CHAPTER 12. Cryostat Design
1. Introduction

The LHC interaction regions consst of many components that make up the fina focus
elements on ether sde of each interaction point (IP). One of these is a series of quadrupole
magnets that form the fina focustriplet. The magnetsin thetriplet are caled Q1, Q2a, Q2b,
and Q3 and are collectively referred to as interaction region quadrupoles (IRQ). Q2aand Q2b
are separate cails, but act asasingle focusng eement. The cold masses, consisting of the coil
assembly, iron yoke, and helium containment vessdl, for Q1 and Q3 are being manufactured by
KEK. Fermilab will manufacture those for Q2aand Q2b. After collaring the cails, applying the
iron yoke, and welding the helium containment vessdls, the Q2a and Q2b are welded together
to form asingle cold mass known smply as Q2. Fermilab is manufacturing dl of the magnet
cryodtats for Q1 through Q3, which is aso where the final assembly takes place. Thisreport is
abrief summary of the design of the cryodtats for these magnets. The design heet |oads that
govern much of the detailed design of the cryodtat are shown in table 1.

Table 1. Estimated heat loads to each of the thermal stations—complete triplet
Temperature level B50to 75K 4.6K 19K Notes
Static heat loads (W) 210 10 18 123
Dynamic heat loads (W) 0 16 169 4
Total heat |oads (W) 210 26 187
Notes

1. Static heat load to outer shield = 130 W conduction through supports + 80 W radiation and residual gas
conduction.

2. Static heat load estimate to 4.5K isfrom support analysis only.

Static heat load to 1.9K = 12 W conduction through supports + 6 W radiation. Radiation estimate

assumes e=0.1.

4. Per latest N. Mokhov calculations.

w

2. Vacuum Vessd

A cross section through atypical support section of the cryodtat is shown in figure 1.
The vacuum vessd is the outermost component and serves to contain the insulating vacuum. In
addition, it functions as the mgor structural eement to which al other systems are ultimately
attached to the accderator tunnd floor. In order to ensure compatibility with existing and
planned tunnd access points, the vacuum vessds for the inner triplet magnets are no larger than
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the main dipolesfor the LHC. The vacuum vessdl shown in figures 1 and 4 illustrates the
present design. Two heavy wall sections serve as attachments for the interna supports, serve to
join the thinner walled main vessd sections, and provide for connection of the vessd to the
tunnel floor. We have eected to fabricate the vessdl from saverd sectionsto alow for
adjustment of the straightness during fabrication. At the present time the choice of materid is
uncertain. CERN has defined a toughness specification for the main dipole vacuum vessas that
we are trying to satisfy. The prototype vacuum vessdl will be fabricated usng SA516 carbon
ded. Thisisamaterid that is specidly made for pressure vessd's operating at below-norma
temperatures, but which does so at reasonable cost.
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Figure 1. LHC IRQ cryostat cross section
3. Thermal shield and insulation

A sngle thermd radiation shidld is the next layer in from the vacuum vessd. Itsjobisto
intercept hest radiating from the 300K surface of the vacuum vessdl. 1t dso intercepts most of
the heat conducted from the vacuum vessel through the suspension system before it reaches the
cold mass. Findly, it dso serves asaresarvoir for liquid that may be lost in the unlikely event of
a catagtrophic failure of a pipe or interconnect bellows. Thiswould preclude any direct
impingement of liquid onto the vacuum vessdl wall. The shidd conggts of an duminum shell
3.18 mm thick cooled on both sides by helium gas flowing through duminum extrusons. The
operating temperature for the shield is between 50K to 70K with 60K being the nomina design
temperature. The shidds are ssgmented dong their length to minimize the effect of digtortions
caused by axid or crcumferentid asymmetriesin therma gradients during cooldown. An
auminum to stainless sted trangtion joint is required at each end of each extrusion to fecilitate
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connection to the interconnect bellows. At the present time we plan to use joints made by a
diffuson bonding process.

The shidd is covered by two multi-layer insulation (ML) blankets fabricated from
dternating layers of reflective mylar and a spacer materid. The MLI blanket designis based on
work done on SSC collider dipole cryostats. Thereisaso athin MLI blanket on the cold
mass. It serves primarily asinsulation againgt resdud gas conduction at times of degraded
insulating vacuum.

4. Internal piping

In addition to the shield extrusions, the cryodtat aso contains seven other cryogenic lines
not including the cold massitself. These are shownin figure 1. The pressurized helium |1 hest
exchanger isthe top-most pipe ingde the vacuum vessd. The outer shdll is the helium volume
common with the main magnet heium volume. Next in from there is a copper corrugated tube
containing sub-atmospheric helium. It serves asthe main heat exchanger. Ingdethisisasmal
liquid supply line to trangport liquid to the end of the heat exchanger and is used only during
cooldown. To theleft of the heat exchanger, the cooldown line passes from the feedbox
through dl of the cryodtats in each triplet and connects to the outer shell of the heat exchanger at
the IP-end of Q1. Asitsnameimplies, it isused only during initid operation. To theright, the
pumping line aso passes through all of the cryostats and connects to the copper corrugated tube
of the heat exchanger at the IP-end of Q1. The 4.5K intercept lines at the bottom are used
primarily to cool absorbers between Q1 and Q2a and between Q2b and Q3, but are al'so used
to extract asmdl amount of heet from the support sysem. All of the cryodtat piping is
supported adong the length of the cryostat by supports attached to the cold mass. This ensures
accurate positioning with respect to the magnet position, but does not increase the heat load to
1.9K. Table 2 summarizesthe fluid, Sze, and operating conditions of dl the cryostat piping.

Table 2. Cryostat piping parameters

Description Huid oD ID P oper P max T Flow
(mm) (mm) (bar) (bar) (approx) (9s)
External hx outer shell LHe 168.28 162.74 36 200 19K 0.0
External hx inner tube LHe 97.54 96.01 0.016 40 18K 8.6
LHe supply LHe 15.88 13.39 0.016 40 18K 8.6
Cooldown line LHe 44.45 41.96 36 200 19K 30.0
Pumping line GHe 88.90 85.60 0.016 40 18K 8.6
4.5K intercept supply LHe 19.05 15.75 13 200 45K 11
4.5K intercept return LHe 19.05 15.75 13 20.0 45K 11
50-70K shield supply GHe 76.20 69.85 195 220 60 K 50
50-70K shield return GHe 76.20 69.85 190 220 65K 50
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5. Suspension system

The suspension system consists of support rings sometimes known as “ spiders’ located
at two places along the length of Q1 and Q3 and three places dong the length of aQ2. The
support rings are atached to the vacuum vessdl at four places around their circumference and to
the cold mass at two places corresponding to the horizontd axis. This configuration minimizes
the change in magnetic axis of the cold mass during cooldown. This design aso resultsin avery
diff sugpenson that we believe will ensure the long-term stability of the magnet dignment. Due
to thermd contraction, the cold massis fixed with respect to the suspension at one of the
supports and dides at the others. Invar tie rods connect the supports together as a means of
digtributing the axid forces generated during cooldown. The static hegt |oads to each of the
thermd intercepts are summarized in teble 1.

Figure 2. Suspension system support ring

6. Cold massinterface

The cold massinterface congsts of the structurd support for the cold mass. It connects
the cold mass to the suspension system, supports the weight of the cold assembly, and alows
for axia shrinkage during cooldown. It must be structuraly strong, accurately positioned to
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accommodate alignment congtraints, and compatible with gpproximately 18 mm of therma
contraction. The current conceptua design is shown in figure 3. Therod assembly iswelded to
the cold mass after assembly of the cold mass. The dide assembly is secured to it and to the
support ring during the early stages of cryostat assembly. Sliding and non-diding assemblies are
identica with the exception of an additiond collar in the case of the non-diding end that prevents
relaive axia motion between the rod and support.

Figure 3. Typicd cold mass to sugpension system connection (non-diding configuration)
7. Summary

At thiswriting the design of thefirdt prototype cryodtat is nearly complete. This
assembly will house the firgt long Fermilab cold mass and will serve to verify the vdidity of the
design. Inaddition it will be useful in the development of assembly procedures and assembly
tooling, and will be used in the first magnetic test of afull length LHC IR triplet magnet. After
completion of magnetic testing it will serve asatest articdle in shipping and handling sudies. The
present schedule has the completion of the prototype during caendar year 2000. Figure 4
shows an isometric view of thisfirst magnet assembly.
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Figure4. LHC IRQ cryostat prototype magnet assembly
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