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About this version:

Last Updated August 13th, 2007.

Modified Copy of the Saturn and Vortex detector Wiki page
Original Author: Ru Igarashi
PVs and the Vespers Vortex have been removed.

Added Section 4, Limitations & Special Considerations
Introduction
These are startup notes for the PGT and Vortex single element detectors being used at HXMA. They include assembly instructions, startup procedures and some suggested ways of using the detectors with the beamline's standard software tools, including the SynApps EPICS IOC and OPI software. A copy of these notes can be found at 

http://10.20.1.72/index.php/HXMA_Saturn_and_Vortex_Detectors 

Hardware

IOC computer

As of Feb 2007, this computer is primary IOC for these detectors. It has the Extended parallel port necessary to communicate with the detectors, the problem being that the SynApps EPICS driver does not work with USB. 

Note: the IOC may not always be the same. Determine which one it is and substitute it where ever an IOC is referred in this document. 

Parts

· IOC computer (e.g. IOC1606-211) - this must have an "Extended Parallel Port (EPP)" 

· parallel cable 

· power cord 

Assembly

· plug in IOC computer 

· power up IOC (use switch at back as well as front) 

Configuration

Because these detectors are fairly portable, it is quite possible that the IOC has to be reconfigured if it moves to or comes from another beamline. The main concern is its IP address. In principle, DHCP has been configured to switch IPAddr whenever it moves to a different subnet, BUT this will only happen if someone had previously requested operation in that subnet. The following should tell you where the IOC has already been configured: 

> host IOC1606-211

ioc1606-211.cs.cls has address 10.51.20.76

ioc1606-211.cs.cls has address 10.106.20.22

The first line indicates it has been used in the control system development network. Not really relevant. The second line indicates it is set up to operate on the 06 sector (hence the 106 secondary node), which, of course, is where HXMA is. If there was a "10.111.20.55", that would tell us it is set up for either SGM or PGM. Anyway, if you don't find the subnet of interest for you, ask your CID lead to make the appropriate arrangements. 

Its domain may also have to be set. In /etc/yp.conf typically, there should be an entry like: 

domain hxma server css1021-102.cs.cls

If you are in a different area, change "hxma". For the development domain, it is "sal". For other beamlines, run the commands domainname and ypdomainname on an OPI, and set accordingly. In /etc/sysconfig/network you should also set NISDOMAIN to "hxma". 

NISDOMAIN=hxma

Reboot, and log in again to make sure it worked. Note: sometimes the routing doesn't "take", so you may have to use the IPaddr instead of the IPname as the host arguement to ssh. 

Single Element PGT Germanium Detector

Parts

· PGT Germanium Detector (includes LN2 dewar and pre-amp) 

· cap for snout 

· PGT pre-amp and HV cable assembly 

· PGT-Saturn adapter cable assembly 

Assembly

Never hold the detector assembly by the pre-amp or the narrow aluminium snout. 

When replacing the cap on the end of the snout, it should be placed LOOSELY 

Do NOT connect the AC of the Saturn or attempt to power up the Saturn until more than 4 hours after the LN2 dewar was initially filled. 

If the dewar ever becomes empty, it must be shut down and warmed up according to shutdown procedures, before LN2 can be re-introduced to the dewar. 

· Make sure end of snout is covered by cap (loosely!) 

· Join the PGT pre-amp cable to the PGT-Saturn adapter cable (Note: these should normally NOT be decoupled). 

· Connect the BNC cable on the adapter cable assembly to the Signal input on the Saturn. 

· Connect the HV cable on the adapter cable assembly to the HV output on the Saturn. 

· Connect the DB-9 connector to DB-9 on the Saturn. 

· Connect the PGT pre-amp cable assembly to the pre-amp. 

· Connect the parallel cable to the parallel port on the Saturn. 
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Connect the parallel cable to the IOC computer.
· Place an aluminium foil splash guard OVER the pre-amp and snout to protect them from LN2 that will inevitably splash and sputter during the filling of the dewar. 
· Using a wide-mouthed funnel, fill the dewar with LN2, being as careful as possible to not allow any LN2 to hit the pre-amp and snout assembly. 

· Wait one hour, then top up the LN2. Note: If you let the dewar go dry, you must wait for the dewar to completely warm up before you re-attempt filling. 

· Wait at least 3 more hours. 

· Connect the AC cable to the Saturn and the wall outlet. 

· Turn on the Saturn, but do NOT turn on the HV (a separate switch) 

· Check the HV setting. It should be -600V. Note, the negative polarity. 

· Start IOC application as instructed in Software. 

· Turn on the HV. 

· You can now take off the cap at the end of the snout. Be sure to put it back on when the detector is not in use for extended periods or during any activity near the end of the snout. 

· Run tests: ADC sawtooth, rate, baseline, background, etc 

Disassembly

· Shut down IOC application as instructed in Control Software. 

· Turn off the HV. Wait for the meter to read '0 V' before proceeding. 

· Turn off the Saturn. 

· Disconnect AC cable from wall. 

· Disconnect the cable assembly from the pre-amp. 

· Wait for LN2 in dewar to completely boil off, THEN wait another 24 hours. You may pour the LN2 out of the dewar, if you can do so safely (cryogenic hazard), and if you are careful not to shock or stress any of the detector assembly. Do NOT allow any LN2 to contact the pre-amp assembly or the snout. Do not hold the detector by the pre-amp assembly or by the snout. 

· Disconnect all cables (BNC, HV, and DB-9; parallel cable) from the Saturn. 

Single Element Vortex Detector (HXMA)





Parts

· Vortex detector (Note: handle with care, do not bump, and protect the end of the snout) 

· SII DXP 

· cap for snout 

· DXP cable (black with mesh) 

· DXP power cord (black) 

· 12V AC/DC power converter 

· battery pack 

Assembly

Always have either the battery pack or the 12V DC power converter plugged into the detector 
· make sure the IOC is operating 

· make sure end of snout is covered by cap 

	this section is for the temporary setup. It is a lashup configuration, for use until a suitable IOC interface can be found. 

	· connect parallel cable to Saturn DXP, then to IOC parallel port 

· connect BNC plug on DXP cable into the BNC connector on Saturn DXP, then the other end into the detector 

· connect Saturn AC and turn Saturn ON 

· do NOT turn on Saturn HV, ever 


· make sure 12V DC converter is plugged in and powered up 

· disconnect battery pack 

· connect DXP cable to SII DXP, then to detector 




· connect SII DXP AC 

· remove protective cap (black plastic) from detector snout 

· turn on Vortex AND WAIT for a minimum of 5 minutes before exposing to any source. 

Note, NEVER power down before this period is over, and NEVER power back up unless Vortex has been off for a minimum of 5 minutes. 
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Software will be discussed separately. 

Disassembly

· Shut down IOC application as instructed in Control Software. 

· Make sure 12V DC power converter is plugged in and powered up 

· Turn off Vortex. 

· You probably should wait a few minutes after powering off the Vortex before proceeding. 

· Follow the Assembly steps in reverse. 

Software

The software for the Vortex and the PGT is the same, provided they use the Vortex and Saturn DXP electronics, respectively. 

Control Software

Starting

· open a terminal window 

· log onto IOC1606-211 (as hxma) 

> ssh -Y ioc1606-211 -l hxma

   OR

> ssh 10.106.20.21 -l hxma

· Start the DXP IOC application by: 

> cd glen (not ~glen)

> ./runDxp (for Saturn)

   OR

> ./runVortex (for HXMA Vortex)

· Leave that window running (i.e. do not accidentally kill the above). 

GUI

· to start the GUI 

· on the HXMA account: on Desktop, look for and doubleclick on "Saturn DXP" icon 

· on a user account: see Use with HXMA IDA 

· a single window should appear, and it should have labels like "Peaking Time" and "Gap Time". This is the basic configuration window (not to be confused with its full configuration window), which will be refered to as the "DXP window" from here on. 

· when the detector has just been turned on, the "ADC Trace" should be checked. On the lower right of the DXP window, pull down the "DXP & MCA Plot" menu and select "ADC Trace" 

· set the time scale to 250 or 500 us per bin (this should correspond to 1 to 2 seconds full scale). 

· after 15 to 30 seconds from HV being turned on, you should see a sawtooth pattern with a freqency of 3-5 Hz. 

· the sawtooth will be much higher in the first 15 to 30 seconds after turning on the HV (kHz), but do not be alarmed during this period. If this condition persists after 1 minute, then be alarmed, shut it down, and report it to Ning Chen or Chang-Yong Kim (who will probably report it to Ru Igarashi). 

· If the ADC Trace look satisfactory, check "DXP & MCA Plot" -> "Baseline Histogram". 

· This is a histogram of the baseline and the width represents intrinsic noise. 

· If the FWHM is wider than 2 keV (note the scale is typically logarithmic), there may be a problem. If adjusting the Energy Peaking Time does not improve this, report it to Ning Chen or Chang-Yong Kim. 

· Back on the DXP window, the following are typical settings: 

· HPGe: 

· Trigger Peaking Time: 0.15 to 0.20 us 

· Energy Peaking Time: 24 us (> 16 us) 

· Trigger Level: > 0 (e.g. 2 keV) (Note: this is not the "Energy Trigger Level") 

· Energy Trigger Level: 0 keV 

· Trigger Gap Time: 0 us 

· Energy Gap Time: 0.25 us 

· Baseline: Enabled, Auto, and Cut = 5% 

· Max. Energy: 20 keV 

· % ADC Rule: 5% 

· HXMA Vortex: 

· Trigger Peaking Time: 0.20 to 0.30 us 

· Energy Peaking Time: 12 us (> 8 us for high resolution, < 1us for low resolution) 

· Trigger Level: > 0 (e.g. 2 keV) (Note: this is not the "Energy Trigger Level") 

· Energy Trigger Level: 0 keV 

· Trigger Gap Time: 0 us 

· Energy Gap Time: 0.25 us 

· Baseline: Enabled, Auto, and Cut = 5% 

· Max. Energy: 20keV or 40keV
· % ADC Rule: 10% 

· Of the above, 

· The Trigger Level is the most commonly used parameter, as that is the energy threshold for triggering measurements. 

· The next commonly used parameter is the Energy Peaking Time. This sets when after the detector pulse edge that the peak value is obtained. 

· The shorter it is, the more count rate (lower deadtime), but at the expense of poorer resolution. 

· The converse is true for larger values. 

· The values above correspond to higher resolution, poorer count rate. 

· A typical lowest value, for highest count rate, is 0.25 microseconds (regardless, it MUST be higher than the Trigger Peaking Time). 

· See Determining Peaking Time for more information. 

· Note: changing the peaking time will change the intrinsic energy calibration. If maintaining an accurate calibration is a requirement, you must recalibrate the energy every time you change the peaking time. 

· The Energy Gap Time has a similar effect. However, in practice the only time it is useful to adjust it is to increase it from the above suggested value for improved resolution. If left with the given low value, the electronics automatically computes the appropriate minimum gap time. As such it is normally left unmodified. 

· on the lower right of the DXP window, "DXP & MCA Plot" -> "MCA Display". This should bring up a histogram window with "Region of Interest" counters. 

· you can clear, start, and stop spectrum acquisition. Note that "Start" actually means "Resume". "Erase & Start" will start a new spectrum. 

· spectra X axis is labelled by bin number only, with a fullscale range of 0 to 2048. If Max. Energy on the main window is 20.48, this obviously means 0.01 keV per bin. If you want to change the full scan range, change Max. Energy; just keep in mind that the X-axis labels will not reflect this change. 

· as long as you only change "Max. Energy", the calibration of the DXP should be valid. Changing other parameters can change the DXP response (though returning them to what you found them at should recover the calibration). 

· There is an upper limit for "Max. Energy", determined by % ADC Rule. This is equivalent to changing the amplification of the raw voltage input. The typical value for "% ADC Rule" is 5%, and typical range is 5 - 10%. If you find that increasing "Max. Energy" has no effect, try raising "% ADC Rule". 

· The calibration coefficient for either detector is in a file called vortex.ini. 

· It is found in the respective iocBoot/iocSaturn subdirectory for the detector. That is, the filename is the same, but the actual file location is different. 

· Look for the section labelled "[detector definitions]". 

· Change the parameter channel0_gain. To move a peak to higher channels, reduce this parameter. To move the peak to lower channels, increase this parameter. 

· Typical values are 5.2 for Saturn with PGT detector, and 1.91 for Vortex detector. 

Shutting Down

· Close the Dxp GUI windows. 

· In the window where you typed runVortex or runDxp, type exit, then log out. 

Use with HXMA IDA

XAFS with Saturn/Vortex

The IDA configuration file for doing XAFS with either the Saturn or Vortex electronics is /home/hxma/IDAconfig/XAFS_vortex.cfg. It determines how IDA does a scan (e.g. what to wait for before integrating and what to wait for before moving). Hopefully, you won't have to make any changes to this. 

You tell IDA to use this configuration by 

· press the Detector button on the main IDA window 

· pull down the menu 

· select Saturn-Vortex 

· turn on the "enable" switch 

· When you next start an Acquire, you should see a comment in the bottom left of IDA saying the above configuration file has been loaded. 

Next, you need to tell BLGraph to set up graphs appropriate for the Vortex/Saturn. 

· If BLGraph isn't running yet, manually launch it by 

· pull down the Plot menu at the top of IDA 

· select Restart plotter 

· In the BLGraph control panel, press Configure. That should pop up a Configure dialog. 

· pull down the "Scan Command:" menu and select ".x Vormission.C", then close the dialog. 

At this point, you merely proceed with a normal XAFS scan. The differences are: 

· for every normal data file, you will also see a "spectra" file. This file contains a foreground spectrum and background spectrum for each line in the normal file, one line per spectrum, alternating between the two (i.e. there will be twices as many spectra lines as lines in the normal file). At this time, a parser to "rotate" each spectrum is not available, but it will be as soon as a format has been determined (talk to ru, please). 

· associated with the "spectra" file are the two columns in the normal data file that normally would have been the measured values associated to the spectra's PVs (but for obvious reasons don't). They are the "number of characters/bytes" into the "spectra" file that the corresponding spectrum starts at. 

When you want to stop doing XAFS with the Vortex/Saturn, it is best to shut down IDA and BLGraph, as well as the DXP GUI. This ensures that no one accidentally uses IDA with a Vortex/Saturn configuration. 

Energy Calibration

The SynApps software does not have an interactive calibration feature. However, it is possible to calibrate the MCA spectrum by changing the calibration factor in on of its configuration files, "vortex.ini". This file can be found in: 

· Saturn: /home/hxma/glen/dxp/iocBoot/iocSaturn 

· Vortex: /home/hxma/glen/Vortex/dxp/iocBoot/iocSaturn 

In that file, look for the lines that looks like: 

START #1

alias = detector1

number_of_channels = 1

type = reset

type_value = 10.

channel0_gain = 1.88

channel0_polarity = +

The parameter to change is channel0_gain. This quantity is in mV/eV, so if you have a peak that is at too high an energy (i.e. you want to shift it down), you need to increase this quantity. The basic procedure is as you would expect: 

· put a known source in front of the detector (e.g. 55-Fe) 

· measure a spectrum 

· find the centroid of the peak of reference energy 

· compute the percentage difference between the reference energy and the measured energy (centroid). 

· edit vortex.ini and adjust channel0_gain by this percentage 

· shut down the control application (i.e. the "runDxp" or "runVortex" programs), then restart it 

· measure another spectrum, repeat above if necessary 

Typical values (peaking time in parentheses) are: 

	PGT HPGe 
	Vortex 

	5.2 (24) 
	0.412 (16, temporary) 

	4.69 (0.25) 
	0.41 (0.25, temporary) 


The calibration will change if you change the Energy Peaking Time, so you will likely have to recalibrate. Some values for typical settings are provided above. 

Determining Peaking Time

For a quick selection, 

· if you want highest resolution at the cost of reduced count rate or high dead time: 

	- 
	PGT HPGe 
	Vortex 

	time (us) 
	24 
	16 (do not exceed 16) 

	55Fe FWHM (eV) 
	122 
	146 


· if you want higher count rate or lower dead time at the cost of poorer resolution: 

	- 
	PGT HPGe 
	Vortex 

	time (us) 
	0.25 
	0.25 

	Fe55 FWHM (eV) 
	414 
	287 


This MUST be set higher than the Trigger Peaking Time; setting below that is an error condition. 

At 6 keV with the PGT HPGe, the transition from highest resolution to highest count rate settings corresponds to a 4 times poorer energy resolution. Thus if you need to be able to separate counts from two peaks that are separated by less than 4 FWHM, you should not consider reducing the peaking time to this extent. 

Note: you may occasionally find that some energy peaking times either don't work or cause a lockup or even a crash, particularly in the 2-4 microsecond range. Some of these settings generate untenable internal settings in the electronics. Normally, setting to a high peaking time will restore operations. If that doesn't work, try restarting the IOC application. If that doesn't work, follow the control system shutdown and startup procedure and be sure to input a valid peaking time before trying anything else. The simply avoid the bad range. This should not present a problem because the range in question typically is not useful. 

Finding Optimal Peaking Times for Resolution

To optimize peaking time for energy resolution, you really need to scan the peaking time. 

· For values of 0.25, 0.5, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 32, 48 microseconds, collect spectra containing the peak of interest, or of a radioactive source peak in the range of energy of interest. 

· Extract the width of the peak and plot those against the corresponding peaking time. You should see a curve depending on "1/sqrt(peaking time) + baseline". 

· The resolution should basically plateau at some point. That point is the optimal peaking time with highest resolution without needless sacrifice of count rate. 

· Note: due to idiosyncracies associated with some digital processing electronics, you may not get the smooth curve as described. Often this is due to internal transitions between processing strategies. In that case, you may have to map the peaking time curve more finely and simply choose a point that seems to have the best resolution. 

Compromising Peaking Time and Resolution

· For compromise settings, looking at the spectra for each of the peaking times, determine how much wider you are willing to let the peak be (thus where the ROI boundaries will be) either 

· without loosing counts under the unwanted peak, or 

· for a set fraction of lost counts under the unwanted peak, or 

· for a set fraction of counts from the unwanted peak you are willing to accept 

· choose the peaking time that satisfies you compromise condition 

· Bear in mind that a large gain in rate can be acheived by changing from highest gain to a modest loss of resolution, say 25%. 

· For example, for the PGT HPGe at 6 keV, if the nearest unwanted peak was 4 FWHM away, I would consider reducing the peaking time from 24 microseconds to 4 microseconds because the resolution goes from 120 eV to 165 eV while gaining a factor of 6 in rate. That would leave me with 3 FWHM separation which in turn should only result in single digit % mixing of counts with the other peak when I put my ROI boundary in the center of separation. 

· Some recommended peaking times for compromising rate against resolution: 

	FWHM increase (ev) 
	HPGe 
	Vortex 

	20 
	8 
	3 

	40 
	4 
	1 


· Note: if the resolution vs. peaking time plot is not a monotonically smooth curve, as explained in the previous section, there may be multiple peaking times that give the same resolution. Chose the smallest peaking time of those choices. 

Limitations, Special Consideration for Setup, and Missed Setup Points
It should be noted that the Vortex detector will automatically quit and can be damaged if the number of counts it receives exceed its limit. To ensure that you don’t hit the limit of 600,000 counts throughput a metal block and lead/aluminium shielding should be used in addition to the plastic cap until you are ready to take data. Slits should also be kept very small for the initial count rate test. 

While selecting one of the regions in the data acquisition software to watch the whole span (0-40keV), watch the counts and open the photon shutter. If the counts in this span get close to 600,000 immediately close the shutters to prevent damage to the system.
If the throughput counts are too high you have a number of choices:

1. Adjust the slits accordingly to a smaller opening

2. Consider placing a lead tape/aluminium foil cover over the snout (always a good option)

3. Pull the detector back away from the sample

4. Place a Soller Type set of slits between the sample and the detector (reduces overall signal while increasing the signal to noise ratio)

5. Try a different detector, (eg. PGT/Ge, Lytle Box, Transmission etc.)

6. Try reducing the concentration of your sample. (a last resort)
If the throughput counts are well below 600,000 you have a few options also:
1. Increase the size of the slits

2. Reduce the amount of shielding over the snout

3. Push detector closer to the sample

If the throughput counts are reasonable overall, but your region has very few counts consider:

1. Place a Soller Type set of slits between the sample and the detector (reduces overall signal while increasing the signal to noise ratio)

2. Try a more sensitive detector, (eg. 4 Element Vortex, 32 Element Ge etc.)
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Try increasing the concentration of your samples. (a last resort)

To use either the Saturn of Vortex detectors you need to first go to the IDA, click on Detectors, which will bring up the screen shown at right. Then go to the drop down menu and select Saturn-Vortex. Once it is in the list (Covered by the drop down menu in the picture), click on Saturn-Vortex in the list, then select Enabled. You can access the DXP Detector Control by pressing Configure from this screen.
This window can be closed.
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In order to ensure that the BL Graph software can plot and save the data taken we must from the IDA Main Control Panel Click on the Plot menu and select Restart Plotter (or Start Plotter). 
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Sometimes BL Graph doesn’t start right away, you can try clicking the acquire button as that seems to help it sometimes. Either way once it opens select Configure, then in the drop down menu of this screen “.x Vormission.C” for both the Vortex and Saturn Detectors.
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