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the IDEA behind this talk

• Explore synergies and common issues for the muon system of  different detectors 
(IDEA, CLIC-inspired, ...) and machines (i.e. FCC-ee and CepC).

• Look for possible improvements of  the physics performance with respect to the 
current designs.

• Start building a team to work on simulation, optimization and R&D.
• contribution to CepC CDR by 2017
• contribution to FCC-ee CDR next year
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outline

• detector requirements and designs

• general consideration on muon system

• iron yoke thickness and segmentation

• spatial resolution and detection techniques

• some exotic IDEAs

• summary and outlook
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 @ 240 GeV-µ +µ → ZH, H → -e+e

detector requirements
• mass reconstruction from jet pairs. Resolution important for control 

of  (combinatorial) backgrounds in multi-jet final states 
• HZ à 4 jets, ttbar events etc. 

• At δE/E 30% / √E (GeV), detector resolution is comparable to natural widths of  W and 
Z bosons

• excellent lepton and photon ID needed q e/π, µ/π, γ/π0.
• lepton ID effciency >95% over full energy range.

e+e- !HZ physics constraints

"Vertex detector:

# c/τ besides b

#Light and small pixels

"Tracker:

#Fit Mrecoil from Z!µµ

#Η!µµ mass resolution (*)

#Light and  excellent resolution

"Calorimeters:

#H!γγ $ ECAL resolution (*)

#H!qq, VV $ ECAL+HCAL resolution

CSN1, Roma, Maggio 2016 F. Bedeschi, INFN-Pisa3

(*) LHC may observe these channels 
with similar ot better precision before 
CepC 

• momentum resolution: matching beam 
energy spread à
• Higgs recoil mass, Higgs coupling to muons, BSM 

(smuon and neutralino masses)

• Endpoint of  lepton momentum spectrum v Probe 
to 10-9 level lepton flavour violation Zàτe, Zàτµ

• for high pT tracks 
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CLIC Detector requirements from physics
momentum resolution
Higgs recoil mass, Higgs coupling to muons, 
BSM (smuon and neutralino masses)
for high pT tracks

�pT /p
2
T ' 2⇥ 10�5GeV �1

jet energy resolution
W/Z di-jet mass separation
jet energy up to 1 TeV

�E/E ' 3.5%

A CLIC-inspired detector for FCC-ee - FCC-ee Detector Design Meeting 19.6.2017 | Emilia Leogrande
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the IDEA detector concept

Mogens Dam / NBI Copenhagen

FCC-ee Detector Concept – IDEA

19 June 2017FCC-ee Detector Design 2

MAPS

Ultra-light Tracker

Double Readout Calorimeter

Instrumented return yoke

IDEA detector concept based 
on present state-of-the-art 
technologies:
u Vertex detector, MAPS
u Ultra-light drift chamber 

with PID
u Pre-shower counter
u Double read-out calorimetry
u 2 T solenoidal magnetic 

field
u Possibly instrumented 

return yoke

u Or possibly surrounded by 
large tracking volume (R �
8m) for very weakly coupled 
(long-lived) particles

Two Options: Coil inside or outside calorimetry

FCC-ee Physics and ExperimentsFCC-ee Physics and Experiments

-- News at this FCC week
-- Status
-- Towards the CDR 
-- Run plan  

IDEA detector concept based on present state-of-the-art 
technologies:

• Vertex detector, MAPS (ALICE ITS technology).

• Ultra-light drift chamber with PID 

• Pre-shower counter 

• Dual read-out calorimetry 

• 2 T solenoidal magnetic field 

• Possibly instrumented return yoke 
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the IDEA detector concept

IDEA detector concept based on present state-of-the-art 
technologies:
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• Ultra-light drift chamber with PID 

• Pre-shower counter 

• Dual read-out calorimetry 

• 2 T solenoidal magnetic field 
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• Or possibly surrounded by large tracking volume (R ~8m) for 

very weakly coupled (long-lived) particles
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field
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return yoke

u Or possibly surrounded by 
large tracking volume (R �
8m) for very weakly coupled 
(long-lived) particles

Two Options: Coil inside or outside calorimetry

FCC-ee Physics and ExperimentsFCC-ee Physics and Experiments

-- News at this FCC week
-- Status
-- Towards the CDR 
-- Run plan  
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the CLIC/ILD detector concept

ILD: current CepC baseline

!Large solenoid with calorimeter/tracker inside

HEP conference, HK, January 2017 F. Bedeschi, INFN-Pisa7

6/18

CLIC Detector layout
Tracker

Vertex

11.4m

1
2

.9
m

Calorimeters

A CLIC-inspired detector for FCC-ee - FCC-ee Detector Design Meeting 19.6.2017 | Emilia Leogrande

FCC-ee – CLIC inspired detector CepC – ILD inspired detector

arXiv:1202.5940

ILD-like	design	in	PreCDR

• ILD-like design as	a	reference	for	feasibility	studies

- New	MDI	design with a	shorter	L*=1.5m
- Silicon	pixel	vertex	detector,	strip	trackers	
- TPC	as	main	tracking	device
- B	field	3.5T
- Very	high	granularity

ECAL		(0.5cm	x	0.5cm)
HCAL	(1.0cm	x	1.0cm)

2017-01-23 Yuanning	Gao,	CEPC	Detector 7
it comes in two flavors with very similar layouts
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the CLIC/ILD detector concept

ILD-like	design	in	PreCDR

• ILD-like design as	a	reference	for	feasibility	studies

- New	MDI	design with a	shorter	L*=1.5m
- Silicon	pixel	vertex	detector,	strip	trackers	
- TPC	as	main	tracking	device
- B	field	3.5T
- Very	high	granularity

ECAL		(0.5cm	x	0.5cm)
HCAL	(1.0cm	x	1.0cm)

2017-01-23 Yuanning	Gao,	CEPC	Detector 7

ILD: current CepC baseline

!Large solenoid with calorimeter/tracker inside

HEP conference, HK, January 2017 F. Bedeschi, INFN-Pisa7ILD: current CepC baseline

!Large solenoid with calorimeter/tracker inside

HEP conference, HK, January 2017 F. Bedeschi, INFN-Pisa7

Solenoid B=4T, L~7m, 

Rmin=3.4m, ∆R=90cm

arXiv:1202.5940

the CLIC-inspired detector is the current baseline 
for CepC:

• Pixel Vertex Detector

• MPGD based Time Prijection Chamber

• ECAL (SiW sampling calorimeter)

• HCAL (steel + scintillator sampling calorimeter)

• 4 Tesla solenoid

• Fe yoke equipped with muon chambers 
• RPCs or scintillators

8G. Cibinetto - RD_FA Collaboration Meeting Jyly 3-4 2017



CepC muon system 
current baseline

200 THE CEPC DETECTOR

6.6 Muon System

The CEPC muon system acts as the muon identifier, the solenoid flux return yoke and
the support structure for the whole spectrometer, following the same design as for the
ILD detector [2]. High muon detection efficiency, low hadron mis-identification rate,
modest position resolution and large coverage are the main concerns of the design. The
muon system plays an important role in measuring physics processes involving muon final
states, e.g. e+e� ! ZH with Z ! e+e� or µ+µ�. In addition, it compensates for leaking
energetic showers and late showering pions from the calorimeters, which is important to
improve the relative jet energy resolution [90].

6.6.1 Baseline Design

Figure 5.44 The layout of the muon system.

The muon system will be installed as the outermost component of the whole detector.
Its main parameters are summarised in Table 6.8. The geometry and dimensions will have
to be optimised together with the inner detectors, in particular the ECAL and the HCAL.
In general, the muon system is divided into barrel and end-caps, as shown in Fig. 5.44.
Both the barrel and end-caps are further segmented into modules arranged in an octagon,
decagon or dodecagon, as adopted by several other experiments as shown in Fig. 5.45.
The segmentation is constrained by the maximum sizes of the module and sensitive unit.
More segments are required for a larger detector. For the CEPC muon system, dodecagon
segmentation is selected for the baseline design. Detailed studies on the structure of the
segments and modules will be carried out to minimise the dead area and to optimise the
interface for routing, support and assembly.

The number of sensitive layers and the thickness of iron (or tungsten) in the absorbers
are two critical parameters. Considering the center-of-mass energy of the CEPC (

p
s ⇠

MUON SYSTEM 201

Table 6.8 The baseline design parameters of the CEPC muon system

Parameter Possible range Baseline

Lb/2 [m] 3.6 – 5.6 4.0

Rin [m] 3.5 – 5.0 4.4

Rout [m] 5.5 – 7.2 7.0

Le [m] 2.0 – 3.0 2.6

Re [m] 0.6 – 1.0 0.8

Segmentation 8/10/12 12

Number of layers 6 – 10 8 (⇠4 cm per layer)

Total thickness of iron 6 – 10� (� = 16.77 cm) 8 (136 cm)
(8/8/12/12/16/16/20/20/24)

Solid angle coverage 0.94 – 0.98⇥4⇡ 0.98

Position resolution [cm]
�r�: 1.5 – 2.5 2
�z : 1 – 2 1.5

Average strip width [cm] Wstrip: 2 – 4 3

Detection efficiency 92% – 98% 95%

Reconstruction efficiency 92% – 96% 94%
(Eµ > 6 GeV)

P(⇡ ! µ)@30GeV 0.5% – 3% < 1%

Rate capability [Hz/cm2] 50 – 100 ⇠60

Technology
RPC RPC (super module, 1

layer readout, 2 layers
of RPC )

Scintillating strip
Other

Total area [m2]
Barrel ⇠4450
Endcap ⇠4150
Total ⇠8660

Total channels
Barrel 26500
Endcap 29000
Total ⇠ 5.55⇥10

4 (3 cm strip width, 1-D
readout, 2 ends for barrel, 1 end for
end-cap)
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muon identification: iron yoke thickness

• the CLIC-inspired design exploits about 1.5 m 
of  iron.

• probably redundant (including the HCAL 
thickness).

202 THE CEPC DETECTOR

Figure 5.45 Segmentation options for the muon system.

240 GeV), the total thickness of iron absorber should not exceed 13 times the nuclear
interaction length (�) of iron. For the baseline design, it is chosen to be 8� distributed in
8 layers, which should be sufficient for effective muon tracking. Gaps of 4 cm between
neighbouring iron layers give adequate space for the sensors (RPC and scintillator strips).
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Figure 6.46 The muon detection efficiency as a function of momentum for different numbers of layers
of muon detector (left), and the pion detection efficiency as a function of number of layers for different
momenta (right).

Figure 6.46 (left) shows that for momentum larger than 4 GeV/c, the muon detection
efficiency can still reach 95% even after penetrating 8 layers. This simulation result in-
dicates that high detection efficiency might be still feasible for low energy muons. The
cut-off momentum might be slightly above 4 GeV, after taking into account all the ma-
terial in front of the muon system. Figure 6.46 (right) shows the detection efficiency for
pions with energies of 10, 30, and 50 GeV, respectively. The results suggest that the pion
detection efficiency is not sensitive to the pion energy itself, but rather to the number of
detector layers. The efficiency decreases drastically with increasing number of layers and
vanishes after 8 layers, which is the number chosen for the CEPC baseline design but
which will undergo further study in future.

Calorimeter

!Potential resolution in jets

# ~ 30-40%/ !
(see  4° concept LOI)

!Natural µ/π/e separation

#Can improve with timing 
and lateral shape cuts

εel > 99%, <0.2% π mis-ID

HEP conference, HK, January 2017 F. Bedeschi, INFN-Pisa18

Electrons
Hadrons

Mu

S+Q

Q

S

50 GeV beam50 GeV beam

• µ/p separation can be done 
in conjunction with HCAL 
and taking into account also 
the lateral development of  
the hadronic shower.

• IDEA design more compact.

CepC pre-CDR

10

dual readout calorimeter
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jet energy measurement: iron segmentation

• Capturing the full physics potential will require jet energy resolution 
beyond that of  currently operating detectors.

TCMT is the large module near the rear of the photograph; the aluminum/steel cassette surfaces
are visible between the blue absorber plates.

TCMT$

AHCAL$

ECAL$

Beam$

Figure 4. The CALICE detector at the 2006 CERN testbeam. The TCMT is traced by the labeled orange
outline.

The silicon-tungsten ECAL prototype contains 30 layers assembled into three modules. The
tungsten absorbers have different thickness for each module (1.4, 2.8, and 4.2 mm with the thinner
absorbers nearest the beam origin). The silicon planes are divided into 3x3 wafers, each wafer
having 6x6 cells of 10 x 10 mm2. For the October 2006 run, each plane had six out of nine wafers
in place for a total of 6480 channels. Details are available in reference [4].

As designed, the AHCAL includes 38 steel and scintillator layers, each layer with a volume of
900.0 x 900.0 x 32.0 mm3. Each layer is a combination of a 17.4 mm thick steel absorber plate and
a 11.7 mm thick readout module or cassette. In addition each layer has a 2.5 mm air gap to allow
for tolerances. The AHCAL cassette is composed of two 2 mm steel covers, 5 mm thick scintillator
segmented into 216 tiles read out with WLS fiber and SiPMs, a 1 mm printed circuit board, 1.5
mm thick layer of cables and fibers, and 0.2 mm of foil. The full AHCAL has 7608 electronic
channels. See the references for details [5]. The AHCAL cassettes differ significantly from the
TCMT cassettes primarily because the SiPMs and associated cables are internal to the cassette.

The data discussed in this paper were collected in October 2006, when the AHCAL was com-
posed of 30 layers of steel with gaps one through 17 instrumented with a cassette and every other

– 7 –

Table 3. Leakage for 10 and 80 GeV pions.
Energy Fractional Fractional Fraction of Events
(GeV) Mean Leakage RMS Leakage Exceeding 10% Leakage

10 0.032±0.002 0.082±0.001 0.030±0.001
80 0.076±0.001 0.117±0.001 0.061±0.001

resolution as a function of the number of interaction lengths for 20 GeV pions. To ensure sensitivity
to the low tail of the spectra, especially with thinner calorimetric configurations, the resolution was
calculated as the ratio of the root-mean-squared (RMS) to the mean energy. The first point has no
additional TCMT layers while the final point incorporates all 16 layers. With the full TCMT, the
resolution improves 37% relative to the partial AHCAL.
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Figure 15. Energy spectrum for 20 GeV pions without the TCMT (open histogram, RMS=4.7 GeV) and
with the full TCMT (filled histogram, RMS=3.0 GeV). The energy from the ECAL and partial AHCAL is
included.

An alternative measure of the impact of the TCMT is the hadronic shower energy leakage
with and without the TCMT. For this measure, the calorimeter system is defined as the ECAL plus
the AHCAL and the first seven layers of the TCMT which corresponds to a total thickness of 5.9
nuclear interaction lengths1. The remaining nine layers of the TCMT are used to calculate the
leakage. Table 3 shows the mean leakage, RMS leakage, and fraction of events with leakage more
that 10% for 10 and 80 GeV pions. The fractional leakage of an event is calculated as the difference
between the total measured energy and the energy in the ECAL plus the AHCAL plus the seven
initial TCMT layers divided by the total measured energy.

Both the resolution improvement and the reduced leakage indicate that the TCMT improves
the overall calorimetry and that calorimeters with seven or more interaction lengths are required to
avoid leakage. As discussed in the next section, by providing the option of calorimetric sampling

1Similar to the thickness of a typical ILC detector design.

– 17 –

RMS=4.7 GeV
RMS=3.0 GeV

• A properly segmented 
muon system can act 
as tail catcher, 
therefore help improving 
the energy resolution. 

arXiv:1201.1653

• The reconstruction of  individual showers in a jet requires fine transverse 
and longitudinal segmentation of  the calorimeters in addition to good 
intrinsic energy resolution. 
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momentum resolution

• the muon system can help 
improving the momentum 
resolution for high pT muons.

• provided
• a suitable magnetic field

• detector with good spatial resolution

DETECTOR MAGNET SYSTEM 209

Figure 6.52 3D view of field (in T) in various regions of the CEPC detector magnet.

operating current between the middle and end modules, to improve the field homogeneity
in the TV region.

Figure 6.53 Field map of the magnet (T).

In addition, with an odd number of modules, the coil mid-plane (Z = 0 m), where
the axial compressive forces are at a maximum, is not an interface between two modules.
Such design limits the risk of delamination and heat deposit by friction in the module-to-
module coupling region. This is particularly important for the innermost layer, where the
field applied to the superconductor is at its maximum. Each middle module has 4 layers,
with 78 turns per layer. Each end module also has 4 layers, but with 39 turns per layer.
The nominal current is 18.575 kA for the design maximum central field of 3.5 T.

Figure 6.53 shows the magnetic flux density vector sum of the solenoid with the yoke.
With the design field of 3.5 T at the interaction point, the field homogeneity in the TV
region is about 10.2%. This can be improved by adjusting the relevant parameters of the
end modules. The magnetic flux line distribution and field map are shown in Fig. 6.54
and Fig. 6.53, respectively. Fig. 6.55 shows the stray field distribution outside the magnet.

206 THE CEPC DETECTOR

6.7 Detector Magnet System

The CEPC detector magnet system is designed to provide an axial magnetic field of about
3.5 T, homogeneous over the tracking volume (TV). The superconducting solenoid has a
warm bore of 6.8 m in diameter and 8.05 m in length. The iron yoke consists of barrel
and end-cap components. It provides the magnetic flux return, accommodates the instal-
lation space for the muon detector and serves as the main support structure for the CEPC
detector.

6.7.1 General Design Considerations

The CEPC detector magnet follows the same design concepts as for the CMS and ILD
magnets [100, 101], except for different geometrical dimensions. The magnet system
consists of the solenoid coil and the iron yoke. Two options for the coil design can be
considered:

Option A: five modules with three long sectors (1.8 m) in the middle and another two
short sectors (1 m) on either end, which are used for uniformity adjustment of the
tracking volume (TV). The five modules are connected mechanically and electrically.
With the thermal shields, they make up the cold mass, supported by several sets of
tie-rods inside the vacuum tank.

Option B: three modules of 2.7 m in length including an independent vacuum ves-
sel. This reduces the risks in winding, impregnation, handling, testing and transport.
The electromagnetic force between the coils, however, may increase the difficulty of
designing the supporting rods and vacuum tank.

For both options, each module consists of four layers with indirect cooling. A nominal
current of 18.575 kA is required for the design central field of 3.5 T. Option A has been
adopted for the CEPC baseline design.

The iron yoke consists of the barrel with 3 rings (11 layers each) and the end-caps (11
layers each). They are laminated to house the muon detector. Figure 6.48 shows the 3D
view and Fig. 6.49 shows the cross-sectional view of the magnet, respectively.

Table 6.10 Main parameters of the CEPC detector magnet.

Cryostat inner radius [mm] 3400 Barrel yoke outer radius [mm] 7240

Cryostat outer radius [mm] 4250 Yoke overall length [mm] 13966

Cryostat length [mm] 8050 Barrel weight [t] 5775

Cold mass weight [t] 165 End-cap weight [t] 6425

Barrel yoke inner radius [mm] 4400 Total yoke weight [t] 12200

The field map of the magnet system has been calculated with a 2D axisymmetric model,
using the ANSYS magnetic vector potential formulation with the nodal-based method and
infinite boundaries. All the gaps for the actual design of the yoke are taken into account,
using an axisymmetric cylindrical simulation rather than the dodecagonal geometry. The

12G. Cibinetto - RD_FA Collaboration Meeting Jyly 3-4 2017



CepC muon system baseline

MUON SYSTEM 201

Table 6.8 The baseline design parameters of the CEPC muon system

Parameter Possible range Baseline

Lb/2 [m] 3.6 – 5.6 4.0

Rin [m] 3.5 – 5.0 4.4

Rout [m] 5.5 – 7.2 7.0

Le [m] 2.0 – 3.0 2.6

Re [m] 0.6 – 1.0 0.8

Segmentation 8/10/12 12

Number of layers 6 – 10 8 (⇠4 cm per layer)

Total thickness of iron 6 – 10� (� = 16.77 cm) 8 (136 cm)
(8/8/12/12/16/16/20/20/24)

Solid angle coverage 0.94 – 0.98⇥4⇡ 0.98

Position resolution [cm]
�r�: 1.5 – 2.5 2
�z : 1 – 2 1.5

Average strip width [cm] Wstrip: 2 – 4 3

Detection efficiency 92% – 98% 95%

Reconstruction efficiency 92% – 96% 94%
(Eµ > 6 GeV)

P(⇡ ! µ)@30GeV 0.5% – 3% < 1%

Rate capability [Hz/cm2] 50 – 100 ⇠60

Technology
RPC RPC (super module, 1

layer readout, 2 layers
of RPC )

Scintillating strip
Other

Total area [m2]
Barrel ⇠4450
Endcap ⇠4150
Total ⇠8660

Total channels
Barrel 26500
Endcap 29000
Total ⇠ 5.55⇥10

4 (3 cm strip width, 1-D
readout, 2 ends for barrel, 1 end for
end-cap)

204 THE CEPC DETECTOR

Table 6.9 Comparison of Bakelite and glass RPC

Parameters Bakelite Glass

Bulk resistivity [⌦ · cm]
Normal 10

10 ⇠ 10

12 > 10

12

Developing 108⇠109

Max unit size (2 mm thick) [m] 1.2⇥2.4 1.0⇥1.2
Surface flatness [nm] < 500 < 100

Density [g/cm3] 1.36 2.4⇠2.8
Min board thickness [mm] 1.0 0.2
Mechanical performance Tough Fragile

Rate capability [Hz/cm2]
Streamer 100@92% [97]
Avalanche 10K 100@95% [98]

Noise rate [Hz/cm2] Streamer < 0.8 0.05 [99]

Figure 6.47 2 m long scintillator strip (left), and photon number as a function of distance read out by
WLS and SiPM from both ends (right).

spatial resolution not suitable for improving the momentum resolution
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the Micro Pattern Gaseous Detectors
Micro-strip Gas Chambers (MSGC)

MGSCs prone to aging problems ...

Solution: intermediate grid ...

214 7 Track detectors
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Fig. 7.36. The layout of the Micromegas detector [11, 95].

and GEM [94] detectors, widely used now by many groups. Both of them
demonstrate good performance.

The Micromegas design is shown in Fig. 7.36. Electrons released by
charged particles in the conversion gap of 2–5 mm width drift to the mul-
tiplication gap. This gap of 50–100 µm width is bordered by a fine cathode
mesh and an anode readout strip or pad structure. A constant distance
between cathode and anode is kept with dielectric pillars with a pitch of
≈ 1 mm.

A high electric field in the multiplication gap (30–80 kV/cm) provides
a gain up to 105. Since most of the ions produced in the avalanche
are collected by the nearby cathode, this device has excellent timing
properties [96] and a high-rate capability [97].

Another structure providing charge multiplication is the Gas Electron
Multiplier (GEM). This is a thin (≈ 50 µm) insulating kapton foil coated
with a metal film on both sides. It contains chemically produced holes of
50–100 µm in diameter with 100–200 µm pitch. The metal films have dif-
ferent potential to allow gas multiplication in the holes. A GEM schematic
view and the electric field distribution is presented in Figs. 7.37 and 7.38.
A GEM-based detector contains a drift cathode separated from one or sev-
eral GEM layers and an anode readout structure as shown in Fig. 7.37.
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∆VGM

Fig. 7.37. Detailed layout of a GEM detector.
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7.5 Semiconductor track detectors 215

Fig. 7.38. Electric field distribution in a GEM detector [11, 94].

The electrons are guided by the electric drift field to the GEM where they
experience a high electric field in the GEM channels thereby starting ava-
lanche formation in them. Most of these secondary electrons will drift to
the anode while the majority of ions is collected by the GEM electrodes.
One GEM only can provide a gain of up to several thousand which is suf-
ficient to detect minimum-ionising particles in the thin gaseous layer. By
using two or three GEM detectors on top of each other, one can obtain a
substantial total gain while a moderately low gain at each stage provides
better stability and a higher discharge threshold [95, 98, 99].

7.5 Semiconductor track detectors

Basically, the semiconductor track detector is a set of semiconductor
diodes described in Sect. 5.3. The main features of detectors of this family
are discussed in various reviews [100–102].

The electrodes of the solid-state track detectors are segmented in the
form of strips or pads. Figure 7.39 shows the operation principle of a
silicon microstrip detector with sequential cathode readout [103].

A minimum-ionising particle crossing the depletion gap produces on
average 90 electron–hole pairs per 1 µm of its path. For a typical detector
of 300 µm thickness this resulted in a total collected charge well above the
noise level of available electronics. The optimal pitch is determined by the
carrier diffusion and by the spread of δ electrons which is typically 25 µm.

e.g.:	Micromegas
	 	 GEM detectors [Sauli, 1997]

Micromegas
detector

G ~105

Schematics
of GEM detector

Micromegas:

Fine cathode mesh collects ions
still fast; no wires ...

GEM (Gas Electron Multiplier):

Thin insulating kapton foil
coated with metal film ...

Contains chemically produced
holes [100-200 μm] 

Electrons are guided by high
electric drift field of GEMs ...

Avalanche production ...
	 Electrons drift to anode 
	 GEM collects ions
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the µ-RWELL detector

The µ-RWELL is a single-amplification stage, intrinsically spark protected 
MPGD characterized by:
• simple assembly procedure: 

• only two components: µ-RWELL_PCB + cathode

• no critical & time consuming assembly steps: no gluing, no stretching, (no stiff  & 
large frames needed), easy handling 

• suitable for large area with PCB splicing technique w/small dead zone
• cost effective: 

• 1 PCB r/o, 1 µ-RWELL foil, 1 DLC, 1 cathode and very low man-power

• easy to operate: 
• very simple HV supply à only 2 independent HV channels or a trivial passive 

divider

more on next talk

The detector architecture
The µ-RWELL is composed of only two elements: 

the  µ-RWELL_PCB and the cathode  

The µ-RWELL_PCB, the core of the detector, is 
realized by coupling:

1. a “WELL patterned kapton foil” as “amplification 
stage”

2. a “resistive layer”  for discharge suppression & 
current evacuation:
i. “Single resistive layer” (SL) <100 kHz/cm2:  

single resistive layer à surface resistivity ~100 
MW/� (CMS-phase2 upgrade; SHIP)

ii. “Double resistive layer” (DL) > 1 MHz/cm2: 
more sophisticated resistive scheme must be 
implemented (MPDG_NEXT- LNF) suitable for 
LHCb-Muon upgrade

3. a standard readout PCB

Copper top	layer (5µm)

DLC		layer	(<0.1	µm)	
R		̴100		MΩ/□

Rigid PCB	readout
electrode

Well pitch:	140	µm
Well diameter:	70-50	µm
Kapton	thickness:	 50	µm

1
2

3

µ-RWELL PCB

Drift cathode PCB

G. Bencivenni et al., 2015_JINST_10_P02008

4
M	Poli	Lener,	LNF-INFN	- MPDG	2017,		Philadelphia22/05/17

(*) DLC = Diamond Like Carbon
High mechanical & chemical resistant material 

• gas gain > 104

• intrinsically spark protected 
• rate capability > 1 MHz/cm2
• space resolution < 60µm
• time resolution ∼ 5.7 ns

G. Bencivenni et al., 2015_JINST_10_P02008 
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Tracking performance in magnetic field
combining 

• center of  gravity of  the cluster charge distribution 

• micro-TPC reconstruction of  the cluster

16

Z drift gap
5 mm

Z half gap
2.5 mm

X half gap

(xi, ti)

…e l’effetto combinato… 

CGEM-IT/L.Lavezzi/IFAE-17 20 

� effetto focalizzante: angoli di Lorentz e di incidenza concordi  
Æ dimensioni cluster più piccole 

� effetto de-focalizzante: angoli di Lorentz e di incidenza discordi 
Æ dimensioni cluster più grandi 

focusing  de-focusing  neutral 

Metodo  
della m-TPC 

Il centroide di 
carica fallisce 

preliminary

combining incident angle and magnetic field

Test Beam with 
GEM prototype 
at 1 Tesla
H4 line of  SPS

the anode/cathode and the placement of the permaglass rings only outside the active area minimize
the material budget. A dedicated ASIC is being developed: the Torino Integrated GEM Electronics
for Readout (TIGER) [7]. A jagged strip anode is used, to lower the inter-strip capacitance [8].

3 The test beam measurements

Both planar chambers and the first cylindrical prototype have been tested on the H4 line of the SPS
(North Area, CERN) [9]. The planar chambers are 10⇥10 cm2 triple GEMs, with x/y view readout

Figure 3. H4 environment (left); a planar GEM (center); first test beam setup of the CGEM (right).

and 3mm or 5mm drift gap. Ar:CO2 (70/30) and Ar:i-C4H10 (90/10) gas mixtures were used. The
cylinder is the first prototype of the Layer 2, with 3mm drift gap, filled with Ar:i-C4H10 (90/10).
The main goal of the test beam measurements was to evaluate e�ciencies and resolutions, to study
the di�erent high voltage and field settings in order to decide the working point and the gas mixture.

3.1 Track reconstruction methods

Two modes for track reconstruction are available: the charge centroid and the micro-TPC.

The charge centroid In the case of a Gaussian charge distribution on the anode, the weighted
average of the firing strip positions is enough to evaluate the x position of the charged track1:

< x >=

Õ
i xiqiÕ
i qi

(3.1)

The micro-TPC (µ-TPC) When the charge distribution is not Gaussian, the charge centroid
method fails and another solution is needed: the µ-TPC mode [10]. In this case the drift gap works
as a tiny time projection chamber and the position of each primary ionization zi is obtained by
knowing the drift velocity of the electrons and the signal time on the strip. The xz points are then
fitted with a line z = ax + b and the position2 is then calculated by:

x =

gap
2 � b

a

(3.2)

In the following, the fields of applications and the performances of the two modes are shown.

1on the anode.
2in the middle of the drift gap, in order to minimize the error on it [10].
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Electronics for MPGD

• APV-25 (IBM CMOS 250 nm)

• COMPASS, CMS, ... 

• VMM-2, VMM-3 (IBM CMOS 130 nm)

• ATLAS small wheel upgrade

• TIGER (UMC(*) CMOS 110 nm)

• BESIII CGEM-IT

* exportable to PRC
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Electronics for MPGD

ØTIGER main features

Ø1 – 50 fC Input Charge

ØSignal duration:  30-50 ns

ØUp to 100 pF Sensor Capacitance

Ø60 kHz  rate per Channel 

Ø4-5ns  time resolution (with detector)

Ø< 10 mW/channel Power
consumption (analog+digital)

First test setup CGEM

M: Greco, CGEM meeting, March 2017

FPGA control
M. Alekseev, M. Gertosio, R. Wheadon

Test board
M. Mignone

* exportable to PRC
18

• APV-25 (IBM CMOS 250 nm)

• COMPASS, CMS, ... 

• VMM-2, VMM-3 (IBM CMOS 130 nm)

• ATLAS small wheel upgrade

• TIGER (UMC(*) CMOS 110 nm)

• BESIII CGEM-IT
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A µ-RWELL based muon system

• Taking as an example the CepC design.

• To instrument the CepC muon system with µ-RWELL detectors à
• O(106) electronics channels  (depending on strip pitch and layout optimization)
• spatial resolution about 100 µm also in magnetic field with µTPC clusterization.
• Cost of  some tens M€ (~50?) very roughly speaking(*), including electronics. 

• but the system would be quite redundant.

• A large system with much better performance.

R min 4400mm
R max 7240mm
barrel len 8286mm
# of  layers 8

* different system design (iron 
dimension, segmentation, ...) may lead 
to different estimate à e.g. the more 
compact IDEA layout.
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an exotic IDEA

Mogens Dam / NBI Copenhagen

Two options for coil

19 June 2017FCC-ee Detector Design 7

Coil outside calo Coil inside calo

55 cm

40 cm (?)

Mogens Dam / NBI Copenhagen

Two options for coil

19 June 2017FCC-ee Detector Design 7

Coil outside calo Coil inside calo

55 cm

40 cm (?)

coil outside the calorimeter coil inside the calorimeter
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FCC-ee 2T/4m thin solenoid 

• Main features:
• Material used is Al 5083-O 

• Cold mass: X0 = 0.46, λ = 0.09

• Vacuum vessel (25 mm Al): X0 = 0.28, λ = 0.07 

• Total: X0 = 0.74, λ = 0.16 (at η = 0) 

• 300 mm space and 100 mm Al thickness

Main features:
• HCAL is used as support for the cryostat
• Local outer shell reinforcements to 

prevent buckling
• Cold mass supported by rods at the ends 

of the cryostat
• Material used is Al 5083-O

Loads

Tracker weight [t] 4

External pressure [MPa] 0.101

Self weight [t] 5.7

Cold mass weight + rods
thermal shrinkage [kN] * 215

* Initial estimate is 3 times the weight of the cold mass 

3.4   Cryostat for 2T/4m Solenoid inside ECAL

11

A very aggressive design may lead to some 210 mm and 70 mm 
Al thickness, though this case explicitly requires thickness-
reducing engineering driving all dimensions to minimum values. 

Two options: 
• Large bore (R=3.7 m) – calorimeter inside 
• Smaller bore (R=2.2 m) – calorimeter outside 

Ø Preferred: simpler/ Extreme EM resolution not needed 

Herman ten Kate
FCC-ee Detector Meeting, CERN, June 19, 2017 
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a more exotic IDEA

Large external tracking volume ?

For weakly coupled, very long-lived particles 

Mogens Dam
WG11 Detector Design Meeting 19 Jun 2017
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CLIC-inspired vs IDEA

interplay with the development of  other subdetectors is mandatory.

Mogens Dam / NBI Copenhagen

FCC-ee Detector Concept – IDEA

19 June 2017FCC-ee Detector Design 2

MAPS

Ultra-light Tracker

Double Readout Calorimeter

Instrumented return yoke

IDEA detector concept based 
on present state-of-the-art 
technologies:
u Vertex detector, MAPS
u Ultra-light drift chamber 

with PID
u Pre-shower counter
u Double read-out calorimetry
u 2 T solenoidal magnetic 

field
u Possibly instrumented 

return yoke

u Or possibly surrounded by 
large tracking volume (R �
8m) for very weakly coupled 
(long-lived) particles

Two Options: Coil inside or outside calorimetry

ILD-like	design	in	PreCDR

• ILD-like design as	a	reference	for	feasibility	studies

- New	MDI	design with a	shorter	L*=1.5m
- Silicon	pixel	vertex	detector,	strip	trackers	
- TPC	as	main	tracking	device
- B	field	3.5T
- Very	high	granularity

ECAL		(0.5cm	x	0.5cm)
HCAL	(1.0cm	x	1.0cm)

2017-01-23 Yuanning	Gao,	CEPC	Detector 7

detector concepts too different to be easily compared: need for simulations studies and R&D
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Summary and outlook

• A muon system for FCC-ee or CepC detectors can be designed with current state 
of  the art technology.

• Further improvements on muon ID, momentum resolution and jet energy 
measurement may arise from
• geometry optimization

• different choice of  detection technique (e.g. MPGD à µ-RWELL)

• Interplay with other subdetectors is will be of  paramount importance for final 
design optimization.

• The time scale for a contribution to the CepC CDR is now.
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