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Abstract

A vacuum window package has been designed to meet the physics anti-proton absorption requirement,
other vacuum requirements and the interface requirements with the Transport Solenoids and surrounding
shielding. The vacuum window package consists of a Kapton window bonded into a small frame and
mounted to a large vacuum flange. This window assembly provides a vacuum tight boundary between the
beam vacuum regions of each Transport Solenoid. The window assembly of the large vacuum flange is
captured between a flange of a hydro formed vacuum bellows and TS2 vacuum flange. The hydro formed
bellows provides a flexible vacuum tight interconnection of the TS1 and TS2. Additionally, external
vacuum bypass manifolds including solenoid operated gate valves provide a means of balancing pressure
on both sides of the window and complete the anti-proton window package design.
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D. Weiss, D. Hseuh, W. Meng, W. Morse, D. Phillips, P. Yamin
Brookhaven National Laboratory

April 4, 2003

The main purpose of the anti-proton stopping window is to stop the anti-protons in the beam,
which would cause a significant physics background if they stop in the muon stopping target[1].
A secondary purpose of the window is to stop neutral radioactivity from the production target
from reaching the detectors. Charged radioactivity is not a serious problem, as our beamline is
designed to attenuate positively charged particles, and pass negatively charged particles. He® has
a half-life of 0.8s. We discuss He® because most other neutral radioactivity could be stopped with
a cold trap. We have found only one reference on the production of neutral He®. The ATTA
experiment at Argonne National Lab produces 3x10° neutral He® atoms from 10'° =100MeV Li
ions on a low density Carbon target [2]. Their interest is in measuring the isotopic shift in atomic
transitions. The Carbon target was heated to 750C. At room temperature, they found no neutral
He® signal, as it largely decays before it captures two electrons and diffuses out of the target.
There is more data on charged He®. For example, ref. 3 quotes a production rate of ~6x10
(He®)™ ions per interacting proton for 1 GeV protons incident on an Fe target.

Ref. 4 has considered the diffusion of neutral He® through the window. This paper concludes
that if 0.01 He® atoms are produced per incident proton, the number of He® decays in the detector
region would be approximately 10’ s, which is probably acceptable, as few of the decay
products would go into a detector (see ref. 3 for details of this calculation). It should be much
smaller than that, especially if the target temperature is much less than 750C.

Window Monitoring

If the window lets anti-protons through without our knowing it, there will be a significant
physics background. As discussed in ref. 5, there will be a significant number of E>> muc2
gammas from the anti-proton annihilations in the muon stopping target some of which will hit
the calorimeter, which can easily be detected before the physics background becomes significant.
This should be monitored during the running of the experiment. Also, Dick Hseuh suggested
regularly injecting a small amount of Helium into the PS and measuring the amount in the DS.

Loss of Muon Flux

Ref. 1 concluded that a 0.12mm thick Be window would stop all the anti-protons with only a
small change in the muon yield. This small change can be estimated as follows: From Fig. 16 of
the proposal, about 14% of the muons which stop in the Aluminum target, stop in the first of the
seventeen layers, with about 1.5% stopping in the last layer. Each layer is 0.2mm thick. It was
shown in ref. 5 that the important parameter is the density times the thickness. The 0.12mm Be



window should then reduce the muon stopping rate in the Aluminum target by approximately
(14%) x (0.12mm/0.2mm) x (1.85g/cm’)/(2.70 g/cm’) = 5%. The ref. 1 window is comparable to
a 0.16mm thick Kapton window, about the same as our design (0.007 inch).

Ref. 10 studied backgrounds for a 0.3mm thick window, and found it to be still acceptable.
However, the background discussed in ref. 5 (antiproton interaction in the window producing a
K" which decays after the last bend) was not simulated. A complete simulation should be

preformed and published as a MECO note.

Vladimir Tumakov calculated that >99.5% of the useful beam is within a radius of 15¢m at
the location of the window.

Radiation Damage

The calculated fluxes through the window are given in Table 1.
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The ref. 6 fluxes are at the end of the TS. The fluxes at the window would be somewhat higher.
Ref. 1 and 7 fluxes are at the beginning of the TS. The fluxes at the window would be somewhat
lower. The radiation damage due to neutrons was discussed in ref. 8:

“MARS was used to track neutrons from the production target through the PS and TS. The
radiation dose at the TS mid-point (site of the p-bar stopping window) was found to be <0.2
Sv/sec at 4x10" p/sec. Kapton degrades at a dose of between 2x10 and 2x10° Gy, so it will be
an acceptable material for this window.”

The radiation damage from the electrons was discussed in ref. 8, and found to be acceptable. The
main damage to thin windows from the beam comes from knocking the nucleus, or part of the
nucleus, out of the window. The electron-nuclear knockout cross-section is sufficiently small not
to be a problem. About 1% of the w” will be captured in the window followed by nuclear
knockout. The fraction of atoms within the beam cross-section knocked out of the window from
muon capture over the lifetime of the experiment is:

(4x10"° p/s)107 )10 p™")
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which is acceptable. Note that the fraction of atoms suffering nuclear spallation from the
hadronic interactions for a one interaction length Tungsten target with a 4mm wide proton beam
is:

(4x10" p/s)(107s)

~ =5x10""
(19g / cm™)w(2mm)* (10cm)(6x10% mole™ )(mole /184 g)
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or higher by four orders of magnitude. The window detailed design is given in Appendix I.
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MECO Anti-Proton Vacuum Window Region Detail Design

INTRODUCTION

A vacuum window package has been designed to meet the physics anti-proton absorption
requirement, other vacuum requirements and the interface requirements with the Transport
Solenoids and surrounding shielding.

The vacuum window package consists of a kapton window bonded into a small frame and
mounted to a large vacuum flange. This window assembly provides a vacuum tight boundary
between the beam vacuum regions of each Transport Solenoid. The window assembly of the
large vacuum flange is captured between a flange of a hydroformed vacuum bellows and TS2
vacuum flange. The hydroformed bellows provides a flexible vacuum tight interconnection of
the TS1 and TS2. Additionally, external vacuum bypass manifolds including solenoid operated
gate valves provide a means of balancing pressure on both sides of the window and complete the
anti-proton window package design.

ANTI-PROTON WINDOW

Kapton has been selected as the window material because of its low radiation length, high
radiation resistance and inert chemical composition. Unlike a material such as Beryllium, which
also has a very short radiation length, Kapton will not require hazardous material considerations
for normal or accident handling procedures.

The circular collimation diameter in the region of the window was originally targeted to be 50
cm. Stress analysis of a Kapton window was performed for this configuration. The results of the
stress analysis for sizing the window are shown in the following figure and associated table.

rad (cm) 3% mm 3% in 5% mm 5% in 10% mm 10% in rad (in)
15 0.3510 0.0138 0.2090 0.0082 0.185 0.0073 5.9
16 0.3740 0.0147 0.2230 0.0088 0.197 0.0078 6.30
18 04210 0.0166 0.2510 0.0099 0.222 0.0087 7.09
20 0.4680 0.0184 0.2790 0.0110 0.247 0.0097 7.87
22 0.5140 0.0202 0.3070 0.0121 0.271 0.0107 8.66
24 0.5610 0.0221 0.3340 0.0131 0.296 0.0117 945
25 0.5840 0.0230 0.3480 0.0137 0.308 0.0121 9.84
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A one atm load is applied to one side of the window while the other side remains under vacuum.
The window must be capable of withstanding a one atm. load from either side, therefore a
consideration was made to maintain stresses below yield. For Kapton film this is approximately
3% elongation. The following figure shows the mechanical properties for HN Kapton at 1mil
thickness.
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The general form of the stress-strain curve is the same for all thicknesses. However, the yield
point increases from approximately 8 to 12 kpsi between 1 and 7 mils. To avoid yield a 0.58mm
(23 mil) window thickness is required. An earlier study indicated that 6 mil of mylar would stop
5% of the muons. This configuration would therefore stop on the order of 20% of the muons
which is considered unacceptable. The subsequent iteration included a refinement of the
collimation study and relaxation of the yield consideration. The window would be permitted to
yield, with the understanding it could be replaced, if an overpressure event occurred. The
collimation study resulted in a new window diameter of 30cm. The stress analysis pictured
earlier indicates a window thickness of 0.35mm (14 mil) is required to avoid yield at 1 atm.
differential pressure. With yield of the window permitted in the design, a window thickness of
0.18mm (7 mil) results in approximately 10% elongation.

Although yield of the window at 1 atm pressure differential is permissible, the pressure at which
yield of the window occurs must be identified. The result of a subsequent overpressure on the
opposite side of a previously yielded window is unpredictable at best, and may cause failure of
the window and damage to the machine. Therefore, the window must be changed immediately
following a differential pressure excursion that results in any yield of the window. Results of this
analysis are provided in the following figure and associated table below. In the case of the 7 mil
window, yield, which is defined as 3% elongation, occurs at a differential pressure of
approximately 8 psig. The proposed window thickness still needs to be tested for yield and
failure to verify the analysis before it can be installed in the machine.



dp (psig) 3% mm 3% in 5% mm 5% in 10% mm 10% in dp (psig)
2 0.048 0.0019 0.028 0.0011 0.025 0.0010 2

4 0.095 0.0037 0.057 0.0022 0.05 0.0020 4
6 0.143 0.0056 0.085 0.0033 0.075 0.0030 6
8 019 0.0075 0.114 0.0045 0.101 0.0040 8
10 0.239 0.0094 0.142 0.0058 0.128 0.0050 10
12 0.286 0.0113 0.171 0.0067 0.151 0.0059 12
14.7 0.351 0.0138 0.209 0.0082 0.185 0.0073 14.7
16 0.382 0.0150 0.228 0.0090 020 0.0079 16
18 0429 0.0169 0.256 0.0101 0.226 0.0089 18
20 0477 0.0188 0.284 0.0112 0.252 0.0099 20
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WINDOW INTERFACE ASSEMBLY

The 7mil Kapton window will be bonded to a circular frame, and leak tested. This frame will be
bolted to a large vacuum flange. A double O-ring seal shall provide the leak tight requirement
between the bolted window frame and the large vacuum flange. The double o-ring arrangement
also provides extra edge strength to resist “pull-out” of the window due to the differential
pressure. This resistance, in addition to the adhesive bond between the frame and window, must
resist the pull out force amounting to as much as 88 lbs/in of window circumference for a worst
case 1 atm pressure differential across the window.

The large vacuum flange is captured between a bellows flange on one side, and a stepped flange
on the other side. A single O-ring groove on each side of the vacuum flange seals the window
assembly and the TS1 and TS2 beamtubes from atmosphere. The stepped flange provides a '4”
space between the vacuum flange and the TS2 cryostat end face for the differential pressure
bypass system. This captured connection is bolted to allow for inspection and service of the
kapton window and frame assembly.

The large vacuum flange is slipped into a 1.75” wide gap between the TS1 and TS2 cryostats.
This gap is reduced from the original 3.0” gap to allow for more MLI between the magnet
coldmasses and cryostat end plate. With the exception of the uncompressed O-rings, the vacuum
flange and window assembly presents a uniform thickness of 0.75”, allowing for a nominal
0.375” gap between it and each adjacent TS cryostat. The stepped flange reduces the clear gap
to 1.50”, a factor during installation of the window assembly. The additional thickness of
uncompressed O-rings depends on the final O-ring cross section, presently shown as '4”
diameter. This results in an overall assembly thickness of 0.875”, and a clearance between each



O-ring and cryostat of 0.31”. This clearance is needed to protect the O-rings during installation,
and therefore must be available following installation of the TS1 and TS2 cryostats. In order to
insure that the window assembly can be installed, this gap distance is needed after all tolerances
are considered. If any feature, including welds penetrates the required gap, installation may be
compromised. A detail of the window frame design and the cross section of the installed large
vacuum flange are shown in the following drawing.
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The interconnection and vacuum barrier of the TS1 and TS2 beam vacuum is accomplished with
a hydroformed bellows assembly. A plan view and cross section view of the bellows installation
is shown in the following figure.
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The bellows design for this application provides the necessary displacements to accommodate
installation misalignments, window frame and vacuum flange installation and operational
displacements, with reasonable reactive forces and infinite life cycles. The bellows can be
compressed to fully expose the window frame gap. The total force to accomplish this will be
approximately 1000 pounds. The 3mm operational lateral translation will cause a bellows
reactive force of approximately 5000 pounds. The axial displacements without lateral
displacement allows for infinite displacement cycles. The addition of 3 mm lateral offset
reduces the displacement cycles to approximately 6000.

The position of the TS1 power lead stack must be relocated further from the warm window gap
to accomplish this design. The logical location for the lead stack is at the location of the
horizontal V-strut as shown in the following overall plan view. Not only does this location
provide more than adequate space to accommodate the bellows and access for its installation, it
also positions the stack where operating displacements for the stack will be lower.
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The details of the bellows requirements and all of its features and constraints have been
conveyed to potential suppliers, and discussions continue. As of this writing, one vendor has
submitted a detail drawing to incorporate into the assembly, however the details have not been
transferred to the MECO installation drawing. It should be noted that some flange features are
subject to change, and could result in slightly different flange diameters, bolt circles, and overall
length. An updated vendor design and the summary Expansion Joint Manufacturers Association
(EJMA) analysis results of the associated bellows design are provided in the following figures.
The data can be updated as the vendor design matures.




SUPPLIED & NSTALLED BY CUST.

SHOWN FOR REF ONLY

(10) .875 DIA HOLES
ON A 74.75 BCD
(CUST. TO ADVISE LOC.)

(72) .625 DIA HOLES
ON A 70.69 BCD

REF FIELD Z—
WELD
2.283 REF

1 [ S
’ I U 57|.é25
- o -
62.685 3.00 | 15.50 { 2.00
0D | 20.50 —
REF —
N
‘ 21.00 REF o
Design Parameters and Bellows Dimensions
Design Pressure 15 psig Effective Area 3,793.67 IN*
Design Temperature 70 Deg. F Pressure Thrust 56,905 Lbs.
Bellows ID (Db) 67.750 IN. Convolution Height (w) 1.714 IN.
Bellows OD 71.250 IN. Skirt Length (Lt) 1.25 IN.
No. Convs. (N) 9 Cp=0.654, Cf=1.653, Cd=1.733
Thickness (t) 0.036 IN.
No. Plies (n) 1
Roll Size 0.8 IN.
Convoluted Length (Lb) 15.500 IN. Bellows P No: P8
Bellows Pitch (q) 1.722 IN.
Design Movements: (Concurrent Equivalent Axial
Compression 0.75IN. Lateral 0.375 IN.  Angular 0 Deg. exc = 0.083, exe =0.083
Extension 0.75IN. Lateral 0 IN.  Angular 0 Deg. ey =10.589, ey=0
Bottom Out = 6.051 IN. < 7.426 IN. Max. otheta=0; etheta =0
Material Constants
Bellows Material: A240-304
Sa @ Amb 20000 psi
Sa @ Temp 20000 psi
Su@ Amb 70000 psi
Su @ Temp _...70000 psi
E @ Amb 28300000 psi
E @ Temp 28300000 psi
100
As Rolled
Design Analysis
Req'd Design Cycle Life 1,500 EJMA Squirm Pressure 58 psig
Actual Design Cycle Life 1,812 EJMA Max Safe Operating 40 psig
Max Safe operating pressure reflects lowest
value of $1, S2, S4 or squirm. Both ends rigid.
Stress @ Design < Allowable Stress Max Pressure
S1 = 7535 psi 20000 psi 40 psig
82 = 6981 psi 20000 psi 43 psig
83 = 362 psi
54 = 11412 psi
S3+84 = 11773 psi 60000 psi 76 psig
S5 = 1623 psi
S6 = 248878 psi
St = 258742 psi
Spring Rate Max Movement Max Force
Axial 1,335 Lbs./IN. 0.750 IN. 1,001.25 Lbs.
Lateral 40,248 Lbs./IN. 0.375 IN. 15,093.00 Lbs.
Angular 14,101 in-Lbs/Deg 0.000 Deg 0.00 in-Lbs.
Torsional 42.07E+6 in-Lbs/Deg Max Torsion 0.0308 deg.
Miscelaneous Calculations
Bellows Weight 92.53 Lbs. Moment of Inertia 0.45220 IN*
Developed Length 42.2 IN. Eq. Pipe Wall Thk. 0.710 IN.

This bellows has been designed in accordance with the latest edition and standards
of the Expansion Joint Manufacturers Association and industry accepted standards.



DIFFERENTIAL PRESSURE BYPASS SYSTEM

The bypass system is employed to insure that the differential pressure across the window does
not cause the window to yield. The stress analysis described earlier provides the upper limit of 8
psig differential pressure needed to actuate the differential pressure bypass valves and avoid
yield of the window. Since the bypass valves cannot be open during operation, the vacuum
requirement for beam operations provides the minimum level for actuation of the bypass valves.
Since the maximum beam vacuum requirement is approximately 1.0x10™* torr, the range for
actuating the bypass valves is large (i.e., 1.0x10™" torr to 8psia (~400 torr)). A vacuum gauge
setpoint value of 1000x the maximum beam vacuum level (0.1 torr) could be used to actuate the
bypass valves. Gauge setpoints in this range will insure a differential pressure of 8 psig will not
be realized. The threshold is well below the yield pressure of the window, and well above
maximum operating beam vacuum.

Without certain quantifiable failure conditions, the mass flow rates required by this system
cannot be fully analyzed. However, assuming that the greatest magnitude failure is due to a
water cooling leak into the beam vacuum, and assuming a beam vacuum temperature of 20C, the
maximum pressure on the failed side of the window should not exceed approximately 0.4psia,
the vapor pressure for water near ambient temperature. Alternatively, a pressure of 1 psia could
be used to actuate the bypass valves. This threshold would keep such a failure condition isolated
to one side of the machine. Either setpoint is well below the yield pressure limit of 8psig. All
possible maintenance and operating scenarios need to be identified to ensure that the proper
setpoints are used. Different setpoints and consideration for manual overrides may be necessary
to ensure that the pump down and leak check can be accomplished and to protect other vacuum
components such as cryopumps.

The bypass system currently consists of 2 separate but identical manifolds, with the exception of
vacuum gauging. Each manifold terminates at 1.50 inch diameter ports in the bellows interface
flanges of the TS1 and TS2. The manifold consists of standard Conflat flanged stainless steel
components, including gate valve, rigid tubing and flexible connection. One manifold includes a
gauge on each side of the gate valve. These gauges will be used to control the bypass valves. If
additional or quantifiable failure mode mass flow rates are identified, pressure drop analyses can
be performed. If results of such analyses indicate insufficient flow area, more of these manifolds
can be added around the circumference of the bellows interface region.

INSTALLATION

The bellows must be slipped over the TS1 cryostat prior to installation of the TS2 cryostat.
Handling of the bellows during installation will require use of the overhead crane. The bellows
retraction rods should be attached to the bellows and TS1 flange to secure the bellows prior to
completion of the bellows installation. Welding of the bellows flange to the TS1 bellows flange
should be withheld until the TS2 cryostat is surveyed into position and the bellows flange bolted
to the TS2 flange to properly align the bellows between the TS1 and TS2 cryostats. After
welding of the bellows flange to TS1 is complete, the bellows retraction rods should be adjusted
to compress the bellows 2.0”. This will expose the entire warm gap and provide the necessary
access to install the vacuum flange and window assembly.




The large vacuum flange and window assembly weighing approximately 700 pounds must be
rigged with an overhead crane into position. Provisions for lifting the assembly must be
designed into the large vacuum flange. The assembly is prepped with the TS2 O-ring only and is
slipped into the 1.50” wide clear gap between TS1 and TS2. The flange can be biased to the TSI
side of the gap to provide maximum clearance and protection for the TS2 O-ring during
insertion. With the flange temporarily bolted to the TS2 flange, the TS1 O-ring is installed in the
groove of the vacuum flange. The bellows retraction rods are then loosened until the bellows
can be bolted to TS2. The retraction rods can be removed and stored. The differential bypass
manifold can be assembled and leak tested in conjunction with installation of the vacuum
system.

ESTIMATED COSTS

Section removed for confidentiality.



