Heavy Ion Transfer Line Accelerator Controls

   The Heavy Ion Transfer Line (HITL) connects the tandem Vander graphs to the Booster for use in NSRL, AGS, and RHIC experiments.  Accelerator controls for HITL are located in four locations along the beam line. They are the Tandem alcove, the HITL1 house, the HITL2 house, and the HITL3 house.  Each location provides accelerator control and monitoring for Vacuum equipment, Beam Instrumentation and power supplies for a portion of the beam line.

HITL Vacuum
See Figure 1

There are 45 vacuum valves in the HITL beam line.  There are 16 valves monitored in the Tandem Alcove starting in tandem section 10 and ending in tandem section 14.  There are 12 valves monitored in HITL1 starting in tandem section 14 and ending in tandem section 19   There are 3 valves monitored in HITL2 starting in tandem section 19 and ending in tandem section 20   Finally, there are 14 valves monitored in HITL3 starting in tandem section 21 and ending in tandem section 28.  There are also 11 valves in the MP6 bypass but these valves are not monitored by the control system.   Optically isolated digital input boards sense valve status (Open or Closed).     Each valve also has a command (Open or Closed) associated with it.  This command indicates what position the valve should be in.  The valve does not move in response to the command.   The system was designed in this way so that a valve, not in the expected position, would cause an alarm condition.   The vacuum valve status is reported on PET page “vacuum 1” under Tandem.

The vacuum valve status is also reported in Tandem Section pet pages.

There are a total of 99 vacuum gauges in the HITL system.  44 are thermocouple gauges and 55 are ion gauges.  The vacuum gauge readbacks are output from the Granville Phillips Model 303 Vacuum Controllers on RS232 lines.  The Model 303 Vacuum controllers are distributed along the HITL line.  The RS232 lines from the vacuum controllers are input to DIGI - 16 port RS232 devices that interface to the control system via Ethernet.  The vacuum gauge data from the DIGI multi-port RS232 devices is interpreted in cfe-talcove-vme, cfe-hitl1-vme, cfe-hitl2-vme, and cfe-hitl3-vme for their respective gauges.    The HITL Ion Gauge vacuum readbacks are reported in “vacuum0” under Tandem.  The HITL Thermal-Couple vacuum readbacks are reported in “vacuum2” under Tandem. 
Hitl Vacuum Block Diagram
[image: image1.jpg]Conrols network  Event link

Controls network

Digial

Valve status Vaive siatus

on Gauges and thermo-coupls Gauges
vacuum readbacks

Typical of contols in Talcove, Hil, Hit2, and Hit3

Figure 1




HITL Instrumentation 
See figure 2.
There are a total of 28 Multiwire profile monitors in the HITL beam line.  Three in the MP6 bypass line and eight in sections 10 through 13 are controlled from the tandem alcove.  Six Multiwires from section 14 through 18 are controlled from the HITL1 house. Three Multiwires in sections 19 through 21 are controlled from the HITL2 house.  The last eight Multiwires in sections 24 through 29 are controlled from the HITL3 house. The Multiwires measure the HITL beam profile in both the Horizontal and Vertical HITL system planes.

There are a total of 22 Faraday cups in the HITL beam line.  Three in the MP6 bypass line and four in sections 11 through 13 are controlled from the tandem alcove.  Six Faraday cups from section 14 through 18 are controlled from the HITL1 house. Two Faraday cups in sections 19 through 20 are controlled from the HITL2 house.  The last seven Faraday cups in sections 24 through 29 are controlled from the HITL3 house.  The Faraday cups measure beam intensity.

There are a total of 9 beam transformers in the HITL beam line.  Three in the MP6 bypass line and one in section 11 are controlled from the tandem alcove.  One beam transformer in section 16 is from the HITL1 house. One beam transformer in section 18 is controlled from the HITL2 house.  The last three beam transformers in sections 25, 27, and 29 are controlled from the HITL3 house. The beam transformers measure the HITL pulsed beam intensity.

The Multiwire devices and the Faraday Cup devices are destructive to the beam and therefore, must be inserted for taking data and then retracted.  There are three commands used to control the actuators and they are In, Out, and Plunge.  When the “In” or “Out” command is issued, the instrument will carry out the command immediately.  When the “Plunge Now” command is issued and the Plunge mode is chosen and the beam mode is Pulsed, the instrument will be inserted on the next Tandem Beam End (TBE ) and extracted on the following TBE.  TBE is an event on the event link.   TBE is scheduled by super-man to occur at least 400ms prior to the time when the Tandem is requested to deliver beam.    It takes approximately 300ms for an instrument to be inserted or retracted.  In the DC mode, SuperCycle Start (SCS) is used to insert and retract the instruments.   The Multiwire and the Faraday cup insertion and retraction commands are issued via isolated digital outputs.  
The status of the Multiwires – “In” or “Out” and “Remote or “Local” is reported via isolated digital input boards. 
Switches in the instrumentation electronics select the instrumentation “local” or “remote” mode. When the switch is in the remote position the “remote” status is reported and the VME controls the instrumentation.  When the switch is in the local position the “local” status is reported and the VME is inhibited from controlling the instrumentation.  
In addition to the same statuses as the Multiwires, the Faraday cups have an additional status that reports the state of the Faraday cup High Voltage bias supply.  This supply provides the high voltage needed to bias the faraday cup to capture beam for beam intensity data.  The status is either “On” or “Off”.  There is no control for the Bias Supply state.
  Insertion and extraction of Multiwires and Faraday cups is provided through commands in the PET pages for the various sections and in the ”beam monitor” PET page under “Tandem”.   Statuses are also reported on these pages.
  The transformers do not affect the beam and there are no insert or retract commands for them.  There are also no statuses to report for the transformers.

When the HITL line is being tuned the Tandem continuously delivers a small amount of beam down the line.  When the HITL is injecting into the Booster the Tandem delivers a large amount of beam over a short time.  Typically 100us.   The magnitude of the analog data collected by the instruments varies depending on whether the Tandem is in DC or Pulsed mode.   To accommodate both DC mode (small amount of continuous beam) and pulsed mode (large amount of beam over a short period) the instrumentation analog circuitry requires different gain settings.
  The Multiwires have a mode setting for DC or Pulsed mode and a gain choice of either “High” or “Low”.  
The Faraday cups have a gain setting for Pulsed beam and DC beam.   The Faraday cups also have a fine gain that changes the gain on the Faraday cup integrator circuitry.    
The transformers make use of the same gains as the faraday cups.  
Gains are selected in the Instrumentation pet page under Tandem. 

As discussed above, there are two modes of beam delivery in the HITL line.  The tandem tunes the HITL using the DC beam mode. In this mode the Multiwires and Faraday cups take data every 100ms. The 100ms timing is provided by a 10HZ event decoded from the event link.  The tandem displays the analog signals on scopes in the tandem control room.  The instrumentation is also digitized when operations ask for a snapshot of the beam position and intensity. In DC beam mode the 10Hz event also resets the Multiwire and Faraday cup integrators (see below) and resets the Multiwire scanners back to channel 1.

In Pulsed mode the tandem delivers beam to the booster.  The Multiwires, Faraday Cups and the transformers take data after the Tandem Beam on (Tbon) event.  The Tbon event tells the Tandem when to send a pulse of beam down the HITL.  The data is digitized when operations asks for a snapshot of the pulsed beam.  Tbon also resets the Multiwire and Faraday cup integrators and resets the Multiwire scanners back to channel 1.

The Multiwires require circuitry to integrate the charge stored on the wires to produce a signal large enough to display on scopes or to be digitized by the controls electronics.  The Multiwire integrator start is delayed from the 10Hz event or the Tbon event by, typically, 20 - 40 us.  The circuitry integrates the charge until the Multiwire integrator stop signal is generated.  
The Multiwire devices have either 16 or 32 wires in the vertical and horizontal planes.  Each wire is input to an instrumentation scanner channel.  After the integrator stop signal, the control electronics generates a pulse train of 64 pulses from a V294 module.  Each pulse steps the instrumentation scanner to the next channel and the voltage on that wire is input to the analog mux for displaying on console scopes and to the ADC board in the VME chassis to be digitized by the control electronics.  

The Faraday cups also require circuitry to integrate the charge stored on the cups to produce a signal large enough to display on scopes or to be digitized by the controls electronics.  The Faraday integrator start is delayed from the 10 hz event or the Tbon event by typically 20 – 40 us.  The circuitry integrates the charge until the Faraday cup integrator stop signal is generated.  The Faraday cup signal is also input to the analog mux and to the ADC board in the VME chassis.  The Faraday cup data is read when the Faraday cup integrator stop signal is received.

The Beam transformers do not require integration but they use the faraday cup integrate start and stop to provide a base line restore function.  The base line restore function suppresses noise in the transformer circuitry until the beam is actually at the transformer. The transformer signal is held low starting at faraday cup integrate start and is released at faraday cup integrate stop. The transformer signals are input to the analog mux and to the ADC board in the VME.  The transformer data is read when the faraday cup integrator stop signal is received.  
Figure 2
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HITL Analog Multiplexor

See Figure 2
All of the instrumentation signals in HITL are input to the central Multiplexor in HITL2.  The central mux consists of 2 64X 4 multiplexors.  The outputs of one of the 64X4 multiplexors go to the Tandem control room and the outputs of the second 64X4 multiplexors go to the C-ad main control room.  The Control rooms can thus display any 4 of the 64 HITL instrumentation signals on scopes located in the consoles.  

A Multibus controller located in HITL2 controls the multiplexors.   The multibus controller in turns communicates to the cst.hitl1.vme station via a National instruments Gpib-1014 IEEE-488 module.  The cst.hitl1.vme is a station not a RHIC style FEC VME chassis.   The interface between the controller and the multiplexors is pseudo IEEE-488.  Pseudo because the interface is listen only in the multiplexors and the status of the multiplexor switches is reported to the controller via the Service Request line. The Multibus controller requires the decoded TBE event to know when to make ready its standard report.  
When the tandem is tuning the HITL they need to view the various instruments on scopes located in the tandem control console.  A scope trigger is provided via a V202 channel in the tandem alcove and routed to the tandem control room.  The trigger is delayed from the 10Hz (or Tbon if the tandem wants to look at the instruments via the multiplexor in pulsed beam mode) by the same time as the Multiwire or the faraday cup integrator stop.  This assures that the scope will be triggered at the same time each 10hz tick or Tbon thereby preventing jitter on the scopes.  .
HITL Timing 

There are several timing signals needed by the controls in the HITL line. The timing is provided by V202s in the VME chassis in each HITL location.    The timing signals provided are:

1. 10 Hz – decoded from the event link

2. Tbon- decoded from the event link

3. Multiwire integrator start – delayed from 10 Hz or Tbon

4. Multiwire integrator stop – delayed from Multiwire integrator start

5. Faraday Cup integrator start – delayed from 10 Hz or Tbon

6. Faraday Cup integrator stop - delayed from Faraday cup integrator start

7. TBE – decoded from the event link

8. Scope trigger – delayed from 10 Hz or Tbon.

9. Chopper on and Chopper off – delayed from Tbon

The controls for the timing are on various pet pages under “Tandem”.  
See timing diagram on next page.
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See figure 3
The HITL line has 8 Dipole power supplies, 57 quadrupole power supplies, and 96 steerer power supplies.  The power supplies are controlled from the tandem alcove, HITL1, and HITL3.  .   HITL2 does not have any power supply controls.

 The Power supplies are controlled (state and reference) via National instruments Gpib-1014 IEEE-488 modules residing in cst.talcove.vme, cst.hitl1.vme, and cst.hitl3.vme.  These VME chassis’ are stations not RHIC style FEC VME chassis.  The IEEE-488 interface in the power supplies accept commands (off or on) and power supply reference values.  The interface also reports the status of the power supplies and reports the power supply output current. 
The Dipole power supplies are manufactured by Danfysik and are unipolar supplies. There are 4 dipole supplies in the Tandem alcove (includes MP6 bypass), and 2 each in HITL1, and HITL3.    Each of the Dipole power supplies has an IEEE-488 address.

The Quadrupole power supplies are manufactured by Bruker and are also unipolar supplies.  The quadrupole supplies are arranged in sets and are controlled via one IEEE-488 address per set.  There are 2 sets of quadrupole supplies controlled from the tandem alcove.  One set of 14 for the beginning of the hitl line and one set of 13 for the MP6 bypass.   There is one set of 16 quadrupole power supplies controlled from HITL1, and one set of 14 controlled from HITL3.    Control of an individual Quadrupole power supply is accomplished by addressing a set of quadrupole supplies and then, via the IEEE-488 interface, pointing to an individual supply in the set.

The steerer power supplies are also manufactured by Bruker but are bipolar supplies.  Like the quadrupoles, the steerer power supplies are arranged in sets and are controlled by one IEEE-488 address. There are 2 sets of 24 steerer supplies controlled from the tandem alcove. One set for the MP6 bypass supplies and one set for the beginning of the HITL line. There is one set of 24 controlled from HITL1, and one set of 24 controlled from HITL3.  
Control of the Power supplies is via Pet pages cdc.talcove.ps, cdc.mp6_bypass.ps, cdc.hitl1.ps, and cdc.hitl3.ps. 
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