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Introduction

A big variety of wire detectors are
providing robust solutions for all big
four LHC experiments:

x Central tracking:
MWPC (TPC) and TRD chambers in ALICE
TRT straw tubes in ATLAS
Drift straw tubes in LHCb Outer Tracker

x Muon tracking and triggering:
Drift Tubes in ATLAS and CMS
Cathode Strip Chambers in ATLAS, CMS
and ALICE
Thin Gap Chambers in ATLAS
MWPC in LHCb
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Issues at HL-LHC

Limits expected at higher luminosity: Rate Capability and Aging

Space charge effects
x intrinsic limit for wire detectors,
affects devices with large drift volumes,
notable case is ALICE TPC
x but still under control for most other

wire detectors Change of technology:
« ATLAS TRT

: straw tubes = all-Si inner tracker
Reac}ll(.)u};t saturation ~ * ATLAS CSC/MDT = uMEGAs
(too 13 oqcupancy) , ~* LHCb Outer Tracker

x design limit (segmentation, — A drift tubes = SciFi

readout electronics)
x finer segmentation also needed to S
meet more severe | trigger requirements

Re-designh with same detector

in ATLAS and CMS technology:
Aoi can re-use services, software...
ging . . « ATLAS MDT = sMDT
x Current technologies validated for 10 e« ATLAS TGC = sTGC
years at nominal luminosity « Most detectors = new readout

x Must face ~ one order of magnitude
more integrated dose at HL-LHC
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Space charge effects in
ALICE TPC

 Jon feedback from MWPC requires Gating Grid, introducing deadtime of 280 us
= DAQ rate < 3.5 kHz

« Without Gating, ions would build up in the TPC volume distorcing the field

« Moreover, at upgrade rates, particle rates at the wire chambers would reach
100 kHz/cm? = space charge effects in MWPC = affects dE/dx performance

« Not compatible with planned upgrade operation: rate up to 50 kHz (Pb-Pb)
= change of technology (GEM)

Drift time for electrons <~ 100 ps
>

<« Drift time for ions ~ 180 ps
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250 cm
Drift time for ions ~ 150 ms without gating
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Space charge effects
in ATLAS MDTs

x Monitored Drift Tubes in ATLAS used for
muon tracking, diameter 30 mm

x Performance critically sensitive on space
charge effect only for drift distance >~ 1 cm

x Good performance for rates expected at HL-
LHC (<~ 2 kHz/cm?)
after reducing tube diameter by factor 2
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Extreme rate capability:
LHCb MWPCs |

The LHCb muon chambers, covering the forward region
up to N=>5, are exposed to the highest hit rates on wire
detectors experienced at LHC (and also HL-LHC).
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These are standard MWPC with +/- 2.5 mm gaps

During a test run at LHCb upgrade lumi (1x10* cms™),
hit rates up to 200 kHz/cm? have been measured in the
most irradiated MWPC in station M1 (before calorimeters)

The decrease of chamber efficiency with
rate is mostly due to the FE dead time.

| After correcting for it, only a small effect
e _ (-2 % @ 200 kHz/cm?) is observed.
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From Paolo lengo's talk last year:

Wire chambers: aging

» Aging of wire chambers is being studied since decades
» Main ageing effects:

Formation of ‘whiskers’ on the anode wires, mostly made of
silicon compounds

Distortion of pulse height spectra, gain loss, noise rate etc

Wire chambers for LHC have been designed and built according to general
prescriptions to reduce aging effects:

» No hydrocarbons in gas mixtures in drift chambers No aging effect which can
» No silicon material in the chambers and in the gas connections compromise the detector
Careful al selection ( , diation eff ) performance expected up
» Careful material selection (outgassing, radiation effects etc.
sasne to HL-LHC
’

System longevity can be estimated according to R&D studies, early detector operations,
extrapolation of working conditions; but (negative) surprises are always possible

Several detectors will continue to operate at HL-LHC.

Extensive studies on the time evolution of their performance
from Runl data, or from test facility (GIF++,...)
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Bad surprises can happen

x Fast aging under moderate local irradiation observed in LHCb Outer Tracker
modules, despite no effects was seen on prototypes during R&D;
x After extensive studies, culprit identified in glue plastifier (di-isopropylnaphtalene)
added by manufacturer, causing insulating layer on wires
araldite AY103 (prototype)— AY103-1 (production)

Wire w:thout _—RWire with
agemg ]

x Successfully cured by adding
small (1.5%) fraction of O, to

gas mixture + healing effect of
dark currents

= no problems during Run1l
X1,688 17mm NIM A656 (2011) 45

J_T.
! | x Happy end, but example of
| | the importance of details...
I 1 . .
| | and monitoring!
| Carbon in
| | EDX spectrum
| |
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Aging in LHCb MWPCs

x Irradiation tests up to 0.45 C/cm were performed during R&D, with no aging
effects observed

x Monitoring of gain stability during
Runl on the whole detector
(integrated charge up to 0.1 C/min
M1 station) through time response

L:..I-.I|II|I |II

Average time shift (ns)
oo o9
o N B OO0 o

0.2 , = gain found to be stable
:3:‘;; ’ within +/- 5 %
0.8" no evidence for any aging as
" nil il 600 800 ti;lrgn(g.u.} eXpeCted IEEE NSS/MIC 2012 N14-125

x Irradiation above 0.5 C/cm

expected after LS3

= LHCb is ConSidering the Table 4.1: Average deposited charge (C/cm of wire) after 50 fh~! in the most irradiated chamber
replacement Of mOSt irradiated of each station and region of the muon system.

Chambers With GEMS M2 [fﬁlF {ffﬂ {Fﬁ] {Flj?

M3 017 008 002 001
M4 022 006 001 0.004
Ms 015 003 0.01 0,003
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Aging in CMS DTs

| Insulator strips
R Anode wire Electrode strips
Z 77777 2z /7]
v MR e

x CMS Drift Tubes Chambers used as
barrel muon detectors

x Expected inefficiency from failures of detectors components in 10 years of
HL-LHC:
* Tube lost due to broken mylar insulator tape
* Front End Boards
+ High Voltage Boards

42 mm "—“

. . Lifetime of the tubes 1%
* Wire aging FEB failure rate 2.8%
HVB failure rate 1.5%

Lower efficiency due to radiation | 1%
Total chamber efficiency loss | 6.3%

x Rate measurements in Run 1 show good linear behavior with luminosity.
Extrapolating for HL-LHC luminosity and 14 TeV, rate is still a factor of 4
lower than what was tested in GIF on chamber prototypes.

= No replacement of the DT chambers (or some components of the
chambers) for Phase 2
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(complemented by new GEMs at large pseudorapidity)

Aging for CMS CSCs

x Cathode Strip Chambers used in CMS as muon detector in endcaps will be kept

x Neutron and other background rates at HL-LHC:

from simulation and extrapolation from measured

rates expect

« 3x10* n/cm? (inner part of ME1/1) after 10y of

operation at LHC, with strong radial dependence

« Background hit rates ~ several kHz/cm?
* Collected charge after 3000 tb! is ~ 0.3 C/cm,
similar to level tested at GIF in 2000-2001

x Large uncertainty! Need safety factor ~3-4

= planning new campaign of irradiation tests at GIF++,

aiming at 1.5 C/cm

x Goal is also to address CF4 issue (may be banned in EU!)

« Test alternative “green” mixtures, like CF3I

o Explore solutions to reuse a higher fraction of CF4
“@ (currently 50%) and improve detector gas tightness
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Aging tests in ATLAS TGCs

x Thin Gap Chambers technology used for triggering muons in endcaps, still
used (with reduced strip size) for the Small Wheel Upgrade

x A small chamber has accumulated 6 C/cm, without any deterioration,
equivalent to 20 years at HL-LHC with safety factor 5.

x Anode and cathodes were analyzed for deposits in Chile, where a new Lab was
established to continue radiation tests.
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Solutions and R&D for HL-LHC

x Many wire detectors will be kept, fully or almost unchanged, for the upgrade
phase:
> DT and CSC in CMS
> MWPC in LHCb
> CSC, TRD and PMD in ALICE

x Readout electronics to be upgraded in most cases (not covered here)

Fraction of penetrating particles M2
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x Shielding being improved by ATLAS, CMSw
(endcaps) and LHCD to reduce rate and o '“
radiation dose from 200 | ' . 1"#- Al [l
low energy background (conversion of .::" AR T
gammas and neutrons)

e.g. low energy background is found
to account for up to 96% of rate

for the innermost MWPC in LHCb
(behind calorimeters) 300 -H 'llf
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x Two new wire detector types under development/construction in ATLAS:
> sMDT
> STGC
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ATLAS sMDT

Drift tube diameter reduced by factor 2: MDT ->sMDT

x Increase rate capability by an order of magnitude,
sufficient for max. rates at HL-LHC

x chamber thickness reduced by factor 2

x occupancy reduced by factor 8

= much improved signal/background

Advantages:

x Reuse and optimize existing proven technology
(no aging up to 6 C/cm = 10x expected at HL-LHC)

x Full compatibility with existing services,
reconstruction software and optical alignment
system of ATLAS.

x Will be used to complement or replace MDT

chambers where needed

x 2 chambers already installed for Run2 in the “BME”
region of Barrel Middle Layer where only 2 MDT
stations (instead of 3) were available

= improve o(p,) by factor 2

x 12 new Middle Layer chambers (BMG) for Phase 1

x 32 chambers to replace Inner Layer MDTs in hottest
regions for Phase 1

x More need for sMDT in Phase 2 under study

ECFA HL-LHC 2014 G.Graziani - Wire detectors @ HL-LHC




Exploit R&D for improved detector manifacturing:

x Simplified, more robust and less expensive drift tube design with certified
materials.

x Improvement of sense wire positioning accuracy from 20 uym to 10 um

x Chamber assembly speed increased from 2 weeks (2 x 4 layers) to 2 days per
chamber.

| 4 x denser service (gas, HV, read-out, ground) connections to drift tubes than fordMPJ's15 ,

(aluminium)

injection molded plastic components f;;ﬁ?,‘;r
immune to cracking and outgassing -

O_ri
plastic-insulator {B1r{;:g}

(PBTP) .'

0-Ring
(24x1,5) \ | @

wire locator fitting into metal insert with
twister 85 @xternal reference surface

(brass)

crimptube
(copper)

gas-connector
(PBTP)

signal-cap
(brass) ground-screw

(gold plated)

signal-pin

(gold plated) metal insert with external

_ reference surface used
ground-pin
(gold plated  fOr chamber assembly

0-ring
(#4x1,5)
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ATLAS sTGC

New Small Wheels will use Thin Gap Chambers with reduced strip size: TGC -> sTGC
x Goal: decrease occupancy and improve space resolution
= reduce L1 muon trigger rate (currently dominated by fakes), vital for HL-LHC
x Principle:
* strip size 3.2 mm (vs ~ 2 cm in TGC)
- to increase rate capability, reduce cathode resistivity by factor 10,
and recover RC constant by thinner gap
- chambers with 4 layers, staggered by 1/2 pad in both directions

Pick-up strip . ,
Graphite layer, \ —L;: -/

N
I'.IH'-ﬁ Physical pads, each layer staggered
'.I ".:" : by ¥ pad in both directions
HVY I'ul 1.8 mm . Pad-twer defined by projection from
N . |\ ‘_|_"“'--Hh_ e 4 layers of staggered pad boundaries
. T W .
-~ ) |II 1.4 mm - / 16 strips under
50 um wire \ | —|I| \ ; row of fogical pads
H“'.
\'\
X Trlgger: 1.6 mm G-10

- make a 3-out-4 coincidence to select what strips to be readout for trigger
« get PH information from the relevant strips using flash-ADC,
reject layers with too many strips (8-ray) or too high PH (neutron).
- angular resolution from 2 quadruplets in the New Small wheel < 0.5 mrad.
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Challenge: produce large chambers (2x1.2m?2) with the

required geometrical accuracy

¥ New method developed to build PCB with layers that

can be placed with respect to each other with a
precision of 40um

xboard thickness controlled within 30um,
quadruplet flatness within 50pm
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Preliminary results (Module-1) !

ECFA HL-LHC 2014 G.Graziani - Wire detectors @ HL-LHC

N

=
= N

First final size quadruplet of
such a detector has been tested
at FERMILAB in May 2014

Results compatible with goal
resolution of ~ 70 pym

First mass production should
start within current year
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Conclusions

x Good old Wire detector technology
still far from retirement

x Still far from intrinsic limits dictated by space charge effects and aging
properties
= several solutions for muon tracking and trigger still competitive and
compatible with HL-LHC extreme requirements

x R&D in this field mostly for “consolidation” of technologies:
x Confirm radiation hardness in HL-LHC environment

x Improve construction procedures
x Address the CF4 issue
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