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Future Facilities at the Energy Frontier

✤ The Higgs discovery has completed the Standard 
model

✤ Where and how will it break down?
✤ Explore at high energies and with high precision 

✤ properties of the Higgs boson
✤ properties of the top quark
✤ searches for new particles at the TeV scale
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✤ Complementary to the LHC: e+e- colliders
✤ The International Linear Collider (ILC) is the most advanced concept for a 

future energy frontier collider (TDR 2013)
✤ Baseline 500 GeV, upgrade to 1 GeV  

✤ Japan has expressed interest  
to host the ILC: a decision has yet to be taken by the government. 

✤ A review has been started by MEXT - evaluation of the physics case and 
technical issues - expected by spring 2016

✤ Alternative concept in Europe: Compact LInear Collider (CLIC) 
✤ Staged operation up to 3 TeV, same physics interests at low energy as ILC

Future e+e- Colliders
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Physics studies at  
future Linear Colliders
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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



Activities in the Future Detectors Group

5

Physics studies at  
future Linear Colliders

e
+

e
−

H
W

W

ν

ν

-

He
+

e
−

Z

Z

e
+

e
−

H
Z

Z

e
+

e
−

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
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Development of highly  
granular calorimeters

Katja Krüger  | Status and plans of the AHCAL technical prototype  |  3 November 2015  |  Page  4/26

Setup of steel AHCAL technological prototype

> layer configuration
" 10 small layers (18*18 or 36 * 36 cm2):

shower start finder
" 4 big layers (72 * 72 cm2):

shower profile, correlation of hit times
> steel absorber structure

" as planned for ILC detector barrel
" tested for 2 weeks in July in H2@SPS
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Development of highly  
granular calorimeters

Katja Krüger  | Status and plans of the AHCAL technical prototype  |  3 November 2015  |  Page  4/26

Setup of steel AHCAL technological prototype

> layer configuration
" 10 small layers (18*18 or 36 * 36 cm2):

shower start finder
" 4 big layers (72 * 72 cm2):

shower profile, correlation of hit times
> steel absorber structure

" as planned for ILC detector barrel
" tested for 2 weeks in July in H2@SPS

Calorimeter technology  
in superKEKB commissioning  

detector: CLAWS



Physics studies for ILC/CLIC: 
Higgs decay to cc/bb/gg at 350 GeV
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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
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✤ 350 GeV: ZH and WW fusion (VBF) 
both appreciable cross-sections

✤ Measure decay fraction σ x BR of  
H -> bb/cc/gg   
(for CLIC, equally valid for ILC)

✤ Difficult analysis, now being finalised
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✤ Event selection and Standard Model background rejection based on 
multi-variate classifier (Boosted Decision Tree)

✤ Extracting the decay fraction using a multi-dimensional template fit 
including flavour tagging and Higgs pT distribution

✤ 350 GeV: ZH and WW fusion (VBF) 
both appreciable cross-sections

✤ Measure decay fraction σ x BR of  
H -> bb/cc/gg   
(for CLIC, equally valid for ILC)

✤ Difficult analysis, now being finalised
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σ x BR fit results:
H->bb (VBF) 1.8%
H->bb (ZH) 0.85%

H->cc 10.7%
H->gg 4.07%

Resulting model independent  
coupling precision:

gHbb 2.8%
gHcc 6.1%
gHgg 3.4%

✤ Event selection and Standard Model background rejection based on 
multi-variate classifier (Boosted Decision Tree)

✤ Extracting the decay fraction using a multi-dimensional template fit 
including flavour tagging and Higgs pT distribution

✤ 350 GeV: ZH and WW fusion (VBF) 
both appreciable cross-sections

✤ Measure decay fraction σ x BR of  
H -> bb/cc/gg   
(for CLIC, equally valid for ILC)

✤ Difficult analysis, now being finalised
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σ x BR fit results:
H->bb (VBF) 1.8%
H->bb (ZH) 0.85%

H->cc 10.7%
H->gg 4.07%

Resulting model independent  
coupling precision:

gHbb 2.8%
gHcc 6.1%
gHgg 3.4%

✤ 350 GeV: ZH and WW fusion (VBF) 
both appreciable cross-sections

✤ Measure decay fraction σ x BR of  
H -> bb/cc/gg   
(for CLIC, equally valid for ILC)

✤ Difficult analysis, now being finalised

✤ The combined measurement of all Higgs hadronic decay channels 
allows to extract the Higgs width and its couplings

✤ Deviations w.r.t. the Standard Model in the couplings point to new 
physics



Physics studies for ILC/CLIC: 
Top mass theory uncertainty
✤ Top quark physics is a key 

component of the physics 
program

✤ Not yet studied at e+e- colliders
✤ Top mass can be measured with 

high precision at the ttbar 
production threshold near 350 
GeV

✤ Production cross-section around 
the threshold depends on top 
quark properties and on QCD

✤ So far: theory uncertainty on top 
mass estimated ~55 MeV

7
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Physics studies for ILC/CLIC: 
Top mass theory uncertainty

✤ Re-examine theory uncertainty on the  
cross-section:  
NNNLO QCD calculations 
available by M. Beneke, J. Piclum et al.

✤ Substantial variations in cross-  
section due to QCD scale uncertainties 

✤ Incorporate the scale uncertainties  
in the mass template fit 

✤ For a threshold scan at ILC:  
45 MeV (syst) from NNNLO  
QCD scale uncertainty,  
32 MeV fit uncertainty

✤ Expected total uncertainty  
on mt < 100 MeV for ILC / CLIC   
Now on much firmer ground with realistic 
theory systematics
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Physics studies for ILC/CLIC: 
Prospect for squark mass measurement

✤ Mass measurement of TeV-scale light-
flavoured right handed squarks  
for CLIC at 3 TeV

✤ Signal signature: 2 jets and missing E
✤ High background (generic signature); 

multivariate classifiers (BDT)
✤ Template fit with generator level 

templates: σm/m =  0.58%
✤ Test jet finding algorithms: 

longitudinally invariant kt algorithm 
most robust

✤ Valuable for any study at e+e- colliders 
involving jets and missing energy

9
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events. Instead, detector effects are included on generator
level.

As a first step, acceptance is taken into account by reject-
ing particles with | cos θ | > 0.995 or p < 100 MeV. Then,
jet clustering is performed using the same algorithm as used
elsewhere in this analysis (kt algorithm with R = 0.7). To
account for detector resolution effects, the reconstructed jet
energies were then smeared with a Gaussian with a width of
4.5 %, obtained by comparing the shape of the MC - distri-
bution of the smeared jets with a full simulation for one mass
point. This smearing is compatible with the performance of
PandoraPFA, with a jet energy resolution of approximately
3.5–4 % RMS90 (the rms in the smallest range of recon-
structed energy which contains 90 % of the events) for TeV-
scale jets.

This simplified procedure of including detector effects
only acts on the jet energy, but does not affect other details
such as particle number and particle identification, which
enter the BDT-based background discrimination. The appli-
cation of the BDT to the smeared generator-level templates
would thus not result in the same behavior as for the fully
simulated events. Since the BDT does not have a significant
influence on the shape of the MC distribution after the Emiss

T
cut as shown in Fig. 3, it is not applied for the generation of
the templates. Possible systematic effects due to the omis-
sion of this selection are substantially smaller than the statis-
tical uncertainties, and are discussed in Sect. 6.3. The Emiss

T
requirement on the other hand substantially changes the low-
MC part of the distribution and is included. The templates do
thus reproduce the mass-dependent shape of the distribution,
but not the reconstruction efficiencies. The overall normal-
ization of the templates is thus kept as a free parameter in
the fitting procedure. The templates can be used to extract
the mass, but an extraction of the measured cross section
requires the use of the signal selection efficiency determined
from fully simulated events.

6.2.2 Template fit

The template fit is performed by comparing the MC distri-
butions of different templates and the background-subtracted
simulated measurement corresponding to an integrated lumi-
nosity of 2 ab−1 using a binned χ2, given by

χ2 =
bins∑

n

#2
n

σ 2
m,n + σ 2

t,n
,

with#n giving the difference between measurement and tem-
plate in bin n and σm,n (σt,n) being the statistical error of bin
n for the measurement and the template, respectively. Since
the normalization of the templates is not defined with respect
to the simulated data due to the absence of the BDT selection
in their creation, an individual minimization of the χ2 was

 [GeV]CM
500 1000 1500

En
tri

es
 / 

20
 G

eV
0

20

40

60

80

100

120

signal (background subtracted)
 = 1118.8 GeV

>q~<
Template m

 = 3 TeVsCLICdp

Fig. 5 Comparison of the template with the lowest χ2 to the simulated
data points after subtraction of the parametrized background distribution

performed for each template, with the template scale fac-
tor as free parameter. Figure 5 shows the MC distribution of
the background-subtracted measurement and that of the tem-
plate with the lowest χ2, showing the good match between
the distributions.

The measured squark mass is given by the minimum of the
χ2 distribution as a function of squark mass. The distribution
follows the expected parabolic shape around the minimum,
which is determined with a fit of a parabolic function.

The statistical uncertainty of the squark mass measure-
ment is obtained by performing toy-MC experiments. Each
experiment takes the histogram of the MC distribution for the
measurement as input and randomly shifts the value of each
bin of the histogram according to a Gaussian with a standard
deviation corresponding to the statistical uncertainty of this
bin. Then the squark mass extraction as described above is
repeated. From the width of the distribution of the squark
masses determined in 500 such experiments, the statistical
uncertainty of the measurement is determined.

The extraction of the mass from the simulated measure-
ment corresponding to an integrated luminosity of 2 ab−1

results in a measured squark mass of

m<q̃> = 1125.5 GeV ± 6.5 GeV (stat).

This corresponds to a relative uncertainty of 0.58 % and is in
excellent agreement with the input value of 1123.7 GeV.

6.3 Systematic uncertainties

A full study of all possible systematic uncertainties has not
been performed, but several key aspects have been evaluated.

Since the mass measurement technique used here requires
the mass of the neutralino as external input, the uncertainty

123

✤ Analysis published this year:  
Eur. Phys. J. C75, 379 (2015)
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Fig. 1 Visible energy, given by the sum of the two highest-energetic
jets EJet1+EJet2 for the different jet finding techniques and given by the
sum of the energy of all visible particles Evis for the reference for a no
γ γ → hadrons background without background rejection cuts, b full
background without background rejection cuts and c full background
and the background rejection cuts

Recently, a new algorithm, the Valenica algorithm, has
been introduced, based on the experience with jet finding in
the CLIC and ILC physics studies [27]. This algorithm com-
bines features of the longitudinally invariant kt algorithm and
the classic kt algorithm. Since this algorithm was proposed
after the completion of the physics studies for the CLIC CDR
it is not considered in the present analysis.

5 Mass measurement techniques

The final state of the considered process e+e− → q̃R ¯̃qR →
qq̄χ̃0

1 χ̃0
1 is characterized by two highly energetic jets and

missing energy. The mass of the squarks is extracted from the
measured jets. Several different techniques for this extraction
have been evaluated in the course of this study [28]. From
the end-points of the energy distribution of the final-state
jets, the mass of both the squark and the χ̃0

1 can be extracted
[29]. The upper edge of this distribution is substantially dis-
torted by the luminosity spectrum of the collider. Recent
studies have shown that the luminosity spectrum at CLIC
can be measured with sufficient precision to still enable a
precise determination of the edge position [30]. However,
the jet energy distribution, in particular the lower edge given
by low-energetic jets, also suffers significantly from Stan-
dard Model background, making precision measurements
challenging.

Here, a different technique is explored. It is assumed that
the mass of the lightest neutralino will be measured with satis-
factory precision in processes with higher cross sections and
less background sensitivity, such as slepton production and
decay [31]. With this additional knowledge, the extraction of
the squark mass from distributions with a single kinematic
edge becomes possible.

Since the distribution of the center-of-mass energy at a
3 TeV CLIC collider has a substantial tail towards lower
energies due to beamstrahlung, with only 35 % of the lumi-
nosity in the top 1 % of the energy, methods which do not
rely on the knowledge of the precise center-of-mass energy
are advantageous. One such technique is the variable MC
[32], which uses the momenta of the two observed jets to
form a modified invariant mass which is invariant under
contra-linear boosts of equal magnitude of the two squarks,
and thus independent of the center-of-mass energy. MC is
given by

MC =
√
(Eq,1 + Eq,2)2 − (pq,1 − pq,2)2 (3)

=
√

2(E1E2 + p1 · p2), (4)

where E1, p1 and E2, p2 are the energies and three momenta
of the two visible final-state quarks (jets), respectively. The
distribution of MC , has a triangular shape with the maximum
at the upper edge, given by
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Highly Granular Calorimeters

✤ For high precision physics at future colliders a high jet 
energy resolution is needed, this can be achieved 
when using highly granular calorimeters and Particle 
Flow Algorithms (PFA)

✤ Activities in the scope of the CALICE collaboration 
that develops and tests such calorimeters
✤ Spokesperson: Frank Simon (since April ‘15)
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Test beam analysis:  
hadronic showers in Si-W ECAL vs Geant4

✤ Test beam data taken with 
CALICE prototypes is ideally 
suited to test simulation models of 
hadronic showers

✤ Detailed analysis of the primary 
interaction in the SiW-ECAL

✤ Pion showers at 2 to 10 GeV:  
MC compared to data

✤ The data allows to discriminate 
between Geant4 models on a very 
fine scale and MC reproduces data 
within 20% - 5%

11

✤ Analysis published this year:  
Nucl. Instrum. Meth. A794 
(2015) 240-254
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Test beam analysis: 
Timing in hadronic showers

✤ Previously observed differences in the time of first hit distributions 
between T3B and FastRPC

✤ Scintillator vs gas
✤ Simulations to understand what causes the difference seen
✤ At short times elastic scattering of neutrons important,  

at later times neutron capture

12

3

Measurement in 2012

● Muon calibration

● Peak mostly EM subshower, 
relativistic hadrons (~ 1 ns)

● Current interpretation:

– Neutron elastic scattering 
on hydrogen (~ 10 ns)

suppressed with 

gas detector readout

– Capture of slow neutrons

(> 100 ns)

16

nElastic

● Fraction Process/All

● More nElastic in 

Scintillator for 

0 < t < 50 ns

● nElastic flat for

t > 50 ns

GEANT4 10.01.p02
QGSP_BERT_HP



Analogue Hadronic Calorimeter

✤ Scintillator tiles (3x3 cm2) with SiPM readout, Steel or Tungsten absorber
✤ Precision cassettes for the active layers produced in the MPP 

mechanical workshop
✤ Construction of an “engineering prototype” in preparation 

✤ Scalable to the full ILD layout, realistic infrastructure; 30 fully 
equipped layers, integrated electronics, automatic mass production 
assembly

✤ A 15 layer e.m stack will be constructed in 2016 for electron 
measurements and power pulsing tests .
✤ Absorber structure will be produced in the MPP mechanical 

workshop
✤ Experience in test beams with different technologies will give important 

information to choose 1 tile design and 1 SiPM option
13
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Towards mass production: simplified tile & HBU design

> tile design with SiPMs mounted on 
the side of the tile not suitable for 
mass assembly

> tiles with surface-mount SiPMs fulfil 
HCAL requirements

" signal size
" signal uniformity across tile

> new HBU design for surface-mount 
SiPMs:

" SiPMs mounted directly on PCB    
" individually wrapped tiles 
➔mass assembly with pick-and-  

place machine possible
" further possible improvements 

identified, to be tested
> very positive experience in SPS 

testbeam
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AHCAL test beam at SPS ‘15

✤ Two beam test periods this year:  
2 weeks in July and 2 weeks in August

✤ Gain experience with a variety of tiles and SiPMs  
(different layers with different SiPMs/tiles installed)

✤ First test beam with 2nd generation electronics  
(giving timing information)

✤ 10 (11) small layers and 4 big layers with steel 
(tungsten) absorber

✤ Succesfull operation
✤ DAQ stable, capable of integrating also ECAL
✤ Data taken with muons (calibration),  

pions (10 -90 GeV, high stats at 50 GeV),  
electrons (10 - 50 GeV) and positrons at 20 GeV

14
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Tiles/Strips and SiPMs

> 2 (ECAL) layers with strips 
" Hamamatsu MPPCs with 1600 pixels
" Hamamatsu MPPCs with 10000 pixels

> 5 layers with tiles with wavelength   
shifting fibre

" CPTA SiPMs with 800 pixels

> 2 layers with tiles without WLS
" Ketek SiPMs with 12000 pixels

> 1 layer with surface mount SiPMs with 
individually wrapped tiles

" Hamamatsu MPPCs with 1600 pixels

> 4 big layers with individually wrapped tiles
" Ketek SiPMs with 2300 pixels
" sensl SiPMs with 1300 pixels

• we want to build a fully equipped prototype in the coming years
• experience from testbeams is important input to chose one option
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Setup of steel AHCAL technological prototype

> layer configuration
" 10 small layers (18*18 or 36 * 36 cm2):

shower start finder
" 4 big layers (72 * 72 cm2):

shower profile, correlation of hit times
> steel absorber structure

" as planned for ILC detector barrel
" tested for 2 weeks in July in H2@SPS

MPP cassettes
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Data samples: muons

deposited energy [MIP]

muons peak at 1 MIP
→ detector well calibrated 

# 
en

tri
es

• check of calibration at low cell 
energies

• timing reference
• steel: 

– 2 scans of innermost 36*36 cm²
– first scan: ~60 positions,       

~50k beam events in each (all 
inner positions with rather high 
threshold on trigger scintillator)

– second scan: 36 positions,   
~50k beam events in each

• tungsten:
– ~700k beam events with wide 

beam
– should cover innermost 36*36 

cm² with enough statistics
• muon calibration within ~3 days!
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AHCAL beam test results

15
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Hit map: steel

• one pion run

• 2 layers in shower start 
finder rather inefficient

• all layers with new 
SiPMs and tiles show 
good efficiency and 
uniformity
– strips
– tiles without WLS
– surface-mount SiPMs
– 4 big layers

shower start finder

big layers

Steel Tungsten
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Hit map: tungsten

additional EBU with opposite strip orientation

Big layers
Shower start finder
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Eldwan Brianne  |  AHCAL Main Meeting  |  11/12/15  |  Page 13/16

First Results

> Check MIP Calibration + Monte-Carlo chain!

> First Data/MC Comparison for this prototype!!!

> Only one run (Run 24016)

Good agreement !!



Tile and SiPM studies

✤ A test setup to evaluate the homogeneity of scintillator tiles
✤ This infrastructure will be updated as part of AIDA2020 (~3 M€)

✤ Higher energy electron source, climate chamber, larger 
scanning range, low noise SiPMs, new DAQ and analysis 
package (LabView based)

✤ part of Work Package 14 (~100 k€)  
WP coordinators: Frank Simon and Roman Pöschl

✤ Default scintillator tiles prepared at the MPP plastic workshop
✤ SiPM amplifier boards prepared at the MPP electronics 

department

16



Testing SiPMs

✤ New generation SiPMs have a 
lower dark rate and very low inter-
pixel crosstalk

✤ Very promising for AHCAL, 
CLAWS, upgraded scanning setup
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Scintillator uniformity scans 

✤ Testing different tile shapes
✤ Testing different materials
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Scintillators for large scale prototype
✤ Test: optically isolate neighbouring channels in a megatile:  

subsurface laser engraving -> mechanical stability, mass producible

✤ First tests on PVT plastic -> separation not so good

✤ New tests on plastics from different suppliers (PVT, polystyrene)  
Tiles machined at MPP in the plastic workshop

✤ so far: surface damaged by lasering process

✤ Upcoming tests: Injection moulding with alternative  
scintillator material - potentially cost-effective for  
large numbers of individual tiles. 

✤ Material also of interest for Gerda/GeDet:  
Common study
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CLAWS

✤ Collaboration with the Belle II group in the 
commissioning phase of SuperKEKB and Belle II
✤ SuperKEKB Commisioning Detector: BEAST II
✤ Measure the beam backgrounds at IP 
✤ Start of commissioning February 2016

✤ CLAWS  
Scintillation Light And Waveform Sensors
✤ Measure the time dependence of the 

backgrounds -> injection bunches
✤ Fast timing needed and high sampling rate over 

extended times -> T3B (tiles and SiPMs from 
CALICE project)

✤ Installed in BEAST II at KEK in Sept. ’15
✤ DAQ in development
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CLAWS

✤ Developing an upgrade for the first 
commissioning phase (end of January ‘16)
✤ Employ new generation SiPMs: much 

lower noise and cross talk
✤ More radiation hard scintillators
✤ New amplifier boards thanks to MPP 

electronics department
✤ Phase 2: 

✤ Measure time dependence of 
background in the region of the PXD of 
Belle II

✤ Similar hardware as for phase 1 
upgrade, much closer to the IP

✤ Concept exists, details to be worked out
21
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Summary

✤ Contributions to
✤ Physics studies at linear colliders;  

Higgs, Top, Squarks
✤ Calorimeter R&D; construction of prototypes, test 

beam operation, testing components, tile scanning
✤ Commissioning of superKEKB; CLAWS
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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
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Setup of steel AHCAL technological prototype

> layer configuration
" 10 small layers (18*18 or 36 * 36 cm2):

shower start finder
" 4 big layers (72 * 72 cm2):

shower profile, correlation of hit times
> steel absorber structure

" as planned for ILC detector barrel
" tested for 2 weeks in July in H2@SPS


