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Effect of
localized
insulators
in all-metallic
chambers
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Metallic chamber with an insulator:

- The time constant describing the neutralization of the
positive charge is RC ~  εr  ε0  ρV, where ρV is resistance

of the film, and  εr is relative dielectric constant.

1) For  εr ~ 4, ε0 = 8.87 pF/m, ρV ~ 107 Ω.cm:

RC ~ 350 µsec

2) For  ρV ~ 1011 Ω.cm: RC ~ 3.5 sec

3) For  ρV ~ 1014 Ω.cm: RC ~ 3500 sec ~ 1 hour !!!!!

- In extreme case this can lead to Malter effect. In most of
the other cases it will just impede the ion flow.
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 What can go
wrong with an
RPC chamber ?
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Requirements for well-working RPC:

- Stability of resistance of various components.
- No tangential gradients allowed.
- The current through the spacer should be small, but not zero,

otherwise we will have charging !!!!

VGAP = VPS / (1+ 2 RBakelite/RLexan spacer) ~ VPS

if  RLexan spacer >> RBakelite

Example – “nominal” design:
RBakelite = ρV (tgap / Area) ~2.5 x 1011 Ω.cm x (0.2cm/100cm2) ~ 5x108 Ω
RLexan spacer = ρV (tgap / Area) ~1012 Ω.cm x (0.2cm/1cm2) ~ 2 x 1011 Ω

=> VGAP =VPS / (1+2*5*108 / 2x1011) ~ VPS*0.995 ~ VPS

Rspacer

RBakelite

VGAP

VPS
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Initial measurements of
the volume resistance of
the original Bakelite
samples, with/without
the US Linseed oil
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1) Setup to measure the Bakelite sheet volume resistivity:

2) Setup to measure the Linseed oil surface resistivity:

3) Overall setup is placed in the oven, which controls
temperature within ~1oC:

Conditions:
- Setup is in air, which has controlled temperature.
- Linseed oil is from Orchard Hardware Store.
- Bakelite is painted with the Linseed oil.
- There is no graphite paint on the Bakelite.
- Electrodes are made from aluminum.
- All results obtained under a “current on” condition.
 - Voltage across the Bakelite is -1000V.

Conditions:
- Copper finger pattern has 2.7*103 squares.
- Setup is in air with controlled temperature.
- Linseed oil is from Orchard Hardware Store.
- G-10 alone has more than 10x higher

resistance than Linseed oil.
- Voltage across the finger pattern is -5000 V.

Conditions:
- Cycle temperature between 20 and 40oC.
- Monitor temperature, humidity and current.
- Humidity is introduced by blowing a humid

air into oven.
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1. ρVolume(old Bakelite + Linseed oil) = f (Time, ~24oC)

Time history of Bakelite resistivity
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J.V., 7.18.2000

- Total charge in this experiment: ~0.3 Coulombs.
- Total charge density is: ~0.01 Coulombs/cm2.
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J.V., 7.18.2000

. Volume resistance of Bakelite sheet, covered by Linseed oil,
seems to correlate more strongly with humidity.

. Volume resistance of Bakelite did not change after ~10 mC/cm2,
while at room temperature. Note: Later we show that it takes
much larger charge to change the Bakelite resistance at
room temperature.
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2. ρVolume(old Bakelite+Linseed oil) = f (Time, ~ 40oC):

Time history of Bakelite volume resistivity
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J.V., 9.26.2000

- Total charge in this experiment: ~0.5 Coulombs.
- Total charge density is: ~0.015 Coulombs/cm2.

. Volume resistance of Bakelite, covered by the Linseed oil,
 increased by a factor of ~3, after ~15 mC/cm2 at 40oC.

!!
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3.ρVolume(old Bakelite+NO Linseed oil)  = f(Time,~ 40oC):

Time history of Bakelite volume resistivity
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J.V., 9.26.2000

- Total charge in this experiment: ~0.84 Coulombs.
- Total charge density is: ~0.025 Coulombs/cm2.

. Volume resistance of Bakelite, covered by the Linseed oil,
 increased by a factor of ~3, after ~25 mC/cm2 at 40oC.

!!
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4. ρVolume(old Bakelite+Linseed oil)

= f (Time, vary temperature):

Time history of Bakelite volume resistivity
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J.V., 7.28.2000

- Total charge in this experiment: ~0.5 Coulombs.
- Total charge density is: ~0.015 Coulombs/cm2.

. Cycle temperature in the oven between 20 and 40oC. Bakelite
volume resistance increased by a factor of ~2 after ~15 mC/cm2.

!!
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5. ρSurface(US Linseed oil)

= f (Time, vary temperature):

Time history of Linseed oil surface resistivity
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- Total charge in this experiment: ~0.5 Coulombs.
- Total charge density is: ~0.015 Coulombs/cm2.

. The Linseed oil surface resistance did not change after
~15 mC/cm2, while at room temperature.
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6. ρVolume+surface(Lexan button covered with

US Linseed oil) = f (Time, ~40oC):

Time history of Lexan volume resistivity
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J.V., 9.26.2000

- Total charge in this experiment: ~0.003 Coulombs.

. There are three Lexan buttons covered with the Linseed oil.
The current goes either through the volume of the button
or along the surface.

. The Lexan button resistance did not change after ~3mC,
while at room temperature.
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7. ρVolume+surface(G-10 side spacer covered

with US Linseed oil) = f (Time, ~40oC):

Time history of G-10 spacer volume resistivity
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J.V., 9.26.2000

- Total charge in this experiment: ~0.01 Coulombs.

. There are two G-10 spacers covered with the Linseed oil.
The current goes either through the volume of the
G-10 or along the surface.

. The G-10 side spacer resistance did not change after ~8mC,
while at room temperature.
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Conclusions of all tests so far:

. The Bakelite volume resistance can increase by a factor of 2-3
in a week, when subject to a temperature of 40oC.  This occurs
even after a tiny charge dose of ~15 mC/cm2, i.e., it is really
more a function of the temperature rather than the charge dose.

. The Lexan button or G-10 side spacer volume resistance
do not change when subject to 40oC for a week.

. Was not able to inflict an obvious permanent damage to any
RPC component until this point, which would result in an
increase of current when returning to “nominal” conditions.
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Volume and surface
resistivity of Bakelite,
and Linseed oil in the
BaBar RPC EC FWD
Top West Layer 7,
and
their comparison to the
New Chamber
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Choice of sections of chamber
for the study

EC FWD WEST TOP – LAYER 7    :

Radiography of the RPC made by Davide:

Cut four pieces altogether: (a) from anode & cathode, (b) good & bad section:

GAS

Bad
section

Good
section

A lot of partially
cured Linseed oil
found here
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1. Volume resistance setup:
RPC electrode is placed between Al electrodes, loaded by lead bricks (several locations):

2. Surface resistance setup:
Mylar pattern is placed on the RPC electrode and loaded by weight for good adhesion:

Press the copper finger side of the Mylar sheet towards the
RPC electrode surface. Remove any bump on the electrode’s
surface and load it with a weight.
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The copper pattern on Mylar:

The patter is placed on the RPC electrode, copper facing the
Linseed oil side, and loaded for a good adhesion. The method
relies on the fact that the Mylar surface/volume resistance is
much higher that the surface resistance of the Linseed oil. A
typical voltage across the fingers was 500 Volts. The structure
has 2700 squares. The base line current is always measured
between each measurement.



J.Va’vra, January 2002

21

1. ρvolume(old and new Bakelite from Layer 7):

Bakelite Volume resistivity  @1000V
(Layer 7, EC FWD West Top)
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Layer#7, Sample#1, bad region, spot#1, ground side

Layer#7, Sample#2, good region, ground side

Layer#7, Sample#3, good region, positive voltage side

Layer#7, Sample#4, bad region, positive voltage side

New chamber with newly treated Linseed oil

Layer#7, Sample#1, bad region, spot#1, ground side

Layer#7, Sample#1, bad region, spot#2, ground side

Layer#7, Sample#1, bad region, spot#3, ground side

J.V., 12.21.2000

Results quoting the average values:
Bakelite sample  (at room temperature of ~ 22degC) Volume resistivity

 [10^11 Ohms.cm]
Ref. Bakelite sample BB1/16 - the same as old BaBar chamber    2.8 +- 0.1
Ref. Bakelite sample BB0/12 - the same as old BaBar chamber   15.7 +- 0.4
Ref. Bakelite sample 001 - the same as new chamber    8.0 +- 0.6
Layer7,sample#1, bad region, ground side (cathode)   0.5 +- 0.2
Layer7,sample#2, good region, ground side (cathode)    2.5 +- 0.1
Layer7,sample#3, good region,positive voltage side (anode)    2.7 +- 0.1
Layer7,sample#4, bad region,positive voltage side (anode)    3.9 +- 0.6
New chamber (with the newly treated Linseed oil)   7.6 +- 0.5

- Instability in the current of the sample #1 was caused by a
breakdown through Bakelite at 1000Volts.

. Volume resistance of the new chamber is 2-3 times higher
than the samples from the Layer 7 taken from BaBar.
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2. ρVolume(New Bakelite with Linseed oil) = f(time, 24oC)

- Bakelite from the new BaBar RPC chamber (an LHC equivalent).

 

Bakelite volume current - New Bakelite
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J.V., 2.4.2002

- Total charge in this experiment: ~20.7 Coulombs.
- Total charge density is: ~0.63 Coulombs/cm2 (test continues).

. One can influence the Bakelite volume resistance much more
by temperature of 40oC, than by even a huge charge dose. It
will probably take ~1 C/cm2 to increase the resistance by
a factor of ~10 at room temperature (this test is in air !!!).
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3. ρSurface(Bakelite from Layer 7 and a new Bakelite)

Bakelite Surface resistivity @1000 or 500V
(Layer 7, EC FWD West Top) 
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J.V., 12.26.2000

Summary of all results with Bakelite:
Sample Bakelite sample (at room temperature of ~ 22degC) Volume resistivity Surface resistivity

 [10^11 Ohms.cm]  [10^12 Ohms/sq.]
1 Ref. Bakelite sample BB1/16 - the same as old BaBar chamber   2.8 +- 0.1
2 Ref. Bakelite sample BB0/12 - the same as old BaBar chamber  15.7 +- 0.4

3 Ref. Bakelite sample 001 - the same as new chamber    8.0 +- 0.6
4 Layer7,sample#1, bad region, ground side (cathode)   0.5 +- 0.2   1.0 +- 0.4
5 Layer7,sample#2, good region, ground side (cathode)    2.5 +- 0.1     1.0 +- 0.2
6 Layer7,sample#3, good region,positive voltage side (anode)    2.7 +- 0.1     2.5 +- 0.2
7 Layer7,sample#4, bad region,positive voltage side (anode)    3.9 +- 0.6     3.3 +- 0.5
8 New chamber (with the newly treated Linseed oil)   7.6 +- 0.5    31.2 +- 3.7

- Always take a reference run (using a Mylar foil with a pattern)
between two measurements with samples involving the Linseed
oil.

. Surface resistance of the new chamber is almost as high as that
of a Mylar sheet.
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3. Liquid volume resistance setup:
1) Measurement of the “fresh” Italian Linseed oil:
A G-10 ring, which is glued to aluminum electrode, defines the volume of liquid. The
thickness of the Linseed oil is only ~0.032”~0.75mm:

2) Measurement of the “partially cured brown” Linseed oil taken
from edges along the bottom of the Layer 7:

Glue a G-10 ring on the aluminum electrode to create a leak-
tight reservoir. Fill the volume with the Linseed oil up to the
rim to ensure a good contact with the top electrode.
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4. ρvolume(Linseed oil from Layer 7 and fresh one)

Linseed Oil Volume resistivity
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Italian Linseed oil from a bottle @50V

Polymerized brown Linseed oil @10.6V

J.V., 12.22.2000

Average values:
Linseed oil sample (at room temperature of ~ 22degC) Volume resistivity

 [10^8 Ohms.cm]
Fresh Italian Linseed oil (uncured)   76.7 +- 1.0
Brown Linseed oil taken from Layer7 (uncured)    2.1 +- 1.0

. The brown “gui” Linseed oil found along the edges of Layer 7
has an extremely low resistance. This was rather surprising.
(Note: Later we will verify it with buttons from the Layer 7).
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Conclusions of this section:

. The Bakelite volume resistance can increase by a factor of 2-3
in a week, when subject to a temperature of 40oC.  This occurs
even after a tiny charge dose of ~0.015 Coulombs/cm2.

On the other hand, if the sample is kept at room temperature,
to increase the resistance increased by a factor of ~10, one needs
~1 Coulombs/cm2.

. The brown “gui” Linseed oil taken from the BaBar RPC Layer 7
has >30x lower volume resistance than that of a “fresh” Italian
Linseed oil.

. The Bakelite volume resistance of the     new chamber    is 2-3x
higher compared to the “old BaBar RPC chamber design.” The
surface resistance of the     new chamber    is ~10x higher compared to
the old chamber design (it is almost as high as the Mylar !!!).
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However, we are still

missing a crystal

clear smoking gun

based on the tests

with the Layer 7.
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A recent discovery on 12.20.2001:
The buttons from a “bad” section are looking noticeably worse.

a) Buttons from a “bad” section of the RPC Layer 7:

. Practically every button has a “dark looking” bridge across.
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a) Buttons from a “good” section of the RPC Layer 7:

. Although there is some excess of Linseed oil, there is not
as much of it, so it does not bridge the gap, and it is not as dark
looking as in the “bad”section of RPC.
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Let’s measure the resistance of these buttons:
3 buttons from a “bad” section of RPC: Setup to measure button resistance:

1) A button from a “good” section:

- Resistance of one such button: R = 3 x V/I ~ 5.6x1010  Ω

. Volume resistance of the Lexan button coated with Linseed oil:

ρV  = R (Area/tgap) ~ 1.7x1011 Ω.cm

(a bare Lexan button resistance is close to ρV ~ 1013 Ω.cm)
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2) A button from a “bad” section:

- Linseed oil from the “bad” section is much darker

- Resistance of one such button: R = 3 x V/I ~ 3.5x108 Ω  !!!!

. Volume resistance of the “brown stuff”:

ρV  = R (Area/tgap) ~ 2.5x108 Ω.cm  !!!!!!

. This value is consistent with the value we got for the “gui”
brown stuff taken from edges of the Layer 7.

. This is too small value, which will short the gap to a point that
the RPC will not work.

We have a smoking gun !!!!!
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1) Good region of Layer 7:

VGAP = VPS / (1+ 2 RBakelite/RLexan spacer) ~ VPS

if  RLexan spacer >> RBakelite

In this case, the chamber will work OK:

RBakelite = ρV (tgap / Area) ~ 2.5 x 1011 Ω.cm x (0.2cm/100cm2) ~ 5x108 Ω
RLinseed oil blob = ρV (tgap / Area) ~ 1.7x1011 Ω.cm x (0.2cm/0.1cm2) ~ 3.4 x 1011 Ω

=> VGAP =VPS / (1+2*5*108 / 3.4x1011) ~ VPS* 0.99

Rspacer

RBakelite

VGAP

VPS
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2) Bad region of Layer 7:
Buttons are shorted by a “gui” Linseed oil and we assume that
there is an excess of Linseed oil on the surfaces – a reasonable
assumption:

A button is shorted by the “brown gui Linseed oil blob”:

RBakelite = ρV (tgap / Area) ~ 2.5 x 1011 Ω.cm x (0.2cm/100cm2) ~ 5x108 Ω
RLinseed oil blob = ρV (tgap / Area) ~ 2.5*108 Ω.cm x (0.2cm/0.1cm2) ~ 5 x 108 Ω

=> VGAP =VPS / (1+2*5*108 / 5x108) ~ VPS* 0.33   !!!!!!!!

=> The chamber may not work with such buttons.



J.Va’vra, January 2002

34

3) Once we get to such low button resistance
range, a factor of 2-3 change of Bakelite
resistance does indeed matter:

A button is shorted by the “brown gui Linseed oil blob” and
the Bakelite resistance changed by a factor of 3x:

RBakelite = ρV (tgap / Area) ~ 3 x 2.5 x 1011 Ω.cm x (0.2cm/100cm2) ~ 1.5x109 Ω
RLinseed oil blob = ρV (tgap / Area) ~ 2.5*108 Ω.cm x (0.2cm/0.1cm2) ~ 5 x 108 Ω

=> VGAP =VPS / (1+3*2*5*108 / 5x108) ~ VPS* 0.14   !!!!!!!!
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It would appear that if one
wants to cure a good fraction
of the BaBar RPC problems,
one should increase the
resistance of the Linseed oil-
covered buttons.
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4) However, things are more complicated
because it is a 3-D problem, involving the
surface resistance of the Linseed oil and
volume resistance of the Bakelite:
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5) Another complication are oil droplets, which
create a large distortion of the electric field,
which could cause a permanent breakdown and
local currents:
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Calculation by
A. Sharma:
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6) Can spacers or Bakelite electrodes become
perfect insulators after a certain charge dose ?

Electrodes from the brand new BaBar RPC chamber:

. If the answer is yes, how do we make it conducting again ?
For example, by adding a small amount of water ?

New
chamber
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7) However, water can cause problems also:

. We must not forget about the simple surface breakdowns:
Example:
F. Sauli – GEM cannot take too much water because of the

surface breakdown problems (~a few hundred ppm).
The GEM gradients are typically >80kV/cm, the RPC
gradients are typically <40kV/cm

. We also must not forget that water may affect the resistance
of the Linseed oil blob around a button or side spacer, i.e.
cause the “shorts”.

. We may have a narrow phase space to breathe !

Water
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What to do about

all this?
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What is the Linseed oil and the Bakelite ?

Linseed oil    (Encyclopedia Britanica):

"The oil is a mixture of the glycerides of linolenic, linoleic,
oleic, stearic, and palmitic acids with high degree of
unsaturation of its fatty acid radicals".

Translation (consulted with a chemist J. Maly):
a) It is not oil. It is a fat, result of reaction of glycerine and acids.
a) Unsaturated bonds means that the molecule has unsatisfied

double-bonds, which would make it react with oxygen. This
would finish the polymerization and increase the resistance.

b) Fatty acids R-COOH together with water may contribute to
the electrical conductivity.

Bakelite   :

The phenol-formaldehyde polymer, one of the oldest known
(discovered by Bayer at 1872). It has been used as an insulator
for its stability.

Note:
Its conductivity results from some phenol impurities left in the
structure. Current through the Bakelite is made by a motion of H+

and negative ions.
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Oxygen & temperature treatment to help curing:

 

Linseed Oil Volume resistivity
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Partially cured brown Linseed oil from Layer 7@50V

J.V., 2.5.2001

“Brown stuff” from the Layer 7: “Brown stuff” after 2 months in air at 60oC:

. There is an increase by a factor of 10, in air and temperature
of 60oC. Rather impractical…

. One could do it through a Freon-less gas mix (20%Ar +
6%iC4H10 + 69%CO2+5%O2). Probably extremely slow…

mailto:7@10.6V
mailto:7@50V
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Electrolytic

processes

in insulators

. Current in Glass, Alkali Halides (CsI), Bakelite and the
Linseed oil is of an ionic origin.



J.Va’vra, January 2002

45

- Electrolytic process in CsI:
(J. Va’vra, DESY workshop, 2001)

- The current in alkali halides is of an ionic origin, i.e.,

for example in the CsI, it is carried by the Cs+ and I- ions.

- One can clearly observe this effect visually.

(J. Va’vra et al., NIM, A387(1997)154)

- When all ions move to their respective electrodes the

current will stop. This is the major difference from

metals where the current is made of electrons.
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- Electrolytic process in glass
(G. Cicognani, P. Convert, A. Oed and J. Pannetier, ILL, Grenoble, France)

. Long-term instability of the ionic glasses:
The conductivity in standard glasses is ensured by the

movement of the alkaline ions, and for that reason they

are called ionic conducting glasses. Typical resistance of

these materials is 1012-1016 Ωcm. However, during the

long-term operation, the alkali ions migrate towards the

cathode by the electric field and leave a depleted layer

close to anode. This leads to a permanent increase of the

surface resistance. The ionic glasses therefore suffer from

long-term instabilIty.

Note:

From BaBar DIRC experience we know that alkali ions can leave

the glass by “vacuum effect” of ultra pure water (Na leaching).
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- Electrolytic process in Linseed oil

Linseed oil:    "It is a mixture of the glycerides of linolenic, linoleic, oleic,
stearic, and palmitic acids with high degree of unsaturation
of its fatty acid radicals." It is pressed from seeds.

Model of conductivity of the Linseed oil:
A current in Linseed oil is modulated by a presence of water,
and a level of “organic fatty acids (R-COOH). Its volume
resistance may not be uniform !!!

1)    If there is no water    then R-COO- just shares a charge:
=>     The current slowly decays    as R-COOH is consumed.

2)    If there is water    then R-COO- will share a charge and
convert back to the fatty acid R-COOH.
=>     The current will continue    .

. Source of water: Bakelite, gas tubing, etc.
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-     Test #1:    The Linseed oil current is non-linear:

The short-term test proves a non-linear dependency of I = f(V):
BaBar RPC Linseed oil (fresh)
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J.V., 7.14.01

However, the long-term test shows that the current decays away:
BaBar RPC Linseed oil (fresh)
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J.V., 7.19.2001

- The first indication that oil does not behave like a simple resistor.
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-     Test #2:    The Linseed oil current decays if we
do not add water:

Time history
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J.V., 9.7.2001
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Add large 
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- Total charge in this experiment: ~11.4 Coulombs.
- Adding water sharply increases the current.
- Reversal of the voltage does not return the current to the

original high value !!
- There is evidence of an accumulation of some substance on the

surface of the Linseed oil (probably related to R-COO).
This substance hardens after a few months. A fresh Linseed
oil does not.
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-     Test #3:    Curing of the “gui” brown Linseed oil
on the buttons from a bad region of Layer 7:

1) Reverse polarity during curing (the 1-st three buttons):
Buttons from a bad sect ion of Layer
7 - reverse polarity of PS compared to BaBar

running
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2) Do not reverse polarity during curing (the 2-nd three buttons):
Buttons from a bad section of Layer 7 

 - polarity of PS is the same as during the BaBar running
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- Resistance increased by a factor >400; RPC would work again !!
- Develop a hard film on the electrode difficult to scratch away.
- This result supports the electrolytic model.

Total charge:
~0.2 C/button

Total charge:
~1.7 C/button

Peaks due to daily
peaks/dips in
humidity (61-74%)
because of very
raining period
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- How long it will take to make the Linseed oil
to become non-conducting in BaBar.

a) Based on my electrolytic test, I estimate that one needs
~20 Coulombs to deplete R-COOH from the solution, if I
do not add new water.

b) Estimate a fraction of the fatty acids “R-COOH” in the
Linseed oil.

I will assume that 1 mole of R-COOH is about ~150 grams. I can now
estimate the fraction of “R-COOH” in the Linseed oil sample using the
following calculation:
100*((20 C/96500 C)*150g)/(3.14*(3.8cm /2)2  *1cm * 0.938g/cm3) ~ 0.29%

c) Estimate how long it would take to run at BaBar to
deplete the Linseed oil charge and make it an insulator,
assuming that there is no water coming in.

I assume that I am dealing with a BaBar RPC with these parameters:
- The RPC is 100 cm x 100 cm in size,
- It draws a current of ~50µA,

- The Linseed oil thickness is ~10mils thick,
- The current is drawn uniformly
- Use results of the calculation in problems (a)&(b).

My estimate indicates that after 3-4 months of operation under such
condition will completely deplete the fatty acid “R-COOH” from the
Linseed oil, if there is no new water coming. The Linseed oil would
become non-conducting, resulting in complicated response to a rate
loading, i.e., charging. The calculation goes as follows:

100%~
100*{[3.5months*30days*24hrs*60min*60sec*(50µA*10-6)C]/96500C}
*150g /[(0.29/100)*(100cm*100cm)*(10mils*10-3*2.54)*0.938g/cm3]
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- Electrolytic process in Bakelite

Bakelite:    "It is the phenol-formaldehyde polymer, almost non-conducting. Its
conductivity comes from the phenol impurities”

Potential trouble with the Bakelite:
A current in Bakelite is modulated by a presence of water,
and a level of Phenol impurities. Its volume resistance may
not be uniform !!!

1) Presently, I do not know the molecular structure of the
“phenol impurity.”

2) If this model is right, the volume current through Bakelite
should diminish if we do not add water.

. Bakelite may be a large reservoir of water.
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If the electrolytic model applies to the
Bakelite, its long-term current capability
must stop as we consume ions.

- Bakelite from the new BaBar RPC chamber (LHC equivalent).

 

Bakelite volume current - New Bakelite
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- Total charge in this experiment: ~20.7 Coulombs (at 5kV).
- Total charge density is: ~0.63 Coulombs/cm2 (test continues).

. I predict that it will take ~1 Coulombs/cm2 to increase the
Bakelite resistance by a factor of 10 (this is in air !!!).
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BaBar RPC ionic currents in electrodes:
(Assuming the electrolytic model)

- There may be a build up of molecular layers at various
boundaries, depending where the current goes.
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- Ionic model of BaBar RPC & remediation:

- There are several ions involved in the current flow. The charge
exchange has to work to prevent the charging at various
boundaries. If a resistivity buildup occurs at some boundary,
there may be a charging effect.

- Within the context of the electrolytic model, water modulates
the conductivity of both Linseed oil and the Bakelite.

- During the Marcelo’s remediation procedure by running RPCs
in pure argon, apparently some portion of the current goes through
the buttons. This is what fixes the RPC, according to this
presentation.
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Conclusions:
.     Primary events   , which caused difficulties of the BaBar RPCs:

a) Improper draining of oil, which got trapped by the buttons,
b) High temperature allowed the oil to leak out,
c) High voltage operation while the oil was still wet,
c) Allowing operation at high current in a freon gas.

. The electrolytic model of the ionic current conductivity in the
Linseed oil and the Bakelite were proposed. In this model, the
electrical conductivity of the Linseed oil and Bakelite is
modulated by amount of water. The primary source of water is
Bakelite, which is very hydroscopic. Within the context of the
electrolytic model, if no water is present, a buildup of R-COO
molecules will create non-conducting films impeding the
charge flow.

. Inefficiency regions in the Layer 7 are primarily caused by the
dark brown “gui” Linseed oil blobs around the buttons, which
are “shorting” the gap, together with the excess of oil in the active
region (assumption only at this point). These blobs have very small
volume resistance, much lower than the “fresh” Italian Linseed oil.
This resistence is consistent with the resistance of the brown stuff
taken from the very bottom of the Layer 7. It is not understood
why the dark brown “gui” Linseed oil has such a low resistance
at present (ρV  ~ 2.5x108 Ω.cm). It is possibly either due to some

chemical reaction with a Freon molecule or due to porosity of the
stuff due to  a release of the gases during the electrolysis.

. In a chamber where the buttons are either shorted or near-
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shorted, changes in the Bakelite volume resistance by a factor
of 2-3 do matter. Such change can occur either by drying the
Bakelite surfaces or by a huge charge of about ~0.5 C/cm2.

. The curing of the shorts was attempted by sending a large
current through the buttons.  The current diminishes (a factor
of >400) after a certain charge (0.2-1.5C/button),    independently
    of the polarity of the current   . This would be consistent with the
electrolytic model.  There is evidence that a hard film developed
on the aluminum electrode during the test, which is difficult to
scratch away. Almost like cooking without a Teflon surface.

. The “curing current” seems to be very sensitive to air humidity.
Again, this would be consistent with the electrolytic model.

. No stalagmites were observed in the active region of the “bad”
section of the BaBar RPC Layer 7. By stalagmites I mean shorts
created by a force of the electric field acting on liquidy Linseed
oil (according to Lu’s tests).

. If the Lexan buttons or Bakelite would become a perfect
insulators, the chamber could charge up and stop working. A
solution to add water has to be done very carefully to avoid the
problems mentioned above.

. The Marcello’s “Argon curing treatment” is a convenient way
to introduce the uniform current throughout the chamber.
Some portion of this current goes through the buttons, and
this portion does the fixing of the bad RPCs. Its effect is to
increase the chamber overall button resistance, and also the
uniformity of the Bakelite resistance. It seems to me that the
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polarity does not matter.

. To explain the problems of the BaBar Layer 18, one clearly
needs more studies. However, a possible explanation is
related to the changes of the Bakelite/Linseed oil resistance
under the influence of very large charge doses, and influence
dry gas creating a very  thin water-free layer. We should
remove this chamber very carefully from BaBar this summer
to allow this test, meaning not to allow too much exposure to
water.

. More work is needed.
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All we found so far is what is above the water.

But there is an indication that we
understand that it will not sink.


