Numbers of LMB Channels Required for ATLAS Pixel Detector Cooling System

This is considered independent of sensors on silicon detector modules themselves.

Pixel Barrel:

B-physics layer: 9 circuits of 2 staves in series: 9 inputs, 9 outputs

Sensors (NTC) on or near on-detector structure per circuit 

(1 per E-LMB analog input channel)


(1)
Input, stave tube 1


(2)
Output, stave tube 1 or Input, stave tube 2


(3)
Output, stave tube 2
exhaust (control function)


(4)
Output, stave tube 2 exhaust (reserve sensor for control function)


(5)
Exhaust Remote (control function)


(6)
Exhaust Remote (reserve sensor for control function)





SUBTOTAL:

54 NTC sensors

PIDs in LMB controllers for flow control:





(1 per E-LMB analog output channel)

9

PIDs in LMB controllers for boiling pressure control (OPTIONAL)

(1 per E-LMB analog output channel)

9

Pressure measurement (upstream of capillary)




(1 per E-LMB analog input channel)

9

Pressure measurement (exhaust)




(1 per E-LMB analog input channel)

9

Barrel Layer 1: 21 circuits of 2 staves in series: 21 inputs, 21 outputs

Sensors (NTC) on or near on-detector structure per circuit 


(1)
Input, stave tube 1


(2)
Output, stave tube 1 or Input, stave tube 2


(3)
Output, stave tube 2
exhaust (control function)


(4)
Output, stave tube 2 exhaust (reserve sensor for control function)


(5)
Exhaust Remote (control function)

(6) Exhaust Remote (reserve sensor for control function)





SUBTOTAL:

126 NTC sensors
PIDs in LMB controllers for flow control:





(1 per E-LMB analog output channel)

21

PIDs in LMB controllers for boiling pressure control (OPTIONAL)

(1 per E-LMB analog output channel)

21

Pressure measurement (upstream of capillary)




(1 per E-LMB analog input channel)

21

Pressure measurement (exhaust)





(1 per E-LMB analog input channel)

21
Barrel layer 2: 28 circuits of 2 staves in series: 28 inputs, 28 outputs

Sensors (NTC) on or near on-detector structure per circuit 


(1)
Input, stave tube 1


(2)
Output, stave tube 1 or Input, stave tube 2


(3)
Output, stave tube 2
exhaust (control function)


(4)
Output, stave tube 2 exhaust (reserve sensor for control function)


(5)
Exhaust Remote (control function)

(6) Exhaust Remote (reserve sensor for control function)

SUBTOTAL:

168 NTC sensors

PIDs in LMB controllers for flow control:





(1 per E-LMB analog output channel)

28

PIDs in LMB controllers for boiling pressure control (OPTIONAL)

(1 per E-LMB analog output channel)

28

Pressure measurement (upstream of capillary)




(1 per E-LMB analog input channel)

28

Pressure measurement (exhaust)

(1 per E-LMB analog input channel)

28
Pixel Disks:
10 disks of 12 sectors each: pairs of sectors on each circuit. (60 circuits)

Sensors (NTC) on or near on-detector structure per circuit 


(1)
Input, stave tube 1


(2)
Output, stave tube 1 or Input, stave tube 2


(3)
Output, stave tube 2
exhaust (control function)


(4)
Output, stave tube 2 exhaust (reserve sensor for control function)


(5)
Exhaust Remote (control function)

(7) Exhaust Remote (reserve sensor for control function)

SUBTOTAL:

360 NTC sensors
PIDs in LMB controllers for flow control:





(1 per E-LMB analog output channel)

60

PIDs in LMB controllers for boiling pressure control (OPTIONAL)

(1 per E-LMB analog output channel)

60

Pressure measurement (upstream of capillary)




(1 per E-LMB analog input channel)

60

Pressure measurement (exhaust)

(1 per E-LMB analog input channel)

60
Numbers of LMB Channels Required for ATLAS SCT Detector Cooling System

This is considered independent of sensors on silicon detector modules themselves.

SCT Barrel:

Layer 3 : 8  4-fold circuits of 2 +2 staves in series/parallel 16 inputs, 8 outputs

Sensors (NTC) on or near on-detector structure per circuit 

(1 per E-LMB analog input channel)

(1) Input, stave tube 1,1

(2) Input, stave tube 2,1

(3) Output, stave tube 1,1 or Input, stave tube 1,2

(4) Output, stave tube 2,1 or Input, stave tube 2,2

(5) Output, stave tube 1,2 exhaust (control function)

(6) Output, stave tube 1,2 exhaust (reserve sensor for control function)

(7) Output, stave tube 2,2 exhaust (control function)

(8) Output, stave tube 2,2 exhaust (reserve sensor for control function)

(9) Exhaust Remote (control function)

(10) Exhaust Remote (reserve sensor for control function)





SUBTOTAL:

80 NTC sensors

PIDs in LMB controllers for flow control:





(1 per E-LMB analog output channel)

16

PIDs in LMB controllers for boiling pressure control (OPTIONAL)

(1 per E-LMB analog output channel)

8

Pressure measurement (upstream of capillary)




(1 per E-LMB analog input channel)

16

Pressure measurement (exhaust)




(1 per E-LMB analog input channel)

8

Layer 4 : 10  4-fold circuits of 2 +2 staves in series/parallel 20 inputs, 10 outputs

Sensors (NTC) on or near on-detector structure per circuit 

(1 per E-LMB analog input channel)

(11) Input, stave tube 1,1

(12) Input, stave tube 2,1

(13) Output, stave tube 1,1 or Input, stave tube 1,2

(14) Output, stave tube 2,1 or Input, stave tube 2,2

(15) Output, stave tube 1,2 exhaust (control function)

(16) Output, stave tube 1,2 exhaust (reserve sensor for control function)

(17) Output, stave tube 2,2 exhaust (control function)

(18) Output, stave tube 2,2 exhaust (reserve sensor for control function)

(19) Exhaust Remote (control function)

(20) Exhaust Remote (reserve sensor for control function)





SUBTOTAL:

100 NTC sensors

PIDs in LMB controllers for flow control:





(1 per E-LMB analog output channel)

20

PIDs in LMB controllers for boiling pressure control (OPTIONAL)

(1 per E-LMB analog output channel)

10

Pressure measurement (upstream of capillary)




(1 per E-LMB analog input channel)

20

Pressure measurement (exhaust)





(1 per E-LMB analog input channel)

10

Layer 5 : 12  4-fold circuits of 2 +2 staves in series/parallel 24 inputs, 12 outputs

Sensors (NTC) on or near on-detector structure per circuit 

(1 per E-LMB analog input channel)

(21) Input, stave tube 1,1

(22) Input, stave tube 2,1

(23) Output, stave tube 1,1 or Input, stave tube 1,2

(24) Output, stave tube 2,1 or Input, stave tube 2,2

(25) Output, stave tube 1,2 exhaust (control function)

(26) Output, stave tube 1,2 exhaust (reserve sensor for control function)

(27) Output, stave tube 2,2 exhaust (control function)

(28) Output, stave tube 2,2 exhaust (reserve sensor for control function)

(29) Exhaust Remote (control function)

(30) Exhaust Remote (reserve sensor for control function)





SUBTOTAL:

120 NTC sensors

PIDs in LMB controllers for flow control:





(1 per E-LMB analog output channel)

24

PIDs in LMB controllers for boiling pressure control (OPTIONAL)

(1 per E-LMB analog output channel)

12

Pressure measurement (upstream of capillary)




(1 per E-LMB analog input channel)

24

Pressure measurement (exhaust)





(1 per E-LMB analog input channel)

12

Layer 6 : 14  4-fold circuits of 2 +2 staves in series/parallel 28 inputs, 14 outputs

Sensors (NTC) on or near on-detector structure per circuit 

(1 per E-LMB analog input channel)

(31) Input, stave tube 1,1

(32) Input, stave tube 2,1

(33) Output, stave tube 1,1 or Input, stave tube 1,2

(34) Output, stave tube 2,1 or Input, stave tube 2,2

(35) Output, stave tube 1,2 exhaust (control function)

(36) Output, stave tube 1,2 exhaust (reserve sensor for control function)

(37) Output, stave tube 2,2 exhaust (control function)

(38) Output, stave tube 2,2 exhaust (reserve sensor for control function)

(39) Exhaust Remote (control function)

(40) Exhaust Remote (reserve sensor for control function)





SUBTOTAL:

140 NTC sensors

PIDs in LMB controllers for flow control:





(1 per E-LMB analog output channel)

28

PIDs in LMB controllers for boiling pressure control (OPTIONAL)

(1 per E-LMB analog output channel)

14

Pressure measurement (upstream of capillary)




(1 per E-LMB analog input channel)

28

Pressure measurement (exhaust)





(1 per E-LMB analog input channel)

14
18 disks of 4 quadrants each: 

14 disks with 3-fold circuits on quadrants (3 inputs, 1 output)

 168 inputs, 56 outputs

Sensors (NTC) on or near on-detector structure per circuit 

(1 per E-LMB analog input channel)

PER QUADRANT

(41) Input, circuit tube 1

(42) Input, circuit tube 2

(43) Input, circuit tube 3

(44) Output, circuit tube 1 exhaust (control function)

(45) Output, circuit tube 1 exhaust (reserve sensor for control function)

(46) Output, circuit tube 2 exhaust (control function)

(47) Output, circuit tube 2 exhaust (reserve sensor for control function)

(48) Output, circuit tube 3 exhaust (control function)

(49) Output, circuit tube 3 exhaust (reserve sensor for control function)

(50) Exhaust Remote (control function)

(51) Exhaust Remote (reserve sensor for control function)





SUBTOTAL:

616 NTC sensors

PIDs in LMB controllers for flow control:





(1 per E-LMB analog output channel)

168

PIDs in LMB controllers for boiling pressure control (OPTIONAL)

(1 per E-LMB analog output channel)

56

Pressure measurement (upstream of capillary)




(1 per E-LMB analog input channel)

168

Pressure measurement (exhaust)





(1 per E-LMB analog input channel)

56
4 disks with single circuits on quadrants (1 input, 1 output)

 16 inputs, 16 outputs 

Sensors (NTC) on or near on-detector structure per circuit 

(1 per E-LMB analog input channel)

PER QUADRANT

(52) Input, circuit tube 1

(53) Output, circuit tube 1 exhaust (control function)

(54) Output, circuit tube 1 exhaust (reserve sensor for control function)

(55) Exhaust Remote (control function)

(56) Exhaust Remote (reserve sensor for control function)





SUBTOTAL:

80 NTC sensors

PIDs in LMB controllers for flow control:





(1 per E-LMB analog output channel)

16

PIDs in LMB controllers for boiling pressure control (OPTIONAL)

(1 per E-LMB analog output channel)

16

Pressure measurement (upstream of capillary)




(1 per E-LMB analog input channel)

16

Pressure measurement (exhaust)





(1 per E-LMB analog input channel)

16
TUBE BUNDLES

The assumption made is that each tube bundle has active insulation over the ~30 metres between PPB3 and PPB1 which is divided into 5 zones as follows :

(1) PPB1 to end of ID volume

(2) End of ID volume to PPB2

(3) PPB2 : PPB3 in 3 stages

Each zone of each bundle is assumed to have four temperature sensors : two for monitoring and two for control purposes. These require PID activity to control the active insulation heaters.

Service Bundle inventory

Layer


Cooled Supply/end

Exhaust /end 

 Totals

Pixel B layer


4(3 tubes)

4(3 tubes)

8 (3 tubes)

Pixel layers 1,2

8(3 tubes)

8(3 tubes)

16 (3 tubes)

Pixel disks


4(4 tubes)

4(4 tubes)

8 (4 tubes)




4(3 tubes)

4(3 tubes)

8 (3 tubes)

SCT layers 3-6

2(11 tubes)

2(5 tubes)

4 (11,5 tubes)





2(11 tubes)

2(6 tubes)

4 (11,6 tubes)

SCT Disks


4(11 tubes)

4(5 tubes)

8 (11,5 tubes)





4(11 tubes)

4(4 tubes)

8 (11,4 tubes)



Total No bundles : 64



No Zones (64*5) : 320




No Sensors (64*5*4) : 1280





No PID controllers (64*5) : 320

Immediate requirements (Oct 00 (early 2001)

for E-LMBs and DAC add-ons (from NIKHEF)

Evaporative Cooling Demonstrator Requirement 

(A prototype circulator/E-LMB-based DAQ

System for SCT assembly site 1 [Oxford, mid 2001])
Phase (2) Requirement


Analog In
E-LMBs 
E-LMB DACs


SCT 4-folds


=  
174

3


Pixel staves (16* 6 sensors) 
=
96

1.5


SCT Circuits
(6 * 10)
= 
60

1


Pixel circuits   (8 * 6) 
=
48

3/4


Tube bundles (assume 6)
=
120

2


Pressures (SCT)

=
18

1/4


PIDs (SCT)


=
18



4.5

Pressures (pixels)

=
16

1/4


PIDs (pixels)


=
16



4


Other structures

=
128

2





TOTALs


11

8.5+
+  Assumes 4 DAC add-ons, developed by NIKHEF, can be supported from one E-LMB mother-board. DAC added-on E-LMBs are subset of total E-LMB requirement.

PVSS2 Development licenses :

(1) October 2000 for CERN lab (Paer Hammarstedt)

(2) CPP Marseille (early 2001) (Greg Hallewell)

(3) Wuppertal (Kersten, October 2000)

Possible Oxford SCT layer 6 Requirement
(NOT OFFICIAL : NOT CHECKED WITH 

SCT COMMUNITY (Brenner/Wastie):

BUT POSSIBLY REALISTIC)

Assumption : Oxford need E-LMBs to test SCT layer 6 (r=60 cm) mid 2001, and that


SCT modules (12*4*14)  
= 
672

10.5


Circuit Sensors (10*14)
= 
140

2.25


Pressures (SCT)

=
42

0.75


PIDs
(SCT)


=
42



10.5+




TOTALS


13.5

10.5

+  Assumes 4 DAC add-ons, developed by NIKHEF, can be supported from one E-LMB 

mother-board. DAC added-on E-LMBs are subset of total E-LMB requirement.

PVSS2 Development licenses :

(1) October 2000 (needs input from Roy Wastie/Oxford)

