Construction and Test of High Precision Drift-Tube

(sMDT) Chambers for the ATLAS Muon Spectrometer

Sebastian Nowak, Oliver Kortner, Hubert Kroha, Philipp Schwegler, Federico Sforza

nowak@mppmu.mpg.de kortner@mpp.mpg.de kroha@mpp.mpg.de philipp.schwegler@cern.ch federico.sforza@cern.ch

Ap-Bez 11t

ABSTRACT: For the upgrade of the ATLAS muon spectrometer in March 2014 new muon tracking chambers (sMDT) with drift-tubes of 15 mh "o C >
diameter, half of the value of the standard ATLAS Monitored Drift-Tubes (MDT) chambers, and 10 um positioning accuracy of the sense wires have A ﬁ TJJ ” /: \ \\
been constructed. The new chambers are designed to be fully compatible with the present ATLAS services but, with respect to the previously | e f [ |'=/— QJ)
installed ATLAS MDT chambers, they are assembled in a more compact geometry and they deploy two additional tube layers that provide redundant 7 =\ I DIAAEN"
track information. The chambers are composed of 8 layers of in total 624 aluminium drift-tubes. The assembly of a chamber is completed within a EAP E RM\AEU@F
week. A semi-automatized production line is used for the assembly of the drift-tubes prior to the chamber assembly. The production procedures and f

the quality control tests of the single components and of the complete chambers will be discussed. The wire position in the completed chambers nﬂ MB @ j// 0 ﬁ H 1S .(C Fﬂ
have been measured by using a coordinate measuring machine and cosmic ray muons tracks in a test stand with two MDT reference chambers. /
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Improving the ATLAS Muon-Spectrometer

P * The ATLAS Muon-Spectrometer is instrumented with Small Tube Technology T oo

MDT chambers : : - : : : MDT 30 mm E
— Monitored Drift-Tube (MDT) chambers in a toroidal e Smaller aluminum drift tubes with 1/2 ] :

"y > - magnetic field. diameter with respect to ATLAS standard ;

oo ’ \ « Each MDT chamber is built of 2x3 or 2x4 layers of 30 . Comeatille sarviees: cas CEEETE, rEEeE ]
X mm diameter drift-tubes ' ’ ’ :

e Shorter drift time (<200 ns), 1/3 with respect
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« Standard muon track reconstruction is performed with

\ . . to ATLAS standard, allows to sustain x10 -
, _ 30 mmm tubes and g 15 higher y and neutron background rates and @ 15 mm tubes
e 2 stations coverage (due to presence of services) g 50 mm tubes and g 1> mm ones
significantly worsens muon momentum resolution . TP Multidayer detait
sMDT Chamber Des|gn 4 rayers of drift-tubes
) The BME Upgrade .. expected resolution in « 2 multi-layers composed by 4 layers of 78 small tubes
2z « SMDT technology allows regions with 2 or 3 MDT stations * 624 tubes needed to build one chamber of 1.2 m width
J u_ @ compact chamber design 8 O 22T e o s 1TV | and 2.2 m length
17 /el S * Installation  In before 8018 L T e Aluminum spacer frame equipped with 4 optical
= : e Uk St o o p—pT:0.26i0.01 ] . . . .
i BB b, st oV Calorimeters unaccessible areas o1 T alignment lines to monitor deformations
2 T k % ) fele\_/ator c?htaﬁt i (us)e a o » lonizing medium: Ar:CO2 (93:7) gas at 3 bar pressure
| RS / or inner detector access ook E .
S B Y e - Movable supports Use 1o 0.06¢ 3  Anode wire voltage 2730 V Y ane opticat
Transversal view of the ATLAS detector and its components, ~ ° 0.02F E : : : e, S .
the muon spectrometer upgrade region is specified in green maintain accessibility ot » Chamber allg_ned to the rest of the MS with 4 optical e a 'gnme”h i
\ ~ sensors (nominal precision of 30 um) Schematic design of one sSMDT chamber 5

Gas Distribution & Electronic

~

» Jigging with precision surfaces and pin < Mounting of the gas distribution system in clean
support used for tube/wire positioning environment

 Programmable gluing machine used for

. e Time consuming because of the high number of
fast assembly of each multi-layer

components (es. 624 x2 end-plugs).
» Reached leak rate of 4 mbar/h

Five Days Mounting Procedure

e Position and gluing of the first two
drift-tube layers

« Completion of first multilayer, first
multi-layer removed from jigging

e Position and gluing of the first two

Plastic gas Crimp tubelet
O-ring  connec tor (Copper)
24x1.5 (Pocan)

e Each drift-tube is a multi component device that must
satisfy tight precision and quality criteria

. L Design (up) and detail (right) drift-tube layers of second multi-layer
Largc_a D pr_ijuctlon N aIS.O achal_lenge. °ftherggi%iigggggp%?gp'ug « Completion of second, test of optical

. Sen_n-automtated wiring and testing stations in clean ! P alignment and frame support
environmen

e Gluing of the two multi-layers and frame

e Wire tension (3.5+/-0.15 N), gas leakage (>1 mbar I/s),
current leakage (>10 nA) stored in MySQL database

» Production rate capability > 50 tubes per day

e Electronic boards, readout, and trigger system are
fully compatible with ATLAS standards

e Larger number of channels with respect to similar
MDT chambers: track hit redundancy

Setup of gas and leakage current testing

station for parallel analysis of multiple tubes

sted drift-tubes
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The Chamber Installation

e The BME upgrade is comprised of two sMDT
chambers together with the corresponding RPC
trigger chambers. One for each side (A and C) of
the ATLAS detector

A LA aaAs

o e e e Glue positioning using programmable gluing machine, the position of each tube is registered (using a barcode) on a MySQL DB
Current leakage (nA) \g 7 )

The installation of BME-A and I_?,ME-C completed
Evaluation of Chamber Geometry and Precision _successfully in April 2014

. G_eome_trical _characteristics of a cham_ber are dgfined by a —— —— TV p——
wire-grid: 2 pitches (along y and z coordinates), z displacement z-pitch [mm] 15.0095 +0.00001 | 150990 + 0.00001 15.100
of the first layer, z and y distance between the two multi-layers y-pitch mml] 13,0056 + 0.0001 13.0857 0.0001 13.005/ 13.085
* End-plug positions (corresponding to wire positions) are zoffset layers [mm] 7.5529 00003 |  7.5509 *0.0003 7.550
measured with a 3D coordinate measuring machine z-distance ML fmm] 0.0089 +0.0993 0.0269 +0.0003 °
_ _ o » y-distance ML [mm] 135.3417 +0.0005 135.2815 + 0.0005 135.347 / 135.271
e Grid parameters are extracted with a minimum 7 fit .
o wire pos. z 6 um 7 um 20 um
« The geometrical precision of the wire grid depends by the o wire pos.y 12 pm 8 um 20 pm fn AR, -
spread of the end-plug position around the fitted best-values: BME-C HV side RO side Nominal | el B e
this is obtained looking at the RMS of the distribution and at the z-piteh [mm] 15.0993  0.00001 15.0988 + 0.00001 15.100 2 ] =
TV VN sigma of a Gaussian fit y-pitch [mm] 13.0972 + 0.0001 13.0851 + 0.0001 13.095 / 13.085 —
z-offset layers [mm .5511 +£0.0003 5461 + 0.0003 .550
q! C\AM/ z-dista;l:eyML Emmi —;.(?(?73 + 0.0003 07.()5(:{95 + 0.0003 7(?5
<Xm The tWO SMDT Chambers produced result as y-distance ML [mm] 135.3562 +0.0005 135.2996 + 0.0005 135.347 / 135.271
3D measurement of the chamber the most precise chambers of this size 2 e 0 — i o netallation of BME A side chamber in the ATLAS cavern
components and scheme of the wire-grid L = - - a BIAN )
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Conclusion and Future Muon-Spectrometer Upgrades Bibliography

« New MDT chambers with small (15 mm @) drift-tube technology have been developed and produced at MPI, Munich
e Semi-automated assembly and testing stations are used to produce and test more than 50 drift-tubes each day
 Precision construction procedures and tools allow the assembly of a complete sSMDT chamber in 5 working days
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 The geometry analysis of the chambers revealed a construction precision below 10 um:
The highest precision reached for chambers of this dimensions
« The BME-A and BME-C chambers have been installed in April 2014 in the ATLAS cavern
_ , View of the BMG chamber upgrade (in
* The production of new chambers is foreseen for the upgrade of other sectors (BMG) of the ATLAS muon spectrometer red) in the ATLAS muon spectrometer
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