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Quality Control Quality Control at Aachenat Aachen
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Quality ControlQuality Control

�� QC of components (Al-plates, I-beams,
HVB, HVC, FEB)

�� QC during mechanical production
(wire tension, position, corner block
position, 1.strip/I-beam)

�� QC after mechanical production/
during assembly with HV & FE
(Gastightness, HV test in air & gas,
noise, efficiency, mean time)

�� Storage of QC data



K.Hoepfner, RWTH Aachen IIIA Quality Control at Aachen Production site 3

WIRE POSITION

QC QC requirementrequirement::

-Tolerance: nominal
position    100 µµµµm, measure
FE & HV end

- Record in data base

QC @ Aachen:QC @ Aachen:

Measure every wire position
before closing layer,
exchange till all positions
are within limit

System calibrated with LED-
system and reference bar

Output:Output: final file with only
positions within limits

Positions Positions of of wirewire, 1., 1.strip strip & & cornercorner
blocksblocks

POSITION OF 1.STRIP

QC QC requirementrequirement::

-Tolerance is 500 µµµµm,
nominal?

- Record in data base

- Correction?

QC @ Aachen:QC @ Aachen:

Measured 3-4 times
along strip

OutputOutput::

paper document [4]

CORNER BLOCK
POSITION

QCQC  requirementrequirement::

-Measure corner block
w.r.t. closest wire before
closing SL

- Record in data base

QC @ AachenQC @ Aachen ::

Measured

OutputOutput::

Paper document [4]

Recording without
correction

±

Non-straight

strips ? More

positions?
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Wire Wire TensionTension

QC QC requirementrequirement::
measure individual wires
before closing the layer,
allowed range 230 – 325
gr, no recording

QC @ Aachen:QC @ Aachen:
ALL wires are measured and

stored in a local file

Frequency range phi 79.3 –
83.3 Hz, theta 90 – 98 Hz

Wires with frequencies outside
this range get replaced

Output:Output:
file with all wire tensions,
only within tolerances
(ASCII-> root)
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PlanarityPlanarity

SL 7auf Tisch 1 Lage 1,2,3,4 und AL-Deckplatte
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Messpunkt
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Lage 1
Lage 2
Lage 3
Lage 4

Al-Platte

Planarity of individual layers, SL007
below 200 micron SL SL PlanarityPlanarity,,

for first for first 14 SL14 SL
measured formeasured for
everyevery  layerlayer..
Later Later just just toptop
layer layer + cover.+ cover.

Output:Output:

Excel-file per SL

Planarity Planarity of of HoneycombHoneycomb--panelspanels

• Measured at Aachen: Hight over flat table (several points per HC) -> HR talk

• Output: local file
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Quality ControlQuality Control

�� QC of components (Al-plates, I-beams,
HVB, HVC, FEB)

�� QC during mechanical production
(wire tension, position, corner block
position, 1.strip/I-beam)

�� QC after mechanical production/
during assembly with HV & FE
(Gastightness, HV test in air & gas,
noise, efficiency, mean time)

�� Storage of QC data



K.Hoepfner, RWTH Aachen IIIA Quality Control at Aachen Production site 7

Gas Gas TightnessTightness  (7.3 + 7.4)

QC QC requirementrequirement:: 2 methods (pressure drop, oxygen content)

  Record in DB

QC @ Aachen:QC @ Aachen:
� Pressure drop at 2 levels (2 HV-covers, FE+HV) for all SL

� ���� excellent results

� Oxygen content just started recently

� Information to store: 1 time constant per SL with final settings,
Web accessible

Pressure drop measurement
is more relevant!

Gas tightness is essential for operation of CMS
Muon system. We should make an effort to have
good gas tightness. Time constants around
1000 are feasible.
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Pressure drop:

Pi = pressure at t=0
Pa = pressure after t>0

Results from Pressure DropResults from Pressure Drop
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QC requirement:         τ >135 min

With two HV covers, time constant on
average τ ~1500 min

In final conditions (FE+HV) τ = 1200 min

QC Requirement

Our observations:

Recommended to first
measure with two HV
covers (check of FE-cover
tightness during second
measurement)

In case of leakage, τ<5 min

If additional sealing
required, usual close to
corner-blocks
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HV Test in Air HV Test in Air (7.2)(7.2)

Aachen Aachen MethodMethod::
1. Ramp-up strips (2.5 kV) and

cathodes (-2 kV) without HVB for
10 min, granularity: 16

2. Connect HVB and ramp-up to
Vwire/strip/cath= 3.9/1.9/1.6 kV

3. Monitor currents with a resolution
of 10 nA.

Require rest-currents    200 nA
per HV channel

Time dependance observed
(increase by ~10 during days, then stable)

•• ChangesChanges  triggeredtriggered  byby HV HV
problemsproblems in gas: in gas:

•• IncreasedIncreased HV- HV-valuesvalues in air, in air,
aimingaiming at  at valuesvalues  forfor HV  HV stabilitystability
in gas:in gas:

•• Strips 1.8 kV (gas) -> 3.3Strips 1.8 kV (gas) -> 3.3
(air)(air)

••
3.8 kV3.8 kV

•• Cathodes Cathodes 1.4 (gas) -> 2.51.4 (gas) -> 2.5
(air)(air)

•

3.1 kV3.1 kV

• Keep HV for several hours. Over night run
before starting with gas. Current fluctuations.

• Tested with one SL.More statistics needed.

≤

In QCD common current-limit. We
observe Iwire/strip/cath~  10 / 50 / 75 nA

In air mainly problems with strips.
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Distribution of rest-Distribution of rest-currents forcurrents for
stripsstrips and  and cathodescathodes

Can we use rest-currents at this level as problem indicator?

Time dependence (storage time,
relaxation time of meas.)
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HV Test in Gas HV Test in Gas (7.5)

QC QC requirementrequirement:: „Conditioning is performed ramping ramping up and down HVup and down HV

several times. This procedure stops if after N trials a channel is not stablenot stable... After
several hours must be stable with   5% of disconnected channels and with a
current per channel below 50 nA.“

Our observations:
� Ramping-speed is crucial.

� Rest-currents for strips & cathodes about 100 nA.

� Current fluctuations (limited by trip-limit 5 mA) stay for several days. Are
they critical?

� Define stable running.

≤
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Aachen Aachen ProcedureProcedure HV Training in Gas HV Training in Gas

� Flush with gas for ~8 h
(6 vol.exchanges).

� Ramp-up in steps:

Noticed: gas distribution
inside SL very slow.

~8-10 hNightOver

1800-140018003700

1800-130018003700

~8-10 hNightOver

1800-120018003600

1800-110016003400

1600-100014003000

1300-90012002500

1000-80010002000

∆ HVHV
cathode

HV
strip

HV wire Total time: Good SL ~3 days

Incl.problem finding & repair
(~1/3): .... 2-3 weeks

If problem, search for channel
and disconnect (sometimes
repair (glue, loose DC)). Very time
consuming! Complicated by HV
grouping.

No. of SL with HV problems in
gas: 5/8 -> too high for MP
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Results Results of HV Training in Gasof HV Training in Gas

Question: What to do with close-to-limit
cases (e.g. 3595 V for wires, 1200 for
cathodes, 1780 for strips?

Despite high
voltage settings
in air, problems
in gas.

Fraction of disconnected
channels < 1%

Except SL 005 (10), Sl 010 (4)

Longterm stability: 2 SL
have been operating for
~4 weeks. Occasionally
current over threshold,
subsequent ramp-up
smoothly.
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Summary Summary HV HV RemarksRemarks

� The HV training is most critical/time consuming step in the
commissioning phase.

� 50% cells which got cleaned in air, could not hold the HV in gas.

� Ramping speed seems critical (< 10/5/5 V/sec).

� What are typical rest-currents for strips and cathodes?

� Can we use rest-currents in air as a problem indicator? Could avoid
opening of SL and time consuming repair after cable harness and connector installed.

� We need an agreement what to do with close-to-limit cases.

� It seems advicable to ramp-up in air to higher voltages to reduce
problems in gas.

� Cathode voltages for test and operation.

� What to store from tests: on SL summary page (final settings,

duration, number & cause of disconnected cells), Web accessible
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Front-end/Testpulse SystemFront-end/Testpulse System

Tests Tests done done at Aachen:at Aachen:
1) Contact test, on average exchange 1 FEB per SL

2) Testpulses, check if all channel see testpulses

    of 2 V, threshold 15 mV

3) Cosmics data taking -> TH talk

QC QC requirementrequirement:: Rates

1 SL completely tested: SL 015 cells 41 (FEB3-9), 47 (FEB3-15),
119 (FEB8-7), 135 (FEB9-7), 170 (FEB11-10) <50% expected hits
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TDC TDC spectrum spectrum and and MeanMean time time

tmax =

370 ns

Efficiency ~ 99%

Probability for a
4.hit on a track

Mean
time

Typical TDC
spectrum for
one cell

[ ] )2()3()1(
2
1

distdistdist ++Meantime=
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A A Typical CosmicsTypical Cosmics Output File  Output File (SL 15)(SL 15)

Noise
~ 30 Hz

Efficiency
~ 0.98

Afterpulse
probability
~ 0.08

Meantime
[mm]

~ 20

RMS [mm]

~1.2...1.6
Residua
l [mm]

~ 0.4

RMS [mm]

~ 0.6...2

2.line: Meantime left/right with RMS
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Summary Summary of SL Statusof SL Status

SL Summary Sheet

File from
cosmics data
taking
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Marinas Proposal from last CMS weekMarinas Proposal from last CMS week

         Can local
directories be
linked ?

          Platform
independent tools

          File format,
units etc.
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Relevance Relevance of QC Information of QC Information forfor
future Data future Data AnalysisAnalysis

Some data are very very relevant relevant for muon reconstructionfor muon reconstruction, like corner block

position needed for alignment. Other data, like wire tension, are notnot essential essential
for data analysis but for chamber operation.

QC during production has different meaning (monitoring <-> correction). Divide QC
data in 2 groups [app.no. of data per SL]:

QC until values are within
limits

Wire position [200]

Wire tension [200]

Rest-currents [25]

Values just noted but no correction

1.strip position [4]

Gastightness [1]

No.of dead channels [0-10]

Corner block position [4]

O2-content [1]

Noise [200]

Efficiency [200]

Mean time [6 x 200]

Planarity [50]

HV settings [3]
Presently accessible
via www
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QC QC Data StorageData Storage

QC during
production

Store QC data
Controlling
For public access
For future reconstruction 

Use of information
for muon
reconstruction

DB

HTML based

Others

Get started:Get started:

• Place priorities! Which data most urgently
needed for public access (operation of chambers
at ISR, alignment testbench, etc).

• Aim of data storage.

• Schedule.
   I’d estimate ~4 weeks
   for this amount of data
   in Aachen.

Gastightness, O2-content
HV settings
No.of dead channels
Corner block position
1.strip position
Noise
Efficiency
Mean time


