¢ Brookhaven

National Laboratory
BNL-102030-2014-TECH
AD/RHIC/118;BNL-102030-2013-IR

RHIC Detector Beam-Pipe Pressure in Time

K. M. Welch

February 1993

Collider Accelerator Department
Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



BNL-48660
AD/RHIC~118

Informal Report

RHIC Detector Beam-Pipe Pressures in Time

Kimo M. Welch

February 1993

RHIC PROJECT

Brookhaven National Laboratory
Associated Universities, Inc.

Upton, NY 11973

Under Contract No. DE-AC02-76CH00016 with the
UNITED STATES DEPARTMENT OF ENERGY



RHIC DETECTOR BEAM-PIPE
PRESSURES IN TIME

Kimo M. Welch
February 14, 1993

ABSTRACT

The pressures in baked an unbaked experimental beam-pipes are calculated
as a function of time. These results exclude gas impact desorption effects
stemming from, for example, species created by the colliding beams. Three
general cases have been calculated: Case #1: an unbaked system cryop-
umped by the 4.2° K apertures of the D0 magnets; Case #4: an unbaked
system pumped by the 4.2° K apertures of the DO magnets, and with a 10,000
Z/sec LHe cryopump located proximate to the DX magnets in the DX to D0
beam pipes; Case #6: baked beam pipes pumped by the 4.2° K apertures of
the DO magnets and sputter-ion pumps (i.e., SIPs), with non-evaporable
getters (i.e., NEGs), bracketing the experimental beam-pipes. The infinite
combinations of non-simultaneous system pumpdowns have been excluded as
they are impossible to enforce or predict in the heat of operation.



INTRODUCTION

System dimensions from the DO magnets to the Star Detector center are given
in Fig. 1. It is assumed that the dimensions of all detector beam pipes will be
similar. It can be shown that Fig. 2 has an exact vacuum correspondence
with Fig. 1. This circuit analogy simplifies calculations. The locations of
hardware in Fig. 2 are defined by circle-n, where n is some integer.

Several pumping and baking possibilities were explored. These are
summarized in Table 1. In all cases, it is assumed that Pipes 3 and 4, includ-
ing associated bellows, are vacuum fired at ~950° C prior to installation. This
serves to reduce problems associated with high H2 outgassing into the
cold-bores.(*

Cases involving the in situ baking of, for example, pipes 4 & 5, without the
baking of Pipes 1 & 2, are discarded (i.e., a half-baked system is an unbaked
system). Also, the use of SIPs and NEGs in unbaked systems at Locations 9,
will cause problems as, once these pumps are contaminated by the unbaked
system gases, their base pressures will become prohibitively high.

Dimensions of Pipes 1 & 2 of Fig. 2., are much smaller than those of Pipes
3 & 4. Because of this, pumping at the detector pipe is somewhat conduc-
tance limited. To facilitate interested readers (e.g., detector technologists)
making similar calculations, the mathematical procedure will first be dis-
cussed. Then, the results noted in the abstract will be given.

THE ARITHMETIC

The pressure in any long outgassing tube is given by:(2 »3)

7 4(t)
P = P, ———— (242 -x2 1
2 o @ x) @
where, P, = the pressure in Torr, at location x,
P = the pump pressure, in Torr.
f = the length of the pipe from the pump, cm,
x = distance along the pipe from the pump, cm,
g(t) = the outgassing rate in time, Torr-Z£/sec-cm?2,
D = the diameter of the pipe, cm,

k = a constant of proportionality; 12.3 Z/sec for CO;
459 Z/secfor H2;15.3 £/sec for Hz2 O.

Outgassing from a smooth, unbaked, clean metal surface follows the equation
q (t;) ~ q, x(¢, /t,)), where n is the number of hours into pumpdown, and ¢
is the outgassing rate at £, = 1 hour. The value q(500) ~ 2.5 x 10°!
Torr-Z /sec-cm? .(3) In a long tube having different cross sections along the
length, "Pp" must be solved for at different locations along the tube.
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For example, in Case #1, the pump comprises the apertures of the DO
magnets. Referring to Fig. 2,

Pp1o =045, @

where, O, _, = the outgassing of pipes 1 thru 4, Torr-£/sec,
and, §,, the cryopumping speed of the D0 apertures, Z/sec.

The pressure at Location 8 is the superposition of the pressures stemming
from (1) relating to Pipe 4 (excluding P,) and the AP along Pipe 4 from the
outgassing of Pipes 3 thru 1. With these data, we calculate "P, g '» Which is the
equivalent of a pump pressure at Location 8. We thus defﬁle the pressure
profiles along the pipes of various lengths and cross sections. Solving for the
integral of (1) for each pipe, and the average of the AP for that pipe, we
progress down the pipe until finally reaching P, of Fig. 2.

When locating pumps at various locations along the pipes, things are a
little more complicated. Assume, for example, that a pump is placed at
Location 8. In this case, (1) must be applied in both directions from Location
8, and also from the DO0-aperture cryopump. This leads to some simultaneous
equations describing the system asymmetries. That is:

SgPg =q, D,y +0Q, . 3
g, ©y?
Py =P, + —" )
; 2D, 2
Si0P10 =4,7D,x )
q, ®x?
Py =P, +—— ©)
2D, ?
L, =x +y @)

Pressure Py is the location in Pipe 4 where dP/dx = 0 (i.e., at location x).

RESULTS OF CALCULATIONS

Case #1 results, are given in Fig. 3. They apply to the STAR detector system.
The unbaked system is cryopumped by the 4.2° K apertures of the D0
magnets. Outgassing rates for clean, unbaked stainless steel surfaces are
given elsewhere.\3 ) Gas species proportions, after 500 hours of pumping, are
given in Fig. 3.8) I all components of the system undergo high temperature
vacuum firing prior to installation, the H2 partial pressure would be at least
x 15 lower. However, this will probably not be possible for Pipes 1 & 2.



Case #4 results are also given in Fig. 3. In this case a 10,000 £/sec LHe
cryopump is placed at Location 8. At all times the average pressure in the
beam pipe from DO to the center of the detector is improved by x6.45, and
that of the experimental beam pipe by x3.25 on using the cryopump at
Location 8.

For Cases #6a & #6b it was assumed that the H2 outgassing rates of
Pipes 3 & 4 were 2x 107! 3 Torr-£/sec-cm?. For Case #6a is was assumed
that the H2 outgassing rates of Pipes 1 & 2 were 1x 107! 2 Torr-£/sec-cm?.
For Case #6b, assumed H2 outgassing rates of Pipes 1 & 2 were 5x 1071 2
Torr-Z/sec-cm? . In both cases, it is assumed that all parts were in situ baked
at ~250° C for 48 hours. In Cases #6a & #6b, a 300 £/sec, combination SIP
and NEG is located on the detector side of Valve 9. A small holding pump,
at Location 8, pumps Pipes 3 & 4 when valves 9 & 10 are closed. Results,
about 48 hours after an in situ bakeout of Pipes 1 thru 4, are as follows:

Average Hz pressure from D0 magnet entrance to detector center:
Case #6a: 19x 10°* ° TorrHz,
Case #6b: 83x 101 © Torr Ha.

Average H2 pressure in the six meters of experimental beam pipe:
Case #6a: 54x 10710 Torr Haz,
Case #6b: 25x 10°° Torr Hz.

The gases CH4 , CO and CO2 in total will comprise s 10% that of Hz2.
CONCLUSIONS

Pressures many orders in magnitude are quickly gained by vacuum baking
systems leading to and including experimental regions. Data for Cases #1 &
#4 are the very best results to be expected without some sort of glow discharge
cleaning. In all cases, the presence of organic contaminants in any of Pipes 1
thru 4 will be most detrimental to the average pressures in these regions. The
Blears Effect can often make such contaminants undetectable to all but the
beam at room temperature.
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Table
PIPES
3, 4, & 5
NOT BAKED
BAKED
BAKED
NOT BAKED
BAKED
BAKED
NOT BAKED
BAKED
BAKED
NOT BAKED
BAKED
BAKED

Pump No.
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PIPES
1 &2

NOT BAKED
NOT BAKED
BAKED
NOT BAKED
NOT BAKED
BAKED
NOT BAKED
NOT BAKED
BAKED
NOT BAKED
NOT BAKED
BAKED
H2 Speed
L/sec

300
2000

PUMP AT
9

NO
NO
NO
YES
YES
YES
NO
NO
NO
YES
YES
YES
H20 Speed
L/sec

300
10700

PUMP AT
8

NO
NO
NO
NO
NO
NO
YES
YES
YES
YES
YES
HOLDING

DETECTOR

STAR
STAR

PHOENIX, et

STAR
STAR

PHOENIX, et

STAR
STAR

PHOENIX, et

STAR
STAR

PHOENIX, et
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Case 1
Little
Case 2
Pump 9
Pump 9
Case 3
Case 4
Little
Case 5
Pump 9
Little

Case 6

Value

Problem

Problem

Value

Problem

Value



Figure 1. Vacuum hardware parameters from DO magnet to experimental area.
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Figure 2. Vacuum equivalent of hardware from D0 magnet to experimental region.
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Figure 3. Average pressure in
experimental beam pipe, and
in accelerator from entrance
to DO magnets to center of

experimental beam pipe.

Case #1: Cryopumped only by
DO apertures.

Case #4: Additional pumping of
10,000 L/sec cryopump at DX.
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