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I’ll start from what is known and generally 

accepted  and then will move to new facts and 

new points of views
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Classical point of 

view
(“fast” and “slow” breakdowns)
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A few notes about 

fast breakdown
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Animation of spark development when the total charge in the avalanche reaches the Raethet limit: 

a) filed lines close to the avalanche experience a focusing effect and some secondary avalanches start 

b) moving towards the positive ions “body”, b) a thin plasm filament-a streamer- is formed, 

c) c) when the streamer reaches the electrodes, a spark happens

Typical time ≤ ns

An0~108 electron-Raether limit

(A –gas gain, n0-primary ionization
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In case of metallic 

electrodes breakdown

disable the detector 

for some time

Current oscillograms of static breakdown in methylal 

at various overvoltages increased from the lowest to 

upper curves (from Raether book) 6



Many researches belief in a strong role of avalanche and 

streamer emission in the detector operation,.. although with 

some reservations

Linear absorption coefficient for the components of gas mixture used in high-pressure Pestov counters 

(corresponding to their quantity). The corves 1 and 2 correspond to propylene (C3H6) and neon respectively
7



In case of dielectric electrodes (in contrast to metallic electrodes) 

a breakdown disable only some part of the detector and one can 

observe “the consequence of photon emission on the discharge 

development”(Pestov)

…However, alternative explanation is also possible-

Ion induced emission properties of the cathodes 8



Details of discharge development in RPC

Y. Inoue et al., NIM, A394, 1997,65
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Large distance (2-3 mm) between consequent streamers is difficult to explain without photon mechanism

Visual observations
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A puzzle…

From the “theoretical” point of view, not in all 

gases the UV emission of avalanches  are 

capable to ionize its own gas
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Some related studies 

P. Fonte et al., NUM A310, 1991, 140

Filtering region
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A few notes about 

slow breakdown
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Typical time…up to ms or even more

Conditions:

Aγph=1

or

Aγ+=1

Free electron can be emitted from the cathode as a result of the 

ion  recombination with a probability γ+

or due to the photo processes- γph
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An example of a slow breakdown studies 

PMT

Pulsed UV

~15 ns

PPAC

CsI

4 mm

Cathode mesh

G. Charpak et al., NIM A307,1991,63 16
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In both cases (fast and slow breakdowns) 

the main contribution comes from the 

VUV and UV avalanche photons 
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Ion induced 

breakdowns

19



V. Peskov,  Zh.Tekh Fiz, 45, 1975,1268

γ+= kgas (E/p) (Ei-2φ) 
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Beside these ”classical” ion feedback 

mechanism there are also  observed 

“exotic” mechanisms called : breakdown 

preparation/cathode excitation/memory 

effect and electron jets
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Preparation mechanism
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X-ray gun

to scope

Similar effect is often describes in

aging papers
(see for example Aging Workshop, 

NIM A515, 2003)

2-3mm

X-ray current

I. Ivanchenkov et al, IEEE, 45,1998, 258Breakdown
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Jfe=5.4x10-5(βE)2exp(-5.43x1010/ βE)Metal

+ + +

E=σ/d

d

But it is not so simple…

Usual explanation is via Malter effect..
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Classical Malter effect predicts single electron emission
(see L. Malter , Phys. Rev, 49,1936, 478)

However, in most cases a slow current increase is just an 

integral of high amplitude pulses I. Ivanchenkov et al, IEEE, 45,1998, 258

:

This strongly contradict to classical  Ma;ter effect

Breakdown

“preparation” pulses,

each contains a huge 

number of electrons-

jets

25



More detailed studies reveal that the 

preparation mechanism may exhibit 

not only as current pulses but also as 

a short-term current growth

This was called a cathode excitation 

effect
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True cathode excitation

effect

jets

Breakdown

Breakdown

P. Fonte etal., IEEE Nucl Sci,46,1999,321
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It is well known that

In single wire counters:

Aγ=1

Measurements with single wire counters:

V. Peskov, PhD Thesis , 1976
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This curve is typical for many gaseous 

detectors, including MPGDs (check with your 

experience!)
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R

+V

Geiger mode

Geiger discharge

Signal

ΔV

Early studies of the cathode 

excitation effect (Karabadjak Thesis)

In self-quenchd mode ion emission does dot contribute to the γ+studies 
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More detailed studies
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Changes in QE after intense ion bombardment

P. Fonte , V. Peskov, ArXive

ss

CsI
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So it was clearly observed that after intense ion 

bombardment the QE temporally increase as 

well as γph and γ+

Therefore , the feedback loop Aγ=1 will appear at lower A
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Further studies 
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We also succeed to 

reproduced COMPASS 

problems
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Jets
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What is the origin of these gigantic  

pulses?
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Explosive field emission

Besides classical field emission calculated by Zommerfeld and others

there is another phenomena -explosive field emission

Cathode

R. Latham, “High voltage vacuum insulation”, new Yoork,1995

Anode
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Explosive electron emission was also observed 

from cold  cathodes of some gaseous 

discharges, for example arcs (Rachovski 

phenomena)

See: G.A. Lubimov, V.I. Rahovski, Uspekh. Phys. Nauk, 125, 1978, 

665, 

V. Peskov Journ, de Physique Coll. C7, suppl#7, 1979,C7-333

ARC Cold

cathode
Anode

Optical system

MWPC
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A proposed mode of electrons  jets in gaseous 

detectors:

P. Fonte et al.,

IEEE Nuc. Sci

46,1999,321
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Some of the results presented in this paper were interpreted

via the jets mechanism
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Role of adsorbed layers?

Cathode

If Ei<2φ –no ion recombination 

Liquid layer

+ ++++++++++++ +
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Observations of jets and cathode 

excitation effect in operation of some 

gaseous  detectors

Examples:
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Glass RPC

C. Iacobaeus et al., IEEE Trans Nucl. Sci, 49, 2002, 1622 46



High rate Si and GaAs RPCs

C. Iacobaeus et al., IEEE Trans Nucl. Sci, 49, 2002, 1622 47



GEM at extreme counting rates

C. Iacobaeus et al., IEEE Trans Nucl. Sci, 49, 2002, 162248



Delayed discharge 

propagation between GEMs

See: V. Peskov. “Discharge propagation between GEMs,” WG-2 meeting 49



This phenomena resembling the current growth before breakdown mentioned 

earlier
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Conclusions

•Besides  well established breakdown mechanisms- streamer 

and feedback related -it was also observed another one: 

“memory/cathode excitation-jets”

• This mechanism mainly show up at high counting rates. For 

example COMPASS RICH already experience in the memory 

effect and some tests of RPCs at GIF also reveal this effect too

• Very often cathode excitation and jets mechanism are mixed

• It will be important to further study these effects , because  

they can cause problems at future MPGDs applications in LHC 

experiments. 
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Backups
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