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 Physics motivation for vacuum

» Design of CKM and veto system

» Outgassing and pumping measurements
* Preliminary vacuum design
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7.5.3 DBeam Gas Interactions

An interaction of a K1 with residnal gas in the vacmun decay volime can prodoee a w1 that, [alls
Inlo e aceeptance of the CEM detector. Verlex guality ents will nol assist In rejecting these
events. The best protection, of course, Is a good vacuium, We assimne 10 “torr, which has been
achireed In KTeV, Any such Interaction will also prodice other observable pacticles, and niost boeaom
gas Inleractlons can be rojecled on that basis,
The K interaction longth in altoal 1 ato is about 470 m, so at. 10 % torr i is smaller by a [actor
al 10 "/760 — 1.3 % 10 7, Hence, the interaction probability in 30 m is
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(1A s 10 (—

— | — & 10 77, (23]
4750 ’

We have simulated 12,000 heam gas inleractions, nsing TRITIOL fo generale K inferactions
that, produce a 7! with p > 14 GeV, OLall K interactions in TRITIOT . 2.0% prodice suchoa ol
The literactions are geocraled Oat In s betwoeern the last vacnimmn teaclker and the et sleaw Leacker,
The evrnls are subjeeled 1o the standard euts, with 70 passing,  Also, 48% ol the Inleractions
produce 7°s [or which the volo probabilily s elleetively nnily, The ellective hranching ratio of this
background 1s then:
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We consider 1his 10 be a conservatlbve tpper lindl sionee chatged hadeons [rom Deam gas inleractions
will alse bee naed (o el

7.6 Accidental Background Sources

By accidentals background we mean any process by which lwo beam particles consplre 1o lake
K — 7'y, The two beam particles must be close In time, yol one must go nndetecled, Both K
and 7! will be detected by the heam RICIT as well as the heam teackers, so the o priovi probability
is amall for conditions 1o cxist for an accidental background event {0 oeenr, Eyven il a K or 7!
enters the decay voliime indelocted, there Is o problem nnless it decays, [Da ol decays, it almost.
always prodices a nuton, lor which CEM has enormons rejection. The detected K moast also decay,
siner we will vele events with beam particles In-time with &' — 7 17 candidates, We can project,
the ] trajectory [rom the beam vaciuim trackers 1o the seintllating liber Lracker which spans the
beam and make a reguirenent thal no beam particle consistend with a non-decayed & appear.
Ewen il the selntillatisg Gher teacker sillers sone lowel of inellicicney, thie Charged Velo Dlane will
also hiwve a sholoal I, mealdong g contplele miss ndilely,

This we are led 1o conclinde two K decays are the moest plasible candidate accidental back-
gronnd, To be onlside the scope ol prior estinates, the ovenl misst beconlitsed by associating the 7!
[rom one decay (1he nndetected K with the the detected K, whose decay prodicts must escape
completely nnnoticed. One can imagine a K1 — ply, decay where the muon is very low-energy In
1the laboratory, Then the undelecled K shodd decay via K = ol 7% ar K = 7l ala inorder
1o provide a m! randidate, Oowever, one can see [rom ligire 3 that K = 7 'xls cannol prodice
an! with p > 14GeV, so we will locws on & = 2! g%,

So, we need: (1) the probabilily of detecting only one of lwo K ''s that enler CKM close in
Lirie, (2] the probability that one will decay with no obaeeved prodiucts, and (37 the probability that,
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MATERIAL IN VACUUM:

- 34 VV S modules of 2 different sizes
-4 mlong BIVS system

- 29 layers of straw tubes

- 2 Kevlar/mylar windows

10000



Each VVS moduleis 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 moduleis:

- 1280 scintillator ‘tiles

- 5x 10° cm3volume

- 2 X 10°% cm? surface area

A large module has about 20% more
scintillator.

Total volume of asmall VV'S vacuum
tank is about 3 cubic meters.









Outgassing rates were determined by 2 groups at Fermilab:

Material Outgassing rate for 1 tile (1600 cm?)
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
L ead 1.3 E-9 Torr-L/sec

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

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




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 a2 O-ring design,
then diffusion of gas through the
extra 2000 O-rings would
demand on the order of 4 more
TMP's




77, Window design:
PLanGE - Kevlar primary
ﬁ\ﬂ - Mylar secondary
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UPSTREAM VACUUM VETO SYSTEM
Crmcepinal Layout of ¥ acuum Pumping System
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The illustrations above assume a hybrid vacuwm system consising of turbo molecular
pumps (TP) and eryo pumps (CP) which require compressors {CME},

The Alcatel model | 600 is one possible TP choice for this svsiem, If chosen,
approximately 20 are required including those designated for the DMS region.

A possible cryo pump choice is the Levbold 3000, Tf chosen, six would be needed,



*Are magnetically levitated (require <15 mT magnetic field)

*Clean and dry

Frictionless, requires no grease
*Maintenance free on clean processes

Failure Modes:

Normal Shutdowns - unlimited

*Power Failures
*Slow Burst
«Catastrophic Burst

ALCATEL PUMP OVERVIEW
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Pumping
Speed, N2

Rotational
Speed

Vibration
Leve

Mounting
Orientation

Start-up time
Cost per Kit
*

Cost per
L/sec N2

Cost to
Repair **

Model ATH
1600 M

1500 L/sec
nominal

39,000 rpm /
650 Hz
0.01m

any

<6 min.
$25K

$16.67

$ 3400

Model ATH
2300 M

2100 L/sec
nominal

31,000 rpm/
517 Hz
0.01m

any

< 10 min.
$35K

$16.67

$ 7500



VVS Design || Vacuum System Cost Estimates
for 50/80 Filling Fraction

VACUUM SYSTEM

SYSTEM COS8T

CO8T-$0P

Citfusion Pump System
(2} 50.000 Lis DP's
(7) 12,000 /s DP's

Includes:

LN2 Systemn

Water Cooling

[nstrumentation

Roughing System

Controls

$ 590K

0

Turbo + Cryo Pump Systemn
{14} Alcatel Model 16800 TMP's
(4) Leybold Coolvac 3.0 CP's

Includes:

Water Cooling

Instrumentation

Roughing System

Controls

Gate Valves
for TMP's &
CP's

$ 680K

$100K

Gate Valves
tor CP's only

§ 642K

$52K

Turbo + Cryo Pump Systemn
(7) Leybold Model 3200 TMP's
{4) Leybold Coolvac 30 CP's

Includes:

Water Cooling

[nstrumentation

Roughing System

Controls

Gate Valves
for TMP's &
CP's

$ 651K

61K

Gate Valves
tor CP's only

612K

$22K




