ISAC2 TUNING – S-bend & SCRF

These instructions describe how to establish a tune through the S-bend & ISAC-II SCRF accelerator.

Definition:

spreadsheet:  file “OPTICS ISAC II new IP november 2013- TTF.xls” located in the “Matteo Memorial HEBT” folder in ISAC Documents.
Initial conditions

· Beam is tuned, documented & saved to HEBT:FC5 with ~100% transmission through the DTL (HEBT:FC5/MEBT:FC9) at 1.5MeV/u (unless specified otherwise by accelerator expert); ISAC-I RF alarms enabled accordingly; HEBT:RPM5 is symmetric & somewhat centered.  
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· Beam blocker SEBT:BB20 in, Beam Mode set ISAC2 vault, DSB:MB0 on.

· HEBT:IV12 closed (required for DSB:IV2 open), all isolation valves open S-bend through vault.

· All low intensity diagnostics (LIDs) out, no MATLAB applications running (PSID, FTM, PHASE).

· DSB Buncher & SCRF off.

· SCRF alarms not disabled/silenced in Alarm Handler.

· Beamlines not required for the desired path are vacuum-isolated.

S-bend Tuning
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Open the spreadsheet.  On the S-BEND tab, enter the beam’s mass number A in cell C2.  Note that the spreadsheet only allows for a charge state (Q) in MEBT & DSB.  The DSB:DB12  stripping foil mechanism has been moved to HEBT:DB5, & the spreadsheet begins with optics for HEBT:Q6.  Therefore, the Q values for MEBT & DSB have to be identical:
· If there is no stripping anywhere, enter the charge state from the source (or CSB) in cells C3 & C5.  

· If there is stripping in MEBT but not HEBT, enter the charge state for MEBT in cells C3 & C5.  

· If there is stripping in HEBT, enter the HEBT charge state in cells C3 & C5.  

Enter the DTL energy in cell C7.
Load HEBT:Q6(DSB:Q18 theory values from the S-BEND section (single charge state) on the S-BEND tab (DSB:Q17/18 in the spreadsheet are SCB:Q1/2 on the EPICS page).  Set all steering to neutral.
On the Solenoid tab, all SCRF cavities need to be indicated as off by placing a '0' in the vertical column starting w/ cell E11.  Load theoretical solenoid current setpoints.  Set all steering in SCB/SCC to neutral.
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The spreadsheet estimates the beam energy (Solenoid sheet, cell C5) based on which cavities are on.  This value can be overridden (based on the Prague or FTM measurement) with a manual energy input in cell C7 of the SEBT high beta sheet; manually set this value if the DTL energy differs from 1.5MeV/u.
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Load SEBT:Q9-20 theory values & set steering to neutral using the values from cells C11(C22 of the ‘SEBT high beta’ sheet.
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Send the beam to DSB:FC4.  Center the x-profile of DSB:RPM1 using DSB:MB0 (y-profile isn't optimized).
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Send the beam to DSB:FC12.  Center RPM12 using DSB:MB2.

4. Send the beam to SCB1:FC0.  Center RPM15 using DSB:MB14, & optimize MB16 for transmission.
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5. Optimize transmission aiming for ~100% through the S-bend (SCB1:FC0/HEBT:FC5, or SCB1:FC0/DSB:FC4 in the case of HEBT stripping) using DTL quads (especially the last 6) but do not sacrifice DTL transmission.  Steering is preferred to be achieved with MEBT:MB(1/2) & :YCB7(A/B) so long as transmission is not sacrificed through the DTL (HEBT:(X/Y)CB8 may also be used if necessary).  DSB dipoles (especially the first 2) may then be tuned for transmission.  Document & save the tune.

Drifting through the SC Linac

*This should be the easiest situation in which to tune through the SC Linac since the theoretical solenoid values are most likely to apply.  Once SC cavities are turned on, theoretical solenoid value effectiveness suffers from poor cavity performance, etc.

1. Insert all (9) Faraday cups SCB1:FC0-->SCC3:FC0 + SEBT:FC20 (SEBT:FC8 may also initially be used if beam can’t be found on :FC20).  Take a quick transmission snapshot.  At the first point of beam loss, tune for transmission on that Faraday cup using DSB:MB16/14 & SCB:(X/Y)CB2.  Continue tuning these parameters on successive cups so long as transmission is not lost in between (take frequent transmission snapshots).  SCB:(X/Y)CB0 may also be used.

2. Once no more gains can be made, insert the Faraday cup at the new point of beam loss. Tune the solenoid two diagnostic boxes upstream by 1A (direction is arbitrary at this point) & wait.  

· If no increase, try 1A in the other direction.  

· If an increase is made, make the same change one at a time on all downstream solenoids where possible without losing transmission (it is preferable to move solenoids together).

3. If a gain has been made but the point of beam loss is the same, return to the solenoid two diagnostic boxes upstream & tune another 1A in the same direction.

· If no increase is made, restore the previous solenoid value.

· If an increase is made, make the same change one at a time on all downstream solenoids where possible without losing transmission.

4. Repeat steps 2 & 3 until no more gains are made.  If there is still a point of beam loss, the initial dipoles/steerers in step 1 may be revisited looking for improved transmission so long as none is lost in between.  Further, DSB:Q9-12 & :(X/Y)CB(10/12) are a matching section & may be tuned for transmission.

5. If desperate, steering may be introduced in the SC Linac to achieve transmission by tuning the steerers two diagnostic boxes upstream of the point of beam loss.

6. The better the transmission (SEBT:FC20/SCB1:FC0) through the SC Linac, the better the SC cavity phasing experience (in terms of FTM peak shapes, etc.).  Aim for at least 75% (95%+ is possible).  Document & save the tune.

Measuring the Drift Energy

*Adapted from the device notes on any flight time monitor (SEBT:FTM10/12/20):

Measuring beam energy in SEBT using FTMs.

1. Attenuate the beam to ~100's of epA level.
2. From the bottom of EPICS SEBT OPTICS 1 or 2, click 'SEBT:FTMs' (black button). On the FTM window that appears, click 'Start Appl(ication),' then 'RST' to clear HV interlocks.  Under 'Wire HV' & 'MCP HV,' click 'Ramp Up' for each of the three FTMs.  Wait for the corresponding 'OK' LEDs (6) to turn green (the last one may not). 
3. Open a Striptool; load SEBT-FTM.stp, or plot all FTM positions (from their device pages sebtftm.edl) & counts (visible on ftmscp.edl), & SEBT:FC20 current.  
4. Put beam on SEBT:FC20, ensure SEBT:BB20 is in. Set SEBT:FTM10/12/20 speeds to 1.250 from their device pages & verify their positions are calibrated (if not; click 'out', wait for motor to stop [readback position settles], then click 'Calib;' ensure out limit can be achieved).
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5. Change SEBT:FTM10 position setpoint to ~70.  Watch Striptool for beam to disappear on SEBT:FC20 as the 'can' around the FTM intercepts beam, usually followed by a 'fake' lower intensity peak when beam scatters off the can onto the wire; finally, the peak representing beam on the FTM should become visible once the readback position nears its setpoint & beam is mostly restored on SEBT:FC20.  If at any time counts exceed 10kcps, click 'Autobias' for that FTM on the ftmscp.edl page (adjusts FTM HV to obtain ~5kcps, beam intensity may be increased from the source to achieve ~5000cps if Autobias not working).  Change the FTM speed to 0.500, & the 'Jog Inc(rement)' to 0.1.  Using the Jog 'Out' & 'In' buttons, optimize beam intensity on SEBT:FTM10.
6. Repeat previous step one at a time for FTM12/20 (latter requires FC20 out), with initial respective position setpoints 72, 73.

7. Click 'Autobias' for each FTM.  Change FTM speeds to 0.125 & re-optimize counts (important for energy agreement between pairs of FTMs) on each, starting with the furthest upstream, by jogging position.  Right-click on the Intensity/Time graphs & select 'Perform auto-scale.'  Under 'Run:', click 'continuously' to begin counting.  Beam energy should become visible once statistics increase.
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8. Open the new MATLAB cavity phasing program (Davide Lanaia, 2013), available on heineken/moosehead consoles via an xterm by typing:
cd /epicsserver/data/isacdata/matlab
     
 & at the next prompt, typing:


./runTOF_phaseUPGUI.scr &
(The phasing program will eventually be available via EPICS:  SEBT OPTICS 1--> MATLAB APPLICATIONS --> SEBT:FTMs [grey button]).  
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9.  Click the red 'EPICS T.O.F.' button to give control to MATLAB (some EPICS keyboard functionality will temporarily be lost from the console but the mouse still functions).  Click, ‘Stop Ac[quisition]’ & Run:  ‘continuously' on the EPICS SEBT:FTM page to reset & begin counting again.  This program is more commonly used to determine beam energy.  Ensure the energy choice ~1.5MeV/u is correct.  The default bunch period is 85ns (as defined by the use of the 11MHz Chopper).  

Things to look for:

· sometimes the initial bias on an FTM is not high enough to register beam.  In this case, click 'Autobias' for the FTM while scanning position in the range where beam is expected.  Once beam is found, optimize counts & 'Autobias' again if counts exceed 10kcps.

· if duplicate peaks are visible, one at either end, of an FTM Intensity vs. Time graph, one peak needs to be removed using the time limits below the graph to avoid the application getting confused.

· verify that the 'Watchdog' is updating on the MATLAB FTM application.  If not, confirm that other applications (PSID, PHASE, etc.) are not running.

· in the event of an EPICS FTM page whiteout:  call Victor Verzilov (x7657) during normal workday hours; otherwise, reset the isac2diagioc cpu from ISAC-II P/S rm, row 5, crate 7 (see isac2diag document on Plone).

10.  Once the energy has been measured, take grabscreens of the EPICS & MATLAB   

       pages.
11.  Document & save the tune.

Setting the DSB Buncher
1. From the MATLAB application, note the channel position of 'Centroid no. 1' & 'Sigma no. 1-3;' this is representative of the respective time of the beam on FTM10 & spreads on FTM10/12/20.  It will be desired to reproduce this timing & minimize all spreads with the buncher on.

2. The DSB Buncher running amplitude has been calculated to be roughly equal to (A/q)*173.  This is the DSB Buncher amplitude starting point for tuning on FTM10.  

3. Turn on the DSB Buncher, set its starting point amplitude, and enable its alarm.  Adjust the phase of the buncher such that the time of FTM10 when the buncher was off is reproduced (2 phases ~180degrees apart will achieve this, choose the phase with the sharpest peaks for minimal time spread).  Click ‘Stop Ac’ & ‘continuously' on the EPICS SEBT:FTM page.
4. On the MATLAB page under ‘Acquire data,’ toggle ‘SC Cavities’ so that ‘DSB Buncher’ appears.  Enter the buncher’s amplitude beside the ‘Set Amplitude’ button.  Allow a few seconds for data to accumulate, then click ‘Acquire point 1.’  
5. Click on an arrow to the right of the ‘Set amplitude’ button, then click ‘Set amplitude’ to change the cavity’s amplitude by 50 (direction is arbitrary at this point).  Click 'stop acquisition' & 'run continuously' on the EPICS SEBT:FTM page.  Allow a few seconds for data to accumulate, then click ‘Acquire point 2.’  
6. Continue changing the amplitude & acquiring points until all five are obtained.  If the time spread (sigma T) for point 2 is greater than that for point 1, take only one more point in this amplitude direction then move in the other direction.  Continue until a minimum time spread is identified, & then proceed further in amplitude to take one more point (overwrite the point with the highest time spread as necessary).

7. The goal is to obtain five points that, when fitted to a polynomial, will define a minimum trough of time spreads, preferably with two points on either side of the minimum.  Click 'Polynom Fit' & observe whether the five points are situated nicely on the curve generated.  If one point is off, try retaking it.  If more points are off, something else is implicated – poor transmission, FTM positions not optimal, etc.  It is also desirable to minimize & roughly equalize time spread on all three FTMs.
8. Readjust the phase again as necessary to reproduce Centroid no. 1 position.  A time spread reduction of 50% or more is expected compared to when the buncher was off.  Take a grabscreen of the EPICS & MATLAB pages.

9. Once a good fit is obtained, the amplitude for minimum time spread on FTM10 is given beside ‘Ampl. Opt.’  To calculate the amplitude ‘Ampl. Opt.’ required to shift the time focus to the beginning of the SC Linac, click on the ‘*’ button beside the 1.557 factor (this value can be changed manually if needed).   Click ‘Invoke Calculated Ampl.’ to give the buncher this amplitude (this is the only instance in which this button may be pressed).  Take grabscreens of the EPICS & MATLAB pages again.  It should be confirmed that the amplitude for the cavity has now been set correctly; if not, this must be done manually.  Document and save the tune.
The factor 1.557 accounts for the difference in distance between FTM10 and the beginning of the SC Linac (a time focus will be produced on FTM10, then scaled back by the same 1.557 factor to shift the focus in front of the SC Linac).

SC Cavity Phasing on FTMs

*cavities are phased on FTM10 but energy measurements require all FTMs

SCRF cavities run at amplitudes set by the SCRF expert (the so-called '7Watt' values, which cryogenic cooling should be able to support).  Cavities are sequentially phased to produce near maximum acceleration with slight bunching (-25 degrees off pure acceleration) until the desired energy is exceeded.  The last cavity amplitude is then lowered to achieve a requested energy.   The amplitude of a pure bunching cavity may also be lowered from the value set by an SCRF expert, but never raised.  

The initial cavities are generally the most challenging to phase due to the beam's lower energy & hence greater tendency to get pushed around.

1.   On the MATLAB page under ‘Acquire data,’ toggle ‘DSB Buncher’ so that ‘SC Cavities’ appears.  
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2.  Ensure that the FTMs are running continuously.  Click ‘Base Channel’ on the phase program to grab the centroid value of FTM10 with the DSB Buncher on.  If two peaks are visible, adjust the lower position limit (vertical green line) slider below the graph to remove the lower peak from the window such that the program only sees the higher one.
3.  Turn on ('Auto On') the next available SC cavity & enable its alarm in EPICS.  In the phase program, select the cryomodule (#1 for SCB1) & the cavity.  Click 'Connect to cavity' under 'Cavity Input Information,' & ensure that the 'Set phase' value has become equal to the cavity’s RF phase value (this confirms the program is 'talking' to the correct cavity).  It may be desired to manually enter a ‘Set phase’ value of ‘0’ to avoid the 360 degree limits.
4.  Click 'Set phase' (sets the RF phase of the cavity, at the risk of tripping the cavity in the case of large steps) to begin taking data again.  Once the value for 'Centroid no. 1' becomes relatively constant (~few seconds depending on FTM10 count rate), click 'Acquire point 1.'  If the channel filled in to the right (Centroid no. 1) is lower than the Base Channel, the beam is arriving in a shorter time & acceleration is being indicated as desired.  If the new channel is not lower than the base, this point will likely have to be overwritten.

5.  Click on an arrow to the right of 'Set phase' (direction is arbitrary at this point) to change the phase to be set by 30 degrees (alternatively, a manual phase value may be entered in the number field).  Click 'Set phase' to give the cavity this RF phase (a large step may trip the cavity, requiring a restart) & start taking new data.  Click 'Acquire point 2.'  

6.  Continue changing the phase & acquiring points until all five are obtained.  If the channel for point 2 is greater than that for point 1, take only one more point in this phase direction then move in the other direction.  Continue until a minimum channel is identified, & then proceed further in phase to take one more point (overwrite the point with the highest channel as necessary).

7.  The goal is to obtain five points that, when fitted to a cosine, will define a minimum time trough of channels or Centroid no. 1's (equivalent to maximum acceleration), preferably with two points on either side of the minimum.  All five points, each 30 degrees apart, should be lower than the base channel.  Click 'Cosine Fit' & observe whether the five points are situated nicely on the curve generated.  If one point is off, try retaking it.  If more points are off, something else is implicated – poor transmission, FTM positions not optimal, etc.

8.  Once a good fit is obtained, the phase for 'maximum acceleration -25 degrees for bunching' is given by the 'Cavity phase' value under 'Calculate phase' (as a double-check, it's rough value can be estimated from the cosine fit graph).  Click ‘Invoke Calc. Phase) to set the cavity’s rf phase.  It should be confirmed that the RF phase for the cavity has now been set correctly; if not, this must be done manually.

9. When distinct peaks are generated on all FTMs (adjust their positions as necessary), measure & record the energy.  It is advised to save the tune after each cavity is phased, due to the complexity involved & inherent potential for something to go wrong.  Click ‘Base Channel’ to update it with the new Centroid no. 1.  If two peaks are visible on any FTM, adjust the position sliders below the graph so that only a single peak appears in the window of view between the two vertical green lines.
*note that an FTM peak can eventually fall off the left of the screen while simultaneously  reappearing on the right as part of the acceleration process.  When this occurs, a constant of 3475 should be added/subtracted as necessary to either the Base Channel or some of the Centroid no. 1's (this can be done automatically by clicking on an arrow to the right of the ‘Base Channel’ or ‘Acquire point’ buttons) to bring each point within a similar magnitude & generate a proper cosine fit.
10. Repeat steps 3 through 9 until transmission becomes insufficient.  Update SEBT: Q9 through Q20 from the SEBT high beta sheet of the spreadsheet for the latest energy, & try to tune solenoids toward their new theory values (especially starting two diagnostics boxes upstream of the point of transmission loss) but do not sacrifice transmission; retune as in 'Drifting through the SC Linac,' though solenoids may be found to deviate further from theory (likely lower due to poorly performing cavities) & more steering may be required starting around SCB4/5.  

11. Once the desired energy is exceeded, the amplitude of the last phased cavity must be reduced to achieve the energy requested by the experiment.  Save & document the tune.

12. Update optics (except solenoids) from the spreadsheet for the requested energy, tune the solenoids toward theory as much as possible, & retune through the SC Linac.  At this point if time permits, the entire tune may be revisited including all tunable optics, ISAC-I RF/DSB Buncher amplitudes/phases, & ISAC-I/-II Global Phases (the only instance in which one may blindly tune RF for transmission is when the energy will again be measured & any effect can be corrected by the final accelerating cavity).  Note that SEBT Optics must remain at theory when tuning for transmission to SEBT:FC20.  FTM peaks that aren't sharp may possibly be corrected by DSB Buncher phase or the addition of a pure buncher cavity (see next step), in consultation with the accelerator expert; (could also be the result of beam 'hitting the can' & spraying).  Take grabscreens of the energy measurement, document & save the tune.  

13. If necessary, set up a pure buncher as follows:  note the energies between pairs of FTMs, & FTM time spreads (Sigma no.'s 1-3) of the beam.  It will be desired to reproduce this energy & minimize time spread with the pure buncher.  Turn on a downstream cavity, reduce its amplitude by ~50% & enable its alarm.  Adjust the phase of the cavity to reproduce & roughly equalize the energies for all pairs of FTMs.  Adjust the amplitude of the cavity (do not exceed the maximum value set by the SCRF expert) to minimize & roughly equalize the time spread (sigmas) at all FTMs.  This exercise requires some iterations between bunching cavity amplitude & phase.  When the beam energy is reproduced with minimal time spread; take grabscreens of the energy measurement. 

14. Click the green 'Start' & 'EPICS' buttons on the MATLAB application to stop it & restore EPICS control.  Send the FTMs to their out positions (at the highest speed). Ramp down each of the six HV biases & once finished, click 'Stop Ac' & 'Stop Appl' on the EPICS FTM page.

15.  Document & save the tune.
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Setting up the ISAC-II Beam Current Monitor System 

(adapted from ISAC Current Monitor System Operations Manual – Docushare 22585).

1. Set the Beam Mode for the destination experiment.

2. Insert MEBT:FC9 & SEBT:FC20, remove all other upstream Faraday cups; ensure MEBT:CHOPSLIT is in.
3. From the EPICS Main Menu, select Beam Modes-->ISAC2 Current Monitoring System.

4. On the window that appears, press the 'Disengage Request' & 'Reset' buttons (all fields will be set to default values).

5. Fill in the 'Beam properties requested' & 'Allowable limits' as follows:


A - atomic mass


Q - MEBT charge state  


E - final SCRF energy in MeV/u


SC cavities on – number of cavities required to achieve final energy

*unless specified by Marco or Friedhelm, the “Beam properties requested” section should contain the stable (pilot) beam properties during RIB delivery.

· Emax – as specified in the Safety Review Completion Document (SRCD), in MeV/u;
· Imax - as specified in the SRCD or by the licence limit, whichever is more conservative; in Particle-Amps.  Ideally, if still conforming to safety approval & license limit, set Imax even more conservatively such that the value in Electrical Amps ~= 2x MEBT:FC9 intensity.

6. Select the appropriate Chopper Mode (11 is the default signifying the 11MHz chopper is on, 11+5 would mean both choppers are on).

7. If necessary, adjust attenuation as required to bring the beam intensity on MEBT:FC9 below ~80% of the current limit in [eA].

8. To start the 5-minute timer in which to fulfill requirements for system engagement, press 'Accept.'

9. Adjust the MEBT:FC9 gain to achieve a reasonable signal.  Press the MEBT:FC9 'lock' button.

10. Set the Chopper Slit gain such that a healthy signal can be read & the 'ChopperSlit Current OK' interlock is satisfied.  Press the Chopper Slit 'lock' button.

11. Remove MEBT:FC9.

12. Adjust the NIM1 gain such that a healthy signal can be read & the 'NIM1 Current OK' interlock is satisfied.  Press the NIM1 'lock' button.

13. Adjust the NIM2 gain such that a healthy signal can be read & the 'NIM2 Current OK' interlock is satisfied.  Press the NIM2 'lock' button.

14. Press the 'Engage Request' button.  Wait 10 seconds.  If the request is accepted, the SEBT:BB20 device page will be displayed and a 'GO' signal will be sent to the  ISAC Safety System.  The 5-minute timer will stop counting.

15. On the SEBT:BB20 device page, press the 'Request' buttons to obtain the safety enables for running beam to the ISAC-II Experimental Hall & for SEBT:BB20 operation (in that order).  Do not take beam into the ISAC-II Experimental Hall until preparations have been made for a preliminary beamline survey.

16. Start the Event Handler on the tooheys Alarm Handler console.

Refer to document (yet to be written) on tuning to ISAC-II Experiments.

