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• Physics motivation for vacuum 
• Design of CKM and veto system
• Outgassing and pumping measurements
• Preliminary vacuum design

Real experts:
Del Allspach (allspach@fnal.gov) – CDF vacuum engineer
Cary Kendziora (clk@fnal.gov) - PPD vacuum group leader
Andrew Szymulanski (szymulanski@fnal.gov) - PPD mechanical engineer
Eileen Hahn (ehahn@fnal.gov) - Head of vacuum deposition





MATERIAL IN VACUUM:

- 34 VVS modules of 2 different sizes 
- 4 m long BIVS system
- 29 layers of straw tubes
- 2 Kevlar/mylar windows



Each VVS module is half filled with a 
stack of  80 layers of 5 mm scintillator 
and 1 mm lead.  There are 16 sections of 
scintillator in each layer.

Total amount of scintillator for a small 
VVS module is:

- 1280 scintillator ‘tiles’
- 5 x 105 cm3 volume
- 2 x 106 cm2 surface area

A large module has about 20% more 
scintillator.

Total volume of a small VVS vacuum 
tank is about 3 cubic meters.







If these rates scale, then total pumping speed required for 
outgassing rate from scintillator is on the order of:

(5 x 10-6 Torr-L/s) x (40,000 tiles)    =   200,000 L/s
10-6 Torr

Outgassing rates were determined by 2 groups at Fermilab:

Material Outgassing rate for 1 tile (1600 cm2)
Bicron 404                    4.7 E-6 Torr-L/sec
IHEP scint                    8.5 E-6 Torr-L/sec
Tyvek 1060                   8.1 E-9 Torr-L/sec
Lead                              1.3 E-9 Torr-L/sec 



However, rate of rise measurements on the 2 sector 
prototype have shown a significantly lower outgassing 
rate for a stack of 160 Bicron 404 tiles:

Rate of rise of VVS prototype
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Outgassing rate = (38E-6 Torr) x (600 L) / (30)(60) sec = 1.3 E-5



Proposal for PMT window on 
vacuum vessel and connection to 
fibers:
- Machined steel housing
- Plastic window with O-ring
- Conflat flange where housing 

meets vacuum vessel 

Prototype used a Delrin housing 
with a glued window and O-ring 
(instead of conflat).  One glued 
window failed and had to be 
reglued

If you use a 2 O-ring design, 
then diffusion of gas through the 
extra 2000 O-rings would 
demand on the order of 4 more 
TMP’s 



Window design:
- Kevlar primary 
- Mylar secondary 

isolating a rough-
pumped buffer

Required thickness for 
some window materials:

Material Thickness (mils) λ (x10-3)
Al 6061                   45                      13
Ti 15-3                    10                        7
Be SR-200              45                        3
Kevlar                     23                        3





ALCATEL PUMP OVERVIEW
D. Allspach

6/11/03

•Are magnetically levitated  (require < 15 mT magnetic field)
•Clean and dry
•Frictionless, requires no grease
•Maintenance free on clean processes

Model ATH 
1600 M

Model ATH 
2300 M

Pumping 
Speed, N2

1500 L/sec 
nominal

2100 L/sec 
nominal

Rotational 
Speed

39,000 rpm / 
650 Hz

31,000 rpm / 
517 Hz

Vibration 
Level

0.01 m 0.01 m

Mounting 
Orientation

any any

Start-up time < 6 min. < 10 min.

Cost per Kit 
*

$ 25 K $ 35 K

Cost per 
L/sec N2

$16.67 $16.67

Cost to 
Repair **

$ 3400 $ 7500

Failure Modes:
•Normal Shutdowns  - unlimited
•Power Failures 1000
•Slow Burst                      5 +
•Catastrophic Burst < 5




