
Starting Point:  Conceptional drawing from Jörg:

20.12.2017 Ulrich Landgraf

ATLAS Phase 1 Upgrade: Muons

1

GRK2044



20.12.2017 Ulrich Landgraf

ATLAS Phase 1 Upgrade: Muons

2

➡ Reasons for phase 1 upgrade 

➡ Structure of New Small Wheel (NSW) 

➡ Cooling system of NSW electronics 

➡ Alignment system of NSW 

➡ Micromegas operation: gas composition and HV

Overview
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Figure 2.6: ⌘ distribution of Level-1 muon signal (pT > 10GeV) (L1_MU11) with the distribution of
the subset with matched muon candidate (within �R < 0.2) to an offline well reconstructed
muon (combined inner detector and muon spectrometer track with pT > 3GeV), and offline
reconstructed muons with pT > 10GeV.

• Measure the second coordinate with a resolution of 1–2mm to facilitate good linking between
the MS and the ID track for the combined muon reconstruction..

The background environment in which the NSW will be operating will cause the rejection of
many hits as spurious, as they might have been caused by �-rays, neutron or other background
particles. Furthermore in the life-time of the detector, detection planes may fail to operate properly,
with very limited opportunities for repairing them. Hence a multi-plane detector is required.

Any new detector that might be installed in the place of the current Small Wheel should be
operational for the full life time of ATLAS (and be able to integrate 3000 fb�1). Assuming al least
10 years of operation and the above expected hit rate per second, approximately 1012 hits/cm2 are
expected in total in the hottest region of the detector.

2.3 Trigger selection

Performance studies using collision data have shown the presence of unexpectedly high rates of
fake triggers in the end-cap region. Figure 2.6 shows the ⌘ distribution of candidates selected by
the ATLAS Level-1 trigger as muons with at least 10GeV. The distribution of those candidates
that indeed have an offline reconstructed muon track is also shown, together with the muons
reconstructed with pT > 10GeV. More than 80% of the muon trigger rate is from the end-caps
(|⌘| > 1.0), and most of the triggered objects are not reconstructible offline.

Trigger simulations show that selecting muons with pT > 20GeV at Level-1 (L1_MU20) one
would get a trigger rate at

p
s=14 TeV and at an instantaneous luminosity of 3⇥ 1034cm�2s�1 of

approximately 60 kHz, to be compared to the total available Level-1 rate of 100 kHz.
In order to estimate the effect of a trigger using the NSW a study has been performed applying

offline cuts to the current SW to reduce the trigger rate. Table 2.1 shows the relative rate of
L1_MU20 triggers in the |⌘| > 1.3 region after successive offline cuts to select high quality muon
tracks. The various successive cuts applied are: i) the presence of Small Wheel track segments
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End cap trigger not effective:

12 Trigger, data acquisition and detector

control

12.1 System overview

The NSW trigger will enable to drastically reduce the trigger rate in the end-cap by reducing fake
triggers coming from non-pointing tracks, as shown in Fig. 12.1. The trigger is based on track
segments produced online by the sTGC and MM detector. The NSW trigger system provides
candidate muon track segments to the new TGC Sector Logic which uses them to corroborate
trigger candidates from the Big Wheel TGC chambers. The Sector Logic then sends Level-1 trigger
candidates to the ATLAS Muon Central Trigger logic.

New Small Wheel

IP Z

end-cap
toroid

∆θ

LL_SV_NSW
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Figure 12.1: Schematic of the Muon End-cap trigger. The existing Big Wheel trigger accepts all three
tracks shown. With the NSW enhancement of the Muon End-cap trigger only track ‘A’, the
desired track, which is confirmed by both the Big Wheel and the New Small Wheel, will be
accepted. Track ‘B’ will be rejected because the NSW does not find a track coming from the
interaction that matches the Big Wheel candidate. ‘C’ will be rejected because the NSW
track does not point to the interaction point. The NSW logic requires that �✓ be less than
±7 mrad.

Table 12.1 summarizes some sTGC and MM parameters. The NSW measures the radial
coordinate in two planes, the azimuthal, �, coordinate and the angle �✓ of track segments inside
the wheel. �✓ is the angle of the segment with respect to an ‘infinite momentum track’, i.e. a line
from the interaction point to the segment’s radial position in the NSW. The radial coordinate is
measured by high precision strips. For sTGC, � is determined by the triggering tower of sTGC
pads and for MM, by small angle stereo strips. The angle �✓ inside the Small Wheel, i.e. before
the end-cap toroid, is measured to an accuracy of <1mrad by calculating the track position in

119

Figure 2.3: Current density in the ATLAS muon RPC detector as a function of the LHC instantaneous
luminosity, over four orders of magnitude. The line fitted gives a linear dependence of the
current density to the instantaneous luminosity with a slope of 0.312± 0.001 nA m�2 cm�2 s�1.

Figure 2.4: MDT tube hit (solid line) and track segment efficiency (dashed line, referring to a MDT
chamber with 2x4 tube layers) as a function of tube rate estimated with test-beam data.
Instantaneous luminosity of 1⇥ 1034 cm�2 s�1 is referred in this plot as ‘design luminosity’.
Points on the plots are result of test beam measurements.

Fig. 2.5 (Left) the red points correspond to the Zero bias occupancy in these chambers (averaged
over the sectors and the two end-caps) scaled up by a factor of 10. The black ones correspond to
the result of the overlay with 10 Zero bias events. The total number of hits does not scale linearly
with the background level due to saturation taking place. This saturation effect leads to MDT
hit efficiency losses of about 35% at high luminosities, and compares well with expectations from
Fig. 2.4 based on test beam data. These limitations will severely impact the track reconstruction
and therefore a new detector is required for ATLAS to exploit the luminosity delivered after
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Highest Hit rate 
at L=1•1034

Muon tubes rate capability exceeded:

Figure 2.1: Ratio of measured to simulated MDT hit rate during a 7 TeV run at an average luminosity of
1.9⇥ 1033 cm�2 s�1 (50 ns bunch spacing).

r-dependence of the cavern background from Fig. 2.2 (a) and scaling to higher luminosities and
extrapolating to the full range the blue and red curves are correspondingly obtained. The yellow
band in (b) indicates the area corresponding to a hit rate of 200–300 kHz per tube of the MDT
detectors in the Small Wheel.

Figure 2.2 (b) shows the observed hit rates in the MDT (r >210 cm) and the CSC (r <200 cm),
scaled to the value corresponding to the nominal Run III luminosity of 3⇥ 1034 cm�2 s�1.

Figure 2.2 can be used to estimate the maximum hit rate expected. Given the linear dependence
of the hit rate to the luminosity, at the maximum Phase-II luminosity of 7⇥ 1034 cm�2 s�1 the
hit rate will be approximately 15 kHz/cm2 (assuming conservatively the MDT sensitivity for the
future detector). This linearity has been established experimentally by studying hit rates and
currents in several muon detectors at LHC runs of various luminosities [9]. This linearity can
for example be seen in Fig.2.3 where the current measured in the ATLAS muon Resistive Plate
Chambers (RPC) is plotted as a function of the instantaneous LHC luminosity.

All the above is based on the measurements at
p
s=7TeV. The ratio of background rate atp

s=14TeV and 7TeV is about 1.3 in the Small Wheel region according to the Monte Carlo
simulation using FLUGG. This increase will however be compensated by the consolidation work
expected during the Long Shutdown period 1 (LS1); e.g. new additional shielding will be installed
in the narrow gap between the end-cap calorimeter cryostat and the JD shielding, and the current
steel beam pipe will be replaced by an aluminum one in the region of the end-cap calorimeter and
the end-cap toroiod coils. Assuming for the various gas detectors proposed for the NSW a similar
sensitivity to the current MDT, the prediction of 15 kHz/cm2 is taken as the maximum expected
value for these detectors at

p
s=14 TeV.

To tolerate the large particle fluencies expected, it has to be verified that the new detectors
(including trigger and readout electronics) do not age significantly with up to about 1 Coulomb/cm2

for a planar detector or the equivalent for a wire chamber.

14

New Small Wheels needs:  
  -   finer granularity (ca.0.5 mm) 
  -   angle measurement  (1mrad)
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3.1 Layout of the Present Small Wheels

Figure 3.1: Components and layout of a present Small Wheel.

Each of the present Small Wheels [6] consists of two distinct parts:

1. A detector wheel with a mechanical structure to which the precision tracking detectors (MDT
chambers and CSCs) and the alignment system are mounted. The mechanical structure
consists of an inner massive hub to which radially extending, interconnected, spokes are
attached.

2. The JD shielding, a disk shaped shielding covering the full extend of the detector wheel with
a cylindrical extension (plug) around the beam pipe at the inner radius. The JD shielding
has two feet to support it inside the ATLAS detector. Trigger chambers are mounted on the
JD disk.

The detector wheel has no mechanical supports of its own, it is slid unto the plug of the JD
shielding. The weight of the mechanical structure and the detectors is transferred by hub of the
detector wheel to the JD plug and the JD feet. The assembly of the detector wheel and JD
shielding can be moved on air pads on the barrel rail system of the ATLAS experiment. Figure 3.1
shows a drawing of a Small Wheel. The side of a SW or any part thereof facing the interaction
point will be referred to as IP side, the side facing away from the interaction point as HO side.
The detector wheel with the precision chambers shows the segmentation into 8 small (on the IP
side) and 8 large sectors (on the HO side)1.

1see Chapter 3.6.3 for an explanation of the ATLAS muon spectrometer sector scheme
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Figure 9.5: Integration of the detector wheel with the JD shielding in 2007. The wheel is transferred
from the support structure (right) to the plug of the JD shielding (left) via a temporary rail
(middle). The procedure used for the integration of the new detector wheels with the JD
shieldings will be similar but the support structure and rail will differ.

baseline structure show that the overall deformation of the structure ranges between 10mm and
15mm, which is compatible with the amount of x, y, and z adjustment range of the detector
mounts. The present SW shows comparable deformations which proved to be no problem in
neither the integration nor the installation.

9.2 Detector commissioning

To ensure that the NSW is operational immediately after the installation in the experiment, a full
1-year commissioning phase is foreseen at the surface, using cosmic rays to test its full functionality.
It is mandatory that all necessary tooling, used during the integration process, is available during
the commissioning. Therefore the best commissioning sites would be either the integration site at
CERN or SX1.

The necessary infrastructure for the commissioning would include gas systems, power systems,
and a DAQ system. Temporary cabling over distances of about 50 m has to be foreseen and cooling
of the front-end electronics should be foreseen. This will be less demanding than in the experiment,
as power dissipation into the environment can be allowed.

To limit the infrastructure and cost during the commissioning phase, only a smaller part (e.g. a
quarter) of each wheel will be used for data taking at the same time. Nevertheless, other services
like HV (and gas) would be kept on for as large a part as possible to condition the detectors even
if the majority of those detectors are not used for data taking at that moment.

The NSW should be installed as soon as possible in the ATLAS experiment at the beginning of
LS2. Full commissioning in-situ may take place once the final services have been connected.

105

Current „Small“  wheel (10 m diameter)

(a) (b)

Figure 14.2: Access to the SW in sector 1 on side A. (a) Visualization of the access platforms in sector 1
in the vicinity of the SW. (b) Photograph of the SW taken from the access platform. The
end of one of the flexible chains in sector 1 is visible close to the lower right corner. BIL6A01
and EIL4A01 are the location identifiers of a barrel and an end-cap muon chamber.

14.3 Detector opening and movement of the NSW

The opening [75] of the ATLAS experiment during the annual and long shutdowns of the LHC
foresee the movement of the SW on the barrel detector rail system to provide access to the end-cap
calorimeters. For the present SW, a pair of airpads is mounted on either side of the JD shielding
feet and the SW is lifted pneumatically from the rails and moved by a hydraulic system attached
again the to JD feet. The movement of the NSW will use the same system, as the JD shielding
will be re-used. However, the increased weight of the detectors will move the center-of-gravity of
the NSW from above the middle between the airpads to (almost) the center of the outer airpad.
Due to its inertia and the drag of the flexible chains for the services, the NSW might thus become
unstable during its movement along the rails. Two possible approaches exist to stabilize the NSW
during its movement:

1. The NSW is coupled to and moved together with either the end-cap calorimeter or the
end-cap toroid.

2. An extensions with rollers is mounted on the HO side of the JD feet after the end-cap toroid
has been moved to support the NSW on the barrel detector rails. The center-of-gravity of
the NSW is then safely between the innermost airpad and the rollers of the extension.

Both solutions entail additional steps during the opening of the experiment, leading to a increase
of the time required for the opening and therefore to an increased exposure of personnel to radiation

154

Large   - but delicate structure:   
                         very thin and  

                 almost inaccessible
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(a) (b) (c)

Figure 9.1: (a): integrated sTGC–MM sector. The four possible mount points are indicated by the red
circles. The arrows give an example of the degrees of freedom of translations of the three used
kinematic bearings. (b): cut though the sTGC–MM station at a kinematic double bearing.
(c): detail of the sTGC mounted to the MM frame. Visible is the bar connecting the two
sTGC wedges to the MM frame and the double kinematic bearing. The arrows indicate the
possible adjustment of the sTGC wedges on the connecting bar.

the weight of the latter is transferred directly through the bearings to the NSW structure. The
optimal locations and the choice of the degrees of freedom of each kinematic bearings depend on
the orientation of the station in the NSW. To allow the use of only one type of MM spacer frame
for either all small or all large sectors, regardless of where a station is being mounted, the frames
will be equipped with four possible mount points. Of these four points the three most suitable
ones are selected for each sector. Figure 9.1 shows a drawing of the double kinematic mounts with
the sTGC wedges connected to the MM chamber.

The integration of the sTGC wedges with the MM chamber is foreseen to take place at a
dedicated location to relieve the detector assembly sites from additional work and avoid problems
due to the logistics in case of delays on the production schedule of either detector type. The sector
assembly should take place as close as possible to the NSW integration site, to minimize possible
damage due to transportation.

A possible integration procedure could be as given below.

1. The first sTGC is positioned upside down on a flat surface (e.g. a granite table). Precision
pins on the flat surface at the locations of the externally available precision surfaces of the
sTGC modules can be used for the placement;.

2. The double kinematic bearings and connection bars for the sTGC are mounted on the MM
chamber.

3. the MM chamber is lifted by a support frame which connects to the external part of the
double kinematic bearings. The frame allows the fine adjustment of the vertical position of
the MM chamber at all mount points.

4. The MM chamber is lowered on the sTGC wedge and connected to the wedge after adjustment
of its position.

5. Using the same precision pins as in (1) and the same support frame as in (3) the second
sTGC wedge is positioned and connected to the MM chamber.
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Micromegas

Micromegas

sTGC

sTGC

NSW structure: 

„Small sector“, IP side „Large sector“, HO side

MM

sTGC
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NSW Front End Electronics (on-detector):

Micromegas: 8 PCB * 1024 channels * 8 planes  
                                                                * 16 sectors * 2 wheels⎧

 
｜

 
⎨

 
｜

 
⎩ca. 4m

 = 2,097,152 readout channels à 21 mW/channel  
 ⇒  50 kW

+ Trigger cards + Concentrator cards ⇒  58 kW 
+ inefficient LV conversion (65%!).     ⇒  89 kW   (due to B-Field)

sTGC (similar calculation):                  40 kW 
 
                                                          ⇒ Need water cooling!
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Brackets 

64+4 (Gas+CO2) 
4-96 water pipes 
48 HV 
48 LV 
208 fibers 
80 root 
?-DCS 

Brackets – numbers recap Current Small Wheel 
bracket @sector 1 

Sector 1 
Sector 1 
Sector 9 
Sector 13 
Sector 9 
Sector 9 
Sector 9 

Depending on 
final scheme 

• „Leakless cooling“ ⇔  underpressure cooling (p < 1 bar)  
       difficult with 10 m height (pressure loss with flow) 

• Very different tube lengths for each sector  
• Partly turbulent flow - nonlinear with pressure drop 

⇒ need flow regulation for each sector!                
 

 
                        … in very 
                             little space!
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Cooling channels on a Micromegas wedge

17ºC

23ºC

• integrated into each 
Micromegas chamber 

• corrosion resistant 
• precision part  

   (tolerance < 0.1 mm) 
• has to support  

            front end cards 
• 1024 channels needed 
• low weight required 

   ⇒ no copper!
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Micromegas cooling channels

ATLAS Project Document No: Page: 5 of 9 
 
 ATL-M-yy-zzzz Rev. No.: 1.0 

 
2.6 On sector 
Arriving at the sector, the cooling pipes connect via specified tube connectors (LEGRIS part nbr. 6306 08 
00WP2 for MM, 6306 06 00WP2 for the sTGC) to the cooling channels of the chambers. The selection of 
these connections was based on the need to find an electrically insulating piece that could work with 
underpressure as well as overpressure, would tolerate moderate longitudinal and transverse forces and 

would survive a long time in the radiation environment. The 
first two requirements are guaranteed by the design of the 
connectors: the sealing is made by a radially compressed o-
ring and the water tube is firmly guided over a rather long 
distance which allows only very small transverse 
movements. Tightness tests with vacuum and up to 10 bar 
overpressure with additional transverse forces applied have 

confirmed that the connectors do not leak, not even under extreme load conditions. The radiation 
hardness has been tested by irradiation with a Cobalt source at Weizmann; no changes in appearance or 
function could be observed after the irradiation. The o-ring is made from EPDM which is the 
recommended material for use with demineralized water and had also been chosen for the MDT gas 
system at the start of the ATLAS experiment 

2.6.1 Micromegas cooling channel 
In the next picture the Micromegas cooling channel is shown. It consists of two parallel stainless steel 
tubes (8x0.5mm) with stainless steel adapter pieces at both ends that are connected to the tubes by 
soldering. The steel tubes are embedded between two drawn aluminum profiles that are connected by 
screws at regular distances. The thermal contact between the water carrying stainless steel tube and the 
profiles is established by thermal grease (Dow Corning 340) that had been qualified as radiation hard 
before by other experiments. The electronic front end cards are placed on both sides of the cooling profile 
and transfer the generated heat to the cooling channel via gap pad material. 

 
 

To ensure that the tube connector is securely locked on the end piece a small groove has been machined 
into the connection tube of the end piece (faintly visible in the picture). With the groove in place the tube 
connector withstands an overpressure of 10 bar without being ejected. 

As shown in the following pictures for MM chambers LM1 and LM2 the cooling channels of the outer 
and inner MM chamber are connected by a copper u-tube and the two parallel channels are connected by 
another copper u-tube at the lower end of the inner MM such that each wedge has got one u-shaped 
cooling channel at each side. 

thermal grease
‣ water flows through 

stainless steel tubes 
‣ soldered stainless steel 

end pieces 
‣ heat transfer to aluminum  

profiles by thermal grease 
‣ heat transfer from profiles 

to electronics via gap pads

gap pad
thermal 
greaseheat

stainless steel tubes aluminum profiles
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sTGC Rim Electronics crate:

PARTS LIST
PART NUMBERDESCRIPTIONQTYITEM

ATUMSSR_0002Rim Electronics Crate11
ATUMSSR_0009Router Board Assembly82
ATUMSSR_0014L1DDC Board Assembly13
ATUMSSR_0019PAD Board Assembly14

1

1

2

2

3

3

4

4

5

5

6

6

A A

B B

C C

D D

State Changes Date Name

Physikalisches Institut
Universität Freiburg

Hermann-Herder-Str. 3

Drawn

Checked

Standard

Date Name
16.11.2017 U. Landgraf

General Tolerances Form Tolerances Edge Dimensions Surface

DIN 7167 DIN 7168-m
DIN ISO
1302

DIN 6784

Scale: Quantity:1:3 32
- 
-

-

Rim Crate Assembly

ATLAS - NSW - Rim Eletronics

ATUMSSR_0001
A3

1 /1

-

File Name: D:\ATLAS Data\Micromegas\Cooling\STGC-Box\Rim Crate Assembly.idw

4321

PCB

Back plate (Cu)

Base plate (Cu) Cooling pipe

1 crate/sector
16 crates/wheel
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End Cap Alignment System:
Alignment Overview

� NSW alignment system must 
connect to the existing system 
and provide the same 
functionality.

� A grid is set up with alignment 
bars.

� Azimuthal lines connect bars in 
same wheel.

� Polar lines connects bars in 
different wheels.

� Proximity lines connect 
chambers to bars.

Craig Blocker ATLAS Muon Week, Chios, Greece, Sep. 29, 2016 2

• Monitoring of relative muon 
chamber positions to 50 µm over 
distances up to 14 m 

• Calibrated CCD cameras (BCAMs) 
look at point like light sources 
determining the angular direction of 
the sources 

• BCAMs sit on precisely measured 
positions on alignment bars pointing 
in precisely measured directions 

• Deformations of alignment bars are 
monitored and taken into account 

• Bars connected by a grid of 
azimuthal and polar lines 

• Chamber positions monitored by 
short proximity lines 

Alignment Overview

� NSW alignment system must 
connect to the existing system 
and provide the same 
functionality.

� A grid is set up with alignment 
bars.

� Azimuthal lines connect bars in 
same wheel.

� Polar lines connects bars in 
different wheels.

� Proximity lines connect 
chambers to bars.

Craig Blocker ATLAS Muon Week, Chios, Greece, Sep. 29, 2016 2
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End Cap Alignment System:

Number of Bars

� With independent layers,  need bars between small and large sectors, 
increasing number of bars, chamber sources, and BCAMs.

� Need 32 bars.

Craig Blocker ATLAS Muon Week, Chios, Greece, Sep. 29, 2016 4

Present layout nSW layout

• 16 bars/wheel needed 

• Four bar types 
(LA,SA) (LC,SC) 

• Bars monitor also  
chamber deformations

Chamber Lines

Craig Blocker ATLAS Muon Week, Chios, Greece, Sep. 29, 2016 10

� 6 alignment lines per sector.
� 3 source plates along each alignment line (near sources on many lines not 

visible).

Small sector
Light sources

Large sector

Bars
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Monitoring bar deformations:In-Bar System: 

                                                + other half 

•    4 overlapping RASNIK masks viewed by CCD cameras  
+ 4 temperature sensors mounted on „disks“ 

• Monitoring of bar deformation and elongation (with ∆T)

29.09.2016 Ulrich Landgraf  -  ATLAS Muon Week CHIOS 2016

Alignment Bar production in Freiburg

4

One half of the  
System:

RASNIK masks

2 CCDs 
+ lens

lens

RO PCB
Cable tray 
and insertion 
tool

Status of In-bar System Production: 

                                               

29.09.2016 Ulrich Landgraf  -  ATLAS Muon Week CHIOS 2016

Alignment Bar production in Freiburg

6

‣ We receive the disks of the in-bar sets 
assembled, cabled and tested from Brandeis 

‣ 5 sets out of 32 received so far (not urgent to get more at this time!) 
‣ Designed u-channels (dependent on focal length of the set!) for 2 bars 
‣ Set up test bench and software to check working of all RASNIK lines  

and temperature sensors before installation in the bar. 

Status of In-bar System Production: 

                                               

29.09.2016 Ulrich Landgraf  -  ATLAS Muon Week CHIOS 2016

Alignment Bar production in Freiburg

7

Some details: 

lens for short RASNIK line 

lens for long RASNIK line 

masks 

camera for short RASNIK line 

camera for long RASNIK line 
(mask in other half of setup) 

RJ45 connector 
for LWDAQ 
connection

Status of In-bar System Production: 

                                               

29.09.2016 Ulrich Landgraf  -  ATLAS Muon Week CHIOS 2016

Alignment Bar production in Freiburg

9

Output of in-Bar Tester: 

• Monitoring of bar 
deformations by 4 
systems looking at 
encoded chess 
patterns 

• Monitor position (x,y) 
to 0.1 µm and rotation 
angles
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Our tasks: 

• Production of all alignment platformsPlatforms: 

• Platforms have 3-ball mounts for BCAMS (cone/slot/flat) 
• Some other elements: survey rings, multiplexers, mounts

29.09.2016 Ulrich Landgraf  -  ATLAS Muon Week CHIOS 2016

Alignment Bar production in Freiburg

3

BCAM Platform

LWDAQ Mux

Survey Ring

Mount

BSC BLC

„Blue BCAM“

„Black BCAM“Platforms: 

• Platforms have 3-ball mounts for BCAMS (cone/slot/flat) 
• Some other elements: survey rings, multiplexers, mounts

29.09.2016 Ulrich Landgraf  -  ATLAS Muon Week CHIOS 2016

Alignment Bar production in Freiburg

3

BCAM Platform

LWDAQ Mux

Survey Ring

Mount

BSC BLC

„Blue BCAM“

„Black BCAM“

Status of Platform Production: 

                                               

29.09.2016 Ulrich Landgraf  -  ATLAS Muon Week CHIOS 2016

Alignment Bar production in Freiburg

5

• All large sector bar platforms produced 
(side A and side C; ≈ 55% of the total) 

• Platforms for small bar side C  
pre-machined (another 20%), waiting for  
the 5-axis milling machine to be available 

To be done: for the small bars 
                        sphere positions on side C 
                        all platforms side A 
                    auxiliary clamps for mux … 

Estimate: everything finished by Xmas 

… + another cupboard full

4 cup boards 
of platforms!



20.12.2017 Ulrich Landgraf

ATLAS Phase 1 Upgrade: Muons

15

Our tasks: 

• Precise assembly of bars
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Voilà: 

(multiplexers 
and survey 

rings are still 
missing)

Cabling for the  
readout of BCAMS 
still missing here!
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Our tasks: 

• Measurement of 3-sphere mounts for all BCAMS on our  
large CMM (6.5m x 1.4 m x 1.2 m; precision < 30µm)
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Now try 
how we can 
measure all 

spheres:
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Each sphere has 
got 4 parameters: 

x,y,z of center 
and R 

To check the 
quality we 

measure 6 points 
on each sphere 

Then we get a 
value for the 
spread of the 

radius 
measurements 

Precision:  
   ≈ 30µm in space
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Our tasks: 

•  4 measurements for each bar 
0º, 180º, with symmetrical load, with asymmetrical load 

• Correlate RASNIK readings with measurements to be  
able to correct BCAM positions for bar deformations 

• Correlate in-bar temperature sensors with bar distances  
to be able to correct for bar elongation in ATLAS  
(elongation of aluminum 23,1 µm/mK well known)
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Our tasks: 

• Quality control during bar measurementQuality control immediately after measurement
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Comparison of measured positions  
of platform spheres with nominal 
positions from the data base

x  
[mm]

y 
[mm]

The mouse over one histogram 
bar pops up a window with all 
necessary details

The spheres defining the 
coordinate system have 
evidently zero deviation

In this case it is a polar platform which sticks 
out and the large (but still in range!) deviation 
is due to the angle not being perfectly adjusted

z 
[mm]

Here e.g. comparison of 
measured sphere positions 
with nominal positions 
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Micromegas Operation: 

• Due to mechanical tolerances different parts of 
Micromegas will need different voltages to compensate 
V = E · d; (gain grows exponentially with electric field) 

• Operation of Micromegas at very small overpressure 
(some millibar) means gain variations with change of 
atmospheric pressure and ambient temperature (mean 
free path varies with density) 

• Humidity of gas mixture influences drift velocity. FR4 
material of Micromegas takes up/releases humidity on 
time scales of weeks. 

⟹  studies of operation conditions needed!
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Micromegas Operation: 

Thorwald Klapdor-Kleingrothaus uses small (10cm x 10cm) 
Micromegas to study and optimize the operation parameters 
under controlled conditions of pressure, temperature and 
humidity:

Silver: mesh

Readout lines

Black dots: pillars
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Our tasks: 

• Study operation conditions  

• Test setup for new (and 
recycled) special HV 
supplies produced by CAEN 
which can be operated in 
magnetic fields 

• Integrate HV operation of NSW 
(for Micromegas and sTGC)  
into ATLAS operation panels.

50 Modules à 32 channels  
 = 1600 HV channels
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Slide 4 / 8 K. IAKOVIDIS
NTU of Athens

EP – ATLAS Experiment 
24-Nov-17

Scaffolding in nJDs

The installation of the 
scaffolding is finished on both 
nJDs. 
*Thanks Raphael for the 
organization!

Next step is the fully preparation 
of the surfaces. It is already 
started but with limited 
resources.

The project has started!
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Thank you!
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Micro-Mesh-Gas-Chambers:
Pillar

In ATLAS: - size up to 3 m2  
- planarity < 80µm 
- precision < 40µm

Figure 2: Layout of a NSW quadruplet consisting of three drift and two double
sided readout panels, forming four 5,2 mm thick gas gaps. In the 1st and 2nd

layer the readout strips are parallel to each other and perpendicular to the radial
direction (eta), in the 3rd and 4th layer the strips are inclined by ±1.5� (stereo).

readout strips are orientated perpendicularly to the precision
coordinate on the two sides of the first panel (eta). The in-
clination of the strips by ±1.5� on the two sides of the second
panel (stereo) allows for a coarse determination of the second
coordinate, with an accuracy of 2 to 3 mm without significant
degradation of the precision coordinate resolution [5].

The two NSWs will accommodate 128 Micromegas quadru-
plets of 4 di↵erent type and size. Each type will be fabricated
in a di↵erent construction center and the NSW assembly will
be done at CERN.

3. Prototypes and Mechanical Accuracy Requirements

In preparation of the NSW construction several prototypes
were built to demonstrate that performance requirements can be
met and construction methods are mature to reach the required
mechanical accuracy. Among these mechanical constraints the
two most challenging are the surface planarity requirement of
± 80 µm (RMS) over several square meters surface and the strip
position accuracy of better than 30 µm between the four planes
of one quadruplet detector.

3.1. Small size, single-plane Micromegas

The hit reconstruction performance of small (10 ⇥ 10 cm2)
single-plane Micromegas was tested with muons and hadrons
provided by the CERN PS or SPS testbeam facilities. The
chambers were arranged in a telescope configuration and were
rotated within a frame to study tracks crossing under di↵erent
inclination angles.

3.2. Medium size quadruplet prototypes

Two Micromegas Small Wheel (MMSW) prototype quadru-
plets were built, following the layout of the NSW detectors de-
scribed in Section 2, despite their reduced size (0.95⇥0.5 m2)
compared to the full NSW modules.

For the MMSW detectors a panel planarity of 50 µm (RMS)
has been achieved. The plane-to-plane alignment of the two
sides of a panel has been measured to be better than 30 µm in
the precision coordinate direction. A detailed report on the con-
struction, validation and performance is presented in [6].

Figure 3: The MMSW Quadruplet detector equipped with HV cables, gas pipes
and partially with APV25 electronics. [6]

3.3. NSW size modules

First Micromegas modules in full NSW size are currently
under construction and several panels have already been com-
pleted in all construction sites. Profiting from revised and im-
proved construction methods, compared to the MMSW proto-
type, a planarity better than 30 µm (RMS) on 2-3 m2 surface
has been achieved.

Figure 4: Full size drift panel of a LM2 Micromegas Module build at CERN.

4. Hit Reconstruction Performance

4.1. Spatial Resolution in the Precision Coordinate

The spatial resolution of the Micromegas detectors was in-
vestigated during a series of tests using medium (10 GeV/c)
and high (150 GeV/c) momentum muon and hadron beams at
CERN. A telescope setup of Micromegas detectors (Fig. ??)
was used to determine the tracks the residuals between the
hit position in pairs of Micromegas chambers were measured
and divided by

p
2 to obtain the single-plane resolution. For

perpendicularly incident beam the hit position was defined by
weighting the strip positions with the charge measured on each
strip (centroid method). The residual distributions were fitted
with the sum of two Gaussians. The spatial resolution of a sin-
gle plane corresponds to the weighted average of the two fitted
Gaussians (Fig. 5):

�2
weight

= fcore · �2
core
+ ftails · �2

tails
,

with their corresponding weighting factors fcore,tails.

2

Major problems observed 
•  Bubbles/enclosures in the active 

area (reason for rejection) 

•  Bad line cut reparation (reason for rejection). 
Line cut reparation not allowed without 
agreement with CERN 

10/14/15 MM readout PCB status 6 

Initial problems with PCB quality from industry solved:

Major problems observed 
•  Bubbles/enclosures in the active 

area (reason for rejection) 

•  Bad line cut reparation (reason for rejection). 
Line cut reparation not allowed without 
agreement with CERN 

10/14/15 MM readout PCB status 6 bubbles bad strip repairs

Major problems observed 
•  Pillars missing or badly attached  

•  Inaccurate edge cutting 
–  Severe (right) 
–  Not severe (left)) 

10/14/15 MM readout PCB status 8 

bad cutting

Construction sites: France, Germany, Greece, 
Italy, Russia
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sTGC = small Thin Gap Chambers:

small strip width 
- not small chamber!

14

• Etching of wire pads not precise; there is a cumulative misalignment across the board 

• Found during winding with first batch: after winding 
across ~0.5m, some wires no longer sit on the pads 
and cannot be soldered 

• Winding machine works as expected (checked pitch with 
etched ruler) and measurements at TRIUMF with the router 
confirm the problem 

• Got a procedure to overcome this problem; 3/4 boards 
wound+soldered

Successful winding of full board.Good wire-pad alignment at the starting point. Poor wire-pad alignment at the far end of the board.

Wire winding

Checking wire pitch (1.8mm)

14

• Etching of wire pads not precise; there is a cumulative misalignment across the board 

• Found during winding with first batch: after winding 
across ~0.5m, some wires no longer sit on the pads 
and cannot be soldered 

• Winding machine works as expected (checked pitch with 
etched ruler) and measurements at TRIUMF with the router 
confirm the problem 

• Got a procedure to overcome this problem; 3/4 boards 
wound+soldered

Successful winding of full board.Good wire-pad alignment at the starting point. Poor wire-pad alignment at the far end of the board.

Wire winding

Checking wire pitch (1.8mm)Intermediate'Steps'

• mature technology 
• same sizes 
• similar accuracy 

requirements

Canada, Chile,  
China, Israel

Construction sites:


