LINAC Momentum Dump Toroid: L:TORMD
This document describes the toroid element just upstream of the LINAC Momentum dump line. Its output will be digitized and then processed to provide the both a snap shot plot and intensity measurements. 
Displaying the digitized signal allows a temporal view of the beam current’s structure (above the bunching scale). Providing a visual confirmation of beam presence will be useful in troubleshooting errors in tuning, timing, and calibration. 
Total pulse intensity measurements will be supplied to the control system for read back. Beam intensities must be kept within safety and operational envelopes. It is important to assure within a few percent accuracy that all beam removed from the LINAC arrives in the vicinity of the target.  
Beam Parameters[footnoteRef:2] [2:  As provided by by F.G. Garcia & L. Allen for “Wire5 Replacement” Project] 

	LINAC PARAMETERS
	CAPABLE OF…
	TYPICAL

	LINAC Peak Current
	52
	mA
	35
	mA
	
	

	
	
	
	
	
	
	

	LINAC HEP Pulse Repetition Rate
	15
	Hz
	7.5
	Hz
	
	

	LINAC HEP Beam Width
	10
	usec
	10
	usec
	 Up to 40 usec
	

	LINAC HEP Particles per pulse
	3.25E+12
	ppp
	2.1875E+12
	ppp
	
	

	
	
	
	
	
	
	

	LINAC Study Pulse Repetition Rate
	15
	Hz
	3
	Hz
	15
	Hz

	LINAC Study Beam Width
	20
	usec
	20
	usec
	20
	usec

	LINAC Study Particles per pulse
	6.5E+12
	ppp
	4.375E+12
	ppp
	4.375E+12
	Ppp


Current Instrumentation
A toroidal current transformer provides signal to an integrator, feeding a S/H into an LINAC IRM. Its model number is unknown, as well as the location/configuration of the ceramic break. The beam pipe has a 6” outer diameter and 1/16” wall.
 (
Toroid
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LINAC Integrators
[image: TimeChart]LINAC integrators should be electrically identical to NTF (except for designators, R1, R2, C1, etc). This is the timing chart for events relating to the INTEGRATOR operation. The beam pulse is expected to be ~ 35mA, 10-40 us wide.[footnoteRef:3]   [3:  As provided by L. Wahl “Linac Beam Toroid and Integrator Amplifiers” 10/20/05. 
See also schematic 	#0231-ED-281794  Linear Accelerator Upgrade Beam Diagnostics Toroid Amplifier 
#9010.00-EC-83421  NTF QP Beam Toroid Signal Condit Schematic] 


1. Event 1  (Usually T0) opens the integrator shorting switch and the output S&H unit is locked to that value, then shortly thereafter is read (1st time) by the computer.
2. Event 2  The beam starts and the integrator starts to charge, but the INTEGRATOR output is not seen because the output S&H unit is still locked to Event 1.
3. Event 3  The S&H signal opens the S&H unit and the INTEGRATOR output is now seen responding to the beam signal.  This event also triggers a timer to lock that same S&H unit 70uS on Event 5
4. Event 4  The beam signal ends and the INTEGRATOR charge is held by the INTEGRATOR capacitor.  The INTEGRATOR signal may begin to droop.
5. Event 5  The timer ends 70uS and locks the output S&H unit again to the last INTEGRATOR value.
6. Event 6  There is a 10mS timer to hold the S&H unit (integrators last value after beam ended) , to prevent droop and hold that value until the computer makes the 2nd reading.
7. Event 7  The 10mS timer ends and closes the INTEGRATOR shorting switch.  The cycle will repeat itself with the next T0 timing pulse (Event 1) about 66mS later.  During the period between Event 7 and 1, the output S&H unit may hold the last value even though the INTEGRATOR output is shorted (zero Volts).  The S&H unit will lock to a new value on Event 1.
Control System Readout
[image: PA_D80_Examine_Databas][image: PA_D80_Examine_Databas2]
Proposed Upgrade For July 2010 Shutdown
Current Transformer (CT)
The existing CT will be replaced with a custom Pearson toroid model of the following specifications. : 
(Still awaiting quote/datasheet as of 03/18/10 – estimated cost per CT is $10k with 16wk lead time)
	Sensitivity
	0.5 V/A into 50Ohm Termination

	Inner Diameter
	6 ¼”

	Width
	4 ¼”

	Rise time
	~20nsec

	Output Connector
	Type N  (Isolated from case)

	Shielding
	Double

	Output Resistance
	50
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Ceramic Break
For procurement, the estimated cost per ceramic break is ~$1500 with ~2 wk lead time.
	Part # 
	Insulator Seal #9631005
	[image: Clipboard01][image: ]

	Nominal Tube
	6”
	

	A
	4.5”
	

	B
	6”
	

	C
	6.08”
	

	D
	1.5”
	

	E
	6.92”
	

	F
	0.04”
	

	Flange
	304ss
	

	Installation Type
	Weld
	

	Voltage DC
	3k-15kVDC
	

	Adapter
	Kovar
	

	Insulation
	Alumina ceramic
	

	Temp Range
	-100°C to 450°C
	

	Vacuum Range UHV/HV
	1x10-10 Torr / 1x10-8 Torr
	


Beam Line Layout
The beam pipe through the line is 6”. 
The toroid will be located downstream of the momentum dump BPM, but upstream of the SEM replacement. 
Mechanical Assembly[footnoteRef:4] [4:  Rob Reilly <reilly@fnal.gov>] 

CT/Ceramic Break Configuration
[image: Clipboard04]
Mounting Hardware
Existing drawings, for a floor-mounted stand accommodating a horse-shoe shaped CT, will be modified for the location as well as the toroid’s physical dimension. All distances must be surveyed to ensure an “exact” fit. If needed, the stands for BPM and SEM can provide additional support to end of line and toroid’s weight. 

[image: Clipboard11]
[image: Clipboard10]
CT Outputs/ Cabling
The CT coaxial output will be carried by low-loss ¼” Heliax cables out from inside the tunnel to a rack-wide patch panel outside the transport line enclosure. 
Because of the hard radiation in proximity to the momentum dump, all analog conditioning components will be located at the patch panel:
· Bandwidth-limiting MiniCircuits filters to minimize the electronics' nonlinear effects at “higher” frequencies as well as reject signals above the Nyquist frequency
· Preamplifier to provide gain to make use of digitizer’s input range
· Noise/common-noise filtering components
In addition, a single turn calibration winding will be fitted around the CT through the ¼” gap between the beam pipe and the CT’s ID.  The calibration loop should be terminated in a Trilithic 50Ω feed-thru, with sufficient power dissipation capability. External calibration signals will be carried into the tunnel enclosure by the low-loss ¼” Heliax cables. This provides a way to simulate beam pulses, primarily for calibration and testing scenarios to verify the operability of the intensity monitor.
The length of the cable runs will be determined by the placement of the toroidal elements, with respect to the penetrations. Both the calibration and signal cable should be the same length. If necessary, a set of ferrite cores can be heat-shrunk around one end of each cable to reduce common-mode noise due to unwanted capacitive coupling.
Electronics[footnoteRef:5] [5:  ??? Possible front end support : Dehong Zhang // Mike Kucera // Robert Goodwin ] 

L:TORMD will be instrumented by the 400Mev area in a VME  environment. This requires a VME64(X) crate, a slot-0 processor/controller card, control system timing-event decoder (TCLK), and a digitizer.  All components would require standard VME power supply voltages, but both the controller and digitizer can fit in either VME64 or VME64X crates.  
??? There are 2 options for the VME digitizer:
· 20MHz  commercial-of-the-shelf digitizer, which is currently used for the LINAC BPM
· 125MHz  in-house digitizer (A. Semenov), which would require development of the control system drivers
A TCLK decoder would be used to output a TTL pulse, locked with a settable delay to a predetermined beam line event. This pulse will serves as the external triggering signal for the digitizer. Typically, trigger is fired twice during a transfer, once for sampling the beam and again for no beam. 
Once triggered, the digitizer will take samples within a 50usec, minimum gate to “capture” the transferred pulse. Timing should be set so that the beam pulse is fully captured (i.e. accommodating tails). 
After that, the digitizer will set the VME interrupt request signal, which will be release by VME acknowledge cycle.  A more sophisticated triggering mechanism may be need if buffering is needed. 
The VME front end can perform the analysis on the acquired waveform such as filtering, baseline-correction, droop-correction, and intensity measurements. 
Both a snapshot of the acquired waveform and intensity measurements are outputted to ACNET and LINAC control system. Averaging will be implemented to ensure the snapshot does not exceed the limit of 4000, max points.
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