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Outline

e Introduction: MDT Chambers (Monitored Drift Tube)

e Chamber Production and Quality Control

* assembly monitoring at production sites
* X-ray tomograph at CERN
* COSMic-ray tests

e Plans for the preassembly at CERN

e [estbeam

* full system test in the H8 facility at CERN
* tests at the ~v-irradiation facility (X5/GIF) at CERN

e Summary



MDT Chamber
1194 MDT tracking chambers covering 5500 m?; 370 000 drift tubes

Drift Tube, Ar:CO, (93:7), gas gain 2-10*

length: 1-6 m
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Requirements - chamber resolution of 40 ym —

% single tube resolution: better than 100 um
* positioning of the sense wires within the chamber: 20 um rms



Chamber Production

and quality control



Production line: [clEInglolEl@ElSS=laglollYd ——  gas system

— front-end electronics

- precision assembly, monitored using various techniques

-

stiffener
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multilayer

* wires centered

within the tube;
X-ray verification

* tubes (1 layer)

positioned into the
precision combs;

position measured
with feeler gauges

* layers glued successively,

attached to the

support frame;
deformations and
displacements monitored
by optical systems



Production line: chamber assembly — gas system — front-end electronics

- assembly monitoring

Quality control of each produced drift tube:
information stored in the global production database

Wire Displacement Mean =-0.378 Current Leak Mean=1.125
17010 | 0 1 1 i . RMS=7.287 ' Entries = 182370
0 1 fi 1 Entries =104189 : : :
13608+ A A S
o N I ' ! !
102081+ bl i e e
RN 0
6804“"‘!" T T YT T T [~
Syl IR | I B 1] Lo
I i Lo i i i o)
. - o : : : * 75%) of 370 000
0 | | | | | | | | | | J| J| i
~70-56-42-28-14 0 14 28 42 56 70 18 24 30 tubes produced
y (m) (nA)
g . 1E FTEQUENCY  y1ean _ 60504 isos0o 258K Mean - 0.166 x total rejection of
Lo | Entries = 195435 ! ! Entries = 224585 (o)
6064 - F [ 151840 1~ only 2.6%
o N
o
Lo o
1 AN B s Bt
VR 0 1 S L S S
i !i N o
0+ — T 0 ! | ! |
0O 40 80 120 160 200 0 4 6 8 10

Hz 10e-8 bar*l/s



Production line: chamber assembly — gas system — front-end electronics

- assembly monitoring

Reconstruction of the wire positions within the chamber:

deviation from the nominal grid rms of deviations
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* wire positioning accuracy within the required 20 yum rms



Production line: chamber assembly — gas system — front-end electronics

- assembly monitoring

- X-Tomograph

- sample of chambers measured with an X-ray Tomograph at CERN
- wire measurement precision: 2 um (stat.) + 2 um (syst.)

‘\precision rolling cart -

x certification of the site
construction procedure

* check 15% of the cham-
bers for consistency

* Capacity:
present - 1.6 ch/week
from 2004 on - 2 ch/week

—sCinUators | mef
measurement of the intensity along the chamber



Production line: chamber assembly — gas system

— front-end electronics

- assembly monitoring

- X-Tomograph
12 |
Entries 79
10 RMS of 76/79 chambers = 18 pm

including outliers = 25 um

number of chambers

0 10 20 30 40 50 60
mechanical precision (um)

* 79 of 739 produced
chambers measured

x 11 production sites
certified

* average rms of measured
chambers: 18 um



Production line: chamber assembly — chamber services

- assembly monitoring
- X-Tomograph

1. preparation of gas tubelets
2. mounting on the chamber

‘ gy '//:W”‘i'?’? PN | 3. HV and signal hedgehog cards
| v : (HV distribution, signal decoupling)

4. mezzanine cards (Amplifier/Shaper/Discriminator, Time-to-Digital Converter)
Faraday Cage (FC)
5. Chamber Service Module (interface between the chamber and the DAQ system)



Production line: chamber assembly — gas System — front-end electronics

- assembly monitoring
- X-Tomograph

Serious problem spotted for the MDT gas tubelets |

— corrosion of the brass
tubelets by the cleaning agent
through small cracks

Action:

* replacing all brass tubelets with stainless steel

* exception are most of the equipped end-cap chambers,
after being certified
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Production line: chamber assembly — gas system — front-end electronics

. assembly monitoring - leak tests

- X-Tomograph

Chambers (brass tbl.) certified in US and shipped to CERN:

* under gas pressure for 5-11 months: showing no leaks
* epoxy applied to the critical parts of the tubelets, for additional safety

EMS Long Term Leak Rate No epoxy

3 multi-layers leak, dueto loose ETs WEML1
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Chamber ID

O EML1
B EML2

Leak Rate (mbar/day)

EML3A01
EML3A05
EML3A09
EML3A13
EML3CO01
EML3CO05

ML3C09

ML3C13
EML4A01
EML4A05
EML4A09
EML4A13
EML4CO01
EML4CO05
EML4C09




Production line:  chamber assembly ——  gas system — lifelgiggslale =i ge]a ]S

- assembly monitoring - leak tests
- X-Tomograph

EEN - BN 1\ hedgehog cards| under production, 40%

MDT
chamber

Faraday Cage (FC)

Chamber Service 1st prototype working

Module 2nd in preparation
ffffffffffffffffffffffffffffffffffffffffffffffffff (FDR November 2003) g e
- MROD 1st prototype working signal hedgehogs whin FC#

2nd in preparation
(FDR November 2003)

- for more information see the talk of R.Richter
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Production line: chamber assembly — gas system — front-end electronics

. assembly monitoring . leak tests - CcOosMmic ray stands

- X-Tomograph

Quality control of the chamber performance, for all chambers:
(leak test, HV stability, noise, efficiency, drift-time spectra, resolution)

- for some chambers: wire positioning accuracy (LMU) /“

LMU = Munich ¥ hodoscope L

_reference ch

amber

=D

g test chamber

L5
.

lJ 1Yl

reference chamber

hodosope r— ~—

streamer tube layers %é—
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Production line: chamber assembly — gas system — front-end electronics

. assembly monitoring . leak tests - CcOosMmic ray stands

- X-Tomograph

* uniformity of the chamber response to muons:
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Production line: chamber assembly —

gas system

SN front-end electronics

- assembly monitoring
- X-Tomograph

LMU-Munich:

- leak tests

* measurement of the wire coordinates
(achieved precision: rms,=9 um; rms,=27 [m)

reconstruction of the geometrical chamber parameters

multilayer y—shift (um)
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Production Status: 31.08.2003.

Site Type total/site | Bare MDT /Plan | MDT with FC/Plan
Boston EI, EM 80 65/62 49/46
Univ.Washington | EI, EM 80 74/67 74/61
Univ.Michigan EM 80 79/69 78/62
Protvino EO 192 107/95 24/28
Beijing BEE 32 0/0 0/0
Greece BIS 128 90/87 0/0
Cosenza/Roma BIL /BIR 64 40/41 16/6
Cosenza/Pavia BIL /BIR 56 29/35 3/2
Dubna BMS 84 62/52 0/0
Frascati BML 94 76/64 13/7
Munich/Dubna BOS/BOF 88 70/52 8/8
Freiburg BOG 18 0/0 0/0
NIKHEF BOL 96 63/61 2/2
All sites 755/685 267 /222
TOTAL NUMBER 1092 1092 1092



http://bmc.bu.edu
http://lepton.phys.washington.edu/~atlas/
http://ganesh.physics.lsa.umich.edu/~atlas/
http://atlas.web.cern.ch/Atlas/project/MDT/www/mirrorprotvino/index.htm
http://skiathos.physics.auth.gr/atlas/
http://www.roma1.infn.it/exp/atlas/
http://hawk.pv.infn.it/
http://atlas.web.cern.ch/Atlas/project/MDT/www/mirrordubna/atlas/atlas.htm
http://www.lnf.infn.it/
http://wwwatlas.mppmu.mpg.de/atlas_mdt/index.html
http://hpfrs6.physik.uni-freiburg.de/
http://www.nikhef.nl/pub/departments/mt/projects/atlas/MDT/

Production Status

MDT Chamber Production (w/o EE)

1200 —aA— Bare MDT
—— Plan Bare MDT /// l
1000 | —=— MDT with FC o / / _/
Plan MDT with FC /
2 800 | ~ @ Final MDT / /
o —— Plan Final MDT
% —— Ready for Installation MS / /
G 600 | | |
: /]
400 / /
200 /

0
Jan-00 Jan-01 Jan-02 Jan-03 Jan-04 Jan-05 Jan-06

* Stable production of the bare chambers

* assembly of services compatible with installation schedule
(needs a strong effort from the production sites)



Preassembly at CERN
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Preassembly tasks at CERN

Preparation of the chambers for the installation into ATLAS detector:

* completion with gas distribution, electronics, DCS
(if not yet done)

* assembly of the barrel MDTs with RPCs
* assembly of end-cap MDTs and TGCs on Big and Small Wheel
* certification of the chambers and assemblies

* storage until installation

Chambers and assemblies have to be ready four months before the
installation date.
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Preassembly areas and schedules: barrel

* B283: BIS/L (chambers without RPC), Jan. - Nov. 2004

No. of ch/day

1

1

1 1

1

1

1

Chamber days/ch Totaldays Work description
BIS 2.5 78 195 Preparation of MDT, mounting of electronics, tests, cosmic test
50 50Test of all components, cosmic test
BIL/BIM/BIR 128 Preparation of gas components (Done in Greece in three labs)
116 116 Preparation of MDT, test of all components, cosmic test
Assembly 2003 2004
line Jul Aug Sep Oct Nov Dec [Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Chamber type Bls BIS Bls BIS BlS BIS
Clean areal283 |, o ted no. 4 16 16 16 16 10 - -
Chamber type BIS BIS BIS | m L
283 =
expected no. 10 20 20 = S
People Tech. 4 4 4 6 6 6 2 2| = -
at CERN Phys. 2 2 2 2 2 2 2 2
2 Type BIL BIL BIL BIL BIL BIL BIL BIL BIL -
expected no. 10 12 14 14 14 14 14 14 10| T
People Tech. 3 3 3 3 3 3 3 3 3 S
Phys. 2 2 2 2 2 2 2 2 2l —
Cosmic Type BIS BIS BIS BIS BIS
stand *) No. of ch/day 2 2 2 2 2
Type BIL BIL BIL BIL BIL BIL BIL

*) Cosmic stand assumed to accommodate 3 BIS and/or BIL chambers in parallel;




Preassembly areas and schedules: barrel

* B283: BIS/L (chambers without RPC), Jan. - Nov. 2004
* BB5 : BMS/L and BOS/L, Oct. 2003 - end 2004

Chamber ch/day/line Work description
BML 1 Assembly of RPCs and MDT on Common support + cabling of RPC + cosmic test of RPCs + MDT (2 days/RPC)
BML 0.3 Assembly of gas stuff, leak test
BMS 1 Assembly of RPCs and MDT on Common support + cabling of RPC + cosmic test of RPCs + MDT (2 days/RPC)
BOS/F/G 1 Assembly of RPCs and MDT on Common support + cabling of RPC + cosmic test of RPCs + MDT (2 days/RPC)
BOL 1 Assembly of RPCs and MDT on Common support + cabling of RPC; cosmic test of RPCs + MDT (2 days/RPC)
Assembly line 2003 2004
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
BB5-1 Chamber type BML BML |BML BML BML BML BML BML|BOF BOG/S| BOL BOL BOL BOL
expected no. 2 8 10 15 15 20 20 4 15 20 20 20 25 15
Chamber type | BML BML BML
Clean area
expected no. 5 5 6
BB5-2 Type BMS BMS BMS BMS BMS| BOS BOG/S BOS BOS| BOL
expected no. 10 20 20 20 14 20 20 20 M1 16
Cosmic stand *) [Type BML BML |BML BML BML BML BML BML|BOS BOS BOL BOL BOL BOL
No. of ch/day 1 1 1 1 1 1 1 1 1 1 1 1 2 2
Type BMS BMS BMS BMS BMS| BOS BOS BOS BOS
No. of ch/day 1 1 1 1 1 1 1 1 1

*) Cosmic stand assumed to accommodate three assembled stations at a time
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Preassembly areas and schedules: end-cap

installation tests:

|

Mar. 2004 - end 2005 > | |

EML2 chamber [l
* B184: MDT testing, on the wheel sector

* B180: integration on
the Big Wheel,
mid 2004 - end 2005

* B191: integration on
the Small Wheel,
from 2005

22



Testbeam Program

23



H8 Testbeam

Full system test:
12 MDT chambers, trigger system (RPC, TGC), alignment system

—— T———

end-cap sector

__barrel sector
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H8 Testbeam

Full system test:
12 MDT chambers, trigger system (RPC, TGC), alignment system

event display with MDT and RPC hits




H8 System Test

Extensive program:

*

*

chamber installation with prototype installation tools

performance and long-term stability
of the final electronics and DAQ system

test of the barrel and end-cap alignment system
with controlled chamber displacements

test and development of the ATLAS-like software

integration test of tracking and trigger chambers

test of the trigger with the 25 ns beam



H8 System Test

Extensive program:

*

*

chamber installation with prototype installation tools

performance and long-term stability

of the final electronics and DAQ system

initial problems with DAQ identified and solved,

12 MDT (3744 channels) running smoothly for two months

test of the barrel and end-cap alignment system
with controlled chamber displacements

test and development of the ATLAS-like software

integration test of tracking and trigger chambers

test of the trigger with the 25 ns beam



H8 System Test

Extensive program:

*

*

chamber installation with prototype installation tools

performance and long-term stability
of the final electronics and DAQ system

test of the barrel and end-cap alignment system
with controlled chamber displacements
(for more details on the alignment system see the talk of J.Bensinger)

test and development of the ATLAS-like software

integration test of tracking and trigger chambers

test of the trigger with the 25 ns beam



H8 System Test

Extensive program:

* chamber installation with prototype installation tools

* performance and long-term stability
of the final electronics and DAQ system

* test of the barrel and end-cap alignment system
with controlled chamber displacements

* test and development of the ATLAS-like software
DAQ, Data Monitoring, tracking, Condition Database, Alignment

* integration test of tracking and trigger chambers

* test of the trigger with the 25 ns beam



H8 System Test

Extensive program:

*

*

chamber installation with prototype installation tools

performance and long-term stability
of the final electronics and DAQ system

test of the barrel and end-cap alignment system
with controlled chamber displacements

test and development of the ATLAS-like software

integration test of tracking and trigger chambers

test of the trigger with the 25 ns beam
to be completed this month
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H8 System Test

Example of an interplay of various systems:

Eventdata —

Tracking
(MUONBOX)

set of controlled chamber displacements:

1.5

sagitta (mm)

0.5

-1.5

Sagitta vs Time, Condition Database OFF

[ & % | ow ow ow ) ow & f | @ @ @ | om o owow o w om o @ oW )
0 2000 4000 8000 8000 10000 12000 14000

time (s) since 08,/08/03 2h30
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H8 System Test

Example of an interplay of various systems:
Condition database describes the conditions in which the experiment runs

at any given moment.

. Sagitta vs Time, Condition Database ON
Tracking s, B
g [
(MUONBOX) £ | | | | | |
Eventdata — L] S— e e — ——— TR T —
:-E V + ¥ i | i
o
G GOSN O OO OSSNSO SO
Alignment data — Condition 0.5 — -------------------- ----------------------- ---------------------- ---------------------- ----------------------- ----------------------
—_— D [ I ; ;
: ii—h-l-m-'-d_-‘-_'__‘.ﬂ‘-'—_’_‘_d—h;. "*E'+“'"'+“+“‘+“""*“""'w+"'§+ i *"J‘“‘a.*+*'**+*’“+”"r‘i‘"“-+*+ﬁ1"‘%"*“ﬂ*f“;ﬁ+
¢ ? _0’5 b wssiemiese s b e e e v B S b b T e e B b e S b i S b S s R v S s e v S b e b e e e v b
Geometry corrections -1 — -------------------- ----------------------
from alignment [ | | | | | |
B £ S S S
_||||||
24000 5000 8000 7000 8000 2000 10000 11000

time (s) since 08/08/03 2h30

- alignment data applied to correct for the chamber displacement



X5 Testbeam (Gamma Irradiation Facility)

* influence of the ~v-irradiation on the resolution and efficiency
* time-slewing corrections
* threshold optimisation

simulates irradiation rates
up to 4 times the
maximum ATLAS rate

(400 Hz/cm2 = 440 kHz/tube)

/ BOS % trlgger counters

T

Y | | 1 | I R
-5 A 100 GeV muon | ggm o
Source | | silicon telescope
| ::tubes | l ‘
\ 1m 3.8 m long 58cm  60cm
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X5/GIF Testbeam

Single tube resolution:

EL ST & threshold: — 44 mV
c 275 background count-rates:
S ¢ 427 kHz/ tube
2201 % o 287 kHz/ tube
3 205 o 146 kHz/ tube
T o o 88 kHz/ tube
< 200 - © 0
o “ox
P175F & o
o & ©
150 - o &
© :8: © ©
100 - 8%%333000
:8: O :8: o © © o Loy
/5 B o o ©
@ © o © O o
50 I | | | |

0 2 4 6 8 10 12 14
impact radius (mm)

* degradation of the resolution for
large drift radii due to increasing
effect of the space charge fluctua-
tions

* average degradation of ~10 um at
the maximum nominal ATLAS rate

* price to be paid for using Ar:CQO,
(chosen to avoid the aging)
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X5/GIF Testbeam

Final version of the read-out electronics:
measures the accumulated charge in a 15.5 ns time gate
after the threshold crossing

ADC Spectrum of Muon Hits

600 |-
500 | W |
400 | I m
300 -

200 |- *ih

100 — f

: |t | | |
0 0 50 100 150 200 250

ADC value

* ADC information can be used for time-slewing corrections
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Chamber Performance Test in X5/GIF

maximum 4*maximum
nominal irradiation nominal irradiation
in A'I;\LAS in ATL_AS
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Chamber Performance Test in X5/GIF

maximum 4*maximum
nominal irradiation nominal irradiation
in A'I;\LAS in ATL_AS
v

A 44 mV, no time-slew. ¢

A 44 mV, with time—slew.
V¥ 34 mV, with time—slew.

orrection

correction
correction

—700"

=500 300 400 500

count rate (Hz cnT?)



Chamber Performance Test in X5/GIF

‘€160

3

= 150

IS

5 140

2 130

0

o 120

O

T 110

()

= 100
90
80
70

Without irradiation, the design resolution of 80um is achieved.

maximum 4*maximum
nominal irradiation nominal irradiation
in A'I;\LAS in ATL_AS
v
A 44 mV, no time—slew. correction
A 44 mV, with time—slew.|correction
V¥ 34 mV, with time—slew.|correction
| T TR TR TN T AN TN SR TN TN NN SN TN RN TR NN TR TN TN T N S T S N
0 100 200 300 400 500

count rate (Hz cnT?)

Even at the maximum nominal ATLAS irradiation rates,
this degrades by only 10 um.
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Aging studies at X5/GIF

- for the first time the recirculating gas system was used
in long-term irradiation studies

Setup:
—
— BIS multilayer 1 BIS multilayer 2
recirculation, flushing mode,
1 or 2 volumes/day 1 volume/day
10% fresh gas rate
aged region

—> strong decrease in the pulse height close to the gas inlet of ML-1,
no such effect seen in ML-2

Where does the aging come from? Detailed investigation.



Aging studies at X5/GIF

Electron microscopy of the wire surface:
silicone deposits close to the gas inlet

vicinity of the gas Inlet L 30 cm from the gas inlet

MAG= X 1.00 K PHOTO= &
TUBE 11112 WIRE 2

O KV WD= 24 mm MAG= X 1.00 K PHOTD= 2
|
AS MDT MWIRES TUBE 11112 WIRE 1

Cause: silicone grease decontamination was found in gas system
components!

* unprecedently strict quality control needed for the installation of
ATLAS MDT gas system

33
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Status of MDT Production...

* production of the bare chambers proceeding according to schedule

* mounting of the chamber services delayed, but soon to ramp up

* infrastructure for the preassembly at CERN in preparation,
chamber assembly and tests already started



...and Testing

* aging effects in a recirculating gas system
rigorous cleanliness control

* functionality of the final read-out electronics verified
resolution of better than 100 um achieved even at the highest
~v-irradiation rates

* full system test in H8
integrating MDT, RPC, TGC, and alignment

35



Status of MDT Production...

production of the bare chambers proceeding according to schedule

mounting of the chamber services delayed, but soon to ramp up

infrastructure for the preassembly at CERN in preparation,
chamber assembly and tests already started

...and Testing

aging effects in a recirculating gas system
rigorous cleanliness control

functionality of the final read-out electronics verified
resolution of better than 100 um achieved even at the highest
~v-irradiation rates

full system test in H3
integrating MDT, RPC, TGC, and alignment

// September 15", 2003. //
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