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Abstract

The characteristics of the LHC beam mean that the energy deposited in the event of interaction with accelerator components can be much above the damage thresholds of materials. This report specifies a test facility with high intensity LHC-type beam, as included in the framework of the “phase 2 LHC collimation project” and the “EUCARD proposal to FP7”. The specified facility is required to test accelerator components and materials for sufficient robustness with beam shock impact, prior to installation into the LHC or its injectors. A 7 s long pulse can be extracted about every 30 seconds and delivered into a small transverse area (controllable around 1 mm2), carrying an energy of up to 2 MJ. The corresponding pulsed peak power is 340 GW for protons and 2.3 GW for lead ions. The facility will also provide opportunity for reproducing and analyzing any possible primary and secondary effects from beam-induced damage encountered during LHC operation.

1. Introduction

The characteristics of the LHC beam mean that the energy deposited in the event of interaction with accelerator components can be much above the damage thresholds of even the most robust materials. Damaged machine components in the LHC clearly have the potential to severely disturb LHC operation, e.g. due to permanent deformations, sputtered materials, deteriorated vacuum quality, water leaks into vacuum, down-time for exchange, etc. To avoid lengthy disruptions of LHC operation, any new potentially beam-intercepting components for the LHC must therefore be tested for sufficient robustness against beam shock impact. These tests must be performed before such components can be installed into the LHC or its injectors. It must be ensured that possible and unavoidable damage is locally constrained and not catastrophic (e.g. limited damage to collimator jaw material but no leak of cooling water to vacuum). This primarily concerns materials and complete accelerator components as collimators, absorbers, windows and dumps. Damage tests on other accelerator pieces like magnets, pipes, coils, … can also be envisaged if damage effects are encountered during LHC operation.

Past tests on robustness and damage effects were performed in the TT40 during 2004 and 2006 [1,2]. As the installation in this location was a temporary one, and the line is now used permanently for CNGS and LHC injection, the location cannot further be used. A new test area must therefore be set up for tests with beam shock impact. This new test area has been included into the “phase 2 LHC collimation project”, which has been set up as part of the new CERN initiatives. 

The proposed facility will provide world-wide unique beam characteristics and will actually define the frontier for controlled experiments on beam-induced thermal shock waves. A 7 s long pulse can be extracted about every 30 seconds and delivered into a small transverse area (controllable around 1 mm2), carrying an energy of up to 2 MJ. The corresponding pulsed peak power is 340 GW for protons and 2.3 GW for lead ions. There is considerable interest in the accelerator field in usage of such test beams and the facility has been included as a user facility “HiRadMat” into the “EUCARD proposal to FP7”.

2. Specification of Beam Parameters

We distinguish between baseline beam parameters and more advanced parameters that would be nice to have but are not essential to the baseline needs of the LHC.

2.1. Baseline Requirements

The specified baseline beam characteristics are summarized in Tables 1 and 2 for protons and ions. This kind of proton beam has basically already been used in 2004 and 2006 for robustness tests in TT40. It is readily available from the SPS to LHC transfer lines.
	Parameter
	Unit
	Value

	Nominal beam energy
	GeV
	450

	Bunch intensity
	protons
	5×109 to 1.15×1011

	Bunch length
	cm
	11.24

	Transverse norm. emittance
	m
	3.5

	Number of bunches
	- 
	1 – 288

	Bunch spacing
	ns
	25

	Pulse energy
	MJ
	2.4

	Pulse length
	s
	7.2

	Peak power
	GW
	340

	x  × y at exp. (baseline)
	mm2
	1.0

	Shot-to-shot stability
	mm
	<0.2 mm rms

	Steering at target
	mm
	± 4


Table 1 Specification for proton beam.

	Parameter
	Unit
	Value

	Beam energy per nucleon
	GeV/n
	177.4

	Beam energy per ion
	TeV
	36.9

	Bunch intensity
	ions
	5×109 to 4.1×1010

	Bunch length
	cm
	11.24

	Transverse norm. emittance
	m
	1.4

	Number of bunches
	- 
	1 – 592

	Bunch spacing
	ns
	≥ 25 ns

	Pulse energy
	kJ
	28

	Pulse length
	s
	7.2

	Peak power
	GW
	2.3

	x  × y at exp. (baseline)
	mm2
	1.0

	Shot-to-shot stability
	mm
	<0.2 mm rms

	Steering at target
	mm
	± 4


Table 2 Specification for lead ion beam.

2.2. Additional Useful Beam Characteristics

The following characteristics would be useful for full exploitation of the proposed test facility:

1. Controllable beam size at target: The transverse size of the delivered beam should be controllable in order to reproduce conditions as they can be encountered at various locations around the LHC and its injectors (impact of emittance and betatron function). Control over a range from 4.0 mm2 to 0.25 mm2 would be considered sufficient. The controllable spot size requires extra focusing control which must be designed into the beam delivery system.

2. Variable bunch spacing: Many effects in beam-induced pulsed heating depend on the time structure of the beam employed. The bunch spacing in the baseline beam can be varied from 25 ns to any multiple of 25 ns. Simulations indicate that an even smaller bunch spacing (down to 12.5 ns) can provide additional important insights into the physics of material damage due to beam impact. Preliminary discussions with colleagues in the RF group indicate that some special setup might be possible.
3. Specification of User Time and Integrated Intensity

Table 3 specifies the conditions for users, in terms of number of slots for experiments, delivered intensity and access possibility after an experiment. It is noted that the specified values have an important impact on radiation aspects and required infrastructure. The specified values have been chosen as a zero order guess in order to limit radiation impact and to avoid costly infrastructure. Further iterations might be required once more detailed radiation impact studies are available.

	Parameter
	Unit
	Value

	Number of experiments per year
	
	10

	Maximum intensity per experiment
	protons
	1×1015

	
	full intensity pulses
	< 30

	Waiting time after experiment for deinstallation
	weeks
	≥ 2

	Access during experiment (except urgent interventions)
	
	no

	Control of experiment and data taking
	
	remote

	Maximum intensity per year
	protons
	1×1016


Table 3 Specification of available user time and integrated proton intensity. Ion constraints are less critical and are not specified separately.

4. Specification of Experimental Area

The experimental area must provide the infrastructure, flexibility and space to allow for the foreseen experiments, while ensuring proper handling of radiation and access constraints. 
4.1. Baseline Requirements

Table 4 specifies the maximum extensions and weight of equipment to be installed for the tests. Many much smaller objects could be tested but should not constrain the overall required space. In the interest of limiting the complexity of the facility it is proposed to have only one experiment installed at a time. This can be upgraded later.

	Parameter
	Unit
	Value

	Number of installed experi-ments
	
	1

	Material exposed to beam
	
	C, CFC, Cu, W, hBN, Al, Be, …

	
	
	advanced composite materials

	Volume of exposed material
	cm3
	≤ 16,800

	Equipment size
	
	

	Length (flange-to-flange)
	m
	≤ 7.0

	Width
	m
	≤ 1.0

	Height below beam line
	m
	1.1

	Height above beam line
	m
	≤ 0.8

	Weight
	kg
	≤ 4,000

	Handling zone (L × W × H)
	m(m(m
	15 ( 2.0 ( 2.2

	Equipment support
	
	comes with experiment – quick installation interface required

	Cool-down space
	
	see equipment size

	Crane support
	
	mobile cranes sufficient

	Handling
	
	no full remote handling, prepare fast handling (e.g. rails)


Table 4 Specification of maximum allowed dimensions for equipment to be installed into the experimental zone. The experimental area shall be designed to be compatible.

The experiments will require infrastructure and services, such that equipment can be tested under realistic conditions. For example, robustness tests for collimator cooling circuits in vacuum impose availability of cooling water and vacuum pumps. Destructive material failures cannot be excluded and it is mandatory to decouple the vacuum inside the experimental area from the vacuum systems in SPS, LHC and the transfer lines. Precautions like sealed containers surrounding destructible materials have to be foreseen to prevent contamination of the area. Moreover, the floor and the walls must be furnished with a special paint facilitating an easy decontamination. Required infrastructure and services are specified in Table 5.

	Required infrastructure
	Unit
	Value

	Cooling water availability
	
	

	   Pressure
	bar
	16

	   Flow rate (regulated)
	m3/h
	≤ 4.0

	   Water temperature (inlet)
	oC
	≤ 27

	Cabling
	
	as needed by equipment

	Rack space
	
	as needed by equipment

	Isolated vacuum pumping unit
	
	

	   Pumping speed
	l/s
	40

	   Pressure
	mbar
	10-9

	Services
	
	

	   LAN
	
	required

	   Natel
	
	required


Table 5 Specification of required infrastructure and services in the experimental area.

The following remarks apply:

1. Some tests will be outside the vacuum enclosure (downstream from the vacuum window).

2. Some tests will be done with some shielding around the exposed material (see sealed containers mentioned above for containment of debris).

3. Some experiments might require a protective atmosphere under gas.

4. The ventilation requirements in the experimental area will be defined with radiation calculations, taking into account the relevant RP rules.

4.2. Possible Upgrades of the Experimental Area

The following characteristics are not required initially but could be needed for future upgrades of the beam test facility, as driven by experience with the LHC beam:

1. Full remote handling might be required at some point, driven by the number and types of tests for LHC equipment.

2. Tests of superconducting magnets at cryogenic temperatures might become important due to the fact that quench levels with fast beam losses have only been calculated and not yet been measured. Complete system tests with 1 m long models of the magnets have been proposed by magnet experts. Therefore cryogenics at 4.2 K and 1.8 K and a 13 kA power converters might become necessary at the test facility. The pumps and the coldbox/dewar could be placed at the surface. Details must be worked out. 


3. Some tests might require movable tables for testing of grazing impacts.

The baseline implementation should foresee to maximum extent compatibility and basic preparations for these additional features, such that a later upgrade of the facility can be done without major perturbations or loss of initial investment.
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