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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, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



THE RHIC WARM-BORE SYSTEMS
Kimo M. Welch

I. Introduction

Pressure profiles, in time, arc calculated as a consequence of anticipated outgassing of various
beam components (e.g., rf cavities, etc.) and warm-bore beam pipes. Gold beam lifetimes and
transverse beam emittance growth are given for calculated average pressures.! Examples of
undesirable warm-bore conditions are presented such as contaminated experimental beam
pipes and warm-bore magnets (i.e., DX). These examples may prove instructive.

The methods used in making these calculations are presented in Section II. They are
applicable to all linear systems. The calculations given apply to the RHIC accelerator (ie., Fig.
1), and more specifically to warm-bore regions of the machine as represented in Fig, 2.

II. Method of Making Calculations
II.1. Long-Tube Equations with System Asymmetries.

The speed of a pump, Sp, can be expressed by the equation: 2

Sp = Spax(l =Py/P) M
Smax = the maximum pump spced, /s,
P, = the base pressure of the pump, Torr,

and, P = the operating pressure, Torr,

and, we assume that for all cascs examined, P > > P,

Assume that a beam pipe has the dimensions as shown in Fig, 3A, and that the beam pipe is
subtended by pumps. Assume that pump speed S, is zero, and that there is no outgassing

from this pump. The pressure profile along the pipe which stems from uniform pipe outgassing
is given by:3

P(x) = Ppo + (mq/2kD?) (2Lx = x?), 2)
X = some distance along the pipe, cm,
D = pipe diameter, cm,
L = pipe length, cm,
q = unit outgassing, Torr-£/s-cm?,
k = 12.1 (28 8/m)%,
m = the molecular weight of the gas specics,
and, Pp0 = the pressure at S,

Il

(qmDL)/S,,.
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Figure 3A.




The average pressure in the pipe is merely:

L
Pag = (L) [ PO dx,
(o]

1

nq[(DL/S,) + (L?/3kD?2)] 3)

If the first term in brackets in (3) is much smaller than the second term, the system is termed
"conductance limited". This means that increasing the value of S, will be of little benefit in
decreasing the average pressure. The opposite of conductance limited is called "speed limited".
Examples of these limits will be clearly evident in some of the cases to be presented.

Assume now that §; = S, = 0. By inspection, it is evident that dP/dx = 0 at x = L/2,
and one can easily solve for the average pressure. What if S; = S,,and S, S, = 0? Thereis
some place along the beam pipe, at x = £, where the net flux of gas is zero. Using (2) and
setting P(£) = P(L = £), the value of £ is found to be:

[(DL/S,) + (L?/2kD?)]
2 = 4
(D/Sy) + (D/S,) + (L/kD?)]

Knowing the value of £ permits one to calculate P(x), P, and Pavg. over the length L.

II.2. More General Application

The more general case is illustrated in Fig. 3B. In this case there are three pumps positioned
along three manifolds of conductances C, ,, C, ,, and C, ;. There are four sources of
outgassing along this manifold: outgassing from pipes of lengths L, ,L, ,, L, ,,and outgass-
ing Q,, at location 2. Q, might be the total outgassing from some lumped source (e.g., an rf
cavity).
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The principle of "lincar superposition” must be invoked to solve this problem. This simply
means that one calculates the pressure profiles along the entire manifold stemming from cach
outgassing source and then adds them to get the total pressure profile from all sources.

Let us first calculate the pressure profile stemming from L, , outgassing. Define Sij as
the pump speed at j stemming from all pumps from locations i through j. Clearly,

So2 =[S01 Ci2 /g, +Cy )l &)

Knowing the speed produced at each end of pipe L, ,, and the dimensions and
outgassing rate of this pipe, (4) is invoked, and then (3) to find the average pressure
along L, ;. Using (4) an cquivalent £, , is found, from which is calculated that
portion of gas from L, , which passes through L ,, to the left. One may then
calculate the lincar pressure profile along L, ,, stemming from the outgassing of
2, ,,defined as Q(4 5 3)- The pressure at location 1 ductoQ(£ , ), is:

Pi(25)8 QW ,4)/8, -



Gas from £ , . which is pumped by $,, is simply: P, (£, ,)xS,. The rest of the gas,
QM ,4)-P,(£,,)xS,,coursesondownL ,etc.

Gas source Q,, results in lincar system pressure gradients. The pressure at location 2 as
a function of Q,, is:

Gas traveling to the left from Q,, is simply P, (Q,)xS, ,, etc. The above covers all possible
scenarios in a linear system. It is helpful to note that there is an exact correspondence between
vacuum calculations and linear circuit theory.*

I1.3. Simplification of Geometries.

There are times when it is not necessary (o calculate pressures along cach segment of a varying
conductance, but rather to determine only the average pressure for the total system, assuming
uniform outgassing rates. For example, assume a manifold with conductances C,, ,, C, , and
C, 4, of Fig. 3C, where dimensions L;;, D;: € C;i. We want to calculate an equivalent conduc-
tance, C 5, from which we may then cagculatc the desired average pressure. To do so, we
merely solve the following (wo simultancous equations:

Cos =C01C12C23/(C01C12+C01C23+C12C23)’
Ags =Ag, tA , H A,
where, Aij = the area of conductance Cij'

We may make similar simplifications of branching circuits such as exist between magnets DX
and DO, shown in Fig. 2. Proof of the system equivalency is left to the reader.
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I1.4. Optimum Warm-Bore Geometry.

Assume a system as depicted in Fig. 3A, where the spacing between the pumps is fixed. What

is the optimum beam pipe diameter for a given pump size? Setting dPavg/dD of (3) to zero, we
find that:

D = (SL/3k)!/3 . (6)
The warm-bore sections between the all-metal gate valves subtending the Q3 and Q4 magnets,

are ~34 min length (e.g., see Fig.2). Set 34 m = 6x, place the first pump at x, and space each
pump 2x apart. With 8 cm ¢ and 12.3 cm ¢ beam pipes, the optimum pump speeds would be:



GAS PIPE DIA. APPROX.

SPECIES cm SPEED Z/s
H, 8.0 124
cO 8.0 33
H, 123 452
cO 123 121

Note that the beam pipe outgassing rate doesn’t appear in (6). Also, the 8 cm ¢ beam pipe is
more forgiving, in terms of required pump size, than the larger pipe with pumps spaced as
indicated.

ILS. Definition of Component Relative Cleanliness

Component cleanliness is a relative term. Outgassing from stainless steel surfaces will be
approximately as follows:

Table 1. Representative Component Outgassing Rates

TREATMENT Oulgassing - 10! 3 Torr-£/s-cm?
. H, H,0 CO CoO,
Clean, Unbaked, 500 h pumping: 76 114 33 23
After a 100 h, 100 C bake: 75 31 34 06
After a 100 h, 200 C bake: 49 1.5 34 -
After a 300 C bakeout: 19 - 1.0 -
After a 925 C fire/300 C bake: <19 - <01 -
"Dirty" Model: 2500 2150 =50 =250

:Qhanging the temperature from 23 C to 35 C causes an increase of ~x3 in pressures.®
Changing the temperature from 23 C to 42 C causes pressure increase of ~x4.3
This might be termed a "half baked" system.

Figure 4 shows the average warm-bore H,, and CO pressures for the geometry discussed in
Section I1.4, and for given pump speeds and beam pipe outgassing rates. Referring to Table 1.,
we note that use of pumps with speeds of ~100 Z/s would not be adequate to meet the required
average pressures (i.e., ~3 x 107! © Torr) for systems baked only to 300 C. Therefore, either
pumps of much greater spced must be used, or the beam pipes must be vacuum fired at 925 C,
and then in situ baked. More will be mentioned in this regard. Examples of how outgassing

rates similar to those shown in Table I impact on Au beam life times and emittance growth will
be presented shortly.

107"

Figure 4. Average pressure in a beam
pipe of 12.3 cm ¢ and for pumps of
different speeds spaced at 13.3 m.

AVERAGE Hz & CO
PRESSURE - Torr

NV dRs N T
1o-14 10-18  qo-12  qp-11 1o 10

BEAM PIPE OUTGASSING RATE
Torr~L/sec—cm®




I1.6. Oil Contamination

An example of a seriously contaminated system is onc in which resides organic or silicone oils.
The problem with such contamination is that, due to the Blears effect,® one is unable to
observe the existence of large partial pressures of these oils. However, they may be present
and cause serious beam scattering or voltage breakdown problems in rf cavities. At room
temperature one may eventually observes a "footprint" or characteristic fractionating pattern of
the heavy oil molecules reaching some gas analyzer. Rarely, however, is the parent molccule
observed at the analyzer.

CERN initially had problems stemming from oil backstreaming during roughing, and
"dusting" in the SWCs (standing wave cavities).® To avoid this, we recommend that all warm-
bore equipment and manifolding in the RHIC systcm be sorption rough pumped. Also, when
making repairs which require venting, these components should be vented to dry nitrogen.

It is now evident that one possible source of warm-bore organic contamination will be the
cold-bores when at room temperature. It is not evident at this juncture how we will be able to
keep the cold-bore pipes clean. Of course, when the cold-bore pipes are at a temperature of
~4.3 K, contamination therein will be strongly cryosorbed. Therefore, a requirement has been
established wherein the valves isolating adjacent warm-bore and cold-bores will be automati-
cally closed in the event the temperature of the cold-bore exceeds 20 K.

III. RF Cavity Outgassing

All calculations leading to anticipated outgassing of the SWCs (standing wave cavities) came
from data provided in correspondences with H. Wahl and G. Englemann. of CERN. The
pressure of the SWC was measured in the pump during cavily age-in. Discussion of cavity
processing is given in reference 6. Briefly, the cavities are vacuum baked at ~140 C, ven-
ted to dry N, installed in the SPS ring, and evacuated and rf aged. The pumps comprise

combination TSP and SIP pumping. Pump pressure, in time, is shown in Fig. 5. Data are extra-
polated beyond ~300 h.
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The insct in Fig. 5 shows the proportions of amu 2 and 28 ~28 h into the age-in cycle. It was
assumed that these proportions remained the same in time. The amu 12 and 14 peaks sug-
gested that the amu 28 peak was mostly CQ). Brazed-in aperture plates serve as rf shiclds separ-



ating the SWCs from the pumps. The conductances of these aperture plates for CO and H,
are 474 Z/s and 1700 £/s respectively. A drawing of the pumps was obtained from the vendor
who supplicd the pumps to CERN. The TSP pumping surface area was determined from these
drawings. Knowing; this surface area, an intrinsic pump speed of ~6000 £/s and ~19,000 Z/s is
calculated for H,, and CO respectively.” From this and the data in Fig, 5, the pressurc in time
in a blanked-off SWC (i.e., with no other auxiliary pumping) was calculated, and is shown in
Fig. 6. All subsequent calculations stem from rf cavity gas throughputs based on these data.
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The surface arca of the RHIC accelerating cavities (ACs) is ~x3.2 that of the SWCs. Also,
whereas the SWCs are constructed of brazed OFHC Cu, the accclerating cavities will probably
be constructed of Cu, roll-bonded to mild steel, or Cu plated mild steel. It is reasonable to
assume that the outgassing of the ACs will be 2x3.2 that of the SWCs. It was assumed in
calculations involving the ACs that the apertures separating the cavities from their respective
pumps were sized identical to those of the SWCs.

IV. Experimental Areas without RF Cavities
IV.1. The Boundary Conditions

Cases explored included: 1) experimental beam pipes (EBPs) of varying beam pipe geometries;
2) the conscquences of "half baked" and "dirty" EBPs; 3) the consequences "half baked"
and "dirty" DX magnet beam pipes; and, 4) average pressures with pumps of specified speeds
and locations. These results are applicable (o all experimental areas.

The system configuration is schematically represented in the upper left hand corner of
Table Ifa. Conductance C,; is the equivalent conductance of a DX magnet combined with the
two beam pipes branching from the DX magnet into adjacent DO magnets. Speed S shown in
this figure, represents the pumping speed of the cold-bores of the DO magnets. This speed
varies, of course, depending on the gas species. Though the vacuum WBS includes only the use
of the two pumps §, the benefit of additional pumps So Sg and S, of varying speeds, was
explored. The speed of the S pumps is always that of the other nonzero pump speeds of the
respective groupings.

The length of the EBP, Ly, and its diameter, Dy, were also varicd, and with this variation
the length of L, was correspondingly varied.

Calculations were made for varying outgassing rates of the EBP, C,;j equivalent, and the
stainless stecl beam pipe. The various outgassing rates may be referenced to conditions
described in Table I. Though all stainless steel beam pipes may be vacuum fired at 925 C, as in
the next to last case in Table I, it was assumed that EBPs, because of the manner in which they
arc fabricated, may only be baked to 300 C.

-6-



Results of the 39 cascs calculated are given in Tables IIb and Ilc. For cach case, calculations
were made for only CO and H,, outgassing rates. In all cases to be presented, the partial
pressures of the heavier gases such as H, O and CO,, were assumed to be CO. The average
CO and H,, pressurcs in the actual EBP and from DO to DO, were calculated. The partial
pressurcs were combined in what is termed an equivalent H,, pressure, where this comprised
the sum of the H,, partial pressure and x 1.6 that of the CO partial pressure. From this results
beam life times were calculated assuming either: 1) conditions were applicable to one exper-
imental area and the rest of the warm-bore had average pressures of 51071 © Torr; or, 2)
results werc applicable to all experimental areas. Though calculated, the partial pressures of

CO and H,, are not shown in Tables IIb and Ilc. Rather, mercly their sums and the equivalent
H, pressure.

IV.2. Some Conclusions

A. Case #1 & #2 are out of specification for the machine, whereas Case #3 is well within
specification. (Note: because of beam component outgassing tolerances, the rest of the
warm-bore must have an average pressure of ~2x10° © Torr.)

B. Noted changes in the length and diameter of the EBP resulted in an improvement of at
best only ~x2.5 in the EBP average pressure, when not speed limited (e.g., Case #3 vs.
#6; #9 vs. #12.; or, #19 vs. #22), and absent a dirty EBP.

C. Changing the aspect ratio of the EBP is of little benefit with the use of four 100 Z/s
pumps. This implics being speed limited (i.e., Cases #13-14 vs. #16-17).

D. Though results are not shown, the pump S, had little cffect on average pressures.

E. Cases #8 & #11 show that we may avoid vacuum firing all stainless steel beam pipes at
925 C if we increase the speed of the S pumps from 100 Z/s 1o 1000 £/s. This implies that
we revert to the use of TSP pumps rather than NEGs. Obtaining this same results by
increasing the number rather than size of pumps, as in Case #14, is fiscally unattractive.

F. Cascs #1 & #2 vs. #7 & #8 arc good examples of a conductance limited system.
Though the speed of the pumps was increased by x 10, the average pressure of the system
decrecased by only ~x2.

G. Cascs #24-27 arc examples of a dirty EBPs. For all of these cases the problem can only
be remedicd by the use of additional pumps and changing the EBP aspect ratio (i.c.,
Cases #24 vs. #27). For both Cases #24 & #25, ti ¢ EBP partial pressures of H,, vs. CO
are in proportions 0.59:1. Even in Case #27, they are in the proportion 1.5:1.

H. Cascs #28-31 are examples of half-baked EBPs. That is, they have been baked at
~100 C for 100 h. Nonc of these cases provide average pressures within the specification,
suggesting the more favorable EBP aspect ratio is required.

I. Cases #32-39 graphically illusirate the need for the thorough baking of the DX and
DX-D0 beam pipes. Again, Cases #32-35 are for dirty DX magnets, whercas Cases
#36-39 arc for half-baked DX magnets. Neglecting, effects on beam life times, detector
noise from gas scattering would be prohibitively high under these circumstances. Also, it
could prove necessary for vacuum controllers to be remotely located because of high
radiation stemming from beam collisions with gas.®



V. 4:00 O’clock Experimental Area, with SWCs
V.1. Boundary Conditions

The system configuration is schematically represented in Fig. 7 and at the top of Table la.
Again, conductances C; are composites of the DX magnet bore and the two beam pipes lead-
ing from the DX to-D0 magnets. In this case, conductance Cy is a composite of three beam
pipes, of varying lengths and diameters, associated with the Brahms detector. The actual
detector beam pipe has a length and diameter of L, and D, respectively. In these calcula-
tions, pumps of speeds S and S, arc the sputter-ion pumps normally subtending all experimen-
tal areas. Pump S, is an alternate pump used to bracket the SWCs to reduce pressure in the
area of the detector.

Calculated conductances from cavity to cavity and cavity to becam pipes are based on a
dimensional analysis of the SWCs. The speed delivered to the cavities by each attending pump,
Sy is 462 Z/s and 1367 Z/s for CO and H,, respectively. The rest of the terms in this table
have been previously defined.

Figure 7. PRESSURE PROFILE MODEL FOR THE 4:00 EXPERIMENT BRAHMS
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V.2. Steady-State Results

Table 1IIb summarizes results for variables including: 1) pump speeds and locations; 2) cavity
outgassing rates; and, 3) EBP dimensions. 1t was assumed that the EBP in all cases was clean,
and had been baked at 300 C. The first 12 cases shown assume SWC outgassing rates compa-
rable to that noted after 280 h of age-in. Case #13 is the cavity outgassing rate expected after
> 10 h of cavity age-in, whereas Case #16 is after ~40 h of cavity age-in.

The average pressure in the experimental beam pipe, and the total average pressure up to
the entrances of the DO magnets subtending cach end of the experimental region are given.
Again, CO and H, pressures arc combined for these arcas, and an cquivalent H,, pressure
was used o calculate beam life times.

Pumps with speeds of 100 £/s correspond to NEG/SIP combination pumps at ~1071 ©
Torr (Case #1-6); whercas pumps of ~103 Z /s are TSP/SIP combination pumps (Case #7-16);
and, pumps of spceds of ~*0% £/s correspond o 100 e¢m long, 2 K, cold-bore cryopumps
(Casc #17-21).

The throughput of H,, stemming from cavity and beam pipc outgassing, and which enters
the apertures of the DO magnets, has also been caleulated in cach case. Consequences of this
H,, throughput have been reported elsewhere,® and will the subject of another paper.

-8-




V.3. Conclusions on Steady-State Results

A. Cascs #1-16 are out of the pressure specification range.

B. After age-in of the cavities for over a year (i.e., Case #13), the average pressure from
DO to D0 exceeds the specification by x 1.75.

C. Even when bracketing the cavitics with 104 Z/s cryopumps, it takes better than a year
to achicve the average pressure of ~5% 107! © Torr (e.g., Case #17).

D. Use of the additional pump at S, improves the pressure performance by about 60%
(e.g., Case #7 vs. #8).

E. TSP/SIP combination pumping will be required, at a minimum as a consequence of rf
cavity outgassing,

F. There is little average pressure difference for S| = 0,andS, = 0vs.S, = Oand

S, # 0 (i.e, Casc #9a vs. #8). Therefore, one might climinate S, , keep S, and squeeze
the rf cavities closer to the DX magnet. This will afford more room for shiclding of the
Brahms detector from the cavities.

G. However, the use of pump S| vs. S, reduces the average EBP pressure by > X 2.

H. Also, the usc of both pumps S and S, results in an improvement in average pressure
from DO to DO of ~x 1.5, when not speed limited.

V.4. Transients Pressure Performance

Using the data of Fig. 5, transient outgassing calculations were made. These data are shown in
Table Illc. In all cases 1000 £/s TSP/SIP combination pumps were uscd. These d-ta graphi-
cally demonstrate the necd for very high rcliability rf systems in the RHIC. That is, every time
the cavitics must be vented for repairs, we "start from scratch” in terms of cavity outgassing.
Note also that the data in Tables 1lIb and Illc are for clean, hydrocarbon-free cavities which
have been processed according to the CERN recipe.

VI. RF Cavities Between Q3 & Q4 Magnets Near 4:00 O’clock
VI.1. Boundary Conditions

Each beam pipe of this warm-bore region accommodates five rf cavitics: two ACs and three
SWCs. A schematic representation of this system is given in Fig, 8. The SWCs arc located at
positions d, f and h, whereas the ACs are located at positions 1 and m. In this model, Q¢
rcpresents the total outgassing rate from cach of the SWCs; Q,, total outgassing from cach of
the ACs; Q,, total outgassing from cach of the AC tuners; and, q, outgassing per unit area
from the AC drift tubes. C,, C, and C, represent the conductances of the interconnecting
stainless steel beam pipes; Cr is the longitudinal conductance of the tuners; Cy; the conduc-
tance of the drift tubes of the two cavities at locations | and m; and, C,,, the conductances lead-
ing from the ACs to the beam pipe. Though the model permits investigation of the effects of
the use of o-rings in the PoP AC tuners, it was assumed that the tuner assemblies (and AC drift
tubes) outgassed at rates comparable to that of the $S beam pipes. This, however, is probably
optimistic by x 10-50.

Because the drift tubes of the ACs extend beyond the ends of the cavity walls and into the
regions of the tuncrs, the ACs in cffect constitute vacuum volumes off-line from the beam tube.
From a vacuum standpoint, pressures at locations k and n are of interest in being at the accel-
erating gaps of the ACs.

9-



Figure 8. Warm-bore vacuum system configuration
between magnets Q3 and Q4 near 4:00 O'clock.
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Unlike previous cases, in this model the SWCs have been spaced at a distance A rather that
A /2 1o facilitate placement of pumps of speed S, between each SWC. By setting Q, = 0, we
may then evaluate the benefit of the use of pumps similar to S, at the 4:00 O’clock installation
of SWCs, as well as between Q3 and Q4. In that the SWCs operate for extended periods, it was

thought prudent to study the feasibility of bracketing the SWCs, rather than the ACs, with
pumps S, andS§,.

V1.2. Case Studies

Case permutations and combinations are numerous. We know that the ACs and SWCs oper-
ate at different times. The ACs will operate for about a minute during beam acceleration and
then be switched off as the SWCs are turned on. Though we don’t know what the pumpdown
response times of the ACs will be on turn-off, we can assume that, absent thermal effects, the
ACs will pump down in a matter of minutes after the SWCs are turned on.

The model developed has great flexibility for future studies. However, only a total of 42

cases were investigated (84 with SWCs and ACs alternately energized). The various cases
explored are listed in Table IV,

Table IV. CASE STUDIES OF RF CAVITIES LOCATED BETWEEN
MAGNETS Q3 & Q4 NEAR THE 4:00 O’'CLOCK REGION

CASES 1-7:
P(t) for 1-104 h (1, 10, 28, 100, 280, 103, and 104 h),
= 1000L/sV i,
Q, =32Q;

q, =g, = 1.9x10°! 2 Torr-L/scm? H2,10"! 3 Torr-L/s cm? CO,
Q, =q,A, (i, A, isthcsurface area of the tuners)

CASES 8:14: Same as Cases 1-7 except Q, = Q.
CASES 15-21: Same as Cases 1-7 except S, =
CASES 22-28: Same as Cases 1-7 except S,.8; =0.
CASES 29-35: Same as Cases 8-14 except S,,,S, = 0.

-10-



Table 1V, (Continued)

CASE 36: Half-baked AC cavities, drift tubes and tuners (q, ):
7.6x10°1 2 Torr-L/scm? Hz,
1.75%107! ! Torr-L/s cm? CO,
1600 h CERN Q¢ data,
Q, =6x10* q,
S, = 1000Lss, S, = 0.
CASE 37: Same as Case 36 except Q, = Q.
CASE 38: Same as Case 36 except S; = OL/s.
CASE 39: Same as Case 37 except S, = 0L/s.
CASE 40: Same as Case 8-14 except S,,S, = 0;5,8, = 100.
CASE 41: Same as Case 1-7 except S,,S,; = 0;S,8, = 100.
CASE 42: Same as Cases 1-7except S, ,8, = 0.

V1.2. Steady-State Results

Table Va shows an example of the outcome of one of the 42 calculations. Local pumping
speeds, using the previously noted subscripts, and outgassing rates are listed to the left, dimen-
sional variables to the center, and results of the calculations to the right of this table.

To simplify interpretation of results of the calculations, let us first look at results to be
expected after a 1000 h age-in of the SWCs and ACs. From this we may draw some general
conclusions about an optimum system configuration. Then, we can explore the consequences
of changing other parameters in this context. Note that age-in of the SWCs for 100C h implies
nothing about the probable age-in time on the ACs. However, we will assume each cavity type
was aged 1000 h.

One thousand hour results are shown in Tables Vb. and Vc. Table Vb. shows vacuum
performance for various configurations with the ACs turned off and the SWCs turned on,
whereas Table Vc., vice versa. Average pressures are given as a consequence of the SWCs,
ACs, AC tuners and drift tubes, and stainless steel beam pipes. The pressure noted at the AC
gap is the maximum pressure of the two gaps, and is given for when both the SWCs and ACs
are turned on. Again, the H, throughputs into the cold-bores were calculated for all cases.
From these two tables some of the conclusions reached, regarding average H, equivalent
pressures between the Q3 and Q4 magnets, arc:

SWCs On ACs Off (Table Vb.)

A. The average pressure with the maximum number of pumps in place between the Q3
and Q4 magnets is ~1.3x10°° Torr (i.e., Case #6).

B. The use of pumps S, between the SWCs has the effect of reducing the total average

pressure with SWCs operating by only ~24% (i.e., Case #6 vs. #20). They would be no
more effective at the 4:00 o’clock region.

C.Pump S, is beneficial in "bracketing" the SWCs, its presence resulting in a decrease in
average pressure (without the S, pumps) of ~x2 (i.e., Case #20 vs. #27).

D. The vacuum WBS calls for the use of three independent pumps in each Q3-Q4 warm-
bore section. The usc of two S and one S, is slightly more beneficial than two § and one
S, pumps (i.e., Case #27 vs. #42).

E. There is a 50% improvement in average pressure as a consequence of 1000 £/s vs. 100
Z/spumpsatSand S (i.e.,Case #27 vs. #40).
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SWCs Off ACs On (Table Vc.)

F. Average pressure with the maximum number of pumps located between Q3 and Q4 is
~1.7x10"8 Torr (i.e., Case #6). This is ~onsiderably out of specification.

G.Pumps S, and S, are of litile bunefit with pump S (i.e., Case #7 vs. #26).
H. Use of pump S, is slightly more beneficial than pump S, (i.c., Case #27 vs. #42).

I. There is little improvement in average pressure as a consequence of 1000 Z/s vs. 100 Z/s
pumpsatSandS§, .

From the above we conclude that: 1) the S, pumps are of little benefit; 2) it would be advisable
to bracket the SWCs with the S, and S, pumps; 3) assuming we are able to process the SWCs
with the same facility as the CERN stalf still leads to pressures exceeding specification after
1000 h of operation; 4) Qutgassing from the ACs could prove troubling if there are thermal
effects in <ame after they are decencrgized.

V1.4. Transients Pressure Performance

The above findings suggest that pumps S, are of no benefit, but that the preferred configura-
tion should include pumps S, and S,. Also, these pumps should be TSP/SIP combinations
pumps. Cases #15 - #21 treat outgassing in time for this configuration. Table Vd. gives data
with only the SWCs on and Table Ve. with only the ACs on. It is recommendcd that all-metal,
rf shielded gate valves be located between the three SWCs and two ACs in each ring (i.e.,
between positions i and j of Fig. 8.). This will make it possible to do maintenance on either the
SWCs or the ACs without having to vent the entire scction between magnets Q3 and Q4.

VII. Summary of Some Findings
VIi.1 Boundary Conditions

Some unknowns remain which preclude one accurately modeling the entire RHIC warm-bore
system. These include partial pressures of species in: 1) the injection septa and kickers; 2) the
beam dumps and associated kickers; and, 3) the beam scrapers.

Preliminary outgassing results of the coated, Al, O, injection kicker beam pipes suggest
that it is reasonable to expect them to operate well within the pressure specification. There-
fore, their pressure contributions will be neglected in the summary findings.

In constructing a summary model, it will be assumed that there will be no pressure
"bumps" at the various beam scrapers, and that they will operate within the specification.
Further, it will be assumed that the average H, equivalent pressure in the 10:00 0°clock region
of the beam dumps will be 2x107% Torr H,, equivalent. It is also assumed that the diameter of
the EBPs is ~5.9 cm and their lengths 500 cm.

Only the 1000 £/s pump speed data are presented in the summary analysis. This, of
course, excludes pumps directly attending the rf cavities. Excluding the 4:00 o’clock region,
each experimental area is subtended by two pumps (i.e., see Table I1a). At the 4:00 o’clock
region it is assumed that the SWCs are bracketed by pumps S, and S, and a third pump, §, is
located at the other end of the experimental beam pipe (i.e., see Fig. 7). Two pumps S, and
pumps S, and S, are used in the rf region between Q4 and Q3 (i.e., sec Fig. 8).

VIL.2 RHIC Ring Summary Case Result
With the above boundary conanious; Tiitcen sﬁ"r’ﬁﬁiary case studies were calculated. The vari-

ables of these cases are given in Table VI. Gold beam emittance growth rates and life times
were calculated for each of the 15 cases. The case numbers are listed at the top of the table
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whereas the numbers of the figures showing the associated the beam emittance growth and life
results are listed at the bottom of the table.

Results of Case #1 arc first shown in Fig. 9 where emittance growth and beam life are
given for conditions of Table VI, and for average cold-bore H,, pressures of both 107! ! and
107! 2 Torr. For comparison purposes, the 10 ! Torr data overlay all subsequent figures.

Case #2, #5, #8, etc. involve the combined outgassing from the operation of all SWCs
and ACs. It was assumed that the ACs were aged at one-tenth the time of the SWCs. These
data would be "instantaneous" growth and life values, as the simultaneous operation of both
SWCs and ACs need be very bricf. Neglecting possible ACs thermal effects, one e-fold in AC
cavity pumpdown occurs in only three seconds.

In Case #3, #6, #9, clc., it is assumed that the four SWCs located at 4:00 o’clock have
becn aged for 104 h, but that the three SWCs between magnets Q3 and Q4 near 4:00 o’clock
were aged in starting "from scratch”. Such a scenario might occur in the event that mainte-
nance required venting of the latter cavitiesto N, .
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Figure 10. RHIC gold beam life times and emittances Figure 11. RHIC goid beam life times and emittances

for operating scenarious and resultant pressures. for operating scenarious and resultant pressures.
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Figure 12. RHIC gold beam life times and emitlances Figure 13. RHIC gold beam life times and emittances

for operating scenarious and resultant pressurcs. for operating scenarious and resullant pressures.
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Figure 14. RHIC gold beam life times and emittances
for operating scenarious and resultant pressures.
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Table I1la. Average pressures in experimental areas.

uBRAHMS1* CASE 36. "Be" pipe
So S Sc sd Se S So
| cei | 11,01 12,02 Lx,bx 13,03 | Cei | Kimo M. Welch
| I | | I | | April 29, 199
a b €1 ¢ € d Cx e €3 f g
|-->lie |---->12 |---->13 [---->lx {---->13 [--->lie |

1.
1.

Cei is an effective tube comprising the DO to DX chambers and the DO chamber.
Cx comprises the Brahms experimental chambers w/ p1,02,0x,03, & L1,L2,Lx,L3, pipes.
The Dx diam. is a variable and the Lx length. However L3+Lx+L2+L1 is constant.
Define Swz as the pumping a locating z as a consequence of all of the pumps from z to W.
including the pump located at w.
9E-11 1.9E-12 1.9E-13 H2
0E-12 1.0E-13 1.0E-14 co

AMU: 2 H2

q: 1.9E-12 Torr-L/s cm™2 (beam pipe).
qx: 1.96-12 Torr-L/s cm™2 (experimental beam pipe).
gie: 7.6E-12 Torr-L/s cm2 (DX magnet equiv. beam pipe).

So: 6441.6 L/s; cryopumping of DOs G
S:  100.0 L/s
Sc: 0.0 22 L3: 640.0 cm; a constant. Due to Lie:
sd: 0.0 23 Lx: 500.0 cm; plug in variable Due to L3:
Se: 0.0 24 L2: 300.0 cm; varies w/ LX. Due to L2:
Cei: 122.2 L/s 25 L1: 326.0 cm, a constant Due to L1
Cl: 249.5 L/s 26 D3: 12.1 cm, a constant Due to Lx:
c2: 162.4 27 Dx: 5.9 cm; a variable.
Cx: 18.9 28 D2: 10.2 cm; a constant. Total:
c3: 127.1 29 D1: 12.1 cm; a constant.
Sab: 219.9 30 D1°3/L1: 5.4
Sac: 116.9 31 D2°3/L2: 3.5
Sad: 68.0 32 D3°3/L3: 2.8
Sae: 14.8 33 px"3/Lx: 0.4
saf: 113.2 34 Dei: 15.6
sgf: 219.9 35 Lei: 1434.0
Sge: 80.5
Sgd: 15.3
Sgc: 14.0
Sgb: 113.2

k: 45.9

CASE 36.
EXPERIMENTAL D0 to DO
AVERAGE AVERAGE
H2 H2
PRESSURE PRESSURE
1.24€-09 9.89e-10
2.90E-10 1.10e-10
1.03€-10 4.51E-11
7.49E-11 4.46E-11
1.97E-10 5.49€-11
1.90E-09 Total: 1.24E-09



Table 11b. AVERAGE PRESSURES AT & ABOUT BRAHMS DETECTOR DUE TO OUTGASSING OF VARIOUS BEAM PIPES.
Kimo M. Welch

"brahms2* June 20, 1994 ONE ALL 6
DETECTOR DX MAGNET L1, L2 & L3 AREA  AREAS
BEAM PIPE BEAM PIPE BEAM PIPE PUMP SPEED u3e" PIPE | X-PIPE || DO-DO | DO-DO* |BEAM**|BEAM**

CASE q H2 q Co q H2 q CO q H2 q Co Liters/sec. Dx Lx  |PRESSURE ||From Pipe|From Pipe| LIFE | LIFE
No. Torr-L/s-cm™2 Torr-L/s-cm™2 Torr-L/s-cm2 S Sc sd Se cm {Tot. Torr||Tot.Torr |Equiv. H2|hours |hours
------------------------------------------------------------------------------------------------------ St | Rt Rl Ml Rty
1 1.90E-11 1.00E-12 1.90E-11 1.00E-12 1.90E-11 1.00E-12 100 0 0 0 5.9 500 |1.106-08 ||5.58£-09 |5.92E-09 | 469 | 177

2 1.90E-12 1.00E-13 1.90E-12 1.00E-13 1.90E-12 1.00E-13 100 0 0 0 5.9 500 |1.10e-09 ||5.586-10 |5.92E-10 | 694 | 667

3 1.90E-12 1.00E-13 1.90E-13 1.00E-14 1.90E-13 1.00E-14 100 0 0 0 5.9 500 |[3.186-10 ||1.12E-10 |[1.20E-10 | 725 | 883
------------------------------------------------------------------------------------------------------ N | e sl ROl N
4 1.90E-11 1.00E-12 1.90E-11 1.00E-12 1.90E-11 1.00E-12 100 0 0 0 7.6 87.5 |1.01E-08 ||5.77E-09 |6.126-09 | 464 | 172

5 1.906-12 1.00E-13 1.90E-12 1.00E-13 1.90E-12 1.00E-13 100 0 0 0 7.6 87.5 |1.01€-09 ||5.77E-10 |6.12E-10 | 693 | 660

6 1.90E-12 1.00E-13 1.90E-13 1.00E-14 1.90E-13 1.00E-14 100 0 0 0 7.6 87.5 |1.366-10 ||6.856-11 |7.27e-11 | 728 | 912
------------------------------------------------------------------------------------------------------ et | RO R sl S
7 1.90E-11 1.00E-12 1.90E-11 1.00E-12 1.90E-11 1.00E-12 1000 0 0 0 5.9 500 |S.54E-09 ||2.14E-09 [2.30E-09 | 602 | 354

8 1.90E-12 1.00E-13 1.90E-12 1.00E-13 1.90E-12 1.00E-13 1000 0 0 0 5.9 500 |5.54E-10 ||2.14E-10 |2.30E-10 | 718 | 821

9 1.90E-12 1.00E-13 1.90E-13 1.00E-14 1.90E-13 1.00E-14 1000 0 0 0 5.9 500 |2.32E-10 |]5.57€-11 |6.03E-11 | 729 | 920
------------------------------------------------------------------------------------------------------ R | OOt IOl It R
10 1.90E-11 1.00E-12 1.90E-11 1.00E-12 1.90E-11 1.00E-12 1000 0 0 0 7.6 87.5 |4.826-09 ||2.23E-09 |2.40E-09 | 597 | 344
11 1.90E-12 1.00E-13 1.90E-12 1.00E-13 1.90E-12 1.00E-13 1000 0 0 0 7.6 87.5 [4.82E-10 ||2.24E-10 |2.40E-10 | 717 | 815
12 1.90E-12 1.00E-13 1.90E-13 1.00E-14 1.90E-13 1.00E-14 1000 0 0 0 7.6 87.5 |7.59E-11 ||2.82E-11 |3.03E-11 | 731 | 940
------------------------------------------------------------------------------------------------------ Ot | RN A Sl M
13 1.90€-11 1.00E-12 1.90E-11 1.00E-12 1.90E-11 1.00E-12 100 0 100 100 5.9 500 |5.52E-09 ||3.57E-09 |3.76E-09 | 540 | 252
14 1.90E-12 1.00E-13 1.90E-12 1.00E-13 1.90E-12 1.00E-13 100 0 100 100 5.9 SO0 |5.526-10 ||3.57E-10 |3.76E-10 | 708 | 751
15 1.90E-12 1.00E-13 1.90E-13 1.00E-14 1.90E-13 1.00E-14 100 0 100 100 5.9 500 |1.88€-10 ||6.88E-11 |7.25€-11 | 728 | 912
------------------------------------------------------------------------------------------------------ Rl | el ehaaad Rl
16 1.90E-11 1.00E-12 1.90E-11 1.00E-12 1.90E-11 1.00E-12 100 0 100 100 7.6 87.5 |4.19E-09 ||3.74E-09 |3.94E-09 | 534 | 244
17 1.906-12 1.00E-13 1.90E-12 1.00E-13 1.90E-12 1.00E-13 100 0 100 100 7.6 87.5 |4.19E-10 [|3.74E-10 |3.94E-10 | 707 | 743
18 1.90E-12 1.00E-13 1.90€-13 1.00E-14 1.90E-13 1.00E-14 100 0 100 100 7.6 87.5 |5.53E-11 }|4.24E-11 |6.46E-11 | T30 | 931
------------------------------------------------------------------------------------------------------ Ot | O Ml el S
19 1.90E-11 1.00E-12 1.90E-11 1.00E-12 1.90E-11 1.00E-12 1000 0 1000 1000 5.9 500 |1.76E-09 |]1.11E-09 |1.19E-09 | 659 | 509
20 1.90E-12 1.00E-13 1.90E-12 1.00E-13 1.90E-12 1.00E-13 1000 0 1000 1000 5.9 500 |1.756-10 ||1.11E-10 |1.19€-10 | 725 | 883
21 1.90E-12 1.00E-13 1.90E-13 1.00E-14 1.90E-13 1.00E-14 1000 0 1000 1000 5.9 500 [1.096-10 ]|2.38e-11 |2.55-11 | 731 | 944

| |

* According to L. Remsberg, Au-->CO scales x1.6 that of Au-->H2. Therefore, Total Equiv. H2 Press = H2 Press. + 1.6*CO Press.
This neglects decay stemming from H2 in the magnet cold-bore, but assumes Pav. throughout the rest of the warm-bore is 5*%*10°-10 Torr H2.
1f all of the warm-bore is @ 5*10°-10 H2, beam life would be 700 h, assuming 17% of the machine is warm-bore.
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Table I11a. AVERAGE PRESSURE AT 4 0'CLOCK DUE TO OUTGASSING OF RF CAVITIES AND BAKED BEAM PIPES.

1.22E-06 Torr-L/s

CASE 1

H2

3.27E-10 Torr
3.10E-09 Torr

3.42E-09 Torr

4.83E-09

w4oclock® CASE 1 H2 c2 c2/2 c2/2 c2/2 ce
So Cei s cx S1]| | 11 |11 [ 11 | | s2 cei so Kimo Welch/Dan Weiss
I I Y Y I U Ay O O | | May 1, 199
a b c |cav.| |eav.| |cav.| |cav.] h i
|--->la  |--->lb e ! —1 -—u
I l I I
Srf srf Srf Srf
d e f g
1. Cei is an effective tube comprising the DO to DX chambers and the DO chamber.
2. Cx comprises the Brahms experimental chambers w/ D1, D2, D3 & L1, L2 & L3 pipes.
The D3 diam. is a variable and the L3 length. However L3+L2+L1 is constant.
3. Define Swz as the pumping a locating z as a consequence of all of the pumps from w to z.
including the pump located at w.
1.9€-12 1.0E-13
AMU: 2 CASE 1 L3: 500.0 cm; a variable
ql: 1.9E-12 Torr-L/s cm"2 (beam pipe). L2: 300.0 cm, a constant
So: 6441.6 L/s; cryopumping of DOs L1: 462.0 cm; varies w/ L3.
Srf: 1367 L/s <--- H2 or CO 5.9 D3: 5.9 cm, a variable
S: 100 L/s p2: 10.2 cm; varies w/ L3.
S1: 100 L/s, S1 Srf Speed L/s D1: 12.1 cm; varies w/ L3.
s2: 100 L/s, S2 1367 H2 speed D1°3/L1: 3.8
Cei: 122.2 L/s 462 CO speed D2°3/L2: 3.5
Cx: 15.4 L/s D3°3/L3: 0.4
c2: 2276.8 Dx"3/Lx: 0.3358
Sih: 219.9 Dx*Lx: 11600.2
Sig: 1567.5 Dx: 7.90
Sif: 2026.5 Equi.lx: 1468.4 = L1 + 12 + L3 Q in DO:
Sie: 2095.9 Dei: 15.6
sid: 2104.7 Lei: 1434.0
Sic: 1193.7 LsubC2/2: 37.0 Mid cavity to flange.
Sib:  115.2
Sab: 219.9
Sac: 114.4 Q FROM
Sad: 1475.9 RF CAVITIES TOTAL AVERAGE PRESSURE FROM DO TO DO DUE TO MANIFOLD OUTGASSING:
Sae: 2009.7 TOTAL AVERAGE PRESSURE FROM DO TO DO DUE TO RF CAVITY OUTGASSING:
saf: 2093.7 1.20E-05 H2
Sag: 2104.5 2.74E-06 CO DO to DO Total Average Pressure:
Sah: 1193.6
k: 45.9 EXPERIMENTAL BEAM PIPE PRESSURE:
Qrf:1.20E-05 H2 Torr-L/s

H2
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BEAM PIPE

CASE

q H2

Table 111b. AVERAGE PRESSURES AT 4 O'CLOCK DUE TO OUTGASSING OF RF CAVITIES AND BAKED BEAM PIPES.

q CO

Torr-L/s-cm™2

1.90E-12
1.90e-12
1.90E-12

1.90e-12
1.90e-12
1.90E-12
1.90E-12

1.00E-13
1.00E-13
1.00E-13

1.00E-13
1.00€-13
1.00E-13

1.00E-13
1.00E-13
1.00E-13
1.00E-13

1.00E-13
1.00E-13
1.00E-13
1.00E-13
1.00e-13

RF CAVITY (1)

q H2

q CO

Torr-L/s

1.20€-05
1.20€-05
1.20€-05
1.20€-05

1.20€E-05
2.40€E-05
6.00€E-05

2.74E-06
2.74E-06
2.74E-06

2.74E-06
2.74E-06
2.74E-06
2.74E-06

2.74E-06

2.74E-06

PUMP SPEED
S1 s2
L/s
100 100
0 100
0 0
100 100
0 100
0 0
1000 1000
0 1000
0 0
1000 0
1000 1000
0 1000
0 0
1000 1000
1000 1000
1000 1000
1000 1000
10000 10000
10000 10000
10000 10000
10000 10000
10000 10000

"Be" PIPE

D3 L3
cm
5.9 500
5.9 500
5.9 500
7.6 87.5
7.6 87.5
7.6 87.5
5.9 500
5.9 500
5.9 500
5.9 S00
7.6 87.5
7.6 87.5
7.6 87.5
5.9 500
5.9 500
5.9 500
5.9 500
5.9 500
5.9 500
5.9 500
5.9 500
5.9 500

| x-p1PE || ©00-DO || DO-DO || DO-DO
|PRESSURE | |From Pipe|| From RF ||COMBINED
|Tot. Torr||Tot.Torr ||Tot.Torr |[Tot.Torr

. . [[---eme-- |

|7.226-09 ||3.77E-10 ||4.84E-09 ||5.22E-09
|8.31€-09 ||3.79€-10 |[5.24E-09 ||5.62E-09
|8.34E-09 ||3.84€-10 |[5.54E-09 |[5.92€-09

|-oeeeees oo I [ --2-eeee

|5.08E-09 ||5.36E-09
|5.48E-09 |{5.76E-09
|5.80€-09 |[6.09€-09

|7.38E-09 ||2.82E-10
|8.51E-09 ||2.85€-10
[8.556-09 |[|2.91E-10

|3.49€-09 | [|2.55€-09 ||2.80E-09
|7.74E-09 | [2.66E-10 ||4.03E-09 ||4.30E-09
|7.85€-09 ||2.856-10 |[5.36E-09 |[5.64E-09
|3.54€-09 | |13.83€-09 ||4.11E-09

[3.25€-09 |[1.73€-10 ||2.56E-09 ||2.73E-09
|7.436-09 |[1.82E-10 ||3.93€-09 ||4.11E-09
|7.56E-09 ||2.07€-10 ||5.31E-09 ||5.52€-09

[2.59€-10
|2.59€-10
|
|

}[5.09€-10 ||7.68E-10

I
2.59E-10 |

I

[1.106-09 s
|1.27€-09 ||1.53E-09
|5
i

I
[1.99€-09 |
|6.46€E-09 |
|1.54€-08 |

.09E-09 |}5.35€-09
.27E-08 ||1.30E-08

|5.57€-10 ||2.21E-10 ||1.78E-10 ||3.98E-10
{7.10E-10 }]|2.21€-10 |[[4.43E-10 |[6.64E-10
|9.84E-10 ||2.21E-10 ||8.86E-10 ||1.11E-09
[1.47€-09 ||2.21€-10 [[1.77€-09 |[2.00E-09
|3.006-09 |]|2.21E-10 ||4.43E-09 ||4.65E-09

Kimo M. Welch
June 15, 1994

D0-D0* |H2 Qo In
COMBINED |DO Bore
Equiv.H2 |Torr-L/s

6.29€-09
6.85€-09
7.28E-09
6.46E-09
7.01E-09
7.46€E-09

|

I
I
I
I

I

I

l
3.25€-09 |
5.206-09 |
6.97€-09 |
4.96€-09 |
I .........

3.17E-09 |
4.97€-09 |
6.81E-09 |
I

I

I

I

I

8.76E-10
1.77e-09
6.22€-09
1.51E-08

4.54E-10 |5.71E-08
7.71€-10 |8.70E-08
1.30E-09 |1.37E-07
2.366-09 |2.37€-07
5.54€-09 |5.37€-07

q))

According to L. Remsberg, Au -->CO scales x1.6 that of Au -->H2.

This neglects decay stemming
1f all of warm-bore is 5*10°-10 Torr H2, beam life would be 700 h, assuming 17% of the machine is warm-bore.

Cases 1-12 is for cavity outgassing after “280 hours of operation.

Therefore, Total Equiv. H2 Press.
from H2 in the magnet cold-bore, but assumes Pav. thoughout the rest of the warm-bore is 5*10°-10 Torr H2.

= H2 Press. + 1.6*CO Press.
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Table 1ilc. Outgassing of the Standing Wave Cavities @ 4:00 O'clock as a Function of Time.

CAVITY RF CAVITY PUMP SPEED “Be" PIPE | X-PIPE || 00-DO || DO-DO || D0-DO  DO-DO* |H2 Qo In |BEAM**
CASE  AGE-IN q H2 q €0 st s2 03 L3  |PRESSURE ||From Pipe|| From RF ||COMBINED COMBINED [DO Bore | LIFE
No. hours Torr-L/s L/s cm [Tot. Torr||Tot.Torr ||Tot.Torr ||Tot.Torr Equiv.H2 |Torr-L/s | hours

T e e o e 58 v e [soomre |[pneae [[poete 2otes [saorn |3

23 10 3.54E-04 8.22E-05 1000 1000 5.9 500 :8.885-08 }:2.595-10 ||7.54€-08 ::7.57E-08 8.83e-08 I1.53E-05 } 78
24 28 9.59E-05 2.23E-05 1000 1000 5.9 500 IZ.L&E—O& {:2.595-10 IiZ.OkE-OB ;:2.075-08 2.42€-08 14.295-06 ; 220
25 100 2.66E-05 6.176-06 1000 1000 5.9 500 :7.145-09 ::2.595-10 :ES.éTE-09 {{5.93E-09 6.91E-09 I1.3SE-06 { 432
7 280 1.20€-05 2.74E-06 1000 1000 5.9 500 =3.49E-09 :;2 =10 g{Z.SSE-O9 {}2.805-09 3.25€-09 |7.11€E-07 ! 544
26 1000 6.056-06 1.40E-06 1000 1000 5.9 500 |2.01E-09 {{2.59E’10 :{1.295-09 :}1.55E-09 1.78€-09 :4.57E-07 ! 606
27 106000 3.10E-06 7.20E-07 10060 1000 5.9 500 |1.28€-09 ==Z.S9E-10 :{6.60E-10 :{9.195'10 1.05€-09 {3.315-07 { 643

* According to L. Remsberg, Au -->CO scales x1.6 that of Au -->H2. Therefore, Total Equiv. H2 Press. = H2 Press. + 1.6%CO Press.

** This neglects decay stemming from H2 in the magnet cold-bore, but assumes Pav. thoughout the rest of the warm-bore is 5%10°-10 Torr HK2.
1f all of warm-bore is 5%10°-10 Torr M2, beam Life would be 700 h, sssuming 17% of the machine is warm-bore.
(1) Model assumes q(H2)~1.9*10°-12 Torr-L/s cm'2 & q(C0)"10°-13 Torr-L/s cm'2 for beam pipes.

Kimo M. Welch
May 26, 1994




Table Vva. Calculations of pressures between Q3 & Q4 due to SWCs & ACs.
“rfatq4qd"
CASE 42. H2
cs cs c5 cs c4 €2 v cdt cé
cé c1 cé4 — . o | @2 | qt Q2 |
so | s | st | P I I brossr 1 | | s| so
RN RN, RS O Y SN B N (1N Y M 1 Y O O Y I 1 O O U Y Y J
a b c |cav. | | jcav. | | [cav.| | -t 11 P q
—1 2. | _| 2. |__| i il - -
|--->la |--->lb | e | 9 | e
Srf Srf sef  |->li kK ]It
d f h I I
cg srf Srf Cg
1. Define Swz as the pumping @ locating z as a consequence of all of the pumps L m
from w to z, including the pump located at z.
1.9e-12 1.0E-13 H
AMU: 2 CASE 42. cm Kimo M. Welch
qo:1.90E-12 Torr-L/s cm"2 (beam pipe). 19 Ddt: 24.0 cm CASE 42. June 17, 1994
q1:1.90E-12 Torr-L/s cm*2 (rf pipe). 20 Ldt: 429.0 cm
Srf: 1367 L/s <--- H2 or CO 21 Di: 2.3 cm AVERAGE PRESSURES D0-DO H2
So: 6442 L/s; cryopumping of DOs 22 L1: 1630.0 cm
S: 1000 23 D2: 12.3 cm Due to Stainless Beam Pipe: 1.29€-10
S1: 0L/s Srf Speed L/s 26 12: 590.0 cm Due Acc. Cavity Drift Tubes: 5.67E-12
s2: 0 L/s 1367 H2 speed 25 D3: 12.3 cm Due to Accelerating Cavities: 7.64E-09
s3: 1000 462 CO speed 26 L3: 216 cm Due Acc. Cavity Tunners: 6.92E-12
Sab: 1754 27 Dé6: 12.3 cm Due to Standing Wave Cavities: 1.48E-09
Sac: 51 Torr-L/s 28 L6: 100 cm
Sad: 1417 SWC Qrf:6.05E-06 H2 29 Cdt: “wsouws o mmmmeeee
Sae: 834 30 cT: 645 L/s 9.26E-09 Torr
Saf: 1958 6.056-06 H2 31 cCg: 6705 L/s
Sag: 997 1.40E-06 CO 32 Cc1: 52 L/s
Sah: 2036 33 c2: 145 U/s
Sai: 2075 Q2 Tun: 3.04E-08 H2 34 C3: 396 L/s H2
Saj: 135 3.04-08 H2 35 Cé4: 2277 LU/s
Sak: 1247 1.60E-08 €O 36 C5: 2030 L/s Throughput into Q3 beam pipe: 2.85E-06 Torr-L/s
San: 1812 37 cé6: 854 Throughput into Q4 beam pipe: 1.23e-07
Sao: 476 38 k: 45.9
Sap: 1216 39 L&: 24.1 H2
-------- 40 LS: 43.2 Pressure in Tunner Gap @ k: 1.09€-08 Torr
Sqgp: 1754  AC Q4: 1.94E-05 H2 41 LT: 85.2 Pressure in Tunner Gap @ n: 7.98€-09 Torr
Sqo: 323 (x3.6*aQrf) Sigma L: 3456.4
Sqn: 1400
Sqk: 1158
Sqj: 414
sqi: 1107
Sgh: 2112
sqg: 1035
sqf: 2053
Sqe: 1021
Sqd: 2046
Sqc: 1078
Sgb: 1050
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Table Vb. Outgassing of the Standing Wave & Accelerating Cavities Located Between Q4 & Q3, Kimo M. Welch
Based on CERN/Englemann Outgassing Data for the Standing Wave Cavities (1-3). June 18, 1994
One Thousand Hours Into the Cavity Age-In Cycle.
Normalizd
Acc.Cav. PUMPING SPEEDS - L/s | ]@3-Q4 Tot|]|Q3-Q4 Tot||03-@4 Tot]]a3-04 SS | 03-Q4 03-04% |H2 Qo In |BEAM** | A.C.Gap k |Emittance
CASE (Q4) ||Acc. Cav.|| SWCs ||DT/Tuner ||BEAM PIPE| COMBINED COMBINED | @3 Bore | LIFE | COMBINED |[Growth(4)
No. Torr-L/s S s1 s2 S3 || Torr ||Tot.Torr ||Tot.Torr ||[Tot.Torr | Tot.Torr Equiv.H2 |Torr-L/s | hours | Tot. Torr |mm mrad/h
-------------------------------------------- R | Rt L Rt | Dt Il Il Bl M
6 x3.2*arf 1000 1000 1000 1000 |[0.00E+00 ||9.95E-10 |]2.31E-11 |]1.43€-10 | 1.16E-09 1.32E-09 |2.84E-06 | 629.45 | 1.84E-08 |1.06E-04
I [ [ [ I | [ | |
13 x1.0*arf 1000 1000 1000 1000 ||0.00E+00 ||9.95E-10 ||2.31E-11 ||1.43E-10 | 1.16E-09 1.32E-09 |8.96E-07 | 629.45 | 6.01E-09 |1.06E-04
I I 8] ([ I [ [ | I
20 x3.2*arf 100C 1000 0 1000 ||0.00E+00 |]|1.33E-09 [|2.32E-11 |[1.44E-10 | 1.50E-09 1.74E-09 |2.84E-06 | 608.78 | 1.84E-08 |1.10E-04
1 I [ [ I | | | |
27 x3.2*arf 1000 1000 0 0 |[0.00E+00 |]2.67E-09 |]2.38E-11 |]|1.46E-10 | 2.84E-09 3.43E-09 |{2.84E-06 | 537.07 | 1.95E-08 |1.25E-04
I I I i I I | l |
34 x1.0*arf 1000 1000 0 0 ||0.00E+00 ||2.67€E-09 ||2.38E-11 ||1.46E-10 | 2.84E-09 3.43E-09 |8.98E-07 | 537.07 | 7.03€-09 |1.25E-04
[ I ] 1 l I | | |
40 x1.0*arf 100 100 0 0 |]0.00E+00 ||3.63E-09 ||2.48E-11 ||1.67E-10 | 3.82E-09 4.68E-09 |1.76E-06 | 493.93 | 7.14E-09 |1.35E-04
[ I [ [ | I | I |
41 x3.2*arf 100 100 0 0 ||0.00E+00 ||3.63E-09 ||2.48E-11 ||1.67E-10 | 3.82E-09 4.68E-09 |5.63E-06 | 493.93 | 1.97E-08 |1.35E-04
H ] I I I | I | |
42 x3.2*arf 1000 0 0 1000 ||0.00E+00 |[2.38E-09 ||2.32E-11 |[1.52E-10 | 2.55€-09 3.11E-09 |2.84E-06 | 549.35 | 1.85E-08 |1.22E-04
[ [ ] I | | | I |
36 (5) 1000 0 0 1000 ||1.52E-09 ||2.38E-09 ||3.32E-10 ||1.52E-10 | 4.38E-09 5.91E-09 |8.45E-08 | 458.01 | 4.35E-09 |1.46E-04
I [ H I | | | | I
1] I ] 1 | 0.00E+00 | | 705.44 | |
*  According to L. Remsberg, Au -->CO scales x1.6 that of Au -->H2. Therefore, Total Equiv. H2 Press. = H2 Press. + 1.6*CO Press.

**  This neglects decay stemming from H2 in the magnet cold-bore, but assumes Pav. thoughout the rest of the warm-bore is 5*%10%-10 Torr H2.
I1f all of warm-bore is 5*10%-10 Torr H2, beam life would be 700 h, assuming 17% of the machine is warm-bore.

(1) Model assumes q(H2)~1.9*10"-12 Torr-L/s cm*2 & q(CO)~10"-13 Torr-L/s cm*2 for beam pipes, and drift tubes.

(2) orf is defined as the outgassing throughput of one SWC. The area of the Accelerating Cavities is ~x3.2 that of the SWCs.

(3) It is assumed that pumps, with apertures, similar to those on the SWCs are used on the Accelerating Cavities.

(4) For an average warm-bore pressure of 5*10"%-10 Torr H2, growth is 9.56*10"-5 mm mrad/h.

(5) Ambient outgassing from unbaked RT, nonoperating ACs; H20, CO & CO2 assumed equiv. to CO.
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Table Ve.
Acc.Cav.

CASE (Q4)
No. Torr-L/s
6 x3.2*erf
13 x1.0*Qrf
20 x3.2*arf
27 x3.2*arf
34 x1.0*Qrf
40 x1.0%Qrf
41 x3.2*arf
42 x3.2*arf

Outgassing of the Standing Wave & Accelerating Cavities Located Between Q4 & @3, Kimo M. Welch
Based on CERN/Englemann Outgassing Data for the Standing Wave Cavities (1-3). May 23, 199
One Thousand Hours Into the Cavity Age-In Cycle.

PUMPING SPEEDS - L/s

1000

1000

1000

1000

1000

100

100

1000

1000

1000

1000

1000

1000

100

100

f|Ace. cav.
s3 || Torr

1000 ||1.32€-08

1000 |[4.13€-09

1l
1000 |[1.33€-08

Il

0 ||1.46€-08
|l

0 |[|4.55€-09
1

0 [|4.78E-09
[

0 ||1.53e-08
I

1000 ||1.33€-08
I
I

[| sWCs ||pT/Tuner ||BEAM PIPE| COMBINED COMBINED | Q3 Bore | LIFE | COMBIN

||Tot.Torr ||Tot.Torr ||Tot.Torr | Tot.Torr Equiv.H2 |Torr-L/s

I

|

|
[|0.00E+00 ||2.31E-11 ||1.436-10 | 1.34E-08 1.686-08 |2.84E-06 | 278.21 | 1.84E-
H H H l ! | I
||0.00E+00 |[2.31€-11 ||1.43E-10 | 4.30E-09 5.38E-09 |8.96E-07 | 472.93 | 6.01€-
I 1 H I | | I
||0.00E+00 ||2.326-11 ||1.44E-10 | 1.35E-08 1.69E-08 |2.84E-06 | 277.29 | 1.84E-
I I I I I | I
[10.00E+00 ||2.38E-11 |[1.46E-10 | 1.47E-08 1.86E-08 |2.84E-06 | 261.44 | 1.95€-
[ 1l Il | l I I
[|0.00E+00 |[2.38E-11 ||1.46€-10 | 4.72E-09 5.93E-09 [8.98€-07 | 457.35 | 7.03€-
1 H Il | | | |
||0.00E+00 ||2.48E-11 |[1.67E-10 | 4.97E-09 6.25€-09 |1.76E-06 | 448.83 | 7.14E-
I 1 I | | I |
||0.00E+00 |[2.48E-11 |[1.67E-10 | 1.55€-08 1.96E-08 |5.63E-06 | 253.00 | 1.97E-
H I I | I | |
|]0.00E+00 ||2.32E-11 |[1.526-10 | 1.35E-08 1.69E-08 |2.84E-06 | 276.73 | 1.84E-
I I I l | | |
I I I l 0.00€+00 | | 705.44 |

ED

Normalizd

| |@3-04 Tot||@3-04 Tot]|@3-04 Tot||a3-a4 ss | 03-04 @3-04* |H2 Qo In |BEAM** | A.C.Gap k |Emittance

|Growth(4)

hours | Tot. Torr |mm mrad/h

|2.41E-04

|1.426-04

|2.41E-04
|
|2.56€-04
|

|1.46€-04

[1.49€-04

|2.65€-04

|2.426-04

(&)
(2)
3
€4)

According to L. Remsberg, Au -->CO scales x1.6 that of Au -->H2. Therefore, Total Equiv. H2 Press. = H2 Press. + 1.6*CO Press.
This neglects decay stemming from H2 in the magnet cold-bore, but assumes Pav. thoughout the rest of the warm-bore is 5*10°-10 Torr H2.
1f all of warm-bore is 5*10°-10 Torr H2, beam life would be 700 h, assuming 17% of the machine is warm-bore.

Model assumes q(H2)~1.9*10°-12 Torr-L/s cm"2 & q(€0)710°-13 Torr-L/s cm'2 for beam pipes, and drift tubes.

arf is defined as the outgassing throughput of one SWC. The area of the Accelerating Cavities is "x3.2 that of the SWCs.
It is assumed that pumps, with apertures, similar to those on the SWCs are used on the Accelerating Cavities.

for an average warm-bore pressure of 5%10°-10 Torr H2, growth is 9.56*10°-5 mm mrad/h.
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Table Vd. Outgassing of the Standing Wave & Accelerating Cavities Located Between Q4 & Q3, Kimo M. Welch
Based on CERN/Englemann Outgassing Data for the Standing Wave Cavities (1-3). June 15, 1994
Normalizd
CAVITY PUMPING SPEEDS - L/s  |]a3-@4 Tot||@3-a4 Tot||03-04 Tot||a3-04 sS | Q3-04 @3-04* [H2 Qo In |BEAM** | A.C.Gap k |Emittance
CASE AGE-IN [|Acc. Cav.|| SWwCs ||DT/Tuner ||BEAM PIPE| COMBINED COMBINED | @3 Bore | LIFE | COMBINED |Growth(4)
No. hours 3 s1 s2 $3 || Torr ||Tot.Torr ||Tot.Torr ||Tot.Torr | Tot.Torr Equiv.H2 |Torr-L/s | hours | Tot. Torr |mm mrad/h
-------------------------------------------- et [ e | | It el Mool I
15 1 1000 1000 0 1000 ||0.00E+00 |]|2.58E-06 ||2.31E-11 |]1.44€-10 | 2.58E-06 3.00E-06 |5.47E-03 | 2.56 | 3.53e-05 |[2.61E-02
: H 1 [ [ l I | I
16 10 1000 1000 0 1000 ||0.00E+00 ||7.81E-08 |]|2.31E-11 [|1.44E-10 | 7.83€-08 9.10E-08 |1.65E-04 | 75.70 | 1.07E-06 |8.84E-04
H 1 I H | | I I
17 28 1000 1000 0 1000 ||0.00E+00 ||2.12E-08 ||2.31E-11 |[1.44E-10 | 2.136-08 2.48E-08 |4.48E-05 | 216.00 | 2.89E-07 |3.10E-04
[l I I [ I o I I I
18 100 1000 1000 0 1000 ||0.00E+00 ||5.87€-09 |[2.31E-11 |[1.44E-10 | 6.04E-09 7.01E-09 |1.24E-05 | 429.93 | 8.056-08 |1.56E-04
Il [ Il I | | | I
19 280 1000 1000 0 1000 |]|0.00E+00 ||2.64E-09 |[|2.31E-11 ||1.44E-10 | 2.80E-09 3.25E-09 |5.62€-06 | 543.96 | 3.61E-08 |1.23E-04
[ I I Il I I | I I
20 1000 1000 1000 0 1000 |]0.0CE+00 }|1.33E-09 |12.31€-11 |]1.44E-10 | 1.50E-09 1.74E-09 |2.84E-06 | 608.79 | 1.84E-08 |1.10E-04
I I f I I I | I I
21 10000 1000 1000 0 1000 ||0.00E+00 ||6.85E-10 |[2.31E-11 |[1.44E-10 | 8.526-10 9.83E-10 |1.46E-06 | 647.29 | 9.59£-09 |1.03E-04
1 H H 1 I I I I I
H 1 H I I 0.00E+00 | | 705.44 | I
I H 1l Il | | | | |
I I Il I I I I | |
*  pccording to L. Remsberg, Au -->CO scales x1.6 that of Au -->H2. Therefore, Total Equiv. H2 Press. = H2 Press. + 1.6*CO Press.

*%*  This neglects decay stemming from H2 in the magnet cold-bore, but assumes Pav. thoughout the rest of the warm-bore is 5*10°-10 Torr H2.
1f all of warm-bore is 5%10°-10 Torr H2, beam life would be 700 h, assuming 17% of the machine is warm-bore.

(1) Model assumes q(H2)~1.9*107-12 Torr-L/s cm"2 & q(C0)710°-13 Torr-L/s cm'2 for beam pipes, and drift tubes.

(2) arf is defined as the outgassing throughput of one SWC. It is assumed that outgassing ACs is "x3.2 that cf the SWCs.

(3) It is assumed that pumps, with apertures, similar to those on the SWCs are used on the Accelerating Cavities.

(4) For an average warm-bore pressure of 5*10°-10 Torr H2, growth is 9.56*10°-5 mm mrad/h.
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Table Ve. Outgassing of the Standing Wave & Accelerating Cavities Located Between Q4 & Q3, Kimo M. Welch
Based on CERN/Englemann Outgassing Data for the Standing Wave Cavities (1-3). June 15, 1994

Normalizd
CAVITY PUMPING SPEEDS - L/s  |]a3-Q4 Tot||a3-4 Tot||a3-04 Tot]|@3-a4 SS | Q3-04 @3-04* |H2 Qo In |BEAM** | A.C.Gap k |Emittance
AGE-IN |[Acc. Cav.|| sSWCs ||DT/Tuner |[BEAM PIPE| COMBINED COMBINED | Q3 Bore | LIFE | COMBINED |Growth(4)
hours S s1 s2 $3 || Torr ||Tot.Torr ||Tot.Torr ||Tot.Torr | Tot.Torr Equiv.H2 |Torr-L/s | hours | Tot. Torr |mm mrad/h
--------------------------------------- Rt [ | | el Rl Sl e
1 1000 1000 0 1000 ||2.57E-05 ||0.00E+00 ||2.31E-11 ||1.44E-10 | 2.57€-05 3.23€-05 [5.47E-03 | 0.24 | 3.53E-05 [2.80E-01

1 I H [ I I I | I
10 1000 1000 0 1000 ||7.79E-07 |]|0.00E+00 ||2.31E-11 ||1.44E-10 | 7.79E-07 9.80E-07 |1.65E-04 | 7.79 | 1.07e-06 |8.59€-03

[ H I [l | I I

28 1000 1000 0 1000 ||2.11E-07 }}0.00E+00 |]|2.31E-11 | ]1.44E-10 | 2.11E-07 2.65E-07 |4.48E-05 | 27.95 | 2.89e-07 |2.39E-03

I H [ [ I I | I
100 1000 1000 0 1000 ||5.85E-08 ||0.00E+00 ||2.31E-11 ||1.44E-10 | 5.87E-08 7.37E-08 |1.24E-05 | 91.12 | 8.05E-08 |7.34E-04

1 [ |l 1 I I I | I
28¢ 1000 1000 0 1000 ||2.62E-08 ||0.00E+00 ||2.31€-11 |[1.44E-10 | 2.64E-08 3.30E-08 [5.62E-06 | 175.44 | 3.61E-08 |3.81€-04

[l h 1 I I I | I I
1000 1000 1000 0 1000 ||1.33E-08 |[0.00E+00 |{}2.31E-11 |[1.44E-10 | 1.35€-08 1.69E-08 [2.84E-06 | 277.29 | 1.84E-08 |2.41E-04

[l H 1 Il | I I I !
10000 1000 1000 0 1000 ||6.82E-09 ||0.00E+00 |}2.31E-11 |[1.44E-10 | 6.99€-09 8.76E-09 |1.46E-06 | 391.65 | 9.59E-09 |1.71E-04

[ [ l I I | I I I
1l 1 I 11 | 0.0CE+00 | | 705.44 | |9.49€-05

1 H I H I I | I |

H H I II I I I I |

According to L. Remsberg, Au -->CO scales x1.6 that of Au -->H2. Therefore, Total Equiv. H2 Press. = H2 Press. + 1.6*CO Press.

This neglects decay stemming from H2 in the magnet cold-bore, but assumes Pav. thoughout the rest of the warm-bore is 5%10°-10 Torr H2.
If all of warm-bore is 5*10°-10 Torr H2, beam life would be 700 h, assuming 17% of the machine is warm-bore.

Model assumes q(H2) 1.9*10°-12 Torr-L/s cm’2 & q(C0)710°-13 Torr-L/s cm"2 for beam pipes, and drift tubes.

arf is defined as the outgassing throughput of one SWC. It is assumed that outgassing ACs is "x3.2 that of the SWCs.

It is assumed that pumps, with apertures, similar to those on the SWCs are used on the Accelerating Cavities.

For an average warm-bore pressure of 5*10°-10 Torr H2, growth is 9.56*10°-5 mm mrad/h.




Table VI. Examples of some of the warm-bore scenarios investigated.

NUMERS

CASE

[ ] ' ‘ [ ' ' [} ] ' ' ‘ ' [}
8 [} [] o XX X ] [] [ ] ] . X
- 4 + ‘ " . ' ' . ' 0 ‘ [ 0 '
] [ ‘ . [] ] ' [} [ [ [ [] ¢ )
M o ] [] o e « X [} > [] ] « X ¢
- 1 ‘. ‘ ‘. ' ' ' [} . ' 1 . ' 0
' ] [ ] ' [ [} ] [] ' [ [] ] [

N + X 1 X [ [) 1 X o X ] . t X ¢
- ‘ 0 ' ' ] ' 0 . ' ' ' 1 '
' [ ' [ [ [ [ ] [ ' ] ] ] []

- M 0 X o [} « X [ ’ [ ] ] . X
- . . ' ' ' ' ‘ [ ' ‘. [ 0 0
[ ] [} [} [} ] ] [] [] ] ] [ ] '
Q¢ ¢« M ¢ XK [} . X 1, . X + N [ S
- . ‘ ‘ + . [ ' . 0 ‘. ' 0 [
] [ [ 1 [} ' [ ' ] [ ‘ [ [ ]
o ' Xt [ ‘. [ ] [ ] [ ' X
] ] 0 ‘ [ . [ ] 0 0 t ' ] .

[} ‘ [] ' ] [ ' ] ] ] ' ] [} ]
0 . . X ' [ ] 1 . [ S ‘. ¢ 2
‘ [ ‘' 0 0 ' ' 1 s ' ' ' ' 0

[} [ ' [ . [ [ [ ' [ ] [ ] [
M~ . T ] ' . X [ X ' 1 X
' ‘ ' ' ' ' ' ¢ 0 t ' ' ' '

0 ¢ o e [] ] [ [ ] [ 2] 1 [ [ S
0 ‘ 0 0 1 [} . ‘ ' ' ' ‘. 0 ‘

[] [ ] [ [ ' [ ' ] . [ ' ' ]
[7o S [ SN [} [ o X ] [ > [ ¢ X
' ' t ‘ ¢ ' ' i . ' ' ' + 1

' ' [ ) [} . [ . [} ' [ ' [ ]

~ ¢ [ 4] [} . . X [] [ S + [ [ ]
' . . . ‘ [ [ . ' ' . . ' 1

M s X . ] ' N v X X ] . [ S
' ' ' ' ' ' ' ‘ ' ' ' ‘ ' '

L} . 1 L} L} + . L L] . L L} ) .

N ¢ X ] [ ] X [ 0 . XX . « X
1 . ' ' ' ' ' ' 0 ' ' . ‘. ‘.

. ' + ‘ ‘ ' ' [ ] ' [ ' [ ]

= 1 X ' ' ] o X . [ ) ] ] [ )
L} ) L 1 . ‘ ) 1] L ] 1 L} ] L]

2 Instantaneous life and emittance w/ ACs aged at 1/10 the time of SWCs.

1 1deal case: (i.e., “3*10°-10 Torr equiv. H2).

1 Assume average pressure 2x10°-9 Torr H2 equiv.

1 SWCs as f(t) from start; non-operating ACs.
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