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ALICE Muon Spectrometer

* The ALICE experiment at CERN studies proton and ion collisions at LHC energies

ALICE

* The ALICE Muon Trigger system is designed to perform a transverse

momentum cut in order to select high-p; muons that traverse the ALICE muon
spectrometer
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Layout of MTR/MID

ALICE

« The MID consists of 72 Resistive Plate Chambers arranged in 2 stations of 2 planes each

e eachplaneis 5.5 x 6.5 m? with 1.2 x 1.2 m? central hole to allow the beam pipe and
shielding

« the RPCs are equipped with orthogonal strips in order to provide the spatial information
along the X and Y directions, for a total of 21k strips with 1, ©~ and 4 cm pitch.
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MTR/MID Resistive Plate Chambers

ALICE

ALICE RPCs are single-gap bakelite detectors.

Electrodes and gas gaps: 2 mm thick; bakelite resistivity between
3-10° and 1-10%° Q-cm. Internally coated with linseed oil.

Initially (1997) designed to operate in streamer mode (smaller
cluster size) with 49% Ar, 40% C,H,F,, 7% i-C,H,,, 4% SF (detection
threshold 80 mV, without preamplification).
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Early ageing studies

ALICE

* Ageing studies started in 2001 at CERN GIF
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Early GIF test - February, 2001

ALICE

 Operation at 70-150 Hz/cm? hit rate (y - flux tuned by
changing our custom filters)

* Efficiency of 50x50 cm2 RPCs for cosmic rays in presence
of photon background. Threshold 80 mV

* RPCs with thin (~3 um) oil coating (oil more diluted after
BaBar RPC problems)

After one month: working current increase by a factor of 2,
coupled with large dark current increase

- not observed in previous (1999) GIF test (shorter, but 300
Hz/cm? and with thicker oil coating (~30 um)

- Increase mitigated by higher gas flow (50 vs. 25 cc/min)




GIF ageing test May, 2001

ALICE

* New test with same setup

* New chambers (50x50 cm?, bakelite resistivity: 1-2
10° Q2 cm)

* Operating voltage: 200 V above efficiency curve
knee
Aim:

* Comparison between gas mixture with 4% SF. vs.
1% SF, B

* Comparison between RPCs with double oil coating
VvS. single coating
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May 2001 - 4% SF, vs. 1% SF, <

ALICE

Counting rate on RPC with
4% SF: 50 Hz/cm?

Counting rate on RPC with
1% SF¢: 100 Hz/cm?

HV working point lowered
(1 kV) going from 4% SF to
1% SF,

Gas flow: 30 cc/min except
when noted

200

. |
|
Lh

Current uwA

2

125
100
-

o 5

o

Dark current — Single oil coating

- . = 1 SF, -

o = 4% SF, )

up to 60

cc/min

" back to 30 ) .
cc/min
. . .
" l‘ - " -

;---# kS .
o 10 20 30 40 o0

integroted current mC/em®

The gas mixture with 1% SF, ends up in smaller dark
current increase; larger gas flow slows down the increase
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May 2001 results - double vs. single oil

ALICE

Measures performed
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Long ageing test at GIF (2002-2003)

ALICE
Dark current and dark rate
250 -
RPC: 50x50 cm?, double oil Increase of current after 9
. days of wet mixture flux —>
coating. Year-long test with HV off
200 14
Gas mixture: streamer (1% : —
SF) with addition of water 3 150 . . 1°%§
= - * N+ Current
vapour 5 . I I T . Rate
° 5 - * RN 2
(35% R.H.) 3 100 E._.. et 2 g
LA
. . .l g T Tty %’
Efficiency meas_ured only 50 ey a.;ﬁ :;.;?. b at s 1
on a small portion of the n - :,‘:,Pf" od . me
. . i; - " B . of
chamber: RPC efficient _,-‘ﬂ" sons . ¢ 21
o S =— 0
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Integrated charge (mC/cm?)
Dark Current increases (even if in a non-linear way: it drops after shut-off periods)
Dark rate increases, but towards the end it decreases even if the current stays high
The dark current is not explained by the dark rate!
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Study on the super-aged RPC

Efficiency mapped after ageing, with cosmic rays
tracking, on 2x2 cm? cells.

* A large part of the detector is inefficient.
* In the inefficient zone, single rate is zero.

* In some areas efficiency decreases with H.V.

Moreover, we measure total electrodes’ resistance
by filling the gap with pure argon and measuring
currents vs. H.V. after Ar plasma formation.

The value obtained corresponded to an average
resistivity of 3-10'* Q3-cm is (original Bakelite
resistivity: 3 -10° Q-cm).

During this measure we note that after plasma
formation we have large currents but zero counting
rate.

5 10 15 20

Thanks to these tests, an hypothesis arised...

lunit=2cm
Top = bottom side at GIF
White box: trigger area at GIF
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Hypothesis to explain the puzzle

ALICE

The dark current is triggered by noise electrons emitted from localized areas of
the cathode at a high rate (i.e. higher than the rate capability of the detector).

This could explain some observed facts, such as:

= The dark current increases in a gas-dependent way, i.e. only above the
electric field threshold where electron multiplication starts.

= Increasing the voltage ends up in dark current increase, that is limited only
by the electrodes resistivity. Then, over a certain voltage (which depends on
rate of primary noise electrons, electron multic\alication and electrodes
resistivity) the current become continuous and does not induce pulsed signals
on the readout strips.

= The chamber becomes inefficient in the zones interested by the
phenomenon.

—> The current causes a reduction of the effective voltage applied to the gas
gap (explains the decrease of efficiency when increasing voltage)

Two candidates:
* Malter effect, due to a polymerized insulator film.
* Roughness of the surface, due to loss of linseed oil coating
To answer to the dilemma, we finally open the chamber...
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Aged RPC inner surface

e = 1w
Mean y= 8.312
RS % = 6541

RIS y = 5793

In the inefficient zone the linseed oil coating disappeared! Chemical corrosion?
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Further studies: exhaust gas analysis

ALICE

* In order to understand the causes of the oil coating loss, we start
to analyze the exhaust gas mixture chemical composition
(including impurities).

* Analyses show that when the RPCs operate with a high counting
rate, corrosive hydrofluoric acid (HF) is present in the exhaust
mixture.

* In order to understand how much of the HF comes from C,H,F,
and from SF, , in April, 2004 we operated one RPC in streamer
mode, with a mixture without C,H,F,: Ar/i-C,H,,=80%/20%, + H,O
and 1% SF,

* The detector showed signs of ageing quite soon, and when the
gas analysis was performed it had already a dark current of 90 uA.
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Impurities in C,H,F,-free mixture

ALICE

Against expectation, with no C,H,F, (41% in normal mix.) we got an amount of HF
comparable to the normal streamer mixture!

This could mean that SF plays a greater-than-anticipated role in HF production... ..and/or
maybe this result is correlated to the absence of C,H,F, and to a corresponding increase of
the fast charge? Unfortunately, we had to stop this R&D because we needed to work on
the ALICE Muon Trigger apparatus completion...

Rate H.V. | Curr. HF Impur. HF/ HF/ Impur./ | Impur./
(Hz/icm?) | vy | (nA) | (mgll) rate curr rate curr
Normal 110 8000 [ 160 | 0.015 | 0.483% | 1.4-104 | 0.9-10% | 43-10% | 30-10*4

streamer

No C,H,F, 55 | 5500 | 270 | 0.017 | 0.431% | 3.1-10* | 0.6-10* | 78-:10* | 16-10
+ 1% SF,

However, before the end of the R&D effort we had time to make one last test: what
happens if you operate a RPC with a mixture with no fluorine at all (zero C,H,F, zero SF,)?
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RPC ageing with fluorine-free gas mixture

ALICE
Puzzled by the results of the C,H,F,-free gas, we tried one last mixture:
Rate H.V. | Curr. HF Impur. HF/ HF/ Impur./ | Impur./
(Hz/em?) | vy | (uA) | (mg/l) rate curr rate curr
No C,H,F, 55 5500 | 270 | 0.017 | 0.431% | 3.1-10# | 0.6-10* | 78-104 | 16-10*
+ 1% SF,
No C,H,F, 50 5100 | 250 0 0.253% 0 0 50-10%| 10-10%
no Sk

Finally, we got rid of the HF! But the surprises are not finished...

... because after a few days at GIF (50 Hz/cm?), the RPC flowed without Fluorine at

all showed typical signs of ageing (tens of pA of dark current)!

HF is not the only ageing cause!

More R&D is needed in order to fully understand the origin(s) of the dark current increase
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Outcome of the streamer ageing R&D

ALICE

The fundamental result of the tests was that the ageing is
correlated to the integrated charge.

In ALICE: 100 Mhits/year expected (in most exposed area)

In order to minimize charge, we decided to switch from
streamer to “maxi-avalanche’” mode:

* Mixture 89.7% C,H,F,, 10% i-C,H,,, 0.3% SF, (50% R.h.)
* Threshold: ~10 mV (no signal preamplification)

Ageing test performed at GIF with a full-size ALICE RPC in
2004-2005 to ascertain life-time in terms of integrated
charge



Results of maxi-avalanche ageing test

ALICE
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integrated hits (Mhit/cm *)

500 Mhit/cm? accumulated => 100 mC/cm? (in maxi-avalanche)

Dark current <1 pA, dark single rate <0.1 Hz/cm? (after irradiation)
Current drawn under irradiation: ~1/3 current drawn in streamer mode
Drastic diminution of HF content in exhaust w.r.t. streamer mode
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Ageing issues after ALICE operation

ALICE

RPCs of ALICE Muon Trigger/Muon IDentifier have operated successfully since
2010 (about 20 mC/cm? integrated charge)

Main issue: fragile Polycarbonate gas outlets (about 10% failed, replaced in situ)
One chamber changed due to extended leak (10 cm) along the frame

Issues with leaking HV cables and
connectors (about 10 replaced) Ramp-up average current

Efficiency above 95% all over the 3 | —%— Average current 2018 "
—3st— Average current 2021

Average current 2022

detectors 4

Dark currents are under control

New operating mode: standard
avalanche. Same mixture, but new FE
discriminators (FEERIC) with pre-
amplification stage (since 2022)

Four RPCs replaced because of dark

currents (>30uA) even if efficiency still cuppndd &
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Conclusions

ALICE

* RPCs of the ALICE MTR/MID behaved well thanks to
extensive ageing R&D

e Dark current and dark rate under control, efficiency
high
* Lesson learned from prolonged operation in ALICE:

RPC gas outlets are fragile, HV cables and
connectors can be affected by current leaks

* Present challenge: replace C,H,F, with low-GWP
gas (see L. Quaglia talk)

THANKS FOR YOUR ATTENTION



ALICE

Backup slides

04/07/2022 QCD 2022 — Montpellier, France 21



