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Indian Institutions-Fermilab Collaboration (IIFC) 
Proposal for Instrumentation & Controls
Objectives
Fermilab operates a series of accelerators to perform high-energy physics (HEP) experiments using particle beams under controlled and well defined conditions. Project X is a proposed linear accelerator (linac) to serve the HEP community with beams of high intensities and power, at the so-called “intensity frontier”. An overview is given in the “Functional Requirement Specification Project X” (FRS) draft document (found in the Project X document database). Centerpiece of this ambiguous project is a CW (continuous wave) hadron (H-) linac, based on superconducting RF (SRF) accelerating structures (cavities), delivering up to 3 MW power at 3 GeV beam energy (Table 1).
Table 1: 3 GeV / 3MW SRF CW linac requirements and beam parameters.
	Description
	Value

	Delivered Beam Energy, maximum
	3 GeV

	Delivered Beam Power at 3 GeV
	3 MW

	Average Beam Current (averaged over >1 sec)
	1 mA

	Maximum Beam Current (sustained for <1 sec)
	10 mA

	The 3 GeV linac must be capable of delivering correctly formatted beam to a pulsed linac, for acceleration to 8 GeV

	Charge delivered to pulsed linac
	26 mA-msec in < 0.75 sec

	Maximum Bunch Intensity
	1.9 x 10 8

	Minimum Bunch Spacing
	3.1 nsec (1/325 MHz)

	Bunch Length
	<50 psec (full-width half max) 

	Bunch Pattern
	Programmable

	 RF Duty Factor
	100% (CW)

	RF Frequency
	325 MHz and harmonics thereof

	3 GeV Beam Split 
	Three-way


    
Beside HEP, the CW linac also has applications in nuclear science and nuclear energy, e.g. nuclear waste transmutation and accelerator driven subcritical reactors (i.e. accelerator driven systems - ADS). India expressed interest to collaborate on Project X with respect to these applications; an MOU with several addendums is signed. With respect to accelerator technology, the focus will now be extended beyond SRF, also to instrumentation, controls and other technical systems.
Collaboration Goals - 
for Instrumentation, Controls and other technical Systems
The overall goal for this collaboration is quite simple:
· USA (Fermilab) wants to lower the project costs to their taxpayers, by receiving in-kind contributions from international partners.
· India is interested in details, technology, construction, commissioning and operation of high power, ultra-reliable CW SRF linacs, to enable ADS technology in the country.
Beside numerous bureaucratic and legal issues to be solved, these overall goals have to be embedded into the project time line, which divides in a simplistic view to:
· Now – 2014: R&D phase, preparing for construction start (CD-0 to CD-3)
· 2015 – 2020: Project X construction at Fermilab (CD-4)
· 2020 – …: Project X commissioning, operation and upgrades
With respect to instrumentation and controls the goal is to pick several large, mission critical key systems. After defining the exact boundaries of each system, an education and technology transfer procedure has to be established. 
Instrumentation and Control Systems
Let me try to define the terms beam instrumentation, diagnostics, controls and some of the technical systems:
Beam Instrumentation and Diagnostics
Figure 1 shows the basic elements of a simple electromagnetic beam monitor, which consists out of
· Beam pick detector, located in the tunnel as part of the vacuum system. EM detectors are typically RF or microwave antennas, resonators, etc. The pickup transforms parts of the detected EM filed of the beam into an electrical signal.
· A readout system, located in the racks of the utility building (to avoid radiation damage). Analog and digital signal processing electronics condition pickup signal and extract the required beam parameter.  The read-out system links to a local data acquisition and control board, which is used to collect, calibrate, time-stamp, etc. the data. Timing, clocking and trigger electronics are also part of the read-out system to mark individual bunches, batches or events.
· Auxiliary systems and hardware, e.g. power supplies, test and calibration signals, cabling, etc. are required to complete a beam monitor.
Beside simple EM beam monitors shown in Figure 1, other beam instrumentation systems are involving moving parts and target, e.g. wires or foils, thus need control of motors, switches, galvanometers, piezo elements, etc., as well as the detection of secondary particles or light. More complex beam monitors are based on non-invasive lasers or electron-beam monitoring systems, and some detectors have to operate at cryogenic temperatures.

Figure 1: Sketch of a simple electromagnetic beam monitor
The most important beam parameters to be characterized by beam diagnostic systems are:
· Beam intensity – toroids, DCCT, wall current monitor
· Beam orbit / position, beam phase (TOF) – beam position monitors (BPM)
· Beam profile / emittance – physical wires, foils, SEM multiwires, laser-wire, e-beam scanner
· Beam losses – Local beam loss monitors (BLM)based on ionization chambers, total loss monitors (TLM) based on Heliax cables
· Longitudinal bunch profile – Wall current monitor, Feschenko monitor, laser diagnostics
· Beam halo – Vibrating wire, SEM monitors, other “exotic” monitors
Some of these beam diagnostics (BLM, TLM, BPM) are part of the machine protection system (MPS).
Other Key Technical Systems
Beside beam instrumentation and diagnostics, there are other specialized technical systems which cannot be simply purchased from a vendor or industry, but have to be developed in-house to the exact needs of the accelerator. Some examples:
· Cryomodule instrumentation systems – Measurement of temperatures and pressures, dark current measurement, stretched wire cavity alignment measurements system, beam induced HOM monitoring, etc.
· Low-level RF (LLRF) control – generation and control feedback of all RF signals, supply of reference signals.
· High power RF protection interlock – A technical interlock to prevent power mismatch, sparks, over-voltages, etc. in the high power RF distribution system between transmitter (klystron, IOT) and cavity input coupler.
Control System
The global control system handles all data, events and control aspects between the user consoles and the technical systems. At Fermilab an in-house developed control system, called ACNet, and an event system, called TClock, are used. ACNet and TClock will further evolve, and will be used for Project X. The global control system is currently not topic of the IIFC collaboration efforts. 
However, to test developed diagnostics systems in India, we can either choose EPICS as temporary control environment, or proved a simplified ACNet-in-a-box control system.
Beside the global control system, each larger diagnostics sub-system has its own control system, interfaced via the LAN protocol to the global control system. Typically the local control is managed by a CPU board or computer, and is integral part of the instrumentation system.  
How to Start…?
The key question is: 
How do we start our collaboration on beam instrumentation in a promising and successful direction?!
During the IIFC meeting in October 2010 I will propose to focus on two systems, highlighted in the previous section:
· RF protection interlock
· Beam position monitoring system
Instead of working on too many systems in parallel, and getting none completed, I identified two key systems, which are required in any case, also if frequencies or accelerating technologies have to be modified or changed. A completion and successful test of one or two mission critical systems will give confidence on both sides, and makes it easier to expand our collaboration activities. The systems I choose are essential, and well known at Fermilab. Instead of an unknown, complicated R&D project, I choose two highly developed and well understood sub-systems, thus with a good technology transfer we should be able to start a successful collaboration.
The RF protection interlocks are not part of beam instrumentation, but are essential for the high power RF test stands, operating SRF cavities in the horizontal test Dewar. For commissioning and operating the accelerator these systems are even more important. The RF interlock is an integrated real-time protection system with lots of electronics hardware, firmware and software involved.
The beam position monitors (BPM) are “the” most important and mission critical beam diagnostics element in any particle accelerator. Not only beam position and orbit, but also beam phase, time-of-flight (TOF), beam / bunch energy, and many other parameters can be measured with this distributed beam instrumentation system. Likely BPMs will be the only beam diagnostics, which are also place inside the cryomodules to provide important information in the cryogenic accelerator sections about the beam behavior.
At Fermilab most of the instrumentation hardware, including the two systems mentioned is developed in a VME or VXI environment. For Project X we plan to continue this road, but will include hybrid systems utilizing serial buses, e.g. VXS and Open VPX.
Technology Transfer and Confidence
For both, the RF protection interlock and the BPM systems, Fermilab experts have acquired a lot of know-how and expertise over the years. We started export our technology to other laboratories, e.g. KEK and SLAC, while several other labs show also interest. This gives us confidence that our technology is state-of-the-art, while mature and reliable. In frame of the IIFC collaboration the Fermilab AD-Instrumentation department has to transfer this know-how to our partners in India. It has to be mentioned, that this are very complex systems, the development took many years, and is still underway. As of this complexity and the distance between the partners, I propose for one or two experienced instrumentation engineers from the Indian partner laboratory (BARC) to joint Fermilab for at least 6 month. This should give sufficient time to understand the technical matter, initiates the technology transfer, and allows for a lot of hands-on experience, including development activities, trouble shooting and day-to-day operational practice.
Any collaboration will only be successful if confidence is build up at both partners. While funding, directions, and laboratory politics may change faster than complex technical R&D efforts, it is important to have a long breath, and stay to the goals until a successful commissioning of the anticipated sub-system is accomplished. Nothing more than this success will give confidence to the partners, and allow for future collaborations and exchange of know-how. 
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