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Standard Monitored Drift Tube (MDT) Specifications

Al tube wall
3or4
drift tube
layers ...

93% Ar, 7% CO5 gas mixture

3 bar absolute pressure in the tubes
HV of 3080 V

* Gas gain: 2 x 104

= Wire position RMS: Ar < 20 um

= Tube diameter: 30 mm

Each chamber has 2 multilayers of tubes
Each multilayer has either 3 or 4 layers of tubes
— chamber resolution of 40 m
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sMDT versus MDT chambers

MDT sMDT
Diameter 30mm 15 mm
Faraday Cages Max. Drift Time 700ns 185 ns
HV 3080v 2730V
Gas Gain 2 x 10*
Chamber resolution ~ 40 pm
Moumpom . = |dentical electric fields in sMDT vs. MDT

alignment system

® Shorter drift time — 10X higher rate
capability.

Gas system

® Geometrically smaller to fit in smaller gaps.
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Location of New BMG Chambers

yAR—
12 New MDT Chambers in red
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Tube Endplug

Wire locator (brass spiral)

Plastic insulator

sl pin
{god pltes)

External reference surface
for sense wire positioning
and measurement (brass insert)

= Brass insert is precision milled to be coaxial to the wire
— Gives precise location of wire inside the tube
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BMG Tube Production Overview
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= Any tube missing any test result is classified
as "Missing measurement"'

= The remainder have at most 1.71% loss of
total tested tubes

EXPERTMENT

5,379 Tubes

Total number

9, 081 Tubes

0.098% Leaking
0.33% Tension value

| 1.55% | Tensionloss |
0.75% Handling
0.79% Tubelet
0.28% Tensioning
0.039% Crimp
0.039% Threading
0.12% Delivery

Tested number
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BMG Chamber Assembly ()

Alignment comb closeup
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BMG Chamber Assembly (Il)

ATLAs Second multilayer completed Completed chamber
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Wire Position Measurement

= Wire positions recorded at both "Readout' (or "RO"') and "HV"' sides
= Measured positions are compared to optimum grid positions.
= A combined fit (both sides of the chamber) is also done

= Measurement done at 20 + 1° C
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BMG-6C-14
= Better than 5 um wire position precision (compared to 20 pm requirement)
= Position measurement repeatability of the machine tested: differences have
RMS of 3 um
-- Added to the wire position measurement in quadrature

r-Residuals
Entries 708
Iy — %2 / ndf 22.31/13
180 3‘ Prob 0.05077
160|= Constant 179.5+9.0
E Mean -2.772e-05 = 1.864e-04
140~ Sigma 0.004877 + 0.000159
120 l *
100~
80—
60— l Xf
40 y
20 \
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BMG-6C-14 Chamber Geometry Parameters

2z pitch

y pitch

All fits are within specifications. “Nominal"'
values are from comb measurements Mulayer Ay

Multilayer Az+7.5mm

BMG-6C-14 RO-Side HV-Side Nominal
z pitch [mm] 15.0993 + 0.00001 | 15.0991 + 0.00001 | 15.0990
y pitch [mm] 13.079 = 0.0002 13.079 £+ 0.0001 13.074

Multilayer Az [mm] | —0.012 =& 0.0002 —0.003 £ 0.0004 —0.008
Multilayer Ay [mm] | 184.990 =4 0.0004 184.989 + 0.0007 | 184.970
Overall ranges from RO, HV, and Combined measurements for all chambers:
zpitch [mm]:  15.099 to 15.0994  Multilayer Az [mm]: —0.02 to 0.04
y pitch [mm]:  13.078 to 13.098 Multilayer Ay [mm]:  184.96 to 184.994
o, [mm]:  0.004t0 0.016
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On-Chamber Component Installation

After wire position measurements, gas systems and electronics are installed
= Gas system and electronics mounted

= Systems test:

-- Chamber gas leak rate tested
-- Cosmic rays used to test electronic readout of chamber
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BMG Chamber Test Setup

Left shows chambers Computer and crate in Right shows chambers
under test (red tape center with triggering, which have been
shows location of readout, HV, and gas tested

scintillators used for systems

triggering)

= Photo from CERN. Similar to the setup used at MPI to test the chambers

EXPERTMENT
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Gas Leak Rates

Measured gas leak rates at CERN

BMG Testing BMG Installation Conclusions
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Top Bottom

Chamber Multilayer | Multilayer
BMG-2A-12 0.02 0.3
BMG-2A-14 6.6 2.8
BMG-2C-12 6.0 0.2
BMG-2C-14 1.7 3.0
BMG-4A-12 2.1 1.5
BMG-4A-14 0.5 0.1
BMG-4C-12 1.4 1.0
BMG-4C-14 2.4 2.7
BMG-6A-12 4.9 6.4
BMG-6A-14 4.4 0.9
BMG-6C-12 2.8 5.0
BMG-6C-14 3.5 2.0

Average 3.0 2.2

29 Mar. 2017
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Leak rate calculated from overnight pressure
loss in a temperature controlled environment

Leak rates in mbar/h

ATLAS leak rate is 0.4 mbar/h

-- Achieved before electronics installation
(< 0.2 mbar/h on all multilayers)

Source of leaks due to stress on O-rings
from Mezzanine cards

Overall leak rate acceptable for chamber
operation
— passed for installation in ATLAS
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BMG Chamber Installation in ATLAS

@ Installation of chambers in ATLAS.
\TLAS
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BMG Chamber Installed in ATLAS
. P -

@ Installed chamber (BMG-2C-14) circled in red.
ATLAS
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Conclusions and Outlook

= 12 BMG chambers completed, installed during Winter Shutdown
2016 — 2017
= Testing shows all chambers OK for installation in ATLAS
-- These were the most precise wire precisions achieved!

= Next sSMDT chambers for LS2 (2019 — 2020) have been started (BIS7/8
project)
-- 16 chambers will be constructed
-- After installation, 96 BIS chambers will be constructed the replace the barrel
inner layer (Phase 2 upgrade)
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Wire Specifications

Il
<

Wave velocity= ,/mL/L T =pxmr?|f
f=r L1 /T
2L T 2L\/ m/L
_1 /T

T=1%2n)**1p/g

p = 19.34 g/cm? ‘ r=25pum ‘ L = 1642 or 982 mm
Tensile strength: 6.28 — 6.67 N (640.38 — 680.15 g)
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BMG Tube Dark Current Test Results

OK (current leak <2 nA): 3893 tubes « OK (current leak <2 nA): 4208 tubes
Not OK: 8 tubes . Not OK: 98 tubes
o
S Eisensitivity
B0t
g
i :
= +Limit
10
o
1 10 107 100

10t
Current [nA] Production date

= Red dotted line shows acceptable current limit (< 2 nA)

= Blue dotted line shows sensitivity limit of the current measurement (0.5 nA)
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BMG Tube Gas Leak Test Results

OK (gas leak <10° mbarsI/s): 3901 tubes . OK (gas leak <10° mbarel/s): 3901 tubes
Not OK: 3 tubes . Not OK: 3 tubes
Sensitivity
e Limit
10
wel 1| jggeeeeeeesceseeccsssecseseeeseesseecesseeees
1= N = Jsensitvity
Bl vl i i it i 7 |

107 10°  10°  10% 1070 107 K

Lok e ] rodocton date

= Red dotted line shows acceptable leak rate limit (< 10~° mbar-I/s)

= Blue dotted line shows sensitivity limit of the leak detector
(3 x 1078 mbar-I/s)
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BMG Tube Tension Test Results

OK (335<Tension<365 g): 3904 tubes
Not OK: 13 tubes

jon loss [g]

Tensi

150
0

, L , L H !
260 280 300 320 340 360 3

| s s | s s

T e T 200 220240
Time af

Wire tension [g]

rer production [d]

= Tension spec. (335 < T < 365 g) shown in red

-- Corresponds to 133.86 < Hz < 140.68 for 1100 mm
-- Corresponds to 89.67 < Hz < 94.24 for 1642 mm
-- Corresponds to 149.94 < Hz < 157.58 for 982 mm

= Between 5 — 10 g loss over time
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BMG Tube Production Losses

5,379 Tubes | Total number
89.0686% OK

1.62% High current
0.093% Leaking
0.32% Tension value
1.47% Tension loss
5.54% Missing measurement
0.71% Handling
0.74% Tubelet
0.26% Tensioning
0.037% Crimp
0.037% Threading
0.11% Delivery
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r-Residuals
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@ BMG-4C-14
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z-, y-, and r-residuals for Wire Positions (l)
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z-, y-, and r-residuals for Wire Positions (Il)
Chamber z-Residuals y-Residuals r-Residuals
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RO Side Measurements from All BMG Chambers

z-Residuals

Chamber Geometry Parameters (RO)

w7
98147
2198017
163288

-00005808 + 00000990
000822 & 000001

y pitch [mm]

= 15,0094 [—e— £
£ 5 P
= 150002~ e e £
- S S ) S . E [
~ 1509 £
y-Residuals

Ss1+ 11
0000192 0.
0009562 0000142

Az, [mm]

|

f
P
/

¢

E
£ A R o
2 r-Residuals
Q

v 7215
0000559 £ 0.000115
0007366 2 0.000111

o, [mm]
.
.

3C12 9A12 3A14 3C1A 2C1Z Z2AM4 2CT4 2A1Z IC1Z TATA ICTA 1ATZ

EXPERTMENT

29 Mar. 2017 Eric Takasugi - sMDT BMG Chambers



mailto:eric.hayato.takasugi@cern.ch

HV Side Measurements from All BMG Chambers

2z-Residuals
Chamber Geometry Parameters (HV) E
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Combined Measurements from All BMG Chambers

z-Residuals
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Cosmic Ray Tests
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Tube in layer 3 of ML 2

= Cosmic rays were used to check the response and noise in the chambers
= Average noise rates per chamber shown on left

-- Red line denotes limit of 5 kHz

-- Chambers are within acceptable rates
= Sample hit rate from one layer of one chamber on right

-- Plot from Layer 3, Multilayer 2, BMG-2A-12

-- All other layers and all other chambers show same characteristic shape

-- Gap corresponds to cutouts required for ATLAS alignment system
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BIS 7/8 Tube Production Overview

= Qverall pass rate of the constructed
tubes is 68.91%
-- This does not include tubes
awaiting second tension test
-- 97.56% of those fully tested pass
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For Module O:
= Approx. 700 tubes of length
1660 mm are needed

-- 838 completed as of 16 Mar.
2017
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., ® Approx. 50 tubes of length
1000 mm are needed

-- Construction of these tubes has
started
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BIS Tube Production Losses
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