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What we may want fo know
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..if a problem appeared.
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* Why?
usually understand why, learn the lessons
and try to avoid Si, CL, S, ...
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e Can we prevent?
CF4, 02, R-OH..
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REVIEW OF WIRE CHAMBER AGING *

J. VA'VRA
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This paper makes an overview of the wirc chamber aging problems as a function of various chamber design parameters. It
emphasizes the chemistry point of view and many examples arc drawn from the plasma chemistry field as a guidance for a possible
effort in the wire chamber field. The paper emphasizes the necessity of tuning of variables, the importance of purity of the wire
chamber environment as well as it provides a practical list of presently known recommendations. In addition, several models of the
wire chamber aging are qualitatively discussed. The paper is based on a summary talk given at the Wire Chamber Aging Workshop
held at LBL, Berkeley on January 16-17, 1986. Presented also at Wire Chamber Conference, Vienna. February 25-28, 1986.

Extension of the operational lifetime of the proportional chambers in

but it always has another side... the HERMES spectrometer
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 Can we cure?
CF4, O2...
how it works?

Oxygen recovering: Accelerated recovery of MWPCs

Q Test the Oxygen recovering on LHCb Muon MWPCs removed from the - :
Detector due to the high currents during LHC Long Shutdown 1;

QO HV+ and HV- trainings did not provide a r ring; 0

Q several “problematic™ zones have been found during MWPCs irradiation by -

S source;

o

~7 hours of raining procedure use nominal gas mixture + Sr*

(8]

~5 hours of training procedure use oxygen + nominal mixture + Sr*
irradiation;

o

All MWPCs gaps have been recovered and mounted back to detector;

curent (uA)

o

Successfully LHCb Muon operations with recovered chambers during
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Fig. 2. (a) Results of SEM/XEM analysis of the surfaces of (upper part) aged and (lower part) recovered by etching anode wires;
(b) Gas amplification factor as a function of accumulated charge during multiple recovery of two counters: (4) straw no. 1 and
() straw no. 2. Slanting lines show GAF reduction during irradiation, vertical lines, GAF recovery during ¢ g [9].
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What we may want fo know

How scaling for longevity tests works?

* Reaction aA+bB-... rate = k(T) [A]"[B]™,
but n and m depend on the reaction

* How gas mixture proportion, flow rate,
irradiation intensity will influence the
longevity?...

* Even more important: how well accelerated
longevity tests predict the reality?

When we search for alternative gases, can we
roughly predict their longevity properties?

Let’s consider CF4 :)



Dry Etching Spectrum
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CF4 and dry etching

Not really the same
But can we learn something from them?

In a very naive consideration...

Basic Principle of Plasma Etching

CF4 is inert gas (Freon 14)
add electron impact:
CF,+e =CF;++F +2e
CF,+e = CF;+F +e
To produce chemically reactive
fluorine radicals. Then at the

surface:
Si + 4F => SiF, (gas)

(Dissociative lonization)

(impact dissociation)

F
| |

Silicon

Philip D. Rack University of Tennessee




A combination of tools, approaches and models

* (1) description of the reactor and temperatures

4
7 (cm)

FIG. 2. (a) Electrostatic potential (in V) and (b) electron temperature (in eV)
obtained for the gas pressure of 20 mTor, discharge power of 100 W, CF,/O,/Ar
ratio of 70:5:25, and gas residence time of 0.01s.

* (2) a process model and reaction rates
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dry etching simulation
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Computational study of plasma dynamics and
reactive chemistry in a low-pressure inductively
coupled CF,/O, plasma
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Optimization of silicon etch rate in a CF,/Ar/
O, inductively coupled plasma
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FIG. 2. (a) Rate coeffidents of electon attachment reactions calaulated using
the Baltzmann equation solver and taken from Rel 6 (base mechanism). (b)
The rate coefficients of the reaction of electron atiachment o O; obtained by
sohving the BE and taken from Ref. 2 (Lisherman) and Ref 6 (bass)
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dry etching simulation

Computational study of plasma dynamics and

e (3) densities and fluxes

e Electron drift + diffusion reactive chemistry in a low-pressure inductively
* lon drift

coupled CF,/O, plasma
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Back o the detectors

* We don’t need precision, we need basic (or comparative) predictions

* (1) and (3) in a basic form is Garfield++
* (2) is missing

* Can be measured?
* Can be evaluated and/or simulated?

Pulsed Townsend experiment
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Figure: Schematic
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Figure: Pulsed Townsend experiment at the High Voltage
Laboratory (ETH Zurich). p 1 mbar-0.8 bar
U 7V-60kV

d 16 mm - 30 mm
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Project objective

Research goal

Determine a complete and self-consistent set of cross section for several promising candidate gases in
gaseous tracking and timing detectors.
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Figure: Acquired signal (blue) for an ionizing gas.


https://indico.cern.ch/event/1263322/

Nebojsa Begovic (University of Belgrade) Quantum chemical calculation

Gaussian calculation vs experimental data

STEP1 - ionization and electron abstraction for CF4 and Ar is
caICUIatEd Wlth G3 and CBS methOdS Of GaUSSian paCkage STEPZ — the product of STEP1 can be Optimized (energy

minimization) - at this step the stabilty of the product can be

NIST DB seen with MP2/MP3 methods (Gaussian package)
lonization energy (E) (eV) Example : stable CF4 vs unstable -CF4-

CF,+e -->CF; +e +e 16.50 16.10 16.20

CF;+e —->CF;* +e +e 9.12 7.93 > 8.76

CF,+e > CF,; +e+e 11.44 11.47 11.44

CF+e -->CF* +e +¢ 9.14 911 9.40

Ar+e -->Ar +e+e 15.69 15.80 15.76
CF

Electron abstraction (EA) (eV)

CF,+e --> CFS 1.31 3.13 no data since unstable

CE =2 CE I+ F-

4
CF, + e —> CF; -1.72 1.42 >1.82
,+& > CF; -0. 0. _ y
+ + 3
‘CF + e --> CF 0.61 0.68 3.30 CF,' . TS . CF,” + F 0.05

Ar+e -->Ar 3.18 3.97 no data since unstable CF;'-1s - CF; +F 6.26

G3 - Gaussian method for computing very accurate energyes (Curtis98) il i 284
CBS - referee to Comlete Basis Set methods of Petersson CF* .1s . C'+F 6.3
Quite good agreement with the experimental results From the activation energy one can recalculate reaction rate constant k

Such calculations can be done for almost any molecule So having the concentration of the ions and rate constant k one can

predict amount of the products (for example F ) per second 5



If we can transport the ions to the electrodes...

STEP3 - reaction with gas impurities (not discussed
here) and/or electrode material (ORCA package)

Quantum chemical calculation

® For detector longevity studies it is useful to predict a probability to get products of

chemical reaction on electrode surfaces

® Simulation of (chemical) interaction with electrodes construct
relaxed potential surface (PES)

www.kofo.mpg.de
ORCA

Development of ORCA. ORCA is an efficient and easy-to-use general
purpose tool for quantum chemsitry with emphasis on spectroscopic
properties and highly accurate correla...

MOLDEN

Nebojsa Begovic (University of Belgrade)

Cu cathode - CF,*

CF*,->CF,"+ ‘F
CF,* --> CF* + -F

CF* > C*

+ -F

-

T
1 1.5

T T
2 2.5 3
Distance from

T T
35 4 4.5

an atom in-lattice (A)



summary

It looks we do have several tools in hands
It is a lot of work to investigate and describe possible processes in an avalanche
It is not easy to combine all parts in a single tool

But may be useful for prediction of the longevity properties of alternative gas mixtures

10



BACKUP
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Marnik Metting van Rijn @ Workshop on eco-friendly gas mixtures

Relating the cross sections to transport properties

The cross sections reproduce the transport properties via two distinct methods:

Boltzmann equation Monte Carlo simulation
* Solves the equation iteratively in the two-term ¢ Approximates statistical nature by random
approximation numbers
* BOLSIG+ * MagBoltz, PymETHes and Garfield
* More approximate, low computing time ® Accurate, requires high computational power

lteratively predicting the transport coefficients and adjusting the initial integral cross section allows
finding an inverse relation with the loss of a one-to-one correspondence. Restore uniqueness upon
observation of mixtures in the iterative process or reference measurements.

ETH:zirich M

High
Voltage
Laboratory 15/18
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