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This technical note intends to give an actual overview of the existing fast beam loss control system for Unilac, TK and EH at GSI (called “Schnelle Strahlverlustüberwachung (SVÜ)”). A concise overview of the system’s functionalities and performance parameters is presented, as well as the initial requirements that led to the present layout. In addition technical information of all related electronic modules, most of them purpose-built, has been collected, as well as their interfaces to the accelerator control system, the timing system, chopper control etc.

An obvious goal of this document is to serve as a basis for the design of a modernized FBLC system, integrating the operational experience of the GSI accelerator operations team, as well as the future demands of the FAIR accelerator complex. Additionally, the idea of merging the FBLC system with the Makropuls-Selektor (MAPS) is discussed.
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[bookmark: _Toc476844303]Overview
The main objective for the installation of the existing SVÜ system at the UNILAC was to prevent activation of or damage to the accelerator by unwanted beam loss during standard machine operation. For this reason an online control system had been designed, manufactured and installed in order to monitor the transmission losses of the ion beam along the UNILAC and towards the transfer channel (Transferkanal TK) or the old experimental hall (EH). 
[bookmark: _GoBack]The present SVÜ electronic devices were installed and commissioned until approx. 2006 and are presently only maintained, without any major upgrade since then. Apart from the fact that, in the meantime, many electronic components are outdated, the present SVÜ displays important drawbacks with regard to its robustness, modularity and lack of configurability. In addition, the upcoming FAIR project and the related control system retrofit set up new requirements that demand for a general overhaul of the SVÜ system. 

[bookmark: _Toc476844304]Main Requirements of the present SVÜ System
The main purpose of the SVÜ system is to monitor beam transmission online and to generate interlock signals on a µs-timescale in case a pre-set threshold for beam loss is crossed.
The source for the online calculation of beam transmission are the beam current measurement data provided by the large number of beam current transformers (BCT) installed in the UNILAC, TK and EH beamlines. 
For reference, the associated “Gerätemodell” (device model) DTTC can be found in [4]

Principle of operation

[image: ]
Figure 1 SVÜ Block Diagram


The pulses of the first (upstream) BCT#1 are fed to the up-counting channel of an up/down counter. A second (downstream) BCT#2 is connected to the same counter for down counting of measurement pulses. If during the macro pulse the first BCT generates more counts than the second BCT the counter value increases during the pulse duration. In case the counter value is greater than a pre-set threshold for tolerable beam loss, the SVÜ independently triggers the chopper control system to truncate the present macropulse. 

Additional functionalities for profile grids and emittance measurement
In addition to the main task to monitor beam transmission, SVÜ provides functionalities to control a pre-set threshold for the integrated beam current in order to protect a profile grid and/or and emittance measurement setup. Similarly to the beam loss control function, in the latter case the SVÜ directly triggers the chopper control system.

Fundamental SVÜ requirements   
· system shall be able to accept many (20+) inputs of BCTs
· for the calculation of transmission/beam loss: locations of adjacent measurement positions (BCT installation location) shall be configurable
· configurable thresholds for max. beam loss between two measurement positions
· generate interlock signals for chopper control
· for “Profilgitter-Schutz”: dynamic truncation of beam pulse in case a pre-set threshold for tolerable beam charge exposed to the grid wires is exceeded
· for “Emittanz-PG-Schutz”: additional threshold value of tolerable beam charge for emittance measurement

[bookmark: _Toc476844305]Beam Physics Aspects
· The Unilac macropulse length is 0.01-5 ms. [Comment HR: initially specified to be 8 ms (all diagnostic components should be able to cope with it), but due to some limitations of rf devices this was reduced to 5.5 ms. To be checked.]

[image: ]
Figure 2: Macropulse beam current (from [3]).

TODOs, ideas:
· proper definition of beam current, i.e. ‘integration time’ of counter, needs to be evaluated
· what is the time of flight between adjacent BCTs and is there any influence of the different measurement times in relation to the achieved time resolution?
· BCT calibration, V/f converter
· What is the typical timescale for truncation of the beam pulses?
· time of flight: from sources to TK
· 
[bookmark: _Toc476844306]System Layout and Constituents

[bookmark: _Toc476844307]Installation locations
Signal sources: 

· BCTs installed in UH,..., TK8

[image: ]
Figure 2: BCTs along the UNILAC beam lines

Electronics:

· SVÜ main frames: LSB 4, Rack 14
Inside the bottom 19” main frame the interlock signals are collected and via level adaptors and buffers fed to the chopper control.
In addition, the SVÜ main frame acts as receiver and distribution station for gate and clamp pulses of the BCT system.
· Chopper control system and UNILAC-Pulszentrale: LSB 6, Rack 3


[image: ]
Figure 3: UNILAC BCT and SVÜ channels

[bookmark: _Toc476844308]Technical Realization
[bookmark: _Toc476844309]BCT head amplifier
Each BCT head amplifier is equipped with a pre-calibrated, fixed-range differential voltage output. These head amplifier signals are connected via a twisted pair cables to the related SVÜ boards. 


	Parameter
	Value

	Current ranges
	5 ranges: 0.01-0.1-1-10-100 mA full scale (FS)

	Max. beam current
	40 mA (high resolution version), 100mA (high current version)

	Output voltage on 15 pin DSub (pins 9 and 10)
	+/- 1 V full scale differential, 
(0.4 V max. in 100 mA range, high res. version)

	Voltage on LEMO fixed-range output
	+/- 1 V full scale differential 

	Overrange margins
	~110% FS positive, ~20% FS negative

	Monitor output / fixed gain (on LEMOSA 2p socket)
	+/- 0.1 V/mA differential, independent of range; 
4 V for 40 mA max., positive signal on pin, negative on socket

	Termination resistor, typical
	680 Ω for both outputs, external

	Current resolution
	 0.5 µA rms / 1 ms pulse duration in range 10 µA 
 0.5 % FS in other ranges

	Output voltage rise time
	~1 µs @ small signal, <5 µs @ FS

	Max. beam pulse length
	5 ms for  1% pulse droop error

	Gain error
	Depending on accuracy of calibration current source

	Calibration winding
	1 turn via 50 Ω BNC socket, isolated, 
1 kΩ series resistor

	External power supply
	Dual 15 +/- 0.4 V DC (pos./neg.) / < 60 mA

	Logic level for control lines
	CMOS 15 V (4000 series, high level>0.5 V+)


Table 1 BCT electronics specification
· configured for positive particles, which produce a positive output voltage 
· active L/R-integrator CT circuit with second order feedback reduces the pulse droop error while preserving working point stability and signal-to-noise ratio
· zero-level clamping technique provides baseline-restoring and noise gating
· range selection and signal clamping controlled via remote lines on 15p-DSub male connector; all inputs pulled down with 4.7 kΩ, all outputs short-circuit-protected
[bookmark: _Toc476844310]Verlustüberwachungs-Karte FG428.010.000 (SVÜ board)
Signals of each two consecutive BCTs are fed to two independent V/f-converters on one SVÜ board. On the SVÜ board counter ticks are generated, each representing a fixed amount of beam charge. The actual frequency of these pulses is proportional to the beam current at the position of the related BCT. 

The pulses of the first (upstream) BCT are fed to the up-counting channel of an up/down counter. A second (downstream) BCT is connected to the same counter for down counting of measurement ticks. Coincidence of up and down counting pulses is prevented by usage of 180° phase shifted master pulses.

The counter is of signed 13 bit type, thus the measurement range is +/- 18,022 µC.

The configurable resolution of the is set to 2.2 nC beam charge per pulse.

The maximum pulse frequency is 8 MHz, i.e. a time resolution of 125 ns.

Control of beam losses
For the online control of the beam losses the counter value of the up/down counter is permanently compared to a pre-set threshold which defines the maximum allowed charge loss during the macropulse. Each SVÜ board is pre-set with two different set values. Depending on the SVÜ board type, only one of these two set values is actively used.
If the counter exceeds the threshold an interlock signal is generated which is directly fed (hard wired, no CPU etc. involved) into the chopper control of the UNILAC Pulszentrale. This electronic hardware, developed by GSI CSCO (Belab) takes care that the chopper UH2BC1L terminates the actual macropulse. The reaction time for this process is approx. 1 µs. 
In order to ensure that measurements with profile grids or BCTs are still possible despite the dynamic beam pulse truncation, the chopper control takes care that the minimum pulse lengths is no shorter than 10 µs.
If the interlock signal is e.g. generated by the last sensor in TK an unavoidable residual charge remains in the accelerator, due to the typical time of flight of 15 µs for a 11.4 MeV/u ion beam, which still can damage the accelerator components.
To ensure that the beam current is only controlled during the macropulse and to reduce offsets, the electronic components require a gate signal defining the selected measurement time interval. In contrast to the BCT digitizers, the SVÜ makes use of the clamp-pulses of the BCT system of the related accelerator sections, as generated by the chopper control in LSB 6.
In addition the SVÜ modules monitor, if prior to the start of the macropulse the thresholds have been set by the SE. In case the thresholds have not been set an interlock signal is generated and in the status register a ‘Sequenzfehler’ is set. This is also done, if thresholds have been pre-set, but no gate pulse occurred in-time.

The control modules provide the following values for the 16bit data bus of the MIL-interface card:

· counter value (= measured charge) after end of gate pulse 
· status information of interlock output and ‘Sequenz-Überwachung’

The main part of the digital electronics is implemented in a CPLD (ALTERA MAX7160ELC84). Only the two V/f converter circuits, the bus transceiver and open drain drivers are realized with discrete components.





[image: ]The yellow LED on the frontpanel (‘SEL’) indicates read/write access.

The red LED (‘INTL’) indicates that an interlock is set.






Three different types of SVÜ boards exist, see below. All types are equipped with two registers for threshold values, which are both set before each macropulse. It is [Comment HR: locally?] not transparent to the user which of the two registers is actually used as threshold value. Related errors are not easy to detect. Figure 4: SVÜ board, type ‚SV‘


[bookmark: _Ref475539030][bookmark: _Toc476844311]Type SV (beam loss)
The SVÜ board type SV is the standard version featuring two counter channels and an interlock output on the VG backplane. 
Only threshold value ‘1’ is applied, internal or external switching is not foreseen (example: UH3DT2V). These control boards are always active, they react immediately and without any further condition. When the threshold value is exceeded, the macropulse is truncated. For special cases a version with interlock output on the front panel exists, the connection to the sum-interlock tap is not applied in this special version. [Comment HR: to be checked.]

[bookmark: _Ref475539553][bookmark: _Toc476844312]Type PGS (profile grid protection)
PGS-type boards (example: HT1DT0P) are used to protect the wires of a profile grid located downstream of the measuring BCT#1 from thermal damage. In this case only the UP-input signal is used and routed (via VG backplane) to the next unit, while the DOWN-input is not used (the connections between the down-input and the related UV/f-converter are cut). Thus the absolute beam charge passing the related BCT is monitored, and the already truncated pulse length (100 µs or 250 µs at reduced repetition rate of 2.5 Hz for each accelerator individually) is further dynamically reduced, in order to limit the thermal stress inside the profile grid wires, if necessary. 

The interlock signal is routed via a front panel socket and coaxial cable to the chopper control.
Only the second threshold value is evaluated. 

Crossing of the threshold value always generates a local interlock in the SVÜ module, but this is only applied to the chopper control for macropulse truncation, if the switch ‘PG-Schutz’ for the related beamline section(s) is set active in the HKR. Only in this case a profile grid may be moved inside the beam path at all.

For the board type PGS the measurement values of the actual ‘beam loss’ can be readout at any time (using NODAL/DTTC). The calculation is done in any case, irrespective of the use case. For the PGS the measurement value represents the absolute charge (not beam loss). 
[bookmark: _Toc476844313]Type EMI (emittance measurement grid protection)
This SVÜ board type (e.g. TK6DT2E) works similarly to the standard SV board (see 4.2.1). The SVÜ-type EMI is used for the protection of an emittance measurement setup (slit-grid method), especially. If the emittance measurement mode is switched on the active threshold value is changed by the chopper control. 

Usually, in between BCT#1 and BCT#2 a slit-pair is installed for the emittance measurement. The profile grid used for the emittance measurement is installed downstream of BCT#2. 
In the EMI-type board an additional switch for threshold selection is implemented on the frontpanel, which is triggered by the chopper control, if the related emittance measurement is switched on inside the HKR.
 
If emittance measurement is switched on by an operator, the up-counter is put out of service and the down-counter is set to up-counting mode. Thus, similar to the profile grid protection (see 4.2.2) an absolute charge measurement is performed and the profile-grid for emittance measurement is protected. In case the emittance measurement for a given section is switched on, the beam loss control (SVÜ) function is set inoperative.
[bookmark: _Toc476844314]SVÜ main frame (Baugruppenträger BGT)
The 19” main frames include one MIL-1553B interface card FG380.122 each, as well as a triple switching power supply. The main frames can be equipped with up to 8 modules connected via a backplane. By this means each input signal, starting from port 2, is connected to the down-counter of module n and the up-counter of module n+1. Lemo connectors for the analog input (9xLEMO 2 pin), a differential analog output for the transmission of the last signal to the next main frame (LEMO 2 pin), calibration potis (9 pcs.), the sum interlock output and a gate-pulse input (2xLEMO 1 pin) are located on the backside. 
Precise gain calibration of each channel is performed by dedicated trimpots mounted on the backpanel of each crate. 
Branched or merged beamlines require special configurations of BCT pairs. The mapping of these structures is done by hard-wiring on the backplanes.  
The 9th slot in the BGT is 

At present 4 SVÜ main frames are installed. 
Sections UN and EH are not monitored by the FBLC, yet. 
It is not foreseen to monitor sections UL and UR. 
[bookmark: _Toc476844315]MIL-1553B Interfacekarte FG380.122 / FG380.211
An I/O-Bus IFK FG380.122 is used (end-of-life component), or the FG380.211 with I/O-Bus Piggy FG380.721 (both discontinued) for newer installations. The latter has been removed again, due to unsolved bus error problems. 
[bookmark: _Toc476844316]Interlock Status Display
The interlock status signals are displayed in HKR console 16. For online beam loss control 3 yellow LEDs are located in the column ‘Strahlverlust’ for sections UH, UA/UE and TK, giving a sum activity display for the related section. At the lower left a yellow LED named ‘Pulsverkürzung f. DG’ indicates if the macropulse is additionally dynamically truncated while the ‘PG-Schutz’ mode is switched on.
The actual sources of the interlock signals of the SVÜ are indicated by the red LEDs of the module ‘Strahlalarm’ in LSB 6 Rack 13, as well as LSB 4 Rack 14 (module ‘OUT50’).

[image: ]
Figure 4 Interlock Status Display in HKR

[bookmark: _Toc476844317]Chopper Control System(CCS)
The CCS collects the various interlock signals, checks their relevancy with respect to the present state of the accelerator, and sends the control signals to the beam
chopper(s). The dynamic truncation action starts at 100 μs beam pulse length, and is limited to 10 μs, which is the shortest useful value for beam diagnostic instruments like profile grids, BCTs or Faraday-cups. The counting pulses are gated by appropriate timing signals (measurement gate and clamp pulses) in order to exclude erroneous counts from electromagnetic disturbances during the pulse gaps. The CCS provides dedicated gate pulses for each of the UNILAC timing zones, while keeping the macropulse always enclosed by the gate; the clamp pulses imbed the gates with 50µs advance and ~20 µs lag. 

[bookmark: _Toc476844318]Interfaces
[bookmark: _Toc476844319]Input parameters / set values
· TODO: which input parameters have to be set? E.g. threshold values for beam loss... -> see ‘Gerätemodell’


[bookmark: _Toc476844320]Hardware interfaces
The following sections present a complete list of HW interfaces of the three SVÜ board types SV, PGS and EMI.
[bookmark: _Toc476844321]Hardware interfaces type SV



	Board Type SV - I/O-Signals
	

	Input Signals
	Description
	Tap

	Analog channel 1
	Analog signal BCT#1
	Lemo 2p, backside

	Analog channel 2
	Analog signal BCT#2
	Lemo 2p, backside

	Beam loss threshold 
	Digital, from SE
	VG backplane

	Protection threshold
	(not used with type SV)
	

	Gate pulse
	clamp pulse from chopper 
control system
	Lemo 1p, backside

	
	
	

	Output Signals
	Description
	Tap

	Beam loss interlock signal
	Digital, to chopper ctrl
	VG backplane

	Counter value
	Digital, to SE
	MIL-Bus

	ILK- and SEQ-status
	Digital, to SE
	MIL-Bus


Table 2
[bookmark: _Toc476844322]Hardware interfaces type PGS
	Board Type PGS I/O-Signals
	

	Input Signals
	Description
	Tap

	Analog channel 1
	Analog signal BCT#1
	Lemo 2p, backside

	Analog channel 2
	Analog signal BCT#2
	Lemo 2p, backside

	Beam loss threshold 
	Digital, from SE
	VG backplane

	Protection threshold
	Digital, from SE
	VG backplane

	Gate pulse
	clamp pulse from chopper 
control system
	Lemo 1p, backside

	
	
	

	Output Signals
	Description
	Tap

	Beam loss interlock signal
	Digital, to chopper ctrl
	VG backplane

	Counter value
	Digital, to SE
	MIL-Bus

	ILK- and SEQ-status
	Digital, to SE
	MIL-Bus


Table 3
[bookmark: _Toc476844323]Hardware interfaces type EMI
	Board Type EMI I/O-Signals
	

	Input Signals
	Description
	Tap

	Analog channel 1
	Analog signal BCT#1
	Lemo 2p, backside

	Analog channel 2
	Analog signal BCT#2
	Lemo 2p, backside

	Beam loss threshold 
	Digital, from SE
	VG backplane

	Protection threshold
	Digital, from SE
	VG backplane

	Gate pulse
	clamp pulse from chopper 
control system
	Lemo 1p, backside

	
	
	

	Output Signals
	Description
	Tap

	Beam loss interlock signal
	Digital, to chopper ctrl
	VG backplane

	Counter value
	Digital, to SE
	MIL-Bus

	ILK- and SEQ-status
	Digital, to SE
	MIL-Bus


Table 4
[bookmark: _Toc476844324]Software interfaces
· The FBLC system is controlled by the IPD (Init Planungs-/Darstellungs-Programm) program. A detailed online-display of measured losses/beam charges and interlock stati was possible running “DTTC” under NODAL/OpenVMS on AXP machines. This is now obsolete, was replaced by “DEV-DTTC-INL”, written in Python/LINUX and running on ASL computers.

[bookmark: _Toc476844325]Summary and Evaluation of the SVÜ
[bookmark: _Toc476844326]Operational experience with FBLC
[bookmark: _Toc476844327]Service and maintenance aspects

[bookmark: _Toc476844328]Future Requirements 
[bookmark: _Toc476844329]Upgrades due to known SVÜ drawbacks
[bookmark: _Toc476844330]General modernization aspects
[bookmark: _Toc476844331]Upgrades due to FAIR requirements
[bookmark: _Toc476844332]Merging with BCT DAQ and MAPS systems? 

[bookmark: _Toc476844333]Outlook
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[bookmark: _Toc476844335]Abbreviations

	Akronym
	Description

	
	

	BCT
	Beam Current Transformer

	
	

	CPLD
	Complex Programmable Logic Device

	EH
	Experimental hall

	FBLC
	Fast Beam Loss Control

	HKR
	Main control room (Hauptkontrollraum)

	IFK
	MILBus Interface card (Interface-Karte)

	LSB
	Local control area (Lokaler Steuer-Bereich)

	MAPS
	Macro Pulse Selector

	SVÜ
	Beam loss control (Strahlverlust-Überwachung)

	TK
	Transfer channel (Transfer-Kanal)

	UNILAC
	Univeral Linear Accelerator
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Ubersicht schnelle
Strahlverlustiberwachung SV, Profilgitterschutz PG, Emittanzschutz ES, Emittanzmesseinrichtungen EMI am UNILAC

SV Profilgitterschutz Emittanzschutz
Trafos 3) SV Nomen LED PG-Abschnitt ES Abschnitt | LED |Emi Anlage Emi Norm.-
(=1. Trafo SV) (=2.Trafo) (HKR)|PG Nomen [(HKR) ES Nomen |(HKR) (HKR)|(DE) Emi Schlitz |Emi Gitter  [Trafo
UNS3DT1
UNS5SDTH UNS5DG2 bis
UNG6DT1 n.a. - UN UN6DGH1 n.a. n.a. UN6DE164 |UNG6DE1 UN6DG4 UN3DT1
UU1DG2 und
UU3DT2|n.a. - UN UU1DG3
UN6DT2 UN6DG4 bis
UN7DT1 n.a. UN UN7DG2
UL5DT8
UH1DT1 n.a. n.a. UH1DE112 |UH1DE1 UH1DG2H/V |UR5DT8
UH3DT2 UH3DT2V
UH4DT3 UH4DT3V
US1DG1 bis
UH4DT4 UH4DT4V UH4DT4P |UH US3DG6
US2DT5 US2DT5V UH
US3DT6]US3DT6E US3DT6E |US3DES5 UH |US3DE436 |US3DS4 US3DG6 US2DT5
US4DT6 US3DE536 |US3DS5 US3DG6 US2DT5
US4DG7 bis
US4DT7 US4DT7E US4DT7P  |UA UA4DG6 1) |US4DT7E |US4DE7 UH |US4DE712 |US4DE7 US4DG8 US4DT7
UA1DT1
UA2DT2 UA2DT2V
UA3DT3 UA3DT3V AJE
UA4DT5 UA4DT5E UA4DT5E |UA4DE4 A/E |UA4DE445 |UA4DE4 UA4DG6 UA4DT5
UT1DGO bis
UT1DTO UT1DTOV UT1DTOP UA UT1DGH1
UMADGH bis
UMADT2{UMADT2V _ UM UM3DG6
UT2DGX bis
UXADT2|UXADT2V _ UX UX8DG4
UT2DGY bis
UYeDT1{UYBDT1V ! 9)% UY6DGH1
UT2DGZ bis
UZADT1|UZADT1V _ Uz UZ6DG3
UT2DG3 bis
TK1DT1 TK1DT1E uT2 UT2DG4 2) |TK1DT1E |UT1DET TK |UT1DET22 |[UT1DET TK2DG2 UT1DTO
A/E TK1DGO bis
TKA1 TK3DG2 TK1DT1E |[TK2DE4 TK |TK2DE4 L |TK2DE4VS |TK2DG4 UT1DTO
TK1DT1E |[TK2DE4 TK |TK2DE4  |TK2DE4 TK2DG4 TK1DT1
TK2DT4 TK2DT4V
TK3DT2 TK3DT2V
TK3DT3 TK3DT3V TK3DT3P TK3 TK3DG3
TKDDGS5 bis
TKDDT6|TKDDT6E TKD TKDDG6 TKDDT6E |TKDDES TK |TKDDE5xx |TKDDE5 |[TKDDG6 TK3DT3
TK3DT4 (Wdh.) [TKSDTUV
TK3DT2 (Wdh.)
TK TK3DG4 bis
TK3DT4 TK3DTGV TK3DT4P TK4 TK7DG3
TK8DG7 bis
TK8 S12DG
TK4DT3 TK4DT3V
TK6DT2 TK6DT2E TK6DT2E |TK5DE4 TK |TK5DE462 |TK5DE4 TKeDG2 TK4DT3
TK7DT3 TK7DT3V
TK8DT7 TK8DT7E TK8DT7E |TKBDEG6 TK |TK8DEG698 |TK8DEG6 TK9DG8 TK7DT3
TK9DT8 TKODT8V
Rot markierte Eintrage sind zu Uberprifen!

Der Bereich EH wird derzeit nicht iberwacht (SVU), eine Uberwachung von UT1DTO in die drei Zweige ist installiert, aber noch nicht in Betrieb (Stand: 24.08.07)

Im Bereich UN gibt es derzeit keine SVU, Strahlen aus dem HLI werden im gesamten UNILAC nicht (iberwacht (Stand: 24.08.07)

1) US4DG8 auf Schrittmotor, Emittanzschutz wird bei verlassen der duBeren Endlage automatisch aktiviert und durch LED (ber Taster im HKR angezeigt (08.02.07)

2) UT2DG3 derzeit ausgebaut (23.05.06)|

3) Der jeweils 1. SV-Trafo eines SV-Abschnittes steht in Spalte Trafos, eine Zeile héher; rechtsbiindig formatierte, grau unterlegte Trafos zahlen nicht (z. B. US3DT6)
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