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I. INTRODUCTION
The Rutgers 12-Inch cyclotron is a particle accelerator.  It utilizes a strong constant magnetic field and an oscillating high voltage to “speed up” from rest – or accelerate - protons to a kinetic energy of 1,200,000 eV.

This cyclotron was initially designed and constructed by two Rutgers Undergraduate Students starting in 1995.  Since that time, other Rutgers Students and Staff members as well as outside visitors have participated in the evolution of this machine.  Although the 12 Inch cyclotron’s primary purpose is a teaching tool, it is built to research quality standards.  

It is the goal of the original creators to inspire young scientists to enjoy building and working with apparatus.  In a day, when most Physics labs are taught through computer simulation, the cyclotron offers real life experience: frustration and elation.  The cyclotron project provides the student plenty of opportunities to make mistakes, to damage it, and then to repair it.  Working with the cyclotron will gain the student exposure to the machine shop and electronics shop, experience in mechanical drafting, physical measurement, RF systems, high vacuum techniques, as well as insight into the physical world.
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II. SAFETY CONCERNS
Interaction with Rutgers 12 Inch Cyclotron is intended to be a fun experience; however, there are plenty of opportunities to seriously or fatally injure ones self if not cautious. There are five distinct hazards that anyone operating or working with the cyclotron must be aware of. 

1. Electrical Safety: High Voltage & High Currents 

High voltages, i.e. voltages greater than 30 V, are found in many places in the cyclotron.  As best as possible, care has been taken to shield and insulate all electrical connections.  However, we will review of some of the more dangerous aspects of the cyclotron’s electrical systems. Starting with the mains power, 230 volts 60Hz AC is supplied to the control rack, and is internally distributed to the various components.  Special attention should be made to the rear of the two Magnet Power Supplies located in the bottom of the control rack, as their input power connections are exposed terminal blocks.  High voltages are necessary for the acceleration of the beam, one can reasonably expect voltages greater than 10 kV on the DEE inside the cyclotron chamber and RF matching box.  AC mains for the RF is supplied through a 208 3φ power line.  Similarly, inside the RF cabinet, an exposed terminal block has the live 208 V 3φ on it.  The RF generator requires a DC high voltage, 5kV up to 1 ampere, to produce the needed RF power – this can be found inside the RF cabinet chassis.  Even after the unit is unplugged, capacitors can store a lethal charge.  Other units, such as the ion source’s filament bias supply, -230V, and the ion gauge vacuum tube’s collector, have harmful voltages on them. It is important to know what you are working with before you begin any activity on the cyclotron.  

The electromagnet coils require a significant amount of power to excite the magnetic field.  The coils are wired in series, and at maximum excitation drop 80 Volts at a current of 50 amperes.  Again, the conductors carrying this current are partially exposed inside the control rack.

2. Strong Magnetic Fields

Of course, during operation the cyclotron’s magnet produces a strong magnetic field. At full excititaion the field in the gap is approximately 1.2 Tesla.  The field drops of very quickly, but not immediately.  The cyclotron table is surrounded by slanted yellow and black warning tape installed on the floor.  This boundary indicates the 5 gauss perimeter.  When energized, individuals with pacemakers must not enter.  Care should be taken to ensure that all iron and ferrous items are removed from the magnets area.  Tools such as screwdrivers can become dangerous projectiles if they are pulled into the magnetic field.  

3. High Temperatures

High temperatures are developed as a consequence of operation.  Some are required, others are just a result.  The most significant safety concern is the heated section of the oil diffusion pump.  A 300 watt heater element is mounted at the very bottom of the diffusion pump stack.  When at full temperature, the heated end of the diffusion pump can exceed 250 deg C !  Other sources of heat are mechanical pumps that have been running for some time, the ion source, the cyclotron chamber does become significantly warm after prolonged RF operation.  Again, familiarize yourself with the equipment before operating or working on the cyclotron.

4. “High” Vacuum Pressures

The Cyclotron chamber is evacuated, placing 1 atmosphere of pressure on the chambers two view ports.  If they are broken or cracked while under vacuum, it is likely that the pieces would be drawn into the chamber, however, it is possible that pieces of broken glass could bounce back and very high speeds.  Use safety goggles when looking closely through the view ports.

5.  Radiation Issues

This is the least of the safety concerns, but needs to be mentioned.  1MeV protons can potentially generate X-rays.  The conversion efficiency and beam intensity are both very low.  Further more, the thick stainless steel chamber shield to the side, while the exceptionally thick pole pieces shield top and bottom.  To date, no measurable x-ray level above background has been made.  Currently, with the materials inside, 1.2 MeV is too low for protons to generator neutrons.  Never the less, REHS, feels it necessary for anyone operating or working on the cyclotron to ware a film badge dosimeter.  REHS will provide anyone intending to operate or work on the cyclotron with this badge, contact the lab’s instructor for details on how to obtain the dosimeter.

In general, be aware of the state of the machine, and your surroundings.  Thoroughly communicate with others operating or working on the cyclotron.  Use common sense, and if you are unsure, always ask first !  

III. THEORY OF THE MAGNETIC RESONANCE ACCELERATOR or CYCLOTRON 
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The operation of a cyclotron is based on the fact that the period of the motion of a charged particle in a uniform magnetic field is independent of the velocity of the particle, as can be seen in the following derivation:

F = ma

qvB = mv2/r  

Solve for r:

r = mv/qB
Now find the period, T: 

T = 1/f = 2π/ω = 2πr/v = 2πmv/qBv 

The v’s cancel:

T = 2πm/qB

The “Cyclotron Frequency” f  immediately follows:

 f = qB/2πm

Fig. 1 is a schematic drawing of a cyclotron.  The particles move in two semicircular metal containers called DEEs (because of their shape).  The DEEs are housed in a vacuum chamber that is in a uniform magnetic field provided by an electromagnet.  (The region in which the particles move must be evacuated so that the particles will not lose energy and be scattered in collisions with air molecules.)  Between the DEEs there is maintained a potential difference ΔV that alternates in time with a period T, which is chosen to be equal to the cyclotron period that was found in the above derivation.  This potential difference creates an electric field across the gap between the DEEs.  At the same time, there is no electric field within each DEE because of the shielding of the metal DEEs. 

 

The charged particles are initially injected into DEE 1 with a small velocity from an ion source near the center of the DEEs. They move in a semicircle in DEE 1 and arrive a the gap between DEE 1 and DEE 2 after time ½ T, where T is the cyclotron period, and is also the period with which the potential across the DEEs is alternated.  The alternation of the potential is adjusted so that DEE 1 is at a higher potential than DEE 2 when the particles arrive at the gap between them.  Each particle is therefore accelerated across the gap by the electric field across the gap and gains energy equal to q.  Because it has more kinetic energy, the particle moves in a semicircle of larger radius in DEE 2, and again arrives at the gap after a time ½ T.  By this time the potential between the DEEs has been reversed so that DEE 2 is now at the higher potential.  Once more the particle is accelerated across the gap and gains additional kinetic energy equal to q ΔV.  Each time the particle arrives at the gap, it is accelerated and gains kinetic energy q ΔV. Thus, it moves in larger and larger semicircular orbits until it eventually leaves the magnetic field.  In the typical cyclotron, each particle may make up to 50 to 100 revolutions before reaching its final energy. 

The kinetic energy of a particle leaving a cyclotron can be calculated by the following derivation:  

1st set the following equal to the rmax of the DEEs and solve for the particle's velocity:

rmax = mv/qB
v = qBr/m

Next solve for the Kinetic Energy:

KE = ½ mv2 = ½ m (q2B2r2/m2)

Cancel the m’s and finally get:

KE = q2B2r2/2m

Now for an example with the Rutgers’ 12-Inch Cyclotron running protons, determine the cyclotron frequency and maximum Kinetic Energy:

12-INCH CYCLOTRON PARAMETERS:



rmax = 5 inches = 0.127 meters



Bmax = 1.2 Tesla



q = -1.6E-19 Coulombs



m = 1.67E-27 kg

 1st Determine the Cyclotron Frequency:

f = qB/2πm = (1.6E-19 C)(1.2 T)/( 2π)(1.67E-27 kg) = 18.3 MHz

 2nd Find the maximum Kinetic Energy of the protons:

 KE = (1.6E-19 C)2(1.2 T)2(0.127 m)2/2(1.67E-27 kg) 
= 1.78E-13 Joules  or
= 1.1 MeV 

IV. THEORY OF OPERATION OF THE CYCLOTRON
a. The LabView VI control system (to be written)
b. Vacuum System System The Vacuum System consists of mechanical “fore” pump, a “diffusion pump stack;” consisting of an oil diffusion pump, water cooled baffles, and a liquid nitrogen “trap”, and the system is supplemented with a “roughing” pump. The fore pump can initially be used to rough the entire vacuum system when beginning from a cold start. The diffusion pump is protected from power failures by a fast acting “safety” valve.  The Fore pump brings the vacuum system down to level of molecular flow (~1E-3 Torr), allowing the diffusion pump to operate (reaching pressures of 1E-6 Torr or less).  The diffusion pump transfers a downward momentum to randomly caught molecules, the molecules are then sent on their way to the fore pump.  The momentum transfer comes about from boiling a high vapor pressure oil in the bottom of the diffusion pump.  The boiling oil flows up a center stack and is sprayed downward through intervening chevrons.  The oil jets are supersonic.  The oil hits the outer wall of the diffusion pump and is cooled, drips down the wall and finally is returned to the boiling reservoir.  A water cooled baffles is mounted on top of the diffusion pump to condense any “back” streaming hot oil vapor prevent it from contaminating the cyclotron chamber.  A liquid nitrogen trap (essentially a thermos) provides a similar function, but traps any molecules as light as Nitrogen, i.e. air.  The “Chamber Main Valve” (or Chamber MV) provides the means to isolate the cyclotron chamber from the diffusion “pump stack.”  Another mechanical pump is teed into the “high” vacuum line after the Chamber MV, as to allow the diffusion pump to remain on, while taking the cyclotron chamber out, servicing it, and returning it.  The chamber must be at a pressure of 1E-2 Torr or less before re-introducing it to the diffusion pump.  The rough pump’s “rough valve” must be closed before opening the chambers main valve. The following is a block diagram outlining the cyclotrons vacuum system:

[image: image5]
c. Magnet System (to be written)
d. The RF system (to be written)
e. The ion source Ions are produced in the center of the 12-inch cyclotron by the simple method employing a biased hot filament. The Thorium-Tungsten filament is held in place by two connecting blocks inside a ceramic "boat." To generate ionization of hydrogen the filament is held at a few hundred volts negative with respect to ground, heated to white hot, and showered with hydrogen gas. Electrons emitted from the filament ionize the hydrogen gas in the "boat." A thin ceramic cover with 1/8-inch aperture encapsulates the volume of the boat. Gas is fed into the boat through a small pipe. This permits a region of relatively high pressure near the filament while maintaining a good vacuum inside the DEE and rest of the chamber.
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The ceramic boat is mounted near the bottom of the cyclotron chamber, with its aperture located between the DEE and the Dummy DEE. Electrons and Ions emitted from the aperture are constrained to tightly spiral around the lines of magnetic field. This allows a column of ionization to occur in the center of the cyclotron, inside the gap between the DEE and Dummy DEE. Some of the ions created near the median plane are pulled into whichever DEE happens to be negative and are started on there way to 1 Million Volts.
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The second possible path for the hydrogen to get into the ion source is through a Mass Flow Controller (MFC). Essentially this is a computer controlled leak, allowing the operator to control the flow of hydrogen into the ion source from the computer controls. Or, a feedback loop can be engaged to maintain the flow rate at a desired rate unattended. The addition of the MFC has greatly increased the time available to the operator to give attention to other components of the cyclotron while running.


A safety feature of the hydrogen flow system was the addition of a solenoid valve Upstream of the leak and MFC. Since the valve is controlled by the computer, all the operator must due is actuate the solenoid valve to "turn on" and "off" the hydrogen supply. However, this valve automatically closes in any "warning status" of the machine, including power loss.

f. The beam detection system (to be written)
V. PROCEDURES FOR OPERATING THE CYCLOTRON
The following are “nominal” instructions for turning on the cyclotron.  The operator may not need to or be interested in turning on all components, but can still use this portion of the document to follow the outlined sub-procedures in operating any of the cyclotron sub-systems.

Each subsystem is described and illustrated on the cyclotron’s web page.  The student should thoroughly review this document as well as the web page descriptions (http://www.physics.rutgers.edu/cyclotron/) , and of course visit the cyclotron itself to become familiar with the equipment before operating any portion of the cyclotron.

a. Pre-operational Check List – CHECK EVERY TIME !

1 Ensure AC mains power to control rack is on (typically always left on)

2 Ensure AC mains power to magnet table is on (typically always left on)

3 Ensure city cooling water main valve is open (valve located on wall near sink)

4 Ensure two “Tarzan” cooling fans located in rear of control rack are running.

b. Starting the Control Computer
1 Turn on All GPIB Equipment (see photo below for identification):

1 HP3497A in control rack

2 Keithly 197A DMM

3 HP3427? Bias voltmeter meter

4 HP3022 Filament Heater

5 HP8165A Signal Generator (AKA Synthesizer)

6 National Instruments GPIB extended located in the rear of the control rack

7 National instruments GPIB extender locate in the magnet table

8 HP3497A located in the magnet table

2 Turn on the AC power to the IG3

3 Once PC is booted, run latest version of Cyclotron Controls (cyclotroncontrols_v8.5.vi as of this writing)

4 With Cyclotron Controls VI loaded click on the continuously running button – this starts the VI and the operator will see the GPIB equipment begin remote operation. i.e. the HP3497 begin to scroll through their MUX channels. 
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c. Turning on Cooling Water:
In the VI, on the bottom of the control panel click on the button to turn on the water flow.  The red button should turn green, and the red water flow “lamp” on the annunciator panel should also turn green. The operator should inspect the four VISUAL indicators that positively show water flow.  

1 The proteous flow controller on the underneath of the magnet table

2 The proteous flow monitors on the top magnet coil

3 The proteous flow monitors on the bottom magnet coil

4 The graduated water flow indicator for the diff pump (0.2 GPM)  

d. Turning on the vacuum system:
(the operator should visit:
 http://www.physics.rutgers.edu/cyclotron/12inchvacsys.shtml 
to become familiar with the vacuum system components) At the time of writing this version, the vacuum system is manually controlled, but there are provisions to operate the vacuum system in the Cyclotron Controls VI.

1 Ensure Cyclotron Vacuum chamber is installed in the magnet (see chamber installation procedure) 

2 Ensure Hydrogen leak valve is closed 

3 Ensure Mass Flow Controller is powered down, or set for 0 flow

4 Turn on mechanical fore-pump (pump will be heard)

5 Open Safety Valve (if system was at atm pump loading will be heard)

6 Open Main Chamber Valve (once open yellow lamp on valve housing will illuminate)

7 Wait for entire system to pump to 2E-2 Torr or lower (as measured on Sensor 1?)

8 ENSURE cooling water to Diff pump is 0.2GPM

9 Once system is has been pumped to 2E-2 Torr or lower turn on Diffusion pump.  The diffusion pump Variac should be set to 110VAC.  The diff pump turn-on process will take about ½ an hour.  As the diffusion pump is heating up, the foreline pressure will rise slowly up to hundred of milliTorr.  As the Diffusion pump starts to pump the foreline pressure will begin to once again drop.

10 Once chamber pressure is below 1E-2 Torr quickly add Liquid Nitrogen (LN2) to the cold trap.  If LN2 is much above 1E-2, any air or moisture will be frozen out instead of pumped out.  Frozen moisture will sublimate and outgas for a long time (days) and may be confused for a slow leak).  If  the LN2 is not added soon after 1E-2 Torr is reached, back streaming oil from the diffusion pump will contaminate the cyclotron chamber
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11 The thermocouple mounted on the Diffusion pump will read about 250ºC.

12 After the LN2 is added the operator should go to the Inficon IG3 and turn on  Ion Gauge by depressing the EMIS (for emission) button [the magnet should be off at this point].  The filament in the ion gauge should illuminate and the IG3 display should read the pressure.  If the pressure is about 1E-3Torr the IG3 will shut itself off.  The operator should wait for the pressure in the chamber to to fall below 1E-6 Torr (5E-6 Torr if really impatient).

e. Turning on the Electromagnet
1 Ensure all loose metal objects are outside of the “safety zone” (Black/Yellow Tape barrier)

2 Ensure cooling water is flowing (input pressure should be above 10 PSI and both Proteous flow controllers should be in motion) In the future the proteous flow monitors will be monitored by an interlock chassis.

3 Turn on to HP6269B power supplies located in the bottom left of the control rack.  Typically magnet control is executed through the lab view VI, but at the time of this documents writing, magnet control is performed from the front panel of the Upper HP6269B (the primary supply).
4 Slowly adjusting the coarse and fine current knobs, set the magnet current to the desired value.  CAUTION when turning down the magnet current, do so slowly to prevent back-emf from damaging the power supply.  Only when the current is down to 0 shut the mains off 
f. Turning on the RF Power (50 Watt Regime)
1 ENSURE that the chamber vacuum is below 1E-3 before turning on RF

2 ENSURE that the chamber is properly connected to the matching box

3 ENSURE that the matching box lid is securely fastened

4 ENSURE that all RF cables are connected

5 Turn on the Tektronix 2213 oscilloscope (located above the LCD monitors)

6 Turn ON the HP8165A Signal Synthesizer

7 Set HP8165A’s amplitude to 10mv:

1 On the HP8165 Press the “LOCAL” buttong

2 On the HP8165 Press the “AMPLITUDE” button

3 On the HP8165 type in 10 and then press the “mV” botton

4 On the HP8165 press the “RF ON/OFF” button, the Amplitude display will extinguish

8 Turn on the ENI 350L Amplifier

9 Press the “RF ON/OFF” Button on the HP8165 – the drive amplitude will be displayed

10 Set the RF frequency in the range of resonance (~ 14.900MHz is low)

1 On the HP8165 press the “FREQUENCY” button

2 On the HP8165 key-pad enter 14.900 then press the “MHZ” button

3 Press the “FINE” button several time to highlight the 1kHz place

11 Sweep the RF frequency to find the cyclotron resonance

1 On the HP8165 press the “FREQUENCY” button

2 While pressing the “↑” button on the HP8165 watch the TEK 2213 scope channel 1 for maximum amplitude response.  Maximum response occurs at resonance.

12 Slowly increase the RF drive amplitude in steps of 10mV 

1 On the HP8165 press the “AMPLITUDE” button

2 Enter 20 on the HP8165 key-pad

3 Press the “mV” button, and the drive amplitude of 20mV will be displayed

4 Repeat steps ii. and iii until 50 Watts of FWD power is achieve (DO NOT exceed a setting of 250mV amplitude on the HP8165) 

13 The operator can determine the DEE peak-to-peak voltage from the calibration curves in the log book or the RF DEE Voltage Studies paper located on the cyclotron web page.

g. Turning on the Ion Source
1 Ensure vacuum system is satisfactorily running

2 Ensure IG3 Ion Gauge is OFF

3 Ensure Cooling water is flowing

4 Ensure Magnet has at least 10 Amps of current flowing (the magnetic field suppresses arcing in the ion source)

5 Turn on AC power to Kepco HV [Bias] power supply

6 Turn on AC power to HP3022? [filament heater] power supply 

7 Turn Kepco’s HV switch from STANDY to HV ON (-200V)

8 With filament biased slowly begin to heat the filment by increasing the current through the filament with the HP3022 power supply.  As the filament heats up, an incandescent glow will be seen through the cyclotron chamber view ports.  While heating the filament, watch the bias current (filament emission current).  Heat the filament until the emission current is between 50 and 70mAmps (as read by the Keithly 197 DMM) As of this revision, a voltage of 5.50 V and a current of 22.5 to 22.7 Amps was optimal for operation. CAUTION increasing the filament heater current much higher quickly erodes the Th-W filament, a current of 27 amps will almost instantly destroy the filament. The filament is designed to be replaced, as it often will have to be, but replacement is a tedious process that consumes several hours. NOTE if arcing occurs, the fuse in the front panel of the Keithly may blow, replace only with the rated value fuse)

9 Open the Hydrogen bottle, note that the high pressure gauge reads 100PSI or more. SHUT THE HYDROGEN BOTTLE, there is enough gas “charge” for several hours of running.

10 Adjust the regulator (turning knob CW) to increase the low pressure side to 10PSI.

11 Bypassed as of this revision.  In the VI click on the “Hydrogen Valve” to open the Hydrogen safety valve.

12 For manual operation, slowly increase the “variable leak” to a setting of 106.  As you approach a leak setting of 95, watch both the pressure as read on the GP ion gauge and emission current as read on the Keithly 197. 
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13 Visual inspection through the smaller cyclotron chamber view port should show a plasma jet exiting the ion source’s chimney aperture that faces the DEE. 

General Ion Source Notes:
The ion source has a finite operating life, so far ~ 10 hours, but this probably can be improved by understanding the filament.

The aperture in the ion source chimney needs to face the “real” DEE (In the vacuum chamber should face the dee) 
VI. MAINTENANCE & TROUBLE SHOOTING
a. Removing and Opening Cyclotron Chamber
1. It is important to wear gloves while opening and working with the opened vacuum chamber.

2. Turn off  IG3 Sensor 1 (the ion gauge) located on the cyclotron magnet table left-front panel.

3. Close valve to the Hydrogen tank.

4. Close leak valve to a reading of 50.  Do not overtighten.
5. Make sure the power to all equipment on the left side of the control rack is off, except for the data acquisition box (HP3497A). 

6. In Lab View VI (cyclotron version 8.5) Switch “Chamber MV” Main valve off (which is closed); you’ll hear a motor and the yellow light on the yellow box on the cyclotron should go out.. (the Yellow box may be replaced with a manual valve)

7. Disconnect leads to the vacuum chamber counter clock wise, starting with the vacuum line—Remove QF25 port closest to the vacuum chamber (this has a green O-`ring in it, make sure not to scratch the stainless steel sealing surface)

8. Disconnect the RF pick-up by unplugging red coaxial cable from the chamber (twist and pull gently) 

9. Remove the Hydrogen supply line, this requires two 7/16 inch wrenches. Disconnect at the thin pipe. Hold the center nut stationary with one wrench and use the other to loosen the inside fitting.  Think twice to be sure which way to turn for loosening!  Once loosened, finish twisting that fitting by hand. 

10. Be certain the “Kepco” bias supply (located on the left side of the control) rack is off. At the cyclotron chamber, disconnect the filament heater/bias lead by unplugging the two pin “Jones” connector.

11. Disconnect the BNC cable that is attached to the  ion collector (located on the linear positioner assembly)

12. Remove Ion Gauge HV cable (very thin wire to glass bulb) <<WARNING, THIS WIRE CARRIES LEATHAL VOLTAGE (if touched while it is on)>> (see step 2)

13. Disconnect Ion Gauge filament and Grid cable (at opposite end of glass bulb).

14. Remove “Perani” gauge (black cylindrical thing) by disconnecting QF16 flange. (be careful not to scratch sealing surfaces)

15. Open RF matching box  (one with inductor in it) by removing the many knurled brass screws along the lid.

16. Disconnect the DEE stem from the inductor by removing the spherical-headed screw. (don’t loose this)

17. Loosen mechanical coupling between RF matching box and copper shroud by loosening the hose clamp

18. Slide RF matching box back a little so as to clear the DEE Stem

19. Bring the three leveling screws all the way down, The cyclotron chamber should now be resting on the bottom pole piece. 

20. Unbolt one (and only one) of the centering blocks ( this requires a 3/16 inch Allen Key)

21. Two people remove vacuum chamber by gently sliding it out..  Take care not to bump anything attached to the chamber onto the magnet.  ESPESCIALLY THE ION GAUGE BULB  

22. Set  the cyclotron chamber on the resin block previous placed on the work bench. 

23. Unscrewing the top: give one screw one turn, then go to the screw 180( opposite that screw and give it one turn. Work around the entire screw pattern.  Repeat this 1-turn step until each screw freely turn and can be removed by finger strength.

24. Throw away these screws after removing them. 

b. Replacing the Ion Source Filament (to be written)
c. Closing and (re-)installing the Cyclotron Chamber
1. It is important to wear gloves while working with the opened vacuum chamber.

2. Inspect green Viton O-ring for dust, fibers, etc that might not allow a good seal between the  O-ring and Aluminum lid
3. Inspect Aluminum lid’s sealing surfaces for scratches as well as dust or fibers, etc.  If necessary use Methanol and Scotch bright to clean interior surfaces of Cyclotron lid
4. Place lid onto cyclotron chamber
5. Locate twelve new 10-32x1/2inch Stainless Steel flat head socket caps screws. DO NOT use previously used screws, always use new screws

6. Place a small amount of Dow Corning vacuum grease on each screw for lubrication before inserting into chamber wall.

7. Bring all twelve screws to finger tight.  NEVER Force any screw. If a screw feels tighter than the others STOP, contact Tim or Bill Schneider before proceding.

8. Once all screws are finger tight use a 1/8inch Allen key to complete the tightening by applying ONE turn per screw, then move on to a screw 180o opposing, give one turn.  

9. Repeat step 8 until all screws have been tighten.  Keep an eye on the gap between the chamber wall and side of the chamber lid.  It may appear that a small gap remains, this is fine as the O-Ring makes the seal. DO NOT overtighted the 10-32 hex head screws, as their head may snap off.

10. Once lid is sealed  the chamber is ready to be replaced in between the magnet poles

11. Two people should lift the chamber from the work bench and carry it over to the magnet.
12. Gently slide the chamber between the poles (the DEE stem sould be inserted 1st, and to the right of the pole piece.  USE extreme caution not to hit the ceramic insulator of the DEE or the glass bulb of the ion gauge.

13. Back chamber again the two existing locating blocks

14. Make small rotational adjustments to the chamber so as to be able to connect the vacuum system

15. Connect the vacuum line by inserting the QF25 O-ring in between the chambers vacuum port and the flexible line from the Chamber Main Valve. Again, be careful NOT to scratch the flanges sealing surfaces.
16. Secure the connection by placing the QF25 clamp around the two flanges (this may take a little force to stretch the flexible line) and tighten the wingnut
17. Connect red RF pickup cable to the chambers SHV jack.
18. Connect the Hydrogen supply line, this requires two 7/16 inch wrenches. Hold the center nut stationary with one wrench and use the other to tighted the fitting nearest the chamber.  Think twice to be sure which way to turn for tightening!  Do not  over tighten or twist the 1/8 inch diameter tubing.
19. Connect the filament heater leads by connecting the 2-pin jones connector
20. Connect the BNC RG-58 coax cable to the BNC connector on the Ion Collector

21. Connect the HV coaxial line to the single pin end of the ion gauge (glass bulb)

22. Connect the Filament and Grid lead to the opposite end of the ion gauge (4-pin black connector)

23. Connect the “Perani” gauge (black cylindrical thing) by connecting QF16 flange.(be careful not to scratch sealing surfaces) using the QF16 O-ring clamp
24. Slide RF matching box over DEE stem. Insert Stainless Steel ring into fingers of copper RF shroud.

25. Adjust LabJack such that DEE stem is in the center of the matching box

26. Tighten hose clamp around fingers of copper shroud
27. Connect DEE stem to HV side of the inductor using the spherical headed screw, you may need to insert one or two brass washers to ensure a good connection

28. Place lid on RF matching Box and secure with the many knurled head brass screws

29. Replace the 3rd (and only one removed) centering blocks ( this requires a 3/16 inch Allen Key)

30. Raise the three leveling screws to bring the chamber to reside equally between the pole tips.
VII. EXPERIMENTS
a. Accel Physics: Experiencing Magnetic Resonance Acceleration (to be written)
b. Accel Physics: Magnetic Focusing (to be written)
c. Nuclear Physics: Measuring Q/m (to be written)
VIII. APPENDICIES
a. Operational Readiness Check List (to be written)
b. Note on Magnetic Field Measurements: The interested student is referred to a note written by T. Koeth on the magnetic field measurements to date. The note can be found on line at:
http://www.physics.rutgers.edu/cyclotron/papers/12_inch_magnet_studies_4.pdf

c. Note of RF field measurements: The interested studet is referred to a note written by T. Koeth on the peak DEE voltage: a theoretical treatment and measurements on the 12-inch cyclotron. The note can be found online at:
http://www.physics.rutgers.edu/cyclotron/papers/12_inch_dee_voltage.pdf

IX. REFERENCES
a. Journal citations (to be written)
b. Text book references (to be written)
c. Expert Contact information

1. Tim Koeth (all issues)

koeth@physics.rutgers.edu
609-577-0897  cell phone

630-840-8478  FNAL office

630-840-6291 FNAL Lab # 1

2. Stu Hanebuth (controls, electronics, vacuum issues)

hanebuths@yahoo.com
732-742-8456 cell phone

3. Bill Schneider (mechanical issues)

 wschneid@physics.rutgers.edu
732-445-2506 Phys & Chem Machine shop

4. Dan Hoffman (vacuum and mass flow controller issues)

609-947-0146 cell phone

dhoffman76@comcast.net
d. Equipment manuals: Most instruction/service manuals for the equipment associated with the cyclotron can be found on the top shelf of the “right” cyclotron cabinet located in the modern physics lab. 
Misc Thoughts to be placed later….
When operating the linear positioner use BOTH HANDS, one to first firmly grip the plunger handle before using the other hand to loosen the keeper knob. 

CYCLOTRON VACUUM SYSTEM





IONIZATION GAUGE





ROUGH    VALVE





PIRANI GAUGE





ROUGH


PUMP





SAFETY  VALVE





PIRANI GAUGE





FORE


PUMP





CHAMBER MV





WATER COOLED BAFFELS





DIFF


PUMP





WATER


COOLING





LN2 TRAP








