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Chapter 2.
Overview and Summary

2.1 General Description

The staged approach to the VLHC described in this feasibility study requires placing two collider rings in a common tunnel. This requirement imposes constraints on the lattices of the rings as well as on the civil construction parameters. The injector to the collider is the existing Fermilab accelerator complex, hence the collider must pass through or close to Fermilab.

The plan view of the 233 km VLHC collider is shown in Fig. 2.1, which shows the service buildings that contain cryogenic refrigerators and other utilities. Stage 1 has six service areas (one on the Fermilab site) for cryogenics and other operational requirements. Stage 2 requires six additional service sites.

The ring is almost circular, comprising two great arcs of 35 km average radius connected by two clusters, one at Fermilab, one exactly opposite, each six kilometers long and each containing straight sections and dispersion suppressor arcs. The straight sections are needed for various functions necessary for operation, such as injection, extraction, collisions and beam cleaning. 
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Fig. 2.1 The 233 km VLHC Ring

A magnified view of the VLHC Fermilab cluster is shown in Fig. 2.2 with one scale extremely expanded relative to the other. Grouped below or nearly below the existing Fermilab site are the underground injection and extraction beam lines, the beam absorber, and the RF acceleration stations. In the on-site straight sections are two detectors, separated sufficiently
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Fig. 2.2  VLHC cluster at Fermilab, showing the various functions. 
Note the differences in E-W and N-S scales.

in distance and angle to avoid muon background from one detector hitting the other.  The cluster opposite the Fermilab site is mostly passive, although a second campus could be developed there. The machine functions at the far cluster are beam scraping and, eventually, the systems for beam transfer from Stage 1 to Stage 2. 
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Fig 2.3  A cutaway view of the underground geology at Fermilab with the VLHC tunnel in its approximate location. The vertical scale is expanded relative to the horizontal scales.

Several different injection layouts from the Tevatron are possible and are discussed in Chapter 4. To take advantage of the best geology in the area, the VLHC tunnel is approximately 120 m below the surface at Fermilab, much deeper than the Tevatron, as shown in Fig. 2.3. The lengths of the injection lines are determined by the desire to descend gradually to that depth because these ramps, and a similar one on the other side of the VLHC ring are used during the construction phase for the installation of magnets and other technical components. 

A cross section view of the tunnel at its minimum width of 3.6 m and minimum floor width of 3.0 m is shown in Fig. 2.4 with the Stage 1 collider installed. Notable are the small Stage 1 combined-function magnet installed on stands on the floor of the tunnel, and the small amount of necessary infrastructure. For example, there is only one small cable tray, because all of the correction elements are powered from local supplies installed in wall penetrations, and all of the instrumentation and controls are local, with only fast communication to the rest of the world. This design eliminates almost all long cables except for some bundles of optical fiber. 



Fig. 2.4  A cross section of the VLHC tunnel with the Stage 1 magnet in place.

Sections of the tunnel used for services will have to be larger than the nominal minimum of 3.6 m. The long straight sections for injection and extraction and experimental areas, the tunnel below the major service buildings, and anywhere where two tunnels join will be among them. In addition, there is an adit to the tunnel every 10 km that contains cryogenic valve boxes and transformers and bulk power supplies for DC power distribution in the tunnel. There are additional personnel exits every 3.3 km between the 10 km points. Tunnel locations under the service areas and the future locations of the Stage 2 service areas will have adits sized for Stage 2 during the initial construction.

2.2 Geology

The terrain in northern Illinois is excellent for building large accelerators. The surface is relatively flat, and there are thick layers of self-supporting and competent rock underground, as can be seen in Fig. 2.3. The geology is not perfect, however. The best rock, the Galena-Platteville dolomite, is deep underground and is tilted down to the east. There is an inactive fault west and south of Fermilab with a large mismatch of geological properties on either side. In order to sample all of the features that are in the area, and to get an idea of the technical, environmental and financial issues involved in tunneling through various media, we have included three tunnel orientations discussed in detail in Chapter 7.

· A south ring with a 0.08% incline and a depth at Fermilab of 235 feet. This orientation requires tunneling through the Sandwich fault and is relatively shallow.

· A north ring, with no incline and a depth at Fermilab of 330 feet. This orientation samples numerous types of underground media.

· A north ring with a 0.20% incline and depth at Fermilab of 501 feet. This ring is inclined to stay almost exclusively in the Galena-Platteville dolomite. It is very deep in some locations.

The tunnel in the dolomite will not be lined but may have to be grouted and sealed in places. Some of the tunnel will have to be lined in order support poorer quality material and to avoid excessive inflow of water, which we have limited to no more than 50 gallons per minute per mile of tunnel. Large underground cisterns are constructed as part of the tunnel near the six major service areas, and pumps with emergency backup empty them. This is a potential environmental issue and the possibility of lining the entire tunnel to reduce the water inflow is being studied.

2.3 Surface Features

The most prominent off-site surface feature of the VLHC will be the service buildings required for refrigeration and other utilities for the collider. Stage 1 needs only six service building, roughly 40 km apart. A typical Stage 1 service area is shown in Fig. 2.5. One of these is on the Fermilab site and is larger than the others to accommodate additional utilities and heat load required by the experimental areas. 


Fig. 2.5  A typical service area for the Stage 1 VLHC.

The Stage 1 service areas are modest, each requiring about ?? acres of space, including heat rejection systems and 5 MW of installed power. Stage 2 will require six additional sites approximately halfway between the Stage 1 service areas, and an upgrade of all 12 sites to ?? acres each, each with approximately 20 MW of installed power. The heat rejection capability for Stage 2 compressors is about 8 MW per service area. Minor areas are present at approximately three kilometer intervals. They will have small buildings to cover and interlock the personnel exits and contain backup (generator) power for the elevators and lights. Every 10 km these buildings will be slightly larger because of additional underground utilities and power requirements.

The two detector caverns and associated service buildings are on the Fermilab site. These caverns are sized according to the SSC design and are ? m by ? m by ? m high. It will be  convenient but not necessarily possible to construct them sufficiently deep that their roofs have a thick enough dolomite cover that they will be self-supporting over that large span. The two areas have bending between them so that the background, particularly muons generated in one interaction region will not appear in the other. Experiments similar to those designed for SSC or being built for LHC are thought to be adequate for the 40 TeV collisions of the Stage 1 VLHC.

2.8 The Lattice

While the Stage 2 collider is far in the future, one needs to anticipate its requirements as best one can before laying out the components of the first machine, since they ultimately must reside in same tunnel. This entails anticipating the geometric, space and beam optics requirements for future technical equipment – much of which may not yet be known. This creates the need for some compromises. For example, while the size of the arcs is determined primarily by the low magnetic field of the Stage 1 collider, the lengths of the straight sections and the interaction regions are determined by the high energy (magnetic rigidity) of the Stage 2 beam. Another complication of the geometry comes about at the transition regions between bending and non-bending portions of the accelerators. Special optical modules – dispersion suppressors – are used to bring the orbits of off-momentum particles to coincide with each other in the long straight sections. Since the Stage 1 and Stage 2 designs have different focusing characteristics, the dispersion suppressors must be designed simultaneously to ensure that the Stage 1 and Stage 2 orbits line up appropriately when entering the long straight sections for the interaction regions and utility regions. 

Table 2.2  Major Lattice Parameters for Stage 2


To allow for lattice and component designs to progress simultaneously for both the Stage 1 and Stage 2 colliders, a general layout composed of basic modules was developed. Each collider is made up of two major arcs that connect two clusters of straight sections. The clusters contain space for two nearby interaction regions and two utility regions that are used for injection and extraction, accelerating cavities, and other necessary functions. Short bending regions are located between each interaction region and utility region to allow collision debris and muon vectors to miss the downstream detector and utility enclosures. At the outset, only one cluster region – the one located at the Fermilab site – will be equipped with full interaction region and utility region optics. The other cluster region will have the same straight section lengths, but optically will consist of simple FODO-type modules, with the exception of one area with large dispersion used for beam scraping. Since the Stage 1 magnet has side-by-side apertures, each cluster contains one insertion in which the beams are crossed without colliding, to guarantee equal path lengths for the two beams. The exact length of the standard cell is determined by the chosen bunch spacing. To ensure that bunches will collide at any detector in the design, regardless of what modules exist between interaction points, the ring module lengths are designed in units of the bunch spacing. 

2.5 Stage 1 Technical Components

2.5.1 Magnets

The major technical component of the VLHC is, of course, the main arc magnet. The Stage 1 magnet, shown in perspective in Fig 2.6 is a superferric gradient magnet of simple and elegant design. It is not only less costly per Tesla-meter than the typical high-field superconducting magnet, but also requires much simpler and less costly services, such as cryogenics, power supplies, quench protection, and so forth. Since it is a gradient magnet, quadrupoles are not required in the arcs. Its long length, 65 m, presents some challenges in handling and transportation, but reduces the number that need to be fabricated and tested and greatly decreases the overall cost of production and installation. 
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Fig, 2.6 The superferric “Transmission-line” gradient magnet used in the arcs for the Stage 1 VLHC

The magnet and its associated systems are discussed in detail in Chapter 5. The magnet is energized by passing 100 kA through the superconducting cable in the center of the steel yoke. The magnetic field in the gaps on either side are in opposite directions for the oppositely directed beams of protons. The current returns in a similar cable in the helium supply/return line in the cryogenic service pipe below the magnet. The separation of the two cables generates a small dipole fringe field in the tunnel. The gaps are narrow to keep the magnet and the excitation current as small as possible. With a two centimeter gap on either side the magnet will reach 2 T at 100 kA. The small beam pipe creates some stability issues for the beam, and although standard methods seem to be able to keep them within bounds, it is a subject for further study and R&D. Since the steel yoke and the beam pipes of this magnet are warm, the cold mass of this design is very low, so cool-down times and inventory are impressively small. In addition, the electromagnetic force on the conductor is small, permitting a support structure with very low heat leak, hence, low operating power. Parameters for the main arc dipole and dispersion suppressor dipole are listed in Table 5.2.

Every half-cell, 135 m, the conductor in the center of the magnet is bent down to be close to the return conductor. This is a complication in the cryostat, but creates a room-temperature gap that is used for the various correction magnets: a closed-orbit dipole, a tune quadrupole and a sextupole. Other correctors could be added as needed. All of the correctors are conventional iron and copper magnets powered by local DC-to-DC converters. There are also the usual collection of special magnets in the utility straight sections. These comprise Lambertson-style septa for the emergency beam-extraction system, which operate in series with the main excitation bus so they are always at the correct bend strength; injection and extraction kicker magnets, also in the utility straight sections; conventional quadrupoles that carry the FODO lattice across the utility  straight sections; and strong, single aperture quadrupoles and bending magnets to focus the beams and bring them into collision at the two interaction regions.

The interaction region quadrupoles are typical of the magnets that will be developed for LHC second-generation IRs. They operate at about 300 T/m gradient and have a larger aperture than the quadrupoles now being built by Fermilab for the LHC, but otherwise look very similar. The improved performance is gained by using Nb3Sn as the conductor.

2.5.2 Other Stage 1 Technical Components

2.5.2.1 Cryogenics

The cryogenic system of the Stage 1 collider is distributed over a wide area, but is about the same total refrigeration power as for the Tevatron — 30 MW installed, including 50 % overcapacity. The refrigerator cold box is split, so that the cold stages of the heat exchangers are at tunnel elevation. This reduces the helium head pressure. There are two upstream and two downstream helium loops at each refrigerator. One loop in each direction passes through the transmission line and returns after 10 km. The other loop is bypassed for the first 10 km, and then is switched into the transmission line. This design reduces the size of the transmission line cryostat. There is no liquid nitrogen in the tunnel. The shield for the transmission line and for the cryogenic service pipe is cooled with 40 K helium.

2.5.2.1Tunnel-Resident Systems

Because of the size of the ring, we have taken special precautions to maximize reliability and minimize maintenance in the long arcs. There is no LCW system in the arcs, since the corrector magnets are air cooled. Only the repetitive instrumentation and corrector power supplies at each corrector location is required. These electronics are located in a radiation-shielded modules buried in holes-in-the-wall at each quad location. Average power dissipation is approximately 15 W per meter of tunnel. All cables for instrumentation and corrector magnets are pre-assembled on the magnet and factory tested before installation. At alternate half-cells (270m), cryogenic thermometry and a valve controllers are used to regulate the shield flow. Every 10km there is a walk-in alcove that contains conventional electronics racks and provides network connections, tunnel safety systems, bulk DC power for the instrumentation modules, and cryogenic instrumentation for the cooldown valve box. 

2.5.2.x System

ARE THERE ANY OTHER SYSTEMS THAT SHOULD BE DESCRIBED HERE? I can imagine describing only the main magnets and leaving other stuff out. What about you?

2.6 Construction and Installation Schedule

The construction of the tunnel is the major cost and schedule issue of the VLHC. It is our goal that the entire construction, installation and commissioning sequence be completed in 10 years. This will require a major logistical effort, since the installation of infrastructure and magnets must be done in one part of the ring while construction is proceeding in another part of the ring. Because the magnets are so long, they must be installed using ramps, not drops. It is presently planned to have installation ramps in two locations, enabling installation in four areas of the tunnel simultaneously. Although infrastructure can be installed in any area in which we have occupancy, magnets can only be installed in areas that are continuous with at least one ramp. To be able to commission the installed components immediately after they are installed, the surface facilities construction must also be coordinated with the tunnel construction. 

Because the VLHC is being built at Fermilab, there is the organizational structure to move quickly to plan the construction and installation, and to establish construction activities. Even so, we believe that it will take about one year for the first tunneling to begin at the Fermilab cluster and that the first section in which we can sensibly install will be available at the start of year four. The tunneling and service contracts will follow in sequence, with the last sector completed for installation at the start of year eight. Hence, the complete tunnel construction period is thought to take about six years, and the installation period another six years, overlapped so that the total is ten years, as shown in Fig. 2.7. 

Some of the construction, such as the collision halls, will take considerably longer. That will effect some specialized systems, although they are all small compared to the arc magnet installation, except for the detectors. A significant effort will be made to finish the collision halls by the end of year five. There are about 600 magnets per sector, so magnet installation will take about 2.5 years per sector at the rate of one magnet per day. Hence, the peak production rate and total installation rate in all sectors will be about four magnets per day. It is assumed that once a sector adjacent to Fermilab is commissioned, beam will be injected. This will cause some delay in the installation process. 


Fig, 2.7 An overview of the schedule for construction,  installation of infrastructure and magnets, and commissioning.

2.7 Operations

The Stage 1 collider can be filled in about one hour from the Tevatron. Because of the cryogenic load of the rapid ramping cycle (50 s.), the Tevatron can injects at no more than 900 GeV. The acceleration time to 20 TeV per beam is about 20 minutes, which could be shortened at the expense of more RF. The long luminosity lifetime and long fill time indicate that it will not be a significant advantage to decrease the acceleration time. 

The relatively low energy at injection, the small beam-tube aperture, the large-circumference ring and the long fill time lead to some concern about beam instabilities at injection. Although it appears that active feedback systems can handle these instabilities, at this time they appear to be the most serious accelerator physics issue for Stage 1 VLHC. If feedback is inadequate, there are other methods to minimize this issue. For example, rebunching the beam in the Tevatron at 200 MHz will reduce the peak bunch current by a factor of four. After the VLHC is filled, the beam can be accelerated to about 3 TeV and rebunched at 53 MHz, where the instabilities are no longer an issue. Beam stability should be one of the major R&D efforts for the VLHC.

Because of the size of the ring, emergency repairs will be time consuming. This will put a premium on reliability, redundancy and regular maintenance. For this reason fully redundant capability is provided for all mission-critical subsystems in the arcs. Power distribution is provided to each module by two independent loop feeders with auto-resetting circuit breakers and remote disconnects. Two independent power supplies are provided for each corrector magnet and control function, summed by a diode. Redundant network connections to each module are provided.  The critical function of beam loss monitoring is provided by redundant sensors read out from alternate quadrupoles modules, so that even the death of a handful of control modules will not require immediate maintenance. In order to keep such a system reliable, maintenance periods every two weeks will be required to repair the many “half power supplies” that have failed.

2.8 Stage 2 Issues
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2.9 ES&H Issues

I see one interesting esh issue besides the worst case beam accident and ground water, and that is the fringe field of the Stage 1 magnet. What happens to the magnet is soemm schmuck leaves a heavy magnetic tool in the tunnel. Does it accelerate to the magnet and smash the cryostat? Old E-98 had a close call once with a gas rack and the fringe field of the cyclotron. Do all tools going into the tunnel have to be bronze like in the old cyclotron days?
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Params

		

		PRIMARY PARAMETERS				Stage 1								Stage 2

				Machine Type		Proton-Proton Collider								Proton-Proton Collider

				Beam Energy		20				TeV				87.5				TeV

				Luminosity		1.0E+34				s-1cm-2				2.0E+34				s-1cm-2

				Dipole Field		1.96				Tesla				10				Tesla

				Circumfrence		232				km				232				km

				Injection Energy		0.9				TeV				10				TeV

				Injector		Tevatron								Stage 1 Machine

				Filling Time		60				mins				< 30				sec

				Acceleration Time		1000				sec				2000		sec

				Detectors		Two, on-site @FNAL								Upgrade at same sites

				Power Consumption		TBD				MW				TBD				MW

		BEAM PARAMETERS

				Transverse Emittance       (RMS norm)		1.67				Pi um-rad				1.5				Pi um-rad

				(95% norm)		10.0				Pi um-rad				9				Pi um-rad

				Beam Size at Injection (@beta=400m)		0.8				mm RMS				0.2				mm RMS

				Revolution Frequency		1294				Hz				1294				Hz

				Bunch Frequency		53.1				MHz				53.1				MHz

				Bunch Spacing		18.8				ns				18.8				ns

				Number of Buckets		41048								41048

				Bunch Filling Fraction		0.9								0.9

				Number of Bunches		36943								36943

				Bunch Intensity		2.48				x1E10				2.06				x1E10

				Protons/Beam		9.17				x1e14				7.60				x1e14

				Beam Current		190				mA				175				mA

				Stored Energy/beam		2.94				GJ				10.64				GJ

		COLLISION PARAMETERS

				Beta*		0.3				m				0.5				m

				Head-on BB Tune Shift		0.002								0.002

				Crossing Geometry		Horizontal								Vertical

				Crossing Angle		TBD				urad				TBD				urad

				Inelastic Cross Section		130				mbarns				150				mbarns

				Interactions/crossing		25.8								59.6				int/xing

				Interactions/cm		1.97				#/cm				6.56				#/cm

				IR Power from Collision Debris		3.9				kW				39.8				kW

		SYNCHROTRON RADIATION

				Synchrotron Radiation Loss/turn		0.03				MeV				12.37				MeV

				Synchrotron Radiation Power/beam		6				kW				2,161				kW

				Synchrotron Radiation Power/meter/beam		0.029				W/m				9.827				W/m

				Longitudinal Damping Time		inf.								1.4				hours

		LATTICE				Stage 1								Stage 2

				Magnet Type		Combined Function								Separated Function

				Bore Separation in Arcs		15				cm				18-29				cm TBD

				# of Half-cells		1710								1710

				Integer Tune		214				nu				214				nu

				Fractional Tune		TBD								TBD

				Slip Factor Eta		2.19				x1e-5				2.19				x1e-5

				Average Beta		233				m				270				m

				Avg. Dipole Field in Arcs		1.90				Tesla				8.33				Tesla

				Dipole Filling Factor (Arcs)		97%								83%

				ARC CELLS

				Number of half-cells in Arcs		1568								1568

				Half Cell Length		135.5				m				135.5				m

				Phase Advance/cell		90				deg				90				deg

				Dipoles Per Halfcell		2								7

				Dipole Length (magnetic)		65.75				m				16.1				m

				Bend Angle per halfcell		3.9				mrad				3.9				mrad

				Sagitta in Halfcell		6.5				cm				6.5				cm

				Beta Max		412				m				460				m

				Beta Min		87				m				81				m

				Beta Avg		233				m				270				m

				Dispersion Max		1.35				m				1.4				m

				Dispersion Avg.		1.03				m				1.1				m

				SUPPRESSOR CELLS

				Number of 1/2 Cells		80								80

				Half Cell Length		101.6				m				101.6				m

				Phase Advance/cell		90				deg				90				deg

				Dipoles Per Halfcell		2								5

				Dipole Length (magnetic)		48.8				m				16.1				m

				Bend Angle per halfcell		2.6				mrad				2.6				mrad

				Sagitta in Halfcell		2.5				cm				2.5				cm

				Beta Max		412				m				460				m

				Beta Min		50				m				40				m

				Beta Avg		231				m				250				m

				Dispersion Max		1.35				m				1.4				m

				Dispersion Avg.		0.675				m				0.7				m

				STRAIGHT SECTION CELLS (Nominal FODO)

				Number of 1/2 Cells		80				TBD				80

				Half Cell Length		135.5				m				135.5				m

				Phase Advance/cell		90				deg				90				deg

				Beta Max		460				m				460				m

				Beta Min		81				m				81				m

				Beta Avg		270				m				270				m

						270

						Stage 1								Stage 2

		BEAM SIZES AND ACCEPTANCE

				Design Emittance		1.7 pi (RMS norm)								1.5 pi (RMS norm)

						10.0 pi (95% norm)								9.0 pi (95% norm)

				Beam Size at Injection (@Betamax=400m in arcs)

				Sigma		0.8				mm				0.2				mm

				95%		2.04				mm				0.58				mm

				Beam Size at Full Energy (@Betamax=400m)

				Sigma		0.18				mm				0.08				mm

				95%		0.43				mm				0.20				mm

				Physical Aperture (arc magnets)

				Nominal Physical full-Aperture		28 x 18				mm (H x V)				20				mm diam

				Min Radial Aperture w/misalignments		7.5				mm				7.5				mm

				Acceptance of Phys. Apert. @injection		9.0				sigma				31.6				sigma

						135 pi RMS norm								1499 pi RMS norm

						810 pi (95% norm)								8995 pi (95% norm)

				(ref: Acceptance of Main Injector)		40 pi (95% norm)

				Beam Scraping Radius		6				sigma				6				sigma

				Dynamic Aperture at Injection (Tracking Target for Arc Magnets only)

				Tracking Target (Avg over seeds)		13				sigma				13				sigma

				target amplitude at beta=400m		10.8				mm				3.1				mm

				Acceptance of Dynap. Target		282 pi (RMS norm)								254 pi (RMS norm)

						1690 pi (95% norm)								1521 pi (95% norm)

		UNDERGROUND CONSTRUCTION

				Collider Tunnel

				Tunnel Depth (Avg.)		120				m

				Finished Diameter		3.65				m				( = 12. ft)

				Arc Radius of Curvature  R_Arc		35				km

				Arc Circumference		220				km

				Straight Sections (number)		10

				Straight Section (Total length)		12				km

				Circumference overall		232				km

				Maximum Line-of-sight in Tunnel		1011				m

				Number of Muck removal Sites		6

				Distance Between Mucking Sites		38				km				( =  23.6				mi )

				Tunnel Drive Lengths		19				km				( =  11.8				mi )

				Emergency Egress for Construction		4.75				km TBD				( =  3.0				mi TBD)

				Emergency Egress for Operations		9.5				km TBD				( =  5.9				mi TBD)

				Excavated Volume per Site		397,612				m^3				( = 19,881				Truckloads)

				Tunnelling Schedule (Target)		Stage 1								Stage 2

				Arc Tunnel Construction time		5				yr

				Number of Simultaneous TBM Sites		4								1				Bypass Line

				Site Prep and Shaft Excavation		0.5				yr				0.5				yr

				TBM Setup & Boring (first Drive)		1.5				yr				0.5				yr

				TBM Setup & Boring (2nd Drive)		1.5				yr				0.5				yr

				Demobilization		0.25				yr				0.25				yr

				Total Time at One Site		3.75				yr				1.75				yr

				On-Site Underground Construction

				Transfer Line Length (CW+CCW)		7				km				-

				Abort Line Length		2x3				km				-

				Bypass Line Length		(stub only)								6				km

				Number of On-site Shafts		TBD								TBD

				Detector Cavern Dimensions (2)		30x40x80				m				30x40x80				m

				Beam Absorber Hall Dimensions		16x16x40				m				16x16x40				m

				RF Klystron Gallery Dimensions		4x5x20				m				4x5x20				m

				Power Supply Room Dimensions		4x5x20				m				4x5x20				m

				Power Dump Resistor Room (@20km)		TBD								TBD

				Transfer Lines / Equipment Ramps

				Number		2

				Length		3				km

				Location		FNAL				on site

				Occupancy with Tevatron Running		unlimited

				Max. Slope		4				%

				Minimum Radius of Curvature		1				km

						Stage 1								Stage 2

		TUNNEL UTILITIES

				Collider Tunnel

				Nominal Finished Diameter		3.6				m				12				ft

				Guaranteed Clear ID WRT ideal						m

				Floor Elevation						m

				Floor Width						m

				Electrical Power

				Cryoplant Power Feed		from surface grid								from surface grid

				Ramping Power Supplies		FNAL on-site								from surface grid

				Welding Supplies		on Installation Vehicles								on Installation Vehicles

				Work Lighting		on Installation Vehicles								on Installation Vehicles

				Emergency Lighting		at quad locations								at quad locations

				HVAC		TBD

				Arc Instrumentation Power including Correctors

				nominal avg		1.6				kW/quad

				installed		4				kW/quad

				Average Power in Tunnel		12				W/m

				Tunnel Air Circulation

				De-Watering

				contractual maximum water inflow

				nominal water inflow

				sumping method

				spacing

				locations

				AC power for sumps (nominal)

				emergency sump volume

				max time of power loss without flooding

				Emergency Lighting

				location		at quad locations

				type		battery backup fluorescent

				recharging		arc instrumentation power

				time of installation		BOD

				Fire Detection

				method		MI-style Waxed cable

				readout spacing

				time of installation

				ODH detection

				method

				readout spacing

				time of installation

		TUNNEL ALIGNMENT AND SURVEY

				Accuracy of Bored Tunnel

				Over 1km Distance Scale		10				cm

				Over 20km Distance		20				cm

				Global Accuracy (before settling)		30				cm

				Site Risers

				site riser spacing (during construction)		5				km

				site riser spacing (after construction)		10				km

				minimum diameter of line-of-sight		1				m

				Survey Monuments

				Number of monuments		2				per cell

						1710				per ring

				Monument Spacing		65.5				m

				Monument Accuracy (transverse)

				over 1km length		0.25				mm RMS

				over 10km length		2				mm RMS

				ring-wide		20				mm RMS

				Monument Accuracy (station)

				over 1km length		2				mm RMS

				over 10km length		10				mm RMS

				ring-wide		20				mm RMS

		MAGNET ALIGNMENT				Stage 1								Stage 2

				Dipole Alignment

				Dipole Magnet Length (mechanical)		65.5				m				17				m

				Number of alignment feet per magnet		11								2

				Coordinates Per Alignment Foot		3 (x,y,roll)								4 (x,y,Station,roll)

				Spacing of alignment feet		6				m				10				m

				Spacing of Magnet Fiducials		6				m				10				m

				Alignment of Fiducials to Monuments		0.25				mm				0.25				mm

				Fiducialization		Grooves in Laminations								TBD

				Accuracy of Fiducialization to Bore		0.1				mm				0.5				mm

				Magnet Straightness between supports		0.25				mm				0.5				mm

				Loss of Aperture due to misalignments		1				mm				1				mm

				Quad Alignment		TBD								TBD

				Alignment Decay

				ATL Decay  Constant		5.00E-06				um^2/sec/m

				Number of Magnets needing realignment		5				per year

		OFF-SITE FACILITIES				Stage 1								Stage 2

				Number of Off-site Surface Facilities		5								5

				Off-Site Surface Facility Footprint		50				acres				50				acres

				Buildings		1				cryoplant				5				cryoplant

				Sq. ft. Total		12,000				sq. ft.				162,000				sq. ft.

				Number of Access Shafts		2				TBD				2

				Equipment Access Shaft Diameter		20				m TBD				20				m TBD

				Manned Access Shaft Diameter		3				m TBD				3				m TBD

				AC Power per Site		4				MW				25?				MW

				Cooling Ponds		4				acres				25?				Acres

				Cryo Tank Farms		TBD				25k gal tanks				TBD				25k gal tanks

		Stage 1 CRYOPLANT  (Placeholder from SNS)

		ON-SITE FACILITIES				Stage 1								Stage 2

				Detector Surface Assembly Halls

				Number of Detectors		2

				Assembly / Crane Bldg sq. ft.		10,000				sq. ft

				Collaboration Offices Occupancy		200

				Parking Lot Size		100				cars

				Magnet Assembly Building / Ramp Headhouse

				Location		CW Transfer Line ramp

				Dimensions		TBD

				Auxiliary Installation Ramp Headhouse

				Location		CCW Transfer Line ramp

				Dimensions		TBD

				On-Site Cryo/Power Headhouse

				Location		Beam Crossover

				Dimensions		TBD

				Number of Access Shafts		2

				Equipment Access Shaft Diameter		20				m TBD

				Manned Access Shaft Diameter		3				m TBD

				Beam Absorber Shaft Headhouse

				Location		Shaft Above Beam Absorber

				Dimensions		TBD

				Number of Access Shafts		2

				Equipment Access Shaft Diameter		20				m TBD

				Manned Access Shaft Diameter		3				m TBD

				Utility Straight Shaft Headhouse

				Number		2

				Locations		Above Utility Straight on site boundary

				Dimensions		TBD

				Number of Access Shafts		2

				Equipment Access Shaft Diameter		20				m TBD

				Manned Access Shaft Diameter		3				m TBD

				Bypass Line  Headhouse (Phase 2)

				Location										Midpoint of Bypass Line

				Dimensions										TBD

				Number of Access Shafts										2

				Equipment Access Shaft Diameter										20				m TBD

				Manned Access Shaft Diameter										3				m TBD

		DIPOLE MAGNETS				Stage 1								Stage 2

				ARC DIPOLE MAGNETS

				Number of Magnets in Ring		3136								10976

				Nominal Bend Field		1.96				Tesla				10				Tesla

				Arc Dipole Physical Length		67.75				m				16.1				m

				Arc Dipole Magnetic Length		65.75				m				17				m

				Gradient		+/-9.3				T/m				0				T/m

				Sextupole		+20/-155				T/m^2				0				T/m^2

				Magnetic Aperture (H x V)		30 x 20				mm				30 x 30				mm

				Physical Aperture (H x V)		28 x 18				mm				20 x 20				mm

				Operating Current		100				kA				23.5				kA

				Number of Turns(both Bores)		1								2 x 58

				Inductance (both Bores)		2.9				uH/m				3000				uH/m

						0.19				mH/magnet				51				mH/magnet

				Stored Energy at nominal field (both bores)		15				kJ/m				828				kJ/m

						0.95				MJ/magnet				14.08				MJ/magnet

				DISPERSION SUPPRESSOR DIPOLE MAGNETS

				Number of Magnets in Ring		160								400

				Bend Field		1.76				Tesla				10				Tesla

				Gradient		+/-16.7				T/m				0				T/m

				Sextupole		0				T/m^2				0				T/m^2

				Dispersion Suppressor Magnet Length		48.8				m				16				m

				Magnetic Aperture (H x V)		30 x 20				mm				30 x 30				mm

				Physical Aperture (H x V)		28 x 18				mm				20 x 20				mm

				Operating Current		100				kA				23.5				kA

				Number of Turns(both Bores)		1								2 x 58

				Inductance (both Bores)		2.9				uH/m				3000				uH/m

						0.14				mH/magnet				48.00				mH/magnet

				Stored Energy (both bores)		15				kJ/m				828				kJ/m

						0.71				MJ/magnet				13.25				MJ/magnet

		QUADRUPOLE MAGNETS				Stage 1								Stage 2

				NORMAL QUADRUPOLE MAGNETS

				Number of Magnets in Ring		160								1568

				Magnet Type		warm iron/copper								2-in-1 Cos-2Theta SC

				Gradient		70				T/m				400				T/m

				Quadrupole Magnet Length		6.0				m (typ)				9.16				m

				Magnetic Aperture (coil/pole tip diam)		20				mm				30				mm

				Physical Aperture		22				mm(star pipe)				20				mm

				Operating Current		283				A				27.2				kA

				Operating Voltage		50.1				V				2 x 52

				Number of Turns per pole		12

				DC Power /  Cryogenic Heat load		14.2				kW								W@4.5K

				LCW Consumption						GPM

				Inductance		5.3				mH/m				1.13				uH/m		1130

														10.4				mH/magnet		10.396

				Stored Energy		0.212				kJ/m				418				kJ/m		418

														3.83				MJ/magnet		3.85

				LARGE APERTURE QUADRUPOLE MAGNETS (for Beam Injection / Extraction)

				Number of Magnets in Ring		10								TBD

				Magnet Type		warm iron/copper

				Gradient		45				T/m

				Quadrupole Magnet Length		10.0				m

				Magnetic Aperture (coil/pole tip diam)		40				mm

				Physical Aperture		45				mm(star pipe)

				Operating Current		625				A

				Operating Voltage		120.0				V

				Number of Turns per pole		12

				DC Power		73.6				kW

				LCW Consumption						GPM

				Inductance		5.6				mH/m

				Stored Energy		1.094				kJ/m

		CORRECTOR SYSTEM				Stage 1								Stage 2

				# Magnets at each F/D loc (both bores)		6								6

				Dipole Correctors at each F/D Location		1				per Bore				1				per Bore

				Quad  Correctors at each F/D Location		1				per Bore				1				per Bore

				6-Pole Correctors at each F/D Location		1				per Bore				1				per Bore

				Multipole Correctors		TBD								TBD

				Total Corrector Magnets		10260								10260

				Power Dissipation (max)

				Dipole Correctors		400				W/magnet				0				W

				Quad Correctors		140				W/magnet				0				W

				6-pole Correctors		176				W/magnet				0				W

				Total Power at Quad Location (max)		1432				W

				Total Corrector Magnet Power (max)		2.4				MW

				Power Supply Redundancy		2				fold

				Redundancy Method		live load sharing

				Avg Power at Quad Location		1000				W

				Avg Corrector Power in Tunnel		7.4				W/m

				Avg Corrector Power in Tunnel (Total)		1.7				MW

		DIPOLE CORRECTORS				Stage 1								Stage 2

				Location (one per half-cell each bore)		(H/V) at (F/D) quad locs								(H/V) at (F/D) quad locs

				Number per Ring (both bores)		3420								3420

				Magnet Type		Warm Iron/Copper								Nb3Sn Superconducting

				Configuration		C-Magnet								Cos-Theta

				Bend Field (max)		1.0				T				3.9				T

				Magnetic Length		0.5				m				1.0				m

				Physical (slot) Length		0.7				m				1.2				m

				Integrated Bend Strength		0.5				T-m				3.9				T-m

				Bore		warm aluminum pipe								70K beam screen

				Magnetic Aperture (magnet gap/coil diam)		20 x 30				mm				40				mm

				Physical Aperture		18x28				mm				20				mm

				Max Bend Angle

				at injection		166.7				urad				117.0				urad

				at max energy		7.5				urad				13.4				urad

				Max Orbit Deflection (2-bump)

				at injection		68.7				mm				53.8				mm

				at max energy		3.1				mm				6.2				mm

				Equivalent Quad Displacement

				at injection		15.4				mm				10.8				mm

				at max energy		0.7				mm				1.2				mm

				Core Weight		220				kg				10?				kg

				Coil Weight		170				kg				20?				kg

				Magnet Weight		390				kg								kg

				Operating Current (max)		3				Amp				80				Amp

				Coil  Resistance incl. Leads		44				Ohm				0.0025				Ohm

				Ohmic Voltage (max)		133				V				0.2				V

				Ohmic Power (max) incl. Leads		400				W				16				W

				Ohmic Power (average for ring)		80				W				3.2				W

				Coil Inductance						H				3				H

				Min Ramping Time 0-100%						sec				200				sec

				Max Inductive Voltage						V				1.16				V

				Inductive Stored Energy @max current						J				9280				J

				Quench Detection		-								individual VT on PS

				Quench Protection		-								individual

				Overheating Protection		Series Klixon								TBD

				Coolant		Air								5K Helium

				Power Supply Location		Each Quad location								Each Quad location

				Currrent Lead Location		-								Spool Piece at Each Quad

				Current Lead Type		-								HTS, conduction cooled

		QUADRUPOLE CORRECTORS				Stage 1								Stage 2

				Location		Each Quad location								all half-cells

				Number per halfcell		1				per bore				1				per bore

				Number per Ring (both bores)		3136								3420

				Magnet Type		Warm Iron/Copper								Nb3Sn Cos-2Theta

				Gradient		29.0				T/m				141				T/m

				Field at 1cm radius		0.29				T				1.41				T

				Magnetic Length		0.50				m				0.6				m

				Physical (slot) Length		0.7				m				0.65				m

				Integrated Quad Strength		14.5				T-m/m				84.6				T-m/m

				Bore		warm aluminum pipe								70K beam screen

				Magnetic Aperture (poletip/coil diam)		20.0				mm				40				mm

				Physical Aperture		22.0				mm(star pipe)				20				mm

				Tune Adjustment (single corrector)

				at injection		0.158				nu				0.093				nu

				at max energy		0.007				nu				0.011				nu

				Tune Adjustment (all correctors in ring)

				at injection		124.2				nu				72.8				nu

				at max energy		5.6				nu				8.3				nu

				Beta Wave Generation/Trim (per corrector, fractional tune 0.3)

				at injection		106				%				62				%

				at max energy		5				%				7				%

				Maximum Correctable Gradient Error in Dipoles

				at injection		+/-156				units@1cm				+/-82				units@1cm

				at max energy		+/-7				units@1cm				+/-9				units@1cm

				Magnet Weight		66.0				kG				25?				kG

				Coil Weight		38.0				kG				20?				kG

				Operating Current (max)		1				Amp				90				Amp

				Coil  Resistance incl. Leads		140				Ohm				0.002				Ohm

				Ohmic Voltage (max)		140				V				0.2				V

				Ohmic Power (max) incl. Leads		140				W				18				W

				Coil Inductance						H				0.78				H

				Min Ramping Time 0-100%		20				sec				100				sec

				Max Inductive Voltage						V				0.702				V

				Inductive Stored Energy						J				3159				J

				Quench Detection		-								individual VT on PS

				Quench Protection		-								individual

				Coolant		Tunnel Air Flow								5K Helium

				Overheating Protection		Klixon Interlock								TBD

				Power Supply Location		Each Quad location								Each Quad location

				Currrent Lead Location		-								Spool Piece at Each Quad

				Current Lead Type		-								HTS, conduction cooled

		SEXTUPOLE CORRECTORS				Stage 1								Stage 2

				Location		each halfcell in arcs								each halfcell in arcs

				Number per halfcell		1				per bore				1				per bore

				Number per Ring (both bores)		3136								3136

				Magnet Type		Warm Iron/Copper								NbTi Cos-3Theta

				Sextupole Strength (field at 1cm)		0.18				T @1cm				0.58				T @1cm

				d2By/dy2		3528				T/m^2				11600				T/m^2

				Magnetic Length		0.8				m				1				m

				Physical (slot) Length		1.0				m				1.1				m

				Integrated Sextupole Strength		0.14				T-m@1cm				0.6				T-m/cm^2

				Bore		warm aluminum pipe								70K beam screen

				Magnetic Aperture (pole tip/coil diam)		23.0				mm				40				mm

				Physical Aperture (diameter)		21.0				mm				20				mm

				Chromaticity Adjustment (single corrector)

				at injection

				at max energy

				Maximum Correctable Sextupole Error in Dipoles

				at injection		+/-122				units@1cm								units@1cm

				at max energy		+/-5				units@1cm								units@1cm

				Magnet Weight		250.0				kG								kG

				Coil Weight		100.0				kG								kG

				Operating Current (max)		1.25				Amp				100				Amp

				Coil  Resistance incl. Leads		113				Ohm								Ohm

				Ohmic Voltage (max)		141				V								V

				Ohmic Power (max) incl. Leads		176				W								W

				Coil Inductance						H				0.76				H

				Min Ramping Time 0-100%						sec								sec

				Max Inductive Voltage						V								V

				Inductive Stored Energy						J				3800				J

				Quench Detection		-								individual VT on PS

				Quench Protection		-								individual

				Coolant		Tunnel Air Flow								5K Helium

				Overheating Protection		Klixon Interlock								TBD

				Power Supply Location		Each Quad location								Each Quad location

				Currrent Lead Location		-								Spool Piece at Each Quad

				Current Lead Type		-								HTS, conduction cooled

		POWER CONSUMPTION				Stage 1								Stage 2

				Main Injector (5% Duty Cycle)		2				MW				2				MW

				Tevatron (Cold standby)		10				MW				12				MW

				Ring Cryoplants		9				MW				110				MW

				Detectors & IR's incl. Cryo		5				MW				10				MW

				Main Power Supplies (ramping)		5				MW				200				MW

				Main Power Supplies (collision)		0.3				MW				2				MW

				Straight-Section Quads (collision)		3.2				MW

				Arc Correctors		1.7				MW

				RF(ramping)		20				MW TBD				40				MW

				RF(collision)		10				MW TBD				20				MW

				Tunnel HVAC		TBD				MW				TBD				MW

				Tunnel Sumps, etc.		TBD				MW				TBD				MW

				Peak Ramping Power		TBD				MW				TBD				MW

				Avg. Power During Collisions		TBD				MW				TBD				MW

		RING CRYOGENICS				Stage 1								Stage 2

				Superconductor Temperature		4.5-6				K				4.5-5.5				K

				Shield Temperature		40-60K				K				40-60K				K

				Beam Screen Temperature		(Warm bore)								75-85				K

				Refrigeration (4.5K equiv)       (nominal)						kW								kW

				(Installed)						kW								kW

				AC Power (nominal)						MW

				Cryo Plant Efficiency (fraction of Carnot)		0.3								0.3

				Cold Mass (5K)

				Cold Mass (50K)

				Helium Inventory

				Cool Down Time

				Number of Ring Cryoplants		6		7						24

				Number of Cryoplant locations		6								6

				Number of Cryoplants per location		1		6						4

				Cryoplant Size  (4.5K equivalent)		8				kW				25				kW

				Ring Cryogenic System Totals

				Nominal Cryogenic Load (4.5K equivalent)		48				kW				600				kW

				Nomnal AC Power for Cryogenics		10.7				MW				133.3				MW

				Efficiency (% of Carnot)		30%								30%

				AC Power Per Location		1.8

				Cryoplant

				Contingency + Overhead Factor										1.5

				Nominal Cryogenic Power						kW@4.5K equiv

				Nominal Refrigeration Power						kW@4.5K equiv				150				kW@4.5K equiv

				5K Flow System

				Coolant		Supercritical He

				Operating Temperature		4.5-6				K

				Operating Pressure		2.5-5				Bar

				Heat Inflow

				Shield Flow System

				Beam Screen Flow System

						Stage 1								Stage 2

		IR CRYOGENICS

						Stage 1								Stage 2

		POWER SUPPLIES

				Magnetic Stored Energy		3.1				GJ/ring				151.8				GJ/ring

				Ramping Time		1000				sec				2000				sec

				Ramping Power per Ring		3				MVA/ring				76				MVA/ring

				ARC DIPOLE POWER SUPPLY

				Number of Supply Locations		1				at FNAL				6				at cryoplants

				Number of Supplies Per Location		1								4

				Total Number of Supplies		1								24

				Ramping Power per Supply		3.1				MVA				3.2				MVA

				Power Supply Voltage		62				volts				269				volts

				Power Supply Current		100				kA				23.5				kA

				Holding Voltage per Supply		4.69				V				4.67				V

				Current Leads		0.18				V				0.1				V

				Series Pass SCR's		2				V				2				V

				Bus Work & Filters		1				V				1

				Holding Supply Internal Losses		1.5				V				1.5				V

				SC Splice Drops		0.013				V				0.067

				Holding Power Per Ring		469				kW				2632				kW

				ARC QUADRUPOLE POWER SUPPLY

				Magnetic Stored Energy		-								10.0				GJ/ring

				Ramping Time		-								2000				sec

				Ramping Power/ring		-								5.0				MVA

				Number of Supply Locations		-								6				at cryoplants

				Number of Supplies Per Location		-								4

				Number of Supplies		-								24

				Ramping Power per Supply		-								0.4				MVA

				Power Supply Voltage		-								17				volts

				Power Supply Current		-								30				kA

				Corrector Magnet Supplies

						Stage 1								Stage 2

		BEAM VACUUM SYSTEM

				Vacuum Requirements for Initial Operations

				Beam Lifetime from Vacuum		20				hrs				20				hrs

				Luminosity Lifetime from Vacuum		10				hr				10				hr

				Operating Current		100%				of design				100%				of design

				Fraction of Beam Loss Power into 5K		5%								100%

				Cryogenic Heat Load into 5K		0.02				W/m				TBD				W/m

				Fraction of 5K Cryo Load from Beam Loss		25%								TBD

				Vacuum Requirements after 6 Months

				Beam Lifetime		200				hr				TBD				hr

				Luminosity Lifetime from Vacuum		100				hr				TBD				hr

				Operating Current		100%				of design				TBD				of design

				Fraction of Beam Loss Power into 5K		5%								TBD

				Cryogenic Heat Load into 5K		0.002				W/m				TBD				W/m

				Fraction of 5K Cryo Load from Beam Loss		4%								TBD

				Beam Pipe

				Operating Temperature

				Contiunuous Pumping Method

				pumping speed						liters/sec/m

				Distributed Pumping

				Spacing

				Speed

				Photodesorbtion

				critical energy

				photon flux

				synch rad power

										l/sec/m N2 equiv

						Stage 1								Stage 2

		QUENCH PROTECTION

				Length of Quench Protection Cell		Whole Ring								19				km

				Quench Heaters		at Dump Resistors								on each magnet

				Peak Temperature in Quench		270				degK				400				degK

				Voltage to Ground		+/-2.5		0		kV to ground				< 1		0		kV to ground

				Peak Pressure in Quench		30				Bar				< 25				Bar

				System Relief Pressure		40				Bar				TBD				Bar

				Recovery Time		2				hours				TBD				Hours

				QUENCH DETECTION

				Quench Detection Method		Voltage Balance								Voltage Balance

				Quench Detection Locations		One, at Power Supply								Each Halfcell

				Redundancy		3				fold				2				fold

				Number of Circuits		3				per Ring				3136				per ring

				Quench Detection Threshold		1				V				0.3				V

				Inductive Bucking Voltage		62				V				2.0				V

				Response Time		0.1				sec				0.05				sec

				ENERGY DUMP RESISTORS

				Number of Dump Resistors		24								48 (Dipole) + 48 (Quads)

				Location		Every 10km in arcs								Every 20km in arcs

				Energy Per Dump		129				MJ				3163				MJ

				Inductance per dump		0.03				H				60				H

				Dump Voltage		+/-2.5				kV to ground				+/- 1				kV to ground

				Dump Time		1				sec				250				sec

				Dump Switch Type		Cryogenic (quench switch)								Room Temp SCR Switch

				Dump Resistor Coolant		Helium								Water Cooled

				Forward Voltage Drop		10				uV				2				V

				CURRENT LEADS (ARC MAGNETS)

				Number of Lead Pairs		1								48 (Dipole) + 48 (Quads)

				Operating Current		100				kA				23.5				kA

				Total Superconducting Leads		100				kA-pair				2256				kA-pair

				Lead Type		Normal								HTS

				LHe Consumption/kA		2				l/hr/kA-pair				0.25

				LHe Consumption (all leads)		200				liters/hr				564				liters/hr

		ARC INSTRUMENTATION				Stage 1								Stage 2

				Arc Instrumentation Modules

				Location		Each "quad location"								Each "quad location"

				Spacing		135.5				m				135.5				m

				Number in Ring (including straights)		1648								1648

				Packaging		Module in Hole-in-Wall								Module in Hole-in-Wall

				Hole Diameter		0.4				m				0.4				m

				Hole Depth		2				m				2				m

				Module Length		0.8				m				0.8				m

				Module Power Dissipation		200				W max				200				W max

				Cooling		Tunnel Air								Tunnel Air

				Module Power Consumption (incl load)		1200				W max				500				W max

				Maintenance Method		"Black Box"								"Black Box"

				Fault Tolerance		Ring OK if module dead								Ring OK if module dead

				Cable Plant

				Location		on Magnet								Cable Trays

				Harness Fabrication		Commercial Vendor								In Tunnel

				Installation & Test		at Factory								In Tunnel

				Beam Position Monitor

				Pickup Type		X-Y Buttons								X-Y Buttons

				Beam RF Structure		53 MHz Burst/DC								53 MHz Burst/DC

				First Turn Capability		Yes								Yes

				Number of Channels		4 (+/-X, +/-Y)								4 (+/-X, +/-Y)

				in-situ Calibration		60dB all channels								60dB all channels

				Cable Length to Electronics		5				m				5				m

				Technology		Log Amp								Log Amp

				Readout		Sum & Difference of logs								Sum & Difference of logs

				Resolution		12				bits				12				bits

						0.01				dB				0.01				dB

						50				microns				50				microns

				Input Filter Bandwidth		40-60				MHz				40-60				MHz

				Triggering		Ext. Synch or self-triggered								Ext. Synch or self-triggered

				Input Impedance		50		0		Ohms				50		0		Ohms

				Input Protection/clamping		TBD				V				TBD				V

				Beam Loss Monitor

				Technology		Ionization Chamber								Ionization Chamber

				Operating gas		Ar, permanently sealed								Ar, permanently sealed

				Operating HV		2.5				kV				2.5				kV

				Mechanical		Alum. Wall Coax Cable								Tevatron (bulb) Style

				Location		Full Length of Magnet								Quad Locations

				Number per Quad Location		2				(1/bore)				1

				Redundant Readout from F/D Quads		yes, x2								no (magnet quenches)

				Readout		resettable integrator								resettable integrator

				Adjustable Gain		x10,x100								x10,x100

				Max Digitization Rate		53				MHz				53				MHz

		ARC INSTRUM. (cont'd)				Stage 1								Stage 2

				Ion Pump HV

				Voltage		3.5				kV				-

				Number of Channels		12								-

				Bulk Supply Current		150				mA				-

				Power during Startup		100W to 5 pumps								-

				Power during Operation (all channels)		~0.5				W				-

				Shutdown (HV Reed relay)		independent per pump								-

				Current Readback		independent per pump								-

				Full Scale Current		100				mA				-

				Resolution (LSB)		1				uA				-

				Redundancy		link to adjacent halfcell								-

				Beam Vacuum Monitoring

				TC Gauge		2 per halfcell								2 per halfcell

				Ion Gauge		2 per halfcell								2 per halfcell

				Insulating Vacuum Monitoring

				TC Gauge (magnet pipe)		1 per halfcell								1 per halfcell

				TC Gauge (cryo service pipe)		1 per halfcell								1 per halfcell

				Cryo Temperature Monitors

				Temperature Measurement		1 per halfcell								10 (2 per dipole)

				Location		Shield Flow outlet								SR absorbers

				Cryo Valve Controls

				Location		every other halfcell								10 (2 per dipole)

				Function		shield flow control								SR Absorber Flow

				Stepping Motor Control

				Function										SR absorber positioning

				Number of Channels										10 (2 per dipole)

				Limit switches and/or LVDT readback										10 (2 per dipole)

				DAQ/Signal timing Functions

				Beam Extraction Synch on same cable?

				Modules individually addressable w/ redundant network links

				DAQ data collection of BPM/BLM following each beam transfer (every 30 seconds)

				Miscellaneous functions:

				Tunnel Temperature readout

				RF Link for Tunnel Communications

				Microphone/speaker

				Integrated radiation dose readout		0-10				Mrad

				uncommitted digital A/D I/O?		TBD

				expandability		daughter card

						Stage 1								Stage 2

		RADIO FREQUENCY SYSTEM PARAMETERS

				Long Emittance eLrms		2				eV-sec				2				eV-sec

				RF Multiple of 53MHz		9								9

				RF Frequency fRF		477				MHz				477				MHz

				RF Harmonic Number hRF		3.69E+05								3.69E+05

				Acceleration Voltage/turn		15.5				MV/turn				33.8				MV/turn

				Acceleration Power (both beams)		5.9				MW				11.8				MW

				Synchronous Phase						deg								deg

				RF at Injection

				RF Voltage VRFinj		50				MV				50				MV

				Synch Tune  NuSynchInj		8.45				x10-3				2.53				x10-3

				Synch Freq  fSynchInj		10.93				Hz				3.28				Hz

				Bucket Area  AbucketInj		5.0				eV-S				16.8				eV-S

				Bunch Length SigmaSinj		14.2				cm				7.8				cm

				Momentum Spread dPPinj		149				x1e-5				24				x1e-5

				RF at Collision

				RF Voltage VRF		50				MV				50				MV

				Synch Tune  NuSynch		1.79				x10-3				0.86				x10-3

				Synch Freq  fSynch		2.32				Hz				1.11				Hz

				Bucket Area  Abucket		23.7				eV-S				49.6				eV-S

				Bunch Length SigmaS		6.6				cm				4.5				cm

				Momentum Spread dPP		15				x1e-5				5				x1e-5

				Synchrotron Power (both beams)		13				kW				4322				kW

		INJECTION LINES				Stage 1								Stage 2

				Tevatron Acceleration Mode		Bipolar (CW & CCW)								Bipolar (CW & CCW)

				Number of Injection Lines		2

				Beam Line Length (each line)		3				km

		BEAM ABORT				Stage 1								Stage 2

				Number of abort Lines		2

				Number of Beam Absorbers		1				(shared)

				Beam Line Length (each line)		3				km

				Beam Absorber Location		on site at FNAL

				Beam Absorber Depth Underground		120				m

				Maximum Stored Energy Per Beam		2.9				GJ

				Minimum Beam Emittance (RMS norm)		1.0				pi mm-mr

				Recovery Time at full  energy		2.0				hr

				Power Extracted During Recovery		0.4				MW

				Typical (Decelerated) Beam Energy		0.1				GJ

				Typical Rep Rate (shots per day)		6

				Average Beam Power		10				kW

				Absorber Configuration		Main Injector Style

						Two absorber cores in shared shield

				Overall Sarcaphagus Dimensions		10x10x25				m

				Enclosure Inside Dimensions		16x16x40				m

				Enclosure Concrete Wall Thickness		1				m

				Beam Sweeper

				Pattern		circular fixed radius

				Number of Sweepers		2				X+Y

				Angular Kick		0.3				mrad

				Sweep Radius at Absorber		1				m

				Sweep ratio		2				sweeps/rev

				Sweep Frequency		2587.1939807391				Hz

				Sweep Speed on Dump		16256				m/s

				Sweep Radius at Beam Window		0.05				m

				Tesla-meters		20

				Sweeper Bend Field at Full Energy		1				Tesla

				Number of Modules		10

				Module Length		2				m

				Redundancy		8 of 10 modules OK

				Sacrificial Plug for Sweeper Failure

				Material		pyrolytic Graphite

				Distance Downstream of Sweeper		160				m

				Sweep radius Around Plug		80				mm

				Plug Diameter		50				mm

				Plug Length along Beamline		10				m

						Stage 1								Stage 2

		BEAM ABORT (cont'd)

				Beam Window

				Distance Downstream of Sweeper		150				m

				Sweep radius at Window		45				mm

				Beam Spot Size at Window		0.5				mm

				Material		Inconel

				Peak Temperature Rise		TBD

				Result of Sweeper Failure		hole <5mm

				Vacuum Protection Backup		redundant automatic gate Valve

				Absorber Core

				Material		pyrolytic Graphite

				Radius		1.5				m

				Length		10				m

				Peak Temperature Rise		TBD				degC

				Absorber Shield Iron Thickness		1.5				m

				Concrete Thickness		2				m

				Heat Exchanger Loop

				Location		inside enclosure

				Water Flow Rate		TBD				GPM

				Water Volume		TBD				Gal.

				Environmental & Monitoring Systems

				groundwater

				Chilled Water

				Tunnel Air

				Air Hold Time After Full-Energy Dump						mins

						Stage 1								Stage 2

		BEAM STABILITY

				TMCI

				Pipe Half-size   aPipe		9				mm				9				mm

				TMCI Threshold (Inj)		1.80				x1e10				3.84				x1e10

				TMCI Safety Factor(inj)		0.7								1.9

				TMCI Threshold (flattop)		5.77				x1e10				8.67				x1e10

				TMCI Safety Factor		2.3								4.2

				Non-Negotiable

				Proton Mass mp		938				Mev

				Electric Charge		1.60E-19				Coulomb

				Classical Radius Proton		1.53E-18				m

		PROJECT SCHEDULE

				Project Construction Time		9				yr.				8				yr.

				RingTunnel		5				yr.				0				yr.

				On-Site tunnels		3				yr.

				Magnets		6				yr.				8				yr.

				Detectors		18				yr.				2				yr.

				Cryoplants		3				yr.				5				yr.

				On-site Infrastructure		8				yr.				3				yr.
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Params

		0		0		-3746.731944		3746.731944		3746.667248		-3746.667248		3746.812112		293.390575		-441.511596

		300		-300		-3597.153736		3597.153736		3596.900453		-3596.900453		3597.506108		101.839467		-575.782065

		449.999541		-449.999541		-3447.62507		3447.62507		3447.067564		-3447.067564		3448.489168		-94.163317		-711.481762

		599.996327		-599.996327		-3298.148694		3298.148694		3297.179591		-3297.179591		3299.81143		-287.0855		-848.54586

		749.987602		-749.987602		-2999.25006		2999.25006		3147.247545		-3147.247545		3151.522917		-469.513191		-986.908883

		899.970613		-899.970613		-2700.351426		2700.351426		2997.282441		-2997.282441		3003.67352		-634.435797		-1126.50473

		1049.942603		-1049.942603		-2401.452792		2401.452792		2847.295298		-2847.295298		2856.312984		-775.515433		-1267.266717

		1199.90082		-1199.90082		-2102.554159		2102.554159		2697.297135		-2697.297135		2709.490888		-887.330489		-1409.127597

		1349.842507		-1349.842507		-1803.655525		1803.655525		2547.298972		-2547.298972		2563.25663		-965.583975		-1552.019603

		1499.764912		-1499.764912		-1504.756891		1504.756891		2397.311828		-2397.311828		2417.659412		-1007.268653		-1695.874472

		1799.588603		-1799.588603		-1205.858258		1205.858258		2247.346725		-2247.346725		2272.748219		-1010.782605		-1840.623482

		2099.412293		-2099.412293		-906.959624		906.959624		2097.414679		-2097.414679		2128.571807		-975.99079		-1986.197486

		2249.312661		-2249.312661		-608.06099		608.06099		1947.526706		-1947.526706		1985.178684		-904.23024		-2132.526939

		2399.18824		-2399.18824		-309.162356		309.162356		1797.693817		-1797.693817		1842.617095		-798.258671		-2279.541939

		2549.036276		-2549.036276		-10.263723		10.263723		1647.927021		-1647.927021		1700.935006		-662.148512		-2427.172252

		2698.854017		-2698.854017						1498.237322		-1498.237322		1560.180085		-501.1304		-2575.347355

		2848.638712		-2848.638712						1198.942352		-1198.942352		1420.399688		-321.39217		-2723.996462

		2998.387608		-2998.387608						1049.252652		-1049.252652		1281.640847		-129.841063		-2873.04856

		3148.097957		-3148.097957						899.485857		-899.485857		1143.950245		66.161721		-3022.432446

		3297.767007		-3297.767007						749.652968		-749.652968		1007.37421		259.083905		-3172.076756

		3597.061977		-3597.061977						599.764995		-599.764995		871.958692		441.511596		-3321.910002

		3896.356948		-3896.356948						449.832949		-449.832949		737.749252		606.434202		-3471.860607

		4045.981951		-4045.981951						299.867845		-299.867845		604.791045		747.513838		-3621.856938

		4195.560159		-4195.560159						149.880702		-149.880702		473.128805		859.328894		-3771.827338

		4345.088825		-4345.088825						-0.117461		0.117461				937.58238		-3921.700165

		4494.565202		-4494.565202												979.267058		-3921.700165

		4643.986544		-4643.986544												982.781009

		4793.350107		-4793.350107												947.989195

		4942.653148		-4942.653148												876.228644

		5091.892924		-5091.892924												770.257076

		5091.892924														634.146917

		4942.653148														473.128805

		4793.350107														293.390575
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-189.57059
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-182.47579
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-962.61396
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Filling Sequence

		0		0		-3746.731944		3746.731944		3746.667248		-3746.667248		3746.812112		293.390575		-441.511596

		300		-300		-3597.153736		3597.153736		3596.900453		-3596.900453		3597.506108		101.839467		-575.782065

		449.999541		-449.999541		-3447.62507		3447.62507		3447.067564		-3447.067564		3448.489168		-94.163317		-711.481762

		599.996327		-599.996327		-3298.148694		3298.148694		3297.179591		-3297.179591		3299.81143		-287.0855		-848.54586

		749.987602		-749.987602		-2999.25006		2999.25006		3147.247545		-3147.247545		3151.522917		-469.513191		-986.908883

		899.970613		-899.970613		-2700.351426		2700.351426		2997.282441		-2997.282441		3003.67352		-634.435797		-1126.50473

		1049.942603		-1049.942603		-2401.452792		2401.452792		2847.295298		-2847.295298		2856.312984		-775.515433		-1267.266717

		1199.90082		-1199.90082		-2102.554159		2102.554159		2697.297135		-2697.297135		2709.490888		-887.330489		-1409.127597

		1349.842507		-1349.842507		-1803.655525		1803.655525		2547.298972		-2547.298972		2563.25663		-965.583975		-1552.019603

		1499.764912		-1499.764912		-1504.756891		1504.756891		2397.311828		-2397.311828		2417.659412		-1007.268653		-1695.874472

		1799.588603		-1799.588603		-1205.858258		1205.858258		2247.346725		-2247.346725		2272.748219		-1010.782605		-1840.623482

		2099.412293		-2099.412293		-906.959624		906.959624		2097.414679		-2097.414679		2128.571807		-975.99079		-1986.197486

		2249.312661		-2249.312661		-608.06099		608.06099		1947.526706		-1947.526706		1985.178684		-904.23024		-2132.526939

		2399.18824		-2399.18824		-309.162356		309.162356		1797.693817		-1797.693817		1842.617095		-798.258671		-2279.541939

		2549.036276		-2549.036276		-10.263723		10.263723		1647.927021		-1647.927021		1700.935006		-662.148512		-2427.172252

		2698.854017		-2698.854017						1498.237322		-1498.237322		1560.180085		-501.1304		-2575.347355

		2848.638712		-2848.638712						1198.942352		-1198.942352		1420.399688		-321.39217		-2723.996462

		2998.387608		-2998.387608						1049.252652		-1049.252652		1281.640847		-129.841063		-2873.04856

		3148.097957		-3148.097957						899.485857		-899.485857		1143.950245		66.161721		-3022.432446

		3297.767007		-3297.767007						749.652968		-749.652968		1007.37421		259.083905		-3172.076756

		3597.061977		-3597.061977						599.764995		-599.764995		871.958692		441.511596		-3321.910002

		3896.356948		-3896.356948						449.832949		-449.832949		737.749252		606.434202		-3471.860607

		4045.981951		-4045.981951						299.867845		-299.867845		604.791045		747.513838		-3621.856938

		4195.560159		-4195.560159						149.880702		-149.880702		473.128805		859.328894		-3771.827338

		4345.088825		-4345.088825						-0.117461		0.117461				937.58238		-3921.700165

		4494.565202		-4494.565202												979.267058		-3921.700165

		4643.986544		-4643.986544												982.781009

		4793.350107		-4793.350107												947.989195

		4942.653148		-4942.653148												876.228644

		5091.892924		-5091.892924												770.257076

		5091.892924														634.146917

		4942.653148														473.128805

		4793.350107														293.390575



Date: 14/12/2000    Time: 20.20.59

File: Bypass

Tevatron

Clockwise Injection Line

Counter Clockwise 
        Injection Line

Beam Stop  (both dirs)
Ab

Bonnie

Clyde

Low Field Bypass

X (m)

Z (m)

FNAL On-Site Tunnel Layouts   (Transverse Scale Magnified)
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MAD Survey Data
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Staged VLHC Ring Layout

Fermilab: Injection, Extraction, RF,  Two Detectors

Surface Facility for Cryogenics and Tunnel Spoils Removal (6 Places)

Ring Orientation Arbitrary
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Beam Sizes
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Staged VLHC Ring Layout

Empty Straight Sections:
LF->HF Transfer
and Collimation

Fermilab: Injection, Extraction, RF,  Two Detectors

Surface Facility for Cryogenics and Tunnel Spoils Removal (6 Places)

Ring Orientation Arbitrary
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LHC RF PARAMS

		MAIN INJECTOR						TEVATRON						Phase 1						Phase 2

								Nfill		2				Nfill		68				Nfill		1

		Tfill		0.4666666667				Tfill		3.3333333333				Tfill		3601.6666666667				Tfill		4601.6666666667

		Tramp		0.8				Tramp		25				Tramp		1000				Tramp		1000

		Tdown		0.8				Tdown		25				Tdown		1000				Tdown		1000

		Tcycle		2.0666666667				Tcycle		53.3333333333				Tcycle		5601.6666666667				Tcycle		56016.6666666667

		Tidle		49.2				Tidle		1975				Tidle		50415				Tidle		0

		Elow		0.008				Elow		0.15				Elow		0.9				Elow		20

		Ehigh		0.15				Ehigh		0.9				Ehigh		20				Ehigh		87.5

		T		MAIN INJECTOR				T		TEVATRON				T		Phase 1				T		Phase 2

		0		0.008				0		0.15				0		0.9				0		87.5

		0.4666666667		0.008				3.3333333333		0.15				3601.6666666667		0.9				3601.6666666667		87.5

		1.2666666667		0.15				28.3333333333		0.9				4380		10				4380		10

		2.0666666667		0.008				53.3333333333		0.15				4601.6666666667		20				5601.6666666667		87.5

		2.5333333333		0.008				56.6666666667		0.15				6601.6666666667		20				6601.6666666667		87.5

		3.3333333333		0.15				81.6666666667		0.9				4601.6666666667		20

		4.1333333333		0.008				106.6666666667		0.15				4380		10

		53.3333333333		0.008				110		0.15				5601.6666666667		0.9

		53.8		0.008				135		0.9				6601.6666666667		0.9

		54.6		0.15				160		0.15

		55.4		0.008				163.3333333333		0.15

		55.8666666667		0.008				188.3333333333		0.9

		56.6666666667		0.15				213.3333333333		0.15

		57.4666666667		0.008				216.6666666667		0.15

		106.6666666667		0.008				241.6666666667		0.9

		107.1333333333		0.008				266.6666666667		0.15

		107.9333333333		0.15				270		0.15

		108.7333333333		0.008				295		0.9

		109.2		0.008				320		0.15

		110		0.15				323.3333333333		0.15

		110.8		0.008				348.3333333333		0.9

		160		0.008				373.3333333333		0.15

		160.4666666667		0.008				376.6666666667		0.15

		161.2666666667		0.15				401.6666666667		0.9

		162.0666666667		0.008				426.6666666667		0.15

		162.5333333333		0.008				430		0.15

		163.3333333333		0.15				455		0.9

		164.1333333333		0.008				480		0.15

		213.3333333333		0.008				483.3333333333		0.15

		213.8		0.008				508.3333333333		0.9

		214.6		0.15				533.3333333333		0.15

		215.4		0.008				536.6666666667		0.15

		215.8666666667		0.008				561.6666666667		0.9

		216.6666666667		0.15				586.6666666667		0.15

		217.4666666667		0.008				590		0.15

		266.6666666667		0.008				615		0.9

		267.1333333333		0.008				640		0.15

		267.9333333333		0.15				643.3333333333		0.15

		268.7333333333		0.008				668.3333333333		0.9

		269.2		0.008				693.3333333333		0.15

		270		0.15				696.6666666667		0.15

		270.8		0.008				721.6666666667		0.9

		320		0.008				746.6666666667		0.15

		320.4666666667		0.008				750		0.15

		321.2666666667		0.15				775		0.9

		322.0666666667		0.008				800		0.15

		322.5333333333		0.008				803.3333333333		0.15

		323.3333333333		0.15				828.3333333333		0.9

		324.1333333333		0.008				853.3333333333		0.15

		373.3333333333		0.008				856.6666666667		0.15

		373.8		0.008				881.6666666667		0.9

		374.6		0.15				906.6666666667		0.15

		375.4		0.008				910		0.15

		375.8666666667		0.008				935		0.9

		376.6666666667		0.15				960		0.15

		377.4666666667		0.008				963.3333333333		0.15

		426.6666666667		0.008				988.3333333333		0.9

		427.1333333333		0.008				1013.3333333333		0.15

		427.6		0.008				1016.6666666667		0.15

		428.4		0.15				1041.6666666667		0.9

		429.2		0.008				1066.6666666667		0.15

		429.6666666667		0.008				1070		0.15

		430.4666666667		0.15				1095		0.9

		431.2666666667		0.008				1120		0.15

		480.4666666667		0.008				1123.3333333333		0.15

		480.9333333333		0.008				1148.3333333333		0.9

		481.7333333333		0.15				1173.3333333333		0.15

		482.5333333333		0.008				1176.6666666667		0.15

		483		0.008				1201.6666666667		0.9

		483.8		0.15				1226.6666666667		0.15

		484.6		0.008				1230		0.15

		533.8		0.008				1255		0.9

		534.2666666667		0.008				1280		0.15

		535.0666666667		0.15				1283.3333333333		0.15

		535.8666666667		0.008				1308.3333333333		0.9

		536.3333333333		0.008				1333.3333333333		0.15

		537.1333333333		0.15				1336.6666666667		0.15

		537.9333333333		0.008				1361.6666666667		0.9

		587.1333333333		0.008				1386.6666666667		0.15

		587.6		0.008				1390		0.15

		588.4		0.15				1415		0.9

		589.2		0.008				1440		0.15

		589.6666666667		0.008				1443.3333333333		0.15

		590.4666666667		0.15				1468.3333333333		0.9

		591.2666666667		0.008				1493.3333333333		0.15

		640.4666666667		0.008				1496.6666666667		0.15

		640.9333333333		0.008				1521.6666666667		0.9

		641.7333333333		0.15				1546.6666666667		0.15

		642.5333333333		0.008				1550		0.15

		643		0.008				1575		0.9

		643.8		0.15				1600		0.15

		644.6		0.008				1603.3333333333		0.15

		693.8		0.008				1628.3333333333		0.9

		694.2666666667		0.008				1653.3333333333		0.15

		695.0666666667		0.15				1656.6666666667		0.15

		695.8666666667		0.008				1681.6666666667		0.9

		696.3333333333		0.008				1706.6666666667		0.15

		697.1333333333		0.15				1710		0.15

		697.9333333333		0.008				1735		0.9

		747.1333333333		0.008				1760		0.15

		747.6		0.008				1763.3333333333		0.15

		748.4		0.15				1788.3333333333		0.9

		749.2		0.008				1813.3333333333		0.15

		749.6666666667		0.008				1816.6666666667		0.15

		750.4666666667		0.15				1841.6666666667		0.9

		751.2666666667		0.008				1866.6666666667		0.15

		800.4666666667		0.008				1870		0.15

		800.9333333333		0.008				1895		0.9

		801.7333333333		0.15				1920		0.15

		802.5333333333		0.008				1923.3333333333		0.15

		803		0.008				1948.3333333333		0.9

		803.8		0.15				1973.3333333333		0.15

		804.6		0.008				1976.6666666667		0.15

		853.8		0.008				2001.6666666667		0.9

		854.2666666667		0.008				2026.6666666667		0.15

		854.7333333333		0.008				2030		0.15

		855.5333333333		0.15				2055		0.9

		856.3333333333		0.008				2080		0.15

		856.8		0.008				2083.3333333333		0.15

		857.6		0.15				2108.3333333333		0.9

		858.4		0.008				2133.3333333333		0.15

		907.6		0.008				2136.6666666667		0.15

		908.0666666667		0.008				2161.6666666667		0.9

		908.8666666667		0.15				2186.6666666667		0.15

		909.6666666667		0.008				2190		0.15

		910.1333333333		0.008				2215		0.9

		910.9333333333		0.15				2240		0.15

		911.7333333333		0.008				2243.3333333333		0.15

		960.9333333333		0.008				2268.3333333333		0.9

		961.4		0.008				2293.3333333333		0.15

		962.2		0.15				2296.6666666667		0.15

		963		0.008				2321.6666666667		0.9

		963.4666666667		0.008				2346.6666666667		0.15

		964.2666666667		0.15				2350		0.15

		965.0666666667		0.008				2375		0.9

		1014.2666666667		0.008				2400		0.15

		1014.7333333333		0.008				2403.3333333333		0.15

		1015.5333333333		0.15				2428.3333333333		0.9

		1016.3333333333		0.008				2453.3333333333		0.15

		1016.8		0.008				2456.6666666667		0.15

		1017.6		0.15				2481.6666666667		0.9

		1018.4		0.008				2506.6666666667		0.15

		1067.6		0.008				2510		0.15

		1068.0666666667		0.008				2535		0.9

		1068.8666666667		0.15				2560		0.15

		1069.6666666667		0.008				2563.3333333333		0.15

		1070.1333333333		0.008				2588.3333333333		0.9

		1070.9333333333		0.15				2613.3333333333		0.15

		1071.7333333333		0.008				2616.6666666667		0.15

		1120.9333333333		0.008				2641.6666666667		0.9

		1121.4		0.008				2666.6666666667		0.15

		1122.2		0.15				2670		0.15

		1123		0.008				2695		0.9

		1123.4666666667		0.008				2720		0.15

		1124.2666666667		0.15				2723.3333333333		0.15

		1125.0666666667		0.008				2748.3333333333		0.9

		1174.2666666667		0.008				2773.3333333333		0.15

		1174.7333333333		0.008				2776.6666666667		0.15

		1175.5333333333		0.15				2801.6666666667		0.9

		1176.3333333333		0.008				2826.6666666667		0.15

		1176.8		0.008				2830		0.15

		1177.6		0.15				2855		0.9

		1178.4		0.008				2880		0.15

		1227.6		0.008				2883.3333333333		0.15

		1228.0666666667		0.008				2908.3333333333		0.9

		1228.8666666667		0.15				2933.3333333333		0.15

		1229.6666666667		0.008				2936.6666666667		0.15

		1230.1333333333		0.008				2961.6666666667		0.9

		1230.9333333333		0.15				2986.6666666667		0.15

		1231.7333333333		0.008				2990		0.15

		1280.9333333333		0.008				3015		0.9

		1281.4		0.008				3040		0.15

		1281.8666666667		0.008				3043.3333333333		0.15

		1282.6666666667		0.15				3068.3333333333		0.9

		1283.4666666667		0.008				3093.3333333333		0.15

		1283.9333333333		0.008				3096.6666666667		0.15

		1284.7333333333		0.15				3121.6666666667		0.9

		1285.5333333333		0.008				3146.6666666667		0.15

		1334.7333333333		0.008				3150		0.15

		1335.2		0.008				3175		0.9

		1336		0.15				3200		0.15

		1336.8		0.008				3203.3333333333		0.15

		1337.2666666667		0.008				3228.3333333333		0.9

		1338.0666666667		0.15				3253.3333333333		0.15

		1338.8666666667		0.008				3256.6666666667		0.15

		1388.0666666667		0.008				3281.6666666667		0.9

		1388.5333333333		0.008				3306.6666666667		0.15

		1389.3333333333		0.15				3310		0.15

		1390.1333333333		0.008				3335		0.9

		1390.6		0.008				3360		0.15

		1391.4		0.15				3363.3333333333		0.15

		1392.2		0.008				3388.3333333333		0.9

		1441.4		0.008				3413.3333333333		0.15

		1441.8666666667		0.008				3416.6666666667		0.15

		1442.6666666667		0.15				3441.6666666667		0.9

		1443.4666666667		0.008				3466.6666666667		0.15

		1443.9333333333		0.008				3470		0.15

		1444.7333333333		0.15				3495		0.9

		1445.5333333333		0.008				3520		0.15

		1494.7333333333		0.008				3523.3333333333		0.15

		1495.2		0.008				3548.3333333333		0.9

		1496		0.15				3573.3333333333		0.15

		1496.8		0.008				3576.6666666667		0.15

		1497.2666666667		0.008				3601.6666666667		0.9

		1498.0666666667		0.15				3626.6666666667		0.15

		1498.8666666667		0.008				6601.6666666667		0.15

		1548.0666666667		0.008

		1548.5333333333		0.008

		1549.3333333333		0.15

		1550.1333333333		0.008

		1550.6		0.008

		1551.4		0.15

		1552.2		0.008

		1601.4		0.008

		1601.8666666667		0.008

		1602.6666666667		0.15

		1603.4666666667		0.008

		1603.9333333333		0.008

		1604.7333333333		0.15

		1605.5333333333		0.008

		1654.7333333333		0.008

		1655.2		0.008

		1656		0.15

		1656.8		0.008

		1657.2666666667		0.008

		1658.0666666667		0.15

		1658.8666666667		0.008

		1708.0666666667		0.008

		1708.5333333333		0.008

		1709		0.008

		1709.8		0.15

		1710.6		0.008

		1711.0666666667		0.008

		1711.8666666667		0.15

		1712.6666666667		0.008

		1761.8666666667		0.008

		1762.3333333333		0.008

		1763.1333333333		0.15

		1763.9333333333		0.008

		1764.4		0.008

		1765.2		0.15

		1766		0.008

		1815.2		0.008

		1815.6666666667		0.008

		1816.4666666667		0.15

		1817.2666666667		0.008

		1817.7333333333		0.008

		1818.5333333333		0.15

		1819.3333333333		0.008

		1868.5333333333		0.008

		1869		0.008

		1869.8		0.15

		1870.6		0.008

		1871.0666666667		0.008

		1871.8666666667		0.15

		1872.6666666667		0.008

		1921.8666666667		0.008

		1922.3333333333		0.008

		1923.1333333333		0.15

		1923.9333333333		0.008

		1924.4		0.008

		1925.2		0.15

		1926		0.008

		1975.2		0.008

		1975.6666666667		0.008

		1976.4666666667		0.15

		1977.2666666667		0.008

		1977.7333333333		0.008

		1978.5333333333		0.15

		1979.3333333333		0.008

		2028.5333333333		0.008

		2029		0.008

		2029.8		0.15

		2030.6		0.008

		2031.0666666667		0.008

		2031.8666666667		0.15

		2032.6666666667		0.008

		2081.8666666667		0.008

		2082.3333333333		0.008

		2083.1333333333		0.15

		2083.9333333333		0.008

		2084.4		0.008

		2085.2		0.15

		2086		0.008

		2135.2		0.008

		2135.6666666667		0.008

		2136.1333333333		0.008

		2136.9333333333		0.15

		2137.7333333333		0.008

		2138.2		0.008

		2139		0.15

		2139.8		0.008

		2189		0.008

		2189.4666666667		0.008

		2190.2666666667		0.15

		2191.0666666667		0.008

		2191.5333333333		0.008

		2192.3333333333		0.15

		2193.1333333333		0.008

		2242.3333333333		0.008

		2242.8		0.008

		2243.6		0.15

		2244.4		0.008

		2244.8666666667		0.008

		2245.6666666667		0.15

		2246.4666666667		0.008

		2295.6666666667		0.008

		2296.1333333333		0.008

		2296.9333333333		0.15

		2297.7333333333		0.008

		2298.2		0.008

		2299		0.15

		2299.8		0.008

		2349		0.008

		2349.4666666667		0.008

		2350.2666666667		0.15

		2351.0666666667		0.008

		2351.5333333333		0.008

		2352.3333333333		0.15

		2353.1333333333		0.008

		2402.3333333333		0.008

		2402.8		0.008

		2403.6		0.15

		2404.4		0.008

		2404.8666666667		0.008

		2405.6666666667		0.15

		2406.4666666667		0.008

		2455.6666666667		0.008

		2456.1333333333		0.008

		2456.9333333333		0.15

		2457.7333333333		0.008

		2458.2		0.008

		2459		0.15

		2459.8		0.008

		2509		0.008

		2509.4666666667		0.008

		2510.2666666667		0.15

		2511.0666666667		0.008

		2511.5333333333		0.008

		2512.3333333333		0.15

		2513.1333333333		0.008

		2562.3333333333		0.008

		2562.8		0.008

		2563.2666666667		0.008

		2564.0666666667		0.15

		2564.8666666667		0.008

		2565.3333333333		0.008

		2566.1333333333		0.15

		2566.9333333333		0.008

		2616.1333333333		0.008

		2616.6		0.008

		2617.4		0.15

		2618.2		0.008

		2618.6666666667		0.008

		2619.4666666667		0.15

		2620.2666666667		0.008

		2669.4666666667		0.008

		2669.9333333333		0.008

		2670.7333333333		0.15

		2671.5333333333		0.008

		2672		0.008

		2672.8		0.15

		2673.6		0.008

		2722.8		0.008

		2723.2666666667		0.008

		2724.0666666667		0.15

		2724.8666666667		0.008

		2725.3333333333		0.008

		2726.1333333333		0.15

		2726.9333333333		0.008

		2776.1333333333		0.008

		2776.6		0.008

		2777.4		0.15

		2778.2		0.008

		2778.6666666667		0.008

		2779.4666666667		0.15

		2780.2666666667		0.008

		2829.4666666667		0.008

		2829.9333333333		0.008

		2830.7333333333		0.15

		2831.5333333333		0.008

		2832		0.008

		2832.8		0.15

		2833.6		0.008

		2882.8		0.008

		2883.2666666667		0.008

		2884.0666666667		0.15

		2884.8666666667		0.008

		2885.3333333333		0.008

		2886.1333333333		0.15

		2886.9333333333		0.008

		2936.1333333333		0.008

		2936.6		0.008

		2937.4		0.15

		2938.2		0.008

		2938.6666666667		0.008

		2939.4666666667		0.15

		2940.2666666667		0.008

		2989.4666666667		0.008

		2989.9333333333		0.008

		2990.7333333333		0.15

		2991.5333333333		0.008

		2992		0.008

		2992.8		0.15

		2993.6		0.008

		3042.8		0.008

		3043.2666666667		0.008

		3044.0666666667		0.15

		3044.8666666667		0.008

		3045.3333333333		0.008

		3046.1333333333		0.15

		3046.9333333333		0.008

		3096.1333333333		0.008

		3096.6		0.008

		3097.4		0.15

		3098.2		0.008

		3098.6666666667		0.008

		3099.4666666667		0.15

		3100.2666666667		0.008

		3149.4666666667		0.008

		3149.9333333333		0.008

		3150.7333333333		0.15

		3151.5333333333		0.008

		3152		0.008

		3152.8		0.15

		3153.6		0.008

		3202.8		0.008

		3203.2666666667		0.008

		3204.0666666667		0.15

		3204.8666666667		0.008

		3205.3333333333		0.008

		3206.1333333333		0.15

		3206.9333333333		0.008

		3256.1333333333		0.008

		3256.6		0.008

		3257.4		0.15

		3258.2		0.008

		3258.6666666667		0.008

		3259.4666666667		0.15

		3260.2666666667		0.008

		3309.4666666667		0.008

		3309.9333333334		0.008

		3310.7333333333		0.15

		3311.5333333334		0.008

		3312		0.008

		3312.8		0.15

		3313.6		0.008

		3362.8		0.008

		3363.2666666667		0.008

		3364.0666666667		0.15

		3364.8666666667		0.008

		3365.3333333333		0.008

		3366.1333333334		0.15

		3366.9333333334		0.008

		3416.1333333334		0.008

		3416.6		0.008

		3417.4		0.15

		3418.2		0.008

		3418.6666666667		0.008

		3419.4666666667		0.15

		3420.2666666667		0.008

		3469.4666666667		0.008

		3469.9333333334		0.008

		3470.7333333333		0.15

		3471.5333333334		0.008

		3472		0.008

		3472.8		0.15

		3473.6		0.008

		3522.8		0.008

		3523.2666666667		0.008

		3524.0666666667		0.15

		3524.8666666667		0.008

		3525.3333333333		0.008

		3574.5333333334		0.008

		3575		0.008

		3575.8		0.15

		3576.6		0.008

		3577.0666666667		0.008

		3577.8666666667		0.15

		3578.6666666667		0.008

		3627.8666666667		0.008

		3628.3333333333		0.008

		3629.1333333334		0.15

		3629.9333333334		0.008

		3630.4		0.008

		6601.6666666667		0.008



Stage 2 (Separated Function) Lattice

Phase 2 (87.5 TeV)

Phase 1

Main Injector

Tevatron

Time (sec)

Beam Energy (TeV)

Energy Ramps and Filling of Staged Collider

Main Injector:    144 Cycles        @2 sec/cycle

Tevatron: 72 Cyles @50 sec/cycle

0

0

0

0

3601.6666666667

3601.6666666667

0.4666666667

3.3333333333

4380

4380

1.2666666667

28.3333333333

5601.6666666667

4601.6666666667

2.0666666667

53.3333333333

6601.6666666667

6601.6666666667

2.5333333333

56.6666666667

4601.6666666667

3.3333333333

81.6666666667

4380

4.1333333333

106.6666666667

5601.6666666667

53.3333333333

110

6601.6666666667

53.8

135

54.6

160

55.4

163.3333333333

55.8666666667

188.3333333333

56.6666666667

213.3333333333

57.4666666667

216.6666666667

106.6666666667

241.6666666667

107.1333333333

266.6666666667

107.9333333333

270

108.7333333333

295

109.2

320

110

323.3333333333

110.8

348.3333333333

160

373.3333333333

160.4666666667

376.6666666667

161.2666666667

401.6666666667
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Phase 2 (87.5 TeV)

Phase 1

Main Injector

Tevatron

Time (sec)

Beam Energy (TeV)

Energy Ramps and Filling of Staged Collider

Main Injector:    144 Cycles        @2 sec/cycle

Tevatron: 72 Cyles @50 sec/cycle
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		TYPE				SURVEY

		NAME				BYPASS_SURV

		DATE				14/12/2000

		TIME				20.20.59

		ORIGIN				MAD_9.3

		COMMENT				""

		LINE				"BYPASS"																RING LAYOUT FOOTPRINT DATA

		LENGTH				39506.5256650161																		R(km)						R(km)Arrow		Larrow

																								35						38		2

		NAME		S		X		Z				-X		Z										X		Y				X		Y

		M_FP		0		0		0				0		0								0		0		35		60		-32.9089653438		19

		D_PL		300		300		0				-300		0								1		3.0504509962		34.8668144332		61		-31.127777683		21.7959045813

		B_DM_LEFT		450		449.999541		-0.321428				-449.999541		-0.321428								2		6.0776862183		34.4682713554		62		-29.1096888385		24.4259291681

		B_DM_LEFT		600		599.996327		-1.285706				-599.996327		-1.285706								3		9.0586665786		33.8074039201		63		-26.8700576851		26.8700576851

		B_DM_LEFT		750		749.987602		-2.892817				-749.987602		-2.892817								4		11.9707050164		32.8892417275		64		-24.4259291681		29.1096888385

		B_DM_LEFT		900		899.970613		-5.142731				-899.970613		-5.142731								5		14.7916391609		31.7207725463		65		-21.7959045813		31.127777683

		B_DM_LEFT		1050		1049.942603		-8.035407				-1049.942603		-8.035407								6		17.5		30.3108891325		66		-19		32.9089653438

		B_DM_LEFT		1200		1199.90082		-11.570791				-1199.90082		-11.570791								7		20.0751752723		28.6703215501		67		-20		30.9089653438

		B_DM_LEFT		1350		1349.842507		-15.748819				-1349.842507		-15.748819								8		22.497566339		26.8115555092		68		-19		32.9089653438

		B_DM_LEFT		1500		1499.764912		-20.569413				-1499.764912		-20.569413								9		24.7487373415		24.7487373415		69		-21		32.9089653438

		D_PL		1800		1799.588603		-30.853113				-1799.588603		-30.853113								10		26.8115555092		22.497566339

		D_PL		2100		2099.412293		-41.136812				-2099.412293		-41.136812								11		28.6703215501		20.0751752723

		B_DM_LEFT		2250		2249.312661		-46.599885				-2249.312661		-46.599885								12		30.3108891325		17.5

		B_DM_LEFT		2400		2399.18824		-52.705336				-2399.18824		-52.705336								13		31.7207725463		14.7916391609

		B_DM_LEFT		2550		2549.036276		-59.453053				-2549.036276		-59.453053								14		32.8892417275		11.9707050164

		B_DM_LEFT		2700		2698.854017		-66.842912				-2698.854017		-66.842912								15		33.8074039201		9.0586665786

		B_DM_LEFT		2850		2848.638712		-74.874777				-2848.638712		-74.874777								16		34.4682713554		6.0776862183

		B_DM_LEFT		3000		2998.387608		-83.548501				-2998.387608		-83.548501								17		34.8668144332		3.0504509962

		B_DM_LEFT		3150		3148.097957		-92.863924				-3148.097957		-92.863924								18		35		0

		B_DM_LEFT		3300		3297.767007		-102.820875				-3297.767007		-102.820875								19		34.8668144332		-3.0504509962

		D_PL		3600		3597.061977		-123.376186				-3597.061977		-123.376186								20		34.4682713554		-6.0776862183

		D_PL		3900		3896.356948		-143.931497				-3896.356948		-143.931497								21		33.8074039201		-9.0586665786

		B_DM_LEFT		4050		4045.981951		-154.529794				-4045.981951		-154.529794								22		32.8892417275		-11.9707050164

		B_DM_LEFT		4200		4195.560159		-165.769242				-4195.560159		-165.769242								23		31.7207725463		-14.7916391609

		B_DM_LEFT		4350		4345.088825		-177.649633				-4345.088825		-177.649633								24		30.3108891325		-17.5

		B_DM_LEFT		4500		4494.565202		-190.170751				-4494.565202		-190.170751								25		28.6703215501		-20.0751752723

		B_DM_LEFT		4650		4643.986544		-203.332365				-4643.986544		-203.332365								26		26.8115555092		-22.497566339

		B_DM_LEFT		4800		4793.350107		-217.134234				-4793.350107		-217.134234								27		24.7487373415		-24.7487373415

		B_DM_LEFT		4950		4942.653148		-231.576103				-4942.653148		-231.576103								28		22.497566339		-26.8115555092

		B_DM_LEFT		5100		5091.892924		-246.657707				-5091.892924		-246.657707								29		20.0751752723		-28.6703215501

		BACKUP		5100		5091.892924		-246.657707				-5091.892924		-246.657707								30		17.5		-30.3108891325

		B_DM_RIGHT		5250		4942.653148		-231.576103				-4942.653148		-231.576103								31		14.7916391609		-31.7207725463

		B_DM_RIGHT		5400		4793.350107		-217.134234				-4793.350107		-217.134234								32		11.9707050164		-32.8892417275

		B_DM_RIGHT		5550		4643.986544		-203.332365				-4643.986544		-203.332365								33		9.0586665786		-33.8074039201

		B_DM_RIGHT		5700		4494.565202		-190.170751				-4494.565202		-190.170751								34		6.0776862183		-34.4682713554

		B_DM_RIGHT		5850		4345.088825		-177.649633				-4345.088825		-177.649633								35		3.0504509962		-34.8668144332

		B_DM_RIGHT		6000		4195.560159		-165.769242				-4195.560159		-165.769242								36		0		-35

		B_DM_RIGHT		6150		4045.981951		-154.529794				-4045.981951		-154.529794								37		-3.0504509962		-34.8668144332

		B_DM_RIGHT		6300		3896.356948		-143.931497				-3896.356948		-143.931497								38		-6.0776862183		-34.4682713554

		B_DM_LEFT		6450		3746.731944		-133.333201				-3746.731944		-133.333201								39		-9.0586665786		-33.8074039201

		B_DM_LEFT		6600		3597.153736		-122.093753				-3597.153736		-122.093753								40		-11.9707050164		-32.8892417275

		B_DM_LEFT		6750		3447.62507		-110.213361				-3447.62507		-110.213361								41		-14.7916391609		-31.7207725463

		B_DM_LEFT		6900		3298.148694		-97.692244				-3298.148694		-97.692244								42		-17.5		-30.3108891325

		D_PL		7200		2999.25006		-72.009433				-2999.25006		-72.009433								43		-20.0751752723		-28.6703215501

		D_PL		7500		2700.351426		-46.326623				-2700.351426		-46.326623								44		-22.497566339		-26.8115555092

		D_PL		7800		2401.452792		-20.643812				-2401.452792		-20.643812								45		-24.7487373415		-24.7487373415

		D_PL		8100		2102.554159		5.038998				-2102.554159		5.038998								46		-26.8115555092		-22.497566339

		D_PL		8400		1803.655525		30.721808				-1803.655525		30.721808								47		-28.6703215501		-20.0751752723

		D_PL		8700		1504.756891		56.404619				-1504.756891		56.404619								48		-30.3108891325		-17.5

		D_PL		9000		1205.858258		82.087429				-1205.858258		82.087429								49		-31.7207725463		-14.7916391609

		D_PL		9300		906.959624		107.77024				-906.959624		107.77024								50		-32.8892417275		-11.9707050164

		D_PL		9600		608.06099		133.45305				-608.06099		133.45305								51		-33.8074039201		-9.0586665786

		D_PL		9900		309.162356		159.13586				-309.162356		159.13586								52		-34.4682713554		-6.0776862183

		D_PL		10200		10.263723		184.818671				-10.263723		184.818671								53		-34.8668144332		-3.0504509962

		BACKUP		10200		10.263723		184.818671				-10.263723		184.818671								54		-35		-0

		D_PL		10500		309.162356		159.13586				-309.162356		159.13586								55		-34.8668144332		3.0504509962

		D_PL		10800		608.06099		133.45305				-608.06099		133.45305								56		-34.4682713554		6.0776862183

		D_PL		11100		906.959624		107.77024				-906.959624		107.77024								57		-33.8074039201		9.0586665786

		D_PL		11400		1205.858258		82.087429				-1205.858258		82.087429								58		-32.8892417275		11.9707050164

		D_PL		11700		1504.756891		56.404619				-1504.756891		56.404619								59		-31.7207725463		14.7916391609

		D_PL		12000		1803.655525		30.721808				-1803.655525		30.721808								60		-30.3108891325		17.5

		D_PL		12300		2102.554159		5.038998				-2102.554159		5.038998								61		-28.6703215501		20.0751752723

		D_PL		12600		2401.452792		-20.643812				-2401.452792		-20.643812								62		-26.8115555092		22.497566339

		D_PL		12900		2700.351426		-46.326623				-2700.351426		-46.326623								63		-24.7487373415		24.7487373415

		D_PL		13200		2999.25006		-72.009433				-2999.25006		-72.009433								64		-22.497566339		26.8115555092

		D_PL		13500		3298.148694		-97.692244				-3298.148694		-97.692244								65		-20.0751752723		28.6703215501

		B_DM_RIGHT		13650		3447.62507		-110.213361				-3447.62507		-110.213361								66		-17.5		30.3108891325

		B_DM_RIGHT		13800		3597.153736		-122.093753				-3597.153736		-122.093753								67		-14.7916391609		31.7207725463

		B_DM_RIGHT		13950		3746.731944		-133.333201				-3746.731944		-133.333201								68		-11.9707050164		32.8892417275

		B_DM_RIGHT		14100		3896.356948		-143.931497				-3896.356948		-143.931497								69		-9.0586665786		33.8074039201

		BACKUP		14100		3896.356948		-143.931497				-3896.356948		-143.931497								70		-6.0776862183		34.4682713554

		B_BP_RIGHT		14250		3746.667248		-134.29531				-3746.667248		-134.29531								71		-3.0504509962		34.8668144332

		B_BP_RIGHT		14400		3596.900453		-125.942516				-3596.900453		-125.942516								72		-0		35

		B_BP_RIGHT		14550		3447.067564		-118.873728				-3447.067564		-118.873728

		B_BP_RIGHT		14700		3297.179591		-113.089466				-3297.179591		-113.089466

		B_BP_RIGHT		14850		3147.247545		-108.590155				-3147.247545		-108.590155

		B_BP_RIGHT		15000		2997.282441		-105.376125				-2997.282441		-105.376125

		B_BP_RIGHT		15150		2847.295298		-103.447612				-2847.295298		-103.447612

		B_BP_RIGHT		15300		2697.297135		-102.804759				-2697.297135		-102.804759

		B_BP_RIGHT		15450		2547.298972		-103.447612				-2547.298972		-103.447612

		B_BP_RIGHT		15600		2397.311828		-105.376125				-2397.311828		-105.376125

		B_BP_RIGHT		15750		2247.346725		-108.590155				-2247.346725		-108.590155

		B_BP_RIGHT		15900		2097.414679		-113.089466				-2097.414679		-113.089466

		B_BP_RIGHT		16050		1947.526706		-118.873728				-1947.526706		-118.873728

		B_BP_RIGHT		16200		1797.693817		-125.942516				-1797.693817		-125.942516

		B_BP_RIGHT		16350		1647.927021		-134.29531				-1647.927021		-134.29531

		B_BP_RIGHT		16500		1498.237322		-143.931497				-1498.237322		-143.931497

		D_PL		16800		1198.942352		-164.486808				-1198.942352		-164.486808

		B_BP_LEFT		16950		1049.252652		-174.122996				-1049.252652		-174.122996

		B_BP_LEFT		17100		899.485857		-182.47579				-899.485857		-182.47579

		B_BP_LEFT		17250		749.652968		-189.544578				-749.652968		-189.544578

		B_BP_LEFT		17400		599.764995		-195.32884				-599.764995		-195.32884

		B_BP_LEFT		17550		449.832949		-199.828151				-449.832949		-199.828151

		B_BP_LEFT		17700		299.867845		-203.042181				-299.867845		-203.042181

		B_BP_LEFT		17850		149.880702		-204.970694				-149.880702		-204.970694

		B_BP_LEFT		18000		-0.117461		-205.613547				0.117461		-205.613547

		BACKUP		18000		-0.117461		-205.613547				0.117461		-205.613547

		B_BP_RIGHT		18150		149.880702		-204.970694				-149.880702		-204.970694

		B_BP_RIGHT		18300		299.867845		-203.042181				-299.867845		-203.042181

		B_BP_RIGHT		18450		449.832949		-199.828151				-449.832949		-199.828151

		B_BP_RIGHT		18600		599.764995		-195.32884				-599.764995		-195.32884

		B_BP_RIGHT		18750		749.652968		-189.544578				-749.652968		-189.544578

		B_BP_RIGHT		18900		899.485857		-182.47579				-899.485857		-182.47579

		B_BP_RIGHT		19050		1049.252652		-174.122996				-1049.252652		-174.122996

		B_BP_RIGHT		19200		1198.942352		-164.486808				-1198.942352		-164.486808

		D_PL		19500		1498.237322		-143.931497				-1498.237322		-143.931497

		B_BP_LEFT		19650		1647.927021		-134.29531				-1647.927021		-134.29531

		B_BP_LEFT		19800		1797.693817		-125.942516				-1797.693817		-125.942516

		B_BP_LEFT		19950		1947.526706		-118.873728				-1947.526706		-118.873728

		B_BP_LEFT		20100		2097.414679		-113.089466				-2097.414679		-113.089466

		B_BP_LEFT		20250		2247.346725		-108.590155				-2247.346725		-108.590155

		B_BP_LEFT		20400		2397.311828		-105.376125				-2397.311828		-105.376125

		B_BP_LEFT		20550		2547.298972		-103.447612				-2547.298972		-103.447612

		B_BP_LEFT		20700		2697.297135		-102.804759				-2697.297135		-102.804759

		B_BP_LEFT		20850		2847.295298		-103.447612				-2847.295298		-103.447612

		B_BP_LEFT		21000		2997.282441		-105.376125				-2997.282441		-105.376125

		B_BP_LEFT		21150		3147.247545		-108.590155				-3147.247545		-108.590155

		B_BP_LEFT		21300		3297.179591		-113.089466				-3297.179591		-113.089466

		B_BP_LEFT		21450		3447.067564		-118.873728				-3447.067564		-118.873728

		B_BP_LEFT		21600		3596.900453		-125.942516				-3596.900453		-125.942516

		B_BP_LEFT		21750		3746.667248		-134.29531				-3746.667248		-134.29531

		B_BP_LEFT		21900		3896.356948		-143.931497				-3896.356948		-143.931497

		BACKUP		21900		3896.356948		-143.931497				-3896.356948		-143.931497

		B_XL_LEFT		22050		3746.812112		-132.281975				-3746.812112		-132.281975

		B_XL_LEFT		22200		3597.506108		-117.891488				-3597.506108		-117.891488

		B_XL_LEFT		22350		3448.489168		-100.764875				-3448.489168		-100.764875

		B_XL_LEFT		22500		3299.81143		-80.907901				-3299.81143		-80.907901

		B_XL_LEFT		22650		3151.522917		-58.327246				-3151.522917		-58.327246

		B_XL_LEFT		22800		3003.67352		-33.030506				-3003.67352		-33.030506

		B_XL_LEFT		22950		2856.312984		-5.026195				-2856.312984		-5.026195

		B_XL_LEFT		23100		2709.490888		25.676268				-2709.490888		25.676268

		B_XL_LEFT		23250		2563.25663		59.066551				-2563.25663		59.066551

		B_XL_LEFT		23400		2417.659412		95.133421				-2417.659412		95.133421

		B_XL_LEFT		23550		2272.748219		133.864743				-2272.748219		133.864743

		B_XL_LEFT		23700		2128.571807		175.247486				-2128.571807		175.247486

		B_XL_LEFT		23850		1985.178684		219.267726				-1985.178684		219.267726

		B_XL_LEFT		24000		1842.617095		265.910652				-1842.617095		265.910652

		B_XL_LEFT		24150		1700.935006		315.160573				-1700.935006		315.160573

		B_XL_LEFT		24300		1560.180085		367.000916				-1560.180085		367.000916

		B_XL_LEFT		24450		1420.399688		421.414242				-1420.399688		421.414242

		B_XL_LEFT		24600		1281.640847		478.382242				-1281.640847		478.382242

		B_XL_LEFT		24750		1143.950245		537.885749				-1143.950245		537.885749

		B_XL_LEFT		24900		1007.37421		599.904744				-1007.37421		599.904744

		B_XL_LEFT		25050		871.958692		664.41836				-871.958692		664.41836

		B_XL_LEFT		25200		737.749252		731.404891				-737.749252		731.404891

		B_XL_LEFT		25350		604.791045		800.8418				-604.791045		800.8418

		B_XL_LEFT		25500		473.128805		872.705724				-473.128805		872.705724

		TEV_DUMMY_CELL		25696.349541		293.390575		950.95921				-293.390575		950.95921

		TEV_DUMMY_CELL		25892.699082		101.839467		992.643888				-101.839467		992.643888

		TEV_DUMMY_CELL		26089.048623		-94.163317		996.157839				94.163317		996.157839

		TEV_DUMMY_CELL		26285.398163		-287.0855		961.366025				287.0855		961.366025

		TEV_DUMMY_CELL		26481.747704		-469.513191		889.605474				469.513191		889.605474

		TEV_DUMMY_CELL		26678.097245		-634.435797		783.633906				634.435797		783.633906

		TEV_DUMMY_CELL		26874.446786		-775.515433		647.523747				775.515433		647.523747

		TEV_DUMMY_CELL		27070.796327		-887.330489		486.505635				887.330489		486.505635

		TEV_DUMMY_CELL		27267.145868		-965.583975		306.767405				965.583975		306.767405

		TEV_DUMMY_CELL		27463.495408		-1007.268653		115.216298				1007.268653		115.216298

		TEV_DUMMY_CELL		27659.844949		-1010.782605		-80.786486				1010.782605		-80.786486

		TEV_DUMMY_CELL		27856.19449		-975.99079		-273.70867				975.99079		-273.70867

		TEV_DUMMY_CELL		28052.544031		-904.23024		-456.136361				904.23024		-456.136361

		TEV_DUMMY_CELL		28248.893572		-798.258671		-621.058967				798.258671		-621.058967

		TEV_DUMMY_CELL		28445.243113		-662.148512		-762.138603				662.148512		-762.138603

		TEV_DUMMY_CELL		28641.592654		-501.1304		-873.953659				501.1304		-873.953659

		TEV_DUMMY_CELL		28837.942194		-321.39217		-952.207145				321.39217		-952.207145

		TEV_DUMMY_CELL		29034.291735		-129.841063		-993.891823				129.841063		-993.891823

		TEV_DUMMY_CELL		29230.641276		66.161721		-997.405774				-66.161721		-997.405774

		TEV_DUMMY_CELL		29426.990817		259.083905		-962.61396				-259.083905		-962.61396

		TEV_DUMMY_CELL		29623.340358		441.511596		-890.853409				-441.511596		-890.853409

		TEV_DUMMY_CELL		29819.689899		606.434202		-784.881841				-606.434202		-784.881841

		TEV_DUMMY_CELL		30016.03944		747.513838		-648.771682				-747.513838		-648.771682

		TEV_DUMMY_CELL		30212.38898		859.328894		-487.75357				-859.328894		-487.75357

		TEV_DUMMY_CELL		30408.738521		937.58238		-308.01534				-937.58238		-308.01534

		TEV_DUMMY_CELL		30605.088062		979.267058		-116.464233				-979.267058		-116.464233

		TEV_DUMMY_CELL		30801.437603		982.781009		79.538551				-982.781009		79.538551

		TEV_DUMMY_CELL		30997.787144		947.989195		272.460735				-947.989195		272.460735

		TEV_DUMMY_CELL		31194.136685		876.228644		454.888426				-876.228644		454.888426

		TEV_DUMMY_CELL		31390.486225		770.257076		619.811032				-770.257076		619.811032

		TEV_DUMMY_CELL		31586.835766		634.146917		760.890668				-634.146917		760.890668

		TEV_DUMMY_CELL		31783.185307		473.128805		872.705724				-473.128805		872.705724

		TEV_DUMMY_CELL		31979.534848		293.390575		950.95921				-293.390575		950.95921

		TEV_DUMMY_CELL		32175.884389		101.839467		992.643888				-101.839467		992.643888

		TEV_DUMMY_CELL		32372.23393		-94.163317		996.157839				94.163317		996.157839

		TEV_DUMMY_CELL		32568.583471		-287.0855		961.366025				287.0855		961.366025

		TEV_DUMMY_CELL		32764.933011		-469.513191		889.605474				469.513191		889.605474

		TEV_DUMMY_CELL		32961.282552		-634.435797		783.633906				634.435797		783.633906

		TEV_DUMMY_CELL		33157.632093		-775.515433		647.523747				775.515433		647.523747

		TEV_DUMMY_CELL		33353.981634		-887.330489		486.505635				887.330489		486.505635

		TEV_DUMMY_CELL		33550.331175		-965.583975		306.767405				965.583975		306.767405

		TEV_DUMMY_CELL		33746.680716		-1007.268653		115.216298				1007.268653		115.216298

		TEV_DUMMY_CELL		33943.030257		-1010.782605		-80.786486				1010.782605		-80.786486

		TEV_DUMMY_CELL		34139.379797		-975.99079		-273.70867				975.99079		-273.70867

		TEV_DUMMY_CELL		34335.729338		-904.23024		-456.136361				904.23024		-456.136361

		TEV_DUMMY_CELL		34532.078879		-798.258671		-621.058967				798.258671		-621.058967

		TEV_DUMMY_CELL		34728.42842		-662.148512		-762.138603				662.148512		-762.138603

		TEV_DUMMY_CELL		34924.777961		-501.1304		-873.953659				501.1304		-873.953659

		TEV_DUMMY_CELL		35121.127502		-321.39217		-952.207145				321.39217		-952.207145

		TEV_DUMMY_CELL		35317.477042		-129.841063		-993.891823				129.841063		-993.891823

		TEV_DUMMY_CELL		35513.826583		66.161721		-997.405774				-66.161721		-997.405774

		TEV_DUMMY_CELL		35710.176124		259.083905		-962.61396				-259.083905		-962.61396

		TEV_DUMMY_CELL		35906.525665		441.511596		-890.853409				-441.511596		-890.853409

		B_X2_LEFT		36056.525665		575.782065		-823.991273				-575.782065		-823.991273

		B_X2_LEFT		36206.525665		711.481762		-760.079642				-711.481762		-760.079642

		B_X2_LEFT		36356.525665		848.54586		-699.149049				-848.54586		-699.149049

		B_X2_LEFT		36506.525665		986.908883		-641.2286				-986.908883		-641.2286

		B_X2_LEFT		36656.525665		1126.50473		-586.345965				-1126.50473		-586.345965

		B_X2_LEFT		36806.525665		1267.266717		-534.527364				-1267.266717		-534.527364

		B_X2_LEFT		36956.525665		1409.127597		-485.797549				-1409.127597		-485.797549

		B_X2_LEFT		37106.525665		1552.019603		-440.1798				-1552.019603		-440.1798

		B_X2_LEFT		37256.525665		1695.874472		-397.69591				-1695.874472		-397.69591

		B_X2_LEFT		37406.525665		1840.623482		-358.366174				-1840.623482		-358.366174

		B_X2_LEFT		37556.525665		1986.197486		-322.20938				-1986.197486		-322.20938

		B_X2_LEFT		37706.525665		2132.526939		-289.2428				-2132.526939		-289.2428

		B_X2_LEFT		37856.525665		2279.541939		-259.482184				-2279.541939		-259.482184

		B_X2_LEFT		38006.525665		2427.172252		-232.941749				-2427.172252		-232.941749

		B_X2_LEFT		38156.525665		2575.347355		-209.634173				-2575.347355		-209.634173

		B_X2_LEFT		38306.525665		2723.996462		-189.57059				-2723.996462		-189.57059

		B_X2_LEFT		38456.525665		2873.04856		-172.760586				-2873.04856		-172.760586

		B_X2_LEFT		38606.525665		3022.432446		-159.212191				-3022.432446		-159.212191

		B_X2_LEFT		38756.525665		3172.076756		-148.931877				-3172.076756		-148.931877

		B_X2_LEFT		38906.525665		3321.910002		-141.924555				-3321.910002		-141.924555

		B_X2_LEFT		39056.525665		3471.860607		-138.193573				-3471.860607		-138.193573

		B_X2_LEFT		39206.525665		3621.856938		-137.740713				-3621.856938		-137.740713

		B_X2_LEFT		39356.525665		3771.827338		-140.566191				-3771.827338		-140.566191

		B_X2_LEFT		39506.525665		3921.700165		-146.668658				-3921.700165		-146.668658

		#E		39506.525665		3921.700165		-146.668658				-3921.700165		-146.668658
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Staged VLHC Ring Layout

Ring Orientation Arbitrary

Surface Facility for Cryogenics and Tunnel Spoils Removal (6 Places)

Fermilab: Injection, Extraction, RF,  Two Detectors
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		Emittance(95%)		pi mm-mr		15						E(TeV)		1 sigma (for 2.5pi norm)		Scraping at 5-sigma		Main Injector Acceptance:          40pi (95%) = 6.7pi (norm)		99% of Luminosity		Tracking Dynamic Aperture Target: 80 pi(95%) + 1mm		Physical Aperture w/misalignments		Nominal Physical Aperture (vert)		LHC Target w/o Beam-Beam (13-sigma)

		Emittance(norm)		pi mm-mr		2.5						1		0.9924212815		4.9621064076		3.9696851261		1.290147666		6.6139825436		7.5		9		12.9014766597

		BetaMax		m		420						2		0.701747818		3.5087390898		2.8069912718		0.9122721633		4.9696851261		7.5		9		9.1227216334

												3		0.572974694		2.8648734702		2.2918987761		0.7448671022		4.2412343328		7.5		9		7.4486710224

												4		0.4962106408		2.4810532038		1.984842563		0.645073833		3.8069912718		7.5		9		6.4507383298

												5		0.4438242896		2.2191214478		1.7752971582		0.5769715764		3.5106493184		7.5		9		5.7697157642

												6		0.4051542916		2.025771458		1.6206171664		0.5267005791		3.2918987761		7.5		9		5.2670057908

												7		0.3750999867		1.8754999334		1.5003999467		0.4876299827		3.1218859536		7.5		9		4.8762998267

												8		0.350873909		1.7543695449		1.4034956359		0.4561360817		2.984842563		7.5		9		4.5613608167

												9		0.3308070938		1.6540354692		1.3232283754		0.430049222		2.8713275145		7.5		9		4.3004922199

												10		0.3138311648		1.569155824		1.2553246592		0.4079805142		2.7752971582		7.5		9		4.0798051424

												11		0.299226275		1.4961313749		1.1969050999		0.3889941575		2.6926794252		7.5		9		3.8899415747

												12		0.286487347		1.4324367351		1.1459493881		0.3724335511		2.6206171664		7.5		9		3.7243355112

												13		0.2752481398		1.376240699		1.1009925592		0.3578225817		2.5570386093		7.5		9		3.5782258174

												14		0.2652357442		1.326178721		1.0609429768		0.3448064675		2.5003999467		7.5		9		3.4480646746

												15		0.256242073		1.2812103652		1.0249682922		0.333114695		2.4495240598		7.5		9		3.3311469496

												16		0.2481053204		1.2405266019		0.9924212815		0.3225369165		2.4034956359		7.5		9		3.2253691649

												17		0.2406975158		1.2034875791		0.9627900632		0.3129067706		2.3615907652		7.5		9		3.1290677055

												18		0.2339159393		1.1695796966		0.9356637573		0.3040907211		2.3232283754		7.5		9		3.0409072111

												19		0.2276770566		1.138385283		0.9107082264		0.2959801736		2.2879359252		7.5		9		2.9598017359

												20		0.2219121448		1.1095607239		0.8876485791		0.2884857882		2.2553246592		7.5		9		2.8848578821

												21		0.2165640783		1.0828203914		0.8662563131		0.2815333018		2.2250714265		7.5		9		2.8153330176

												22		0.2115849281		1.0579246407		0.8463397126		0.2750604066		2.1969050999		7.5		9		2.7506040659

												23		0.206934142		1.0346707101		0.827736568		0.2690143846		2.1705962806		7.5		9		2.6901438462

												24		0.2025771458		1.012885729		0.8103085832		0.2633502895		2.1459493881		7.5		9		2.6335028954

												25		0.1984842563		0.9924212815		0.7939370252		0.2580295332		2.1227965087		7.5		9		2.5802953319

												26		0.1946298262		0.9731491308		0.7785193046		0.253018774		2.1009925592		7.5		9		2.5301877401

												27		0.1909915647		0.9549578234		0.7639662587		0.2482890341		2.0804114443		7.5		9		2.4828903408

												28		0.1875499933		0.9377499667		0.7501999733		0.2438149913		2.0609429768		7.5		9		2.4381499134

												29		0.1842880055		0.9214400274		0.7371520219		0.2395744071		2.042490387		7.5		9		2.3957440713

		0		0		0		0		1		30		0.1811905075		0.9059525374		0.7247620299		0.2355476597		2.0249682922		7.5		9		2.3554765972

		0.1		0.0999900005		0.0999900005		0.0226078435		0.9773921565		31		0.178244124		0.89122062		0.712976496		0.2317173612		2.0083010303		7.5		9		2.3171736121

		0.2		0.1996802559		0.2996702564		0.0677557579		0.9322442421		32		0.1754369545		0.8771847724		0.701747818		0.2280680408		1.9924212815		7.5		9		2.2806804083

		0.3		0.297579815		0.5972500713		0.1350388648		0.8649611352		33		0.1727583704		0.863791852		0.6910334816		0.2245858815		1.9772689218		7.5		9		2.2458588153

		0.4		0.3898899606		0.987140032		0.223193392		0.776806608		34		0.1701988456		0.8509942282		0.6807953826		0.2212584993		1.9627900632		7.5		9		2.2125849934

		0.5		0.4697065314		1.4568465634		0.3293945293		0.6706054707		35		0.1677498137		0.8387490686		0.6709992548		0.2180747578		1.9489362465		7.5		9		2.1807475782

		0.6		0.5270680436		1.983914607		0.4485651643		0.5514348357		36		0.1654035469		0.8270177346		0.6616141877		0.215024611		1.9356637573		7.5		9		2.1502461099

		0.7		0.5505844415		2.5344990486		0.5730528815		0.4269471185		37		0.1631530537		0.8157652683		0.6526122146		0.2120989698		1.9229330449		7.5		9		2.1209896976

		0.8		0.5311326107		3.0656316592		0.6931425194		0.3068574806		38		0.1609919906		0.8049599532		0.6439679626		0.2092895878		1.9107082264		7.5		9		2.0928958784

		0.9		0.4669838914		3.5326155506		0.7987280649		0.2012719351		39		0.1589145876		0.794572938		0.6356583504		0.2065889639		1.8989566602		7.5		9		2.0658896389

		1		0.3678794412		3.9004949918		0.8819059907		0.1180940093		40		0.1569155824		0.784577912		0.6276623296		0.2039902571		1.8876485791		7.5		9		2.0399025712

		1.1		0.2544146608		4.1549096526		0.9394294112		0.0605705888		41		0.1549901649		0.7749508246		0.6199606596		0.2014872144		1.876756773		7.5		9		2.0148721439

		1.2		0.1508787955		4.3057884481		0.9735432644		0.0264567356		42		0.1531339283		0.7656696416		0.6125357132		0.1990741068		1.8662563131		7.5		9		1.990741068

		1.3		0.0747403079		4.380528756		0.9904421261		0.0095578739		43		0.1513428266		0.756714133		0.6053713064		0.1967456746		1.8561243118		7.5		9		1.9674567458

		1.4		0.0300429347		4.4105716907		0.997234865		0.002765135		44		0.1496131375		0.7480656874		0.59845255		0.1944970787		1.8463397126		7.5		9		1.9449707873

		1.5		0.0094945731		4.4200662639		0.9993815979		0.0006184021		45		0.1479414299		0.7397071493		0.5917657194		0.1923238588		1.8368831061		7.5		9		1.9232385881

		1.6		0.0022799623		4.4223462262		0.9998970997		0.0001029003		46		0.1463245351		0.7316226754		0.5852981403		0.1902218956		1.827736568		7.5		9		1.902218956

		1.7		0.000401031		4.4227472572		0.9999877733		0.0000122267		47		0.1447595218		0.723797609		0.5790380872		0.1881873783		1.818883516		7.5		9		1.8818737833

		1.8		0.0000496847		4.4227969419		0.999999007		0.000000993		48		0.1432436735		0.7162183675		0.572974694		0.1862167756		1.8103085832		7.5		9		1.8621677556

		1.9		0.000004159		4.4228011009		0.9999999474		0.0000000526		49		0.1417744688		0.7088723439		0.5670978752		0.1843068094		1.8019975062		7.5		9		1.8430680942

		2		0.0000002251		4.4228013259		0.9999999983		0.0000000017		50		0.1403495636		0.701747818		0.5613982544		0.1824544327		1.7939370252		7.5		9		1.8245443267

		2.1		0.0000000075		4.4228013335		1		0		51		0.1389667755		0.6948338777		0.5558671022		0.1806568082		1.7861147948		7.5		9		1.8065680821

		2.2		0.0000000001		4.4228013336		1		0		52		0.1376240699		0.6881203495		0.5504962796		0.1789112909		1.7785193046		7.5		9		1.7891129087

		2.3		0		4.4228013336		1		0		53		0.1363195469		0.6815977345		0.5452781876		0.177215411		1.7711398082		7.5		9		1.7721541097

		2.4		0		4.4228013336		1		0		54		0.1350514305		0.6752571527		0.5402057221		0.1755668597		1.7639662587		7.5		9		1.7556685969

		2.5		2.71213816010734E-17		4.4228013336		1		0		55		0.1338180583		0.6690902915		0.5352722332		0.1739634758		1.7569892518		7.5		9		1.7396347579

		2.6		3.70474083008895E-20		4.4228013336		1		0		56		0.1326178721		0.6630893605		0.5304714884		0.1724032337		1.7501999733		7.5		9		1.7240323373

		2.7		2.24478312255094E-23		4.4228013336		1		0		57		0.1314494099		0.6572470496		0.5257976397		0.1708842329		1.7435901531		7.5		9		1.708842329

		2.8		5.66222501988571E-27		4.4228013336		1		0		58		0.1303112984		0.6515564918		0.5212451935		0.1694046879		1.7371520219		7.5		9		1.6940468788

		2.9		5.56640052542536E-31		4.4228013336		1		0		59		0.1292022459		0.6460112294		0.5168089835		0.1679629196		1.7308782736		7.5		9		1.6796291964

		3		1.99190315987422E-35		4.4228013336		1		0		60		0.1281210365		0.6406051826		0.5124841461		0.1665573475		1.7247620299		7.5		9		1.6655734748

		3.1		2.4174320278847E-40		4.4228013336		1		0		61		0.1270665245		0.6353326223		0.5082660979		0.1651864818		1.7187968089		7.5		9		1.651864818

		3.2		9.24853432419994E-46		4.4228013336		1		0		62		0.1260376288		0.6301881439		0.5041505152		0.1638489174		1.712976496		7.5		9		1.6384891743

		3.3		1.0342351946201E-51		4.4228013336		1		0		63		0.1250333289		0.6251666445		0.5001333156		0.1625433276		1.7072953179		7.5		9		1.6254332756

		3.4		3.12711490935827E-58		4.4228013336		1		0		64		0.1240526602		0.6202633009		0.4962106408		0.1612684582		1.701747818		7.5		9		1.6126845825

		3.5		2.35913260944586E-65		4.4228013336		1		0		65		0.1230947103		0.6154735513		0.492378841		0.1600231233		1.6963288348		7.5		9		1.6002312333

		3.6		4.08795822545638E-73		4.4228013336		1		0		66		0.1221586152		0.6107930761		0.4886344609		0.1588061998		1.6910334816		7.5		9		1.5880619979

		3.7		1.49425140974429E-81		4.4228013336		1		0		67		0.1212435565		0.6062177826		0.4849742261		0.1576166235		1.685857128		7.5		9		1.5761662349

		3.8		1.05554733800962E-90		4.4228013336		1		0		68		0.1203487579		0.6017437895		0.4813950316		0.1564533853		1.6807953826		7.5		9		1.5645338528

		3.9		1.31703875958936E-100		4.4228013336		1		0		69		0.1194734826		0.597367413		0.4778939304		0.1553155274		1.6758440777		7.5		9		1.5531552737

		4		2.64650442268379E-111		4.4228013336		1		0		70		0.1186170308		0.5930851541		0.4744681233		0.1542021401		1.6709992548		7.5		9		1.5420214006

		4.1		7.79009778143595E-123		4.4228013336		1		0		71		0.1177787374		0.5888936871		0.4711149496		0.1531123586		1.6662571512		7.5		9		1.5311235863

		4.2		3.04795867446315E-135		4.4228013336		1		0		72		0.1169579697		0.5847898483		0.4678318786		0.1520453606		1.6616141877		7.5		9		1.5204536056

		4.3		1.43491955128578E-148		4.4228013336		1		0		73		0.1161541253		0.5807706265		0.4646165012		0.1510003629		1.6570669572		7.5		9		1.5100036288

		4.4		7.34026319015966E-163		4.4228013336		1		0		74		0.1153666306		0.5768331531		0.4614665225		0.1499766198		1.6526122146		7.5		9		1.499766198

		4.5		3.67562780628313E-178		4.4228013336		1		0		75		0.1145949388		0.572974694		0.4583797552		0.1489734204		1.6482468666		7.5		9		1.4897342045

		4.6		1.6192520487722E-194		4.4228013336		1		0		76		0.1138385283		0.5691926415		0.4553541132		0.1479900868		1.6439679626		7.5		9		1.4799008679

		4.7		5.6265823964513E-212		4.4228013336		1		0		77		0.1130969013		0.5654845067		0.4523876053		0.1470259717		1.6397726869		7.5		9		1.4702597173

		4.8		1.37931542403269E-230		4.4228013336		1		0		78		0.1123695825		0.5618479126		0.4494783301		0.1460804573		1.6356583504		7.5		9		1.4608045728

		4.9		2.12848073150405E-250		4.4228013336		1		0		79		0.1116561176		0.5582805882		0.4466244706		0.1451529529		1.6316223836		7.5		9		1.4515295294

		5		1.8404279274009E-271		4.4228013336		1		0		80		0.1109560724		0.5547803619		0.4438242896		0.1442428941		1.6276623296		7.5		9		1.4424289411

												81		0.1102690313		0.5513451564		0.4410761251		0.1433497407		1.6237758382		7.5		9		1.4334974066

												82		0.1095945966		0.5479729831		0.4383783865		0.1424729756		1.6199606596		7.5		9		1.4247297561

												83		0.1089323876		0.5446619378		0.4357295503		0.1416121038		1.6162146395		7.5		9		1.4161210383

												84		0.1082820391		0.5414101957		0.4331281566		0.1407666509		1.6125357132		7.5		9		1.4076665088

												85		0.1076432015		0.5382160074		0.4305728059		0.1399361619		1.6089219017		7.5		9		1.3993616192

												86		0.107015539		0.5350776949		0.4280621559		0.1391202007		1.6053713064		7.5		9		1.3912020066

												87		0.1063987296		0.5319936479		0.4255949183		0.1383183484		1.6018821055		7.5		9		1.3831834845
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LHC Target w/o Beam-Beam (13-sigma)

Nominal Physical Aperture (vert)

Physical Aperture w/misalignments

Scraping at 5-sigma

Main Injector Acceptance:          40pi (95%) = 6.7pi (norm)

99% of Luminosity

1 sigma (for 2.5pi norm)

Beam Energy (TeV)

Radial Beam Size (mm)

Radial Beam Sizes vs. Energy for
Emittance = 2.5 pi (norm) = 15pi (95%norm)
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Number of Sigma

Fraction of Luminosity Lost

Fraction of Luminosity Loss vs. Aperture
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		LHC RF PARAMETERS

		Parameter		Injection		Collision		Unit

		Energy		0.45		7		TeV

		Revolution frequency		11.2455		11.2455		kHz

		RF frequency		200.395 (*)		400.79		MHz

		RF harmonic number		17820		35640

		RF tuning range		10		10		kHz

		RF voltage		3		16		MV

		Frequency slip factor (eta)		3.43		3.47		E-4

		Energy gain per turn (20 min. ramping)		485				keV

		RF power per beam		257				kW

		Synchrotron frequency		29		24		Hz

		Bucket area		2.38		7.63		eVs

		Longitudinal emittance (2 r.m.s.)		1		2.5		eVs

		Energy spread (r.m.s.)		0.285		0.105		E-3

		Bunch duration (r.m.s.)		0.62		0.28		ns

		Bunch separation		24.95		24.95		ns

		Stored energy per beam		-		350		MJ

		Longitudinal intrabeam scattering growth time		33		60		h

		Synchrotron radiation energy loss per turn		-		7		keV

		Longitudinal damping time		-		25.8		h

		RF component of batch current		1.2		1.25		A

		DC beam current		0.56		0.56		A

		LHC RF CAVITY PARAMETERS

		Main SC Cavities

		Maximum number of cavities per beam		8

		Cavity R/Q		44.5		Ohm

		Maximum voltage per cavity		2		MV

		Cavity diameter at equator		689		mm

		Tuning range		10		kHz

		Forward coupler power, steady state		116		kW

		Forward coupler power, peak		176		kW

		Accelerating field		5		MV/m
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Phase 1 (AG) Lattice with Supressor & Nominal FODO Straight Section
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Physical Aperture With Alignment Decay Time = 1 Years         ATL const=5.00E-6 um^2/sec/m                                                  


Acceptance:    (Norm RMS at 0.9 TeV) = 13.4pi mm-mr   (95% Norm) = 80pi mm-mr
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[image: image1.wmf]Phase 1 (AG) Lattice with Supressor & Nominal FODO Straight Section
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