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Mixtures used in proportional counters:

Ne, Ar, He …. + Methane, Ethane, Isobutane …

Non-ionising interactions:

UV photons emitted from excited states

High gas gains (up to 106):

before reaching a continues discharge

Introduction
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Penning effect

Excited noble gas atoms can transfer their energy:

if they do not decay before collisions !!!

Excitation energy > ionisation energy of admixture:

Number of the generated electron-ion pairs increase:

low W and F in the mixtures

improvement in the detector energy resolution
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1- Argon – Ethane
2- Argon – Isobutane
3- Argon – Propane
4- Argon – Methane
5- Argon – Acetylene
6- Argon – CO2

7- Argon – Xenon

Investigated Penning gas mixtures



3rd RD51 Collaboration Meeting , Crete, 16-17 June 2009 5

E
ne

rg
y 

[e
V

]

1s

2s

3s

4s

2p

3p

4p

5p

3d

4d

5d

6d

3s1

4s1

5s1

6s1

4
5

6

ion core

Argon 1s2 2s2 2p6 3s2 3p6

Schematic view of the energy levels for Argon I
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A computer program has been developed:
single wire proportional counter

Gas gain:

Electric field strength E(r) at the radius r :
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Methodology
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To find Townsend coefficients of electrons:

Magboltz does not include the Penning transfers:

But, it gives detalied collision frequencies of excitations
and ionisations in the gas mixtures.

Magboltz:

S - level exc. (11.55 eV) 1s excited levels

P - level exc. (13.0 eV) 2p excited levels

D - level exc. (14.0 eV) combinations of
s, p, d excited levels
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Using this information a Penning-corrected ionization coefficient
(αPenning) for all energetically allowed Penning transfers can be
given by:
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Here Penning transfer probability P is defined as the fraction of the
energy in the excited states that will cause further ionisations by the
Penning processes.

Since this energy transfer fraction is a priori not known, the
experimental data are used as a guide. P is found by a fitting
procedure that achieves the matching between the gains calculated
from αPenning and the measured gains.

αPenning
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Over-exponential growth at high potentials:
secondary avalanches due to insufficient quenching of UV photons

Gtotal :
including photon feedback

Pγ is the probability that an ionisation in the primary
avalanche produces a photon which leads to a secondary avalanche.

Photon feedback term

GP
GG
∗−

=
γ1tot
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Argon – Methane mixtures

Possible Penning Tranfers:
Ar* (P, D level exc.) CH4

IMethane = 12.99 eV

Ar + 2%, 5%, 10% Methane

Penning transfers ~5.53%
photon term = 0.74E-04

Penning transfers ~0.64%
photon term = 0.11E-03

Penning transfers ~3.27%
photon term = 0.44E-04

Without Penning transfers

With Penning transfers

Experiment
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Penning transfers ~13.6%
photon term = 0.243E-04

Argon – Ethane mixture

Penning transfers ~18.2%
photon term = 0.243E-04

Argon – Isobutane mixture

Possible Penning Tranfers:
Ar* (S, P, D level exc.) C2H6

Possible Penning Tranfers:
Ar* (S, P, D level exc.) iC4H10

IEthane = 11.52 eV

IIsobutane = 10.67 eV
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Argon – Propane mixtures

Penning transfers ~20.2%
photon term = 0.113E-02

Penning transfers ~21.2%
photon term = 0.353E-03

Penning transfers ~21.8%
photon term = 0.74E-04

Penning transfers ~17.6%
photon term = 0.25E-04

Possible Penning Tranfers:
Ar* (S, P, D level exc.) C3H8

IPropane = 10.95 eV

Ar + 1%, 2%, 5%, %10 Propane
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Penning transfers ~45.0%
photon term = 0.11E-01

Penning transfers ~46.4%
photon term = 0.26E-02

Penning transfers ~47.8%
photon term = 0.46E-03

Argon – Acetylene mixtures

Penning transfers ~48.2%
photon term = 0.25E-03

Possible Penning Tranfers:
Ar* (S, P, D level exc.) C2H2

IAcetylene = 11.42 eV

Ar + 0.5%, 2%, 5%, 10% Acetylene
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Penning transfers ~52.3%

Penning transfers ~83.2% Penning transfers ~97.5%

Argon – CO2 mixtures

Penning transfers ~88.7%

Possible Penning Tranfers:
Ar* (only D level exc.) CO2

ICO2 = 13.77 eV

Ar + 5%, 10%, 15%, 20% CO2
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Argon – Xenon mixtures

Penning transfers ~29.4%
photon term = 0.96E-03

Penning transfers ~39.1%
photon term = 0.58E-03

Penning transfers ~51.6%
photon term = 0.62E-03

Penning transfers ~45.9%
photon term = 0.34E-03

Penning transfers ~30.5%
photon term = 0.15E-03

Possible Penning Tranfers:
Ar* (P, D level exc.) Xe

Ar + 5%, 10%, 15%, 20% Xe
IXenon = 12.13 eV
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?

Concentration dependence

Probabilities increase with increasing percentage of the admixture.

High probabilities for Acetylene mixtures.

The highest probabilities for CO2 admixtures ?

Decrease for 20% CO2 concentration ?
X sections ?
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Decrease for 10% Propane concentration ?

High probabilities for Xe admixtures ?

Decrease for 20% and 30% Xe concentrations ?
X sections ?

Concentration dependence (continue)
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Pressure dependence
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Since the time between collisions decreases by increasing pressure,
the number of ionising collisions with excited argon atoms increases.
As a consequence, the Penning transfer probabilities increase at
higher pressures.

We assume that the transfer probability is related to the chance that
an excited atom (or molecule) meets a recipient before it decays
spontaneously in the tdecay time.

We are trying to find correct fit function for pressure dependence.
We have already calculated mean collision times tcoll of argon with

investigated admixtures (from knetic theory).
We have also extracted the decay modes and lifetimes for each

excited state of argon (using approximately 40 papers published in
this topic).

Pressure dependence (continue)
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Lifetime of the excited states
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Lifetime of the excited states (continue)
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Thank you …
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