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CMS Muon system

- Tracking : Drift Tubes + Cathode Strip Chambers
- Trigger : Resistive Plate Chambers

CMS RPCs, gas detectors in avalanche mode:
Fast time response (~ 10 ns) and resolution (~ 1 ns)

Thin panel detector structure of RPCs

=> Designed to provide L1 trigger information
to trackers via PACT

Cathode Strip Chamber Drift Tubes
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A standard double-layer RPCs consists of
- Two core detectors called ‘gas gaps’
Each gas gap : made of two resistive plates
- A pickup strip plane for the signal readout
- Originally RPCs were designed for spark-mode
operations, but now applied to avalanche
mode operations to adopt for high rates.
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HPLs when arrived at KODEL

Bending

Packing status
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— Visual inspection of the HPL just arrived
KODEL P J
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wopeL  @aps for RE4/2 Chambers
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KODEL Gaps for RE4/3 Chambers
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Silkscreen Procedure

Applying the same procedures and tools
used for the CMS Forward RPCs

1. Graphite coating for RPC electrodes
- Silkscreen method

- Surface resistivity of electrode ranges
from

50 to 200 k€2/square
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Silkscreen printing on the whole surface area of a HPL sheet
| Array of fifty 10x10cm? surface electrodes
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\ Copper tapes —
Ave. = 97.42 kKOhmb

Sigma = 21.84 kKOhm)
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Electrodes Coated with Graphite
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~ PET film coating for protection of graphite electrodes
KODEL

- 1 layer of 200 micron PET film, Ethylene Vinyl Acetate base glue
TV

PET-fi‘lm‘in sulations | | ll
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E ap assembly

- multi-layered metric tables and shelves
for the assembly and glue curing

- Glue curing time : 24 hours
- Glue : DP460, 3M production
- Selection of spacers : 2 mm +/- 20 pm

- Use spacer jigs for the location of spacers

Accuracy of positions <1 mm “ I '
() \) G O 9.0 JAr\
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—  QA: Leakage and Pressure Test Procedure

KODEL
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Oiling for curing noises

- Linseed oil + heptane
(Ratio : 40 % + 60 %)

- Polymerization with air
Rate : 60 — 100 liter/h/gap
Period : 72 — 96 hours
Humidity : 40%
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Leak 0.2~ 0.4 hPa W|th +20 hPa

Pop spacers 2. Pop spacer test (no pop spacer aiiovsed)
A B C D ] E . F | 6 | H 1 [ | x Y N
1 Gap code HPL code (GND) HPL code (HV)
2 |Kodel-CMS-RE4-2-B123
3
— Qualified gap
1. Visual Inspections Good Not good Descl;;:;z:"?f g Pressure K& (mban)
21
5 Bar code label (o] N/A
Gas inlet and outlet- el <——— Forpop-spacer test,
6 pipes o N/A 2o~¥ pressure jumps less than 3 hPa
Edges ancll gas corner o N/A 1954 i oS

—7 plece 190753 T
8 HPL (HV) o] Minor scratches 41 60 80 100 130 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 &b 260 480 SO0 520 520 560 580 600 620 641
9 HPL (GND) o N/A

— Forleak test, pressure drop less than 0.3 hPa for a full-sized gap
10 HV cable [o] N/A
11 GND cable o N/A
12 Graphite (HV) quality & o N/A Cenl Cen2 Edgel Edge2 Mean Allowed range
13 surf. value (kQ) 85 67 123 132 101 Minimum 50
14 Graphite (GND) quality o A Cenl Cen2 Edgel Edge2 Mean | Maximum 200
15 & surf. value (kQ) 64 102 147 126 111

. Some bubbles
16 PET coating (HV) bubbles on edges
17 PET coating (GND) o N/A
18
19 2. Leak Test require 2 mins to reach  an equilibrium Leak Limits Allowed
20 Time (mins) B d hp 011 o RE4/2 TW| RE4/2 TN | RE4/2 BT | RE4/3 TW | RE4/3 TN| RE4/3 BT
21 10 ressure drop (hPa) : 0.2 hPa | 0.2 hPa | 0.3 hPa 0.2 hPa 0.3 hPa 0.4 hPa
22
Number of Largest shift # of pop-spacers
Number of spacers 0 o

23 o Ty popped spacers (hPa) allowed
24 120 0 11 Shift allowed 3 hPa
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A B C D E F G H I J
ElaiEs HV, (203 K 1013k %) = HV, ., "”":’,‘”‘ ,_“fh
. Total gas rate = 20 //h Gas I Mixture
Starting date of test Dec. 23, 2011
Circulation bfr HV = 36 h 0.95 Freon 0.05 i-Bu
Time from test start Date/ Time P (hPa) T CO H‘(’:\;’;‘“‘ HV, (kV) | Lini (uA) |1_final (uA)
00h 06.12,2011/14.23 1023 204 1
05h 2
10h 3
15h 4
20h 5
25h CED
145 h 7
150 h 7.5
155 h 2
16.0h 2.4
16.5 h 3.6
17.0h 3.8
175 h 9
18.0h 9.2
185 h 9.4
190 h 9.6
195 h 9.8
200 h 10
210 h
240h
39.0h
42.0h
450 h
480 h
63.0h
66.0 h
69.0 h 96 h
720 h test x
87.0 h
90.0 h
93.0h
96.0 h
108.0 h
1110 h
1140 h
117.0 h
1200 h
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22| QC decision Current Limits RE4/2 TW RE4/2 TN RE4/2 BT
QC steps: HV test g@ weow [ T wewm [ wew
84 _ﬁ RE4/3 TW RE4/3 TN RE4/3 B 0.35
85 1.5 pA 1.5 pA 1.5 pA
86 Current Limits RE4/2 TW RE4/2 TN RE4/2 B
87 | at 10.0 KV 5.0 pA 5.0 pA 10.0 pA
83 — > RE4/2 TW RE4/3 TN RE4/3 B 2.95 D;'::Ln
89| 5.0 pA 5.0 pA 10.0 pA
Selection criteria for o] B e e —
qualified gapsat 5 _'_.‘““”" rew | Ream | e
three levels ] e 220 e
oo
98
99 |

1. At6.0i<1.5pA

3

for all type gaps

S
2

Kodel-CMS-RE4-2-B123

I

2. At 10.0 kV o - D

i < 5.0 pA for cut gaps o
i <10.0 pA for full gaps B2 R T T T

3. At 9.6 kV after 120 h T s i
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' ~ Summary and Conclusioa_

1. RE4/2 and RE4/3 of 660 Gaps for CMS upgrade are being produced at
KODEL.

2. Productivity improvement is expected by the use of the KODEL Robot.

3. Quality assurance for gaps is effective.

4. Procedure of mass production for gaps is proven to be mature.
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