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ATLAS Muon Spectrometer

Q Large area (5000 m?) precision tracking
(muon chambers with 35 pm position resolution).

d High muon detection efficiency at high background rates at
LHC (air-core toroid magnet).

LAr hadronic end-cap and \

Vo forward calorimeters
\ Pixel detector
Toroid magnets || | LAr electromagnetic calorimeters
’ 1
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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Radiation levels at the LHC

A Background hit rates including safety factor 5 [Hz/cm?]
In the ATLAS muon spectrometer at LHC design luminosity
10%4/cm?s. Low-energy neutrons from collision products and vy rays.

Highest rate: 500 Hz/cm?, 300 kHz/ tube (2 m long tubes and
2 X 4 layer chambers).

d Up to 10 x higher background rates to be expected at a
high-luminosity upgrade of the LHC (S-LHC):
maximum 5 kHz/cm?, 3 MHz/ tube in very forward regions.

Quadrant of the ATLAS
muon spectrometer with
3 layers of chambers in
barrel and endcap
regions
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Rate capability of Drift Tube Chambers

Measurements at the CERN Gamma Irradiation Facility GIF

2003/04 with high-energy muon beam and beam telescope:
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Efficient tracking up to ~30% drift tube occupancy.
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Advantages of smaller drift tube diameter

15 mm instead of 30 mm diameter tubes,
same drift gas and gas gain, same tube length:

d Occupancy ~ max. drift time: 3.5 x smaller.
d Tube counting rate ~ tube circumference: 2 x smaller.
Q Gain drop (due to space charge) ~ tube radius r 3:
8 x smaller.
O Degradation of spatial resolution due to radiation induced
space charge fluctuations and gain drop strongly reduced.
Gain drop effect
2700F § 3001 Threshold: — 34 mv  |EEE TNS V0I.533,
= y - - Irradiation rates:
600 | 5§27« B0 (ome o) NO.2 (2006) 562
e O e o B670/ (cm?2 s)
500 :— @ 225+ & - 342/ (cm=? s)
400 £ 200 7 o Ergleme Effect of space
300F ®175F - _.Charge
T 150 TE . | fluctuations
: 125 |- 3 o R
100; 100 ﬁ%% §§§§Gz
0 R R R R T T SR T T NN L o 1 5 5 3 1 5 5 5 1 3 % ?5 B g - o © e J'
0 2 4 6 8 10 12 14 50 Lu . \ . , @ oo e,
r {(mm) o] 2 4 6 's 10 12 14
. . . ; . . impact radius / mm
Space-drift time relationship Single-tube resolution *
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Advantages of smaller drift tube diameter

Maximum rate in 15 mm &
tubes at S-LHC

!

Diameter Maximum Gain drop op.| Occupancy@ Occupancy@
drift time limit 700 kHz/ tube 1500 kHz /tube
30 mm 700 ns 5 kHz/cm?2 50% 100%
15 mm 200 ns 40 kHz/cm?2 15% 30%
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Drift time spectra
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High rate tests at CERN GIF 2008
V/ r = ' :

o Upper
reference
- chamber

Tracks
extrapolated to
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Cosmic trigger
- ——<@lM scintillation
# counters
Adjustable background rates up to 1400 Hz/cm?,
only about 300 kHz/ tube in 1 m long tubes
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Space-drift time relationship
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Drift tube resolution

Earlier measurement for _160
& [
30 mm J tubes: :-1 -
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with space charge fluctuation counting rate (Hz/cm")
effect almost eliminated New measurement at GIF
gain drop 8 x smaller. for 15 mm O tubes.

23/10/2008 H. Kroha, MPI Munich




Drift tube efficiency
‘ From 30 mm < tube test \ 15 mm J tube test
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Chamber tracking efficiency

Segment reconstruction efficiency requiring at least 4 out of N hits

max S- LHC counting rate

———————————————————————————————————————————

efficiency

<
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= Atleast 2 x 7 drift
tube layers needed
for ATLAS highest
rate regions

0.6
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0.2 — N N=12.
_ =10 Space available
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oL LT
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counting rate (kHz/tube)
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Chamber design
Builds on experience with the design of the existing MDT chambers

15 mm J tubes

Signal pins

Ground pins<&

4 x denser tube packages:
challange for design of services connections
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Chamber design

Endplugs

O Method for precise sense wire
positioning with 10 yum accuracy
follows existing concept.

Endplug complefe

Allows for automated drift tube
wiring and assembly.

O Gas connections simplified.

O HV stability critical design issue.
ground pin

contact surface (ground)

brass insert

gas

. crimp tube
connection

contact spring
(ground)
signal pin

Endplug cap
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Chamber design
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Chamber design
/_/Endplug /gasbar [Pocan] gas connector [Ponan]\
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Chamber design

2 X 8 tube layers consisting of
8 x 12 tube units with gas
distribution system,
electronics card, Faraday cage

3 3
connectors (signal/gas) | e faraday cage

electronic card \/—
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Chamber assembly
Glueing of 8 tube layers in a o

single step

S B \side rail
d s :“\fixing screw

~—distance jig

\hasis jig

granit table
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Conclusions

= Cylindrical drift tube detectors provide high-efficiency precision
tracking at high background rates.

= Mechanically robust detector design for large detector areas.

= Option for muon detector upgrades for high-luminosity phase
of the LHC: smaller tube diameters (50%) in high-background
regions sufficient.

= Plan for complete prototype chamber next year.

= Performance extrapolation from high-rate tests of present ATLAS
muon drift tube (MDT) chambers straight forward.

= For complete test at S-LHC background rates a new Gamma
Radiation Facility at CERN with higher-intensity source and a
muon beam is necessary.
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Backup slides
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background count rate (Hzcm™?2)

Gas gain drop at 1 kHz/cm?

("10xATLAS"”): 15%, acceptable.

Change of the operating voltage due
space charge:

R3*gIn s
o Ra —2—1
AU = eyl X flux(cm™=s™")

R=15 mm, R;=25 pum, p=0.5 cm?/(Vs),
g = 20,000-32 keV /25 eV.e, U,=3080 V.

AU=250 V at 5 kHz/cm? — no signal

R = 7.5 mm: higher limit: 40 kHz/cm?

— Occupancy, not space-charge defines operating limit!
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Cosmic-ray tests: drift time spectrum

Experimental max drift time: 180 ns
Simulated max drift time: 177 ns
Exp. data
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50 q00 150 200 250
Drift time [ns]
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Drift tube efficiency

For 30 mm O tube test with muon beam telescope:
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1
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Offline recovery of second hits codnting rate per tube)
masked by background hits. for 15 mm / 30 mm tubes:

max. S-LHC counting rate
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