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Overview and Technical Specifications for the New Linac Diagnostic and MuCool Test Area Beamline
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Abstract

Civil construction has recently been completed on a new beamline and experimental facility designed to use a primary, 400-MeV H- beam extracted directly from the Fermilab Linac.  The facility located jut southwest of the Linac will be capable of accepting the full Linac beam intensity (1.6 x 1013 protons @ 15 Hz) to within the radiological limits permitted by the current state of shielding and controls — making it one of the few such facilities in the world where a primary beam is available and a primary enclosure accessible. A low-loss beamline with specialized insertions for linac beam diagnostics has been designed to deliver beam to the MuCool (Muon Cooling) Test Area or MTA hall.  This designed-in capability for beam measurements greatly enhances the functionality of this line making a valuable contribution to accelerator operation in addition to hosting muon cooling and other high-intensity experiments and general R&D efforts.
Introduction

Implementation of the facility and beamline take advantage of civil construction and resources that remain from the 400-MeV Linac Upgrade;  with such resources, the project is considerably more economical.   The concept for this facility is taken from an earlier design proposal, but modifications were necessary to accommodate the expanded scope, namely, high-intensity beam, cryogenics and the increased scale of muon cooling experiments.  The initial purpose of the facility and beamline is to:
· test the basic techniques and components proposed for muon ionization cooling, and
· provide valuable and accurate measurements of linac beam properties which will prove critical for future, stable high-intensity running of the Fermilab accelerator complex.
To this end the beamline has been designed to include a specialized, dispersion-suppressed straight for highly-accurate transverse emittance measurements.  (Opportunity for momentum-spread determinations is also possible in the high, 3-7m dispersion region of the line.)
Beamline Design

The beamline has been designed using existing, available dipoles from the decommissioned electron cooling ring (CR dipoles) and quadrupoles fromthe former 200-MeV transfer line to the Fermilab Booster.  The optical functions and on-momentum beam sizes are plotted in Figures 1 and 2.  Note the 10 meter-long, dispersion-suppressed insertion for transverse emittance measurements.  In this magnet-free straight section, the beam size changes by an order of magnitude (20-2-20 mm) to yield an accurate determination of linac transverse emittances.  To accomplish this optical goal, and stay within existing enclosures, required custom optics: a low-beta insertion combined with a dispersion suppressor plus matching to the linac FODO cell structure.  The layout and number of quadrupoles and dipoles have been optimized for stable operation, low loss, and cost with regard to both the number of elements and individual power supplies.  Only a few (~4) quadrupoles and no large dipoles are required in the enclosure preceding the experimental hall (trim magnets will be used to steer beam in this downstream section of the line).  Even at the peak locations in the quadrupole triplet, the beam-stay clear remains 4 mm, assuming the full linac beam is 10( mm-mr and the nominal vacuum tube and quadrupole aperture is 3.25” in diameter.  (For 400-MeV kinetic energy protons, normalized and un-normalized emittances are essentially equal).
[image: image1.png]B (m)

-

[ I I

140, - Linux version 82308

20009/05 193943 5.

126 - L
2 -

6
98 -

s
84

[
70+

)
6. /

k2
42

9
28, | \

4 / \ - o0
0.0 L
00 s 10, 35 40. 45, 50.

s(m)
8/ poc = 0.

Table name = TWISS

om




Figure 1.  Optical functions from the end of Module 7, Fermilab Linac to the MTA hall.
A plan view of the beamline has also been generated using existing linac enclosure and civil construction drawings of the pre-cast enclosure and MTA experimental hall.  Currently about 12’ of shield blocks are stacked to seal and shield the linac enclosure.  A beamline must traverse these shield blocks.  Since extensive re-arrangement of the shield blocks would be cost prohibitive and large openings or even labyrinths would generate radiation and occupation problems for the hall, the beamline has been designed to be consistent with a small, straight bore through the shielding. A 6” diameter bore straight through 4, three-foot long shield blocks provides sufficient aperture for the upstream half of the diagnostic straight. The quadrupole which marks the beginning of the diagnostic straight is located just upstream of the shield blocks.  The low beta point, or 2 mm beam spot point occupies the region is immediately downstream of the shield blocks and is accessible from the MTA hall.  No instrumentation or components are required interior to the shield blocks and cable trays or cables will not be required through the shielding.  (Power and water will be derived from the Linac upstream of the shield blocks and the few quadrupoles downstream will simple feed off the MTA hall transformer and water.)
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Figure 2. On-momentum beam sizes (half width, 95%) to the MTA hall.
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Figure 3.  Plan view of the MTA/linac diagnostic beamline.

The required beamline components are listed in the following table.  Since this line will use all available spares of the green, High Voltage quadrupoles (the old 200-MeV quadrupoles), if one is required for the 400-MeV Booster transfer line it will be removed from this new beamline,  (Failures are almost nonexistent and there is one spare Loma Linda quadrupole available.)   Four CR dipoles with refurbished coils will be removed from the A0 Tevatron enclosure (they originally provided the injection bump at A0 in the old Main Ring).  One additional, good CR dipole will be selected after testing from the large number of CR dipoles currently stored at the Tagged Photon Lab.  Also available are eight air-core trim magnets from the 200-MeV line and a number of spare quadrupole stands.
Table 1.  Magnetic Components and Secifications

	Description
	# required
	#available
	Peak power specifications per component

	High Volt. quadrupoles
	14
	14
	50V x 40 A

	Pulsed Extraction dipoles
	2
	to be built
	500-1000 A (under design)

	Cooling Ring dipoles
	5
	>10
	18V x 711 A

	Air Core Trim dipoles
	8
	 8
	24V x 12A


Power and power supplies

Power requirements are listed below assuming peak power in all quadrupoles, and a realistic power requirement calculated for all dipoles.  All CR dipole supplies are consistent with Trans Rex specifications, however, the final, single CR dipole in the line could also be powered using a PEI supply, if these older units are available and/opr desired.  Optimally we would build new modern supplies.  For DC operation, the design of the pulsed extraction dipole is also consistent with the 100V, 5,000A limits of the Trans Rex, but DC operation would compromise the availability of beam to this line.  Current was constrained to 500-1000A on the pulsed extraction magnets to limit the number of expensive MCM cable pulls and the number of penetrations accessed, which have a restricted heat load capacity (<300A/cable).  The preliminary magnet design and installation optimization required the present higher voltage requirements for compatibility with a reasonable 15Hz supply.
	Description
	#
	Power Supply
Requirements
	Power (potential peak power)
kW

	High Volt. quadrupoles
	14
	14  (50V x 40A)
	28 

	Pulsed Extraction dipoles
	2
	300V x 800A
700V x 800A
	0.4 
0.6 

	Cooling Ring dipole string
	4
	4 (18V x 711A)
	51 

	CR dipole, single
	1
	18V x 400 A
	7.2 

	Trims
	8
	8 (24V x 12A)
	2.3 

	Total Power
	
	
	90 kW


Although there are sufficient 480V spare breakers (4) in the high voltage panel in the Booster gallery which feeds the upstream section of the current transfer line, and they could be used temporarily, it is more advisable to proceed with permanent power installation in the linac gallery (feeding off the L3 switchgear).  Given the proximity of the pulsed extraction magnets to the Booster gallery and their low power, it might be feasible to use Booster power in this one case.  The four quadrupoles downstream of the shield blocks can be easily powered from the MTA transformer.  No cables or cable trays will be installed in the shield blocks.
Cooling

There is sufficient 55( water available from the linac to cool the entire line, however the 4 quadrupoles downstream of the shield blocks will be cooled using MTA hall cooling water.  As in the case of power, no plumbing will be required in or through the shield blocks.  A spare Tevatron skid is available and can be reasonably outfitted with a linac-style water control loop to deliver and maintain water at any desired temperature.  
Table Cooling Water Requirements

	Description
	#
	Pressure spec

PSI
	Flow Rate

GPM
	Total Load

kW

	High Volt. quadrupoles
	14
	40
	1
	28

	Cooling Ring dipoles
	5
	65
	2
	58

	Pulsed extraction magnets
	2
	60
	1
	1 


Diagnostics
The line can be commissioned and tuned using 4 multiwires which are available. Used motors, stands, and a receiver are available;  new technology will need to be purchased  Although the line can be operated using only multiwires, BPMs would facilitate operation and BPM modules are also available.
Synopsis
Beamline Components

With the exception of the C magnet, all beamline components are available
· quadrupoles and dipoles
· trim magnets

· diagnostics

· beam stops

· instrumentation and controls such as an eberm system
Power Supplies

With the exception of the pulsed power supply, all major supplies and a number of smaller ones are available

· dipole supplies

· misc quad and trim supplies

Machine Shop
The PPD machine shop is now available for and has requested the following work

· magnet stand fabrication/modify existing stands

· spool pieces

Vacuum

· ion pumps are available (30 liters/min)

· misc vacuum components

Water

· 55(  Linac water is available

· Tevatron skid available

· AD manpower can be scheduled for installation of lines and linac control loop on skid
Critical Path

· C magnet

· C magnet power supply parts (AD will build supply)

· Electrical work: power and cable pulls
