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Aim of the chemistry study:

A planisto do aFTIR (Infrared Absoption Spectrocopy) on
the following five samples, which will be taken from two RPC
chambers (one so called “good” and one “bad”) by dissolving
the samples with the ultra-pure acetone:

1. Reference Linseed oil from Italy.

2. A drop, which did not cross the gap (“bad”’ chamber).

3. A drop, which did cross the gap (“bad” chamber).

4. Oil from agood section of the same chamber.

5. Oil from "good" chamber which did not have this problem.
6. Gas tubing from the inlet side (piece of BaBar tubing).

The “bad” chamber was a chamber, which Aron
subjected to high temperature (~35°C), i.e., the Linseed oil had a
chance to come out of the button. The “good” chamber was a
chamber with the “popped” buttons, i.e., not used in the BaBar and
not subject to high temperature.

Theideaisto do arelative analysis, which will determine that
the excess of oil found in the RPC chamber:
(@) isnot oil originating from tubing coming from the Freon gas,
(b) isnot aresult of achemical reaction with Freons, and instead it
(c) came from an improperly drained chamber during the
construction at the factory, and was trapped by the buttons and
came out into the active region during initial high temperature
operation at BaBar (reaching 30-35°C).



J.vVa'vra, Work during 2000-2002, L atest update: 10.1.2002
The chemical analysis of the samples was done by Dr. Gotts.

Cdlibration:

ANALYTICAL SERVICES GROUF
FTIR Spectrum
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Note: A solvent blank does not contain any pollution

Library Linseed oil:
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Note: Thisisnot the BaBar linseed oil, instead it is areference library’s oil.
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Italian Linseed oil:

ANALYTICAL SERVICES GROUF
FTIR Spectrum

0.30, —00101001(7) - Italy Linseed Oil Sample
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Note: The Italian Linseed ail is practically identical to the reference library’s
oil.
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Sample 2 (“ b’ amer - adrop which did not cross the gap):

ANALYTICAL SERVICES GROUF
0.30. FTIR Spectrum
——00101001(9) - Sample #2
0.251
=K}
% 0.20+
= 0.151
2
2 o0.10;
o=
0.05+
0.00 w w ‘ ‘ ‘ ; ‘
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Note: A large amount of the linseed oil. Some indication of the oxidation of
the linseed oil and the formation of an organic acid
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ple 3 (“bad” chamber - a drop which crossed the gap):

ANALYTICAL SERVICES GROUP
FTIR Spectrum

——00101001(3) - Sample #3
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Note: A large amount of the Linseed oil. Some indication of the oxidation of
the Linseed oil and the formation of an organic acid.
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“good” section):

Ahsorhance
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0.25-
0.20
0.15-
0.104
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ANALYTICAL SERVICES GROUF
FTIR Spectrum

———00101001(8) - Sample #4
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Sample 5 (“*good” chamber —far from the buttons):

ANALYTICAL SERVICES GROUP
FTIR Spectrum

0.40 - ———00101001(4) - Sample #5
0.35 -
0.30
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0.20
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0.05 ﬂ
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Note: Away from the button, there is a smaller proportion of the Linseed oil
compared to the level we have seen in the “bad” chamber.
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Sample 7 (“*good” chamber —a“star” pattern near the button):

ANALYTICAL SERVICES GROUP
FTIR Spectrum

0.16 ——00101001(6) - Sample #7
0.14 1
0.12 1
0.10 1
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Note: A large amount of the Linseed oil. Some indication of the oxidation of
the linseed oil and the formation of an organic acid. Near the button, we
see larger proportion of Linseed ail.
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Sample 6 (inlet gas tubing from BaBar RPC detector):

ANALYTICAL SERVICES GROUP
FTIR Spectrum

——00101001(5) - Sample #6
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Note: The tubing has traces of the hydrocarbon oil. Thisis how any oil
signature would look like. The oil may have come from the Freon gas,
possibly. Thereisno sign of the Linseed oil though.
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Conclusion:

1.

2.

We see large areas in the active region full of Linseed ail.
Some droplets bridged the gap. All surfaces are very sticky.
The Linseed oil samples may be partially oxidized and
possibly contaminated with an organic acid. The organic
acid could come, for example, from the UV light during
the operation.

. Thereisno sign of a“gross’ chemical reaction with the

Freon inside the “bad” chamber, which would produce

this amount of extra droplets.

Inlet tubing has traces of oil, which is not the Linseed oil.

It is not possible to determine exactly what type of oil. Could
be coming from the Freon gas.

. The Italian Linseed oil appearsidentical tothe FTIR

reference library Linseed oil.

. The Linseed oil droplets can be easily dissolved by simply

pouring acetone on the electrode. The surface becomes very
smooth and completely dry. Thiswould invite a possible fix,
unfortunately, there is no easy way to do thisin BaBar.

12
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July 29, 2000

VVolume and surface
resistivity of Bakelite,
Linseed oil, Lexan
buttons and G-10
spacers
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Aim of this study:

A planisto seeif individual components, such as G-10 and
L exan spacers, or Bakelite electrodes, can be damaged by
temperature cycling.

14
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Setup to measure the Bakelite sheet voI ume resistivity:

TR Yt WO

Conditions:

- Setup isin air, which has controlled temperature.

- Linseed oil isfrom Orchard Hardware Store.

- Bakeliteis painted with the Linseed oil.

- Thereis no graphite paint on the Bakelite.

- Electrodes are made from aluminum.

- All time histories were obtained under a“current on” condition.
- Voltage across the Bakelite is-1000V.

- Bakelite has NO graphite !!

15
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Setup to measure the Linseed oil surface resistivity:

. Conditions;

- Copper finger pattern has on G-10 surface 2.7* 10° squares.

- Setup isin air, which has controlled temperature.

- Linseed oil is from Orchard Hardware Store. Applied with abrush, cured for ~60 hours.

- G-10is painted with the Linseed oil. G-10 alone has more than 10 times higher resistance
than Linseed oil.

- Time history were obtained under a* current on” condition.
- Voltage across the finger patternis-5000 V.

16
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Overall setup is placed in the oven, which controls
temperature within ~1°C:

. Conditions;

- Cycle temperature between 20 and 40°C.
- Monitor temperature, humidity and current.
- Humidity isintroduced by blowing a humid air into oven.

17
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1. A long term behavior of the volume resistance of
the Bakelite sheet, covered with Linseed ail, at
room temperature and humidity (samples are
outside oven in this particular test):

Time history of Bakelite current R
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9 1 2T oo bty
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[} ~
o o
L L
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Current [10*-2 uA] or
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0
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Time
Time history of Bakeliteresistivity V., 718200
70 : ‘ : ‘ ‘ ‘ ‘ ‘
60 -+
B8
150 7
1
b : 3-,40
4 _g g
@ g 30
g3 E—
E :E 20 -

0+ - ... . .| =--m-=-Room humidity
- - =X - = Bakelite volume resistivity(BB7/138)
T T T T

1-Jul 3-Jul 5-Jul 7-Jul 9-Jul 11-Jul 13-Jul 15-Jul 17-Jul 19-Jul

Time

. Volume resistance of Bakelite did not change after ~0.3 C,
while at room temperature.
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JV., 7.18.2000
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N
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Volume resistivity
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. Volume resistance of Bakelite sheet, covered by Linseed ail,

seems to correlate more strongly with humidity. Based on
later measurements, thisis dueto Linseed ail.
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2. Pyoumc(BakelitetLinseed oil) & pg,ra(L1NSeed 0il)
=f (Time, Temperature - vary, Humidity):

Timehistory of currents 3. 7.28.2000
300
280 —@— Humidity [%]
'a' 260 —m— Temperature [C]
2 A Volume current through Bakelite+Linseed oil
E -t g‘ 240 A =3¢ Surface current through Linseed oil
28 R B A4
© By P 200 AA A
g g = 180 AL ﬁA
b7 = A A A AA
"E = 160 T A A A ﬁ A, AA A
h = B 1401 A A4 AA Aa B A
- §= 120 1 2 A 2 A A A ﬁ
© & 1001 A1 A A : A A4
2 © AR NG A A2 A
g o a 80 | A % , A 7 A% A B 2
o= 60 n / / h) ;
O 40 - e VA s ) '
- 20 ] R B - BER TR
(o] : +
7/17/00 7/19/00 7/21/00 7/23/00 7/25/00 7/27/00 7/29/00
Time
Time history of Bakelite volume resistivity 3.v..7.28.2000
60 . . =
| —fl— Temperature [C]
E E L B T S A Volume current through bakelite+linseed oil
- I I I
2§
=5
. [ I |
23 I : P ek
L) A
8T - L e 5 B
& 'E' 20 + ' - .:. :: ' é
] A § : A A
R A = A R
Al a o 2
Q = :
e} ‘ ‘ f
7/17/00 7/19/00 7/21/00 7/23/00 7/25/00 7/27/00 7/29/00
Time

. Cycle temperature in the oven between 20 and 40°C. The
Bakelite volume resistance increased by a factor of ~2.
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Time history of Linseed oil surfaceresistivity V. 7:28:2000
200 EIR 7 W | 3
— ‘ \ '!. i ‘ —@—Temperature [C]
ﬁ E A ‘ FJE?' ‘ ' —)¢—Surface resistivity through Linseed oil
> E
l; m
73
-a P
2
$E
“%
o .
17-Jul 18-Jul 19-Jul 20-Jul 21-Jul 22-Jul 23-Jul 24-Jul
Time

- Total chargein this experiment: ~0.5 Coulombs.
- Total charge density is: ~0.015 Coulombs/cm?®.

. The Linseed oil surface resistance did not change after
~15 mC/cm?, while at room temperature.
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3. Pyoumc(Bakelite + Linseed 0il) & pg, (L 1NSEEd 0Il)
=f (Time, Temperature, Humidity - vary):

Timehistory of currents 3. 7.28.2000

110 MR —e—Humidity [%]
——Temperature [C]

A Volume current through Bakelite+Linseed oil
—)—Surface current through Linseed oil

Introduce humidity —
100 t Introduce humidity

80 T

60 T

40

Volume or Surface current
[10%4-2 uA], Temperature
[C] or Humidity [%]

20

[0}
7/24/00 7/25/00 7/25/00 7/26/00 7/26/00 7/27/00

Time

Time history of Linseed oil surfaceresistivity IV 7:26:2000
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180 | —@— Temperature [C]

170 —— Surface resistivity through Linseed oil
160 -

Introduce humidity —
150 7 Introduce humidity
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120 1
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707\12f
60

w |llll
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Ohms/sq.], Temperature [C]
or Humidity [ %]

7/24/00 7/25/00 7/25/00 7/26/00 7/26/00 7/27/00

Time

One can generate afactor of 2-3 reduction in the surface

resistance by introducing ahumid air (a change of ~5%
rel. humidity) from outside of the Linseed oil surface. It
recoversto original value after the humidity is removed.
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4. pyoume(Bakelite + Linseed oil) =
=f (Time, Temperature ~ 40°C, Humidity):

Time history of currents 3. 9.26.2000

—@—Humidity
—@—Temperature
A Volume current through Bakelite BB7/138 + Linseed oil (@1000V)

Volume corrent [10*-2
uA], Temmperature [C]
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20
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-20
Time
Time history of Bakelite volumeresistivity 3., 9.26.2000
w0 I
i i i i i i ‘ " .
S S SR | S
- —B— Temperature [C] | g
"a g 70 | S A Volume resistivity through Bakelite BB7/138 + Linseed oil (@1000V) i
1 : : : : : : :
- A
B = s0- A
28 % % |
'ﬁh 40 . Tt
&=
o g 30+
g <
— 20 +
=]
>c| 10
o | | | | | | |
5-Aug 6-Aug 7-Aug 8-Aug 9-Aug 10-Aug 11-Aug 12-Aug 13-Aug
Time

. Bakelite has no graphite on the surface !

. Volume resistance of Bakelite, covered by the Linseed ail,
increased by afactor of ~3, after ~15 mC/cm? at 40°C.
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5.Pvaume(Bakelite + NO Linseed oil) =
=f (Time, Temperature ~ 40°C):

H H J.V., 9.26.2000
Time history of currents
450
N 200 + " —@— Humidity
) A —@— Temperature
350 + A, A Volume current through Bakelite BB1/16 + NO Linseed oil (@1000V)
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N
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o
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. Bakelite has no graphite on the surface !

. Volume resistance of Bakelite, covered by the Linseed ail,
increased by afactor of ~3, after ~25 mC/cm? at 40°C.
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6.Py s (LEXaN button + Linseed oil) =
=f (Time, Temperature ~ 40°C):

Time history of L exan volumeresistivity 3V 9.26.2000

—m— Temperature [C]

50+ - A Volume/surface current through 3 Lexan buttons + buttons covered with Linseed oil (@3000V)

Volume resistivity [10413
Ohms.cm], Temperature [C)]
W
o

10 DA A A A A A

5 1. .

0™ . v ) Dtk

22-Aug 24-Aug 26-Aug 28-Aug 30-Aug 1-Sep 3-Sep
Time

- Total charge in this experiment: ~0.003 Coulombs.

. There are three Lexan buttons placed between the electrodes

shown on page 3. The Lexan buttons covered with the Linseed
oil. The current goes either through the volume of the button

or along the surface. Because of this ambiguity, | do not
calculate the resistance.

. The Lexan button resistance did not change after ~3mC,
while at room temperature.
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7.Pyoysyt (G110 side + Linseed oil) =
=f (Time, Temperature ~ 40°C):

Time history of G-10 spacer volumeresistivity 3.V, 9.26.2000

60

SEN —f—Temperature [C]

50 f-------- A Volume/surface current through/on 2 G-10 side spacers+with Linseed oil (@3000V)

T
40 -
S U - T S S U N R S
B0 N

o5 N

Volume resistivity [10*14

Ohims.cm], Temperature [C)]

MM A A

29-Aug 3-Sep 8-Sep 13-Sep 18-Sep 23-Sep 28-Sep 3-Oct

. There are two G-10 spacers placed between the electrodes
shown on page 3. The G-10 side pieces are covered with the
linseed ail. The current goes either through the volume of the
G-10 or aong the surface. Because of this ambiguity, | do not
calculate the resistance.

. The G-10 side spacer resistance did not change after ~8mC,
while at room temperature.
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Conclusion:

. 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.

. All tests were done with current on all the time.

. The Bakelite volume resistance is sensitive to temperature.

. The Linseed oil surface resistance seems to be sensitive
primarily to humidity.

. Perhaps, one could speculate that by cycling temperature to
40°C, for some very wet Bakelite pieces (which were perhaps
sitting in water in the factory) we drive water from Bakelite
interior into the Linseed oil inner-most layer, thus changing
Its resistance, which does not want to change back quickly. If
this theory would be right, one would be talking about avery
long time constant to cure it. More tests are needed to prove
this model.

. The Bakelite volume resistance is not a constant, when subject

to along term exposure to 40°C; it seems to drop by a factor of
2-31n aweek.
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Choice of sections of chamber
for the study

EC FWD WEST TOP—-LAYER 7.

A lot of polymerized
oil found here

Good Bad
Radiography of the RPC made by Davide: section section
JUY / f
- GAS —p —
290
200 B

........
.........

............
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Volume resistivity setup:

RPC electrode is placed between Al electrodes, loaded by lead bricks:

31
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Volume current [nA]

Bakelite Volume current @1000V

J.V., 12.21.2000

(Layer 7, EC FWD West Top)

4000

Something wrong with the groun

Bakelite electrode in the "bad"
3500 ¢ region. (Measurauch lower

resistivityand atendency to spark
3000 + through the Bakelite volumein t

different spots - not seen so far !! 1
2500 -+ Y e o = -
2000 "”""":“A" "':“ """" o CoT T

ol min @

1500 f ffffffff T

1000 | R RR SR :
so0 mp A dD go g S

A  Ref. Bakelite sample 001- the same as for new chamber
—aA— Ref. Bakelite sample BB1/16
—— Ref. Bakelite sample BB0/12
- - -A- - Layer#7, Sample#1, bad region, spot#1, ground side
—A— Layer#7, Sample#2, good region, ground side
—A— Layer#7, Sample#3, good region, positive voltage side
—l—Layer#7, Sample#4, bad region, positive voltage side

o New chamber with newly treated Linseed oil
—DO—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

19112 20124  21:36  22:48  0:00 1:12
Time
B t V I . St t 1OOOV J.V., 12.21.2000
akelite Volume resistivity @
(Layer 7, EC FWD West Top)
18 A 1 A Ref. Bakelite sample 001- the same as for new chamber

- 16 +-- ’g """"""""""""""""""""" —A—Ref. Bakelite sample BB1/16
E 'E' 14 - e A Ref. Bakelite sample BB0/12
ﬁ U 12 4+ - - -A-- Layer#7, Sample#1, bad region, spot#1, ground side
E _E 10 b o —A— Layer#7, Sample#2, good region, ground side
L 9 # ' % : —A— Layer#7, Sample#3, good region, positive voltage side
E g 81 & L S b 7 T 777777777 —@—Layer#7, Sample#4, bad region, positive voltage side
;G,Z 6”7”W”Hhi”ﬁ:hiﬁﬁﬂﬂih7”7 777777777 o New chamber with newly treated Linseed oil

4t r """ ‘r """ T """"" —DO—Layer#7, Sample#1, bad region, spot#1, ground side

2 m ,,,,, A, ‘ - ,‘, ,,,,,,,,,,, l ,,,,,,,, - —DO—Layer#7, Sample#1, bad region, spot#2, ground side

0 } QL ——Layer#7, Sample#1, bad region, spot#3, ground side

- Take always areference run between two measurements
involving a sample with the Linseed ail.

- Instability in the current of the sample#l was caused by a
breakdown through Bakelite at 1000V olts.

32




J.vVa'vra, Work during 2000-2002, L atest update: 10.1.2002

Results quoting the average values:

Bakelite sample (at room temperature of ~ 22degC)

VVolume resistivity
[10711 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

. Volume resistance of the new chamber is much higher

than the samples from Layer 7.
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Volumeresistivity
of the Linseed ol
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Liquid volume resistivity setup:

1) Measurement of the fresh Italian Linseed oil:

A G-10ring, which is glued to aluminum electrode, defines the volume of liquid. The

thickness of the Linseed oil isonly ~0.032" ~0.75mm:
: Ao » P —

2) Measurement of the brown polymerized Linseed oil:
Semi-cured polymerized Linseed oil is placed on the electrodes:

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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J.V., 12.22.2000

Linseed Oil Volume current

5000
4500 fo . o
E a00 L o A G-10 supporting ring @1000V
= ! ! ! !
':' 3500 - -] [ [ —m—Italian fresh Linseed oil @ 50V
g 3000 +-----oomaeos s ------| | —a—G-10ring after the 1-st cleaning @ 50V
5 2500 - SR —o—Polymerized brown Linseed oil @10.6V
g 2000 oo o S —A—G-10ring after the 2-nd cleaning @ 10.6\
L T T e
=] | | | |
e 1000 oo o S
500 - oo e A
0 - AN DA\ —
22:48:.00 23:16:48 234536 0:14:24 0:43:12
Time
. . . . . JV., 12.22.2000
Linseed Oil Volumeresistivity
- 1000 : : : : :
= 'E‘ | | —m—Italian Linseed oil from a bottle @50V
E O ! ! O Polymerized brown Linseed oil @10.6V
2w 100+ EEETETTrp EEEEEEEEEEEE SRR S
n = CCICHCHOOHOHO : : : :
L) | |
o -
o O
= o L o S e N
cE e
]
} — : : : : St I|| ||i|
1 ; ; ; LI ‘
23:31:12 23:45:36 0:00:00 0:14:24 0:28:48 0:43:12 0:57:36
Time
Average values:
Linseed oil sample (at room temperature of ~ 22degC) Volume resistivity

1078 Ohms.cm

Fresh Italian Linseed oil (uncured)

Brown Linseed oil taken from Layer7 (uncured)

. The brown “gui” Linseed oil found along the edges of
Layer 7 has an extremely low resistance.
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The copper pattern on Mylar:

@ -85-G0G-G£L-3d
Y3153 430vyo30 01YI

/ MinBeg  oF
SQRUALES

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.
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Surface resistivity setup:
'I_\/Iylar pattern is placed on the RPC electrode and Ioaded by weight for good adhesion: |

N

Test of brand new RPC €l ectrode:

F’"

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 aweight.
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Bakelite Surface current @1000 or 500V
(Layer 7, EC FWD West Top)

JV., 12.26.2000

Surface resistivity
[1012 Ohms/square]
=
o
o}

1] S
0.1
19:55 20:24 20:52 21:21 21:50

Time

5000 o ! ! ! A Ref. Mylar sample @1000V
— 4500 - " T 7 o 73"7 S 77 7 O Layer#7, Sample#1, bad region, spot#1, ground side @1000V
E, 4000 - —B— Layer#7, Sample#1, bad region, spot#1, ground side @500V
g 3500 ~~-A- - Ref. Mylar sample @ 500V
E 3000 —0—Layer#7, Sample#2, good region, ground side @ 500V
g 2500 - A Ref. Mylar sample @ 500V
& 2000 —B— Layer#7, Sample#1, bad region, spot#1, ground side @500V
E 1500 1 A—Ref. Mylar sample @ 500V
1000 —DO—New chamber - newly treated Linseed oil @ 500V
500 — O Layer#7, Sample#1, bad region, spot#1, ground side @500V
0 A Ref. Mylar sample @ 500V
19:55 20:24 20:52 21:21 21:50
Time
Bakelite Surface resistivity @1000 or 500V e
(Layer 7, EC FWD West Top)
10000 ‘

A Ref. Mylar sample @1000V
O Layer#7, Sample#1, bad region, spot#1, ground side @1000V
——L ayer#7, Sample#1, bad region, spot#1, ground side @500V
A Ref. Mylar sample @ 500V
—0—Layer#7, Sample#2, good region, ground side @ 500V
A Ref. Mylar sample @ 500V
—@—Layer#7, Sample#1, bad region, spot#1, ground side @500V
A Ref. Mylar sample @ 500V
o New chamber - newly treated Linseed oil @ 500V
—DO—Layer#7, Sample#1, bad region, spot#1, ground side @500V

A Ref. Mylar sample @ 500V

Always take a reference run between two measurements with
samples involving the Linseed oil. To do this, peel off the
Mylar foil from the Linseed oil (this was already enough to

measure a negligible current).
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JV., 1.3.2001

Bakelite Surface resistivity @500V
(Layer 7, EC FWD West Top)

g
iN

P
N
|

O Layer7,sample#1, bad region, ground side - 500V

[N
I

Surface resistivity
[10*12 Ohms/square]

0.6 1
0.4 -
0.2
0 , , , , , , ,
26-Dec 27-Dec 28-Dec 29-Dec 30-Dec 31-Dec 1-Jan 2-Jan
Time
. J.V., 1.3.2001
Bakelite Surface current @500V
(Layer 7, EC FWD West Top)
10000 ‘ ‘ 45
55 55 T+ 40
g'g'? 1000 | 4 1%
)
ot P 1%
= b T 25
g g 55 100 -
52 S T 20
o &
g = T 15
= A Layer7,sample#1, bad region, ground side - 500V (log scale on left side)
E 10 n ST o T T o
’.g B —e— Humidity (linear scale on right side) ' T 10
‘e Temperature (linear scale on right side) 5
1 , , , , , , , 0
26-Dec 27-Dec 28-Dec 29-Dec 30-Dec 31-Dec 1-Jan 2-Jan
Time

A long term test of the surface resistance of the Bakelite piece
from the bad section of the Layer 7. There seemsto bea
systematic shift in the surface resistance.
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JV., 1.7.2000

Bakdlite Surface current @500V

(Layer 7, EC FWD West Top)
10000 ‘ ‘ ‘ ‘ 45

A Sample#l, ground, bad section (log scale)
T 40

I I I I
” ‘ - 1 1 ‘ -+ 35 —m— Sample#4, HV side, bad section (log scale)
1000 ‘ ————————— TGS £ b F -
- 5 |

]
© 3
o
S, B : : 30 . :
O o "' | —®— Sample#3, HV side, good section (log scale)
- ! !
[= it E“a ‘ N . T 25
= 100 111
g "5 . . . . 20 —&— Sample#2, ground, good section (log scale)
5] " S | | | N
o =
g & - T 15 —s— Humidity (linear scale on right side)
g [0} RN DU (R
- 10
W 3 ——— Temperature (linear scale on right side)
-+ 5
1 1 1 1 1 0
3Jan  4-Jan 5Jan  6-Jan  7-Jan

Time

V., 1.7.2000

Bakelite Surface resistivity @500V
(Layer 7, EC FWD West Top)

:

A Sample#l, ground, bad section (log scale)
®
—l— Sample#4, HV side, bad section (log scale)

g

—@— Sample#3, HV side, good section (log scale)

—&— Sample#2, ground, good section (log scale)

Surface resistivity
[10"12 Ohms/square]
P S

0.1 i i i i
3-Jan 4-Jan 5-Jan 6-Jan 7-Jan

Repeat the long-term test with all four pieces from Layer 7.
These values were then used for the final quote of the surface
resistance.
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Summary of all results so far:

Bakelite:
Sample]Bakelite sample(at room temperature of ~ 22degC) Volume resistivity | Surface resistivityf
[10711 Ohms.cm] | [10712 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
/] Layer7,sample#1, bad region, ground side (cathode)
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

ts] New chamber (with the newly treated Linseed oil) 7.6 +- 0.5

Linseed oil:
Sample|]Linseed oil sample (at room temperature of ~ 22degC) Volume resistivity
1078 Ohms.cm

il Fresh Italian Linseed oil (uncured)
2l Brown Linseed oil taken from Layer7 (uncured)

Comments:

1. A fresh Italian Linseed ail has the volume resistance about 3 orders of magnitude lower
than that of Bakelite, which was used in the BaBar chambers. The resistance of the
“brown” Linseed oil is even lower by another factor of 30-40 (thisis the brown stuff
found in the bad section of the BaBar chamber layer 7 in December 2000; presumably, it
was created by allowing the large currents when running during the 1-st year).

2. The only major anomaly | have found among pieces from Layer 7 isa*“bad” region from the
grounded electrode, which has significantly lower volume resistance by afactor of 5-8. This
has been verified by several measurements in different locations. This could be explained by:
a) Variability in the resistance of the Bakelite material itself. Notice that the reference

Bakelite pieces do have quite a variation in the volume resistance,

b) Non-uniformly distributed porous Bakelite material in some locations, which has been
impregnated either by afresh uncured Linseed oil or ssmply a moisture in the storage of
chamber parts at the factory.

¢) Unevenly cured Linseed oil due to variation in its thickness and insufficient exposure to air.

3. The bad region of layer 7 has not only abnormally low resistance, but during the tests | have
observed a breakdown through the volume of Bakelite at 1000 Volts. This aso indicates that
the volume materia has a defect of some kind, perhaps related to the above mentioned
porosity.

4. The volume and the surface resistance of the new chamber is significantly higher compared
to the old chamber design.
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Simple equivalent models;

EXAMPLE #1
Let’s assume acircular blob of the Linseed oil of about 1cm 2
in area shorting the anode-cathode gap (it is 2 mm thick):

Bakelite Lins?ed oil 8 kV

A——
J

ground
An equivalent electrical circuit for this model:
8 kV
I

RBakeIite_l

Veffective
RLi nseed oil

Vground
RBakeIite_Z

Itisclear if R e Ol ISto0 low, we short the chamber.
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1. Volume resistance of the Linseed oil blob:

1.1. The blob is made of the fresh Linseed oil:
R, (Linseed) = p, (t,, / Area) ~77 x 10° Q.cm x (0.2cm/1cm?®) ~ 1.5x 10° Q

1.2. The blob is made of the "brown” Linseed oil:
R, (Linseed) = p, (t,, / Area) ~2 x 10° Q.cm x (0.2cm/Icm?) ~ 4 x 10" Q

(Note: neglect the surface resistivity of the Linseed oil)

2. VVolume resistance of the single Bakelite sheet:

3.1. “Nominal” resistance:
R, (Bakelite) = p,, (t,,, / Area) ~2.5x 10" Q.cm x (0.2cm/1cm?) ~ 5x10° Q

3.2. Low resistance:

R, (Bakelite) = py, (t,,, / Area) ~0.5 x 10" Q.cm x (0.2cm/1cm?) ~ 10" Q

Calculation anode and cathode voltages and current:

Top Bakelite Short

rho-bakelite_1 [ialeRMIgE=1=Te Woll
[10711 Ohms.cm] JEEAKe] ] BN ]|

3.9 1.00E+08
2.7 1.00E+08
3.9 76.7
3.9 2.1
2.7 76.7
2.7 2.1

2.1

Conclusion:

Bottom Bakelite

1 cm”2 area

1 cm”2 area

1 cm”2 area

rho-bakelite_2
[10711 Ohms.cm]

V-effective
[kV]

V-ground
[kV]

Current
[UA]

0.5

7.999688014

3.99982E-05

3.99982E-06

2.5

7.999784011

0.00019999

3.99979E-06

0.5

1.030580562

0.893515313

0.089351531

0.5

0.912473592

0.908657232

0.090865723

2.5

3.906532492

3.790247693

0.075804954

2.5

3.847830684

3.844601219

0.076892024

0.5

4.008382397

3.991617603

0.39916176

If the Linseed oil blob, either fresh or “brown”, is shorting the
gap, the region around it is definitely always inefficient due to
the shorted gap voltage. This applies aso to buttons full of

oil, partially filled with oil, or even to whickers of oil.
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EXAMPLE #2
Let's assume ~2 mm wide, 2 meter long bead of polymerized
Linseed oil along the RPC edge (total area: ~40cm?).

R, (Linseed) = py, (t,,, / Ared) ~2 x 10° Q.cm x (0.2cm/(0.2cm x 200cm)) ~ 10° Q

Conclusion:

Clearly, this example will create a big problem, not only
because the gap near by is shorted, but also this will start
causing large current (for this particular example one obtains:
~3UA for 8kV).

EXAMPLE #3

Middle of the active region among four buttons does not have
any oil touching two €electrodes. However, | assume that
buttons are full of Linseed oil, i.e., they are shorting the gap.
This example would simulate reasonably well the bad region
of the Layer 7, because in that region the active region is
reasonable oil-free — see page 2 for the location of the bad
region.

This problem has to be solved using more a sophisticated
model with the distributed resistance. One can use values,
which | have provided in this note as input.
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Conclusions of all tests so far:

. The Bakelite volume resistance can increase by afactor of 2-3
in aweek, when subject to atemperature of 40°C. This occurs

even after atiny charge dose of ~0.015 Coulombs/cm?.
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/cm?.

. The Lexan button or G-10 side spacer volume resistance
do not change as obviously when subject to 40°C for a
week (of course, they could change over longer period of time).

. Thereisanhint that abrown “gui” Linseed oil taken from the
BaBar RPC Layer 7 has >30x lower volume resistance than that
of afresh Italian Linseed oil.

. The volume resistance of the new chamber is 2-3x higher
compared to the old chamber design. The surface resistance of
the new chamber is 10x higher compared to the old chamber
design (almost as high as the Mylar).

. 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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However, we are still
missing a crystal
clear smoking gun
based on thetests
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 ail, 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:

Setup to measure button resistance:

-

3 buttons from a“bad” section of RPC:
&

- Resistance of one such button: R=3xV/1~5.6x10° Q
. Volume resistance of the Lexan button coated with Linseed oil:

py =R (Arealt ) ~1.7x10" Q.cm

(abare Lexan button resistance is p,, ~ 10" Q.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=3xV/l ~3.5x10° Q !!11

. Volume resistance of the “brown stuff”:

py =R (Arealt

o) ~2.5X10° Q.cm 11111

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

. Thisistoo small value, which will short the gap to a point that
the RPC will not work.
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1) Good region of Layer 7:

RBakel ite

Rspacer

Veap = Vps/ (1+ 2 Reakaite/ RLexan spacer) ~Vps

If RLexan Spacer >> RBakelite

- The current through the spacer should be small.

In this case, the chamber will work OK:

Roaaie = Pv (e / Ared) ~ 2.5 x 10 Q.cm x (0.2cm/100cn?) ~ 5x10° Q
Ry inseed il biob = Pv (fgep / Ar€8) ~ 1.7x10™ Q.cm x (0.2cm/0.1cm?) ~ 3.4 x 101 Q

=>Vgap =Vps/ (1+2¢5*10°%/ 3.4x10M) ~ V¥ 0.99
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2) Bad region of Layer 7:

Buttons are shorted by a“qgui” Linseed oil:

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

Raaaie = Py (tp / Ared) ~ 2.5 x 10" Q.cm x (0.2cm/100cn’) ~ 5x10° Q
Reinseadoit biov = Pv (e / Ared) ~ 2.5%10° Q.cm x (0.2cm/0.1cm?) ~ 5 x 10° Q

=> The chamber may not work with such buttons.
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3) Once we get to such low button resistance
range, afactor 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 afactor of 3x:

Raaaite = Py (e / Ared) ~ 3x 2.5 x 10" Q.cm x (0.2cm/100cm?) ~ 1.5x10° Q
Ry inseedoit biov = Pv (e / Ared) ~ 2.5%10° Q.cm x (0.2cm/0.1cm?) ~ 5 x 10° Q
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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 oll-
covered buttons.
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Surface Imperfections
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1. A sharp point, which would not go away by the acetone
treatment - positive voltage electrode, bad region, samplet4.

A sharp point before acetone treatment: The same point after the treatment:

A piece of dust still sticks out of the surface after the treatment.

2. Sharp point, which goes away by the acetone treatment —
positive voltage electrode, good region, sample#3.

A sharp point before acetone treatment:

The same point after the treatment:

Linseed oil stalagmite, which was dissolved completely by the
acetone, although the spot remains still visible.
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Conclusions of thiswork:

. The Linseed oil has a substantially lower volume resistance
compared to Bakelite. Any contact between the anode and
the cathode in aform of adroplet or partialy filled button
or even whisker will short the gap in that particular point,
thus causing alocal inefficiency.

. The“brown gui” Linseed oil has ~30 times lower resistance
compared to the fresh Italian Linseed oil. Therefore alarge
accumulation of thistype of oil along the bottom edge of

the Layer 7 will not only cause the edge inefficiency, aswe
observe, but also alarge current.

. | have measured volume and surface resistance of four
samples taken from the Layer 7. Thisresult can be used as a
input into a calculation using the RPC model based on the
distributed resistances. Among these samples, one was
especially distinctive. Grounded electrode from the “bad”
region of Layer 7 has 5-8 times lower volume resistance
compared to other samples. Furthermore, initially, this
sample had a difficulty to hold 1000 V olts across, which
would indicate some internal problem, possibly a Bakelite
porosity (it could have been be filled with either the Linseed
oil at the factory, or water from an early storage of parts).

. The new chamber has Bakelite with substantially higher
volume and surface resistance. However, | have certainly
noticed that some buttons are still partially filled with the
Linseed ail. | predict that such buttons may have local
inefficiency due to shorting the gap voltage (I did not
measure it directly, but | think that even new “cured”
Linseed oil has still relatively “too low” volume resistance).
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Can wesaveit all ?
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a) JV., 2.12.2001
. . . i . JV., 12.22.2000
Linseed Oil Volumeresistivity
1000
E‘;x,_. ; | —m—Italian Linseed oil from a bottle @50V
] ' !
a g ; | @ Uncured brown Linseed oil from Layer 7@10.6V
-, | | ‘ ‘ ‘ ‘
2w 100 4----- B ‘
n g : :
b ! ! ! !
= ! ! ! !
L ! ! ! !
L R e e e S
g S | | | | | |
p—] .
:} bl |I| I| I|| I|| I|| I|Ill|
1 ‘ ‘ ‘ a1
23:31:12 23:45:36 0:00:00 0:14:24 0:28:48 0:43:12 0:57:36
Time
b)
. . i . . JV., 252001
Linseed Oil Volumeresistivity
1000
Bve— —mItalian Linseed oil from abottle @50V |
E g o Uncured brown Linseed oil from Layer 7@10.6V !
% wi 100L. .| —=—Patialycuredbrown Linseed il from Layer 7@50V
g7 E | i } ; |
O : : : 1'“'“‘"'"
o = !
e :
— . . .
o — : : :
> v | /) |
/7
:31:12 11:31:12 23:31:12 23:31:12
Time
/

“ Brown stuff” fresh from the Layer 7

“Brown stuff” after 2
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A number of stalagmites, which | managed to find is in sections
taken from the Layer 7, is very small. However, every button looks
like this:

Therefore, | think the buttons are the primary sources of trouble
in RPCs, both from point of view of providing a source of the
Linseed oil, and from point of view of actually shorting the gap
every 10 cm.

| think we should consider changing them into L3 old design. |
agree that the “new treatment” of the Linseed oil will remove
much of this problem, but some buttons even in the new chamber
have some deposits.

The éelectric field, acting on the “liquid” Linseed oil in early
days, as Lu saw experimentally, could create local bumps as we
see on the above picture, thus effectively reduce the gap size, and
cause local inefficiencies.

l OO0 0000 O

T OO0OOO000 00
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There are two scenarios | can see:

a) Optimistic one:

Buttons are shorting the gap every 10 cm, and in

between we have alayer of Linseed oil few milsthick,
which isonly partialy cured, and it is the volume
resistance of the “liquidy” oil, which propagates the

short many centimeters into the active region. A

similar argument applies to edges, where we have large
amounts of the Linseed oil. In this case, an attempt to
further cure the ail, for example with oxygen, should help.
We should start with this treatment right away of some well
selected chamber in BaBar (flow oxygen for afew
months, then do radiography in a proper gas, then flow
oxygen again, etc. All thiswould be at room temperature.
Do not waste any time....

b) Pessimistic one:

The inefficiency is caused by the rough surface and the
resulting gap changes, caused by an early application of
the electric field acting on fresh uncured Linseed ail. In
this case, the oxygen variable will not help.
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Should we flow

oxygen continuosly ?

64



J.vVa'vra, Work during 2000-2002, L atest update: 10.1.2002

If it is indeed true that the oxygen treatment helps only
temporarily, if | understood Lu's measurements, perhaps, one
could think of adding a small amount of oxygen permanently
while we are running. There was an effort within the BELLE
collaboration to develop the freon-less mix (S. Narita et al.,
|EEE NSS-MIC 2000, Lyon). Among other mixes they tried
20%Ar+6%i C,H,,+69%CO,+5%0,. It gave a bit higher
noise rate, but the mix was stable. If one does not want to
change the BaBar RPC gas mix drastically according to the
above suggestion, perhaps one could add ~5% of O, and
reduce correspondingly the Freon HFC-134A level.
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Decomposition of
the Linseed oll ?
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Why the oxygen treatment is not stable?
The problem could be related to the ion migration within

the surface film while running currents. Such effects have
been observed very clearly in chambers coated with the Cdl
photocathode, or within the glass in the micro strip chambers.

As an example of what | meant is the ion migration in the
Csl photocathode, under influence of a strong light causing
large photocurrent. In this case the Cs(+) and I(-) ions move
to their respective electrodes. The Csl film is, of course, on
the cathode, and therefore Cs(+) ions will tend to migrate to
the surface (towards anode). Once on the surface they may
react with all sorts of impurities present in the chamber,
which in turn causes a loss of quantum efficiency.

In case of BaBar RPCs, what is the equivalent process? We

have a rather large current in the Linseed oil surface film,
especially near the buttons and the edges, possibly more in the
outer chambers.

| had a peak into the Encyclopedia Britanica, believe or not,
and found the following definition of the Linseed oil: "The ail

IS a mixture of the glycerides of linolenic, linoleic, oleic,
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stearic, and palmitic acids with high degree of unsaturation of
its fatty acid radicals'.

Clearly this sentence needed a chemist to help to trandate
it. | called my old friend, J. Maly, a retired chemist, and |
should say a non-expert in the Linseed oil, and he
immediately clarified a lot and actually confirmed that my
thought are possibly correct:

1. The molecule has unsaturated double-bonds, which means
that it will want to react with the oxygen, which will tend to
stabilize it and finish the polymerization process, and also
probably increase the resistance.

2. Hethought that the oil isreally not hydrocarbon oil, as |
thought naively judging from its name, but it isafat
instead, which is amolecule formed from reaction of
glycerine and acids. Under the influence of voltage,
coupled probably with a presence of water, the glycerine
and the fatty acids will separate from each other. Once the
fatty acids (R-COOH) are produced, they will be subject of
electrolytic splitting into ionic groups H* and R-COO',
under influence of a current. Thiswould increase the

conductivity of the film (I liked to hear that). Longer you
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run the current lower resistance (I liked to hear that also).

3. The current action, with no oxygen present, would split the
fat molecule, and would make it appear as never curing (I
liked to hear that t00).

Searching for some experimental evidence that the Linseed
oil volume resistance will decrease as we run the current
through it, I found it in my own data (see page 36 of this
document). The brown stuff scraped from the bottom edges of
Layer 7 RPC had significantly lower volume resistance
(~2.1x10° Ohm.cm) compared to a fresh Linseed oil
(76.7x10° Ohm.cm), which was not understood at that time. It
IS clear that the brown stuff had a large current going through
it for along time when the chamber was operating in BaBar.
In view of this model, the Linseed oil, due to its internal
chemical changes outlined in the previous message, is slowly
lowering its volume resistance as we run the current through
it. The frequent shorts due to button and edges within the RPC
design are then expanding into the active area when the
Linseed oil resistance lowers. Do we have any experimental
evidence for this? Again, this speaks for the radiography
inside the BaBar RPC system. Can we have some specid
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"radiography” trigger and run with it all the time while the
BaBar collectsthe data? | would judge it as very important.

The Linseed oil does contain water, of course. The pure
water is not conducting much by itself, as we know, but a
presence of acids from the Linseed oil decomposition, may
also contribute to a decrease of the volume resistance while
we are running current. Probably, the same thing applies to
Bakelite.

Perhaps this speaks for a ssimple electrolytic test. Setup a
bath with the Linseed oil, put in two €electrodes and connect
them to a battery. Then chemically analyze excess of elements
on the respective electrodes. If the electrodes have a flat
shape, one could measure, perhaps, the surface resistance of
the film on the electrode surface. If one is significantly higher
than the other, this may provide a clue. For example, if the
anode surface resistance is much lower, than one could argue
that this process lowers of the surface resistance near buttons
and near edges once we start running, thus expanding the
local inefficiency and causing a long term degradation of

efficiency.
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The fact that the outer chambers deteriorate more rapidly,
especially near the edges, may also be consistent with the
model of the decomposition of the Linseed oil. If, due to a
higher background, there is large rate, or perhaps even
repetitive sparking near the edges of the outer chambers, then
there is a larger current through the Linseed ail in that area.
That would speed up the decomposition of the oil, resulting in
the lower resistance, and in turn in the efficiency drop near

edges (asimple resistor divider argument).
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Experimental proof
that the Linseed oll

can be decomposed
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Use the same setup as on page 35: 7.16.2001
A G-10ring, which is glued to aluminum electrode, defines the volume of liquid. The
thi ckn of_thg L_i_nseed oil isonly 70.032” ~0.75mm, i.e,, dealing with a thin sheet:

-

What to expect?

The Linseed oil has some fraction of the fatty acids aready present at the start, which
explains its rather high conductivity. If a large current flows, a further decomposition of
Linseed oil occurs (see pages 58-60), resulting in a further build up of the fatty acids. This
will increase the conductivity further. Therefore, one would expect that the current-to-voltage
relationship is not linear. Thisiswhat we seem to be observing:

The result clearly proves anon-linear dependency of | = f(V):

BaBar RPC Linseed oil (fl‘eSh) V., 7.14.01

7—I—Data

o —A— Departure from linearity

0 500 1000 1500 2000
Voltage across the film [V]
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Long term test with high voltage on: 7.19.2001

An obvious next step is to make along-term test in the same setup depicted on previous page,
and show that the current continues to rise as the Linseed oil decomposition continues. However,
a spark occurred after about an hour when running at 2kV. The setup could not hold the voltage
at 2kV any more after that. After a separation of the electrodes, | noticed several large bubblesin
the Linseed oil, which were not present initially (assuming that | did not create it when
separating the electrodes). Therefore, lower the voltage to 1kV and do a long term test there To
my surprise the current was NOT increasing but it was steadily decreasing:

T i me hi gor y J.V., 7.19.2001

100 ‘ ‘ :
(o0 SR e
go | | —®Temperawre
70 L.| A Volumecurrent through Linseed oil (@1kV) | . . _ . . _ |

Volume current [pA],
temperature [deg C]

7/16/01 12:00 7/17/01 0:00 7/17/01 12:00 7/18/01 0:00 7/18/01 12:00 7/19/01 0:00
Time
To remove a possibility that a large bubble is forming and thus separating the oil from the
electrodes, | changed the setup. The metal part of the electrodes is just about submerged in ail,

and there is actually alittle gap just above the liquid to allow for any possible gas to escape. The
electrolytic setup is shown on next picture:
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Running a constant voltage of 3kV across ~1mm gap between electrodes with metal size of
~10mm x ~30mm created a current of ~16 pA. Again, | observe a steady decrease of the current

as afunction of time. Temperature of the experiment was kept at room temperature and was very
constant throughout both measurements.

Tl me hIStory V., 7.25.2001

50

—a—Temperature | | |
40 1+ - e

A Volume current through Linseed oil (@3kV)

ol T . T I T S I PR

20

Volume current [1A],
temperature [deg(]

10

| | | | | | | |
0 LA | | | | | | |

18-Jul-01 19-Jul-01 20-Jul-01 21-Jul-01 22-Jul-01 23-Jul-01 24-Jul-01 25-Jul-01 26-Jul-01 27-Jul-01
Time
What to do now ? 7.26.2001

The experiment is a classical electrolytic measurement, and therefore one does expect a H,
gas formation at the cathode (a fatty acid R-COOH decomposes into H* and R-COO ions). If
thereiswater in the liquid, R-COO will form the fatty acid again R-COOH with O, gas escaping
at anode. R-COOH will split again into H* and R-COO™ and the circle will continue. It is crucial
to have water to keep going. However, if water is not present, R-COO" will just return the charge
into the circuit and will stay in the solution (may slowly polymerize). In that case, the current
would slowly becoming lower. So, the crucial test is what happens if 1 add a small amount of
water into the Linseed oil.

The Figure on next page shows the result after adding de-ionized water in quantity of about
1-2% by volume to the Linseed oil shown on previous page. The water was clearly separated
from the oil and therefore it was necessary to mix it well. After manual mixing | had too many
bubbles. | decided to remove them by centrifuge. However, a high voltage test performed
immediately after would show that | could not hold any voltage across a 1mm gap. Leave this
mix at 40°C over night. Next day, it would hold 3kV. Clearly, because of the treatment to remove
the bubbles, | probably have much less than the initial amount of 1-2%. Start a long-term test,
which is shown on next page. There is a portion of an old run taken previously and run after the
water addition. Clearly, the current was initially high, but after a few hours it would get close to
values before water addition. The slope of the current curve is the same as it was before the
water addition.
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. . JV., 7.29.2001
Time history
50 —
Temperature Add ~1-2% of water; mix it by hand
8 first, then use centrifuge to remove
—— 40 | A Volume current through Linseed oil (@3kv) | bubblesfrom the volume; At that point.
g_ (’_J)D ‘ ‘ ‘ ‘ ‘ it did not hold a voltage; leave over
i night at ~40 degC; then could hold
*g ? o 0 I S S S 3!<V Withogttripping.
T A
9§ 20 BT R ISHEIIEIE S
g & ' After water addition
° & | |
22 0] =
0 | | | | | A ‘ | |
20-Jul  21-Jul 22-Jul 23-Jul 24-Jul 25-Jul 26-Jul 29-Jul 28-Jul  29-Jul  30-Jul

Time
Current increases only temporarily

What isit telling us ? 7.29.2001

We can modulate the volume Linseed oil current by moisture. This is confirms my earlier
results shown on pages 19, 22 and 27, and also more recent tests by Lu. By adding a small
amount of water, all existing fragments R-COO, left from the previous electrolysis done up to
that point, would immediately combine with added water to form the new fatty acid R-COOH
molecules. These molecules would start immediately splitting into H* and R-COO' ions, which
are responsible for the current increase. However, once the added water is consumed, the current
came to the old level and slope, continuing to “live” off the existing concentration of the fatty
acid molecules. The H* and R-COQO' ions keep delivering charge, but R-COO fragment will do
nothing without water (it may polymerize).

This gives arecipe what to do in the BaBar:

1) We should add asmall silicagel cartridge into every entry of each chamber or at least closeto
it. Wherever possible, switch to copper tubing. In other words try to make the gas as dry as

possible. While keeping voltage, the currents should slowly diminish, as shown in my
electrolytic tests.

2) We should blow dry air into the detector.

3) We should keep adding a small amount of oxygen, say 5%, to help the polymerization of the
Linseed oil.
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|s the current going to a zero ? 8.9.2001

| was curious how low the current will go, if | leave the linseed oil asit is. Theinitia current
in the electrolytic experiment was about 16uA. After ~2 months it came to less than ~1uA. Asis
shown on next graph, the current did not change much when the voltage was reversed. However,
it shot up when water was added. This supports a theory that the Linseed oil current is of ionic
origin, and will decay away unless we provide a new water supply.

Time h|St0ry JV.,9.7.2001
50 y
—=_, 401 -+ Temperature L JAdd Iarge1 .
{_5,_% —e—Volume current through Linseed oil (@3kV) ! 'amount of
=5 : : 3 | water
gg B0
E & L Add small | | |
o2 amount of | | . [Reverse |
= 104 - |\water voltage ‘+
0 1 ; —_—- .
20-Jul-01 30-Jul-01 09-Aug-01 19-Aug-01 29-Aug-01 08-Sep-01
Time
Time history av.97.2001
100

--—- - Temperature

L R
! -- 4 - Volume current through Linseed oil (@3kV)

: i a | .

Volume current [ UA],
temperature [degC)

Reverse
voltage
0.1 i i i i i
20-Jul-01 30-Jul-01 09-Aug-01  19-Aug-01  29-Aug-01 08-Sep-01

Time
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What about if it isall other way around ?

Marcello and Rinaldo wrote recently a note* indicating
that several BaBar RPCs, which have zero efficiency, had
interesting behavior towards their life end. Both the current
and the efficiency started to drop rapidly to zero together.
All this happened in a few weeks. My initial comment was
negative because | was aways assuming that the BaBar
RPCs suffer from too much moisture, which is distributed
non-evenly, which in turn causes the voltage divider effects
around the edges and buttons, making the efficiency holes.
All this would be consistent with my lab observations
indicating that the Linseed oil carries a current up to a
certain charge, and then it becomes an insulator unless we
add some new water.

Marcello came to my office and suggested that their
observation could be dtill consistent with my lab
observations if we assume that these particular RPCs are
extremely dry, and after a certain charge the Linseed oill
does not conduct the charge, and the RPC starts charging
up. This would create rate dependent gap voltages,
undoubtedly resulting in the efficiency loss.

So, | went to my numbers and tried to estimate if this
idea is possible. The estimate is an approximation to get a
feel for the problem. The calculation has three parts:

a) Estimate of the total charge needed to reduce the current
by afactor of 10.
b) Estimate afraction of the fatty acids “R-COOH” in the

! http://www.d ac.stanford.edu/~mxp/slac_aug_2001.pdf
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Linseed oil.

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.

To work out the problem (a), | have numerically
integrated the “current = f(time)” curves shown on pages
66 and 68 in my EXCEL spreadsheet. The result is ~9.4
Coulombs. Assuming that this current will still continue for
severa more weeks, | will use ~20 Coulombs in my
calculation. This amount of charge is needed to completely
deplete the fatty acid “R-COOH” from my Linseed oil
sampleinthetest (if | do not add any water).

To work out the problem (b), | have to know what is the
molecular weight of a molecular piece “R” in the fatty acid
“R-COOH”. | do not know this, however, | am told by my
friend chemist, who judged it based on the fact that it is still
aliquid, that it might be of the order of ~100. | know how
to estimate the “COOH” fraction (45). Therefore, | will
assume that 1 mole of R-COOH is about ~150 grams.
Knowing the volume of the sample in my test, and knowing
the density of the Linseed oil, | 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)% * 1cm * 0.938g/cm?) ~ 0.29%

To work out the problem (c), | assume that | am dealing
with a BaBar RPC with these parameters (needless to say
that these are hypothetical assumptions):

- The RPCis 100 cm x 100 cmin size,
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- It draws a current of ~50uA,

- The Linseed oil thicknessis ~10milsthick,

- 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* (50pA* 10°°)C]/96500C}

*150g /[(0.29/100)* (100cm* 100cm)* (10mils* 103 2.54)* 0.938g/cm’]

Conclusion:

It is acertainly useful to test this hypothesis by adding a
small amount of water in the gas stream of these particular
“so caled dry” RPCs, which Marcello and Rinaldo

discovered.
| still think that many other RPCs suffer from too much

water, and therefore the complementary part of the theory
Is also right. For these “so called wet” RPCs, we would
have to remove water.

Isn’'t life interesting....
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Decomposition of
the Bakdlite ?
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What is the Bakelite?

Looking into my chemistry book | read that it is the phenol-
formaldehyde polymer, one of the oldest known (discovered by
Bayer at 1872). The theory of this particular polymer formation
Is rather complicated, and | will not attempt to reproduce it here.
Instead, | called again my friend J. Maly, a retired chemist, to
help me to judge it electrically. He told me that this polymer is
highly cross-linked and rather stable and should be almost non-
conducting. 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, which is similar to the Linseed
oil. Thereis not a current in a form of eectrons, asis norma in
metals !! However, contrary to the Linseed oil, the Bakelite
polymer’s resistance should be stable even at large currents, i.e,,
there is not going to be a relative buildup of the phenal
molecules as the charge is accumulated. This actually agrees
with my observation that the Bakelite resistance is stable by
performing long term temperature cycling tests while running a
current through its volume (see pages 14-27).
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Electrolytic
Pr OCESSeS

IN 1nsulators

- Current in Glass, Alkali Halides (Csl), Bakelite and the

Linseed oil isof anionic origin.
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- Electrolytic processin Csl

(J. Vavraet a., NIM, A387(1997)154; and my talk at DESY Aging Workshop, 2001)

| | 100 Volts  +
|

Cathode Anode

C ) O

- The current in alkali halidesis of anionic origin, i.e.,
for exampleinthe Cdl, it iscarried by the Cs" and | ions.

- This may be a mechanism to alter the resistance of Csl
photocathode, and thus cause the Malter effect.

- lodineis very resistive p ~ 1.3x10° Q.cm
- Cesium is very conductive p ~ 2x10™ Q.cm

- If the current flows in one direction, one ends up with a
non-uniform resistance distribution on the surface.

- If we reverse the current direction and run for similar total
charge, we will make the resistance distribution more uniform.
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- Electrolytic processin glass

(G. Cicognani, P. Convert, A. Oed and J. Pannetier, ILL, Grenoble, France)

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

movement of the alkaline ions, and for that reason they
are called ionic conducting glasses. Typical resistance of

these materialsis 10*-10™ Qcm. However, during the

long-term operation, the alkali ions migrate towards the

cathode by the €l ectric 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 instabil I ty.

Note:
From BaBar DIRC experience we know that alkali ions can leave

the glass by “vacuum effect” of ultra pure water (Na leaching).

85



J.vVa'vra, Work during 2000-2002, L atest update: 10.1.2002

- Electrolytic processin Linseed ail

Linseed oil: "It isamixture of the glycerides of linolenic, linoleic, oleic,
stearic, and palmitic acids with high degree of unsaturation
of itsfatty acid radicals.” It is pressed from seeds.

Potential trouble with the L inseed oil:
A current in “Fatty acids’ is modulated by a presence of water.
(Organic Fatty acids have aform: R-COOH)

()= ()0

1) If there is no water then R-COQO 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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The short-term test proves a non-linear dependency of | = f(V):
BaBar RPC Linseed ail (fresh) e

160
140 |
120 |- -
100 |

—B- Data

—A— Departure from linearity

Current [uA]

N D
o 8 o O
. . . .

Or :
0 500 1000 1500

Voltage across the film [V

2000

However, the long-term test shows that the current decays away:
BaBar RPC Linseed ail (fresh) av. 7102001

60

50 4-------- A Volume current through Linseed oil (@1kV & 24de|-----

40

30

20

Volume current [LA]
temperature [deg C]

10+

0 | | | | | | | | |
16-dul 17-dul 17-dul  17-dul  17-Jul  17-dul  18-Jul 18-Jul 18-dul 18-Jul 18-Jul
Time

- Thefirst indication that oil does not behave like asimple resistor
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- Test #2: The Linseed oil current decays if we
do not add water:

Time hIStOry IV., 9.7.2001
50 A
- 40 L | --o---Temperature Add Iarge/—y—————
19 —~Volume current through Linseed oil (@3kV) | | | amount of
=5 | | ‘ | water
0 [l I 1 I
g & L Add small | | |
T 3 m— amount of 3 3 . |Reverse
> 10 £ -{water S voltage i
20-Jul-01 30-Jul-01 09-Aug-01 19-Aug-01 29-Aug-01 08-Sep-01

Time
- Total chargein 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 an evidence of an accumulation of some substance

on the surface of the Linseed oil (probably related to R-COO).
This substance hardens after afew months. A fresh Linseed
oil does not do this.
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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 section of Layer 7
- reverse polarity of PS compared to BaBar running

V.,
12.29.2001

Current [LA],
Temperature [C]
=

51 7777777777 _i_Curranthrougrithreebutons B Total Charge:
-+ . ' —=Temperature
0]~ — e et ~0.2 C/button
e 2. N S
0 ; ; ; " ——
22-Dec 23-Dec 23-Dec 24-Dec 24-Dec 25-Dec
Tim
2) Do not reverse polarity during curing (the 2-nd three buttons):
Peaks dueto daily o e Ao
peaks/dipsin N ¥
humidity (61-74%) ?\g&z :
becauseof very 2520/ L Total charge:
raining pe“Od g qé‘ 154 -~ _éurrmttﬁroughtr;reebmon:s o ~1_5 C/button
= is o | —'}I’empera‘ture 777777
) i

Time

- Isthisreal ?If yes, it would support the electrolytic model.
- Results are affected by the humidity due to poor wet weather

conditions during the test. Current decreased by afactor of >400.

- Develop a hard film on the electrode difficult to scratch away.
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- Electrolytic processin Bakelite

Bakelite: "It is the phenol-formal dehyde 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 alevel of Phenol impurities. Its volume resistance may
not be uniform !!!

Impurity
fragment

- Presently, | do not know the molecular structure of the
“phenol impurity.”

- If thismodel isright, the volume current through Bakelite
should diminish if we do not add water.
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|f the electrolytic model appliestothe
Bakelite, itslong-term current capability
must stop aswe consume ions.

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

J.V., 2.4.2002

Bakelite volume current - New Bakelite
30

251 .1l lad. .

PO e e I N
—e—Temperature
| ——Volume current through Bakelite at 5kV ‘

Current [pA], Temperature [C]
[EnY
ol

<

17-Dec  22-Dec 27-Dec  1-Jan 6-Jan 11-Jan 16-Jan 21-Jan 26-Jan 31-Jan 5-Feb
Time

- Total chargein this experiment: ~20.7 Coulombs (at 5kV).
- Total charge density is: ~0.63 Coulombs/cm? (test continues).

. | predict that it will take ~1 Coulombs/cm? to increase the
Bakelite resistance by afactor of 10 (thisisin air !!!).
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- lonic modd of BaBar RPC & remediation:
CATHODE ANODE

Linseed oil Linseed o1l

Avalanche

+ Spacer

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

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

- During the Marcel o’ s remediation procedure by running RPCs
In pure argon, apparently some portion of the current goes through
the buttons. Thisiswhat fixes the RPC, according to this
presentation.
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1. BaBar RPC —normal operation
Linseed sl  ANODE Carbon

Phenol \ 4+
impurity
lon™

(b)
Carbon CATHODE Linseedqil

Phenol
impurity +4+

- @ lon™
< [(H*)

Bakelite

Because

of charge
\/ exchange

EXPECT BUILD UP OF "R-COO" AND "PHENOL IMPURITY"
FILMSAT VARIOUS BOUNDARIES

- Thereisabuild up of molecular layers at various boundaries,
this applies to the Linseed oil-covered buttons and side spacers!!!

- This process may cause a highly non-uniform distribution
of resistance throughout the el ectrodes depending where the
currents wants to go.
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2. Ar-treatment at rever sed voltage
Linseed ol  ANODE Carbon

(€)

Gas

Phenol
impurity

lon™

Bakelite

(f)
Carbon CATHODE Linseed qil

Phenol

- pt impurity

lon™

Bakelite

- Large currents follow the path of the lowest resistance.

- The*R-COQ” and “Phenol impurity” films are produced in
areas where they were missing up to this point; akind of
“uniformity” producing effect. Including the Linseed
oil-covered buttons and side spacers!!!
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1) Good region of Layer 7:

I:aBakeI ite

Rspacer

Veapr = Vps/ (1+ 2 Reakaite RLexan spacer) ~Vps

If RLexan Spacer >> RBakeIite

In this case, the chamber will work OK:

Reaaie = Py (tep / Ared) ~ 2.5 x 10" Q.cm x (0.2cm/100cn’) ~ 5x10° Q
Ry exnbuton = Pv (e / Ared) ~ 1.7x10™" Q.cm x (0.2cm/0.1cm?) ~ 3.4 x 10M Q

=> V oup =Vps/ (1+2¥5* 108/ 3.4x10M) ~ V¥ 0.99

95



J.vVa'vra, Work during 2000-2002, L atest update: 10.1.2002

2) Bad region of Layer 7-

Buttons are shorted by a“qgui” Linseed oil:

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

Roaaiie = Pv (e / Ared) ~ 2.5 x 10 Q.cm x (0.2cm/2100cn?) ~ 5x10° Q
R inseadoit biov = Pv (e / Ared) ~ 2.5%10° Q.cm x (0.2cm/0.1cm?) ~ 5 x 10° Q

=> The chamber may not work with such buttons.
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3) Once we get to such low button resistance
range, afactor 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 afactor of 3x:

Raaaite = Py (e / Ared) ~ 3x 2.5 x 10" Q.cm x (0.2cm/100cm?) ~ 1.5x10° Q
Ry inseedoit biov = Pv (e / Ared) ~ 2.5%10° Q.cm x (0.2cm/0.1cm?) ~ 5 x 10° Q
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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 oll-
covered buttons.
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4) However, things are more complicated
because it isa 3-D problem, involving the
surface resistance of the Linseed oil and
volume resistance of the Bakelite:
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5) For example, an oil droplet creates a
large distortion of the electric field, which
can cause a permanent breakdown and
local currents:
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Caculationby 2580z mm

Diameter: 1 mm

A. Sharma:

E [Wirm]

. 7, 00008406
B, T143e+06
6, 4286e+06

B, 1429e+06
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b, bT714e+(6
5, 2357e+06

b 00000+06

4" T1436+08 H

Fip | ,

T 14291 06 -

g g%&gigg Drop of 1 mm diameter and 0.2 mm height
5 98570108

5 0000e+06

RPC: 9000 V
2 mm gap
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32 kWfem

E [virr]

50

40
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graphite (100 micran) gap T graphite (100 micror)
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g
. [ .
bakelite G bakelite
{2 mm) (2 mm)
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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:

\ r«-__-f
i ‘ .'I‘. “ .'.
= _,'I.:ﬂ,‘_;:_.' i

. If the answer isyes, how do we make it conducting again ?
For example, by adding a small amount of water ?
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/) However, water can cause problems al so:

../ /|
[

DU\ N

Water

. 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 aso must not forget that water may affect the resistance
of the Linseed oil blob around a button or side spacer. This

Is another reason why one has to be careful adding too much
water.
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Conclusions:

. Primary events, which caused difficulties of the BaBar RPCs:
a) Improper draining of ail, 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 afreon 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 Bakeliteis
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 regionsin 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 alow resistance
at present (p, ~ 2.5x10% Q.cm). It is possibly €either due to some
chemical reaction with a Freon molecule or due to porosity of the
stuff dueto arelease of the gases during the electrolysis.

. In achamber where the buttons are elther shorted or near-
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shorted, changes in the Bakelite volume resistance by afactor
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/cn.

. The curing of the shorts was attempted by sending alarge
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. Thiswould be consistent with the

electrolytic model. Thereisevidence that a hard film devel oped
on the aluminum electrode during the test, which is difficult to

scratch away. Almost like cooking without a Teflon surface.

. The“curing current” seemsto be very sensitive to air humidity.
Again, thiswould 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 | mean shorts
created by aforce of the electric field acting on liquidy Linseed
oil (according to Lu’ stests).

. 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 isto
increase the chamber overall button resistance, and also the
uniformity of the Bakelite resistance. It seemsto me that the
polarity does not matter.
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. 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 avery 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.

. Morework is needed.
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BaBar collaboration meeting — February 2002:

Content
1. Update on the“curing” of the buttons from the SLAC Test Chamber and

comparing it with the same measurement from the Layer 7.

Note:

a) SLAC test chamber was heated and then subject to the Marcello’s Argon
remediation procedure. The efficiency increased from ~5% to ~30%.
Therefore it was not surprising to find out that the resistance of these buttons
was much higher than what was found in bad section of Layer 7.

b) Compare it with to the Layer 7, which was never remediated. In this case the
buttons, taken from a“bad” section of Layer 7, had athick coat of the brown
Linseed oil and had very low “starting” resistance. After passing ~0.5-1.5
C/button, the button resistance increased by at |least afactor of >100. Thisis
enough to remove a short in the chamber caused by the coated button. This
supports a theory that during the Marcello’ s remediation procedure a portion
of the current passes through the Linseed around the button and makes it more

resistive (see pages 90-91).

2. Update on the Bakelite volume resistance = f(charge).

- Observe what looks like athreshold effect of the resistance increase.

(following the measurement shown on page 91).
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SLAC test chamber was subject to:
a) heat cycle during testsat SLAC, and then to
b) Marcello’ s remediation procedure, during which: € ~5% - ~30%.

Button #1: - Button #2:

d: One
Sees
buttons
full of
oil

Button #3:

A three-button test:

» ™
2°.

Buttons from a SLAC test chamber e
15 - polarity not reversed, buttons 1,2,3
2 Total charge:
=
£ ~0.08 C/button
0

5-Feb 7-Feb 9-Feb 11-Feb 13-Feb 15-Feb 17-Feb
Time

- Typical starting current was <1pA, i.e., 5-20 smaller than
when | did the Layer 7 buttons. After my addition of
~0.08C/button, the current is reduced to ~0.1pA.

- Extremely bad looking surface. This must degrade efficiency.
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In
SLAC test chamber - continue: addition,
-Repeat with three different buttons one sees
Button #4 Button #5: very

bad
surface,
which
means
that in
this

A very ugly surface: chamber
' ‘ & . portion
the
inefficie-
ncy
COmes
from a
bad

Buttons from a SLAC test chamber s oo surface
- polarity not reversed, buttons 4,5,6

Button #6: ‘

e NN LN S . Total charge:
Y A WA A A ~0.11 C/button
e e
Time

- Typical starting current was <1.5uA, i.e., 5-10 smaller than
when | did the Layer 7 buttons. After my addition of
~0.1C/button, the current is reduced to ~0.1pA.

- Extremely bad looking surface. This must degrade efficiency.

109



J.vVa'vra, Work during 2000-2002, L atest update: 10.1.2002

SLAC test chamber - continue:

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

Reaaie = P (tgep / Ared) ~ 2.5 x 10" Q.cm x (0.2cm/100cn’) ~ 5x10° Q

R inseectoit biov =P (fgep / Ar€8) ~(5-10)* 2.5* 10° Q.cm x (0.2cm/0.1cn?) ~
~(2.5-5)x10° Q

=> Vup =Vps/ (1+2¥5*10°%/ (2.5-5)x10°) ~ V,.* (0.71-0.83)

=> The chamber efficiency is still degraded, but it is not as bad as
the Layer 7 was.

=> S0, perhaps, the Marcello’ s treatment helped. Thisis assuming
that the button resistance increase is due to remediation.
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|f the electrolytic model appliestothe
Bakelite, itslong-term current capability
must stop aswe consume ions.

- Bakelite from the new BaBar RPC chamber with graphite
layer, but without the Mylar sheet (LHC-like).

rﬂr R S [ *
= ——
B (AR A / |
e
i L3R fhet

JV., 2.24.2002

Bakedlite volume current - New Bakelite

——Temperature

i | ——Volume current through Bakeliteat 5kV | |

Current [pA], Temperature [C]
H
al

17-Dec 27-Dec 6-Jan 16-Jan 26-Jan 5-Feb 15-Feb 25-Feb
Time

- Total chargein this experiment: ~24.5 Coulombs (at 5kV).
- Total charge density is: ~0.75 Coulombs/cm?® (test continues).
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Plot the same data from the previous page

as

Volume resistance x 10411

afunction of charge density:
4

351

Threshold?

34

I I I I

[Ohm.cm]

0

0.0 0.1 02 03 04 05 06 07
Accumulated charge dose [C/cm2]

. A factor of ~5 increase in resistance after ~0.75C/cm? (in air).

. There seems to be athreshold effect near ~0.5C/cm?. Isit related

to the ions of certain species being depleted ?

In principle, if several ions are involved, one could see a
staircase dependency:

Charge density
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Concluding comments:

1) It appears that the brown buttons from SLAC test chamber,
after the Marcello’ s argon remediation, have higher resistance
compared to the buttons from Layer 7 by afactor of 5-20.

2) A threshold of ~0.5C/cm? is alarge charge density, of course.
However, it isnot so large if there is either localized sparking
or excessive localized background. In that case, in these areas
the chamber can deteriorate further by increasing the local
resistance, which can lead to the Malter effect. This can
lead to repetitive sparking, and to atotal deterioration of chamber.

=> We must prevent large currents because we do
not know if they are localized.

In this sense, the charge dose during the Marcello’s Argon
remediation should be limited to less than ~0.5C/cm?, and one
should also worry if the charge deposition is localized.

3) DESY workshop:

G. Passaleva reported on tests with LHC-b RPC chambers,
which were exposed to Co® y source. A largeincrease in the
Bakelite resistance and noise increase was observed after
~0.5C/cm?.
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|FR 127 chamber (Barrel “spare”) was subject to:
the Marcello’' s remediation procedure: € ~5% - ~75%.

Button #1.: Button #2: -

Buttons
Have sor
oil, but it
Seems
be more
dry
looking;
surface
very rou
though

Buttons from a RPC #127 chamber o Buttons from a RPC #127 chamber o200z
o1 - polarity not reversed, buttons 1,2,3 o1 - polarity not reversed, buttons 4,5,6
0.08 T [ F —
g | | | | z | | | |
S 006 o e o 006 P b
=
£
§ 004 {- 5 o004
0.02 |-
_*
0
26-Feb 1-Mar 5Mar 9-Mar 13-Mar 17-Mar
Time

- Current stays small right from the beginning — buttons were
already “cured” by Marcello’s procedure.
- In addition, bad looking surface - must degrade efficiency.
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Comments about the button “curing”:

1) Buttons from the RPC Layer 7 (EC West FWD Top), which was
taken from the BaBar, and which was not the subject to the
Marcello’s Argon curing treatment, needed additional charge
of about 0.2-1.5 C/button to reach the “terminal” value of
the resistance — see pages 89 & 96. The “oily buttons’ were taken
from a section of Layer 7 with low efficiency — see page 29.

2) Buttons from the SLAC RPC test chamber, which was not
in the BaBar, which was a subject to a heat treatment, and which
was the subject to the Marcello’s Argon curing treatment, during
which the efficiency increased from 5% to 30%, needed
additional charge of about ~0.1C/button to reach the “terminal”
value of resistance — see pages 107-110. The 30% efficiency
limit is probably caused by extremely rough surface quality
due to running of the over-oiled chamber.

2) Buttons from the RPC 127 chamber (Barrel spare), which was not
in the BaBar, and which was the subject to the Marcello’s Argon
curing treatment, during which the efficiency increased from
5% to 75%, needed no additional charge to reach the “terminal”
value of resistance — see pages 114, i.e., the buttons were
aready “cured.” The 75% efficiency limit is probably
caused by extremely rough surface quality due to running of
the over-oiled chamber.
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Effect of pumping on the Bakelite volume resistivity.

- “New Bakelite with newly treated Linseed oil” — placeit in the
vacuum vessel.
- Prior to the pumping, it holds ~5kV across the Bakelite shest.

- Pumping caused a disaster:
a) The Bakelite would not hold even ~1kV while pumping.
b) After afew days of pumping, it would not hold ~1kV even if
onereturnsto air at 1 bar. This means that the Bakelite sheet
IS permanently damaged, probably, the pumping created
micro-voids.
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L ong-term behavior of the Bakelite volume

resistancein adry nitrogen atmosphere, and
asafunction of charge.

- Bakelite from the new BaBar RPC chamber with the graphite
layer, but without the Mylar sheet (LHC equivalent).

-5kV

>

|;|;| Monitor

JW., 8212002

New Bakelite with the new Linseed oil treatment

66 T T T T
3 = gé | ——1-st Bakelite sheet with graphite layer: in humid air (60-70%) |
§ g gé i —s—2-nd Bakelite sheet with graphite layer: in dry boil-off nitrogen |--

258 ' e
22371
L~ 26

- 21 -

g‘é 16 -

O 114

> 6 -

1

00 01 02 03 04 05 06 07 08 09 1.0 1.1 12 13 14
Accumulated charge dose [C/cm?2]

. Theresistance increase of the Bakelite in the dry nitrogen is
much larger than that of Bakelite in the humid atmosphere.
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The effect of ahuge bakelite resistance increase:

I:aBakeI ite

Rspacer

Veapr = Vps/ (1+ 2 Reakaite RLexan spacer) ~Vps

If RLexan Spacer >> RBakeIite

A factor of ~60 increase in Bakelite volume resistance is bad !!!!

Reaaie = Py (tep / Ared) ~ 60 x 2.5 x 10" Q.cm x (0.2cm/100cn?) ~ 2x10™° Q
Re exnbuton = Pv (e / Ared) ~ 1.7x10™ Q.cm x (0.2cm/0.1¢cnv) ~ 3.4 x 107 Q

=> V aup =Vps/ (1 + 60 X 2¢5*108/ 3.4x10') ~ V,o* 0.85
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I, 11.10.2002
New Bakelite with the new Linseed o1l treatment

100

< e e e e e e

— 10 4---mmmmeeeee g M
w : 5 5 : 5

Q} | |

£ 5

& 1 R _ et S
% E . : r i ! ?
E 5 ——The 2-nd Bakelite sheet: In dry boil-off nitrogen (<200ppm of water)

= ——The 2-nd Bakelite sheet: Exposed to air of 60-65% rel. humidity

E 0.1 4---| — The 2-nd Bakelite sheet: In dry boil-off nitrogen again (<200ppm of water)
= ——The 1-st Bakelite sheet: Exposed to air of 60-65% rel. humidity

[} ——The 2-nd Bakelite sheet: In moist nitrogen (1500-2000ppm of humidity)
= 001 —o—The 2-nd Bakelite sheet: In moist air (55-83% rel. humidity)
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Accumulated charge dose [C/cm”2]

On linear scale:

I, 11.8.2002
New Bakelite with the new Linseed o1l treatment

" 61 : : :
8 E 51 —s—TIn dry boil-off nitrogen (<200ppm of water)
% © —s—Exposed to air of 60-65% rel. humidity .
E E 41 - —e—In dry boil-off nitrogen again (<200ppm of water)  [---------fll - |l -
§ 9, 31 — Expose to moist nitrogen (1500-2000ppm of water) I
U — | —=—Exposed to air of 55-83% rel. humidity @~ | #F ®
B2 20 for T e g R
©
> [ SR SR S S SR | F. .
]- T T 1 T 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Accumulated charge dose [C/cm”2]

. Opening the Bakelite to humid air lowers the volume resistance

to a point that the RPC chamber would start working again. It
is not, however, the original starting volume resistance.
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Gas setup to measure the Bakelite volume
resistance as a function of humidity:

Sealed T eflon tubes
From boil-off nitrogen: filled with water

Gasin /
Humidity
Heat
| | s  Meter #1

y4

@) > | .
@) (4

~80 ft of Polyflow tubing

Flow: ~0.5 ft3/hour
Humidity
. Meter #2
| | Resistance | @
measurement

. It was necessary to make this setup to be confident what is the
humidity. Water permeating through the Teflon wall tubing
produces the gas humidity. Control the level of humidity by a
temperature and gas flow (in principle, anice way to do it).

. Conclusions:
a) Humidity of the “boil-off” nitrogen was <200ppm.
b) To start reducing the volume resistance, after apeak is
reached, one needs at |east 1500-2000ppm.
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8.7.2002

Terminate the “wet” Bakelite study (p.117):

- Cathode' s side of the Bakeliteisfull of blisters. They appear
similar to what we usually identify as sparking spots. On the
mating aluminum surface we see bumps, each corresponding to
the Bakelite spot. The bumps seem to be clear sign of a
chemical reaction with aluminum.

- Anode looks fine to me - just compressed graphite (no picture).

Cathode' s side — Spots on the Bakelite surface and on the mating Aluminum electrode:

AN e o v
- & e P o,

Study of
a core of
one
blister

u.iizl..uu..bm&alﬂu| (T APTARA I 0 [ YOPE DPUTIY PYTPRY SN PP NIRRT N
4

sor—
Vert=139 Window 0.005 - 40.955= 3899 cnt

- Observe C (small amount), O, Naand Al.
- Oxygen is probably from Alumina Oxide. Sodium is known to
migrate under electric field very easily.
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Terminate the “dry” Bakelite study (p.119):

- Cathode' s side of the Bakelite has also blisters. Again, they
appear similar to what we usually identify as sparking spots.
- Anode looks fine to me - just compressed graphite (no picture).

Study of
acore of
one
blister

- Analyze three spots in the region where there was current. They
all show excess of sodium. Compare this with two regions
where | did not have a current. No sodium observed there.
Sodium is known to migrate under electric field very easily.

Why is the sodium in the Bakelite ? Not clear to me. In any case,
such migration, similarly to what is known to happen to the
Micro-strip chambers made of an ordinary glass, will cause (@) a
resistance increase, (b) possibly affect the carbon adhesion to the
Bakelite. It is not clear to me how to prevent the sodium
migration. Incidentally, | believe that this will cause a death of
the Belle RPCs.
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11.10.2002
How much water per meates through a wall of
the 80ft long 1/4 inch dia. Polyflow tubing ?

- Gas flow ~65cc/min (flow controller calibrated with the HP Soap
Film Flowmeter and stopwatch).

Water permeation through wall of ~80ft of 1/4 inch
dia. Polyflow tube at a flow of ~03 cc/min

[%]

Room humidity

a0 100 150 200 250 =00 =40

(gas 1n the tube humidity [ppm]
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T, 11222002

‘Water permeation through wall of ~80fi-long
1/4 inch dia. Black Polyflow tube

1000 :
= : : : : :
& wor-f oonnaeee ronenaeee oo fomnaeees foeeseees
H 1 1 1 1 1
@ : : : : :
R SR S I R
= i : : : :
.ﬂ 1 1 1 1 1 .
_ﬂ.; 1w il__. [
F
0.1 . ; . . .
0 200 400 600 500 1000 1200

Flow [cc/min]

- BaBar isusing a Teflon tubing which is even better.

I, 11223002

Water permeation through wall of ~93ft-long
1/4 inch dia. BaBar Teflon tube

1000

100

10

Tube humidity [ppm]

0 10 20 30 40 30 60 70 a0

Flow [cc/min]

- This shows that only small amount of water permeates.
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Do we know what is down there ?
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