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ATLAS	
  New	
  Small	
  Wheel	
  (NSW)	
  project	
  

ATLAS	
  detector	
  

•  The	
  LHC	
  will	
  undergo	
  a	
  major	
  upgrade	
  in	
  2018	
  
resulNng	
  in	
  a	
  doubling	
  of	
  its	
  luminosity	
  (up	
  to	
  
2x1034	
  cm-­‐2s-­‐1).	
  	
  

•  The	
  ATLAS	
  detector	
  will	
  be	
  upgraded	
  during	
  this	
  
period	
  to	
  take	
  advantage	
  of	
  the	
  increased	
  
luminosity.	
  

	
  
•  Parts	
  of	
  the	
  current	
  ATLAS	
  muon	
  spectrometer	
  

will	
  be	
  replaced	
  by	
  the	
  NSWs	
  to	
  provide	
  
o  a	
  factor	
  of	
  ~7	
  reducNon	
  in	
  fake	
  muon	
  

trigger	
  rate	
  
o  improved	
  precision	
  muon	
  tracking	
  

•  Parts	
  of	
  the	
  NSW	
  will	
  be	
  made	
  of	
  small	
  Thin	
  
Gap	
  Chambers	
  (sTGC).	
  
o  Approximately	
  one	
  third	
  of	
  sTGC	
  detectors	
  

constructed	
  and	
  tested	
  in	
  Canada.	
  

Current	
  muon	
  Small	
  Wheels	
  

The	
  ATLAS	
  NSW	
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luminosities between 2 - 7⇥1034cm�2s�1 during Run-316

and the high luminosity LHC (HL-LHC) runs [4].17

Small-Strip Thin Gap Chambers (sTGC) have been18

selected as one of the two detector technologies that will19

be used for the NSW upgrade. Fig. 1 shows a schematic20

diagram of the NSW [3] . The NSW includes eight de-21

tection planes (layers) of sTGC arranged in two quadru-22

plets. The precision reconstruction of tracks for o✏ine23

analysis requires a spatial resolution of about 100 µm24

per sTGC layer, and the track segments have to be re-25

constructed online for triggering purposes with an an-26

gular resolution of better than 1 mrad. A large col-27

laboration has been established to construct these de-28

vices and is composed of members from Canada, Chile,29

China, Israel and Russia. These precision requirements30

are challenging to achieve, therefore beam test experi-31

ments have been performed to qualify the sTGC assem-32

bly procedure.

Figure 1: Schematic diagram of the small and large sTGC sectors that
make up the Muon New Small Wheel.

33

2. sTGC Technology34

The concept of Thin Gap Chambers (TGC) was de-35

veloped in 1983 [5] and then used at the OPAL exper-36

iment and for the ATLAS end-cap muon trigger sys-37

tem [2]. The basic sTGC structure is shown in Fig. 2. It38

consists of an array of 50 µm diameter gold plated tung-39

sten wires held at a potential of 2.9 kV, with a 1.8 mm40

pitch, sandwiched between two cathode planes located41

at a distance of 1.4 mm from the wire plane. The cath-42

ode planes are made of a graphite-epoxy mixture with43

a typical surface resistivity of 100-200 k⌦/⇤ sprayed44

on a 100-200 µm thick G-10 plane. Behind the cath-45

ode planes there are on one side precision copper strips46

that run perpendicular to the wires and on the other side47

copper pads. The copper strips and pads act as readout48

electrodes. The pads cover large rectangular surfaces49

on a 1.5 mm thick printed circuit board (PCB) with the50

Figure 2: Schematic diagram of the basic sTGC structure.

shielding ground on the opposite side. The strips have51

a 3.2 mm pitch, much smaller than the strip pitch of the52

ATLAS TGC, hence the name ’small-strip TGC’ for this53

technology. The pads are used through a 3-out-of-4 co-54

incidence to identify muon tracks approximately point-55

ing back to the interaction point. They are also used to56

define which group of strips need to be read out in order57

to obtain a precise position measurement in the preci-58

sion coordinate (region of interest), for the online event59

selection. The azimuthal coordinate of a muon trajec-60

tory is obtained from the wires readout. The operational61

gas is a mixture of 55% CO2 and 45% n-pentane.62

3. Construction of a Large sTGC Prototype63

There are six di↵erent sizes of sTGC quadruplets -64

three for each of the large and small sectors. As shown65

in Fig. 1, all have trapezoidal shapes with surface areas66

between 1 and 2 m2. A challenge in the construction67

of large area multi-layer particle detectors is to achieve68

high precision alignment of the read-out strips across69

layers. The required accuracy in the position and par-70

allelism of the precision strips between planes is 4071

µm. This precision is achieved by mechanical machin-72

ing. The readout strips for a sTGC plane are machined73

together, in one step, with brass inserts which can be74

externally referenced. The individual sTGC layers are75

glued together, separated by an separately machined76

frame with a 100 µm thinner honeycomb over the sur-77

face of the detector. This allows the glue to be used as a78

filler to compensate for small unevenness of the PCBs.79

The gluing procedure makes use of the fact that the var-80

ious sTGC layers can be positioned with respect to each81

other with high accuracy, using the external brass inserts82

attached to an external precision jig on a marble table.83

In the spring of 2014, the Weizmann Institute of84

Science in Israel built the first full-size sTGC quadru-85

plet detector of dimensions 1.2 ⇥ 1 m2. This proto-86

type consists of four sTGC strip and pad layers and is87

constructed using the full specification of one of the88

quadruplets to be used in the NSW upgrade (the mid-89

dle quadruplet of the small sector).90
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TRIUMF	
  –	
  PreparaNon	
  of	
  cathode	
  planes.	
  

Carleton	
  –	
  Assembly	
  of	
  the	
  sTGC	
  
quadruplets	
  (4	
  gas	
  gaps)	
  modules.	
  

McGill	
  –	
  Detector	
  characterizaNon,	
  quality	
  
control	
  and	
  acceptance.	
  

ATLAS	
  (CERN)	
  –	
  Assembly	
  and	
  
commissioning	
  into	
  the	
  NSW.	
  

sTGC	
  producFon	
  in	
  Canada	
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The	
  McGill	
  sTGC	
  TesFng	
  Facility	
  

Concept	
  of	
  the	
  sTGC	
  test	
  bench	
  

Current	
  state	
  of	
  the	
  sTGC	
  test	
  bench	
  

•  McGill	
  sTGC	
  tesNng	
  facility	
  is	
  ready	
  to	
  characterize	
  
Canadian-­‐made	
  sTGC	
  quadruplets.	
  

•  Main	
  elements	
  of	
  the	
  sTGC	
  qualificaNon	
  procedure:	
  
o  Gas	
  integrity	
  test	
  
o  High	
  voltage	
  test	
  
o  Hit	
  efficiency	
  measurement	
  (strips,	
  pads,	
  

wires)	
  
o  SpaNal	
  resoluNon	
  (strips,	
  wires)	
  

•  sTGC	
  quadruplets	
  are	
  tested	
  using	
  a	
  cosmic	
  ray	
  
hodoscope	
  which	
  features:	
  
o  an	
  extruded	
  aluminum	
  structure	
  allowing	
  4	
  

quadruplets	
  to	
  be	
  tested	
  simultaneously,	
  
o  2	
  planes	
  of	
  plasNc	
  scinNllator	
  detectors	
  to	
  

trigger	
  the	
  DAQ	
  system	
  (requires	
  a	
  top	
  AND	
  
bocom	
  coincidence).	
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Experimental	
  setup	
  

•  A	
  prototype	
  sTGC	
  quadruplet	
  of	
  40x60	
  cm2	
  
was	
  tested	
  at	
  McGill	
  using	
  the	
  cosmic	
  ray	
  test	
  
bench.	
  

•  Experimental	
  setup:	
  
o  Detector	
  readout	
  using	
  first	
  version	
  of	
  

ASIC	
  prototype	
  (VMM1)	
  designed	
  for	
  
NSW.	
  

o  4	
  layers	
  of	
  strips	
  instrumented	
  providing	
  
up	
  to	
  4	
  space	
  points	
  for	
  track	
  
reconstrucNon.	
  

Prototype	
  sTGC	
  quadruplet	
  
Assembled	
   by	
   Canadians	
   during	
   a	
   visit	
   at	
  
the	
  Weizmann	
   InsNtute	
   sTGC	
   construcNon	
  
center	
  (Israel)	
  in	
  2014.	
  

VMM1 readout!
electronics!
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Event	
  selecFon	
  

Applied	
  to	
  all	
  
events	
  

!Cut Number!
of!events

Total!efficiency![%]

All#events 95548 100
Data#quality 95545 100
Analog#pulse#timing 95111 100
Hit#on#a#bad#channel 57468 60
At#least#one#good#cluster#on#a#layer 53442 56
At#most#one#cluster#per#layer 53312 56
No#hit#on#the#side#channels 49971 52
No#nonDhit#channel#next#to#maximum#
channel#of#the#cluster

49559 52

≥#2#layers#hit 38366 40
≥#3#layers#hit 22748 24

3#layers#hit 15259 16
4#layers#hit 7489 8
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sTGC	
  data	
  acquisiFon	
  

•  The	
  readout	
  electronics	
  provide	
  pulse	
  amplitude	
  and	
  Nming	
  informaNon	
  of	
  
analog	
  signals.	
  

•  IonizaNon	
  charge	
  signal	
  typically	
  spreads	
  over	
  3	
  to	
  5	
  strips.	
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Clustering	
  and	
  tracking	
  

•  Center	
  of	
  charge	
  deposiNon	
  clusters	
  in	
  each	
  layer	
  found	
  using	
  a	
  
weighted	
  average.	
  	
  

•  2-­‐D	
  track	
  reconstrucNon	
  performed.	
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Hit	
  efficiency	
  –	
  CalculaFon	
  

Layer 4"

Layer 3"

Layer 2"

Layer 1 hit?!
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!!
Efficiency =

Number!of!reconstructed!tracks!with!matching!hit
in!layer!of!interest!(within!3.2!mm!of!track)

Number!of!reconstructed!tracks
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Hit	
  efficiency	
  -­‐	
  Results	
  
Layer	
  1	
   Layer	
  2	
  

Layer	
  3	
   Layer	
  4	
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•  The	
  blue	
  lines	
  highlight	
  the	
  limits	
  of	
  the	
  instrumented	
  area	
  of	
  the	
  sTGC.	
  
•  The	
  red	
  areas	
  highlight	
  the	
  posiNon	
  of	
  bad	
  channels.	
  
•  Lower	
  efficiency	
  on	
  layer	
  1	
  not	
  due	
  to	
  readout	
  electronics.	
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Track	
  residuals	
  

Residual:	
  Distance	
  (along	
  the	
  gas	
  plane)	
  
between	
  the	
  ficed	
  track	
  and	
  the	
  hit	
  in	
  
the	
  layer	
  of	
  interest.	
  

Inclusive	
  residual:	
  The	
  track	
  fit	
  includes	
  
the	
  layer	
  of	
  interest.	
  

Exclusive	
  residual:	
  The	
  track	
  fit	
  excludes	
  
the	
  layer	
  of	
  interest.	
  

Inclusive	
  track	
  fit	
  
Inclusive	
  residual	
  

Exclusive	
  track	
  fit	
  
Exclusive	
  residual	
  

The	
  track	
  residuals	
  are	
  required	
  to	
  calculate	
  the	
  sTGC	
  spaNal	
  resoluNon.	
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Exclusive	
  residuals	
  
Layer	
  1	
   Layer	
  2	
  

Layer	
  3	
   Layer	
  4	
  

•  The	
  distribuNons	
  of	
  layers	
  1	
  and	
  4	
  are	
  wider	
  because	
  a	
  track	
  extrapolaNon	
  is	
  
made	
  (as	
  opposed	
  to	
  track	
  interpolaNon	
  on	
  layers	
  2	
  and	
  3).	
  

•  Without	
  any	
  layer	
  alignment	
  correcNon,	
  spaNal	
  resoluNon	
  of	
  the	
  order	
  of	
  500	
  
μm	
  observed.	
  

ATLAS!
Work in progress "

ATLAS!
Work in progress "

ATLAS!
Work in progress "

ATLAS!
Work in progress "
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Inclusive	
  residuals	
  
Layer	
  1	
   Layer	
  2	
  

Layer	
  3	
   Layer	
  4	
  

•  Hints	
  of	
  possible	
  mis-­‐alignment	
  of	
  layer	
  3	
  from	
  the	
  discrepancy	
  of	
  the	
  σ	
  
parameter	
  of	
  the	
  gaussian	
  fit	
  with	
  respect	
  to	
  the	
  other	
  layers.	
  

•  The	
  inclusive	
  residual	
  distribuNon	
  is	
  narrower	
  because	
  the	
  track	
  fit	
  includes	
  
the	
  layer	
  of	
  interest.	
  

ATLAS!
Work in progress "

ATLAS!
Work in progress "

ATLAS!
Work in progress "

ATLAS!
Work in progress "
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Summary	
  

•  The	
  McGill	
  sTGC	
  tesNng	
  facility	
  is	
  ready	
  to	
  operate	
  and	
  
already	
  tested	
  a	
  prototype	
  quadruplet.	
  

•  Algorithms	
  for	
  efficiency	
  measurement	
  are	
  under	
  
development	
  and	
  the	
  preliminary	
  efficiency	
  and	
  residual	
  
distribuNon	
  of	
  the	
  prototype	
  quadruplet	
  was	
  calculated.	
  

•  Alignment	
  algorithms	
  are	
  under	
  development	
  to	
  precisely	
  
measure	
  eventual	
  layer	
  mis-­‐alignments.	
  

•  The	
  Canadian-­‐made	
  sTGC	
  module-­‐0	
  (first	
  full-­‐sized	
  sTGC	
  
that	
  could	
  be	
  installed	
  in	
  the	
  NSW)	
  is	
  scheduled	
  to	
  be	
  built	
  
by	
  the	
  end	
  of	
  2015	
  and	
  tested	
  at	
  the	
  McGill	
  facility	
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Back-­‐up	
  slides	
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sTGC	
  technology	
  

4 sTGC detector technology and
performance

In Chapter 2 the requirements for the triggering system in the NSW have been defined. The
triggering detectors should provide bunch crossing identification, requiring good time resolution,
and good angular resolution, better than 1 mrad, for online reconstructed segments, which in turn
entails fairly good online spatial resolution. The sTGC detector provides both capabilities as will
be demonstrated in this chapter and for this reason is regarded as the main triggering detector
in the NSW. It provides also a fair spatial resolution for the offline tracking that will help the
precision tracking, specially during the HL-LHC phase.

4.1 sTGC

The basic Small strip Thin Gap Chamber sTGC structure is shown in Fig. 4.1(a). It consists
of a grid of 50µm gold-plated tungsten wires with a 1.8mm pitch, sandwiched between two
cathode planes at a distance of 1.4mm from the wire plane. The cathode planes are made of a
graphite-epoxy mixture with a typical surface resistivity of 100 k⌦/⇤ sprayed on a 100µm thick
G-10 plane, behind which there are on one side strips (that run perpendicular to the wires) and
on the other pads (covering large rectangular surfaces), on a 1.6 mm thick PCB with the shielding
ground on the opposite side (see Fig. 4.1(b)). The strips have a 3.2mm pitch, much smaller than
the strip pitch of the ATLAS TGC, hence the name ’Small TGC’ for this technology.

A similar type of structure was used in the past for the OPAL Pole-Tip calorimeter, where 400
detectors were constructed and run for 12 years.

The TGC system, used in the present ATLAS muon end-cap trigger system, has passed a long
phase of R&D and testing. The basic detector design for the NSW has two quadruplets 35 cm
apart in z. Each quadruplet contains four TGC’s, each TGC with pad, wire and strip readout.

(a) a (b) b

Figure 4.1: The sTGC internal structure.

37

sTGC	
  internal	
  structure	
  

Pads	
  

Strips	
  

Wires	
  

•  MulNwire	
  gas	
  detector	
  with	
  anode-­‐to-­‐
cathode	
  distance	
  (1.4	
  mm)	
  smaller	
  than	
  
anode-­‐to-­‐anode	
  distance	
  (1.8	
  mm).	
  

•  Operates	
  with	
  a	
  gas	
  mixture	
  of	
  CO2/n-­‐
pentane	
  (55%/45%)	
  

•  2	
  cathode	
  planes	
  covered	
  with	
  resisNve	
  
graphite	
  coaNng	
  

•  Readout	
  copper	
  strips	
  and	
  anode	
  wires	
  
are	
  used	
  for	
  track	
  reconstrucFon	
  

•  Readout	
  copper	
  pads	
  with	
  large	
  area	
  
used	
  for	
  triggering	
  purposes	
  

•  Signals	
  from	
  pads	
  and	
  strips	
  induced	
  
from	
  the	
  same	
  gas	
  gap.	
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•  Gas	
  system	
  
o  feeds	
  the	
  quadruplets	
  with	
  a	
  n-­‐pentane/

CO2	
  mixture	
  
o  allows	
  for	
  an	
  independent	
  control	
  of	
  the	
  

gas	
  condiNons	
  (gas	
  flow	
  and	
  presence	
  of	
  n-­‐
pentane)	
  on	
  each	
  tray	
  of	
  the	
  test	
  bench	
  	
  

•  Slow	
  control	
  system	
  
o  monitors	
  the	
  gas	
  condiNons	
  and	
  the	
  high	
  

voltage	
  supply	
  of	
  the	
  quadruplets	
  
o  enforces	
  a	
  safe	
  and	
  stable	
  operaNon	
  of	
  the	
  

tesNng	
  facility	
  throughout	
  the	
  whole	
  
duraNon	
  of	
  the	
  sTGC	
  modules	
  qualificaNon	
  

The	
  McGill	
  sTGC	
  TesFng	
  Facility	
  

The	
  sTGC	
  test	
  bench	
  gas	
  system	
  


