History I

Resistive  Plate  Chambers
Detectors have been employed
In many HEP experiments:

L3 BaBar Belle

* No wires

 High efficiency

* Fast response

e Position measurement
 Low production cost
* Large surfaces

Resistive Plate Chambers I

Future I

L HC experiments
(ATLAS CMS ALICE LHCB)

« Cosmic rays experiments
(ARGO)

* High rate capability

L_ow gas gain operation
e ToF measurement

 Long term performances
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‘Gap: 2 mm

* HV electrodes : 100 um graphite

- Gas pressure : ~ 1 Atm

« Gas mixture: 70% Ar, 29% iso-Butane, 1% Freon
* Gas flow: 0.1 vol/hour

bakelite resistivity 10 10- 10 12 Ocm
Coated with linseed oil
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The avalanche size depends on
{ the anode distance
E ‘/z’”
’ ' ' ' RPC is not a proportional counter

The signal is induced on the

SPARK STREAMER AVALANC read-out electrodes

1
—

SPARK COUNTER
RESISTIVE PLATE CHAMBERS Different regimes with

different HV
AVALANCHE CHAMBERS
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The “avalanche” regime I

a = first Townsend coefficient

Primary e
n(x) =0 ea(E)X o =— A: free mean path
0 A
102
: =i
€ :/{/N—e—
Korff approximation &
w & o
Z_peE 3 L
Gain O
P =
n d N
M :—:expD a(x)dx} c
nO 0 2 4 10 2 4 w0 2 a ® 2
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E/p (V/cm x mm Hg)
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q ‘_| - k= (e, d/s)/( e dls +2)

e
: T~ ds -0 is the electron charge
> Q + - n, Is the average size of the primary cluster
d ' ? — - . is the cluster density in the gas mixture
e n -1

- - ¢, Is the relative dielectric constant
- d i1s the gap width

- SIS the electrode thickness

A should be large to achieve high efficiency------- > C,H,F, gas mixtures
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@ e [ ......

Avalanche: W/”‘“’“ .............................. -

The electric field is such ST > MY/AN g

that the electron energy is PO SR SO0 VS OUUU OUUOUOE SOUUOS NUVUOOE RO TOUUON BUUOOOS =

arger than  the  ionisiig [ ¢ R -
potential \ / 20 mV/div

' ) A i .

T

Streamer

A / . Horizontal scale 20ns/square
ical

\/‘N Vertical scale 20mV/square
L/

F
o)
-3
=

~T

—

Horizontal scale 20ns/square
Vertical scale S0mV/square

A // T ) IS T 0 O O T e

The separation avalanche-streamer
decreases with increasing HV
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Why resistive electrodes? I

@]
@]

-

O';U/HF)
,JI_
P
A

-
-

Q
w— - -
Q
WV | IDYVEI L

R R R R
The discharge time is defined by the
electron drift velocity and the Toear = 1/MVg~ 10 ns |
multiplication mechanism : ,
P > Tdis ¢< Tcirc
The circuit re-charge time is defined by the 1, =pe ~ 10 ms

RC: y,

Since 1. is large ,the electron on the anode will reduce the electric field inside the gas and
the discharge will be quenched

During the discharge the bakelite
electrodes can be considered
perfect dielectrics

NCP/PAEC - Islamabad, December 2004 G.laselli



Only a small region ~ few mm?around the discharge becomes inefficient for a time t~10 ms

The inefficiency region increases with the decrease of the electrode surface

resistivity
0
psup “Iar‘ge" P "small”
pvol 'OVOI
The deposited RPC more
o Pyol charge is collected “stable”
The elgc’rrodg re- large at low rate
charge time increase
Wlﬂ.‘ increasing volume Puol The deposited charge
resistivity “small” is collected at high RPC less
rate "stable”
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RPC in avalanche I

AT high flux of particles, the rate capability can be improved by:

Decreasing the electrode re-charge time ..o we need to decrease the bakelite
resistivit
2d !
T=p&,| & +—
g

Lowering the discharge intensity and
decreasing the electrode region
interested by the discharge

.s0 we need to make pg,./p,, large
and we need low electric field

Move the amplification from Use electronegative gas
gap to front-end electronics (C2H2F4) to stop streamers
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1a

10

Streamer

+¢M

Avalanche

g 10 11
Operating voltage (kW)
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Efficiency

RPC in avalanche I

Rate capability increases by a factor 10!

1.8

0.8

0.8

0.8

0.7

0.5
10

B o o

single gap
double gap
low gae gain

r

m% 103

Flux (Hz/cm®)
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Double gaps...... multigaps

Bakelite

HV Gas Etot = €11 €2 ~ €18
- Bakelite
— — s — H—>

N e

HV Gas

- B

L

</

> . w 700
:m; %} Gap=2mm | 5 - —— Single gap
,E_EDDD n=83mm" EEDD — Double gop
E } 5 E S00 f— n=9mm’
1500 b Single gap | 7 - v, = 130 um/ne
i m Experimental a0n  — Vi = — 40 mv
Double gap geometry [ . : =
| -— -  Simulation —
improves the efficiency 10999 _—+ 300
! Double gap -
and allows safer v Experimental | 200
operation at  higher  soo 2 e Sirmulation =
threshold. Also the time g #?_ ! foo B
resolution improves. o Lo L : : 0 Coeba e
[ 0.25 0.5 075 1 F.8 10 12.5 15 17.5
Qs LT Intrisic chamber delay {ns)
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15 kt

Multigap I

100.0 —

ALICE Multigaps I

95.0
90.0
83.0

80.0

Efficiency [%]

75.0

70.0

65.0

60.0

5 gaps . 220 micron each

® Efficiency [%]
@ Resolution [ps]

]

NCP/PAEC - Islamabad, December

2004
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10
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14

140

120
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600 m? (single gap)

6000 electronics channels
Double gap geometry

Streamer mode operation

Space resolution

14 mm

space resolotion
=
=

l _____+____J__+__

+ %

t

NCP/PAECE - Islamabad, December 2004

efficiency ()

98 %

Detector efficiency

Time resolution

G.laselli
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HPC efficiencies vs dark currents

i"fét. — — 2000 m?2 coverage

mf_ "|
o l Glass electrodes 1012 Q) cm
J
o e e T e T m[lﬂ L. Single gap geometry

a o a2 08 04 03 06 07 08 09
E{Tﬁrm;.l

5 rJ.f,lE ., _Hﬂw . 5'1 . .
8 ost SR Quasi-avalanche mode operation

e o X-Y read-out with
o ' Independent gaps

'l | P aa
e Y . Y 1 TN Y b S [/ . | o od -2 i
Chrrenn )
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BaBar I @W@@m@g

1 barrel and 2 end-cap — total surface : ~ 2300 m?2 about 800 RPCs
56.000 front-end channels in total

Streamer mode:
Argon/tetrafluoroethane/isobutene 48/48/4

100

- = \ "" 80 :-

- Fnid Cap

CRi o

Barrel 60

10% of detector with
0% efficiency

Ll aiin M minie 2

faner

Efficiency in the barrel:
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Gap temperature > 35°C (Sepyember 1999)

The bakelite resistivity decrease with increasing tempera

Conductive rubber technique

E | T T T T I
L]
:\'la I
2 7 Factor 10 ina range
g of 20°C
g |4
X :
L -
| L L 1 i | L Il L L I
i0 20 30

Temperature °C

Efficiency

BaBar I gﬁw@@m}@ﬁ

Currents up to ~ 500 pA

Muon Id. Efficiency

IFR Muen ID Efficiency, Barrel+Forward

" e dato

®  from 7 decays datn
O Single & MG

O Single m MC

—
ra
|

{1 —i—

08 - _D_-D—D-"‘:"’EE'D_—'_D_—:_D:A:*_‘:’:;%;* —+—

b4

k2 -

NCP/PAEC - Islamabad, December 2004 G.laselli



BAD OIL COATING!!

An improved oll coating technic is now used
The gap assembly procedure has been completely revised

The quality control is more accurate ( 20% drop rate!!)
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New BaBar chambers I gﬁ?@@ﬂm@ﬁ

Evaluated with collision data (e*e-— w17 events) I
Forward 1-12 - Run 3-Run 4 Layer 1-12
O O P PP DU DS IO PR IOUOORS HOUO SUUOLE PO SOUOON SO N _I

- FWT6lower | .

0.8 _ ......... ............ ' ............ ........... ............ ........... ............ ........... ............ ............ ............ ......... dlsconnebted ......... _ NO drop W|th
CcOSMmICS

(black dots)

Eff

0.6 o _______ ""Averag"e'"e'fﬁci'e'h'cy _______________ ____________ ____________ - _— l ___________ J— — - __

i m Average eff|C|ency of chambers W|th effu:lency > 10 % |

0.4 — - Percentage of- chambers W|th eff|C|ency < 10 % - ]
C 0 . ] Efficiency in

Collisions for

outer layers suffers

o | from
=i ===- hjgh background
(voltage divider effect)

02 ____________ ___________ O T ———

AGN
=
elerio
L] I SR
o
d
A
unp
by
dag
20
ACNE T DT
o3(
¥OOT—

= a4
3
4] BT

(1)
Efficiency lass per month! C.11%
Efficiency lass per month. 0.03%

No substantial decrease since installation I
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ARGO-YBJ | Uamer

‘ Main Building with RPCs ArgoMN05 ‘
111260 mm
77350 mm
O 00 O oO|E
] ]
[ ]
' m =
N~ m °
] ]
[ ]
'- Y e o Y o R
ARGO-YBJ | oa sutang U e N
(Astrophysical Radiation with Ground based s capt 13 ks 250
Observatory at YangBaJiing, Tibet) o oo v 3 Custors (1000 RPC) v no /

y Astronomy with a threshold of ~ 100 GeV
Diffuse vy rays
v-Burst
Ratio anti p/p
| Spectrum of primary protons

Detection of atmospheric shower
with energy > 100 GeV

A

—
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‘ The direction of the source

determined by the signal arrival

times on different PADs

1,1, . 1,0

Good time resolution is needed!!

is

RPC

ARGO-YBJ | gﬁp@@ﬂ[@@ﬁ

—a— X=572cm

—6— X= 28cm

|
300

0
Signal . 1
Atgpc ~ 1-2 ns >A6 = 1 mrad Background  (A@Y
NCP/PAEC - Islamabad, December 2004 G.laselli
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ARGO-YBJ | gﬁg@@ﬂ[@@ﬁ

Detector at 4300 m on the see level

Low pressure ~ 600 mbar

Vg =Vym 2

EfMiceacy (%) T P

100 ¢

60 -

)

.|il|t|'-‘ (%]

— | _—

NCP/PAEC

Dugi}.ﬂ.d‘ =

1000 Men 374|& [ Mean 360
> Sigma 1.35| = Sigma 1.40
Wgoo — w
750
600 —
500
400 —
200 - 250 - IXKI—LI‘
0 | | 0 | |
30 35 40 45 30 35 4C -
time (9 G, =145 ns
2 Mesn 37.1 %‘1000 [Mear 6
|_|>_|1000 | Sigma 1.47 >800 B ana 147
750 - 600
500 400
250 +~ 200
0 | | 0 |
30 35 40 45 30 35 40 45
time (ns) time (ns)

10
High Voltage (V)

- Islamabad, December 2004

Time resolution of 4 PADs
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CMS

MUON CHAMBERS |

7/ |

[ INNER TRAGKER | CRYSTAL ECAL

I i
YERY FORWARD
GALORIMETER
Wiy

| ] J
u
|l.|-- .--- e B l r
Ji i, o 1
/.(ﬂ.t. 77 ) IIl
—_—

g -

|/
-

S — .-“-.-

) |

Total Weight : 14,500t
Overall diameter : 14.60m
Overall length : 21.60m
Magnetic field : 4 Tesla

MUOM
STATIONS

MG, LHOC Meoting. 19 January 198

Overvew 2

NCP/PAEC - Islamabad, December 2004

The CMS Muon Trigger is based on:

dedicated trigger detectors {(RPC)
- precise timing

- unambigous pasition

- crude momentum measurement

muon chambers {Drift Tubes, CSC)
- vector per station
- more precise momentum measurement

Two camponent trigger provides
- sure buneh erossing identification
- sharp p, cut
- powerful background rejection
- large flexibility: p,eut = 3-100 GeV
L =10%2-10% e¢m-25-1

G.laselli



LHC output 10° Hz (total)
10% Hz (muons)

@

3 10*Hz (total)
1.5 10*Hz (muons)

[

100 Hz (total)
30 Hz (muons)

Storage unit

Dedicated trigger I

CMS environment

* bunch separation of 25 ns
e high background of n and y

* long term operation with
high irradiation

NCP/PAEC - Islamabad, December 2004 G.laselli



Background

n= 0.2 0.4 0.6 0.8 1.0 11 1.2 24 2018 161.61.51.4 13 1.2 11 1.0
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[MB1 il [MEA1] E
{%%%g ; . .
........ g S TR L T UM S R R R L e G I Rate in the ShadOW reg|0n (n S16) Is< 10 HZ/Cm2
? 1k BESas AR *‘rf‘*' + *lt
o —— 3 " = 2 I ﬁ?ﬁ“ ‘?T{» {\4::? ! 2
] 10'22 ¥ ﬁf‘ﬁi
100 200 300 400 500 600 100 200 300 400 500 600 700 o =
XN e RPC Trigger Ségmentation (new)
l‘|=| 0.2 ‘ (II4 ‘ I]‘.6 ‘ I)‘B ‘ r|ﬁi4H 2.‘0 1.‘8| 1i61i5 1i4 1‘.3 1‘2 11
bt e e 7 g s
P ., N I
B e :
E R L
+ — E —(}MM’_ [
¥ 600
H”10ﬂ‘”‘200””3!00””400”” 5 HH300””400””500HH500 500-
R (cm) b
n= ‘ 0‘2 i D‘.4 DIE i n= 2.‘4‘ i IZ‘.O i 1‘.3 i 1.6 1.5 1‘.4 1.‘3 1.2 i
3 ME3 400
.
............................ E“ .-L-.*_;—._,.}f_. -T--
3 o el 300
T * T e -
i 4 200 _
X g 1
N | E ]
R (A s el ll | R e b b b q
100 200 300 400 200 300 400 500 600 700 100 B
R (cm) ]
n= i 0.2 I].‘4 ‘ ()IB n= 2i4‘ i ‘Zil)‘ 1.‘3 1.6 1i5 1i4 1.‘3 1iZ :
E L f [MB4 'ME4] 0 1200
Nk Z(cm)
r E E =+ El
.......... PONY TTPOT PYTTD PYPTTITOPTTY [EPPPT JYTTT T e Ty VPO T RPE PP
E—¢ E R -
1 ; ; S *?_Q_As. , -o-;
aE E 3
10 E E =
2F S - :
s 0 . | Red dashed line at 10 Hz/cm?
3 F B aF E
e 0 100 200 300 400 500 600 = 100 200 300 400 500 600 700
Z (cm) R (cm)

Hits due to neutrons (full circles) and charged particles (open circles).
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Single gap

Double gap

(=

 §

/ : e
1 \ \
' HT

\

120 RB1 at HT
240 RB2 and RB4 at GT

' |
vy |
\ = -
ﬂ Chamber assembling si& ‘ ‘

O Chamber test sites

120 RB3 in Sofia (& Bari) RB1 in Pavia

/‘ RB2 & RB4 in Bari
RB3 in Sofia (& Bari)
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Barrel I

Summary

e 164 chambers are at ISR

e 60 chambers installed in wheel
W+2
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Endcap overview

Korea

—— [

Gap production

Korea

Front-end electronics

Pakistan

HV/LV system

Pakistan

=21 1404 —
(13.963)

(@)
| —— 7380

MB/1/4 |
| —— 7000

YB/1 ‘
. 6360

MB/1/3 |
| 5978

YB/1 \
I s33s

MB/1/2 |
— | —— 4805

i
| ——— 4490

i ]|
‘ ——— 4020
——— 3800
CRYOSTAT

——— 2950

=N

—8-2002
5185_125

NCP/PAEC
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Endcap overview I

Ring REi/2

Ring REi/1

Ring RE i/3

RE1/1 Staged I RE2/2 and RE2/3 under production in Pakistan
RE1/2 and RE1/3 in production at CERN

RE3/2 and RE3/3 to be produced in Pakistan

RE RE RE RE RE RE RE
11 1/2 1/3 21 | 22 | 23 ||31
No. of chambers 36*2 || 36*2 | 36*2 || 18*2 | 36*2 | 36*2 | |18*2

RE RE RE
41 |42 |43
18*2 | 36*2 | 36*
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Endcap overview I

RE3/1, RE4/1 All other chambers

Gap (a) Gap(b)

|

| — i
/ Y

I/ /
)
h,..o
Sensitive Volume / w
(Gaps) made in /
Korea
8
offo
h
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Bakelite
Purchase Italy

Cut

Ship to S. Korea

Mechanics Kit prep in Chlna Procurement_ Assembly at CERN
Pakistan | Cables and pieces Pakistan
FEBs, Procured from ltaly

Adaptor Boards

Ordered from Pakist;

Ship to Pakistan
CERN

Chamber CERN/Pakistan QC Construction
Assembly Database
: . Production
Storage Point 5 Installation S P

NCP/PAEC

- Islamabad, December 2004
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Hot melt of

PET film

NCP/PAEC

- Islamabad, December 2004
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Schedule for gap delivery I

Activity Name

2003 2004

2005

2006

JEMAMIJASONDS FMAMISASONDSFMAMSJASONDJEMAMI ]

L — I —— R I — R 5, IR~ U L B

O S e e T e W e
(L IR O L R - R R —]

Preproduction of oiled gaps

Bakelite ready ( cut and cleaned )
Gaps for RE 172 {8073)
Delivery to CERN

Gaps for RE 1/3 @073}
Delivery to CERN
Gaps for RE 272 {8073)
Delivery to Pakistan
Gaps for RE 2/3 {8073)
Delivery to Pakistan
Gaps for RE 3/2 {8073}
Delivery to Pakistan
Gaps for RE 373 {8073)

Delivery to Pakistan

~100 Gaps 4 M A Aworth 80 ch per hatch
=
4IZI\7
A
A
A A
A A
v ready for installation milestone +2
' ready for installation milestone -z
A& delivery at assembly site

NCP/PAEC - Islamabad, December 2004
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Gap QC at CERN@ISR I

Quality Good and equal to Passed polymerization tests
Gap produced from GT Gas and HV QC

NCP/PAEC - Islamabad, December 2004 G.laselli



RE1 assembly at CERN@ISR I

lﬁ&ﬁ" !:H“Q

". E&n%;;:_;_

2 N -
e
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http://cms-isr-endcap-rpc.web.cern.ch/cms-isr-endcap-rpc/
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RE1 production schedule I

RE1/2 RE1/3
Should be installed 72 (2
Shall be built 80 80
Target of 2004 20 20
Accomplished so far 23 20
Target of 2005 57 60

NCP/PAEC

- Islamabad, December 2004
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Cosmics QC I

Cosmic stand and DAQ

v
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Av. CI. Size

2.8
2.6

244

—u— Cl. Size RE1/2-078
—e— Cl. Size RE1/2-067
—4—Cl. Size RE1/2-007

1.0

T
9200 9400

Voltage [V]

T
9000

NCP/PAEC

Cosmics QC I

—u— Efficiency RE1/2-078
—e— Efficiency RE1/2-067
— 4 Efficiency RE1/2-007 :

D ;

e

T
8800

- Islamabad, December 2004

T T T
9200 9400 9600

Voltage [V]

T
9000
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Cosmics QC I

o, Efficienc
Jo y

98.8
98.6
98.41

HV 9.2kV %2,

) 97.8;
Cluster Size 976

97.4/
25 1 2 3 4 5 6 7

2,

1.57

1,

Currents

0.57

O,

2.51

1.51

0.51

Noise < 10Hz/cm? T e
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Data Base I

CMS Forward RPC

Welcome to the Database Interface

ogabse | Production Database »
me
B Individual Gap Information and Test Results
Web Page ’
P Gap and Chamber Geometry
Home ’ .
RPC Bare , Cosmic Test Database

Scatter Plots for Cosmic Tests

Bar Graphs of Chamber Performance

Tngger Configuration

[£4

I ISR Lab Temm?_rature & Humidity

| < |

Database developed to store RPC production information
http://forwardrpc/cms_forward_rpc/production_db/Main_db .htm
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Online

Data Base

| B BB Wew Favordes Touk Help
| weBack = & - @) [3) | Disewch [aiFaorites @reda P |G- O§ £ -

| Ausdress [48] bitp: flems - ereleap e web.corm. chjomsti it Dendeap 2 bepe]

| ) ot ) i)

5 CcMS FORWARD RPC

-
Main prev next

Gallery r

Mechanics

Analysis |
Assembly
Database |
@pac |
RPCLab |

HV monitoring and QC IV
data storage

Searchable tracking for
individual Gaps /
Chambers

Production QC
procedures

Mechanics

Cosmic Tests

Main
Group B8

Channel Name

chi_RA
chli_EB
hi_C
ONG_BOH

hannel_ 85
hannel_B6
BO!

BOX _3

NCP/PAEC

el el ek e 1|

"""" [ —c =]
The CMS FORWARD RPC Production Data Bas

Groups

UBdSet I88et

Temperature
Humidity
@ 1SR Lab

2%

u U = =
U U EEr
3 3 [BlFr [ [ [ wertin]
u U
u u
u U
[} [1] Gapld  Leak Rate Spacer  Observatien'Comment
U U e Fepeedt e whe
u 1] 2 presaure Detwen 10
U U 0020 107
U 1 U oo ol 2 M e
1] 1] 0022 o4 Nooe
S0 r
U 1] me sDz(;sonpz:’umm iecpero
L1} 0026 o 16 daseBee
1
3 iess0sss
ieeveeR e
u sesvpone
u cesssene
U ‘'meeBEeON
I — eone e
CeerReeR
Beaesess
o Teowoeewe
ss0see
2l e P
stan | cuioren () @ (5 5 R By Sy S e el | *SSEEE RIS smm
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Gamma Irradiation Facility Absorbed dose during the
/ test: ~23 Gy

—
20 Ci 137Cs source

Filters can be positioned in front of
the source:

*Absorption 1 (no filters) ABS 1
*Absorption 5 ABS 5
*Absorption 10 ABS 10 —
«Absorption 100 ABS 100 Ty
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Irradiation tests I

Aim
* Check the RPC performance after a working period equivalent to 10 CMS years
* Check possible long term effects of the close loop gas system on the chambers performance
» Study the HF and/or others pollutants production and their effects on the chambers performance

2 final chambers (RB1)

Dimensions: 50 x 50 cm?, equipped with 10 x 10 cm? pads At the beginning in open loop mode;

Entered in the GIF during May 2002 Until December 2003 integrated 15 mC/cm2 ~ 3 CMS eq. years
Integrated charge up to now: 70 mC/cm?

Equivalent to ~ 15 CMS years (safety factor included) Later with the with the closed loop gas system

Integrated about 25 mC/cm2 ~ 5 CMS eq. years
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Performance of small gaps I

Many problems
Major problem with some chemical reaction on the copper springs used in gas pipe followed by a strong increase in current
and counting rate

T-connectors in the gas circuit badly damaged by HF in exhaust

Chambers found not bubbling (sometimes with HV on) (also due to frequent detector displacements in GIF)

g L
= 100

Present performance RPC - 3 (example) - E .

I

Efficiency at ABS 0 (Source Off), - s
ABS 1 (Full source), 6o |
ABS 2 N
ABS 5 wl
20

Connn o nnn o o b —2 0 | nnn Lo nn s
7500 sopp  §se0 9000 9506 10000 10500

H (Vilts)
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HV (kV)

10

Working voltage at 90% efficiency as a function of the time

10

HV (kV)

ABSO (Source Off)
]

o o r I
i & x ¢
® RPC |

A RPC 2

* RPC 3

(] il [sn)] [sn)] )] =t
"

NCP/PAEC

- Islamabad, December 2004

ABS1
®
[ ] [ ] : A
2 $
& x % A
® RPC 1
A RPC?2
* RPC 3
[} [} [ag] [an] [an] =
o [a] [} [} [} o
E o 5 E iy g
s & Z a & s
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Performance of small gaps I
Rates at 9.8 kV and ABS 1 I

W

10

HV =98 kV
Last measurements . >
A A A i
102 . % ° & 3 O
@ Source OFF g 3 b
A Source ON E
ks
100 ° ® ° ? e o
A A ®RPC |
90 ARPC?2
S *RPC 3
%«SO
2 '8 8 8 8 8 8 3 3
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Performance of RB1s I

efficiency of chamber 45 at ABSO and ABSL1 (single gap and double gap)
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Performance of RB1s I

Efficiency and cluster rate of chamber 45 at ABS0O, ABS1, ABS2 and ABS5
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First RE 1/2 production chamber assembled @ ISR
lab coupled to one ME 1/2 CSC and tested in X5A
(25 ns beam)

GOALS:

*Validation of Link Board system

eLink to Link Board and data flow ( Warsaw )
*RE 1/2 performance

Link Board monitoring capability
*Mechanical Compatibility

*Grounding and electronic compatibility
*Possibly Trigger ambiguity resolution
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RE1/2 RE1/3
Should be installed 72 (2
Shall be built 80 80
Target of 2004 20 20
Accomplished so far
Target of 2005 57 60




