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Abstract

This note describes the operational aspect of the LEIR orbit measurement system in terms or timings, controls and software.
1. INTRODUCTION
In LEIR 16 horizontal and 16 vertical PU will be installed including the 2 PUs in the electron cooler. The 2 (H+V) electrons cooler PU will be included in the orbit measurement for the ions, but will also be used to measure the trajectory of the electrons. Two different types of PUs are installed in the ring. 16 PUs are installed inside the bending magnets and consist of 4 metalized, ceramic rectangular plates, on which diagonal cuts have been made. Eight combined horizontal and vertical cylindrical PUs are installed in the 4 straight sections and from which 2 are installed inside the electron cooler. They consist of metalized ceramic tubes on which semi-sinusoidal cuts have been made on the inside. The characteristics of the PUs are resumed in Table 1.

	Cylindrical PU diameter [mm]
	180/140

	Shoebox PU Inner Dimensions [mm}
	160*42.5

	Electrical Length [mm]
	40

	Capacitance per electrode[pF]
	~500

	Differential sensitivity [V/mm]
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Table 1: PU parameters
Where N is the number of charges and Bf is the bunching factor.

The layout of the orbit measurement system can be seen in the annex, Figure 6. It consists of head amplifiers, differential transmission of  and -signals to the control room (RA-032), and reception amplifiers with three single ended outputs per signal. One of these outputs will be connected the OASIS system, and a second output to the analogue normaliser, whose output will be digitized by a MPV908 module.
The specifications of the analogue electronics is mainly determined by the head amplifier whose expected performance is resumed in Table 2. The head amplifier, which will actively generate  and signals from the electrode signals, will have 3 different gains in order to cover the high intensity range.

	Gains [dB]
	6 / 20 / 40

	Bandwidth [MHz]
	0.003-30

	Max. Output voltage [V]
	2

	Input / Output impedance [Ω]
	1M / 50

	Equivalent input noise [
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]
	0.7

	S/N-ratio @ 1mm, 108 Ch.
	0.4






Table 2: Head amplifier specifications
To obtain an intensity independent position signal an analogue normalizer is used. It is based on a principle where the sigma signal is kept constant and used to control the gain of a common amplifier chain. From the input signals ( and ) two signals are generated in turn: () and (-), which are amplified by the common filter and amplifier stage and peak detected. The two signals will always be positive as long as the -signal does not exceed the -signal, which is normally never the case. This simplifies the peak detector which can thus be uni polar. The averaged signals from the peak detector are stored in analogue memories and their sum and difference signals are generated. The sum of the signals is proportional to the sigma signal and is used to control the automatic gain control (AGC), in order to keep the sigma signal constant and thereby remove the intensity dependence of the position signal. The difference of the signals on the memory outputs is directly proportional to the beam position, and this is the signal which will be digitized by the MPV908 module. The PU device names and corresponding MPV908 channel is shown in the annex, Table 5
A control module interfaces with the control system, in order to allow remote control of gains and calibrations. 

2. LEIR CYCLES AND TIMINGS
Two different types of operation are foreseen. In standard operation 1 user of 3.6s duration is used to inject, electron cool, accelerate and eject the beam to the PS machine. In the MD operation 3 different users are combined in order to generate the cycle, which can be as long as 26 basic periods. The middle cycle can be repeated up to 24 times. Orbits will have to be measured on the flat tops as well as during acceleration, and to do so the beam must be bunched.
2.1. Standard operation
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Figure 1: Standard operation cycle.

From EX.SCY the magnetic field is increased to the injection energy where several multi turn injections are electron cooled and stacked. At the end of this flat top the beam is bunched and acceleration to the ejection energy can start. During this period when the beam is bunched orbit measurements can be done. The number of measurements needed in this period varies from 0 to every 10ms i.e. ~100 measurements. It should be mentioned that at present the application program can only handle 1 measurement per user. A status bit from the RF system will be available, indicating “Beam bunched”. This bit can be used as information displayed by the application program or as a condition to do an orbit measurement. 2 scenarios are then possible:

A. By the use of a PTG module (see Figure 2) and 3 timings it is possible to define a slice in time where orbit measurements are done every 10ms (trig). The EX.Start_orbit and EX.Stop_Orbit are both derived from EX.SCY and are slow timings based on the c-train. 
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Figure 2: Timing using the Pulse Train Generator

B. Starting from EX.SCY orbits are measured (every 10ms) when ever the beam is bunched. This is a very simple solution seen from the hardware and FE software point of view but a lot of non-needed orbit measurements will be stored from which the wanted measurement(s) will have to be chosen.  This can also pose a problem for the CPU which will also be used for tune measurements (FFT’s). If the beam is bunched during 1s, 12kB of orbit data would have to be transferred over the VME bus and treated at the end of the cycle.
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Figure 3: Timing conditioned by beam bunching
The EX.ECY or EX.Stop_Orbit could in both cases be used as interrupt to the FE software to  MPV908 start the data treatment. The time between EX.ECY and the next EX.SCY is at present not known but several 10th of ms is needed to read the MPV908. If EX.Stop_Orbit is used as interrupt more time is available for data treatment in standard operation and in principle also in the MD type cycle, if the measurement is not close to EX.ECY. Only 1 orbit measurement per user needs to be treated in the MD type cycle. The needed timings are resumed in Table 3 in the annex.
2.2. MD flat cycle
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 Figure 4: Possible MD cycle
From EX.SCY the magnetic field is increased to the injection energy where several multi turn injections can be electron cooled and stacked. By repeating the middle users up to 24 times the cycle can be up to 32.1s long. One orbit measurement per user is needed. For the timings the same approach as for the “Standard cycle” using the EX.SCY to start and stop the measurement(s) and using the EX.ECY or EX.Stop_Orbit to start the data treatment would work. The second solution with automatic orbit measurements when ever the beam is bunched would also work fine.
2.3. Calibration

The calibration should be done without beam anywhere in any cycle. If solution “A” above is chosen the “beam” timings can be used, and one could imagine average ~ 10 or more measurements to improve the signal to noise ratio. If solution “B” is chosen the “Beam bunched” condition would have to be by passed.
3. CONTROLS
Via a VMOD-TTL VME module the following NON-PPM controls should be foreseen:

· Gain: Hi (HG), medium (MG) or low (LG). The gain is chosen by the operator according to intensity.

· Mode: Beam or calibrations
· Clearing voltage: ON / OFF 

Table 4: VMOD TTL bit allocation can be found in the annex.
4. SOFTWARE
4.1. Front end software

The front-end software has to read the digitised values (MPV908) from the normalizer and to compute the 32 positions. Two modes of operation should be foreseen:

· Beam:
Here the 32 beam positions are calculated using scaling factors and offsets measured in the calibration mode.
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Where:

Offset = electrical offset (a0) + mechanical offset, and


Cal0 is normalizer output voltage when in Cal_0 mode.
·  Calibration:  Here a sine wave generator  connected to the input of the head amplifier is used to simulate the beam:
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· Cal_+: Simulates the maximum positive beam displacement.

· Cal_0: Simulates a centred beam.

· Cal_-: Simulates the maximum negative beam displacement.

· The slope of the line, which is determined by the 
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 and the normalizer transfer function, will be used to normalise the beam position measurements such that:
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Figure 5: Calibration







Is the PU sensitivity, i.e. the position where .

Every PU has been measured on a test bench and its electrical offset (a0) and sensitivity (a1) are known. 
4.2. Application software (operation)

The application software must be able to select one or more stored ion orbits (user + time stamp) and visualise them. A possibility of controlling and visualising the gain (knob) must be available as well as the possibility of switching on / off the clearing voltage.
For aligning the electron cooler electrons it will be required to measure the electron trajectory on PUs UEHV21 and UEHV22 with out ions in the machine and to compare it with a previous stored ion trajectory from the same two PUs. 
4.3. Specialist software 
The following functionalities are needed by the hardware specialists in order to calibrate the system and to be able to control and debug the system remotely:
· Controls and acquisition

· Control module:  Local or Remote (Acq. only).

· Gain: High, Medium, Low (Ctl. and Acq.).
· Mode: Beam, Cal+, Cal-, Cal0. (Ctl. and Acq.).
· Init: Initialization to: Beam, medium gain and enabling of correct timings.

· Timings: Enabling, disabling and CCV. (Ctl. and Acq.).

· Calibration

· Manual:  The hardware specialist can manually select the mode to beam, Cal+, Cal-, or Cal0 (in the gain chosen).  In calibration mode Normaliser output voltage for every PU are shown on the screen, and when all three calibrations are done, calibration coefficients (k) are calculated and shown for validation before storage.

· Automatic: An automatic sequence of Cal+, Cal- and Cal0 in all 3 gains gain. The normalizer output voltage and calculated coefficients (k) are shown on the screen for validation and storage.
· View stored coefficients: A possibility to view and print the stored coefficients.

· Offsets: Possibility to view, print, modify and store offsets (a0).
· Sensitivities: Possibility to view, print, modify and store PU sensitivities (a1).

5. CONCLUSION

Two different ways of controlling when orbit measurements have been discussed. The first (A) is a bit more complicated using a 3 timings (Start, Stop and trig) to define a slice in time per user, where a series of orbit measurement will be measured. Read out of the MPV908 and data treatment could start at the end cycle EX.ECY or when the stop trigger EX.Stop_Orbit arrives. In the latter case, and when measuring every 10 ms during acceleration (standard cycle), readout would happen at ejection energy and the system should be ready for the next cycle. The second proposal (B) where orbit measurements are done automatically when ever the beam is bunched is very simple from the hardware and FE software point of view but it will generate some un-used data.  
Hardware and software requirements and specifications are also included.

6. Annex
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Figure 6: Layout of the orbit measurement system
	Output connector
	Timing name
	Function

	1
	EX.Start_Orbit
	Start a series of orbit measurements. It is a slow timing derived from EX.SCY. Goes to  PTG START  IN

	2
	EX.Stop_Orbit
	Stops a series of orbit measurements. It is a slow timing derived from EX.SCY. Goes to  PTG STOP IN

	3
	EX.Trig_orbit
	100Hz train derived from the c-train. Goes to  PTG TRIG IN

	***
	EX.ECY / EX.Stop_orbit
	Interrupt to FE via CPU


Table 3: Suggested timings and interrupts
	Signal
	Pin
	Direction
	Function

	Port A D0
	1
	OUTPUT
	Low gain CTL

	Port A D1
	25
	OUTPUT
	High gain CTL

	Port A D2
	2
	OUTPUT
	Cal + CTL

	Port A D3
	24
	OUTPUT
	Cal - CTL

	Port A D4
	3
	OUTPUT
	Clearing voltage ON CTL

	Port A D5
	23
	OUTPUT
	Spare

	Port A D6
	4
	OUTPUT
	Spare

	Port A D7
	22
	OUTPUT
	Spare

	
	
	
	

	Port B D0
	6
	INPUT
	Low gain ACQ

	Port B D1
	20
	INPUT
	High gain ACQ

	Port B D2
	7
	INPUT
	Cal + ACQ

	Port B D3
	19
	INPUT
	Cal - ACQ

	Port B D4
	8
	INPUT
	Clearing voltage ON ACQ

	Port B D5
	18
	INPUT
	Beam bunched ACQ

	Port B D6
	9
	INPUT
	Loc / Rem  ACQ

	Port B D7
	17
	INPUT
	Spare

	
	
	
	

	Port C D0
	11
	Not defined
	Spare

	Port C D1
	15
	Not defined
	Spare

	Port C D2
	12
	Not defined
	Spare

	Port C D3
	14
	Not defined
	Spare


Table 4: VMOD TTL bit allocation
	Device name
	MPV 908 Ch.
	Device name
	MPV 908 Ch.

	ER.UEH11
	1
	ER.UEV11
	17

	ER.UEH12
	2
	ER.UEV12
	18

	ER.UEH13
	3
	ER.UEV13
	19

	ER.UEH14
	4
	ER.UEV14
	20

	ER.UEH21
	5
	ER.UEV21
	21

	ER.UEH22
	6
	ER.UEV22
	22

	ER.UEH23
	7
	ER.UEV23
	23

	ER.UEH24
	8
	ER.UEV24
	24

	ER.UEH31
	9
	ER.UEV31
	25

	ER.UEH32
	10
	ER.UEV32
	26

	ER.UEH33
	11
	ER.UEV33
	27

	ER.UEH34
	12
	ER.UEV34
	28

	ER.UEH41
	13
	ER.UEV41
	29

	ER.UEH42
	14
	ER.UEV42
	30

	ER.UEH43
	15
	ER.UEV43
	31

	ER.UEH44
	16
	ER.UEV44
	32


Table 5: PU device names and corresponding MPV908 channel
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