosons. There are two
major Higgs boson production processes at the ILC: e+e� ! Zh (“higgsstrahlung”)
and e+e� ! ⌫e⌫eh (“W fusion”). For each of these, we will be able to separately
identify all of the major Higgs decay modes, such as h ! bb, WW ⇤, cc, ⌧⌧ , and gg,
with high e�ciency. It is worth recalling that the decays of the Higgs boson to quarks
are very di�cult to observe at the LHC. The decay h ! bb can be observed only in
special kinematics, and there is no strategy to observe h ! cc or h ! gg (though the
latter coupling can be probed in Higgs production). The possibility of special e↵ects
in the Higgs coupling to tt can be probed by comparing these two latter processes to
a direct measurement of the tth coupling.

The control of electron and positron beam polarization that the ILC will make

5
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• Identification of Higgs 
final states based on 
flavor tagging: 
Separation of b, c and 
light (gluon) jets
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Fig. 8: The distribution of the b-likeness and c-likeness for simulated data as well as for the different event classes of
H ! bb, H ! cc and H ! gg and for background from other Higgs decays and non-Higgs SM background.
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Fig. 9: The distribution of the total reconstructed event pT
for events with high b-likeness in the simulated H boson
sample, showing the contributions from Higgsstrahlung and
WW fusion processes as well as the non-Higgs background.

4.2.2 Measurement of the H ! t+t� Branching Ratio

Because of the neutrino(s) produced in t decays, the signa-
ture for H ! t+t� is less distinct than that for other decay
modes. The invariant mass of the visible decay products of

measurement statistical uncertainty
Higgsstrahlung WW fusion

s(HZ)⇥BR(H ! bb , Z 9 nn) xx
s(HZ)⇥BR(H ! cc , Z 9 nn) xx
s(HZ)⇥BR(H ! gg, Z 9 nn) xx
s(Hnn)⇥BR(H ! bb) xx xx
s(Hnn)⇥BR(H ! cc) xx xx
s(Hnn)⇥BR(H ! gg) xx xx

combined Higgsstrahlung results

s(HZ)⇥BR(H ! bb) xx
s(HZ)⇥BR(H ! cc) xx
s(HZ)⇥BR(H ! gg) xx

Table 11: Summary of statistical uncertainties for H ! bb,
H ! cc and H ! gg at

p
s = 350GeV with an integrated

luminosity of 500 fb�1.

the t+t� system will be less than mH, and it is not possible to
identify H ! t+t� decays from the WW-fusion process or
from Higgsstrahlung events where Z ! nn. For this reason,
the product of s(HZ)⇥BR(H ! t+t�) is only determined
for the case of hadronic Z decays. Here the experimental
signature is two hadronic jets from Z ! qq and two isolated
low-mulitplicity narrow “jets” from the two tau decays. Can-
didate t leptons are identifed using the TauFinder algo-
rithm [24], which is a seeded-cone based jet-clustering al-
gorithm. The algorithm was optimised to distinguish the tau
lepton decay products from hadronic gluon or quark jets.
Tau cones are seeded from single tracks (pT >5 GeV) with

15



Frank Simon (fsimon@mpp.mpg.de)Future Detectors 
MPP Project Review 2014

Branching Fractions of Higgs Decays

• The analysis: Determining  
σ x BR for H->bb, cc, gg for unpolarised 
beams

• Separate determination of ZH and WW 

fusion process for H->bb 


• Overlap of both production modes in the 
Hνν final state - separation based on Higgs 
pT distribution
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Extraction of results via a multi-dimensional 
template fit including flavor tagging and 
Higgs pT distribution

(NB: The best channel is Hνν, can be increased with polarisation)

Preliminary results:
H->bb in ZH: ~ 0.8%

H->bb in WW fusion: ~ 1.5 %

H->cc: ~ 6 %

H->gg: ~ 3.5 %

Resulting coupling precision 
(model-independent): 
b ~ 2%; c ~ 3.5%, g (eff) ~ 3%
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Top Mass from a Threshold Scan 

• Impact of collider luminosity spectrum on top quark mass measurement at threshold

9

 [GeV]s
345 350 355

cr
os

s 
se

ct
io

n 
[p

b]
0

0.2

0.4

0.6

0.8

1

1.2

1.4
 threshold - 1S mass 174 GeVtt
TOPPIK NNLO
ILC 350 LS+ISR

CLIC 350 LS+ISR
FCCee 350 LS+ISR

based on CLIC/ILC Top Study
EPJ C73, 2540 (2013)

 [GeV]s'
330 335 340 345 350 355 360

fra
ct

io
n 

/ 3
0 

M
eV

-410

-310

-210 ILC 350 GeV

CLIC 350 GeV

FCCee 350 GeV

normalized over full energy range

FCCee (TLEP): circular e+e- collider,  
100 km circumference, up to ~ 400 GeV



Frank Simon (fsimon@mpp.mpg.de)Future Detectors 
MPP Project Review 2014

Top Mass from a Threshold Scan 

• Impact of collider luminosity spectrum on top quark mass measurement at threshold

9

 [GeV]s
345 350 355

cr
os

s 
se

ct
io

n 
[p

b]
0

0.2

0.4

0.6

0.8

1

1.2

1.4
 threshold - 1S mass 174 GeVtt
TOPPIK NNLO
ILC 350 LS+ISR

CLIC 350 LS+ISR
FCCee 350 LS+ISR

based on CLIC/ILC Top Study
EPJ C73, 2540 (2013)

 [GeV]s'
330 335 340 345 350 355 360

fra
ct

io
n 

/ 3
0 

M
eV

-410

-310

-210 ILC 350 GeV

CLIC 350 GeV

FCCee 350 GeV

normalized over full energy range

FCCee (TLEP): circular e+e- collider,  
100 km circumference, up to ~ 400 GeV

‣ Slight differences in statistics due to cross 
section, changes in sensitivity due to 
steepness of threshold turn-on


‣ For 100 fb-1, no polarization, 1D mass fit:

FCCee ILC CLIC

16 MeV 18 MeV 21 MeV (stat)
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‣ Slight differences in statistics due to cross 
section, changes in sensitivity due to 
steepness of threshold turn-on


‣ For 100 fb-1, no polarization, 1D mass fit:

FCCee ILC CLIC

16 MeV 18 MeV 21 MeV (stat)

Differences between different collider options  
(with identical running scenarios) are very small 


Polarization (possible only in LCs) can boost cross-sections or  
reduce backgrounds, resulting in increased sensitivity


In the end systematics will dominate (theory and / or experimental)
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Top Mass from a Threshold Scan: Systematics

• Understanding of systematics key to evaluate potential of a top threshold scan

10

• Experimental: Luminosity spectrum

• Evaluate with full simulation of luminosity spectrum reconstruction for CLIC (much 

more complicated spectrum than at ILC) - ongoing, preliminary results indicate 
uncertainty < 10 MeV on mt
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• Understanding of systematics key to evaluate potential of a top threshold scan
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• Experimental: Luminosity spectrum

• Evaluate with full simulation of luminosity spectrum reconstruction for CLIC (much 

more complicated spectrum than at ILC) - ongoing, preliminary results indicate 
uncertainty < 10 MeV on mt

• Theoretical: Uncertainty of cross-section 

• Ongoing project with M. Beneke,  

J. Piclum et al. 


‣ Study impact of scale variations in 
NNNLO calculations on mass extraction
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• First indications: Uncertainties up to  
~ 50 MeV (+ ~ 20 MeV from αs 
assuming current WA) : May well be 
one of the most important systematics
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Figure 2. Illustration of the waveform decomposition algorithm. The averaged waveform of a 1 p.e. signal
(plot inset) is subtracted iteratively from the analog physics waveform (red) resulting in a 1 p.e. hit histogram
(blue) representing the time of arrival of each photon on the light sensor. From this histogram, the original
waveform is reconstructed back for cross checking purposes (black). The residual difference between the
reconstructed and the original waveform (green) demonstrates the accuracy of the algorithm.

nally, timing corrections based on the signal amplitude and an overall trigger offset correction are
applied.

3.1 Signal Reconstruction Sequence and Waveform Decomposition

The detection of a photon by one pixel of a silicon photomultiplier results in a characteristic and
reproducible signal which is characterized by a fast signal rise, related to the development of the
electron avalanche, and slower signal decrease, related to the quenching of the avalanche by the
integrated quenching resistor. The rise time of the signal is approximately 2 ns while the time
constant of the exponential signal decay is 12 ns for the used MPPC-50 SiPMs coupled to the T3B
readout system.

A waveform acquired in physics mode, e.g. the signal of the response of a T3B cell to ion-
izing particles, is an additive combination of multiple 1-pixel signals occurring at different times,
corresponding to the detection of scintillation photons. For tile traversing MIPs, which provide
an instantaneous energy deposition in the scintillator, the time distribution of the recorded 1-pixel
signals (also photon equivalents or p.e.) originates from the intrinsic time spread of the detected
photons due to scintillation time constants as well as from SiPM characteristics such as the occur-
rence of afterpulses and thermal darkrate. For data taken with hadron beams, additional late signal

– 5 –

sophisticated event reconstruction: 
timing of single photons
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electron avalanche, and slower signal decrease, related to the quenching of the avalanche by the
integrated quenching resistor. The rise time of the signal is approximately 2 ns while the time
constant of the exponential signal decay is 12 ns for the used MPPC-50 SiPMs coupled to the T3B
readout system.

A waveform acquired in physics mode, e.g. the signal of the response of a T3B cell to ion-
izing particles, is an additive combination of multiple 1-pixel signals occurring at different times,
corresponding to the detection of scintillation photons. For tile traversing MIPs, which provide
an instantaneous energy deposition in the scintillator, the time distribution of the recorded 1-pixel
signals (also photon equivalents or p.e.) originates from the intrinsic time spread of the detected
photons due to scintillation time constants as well as from SiPM characteristics such as the occur-
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– 5 –

sophisticated event reconstruction: 
timing of single photons

Scintillator technology & readout system  
currently being evaluated for background 
measurements during Belle-II 
commissioning - “BEAST”
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Figure 7. Comparison of the distribution of the identified hits in Monte Carlo and test beam data for hadrons
in steel (left) and tungsten (right) for the time period from �10 ns to 200 ns. The grey band shows the
systematic uncertainties.

The increase of the mean time of first hit at larger radii is significantly more pronounced in
tungsten than in steel. This is due to the larger yield of evaporation neutrons in tungsten, and
due to the substantially shorter radiation length and the larger ratio of lI to X0 (⇠ 27 compared to
⇠ 10) for tungsten compared to steel. At a radius of ⇠ 40cm, the mean TofH is 2.8 times larger
for tungsten than for steel (10.8ns vs. 3.9ns). In the shower center, this relative timing difference
amounts to only 370ps, which is of a similar order to the systematic uncertainties, as discussed in
detail in section 6.1.

6.4 Comparison of data to Monte Carlo simulations

To determine the accuracy of shower timing in GEANT4, the T3B data are compared to simulations
based on different hadronic physics models, as introduced in section 5. Figure 7 shows the time dis-
tribution of the first hits in steel and tungsten absorbers compared to the three physics lists. While
QBBC and QGSP BERT HP reproduce the distribution well for both absorbers, QGSP BERT
shows some discrepancy with the data. In steel, the shower activity in the intermediate time pe-
riod from 10 ns to 60 ns is slightly underestimated, while in tungsten the late component > 50 ns is
overestimated by up to a factor of four.

Figure 8 shows the energy dependence of the mean time of first hit, which is well reproduced
by all hadronic models considered here in steel, but deviates substantially for QGSP BERT in tung-
sten. Although the functional form is similar to the one from data, the mean TofH turns out to be
between 2ns and 0.5ns too large over a wide hit energy range of 0.4MIP to 3.5MIP, showing that
the physics list without high precision neutron tracking produces too many late energy depositions
in particular in the lower energy range below 3 MIP (2.5 MeV).

The radial timing profile of the shower, shown compared to simulations in figure 9, further
confirms these observations. For steel, all physics lists agree with each other and with data within
1 ns. For tungsten, QGSP BERT overestimates the delayed shower contribution, and with that the
mean time of first hit at all radii. The discrepancy is seen to increase with increasing distance from
the shower axis. While the difference to data in the mean TofH amounts to only 2.0ns at a radius of

– 16 –

• More late shower activity in Tungsten - Special neutron simulation required for 
reproduction in GEANT4


• These results have prompted the GEANT4 developers to change their “standard” 
physics models - Improved realism from G4.10 on - currently evaluating
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Towards a Full Prototype  
Scintillator Tiles 

"  UniHH tiles 

!  Npixels = 2300 

!  Machined instead of moulded, individually 
wrapped 

!  "Cathedral" drill in front of the SiPM → easier 
machining & improve uniformity (adapt MPI 
Munich design) 

"  New ITEP tiles  

!  Npixels = 12k  

!  Injection moulded fiberless tiles 

!  Being tested 

!  First test of 35 tiles (1/4 HBU) gave good 
results 
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Industrialisation: Numbers!

• The AHCAL 
!

• 60 sub-modules 
!

• 3000 layers 
!

• 10,000 slabs 
!

• 60,000 HBUs 
!

• 200’000 ASICs 
!

• 8,000,000 tiles and SiPMs

34

• One year 
!

• 46 weeks 
!

• 230 days 
!

• 2000 hours 
!
!

• 100,000 minutes 
!
!

• 7,000,000 seconds
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Conclusions and Outlook

preparations for a full engineering prototype:

> multi-layer DAQ: first version running, next steps:
! integration of LDA
! switch to HDMI readout

> work on quality assurance & infrastructure

> more hardware, especially tiles+SiPMs, 
in production

next testbeams at DESY:
> 1 week in October 2013
> 11 days in December 2013
> 2 weeks in January 2014

Katja Krüger  |  AHCAL prototype overview   |  10 Sept 2013  |  Page 3/16

going from 1 HBU to a detector prototype: 1D 

> single HBUs extensively tested and calibrated in lab
> cross check the calibration and the uniformity of all channels on one 

chip with MIPs in testbeam
> operation of a slab with 6 HBUs
> power pulsing with a full slab: started (more details in talk by S. Chen)
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Going mass production: more tiles+SiPMs

> ITEP produced direct-readout tiles (+ Ketek 
SiPMs with 12100 pixels) for 2 HBUs, 
paperwork ongoing

> NIU: 1 HBU with top-view SiPMs being tested
> Uni HH produced direct-readout tiles for 

8 HBUs, Ketek SiPMs with 2300 pixels for 
8 HBUs delivered and being tested now
(more details in talk by K. Briggl)

> expect Hamamatsu MPPCs for 4 HBUs from 
Japan, ITEP agreed to produce direct-readout 
tiles 

> mass assembly: talk by P. Chau
> testing several different options now, but for

practical reasons will need to converge to
1 or 2 for larger prototypes (but this will not be 
an advance decision for ILD calo)

ITEP

Uni HH
AssemblyBottomBaseline

Bottom side readout design
Setup

10

MPPC : 10k pix. 1mm x 1mm 
            HAMAMATSU, S12571-010P 
Scintillator : ELJEN EJ-204, 47.5mm x 5mm x 1.8mm 
Reflector : 3M radiant mirror film
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Complex system 
with large hardware 

diversity!

Old ITEP tiles with WLS fibre 
CPTA SiPMs 800 px

Surface mounted HBU (SM_HBU) 
• Megatiles 
• MPPC SiPMs 

New ITEP tiles w/o WLS fibre 
Ketek SiPMs 12k px

Uni.Hamburg & Heidelberg tiles 
• with Ketek SiPMs 2300 px 
• with SensL SiPMs 1300 px

Tiles of EBUs 
MPPC 10k px

The AHCAL technological prototype

HLTran - CALICE testbeam news - LC forum, 8th Annual Helmholtz Alliance Workshop 02/12/2014

Scintillator tiles based on MPP design, produced 
at Universities of Hamburg and Heidelberg
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(more details in talk by K. Briggl)

> expect Hamamatsu MPPCs for 4 HBUs from 
Japan, ITEP agreed to produce direct-readout 
tiles 

> mass assembly: talk by P. Chau
> testing several different options now, but for

practical reasons will need to converge to
1 or 2 for larger prototypes (but this will not be 
an advance decision for ILD calo)

ITEP

Uni HH
AssemblyBottomBaseline

Bottom side readout design
Setup
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MPPC : 10k pix. 1mm x 1mm 
            HAMAMATSU, S12571-010P 
Scintillator : ELJEN EJ-204, 47.5mm x 5mm x 1.8mm 
Reflector : 3M radiant mirror film
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Complex system 
with large hardware 

diversity!

Old ITEP tiles with WLS fibre 
CPTA SiPMs 800 px

Surface mounted HBU (SM_HBU) 
• Megatiles 
• MPPC SiPMs 

New ITEP tiles w/o WLS fibre 
Ketek SiPMs 12k px

Uni.Hamburg & Heidelberg tiles 
• with Ketek SiPMs 2300 px 
• with SensL SiPMs 1300 px

Tiles of EBUs 
MPPC 10k px

The AHCAL technological prototype

HLTran - CALICE testbeam news - LC forum, 8th Annual Helmholtz Alliance Workshop 02/12/2014

Scintillator tiles based on MPP design, produced 
at Universities of Hamburg and Heidelberg

5

Current testbeam setup

Layer configuration: 

• 3 EBUs (18x18cm2) 

• 8 layers with 1 HBU (36x36cm2) 

• 4 layers with 2x2 HBUs (72x72cm2)

Huong Lan Tran, Katja Krüger  |  AHCAL Testbeam status  |  20 October 2014  |  Page  2/8

Current setup of AHCAL technological prototype

> EUDET absorber structure
! as planned for ILD barrel

> layer configuration
! 3 EBUs (18 * 18 cm2)
! 8 layers with 1 HBU (36 * 36 cm2)
! 4 layers with 4 HBUs (72 * 72 cm2)

Huong Lan Tran, Katja Krüger  |  AHCAL Testbeam status  |  20 October 2014  |  Page  2/8

Current setup of AHCAL technological prototype

> EUDET absorber structure
! as planned for ILD barrel

> layer configuration
! 3 EBUs (18 * 18 cm2)
! 8 layers with 1 HBU (36 * 36 cm2)
! 4 layers with 4 HBUs (72 * 72 cm2)

HLTran - CALICE testbeam news - LC forum, 8th Annual Helmholtz Alliance Workshop 02/12/2014

installed in absorber structure, just finished first 
test beam campaign at CERN PS
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Test Beam - First Impressions

• Successful operation of detector - proof of principle of highly integrated electronics 
and compact construction - prototype will grow in the coming years

14

10

First look into data

HLTran - CALICE testbeam news - LC forum, 8th Annual Helmholtz Alliance Workshop 02/12/2014

Muon data: 
• Beam size allows MIP calibration for ~ 6x6 innermost cells

hitJ
6 8 10 12 14 16 18 20

hi
tI

6

8

10

12

14

16

18

20

71 58 79 98 103 101 109 161 99 74 80 92

75 77 137 114 152 176 171 241 137 104 70 86

85 99 129 190 288 304 335 311 192 164 87 116

103 130 167 305 454 391 433 433 257 168 113 125

113 169 317 426 436 465 475 505 384 238 147 78

108 208 365 438 525 485 637 512 585 261 160 105

115 154 332 459 390 513 425 475 385 232 129 90

90 132 300 408 473 487 512 493 376 218 122 88

89 102 183 322 377 449 447 383 298 141 100 63

72 86 117 199 255 303 294 236 125 101 76 59

63 53 78 117 123 134 152 130 96 52 63 45

59 42 59 52 79 91 146 65 86 52 48 41
T0 channels

One example of muon event after 
simple cut of 0.5 MIP

Beam profile visible 
already for one run

Muons at PS
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First look into data

HLTran - CALICE testbeam news - LC forum, 8th Annual Helmholtz Alliance Workshop 02/12/2014

Pions data: 

• Hits with energy > 0.5MIP

Event 180 - Run 20233 Event 1075 - Run 20233

Low-energy pions



Frank Simon (fsimon@mpp.mpg.de)Future Detectors 
MPP Project Review 2014

Further Developing AHCAL Technology

• A key feature of the new electronics: cell-by-cell auto trigger

• Enables trigger-less operation of full ILC detector


• Puts strong constraints on noise level - in particular for test beams in “DC mode”

15
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• Trying out new ideas: optical separation of 
cells in plastic scintillator plates via laser 
engraving


• Would enable fast production of  
“mega-tiles” to be combined with 
surface-mounted photon sensors
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The “Politics”

• The strategy processes in various regions have been completed: Japan in 2012, 
European Strategy of Particle Physics 2013, US Snowmass / P5 2014

• Consensus to fully exploit LHC, recognition of the potential of ILC as a medium-term future 

energy frontier facility, and recommendation to support long-term R&D for very high 
energies (for both e+e- and pp)

16
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• Interest in Japan to host the ILC - support by various labs, universities, industry and 
local governments


• A review has been started by MEXT - evaluation of the physics case and of technical 
issues - expect to conclude by spring 2016

• in parallel: first contacts on government level have started
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• Interest in Japan to host the ILC - support by various labs, universities, industry and 
local governments


• A review has been started by MEXT - evaluation of the physics case and of technical 
issues - expect to conclude by spring 2016

• in parallel: first contacts on government level have started

• (I)LC physics & detector activities getting more structured - with MPP participation

• ILD detector collaboration re-organisation - Institute Assembly now exists


• LCC Physics WG, Infrastructure WG to work together with MEXT process


• ILC conference coordination


• … in addition already ongoing coordination activities in CALICE and CLICdp
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The ILC Site - 北上市
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Backup
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• Not surprising: An energy frontier collider is 
expensive

• Rather solid cost estimate for the  

500 GeV machine: ~ 8 Billion USD 


• Biggest component: Main linac, acceleration 
structures

Chapter 15. ILC TDR Value Estimate

superconducting RF components, including their cryogenic systems and RF-power systems, represent
about 76% of the estimate for all non-CFS components.

Figure 15.7. TDR Value estimate by technical system. Also shown for comparison is the escalated RDR. The num-
bers give the TDR estimate for each system in MILCU.

The Value estimates broken down by Area (Accelerator) System are shown separately for
both the conventional facilities and the components in Fig. 15.8. The system labeled “Common”
refers to infrastructure elements such as computing infrastructure, high-voltage transmission lines
and main substation, common control system, general installation equipment, site-wide alignment
monuments, temporary construction utilities, soil borings and site characterisation, safety systems
and communications.
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Figure 15.8. Distribution of the ILC value estimate by system and common infrastructure, in ILC Units. The num-
bers give the TDR estimate for each system in MILCU.

The component value estimates for each of the Accelerator Systems include their respective RF
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3.2. Accelerator Layout & Design

Figure 3.5
ILC TDR Value esti-
mate cost basis.

Lab + contractor 
estimate  

24%

Lab engineering
estimate  

32%

Industrial 
Study
15%

EXFEL 
procurement
18%

Vendor 
quote
11%

 

 

Figure 3.6
Distribution of cost by
sub-system.

Instrumentation
Dumps & Collimators

ystems

Integrated Controls
and LLRF

Computing
Infrastructure

Other High Level RF

Cavities and
Cryomodules

L-band High
Level RF

Conventional
Facilities

Vacuum

Magnets and
Power Supplies

Cryogenics

Installation

These totals represent an increase of 7% in value and a reduction of 8% in explicit labour relative
to the estimates made for the 2007 Reference Design Report (after adjustment for inflation from
2007 to 2012). The major contribution to the increase was the cryomodule cost which was based on
current industrial studies and actual European XFEL contracts extrapolated to ILC quantities, rather
than older industrial studies and engineering estimates. This increase was o�set in several areas due
in large part to the more e�cient TDR design.

Any schedule for a project such as the ILC is determined by the availability of resources and the
ability to utilise them e�ciently. Without knowledge of the chosen Governance and Project Manage-
ment structure and funding profiles, a more accurate schedule cannot be formulated. Nonetheless,
making some reasonable assumptions in these areas, it appears that the overall construction schedule
is determined by the civil construction activities in the central campus region covering the detector
halls, the damping rings, and the injectors. These elements are site dependent. The Main Linac
schedule is determined by the delivery of the SCRF cryomodules, which are the technical components
with the longest lead time. A funding profile which peaks at 15% of the total project cost in year four
is consistent with a nine-year period between ground breaking and the start of beam commissioning.
Machine installation starts in year seven. A representative schedule for a mountainous site is shown in
Fig. 3.7.

Executive Summary ILC Technical Design Report: Volume 1 21

• The construction cost will 
be spread over ~ 10 years, 
and shared across the globe 
- details to be worked out!


• Many contributions 
expected “in kind”: 
production of components 
“at home”, installation in ILC 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• For second stage: ~ 4 MCHF / GeV (scen. B)


• Going beyond 1.5 TeV requires a 
second drive beam complex:  
cost discontinuity

5 CLIC PROJECT IMPLEMENTATION
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Fig. 5.8: Cost structure of the CLIC accelerator complex at 500 GeV for scenarios A and B.

A first estimate of the cost structure and value of the second stage enables to calculate the incre-
mental value per unit of collision energy. It is about 4 MCHF/GeV for scenario B.

Technical cost drivers have been identified in the CDR study phase, together with, for a number of
them, potential cost mitigation alternatives which will need to be addressed in the subsequent phase of
the study. Examples of such alternatives are the replacement of the hexapods for the stabilisation of the
main beam quadrupoles with beam steering, the doubling in length and thus the halving in number of the
support girders for the two-beam acceleration modules, or an alternative technology for the construction
of the accelerating structures involving assembled quadrants instead of stacked discs. The overall savings
potential through this process is estimated of the order of 10% of the total value, i.e. within the uncertainty
presented above. An important structural cost driver however stems from the wide energy-staging range
of the CLIC programme, thus imposing over-investments in the first stages, e.g. in infrastructure and
services as well as in the injector complex. Revising the collision energy for which the technical design
is optimised, while preserving the potential to ultimately reach 3 TeV, is expected to provide the main
lever for further cost reduction.

5.4.6 Labour Estimates for Construction of the Accelerator Complex

A first estimate of the explicit labour needed for construction of the CLIC accelerator complex was
obtained by assuming a fixed ratio between personnel and material expenditure for projects of similar
nature and size, and scaling with respect to the closest such project realised today, namely the LHC
accelerator at CERN, which required some 7000 FTE·years for a material cost of 3690 MCHF (December
2010), i.e. a ratio of about 1.9 FTE·year/MCHF. About 40% of this labor was scientific and engineering
personnel, and the remaining 60% technical and execution.

From this approach, construction of the first stage of the CLIC accelerator complex would require
15700 FTE·years of explicit labour according to scenario A, and 14100 FTE·years according to sce-
nario B. It is worth noting that in spite of this very crude approach, these numbers are not too far from
those taken in the ILC Reference Design Report [4], yielding a ratio of explicit labour to material of
about 1.7 FTE·year/MCHF.
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5.4 COST

Table 5.4: Value estimate of the CLIC detectors.

CLIC_ILD CLIC_SiD
(MCHF) (MCHF)

Vertex 13 15
Tracker 51 17
Electromagnetic calorimeter 197 89
Hadronic calorimeter 144 86
Muon system 28 22
Coil and yoke 117 123
Other 11 12

Total (rounded) 560 360
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Fig. 5.9: Cost structure of the CLIC detectors.

5.4.7 Value Estimates and Cost Drivers of Detectors
The methodology for estimating the value of the CLIC detectors [5] is similar to that used for the ac-
celerator complex, based on work breakdown structures with more or less granularity1. The target for
uncertainty is also ±30%. There are however a few differences in the approaches, stemming from the
specificities of the detectors and their construction. The value of a detector depends critically on the unit
costs of a limited number of specific materials and commodities, for which fixed values have been agreed
for the estimate (see Annex C of [10]). The use of general industrial indices for escalation may then im-
perfectly reflect the real situation, particularly in case of large price variations in a particular commodity.
In addition, explicit labour has not been estimated for the detectors. However, based on the experience
with the ATLAS and CMS projects, the construction and testing efforts may be assumed at 500 FTE for
each year of construction of a CLIC detector. Finally, at the interface between detector and experimental
area, the mobile platforms carrying the detectors, the "anti-solenoids" for compensation of stray mag-
netic field and the proximity equipment associated with the final-focus quadrupoles are included in the

1The preliminary CLIC detector value estimated were extrapolated, for their major part, from the ILC Letter of Intent (LoI)
cost estimates, taking the significant changes (technology, dimensions) for CLIC into account and using modified unit costs.
Therefore they cannot be directly compared with the ILC estimates.
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7 STRATEGY AND OBJECTIVES FOR THE CLIC PROGRAMME
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staged'implementa5on'in'
agreement'with'LHC'findings;'
further'technical'developments'
with'industry,'performance'
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systems,'as'well'as'for'detectors.''
'
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DL
CR2

CR1TA

DL     delay loop
CR     combiner ring
TA      turnaround
TBA   two-beam acceleration
           dump drive beam accelerator

0.48 GeV, 4.2 A

e– injector
0.25 GeV, 1.2 A

TBA

6.5 GeV, 1.2 A

0.25 GeV, 101 A
0.48 GeV, 101 A

DRIVE&BEAM&&
LINAC&

CLEX&
CLIC&Experimental&Area&

DELAY&&
LOOP&

COMBINER&
RING&

CTF3&–&Layout&

10&m&

4&A&–&1.2&ms&
150&MeV&

28&A&–&140&ns&
150&MeV&

TwoLBeam&Test&Stand&(TBTS)&
Test&Beam&Line&(TBL)&

TA radius = 305 m

BC2

delay loop
2.5 km

decelerator, 5 sectors of 878 m

819 klystrons
17.4 MW, 60 µs

CR2

CR1

circumferences
delay loop 73 m
CR1 293 m
CR2 439 m

BDS
1.9km

IP
TA r=305 m

BC2

245 m
BDS

1.9km

13 km
CR     combiner ring
TA      turnaround
DR     damping ring
PDR   predamping ring
BC     bunch compressor
BDS   beam delivery system
IP       interaction point
           dump 

BC1

245 m

drive beam accelerator
2.75 GeV, 1.0 GHz

time delay line

e+ injector,
2.86 GeVe+ 

PDR 
389 m

e+ 
DR 

427 m

booster linac, 
  2.86 to 9 GeV

e+ main linac

e– injector,
2.86 GeV e– 

PDR 
389 m

e– 
DR 

427 m

e– main linac, 12 GHz, 80 MV/m, 4.4 km (c)FT

Fig. 7.1: Top row: An outline of the CLIC project time line with main activities leading up to and
including the first stage construction. Middle row: illustrations of the CTF3 facility (one of several
testing facilities of importance to the project development), a new large drive beam facility with final
CLIC elements which is also needed for acceptance tests, and a 500 GeV implementation. Bottom row:
Main decision points and activities.

In a similar way specific physics and detector studies are foreseen. They focus on three areas:
physics studies, detector optimisation and technology demonstrators.

Both the CLIC accelerator study and the CLIC physics and detector study are organised as Collab-
orations governed by Collaboration/Institute Boards, and coordinated by Steering Groups and an overall
CLIC Steering Committee, and are hosted by CERN.

7.2.1 Accelerator Activities
During the past years objectives for the CLIC programme in the post-CDR phase were extensively
discussed within the CLIC/CTF3 collaboration. The goals for the CLIC programme for the period
2012–2016 were laid down in the CERN Medium Term Plan (MTP) and approved by the CERN Council
in 2010. While representing a scale back on previous plans to produce a TDR already by 2016, the MTP
foresees sufficient funding from CERN to cover the development towards a complete Project Implemen-
tation Plan by 2016. The CLIC programme objectives are also compatible with the estimated availability
of resources among the collaboration partners during this period. This will put the CLIC project in a
position to be ready by 2016, i.e. after two years of LHC data-taking at full energy, for a decision on a
future facility at the energy frontier. The main input to this plan is:

– The evolution of the physics findings at LHC and other relevant data;
– Findings from the CDR and further technical studies for key elements or during system tests;
– Results of detailed implementation studies for a staged project including costing, power, site-studies

and schedules;
– A Governance Model as developed with partners.
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