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INTRODUCTION

The purpose of this guide is to provide you with assistance to quickly install, setup, and begin using
your UCS 30 Universal Computer Spectrometer (USB).

INSTALL SOFTWARE

Install the software CD shipped with your UCS 30 system into your CD ROM drive. The auto-start
feature will open the InstallShield Wizard. Click Next to continue.

Welcome to the InstallShield Wizard for UCS30

The InstaliShieldiR) Wizard will install UC330 on your computer,
To continue, click Mext.

< Back I Next = I Cancel

Verify your user information and the default destination folder C:\Program Files\Spectrum Tech-
niques\UCS30\.

You might want to note this Program installation path in case you want to store spectra in this loca-
tion.

{2 UCS30 - InstallShield Wizard

Ready to Install the Program \
The wizard is ready to begin installation. \

If you want to review or change any of your installation settings, click Back. Click Cancel ta
exit the wizard.

Current Settings:

Setup Type:
Typical
Destination Folder:
C\Program FilesiSpectrum TechniguesiUCs 300

User Information:
Name! Roger Stevens
Company; Spectrum Techniques

Tnstallshield

= Back I Install I
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Click Install to begin program installation if you are satisfied with your entries.

The installation will begin. You can monitor the install progress by watching the status bar. The in-
stall should be reasonably quick and will conclude by displaying the InstallShield Wizard Com-
pleted screen. Click Einish to exit the install wizard.

{5 UCS30 - InstallShield Wizard =101

Installing UCS30
The program features you selected are being installed. i

Please wait while the InstallShield Wizard installs UCS30. This may take
several minutes,

Status:
Copying new files

Inistal|5hield

| Cancel I

Note the UCS 30 icon that has been installed on your desktop.

Using your Windows Explorer, examine the contents of C:\Program Files\Spectrum Techniques
\UCS30\ . This file should contain a Drivers folder, an Examples folder, and several UCS 30 files
including the UCS 30 Manual in Adobe PDF format. You may want to create a shortcut to the man-
ual and place it on your desktop for quick reference.

Remove the installation CD from the CD ROM drive and store it in a safe place.

SYSTEM SETUP

Connect your detector to the UCS 30. Connect the detector high voltage cable to the MHV connec-
tor on the UCS 30 labeled POS HIGH VOLTAGE.

Connect the BNC signal cable from the detector to the BNC connector on the UCS 30 labeled IN-
PUT.

NOTE: If you are using a detector with a preamplifier included, connect to the INPUT BNC connec-
tor and set the UCS 30 MODE to PHA (Amp In).

If you are using a detector with a preamplifier AND external amplifier, connect the detector signal ca-
ble to the INPUT BNC connector on the UCS 30 and set the MODE to PHA (Direct In).

Turn on the power to the UCS 30.
Your PC should detect the presence of a new hardware device and may automatically install the re-

quired software. If the software does not load automatically, follow the system prompts. Remember,
the location of the software is C:\Program Files\Spectrum Techniques\UCS30\ .
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After you specify location of your software, you may see the following screen, or similar:

Hardware Installation

] E The software you are installing for this hardware:
L

Spectrum Technigues — UCS520

has not passed '.I"."II'II:lIII'n'n.'S LDgn:u testlng to ".l'Eﬂf"-’ its compatibility
with Windows ¥F. [Tell me why this testing is impodant )

Continuing your installation of this software may impair
or destabilize the comect operation of your system
either immediately or in the future. Microsoft strongly
Td recommends that you stop this installation now and
contact the hardware vendor for software that has

passed Windows Logo testing.

[ Continue Amaway l [ STOF Installation ]

i/

Select Continue Anyway and finish the installation.

Start the UCS 30 program by double-clicking on the UCS 30 icon on your desktop.

Place a Cs-137 calibration source on your detector.

Next, open the Settings pull-down menu. Click on Energy Calibrate, then select Auto Calibrate.
The system will now auto calibrate. This process will take several minutes. Once completed, the
message box will display the current settings for high voltage, coarse and fine gain. The screen is
now energy calibrated from 0 to 1024 KeV.

Erase spectrum using the eraser icon.

Click the Go button and take a spectrum until you obtain a well defined peak at the 662 keV line of
Cesium. Stop the acquisition.

Set the ROI by clicking on Settings, ROIs, then Set ROI. Place the cursor over the lower channel
you wish to start the ROI with, hold down the left mouse key and drag the cursor to the desired upper
channel for the ROI. Release the mouse button and the ROI will be set and highlighted. When the
cursor is placed anywhere in the ROI, the total counts in the ROI will be displayed.
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_&,_Spect-rum Techniques - UCS530 - Live Mode

Charmel: 30
Cowmbs: 3547

Now set a preset count. You can choose Time, then Real Time or Live Time, or Integral Counts.
Let’s use Integral Counts since we have set a Region of Interest (ROI). Select Settings, Presets,
then Integral Counts. In the box, enter a number for the desired level of counts in the ROI that will
stop data acquisition. (Note: You must first have your cursor set in your ROI.)

Click on File and Save Setup, enter a file name and save. You can use this count protocol when-
ever you wish by selecting File, Load Setup and selecting this file.

USING YOUR SYSTEM

This guide is intended to help you setup and begin using your UCS 30 as quickly and easily as possi-
ble. The more you use the system, the more you will become familiar with its operation.

More detail on operation is provided in the UCS 30 user’s manual.
Contact us if you still have questions, comments or problems pertaining to your system or its opera-

tion.

Spectrum Techniques
(865) 482-9937
http://www.spectrumtechniques.com
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Introduction

Hardware

The Universal Computer Spectrometer offers a unique solution for nuclear spectrometry using
the PC platform. A 4K ADC (optional) combined with 8K of data memory and multi-channel
scaling is ideally suited to scintillation spectroscopy and time related studies such as half-life
decay.

Constructed in a sturdy, fully-shielded bench top enclosure with Universal Serial Bus (USB)
computer interface, the multi-channel analyzer contains many advanced features including
computer controlled amplifier and high voltage for PM tubes, upper- and lower-level
discriminators, on-instrument data memory, and a comprehensive software package for use
under Windows 2000 or higher.

The UCS-30 requires only an available USB port and is designed to work seamlessly with USB-
equipped PCs. For stability and low noise operation, the unit is AC-line powered with an auto-
sensing power supply for 100-250 VAC operation. An on-board microprocessor acts as the
master controller and data storage device, as well as the communication link directly to the USB
interface.

The integrated amplifier and high voltage are fully compatible with most standard scintillation
detectors, eliminating the need for special tube bases and external modules. For ease of setup and
calibration, coarse gain, fine gain, high voltage, and lower- and upper-level discriminator settings
are controlled directly from the desktop computer. For operation with other types of detector
systems such as alpha spectrometers or single photon counting, the scintillation preamp and
amplifier can be bypassed (by computer control while in the “Mode” menu) which allows direct
access to the ADC.

A 4096 channel ADC with de-randomizing buffer offers excellent data throughput at high
counting rates with minimal dead-time losses. Conversion gain may be changed from 4096 to
either 2048, 1024, 512, or 256 channels via the software. Data from the ADC is stored directly in
on-board memory for autonomy and high-speed operation, freeing the host computer for other
tasks.

Software

The UCS-30 produces a high-resolution, real-time live color display of spectral data with
standard PC graphics running under Windows® (2000 and above). Operation is intuitive using
pull-down menus and function buttons for the most commonly used commands and display
options. The software offers full control of all features including preset live/real time and
regions-of-interest, together with centroid, gross and net area calculations.

Control of the hardware amplifier, high voltage, ADC and input discriminators is also through
function buttons for straightforward calibration and operation. To simplify identification of

Spectrum Techniques UCS-30 5
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peaks, the cursor may be calibrated to read directly in energy units, using either a 2-point linear,
or 3-point quadratic relationship calibration to allow for detector non-linearity.

Spectral files may be transferred to disk for long-term storage as binary files or transferred
through the clipboard in ASCII format for exporting to other programs. Stored files may be used
to collect background data over a long counting period that can be subtracted on a time
proportional basis from the spectral data.

To aid in the identification of nuclides, the UCS-30 contains a unique peak-labeling feature
named ISOMATCH. Providing the unit is accurately energy calibrated, the user may select a
nuclide from the library and the corresponding characteristic emission lines are superimposed on
the spectrum along with isotope and energy information. Using this feature, users may quickly
check a spectrum and visually identify the emission components for each nuclide present. The
ISOMATCH libraries may be created or customized using a text editor.

When operating in multi-channel scaling mode, the system may be calibrated in time units for
direct readout from the cursor.

Both linear- and logarithmic-vertical display ranges are included, which can be useful when
performing decay studies

Spectrum files can be transferred from the ICS 10 DOS program and the ICSW 16
Windows program to the UCS-30 Windows version format.

Most functions may be accessed by more than one method. All the functions can be accessed
from the Pull Down Menues, some from the Tool Bar Buttons, or by the mouse. If the function
has a Tool Bar Button, its symbol will be shown on the left-hand side of the description.

Spectrum Techniques UCS-30 6
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Screen View

_ﬁ_ﬁpectrum Techniques - UC530 - Live Mode

Installation

System Requirements

The UCS-30 instrument uses a Universal Serial Bus (USB) to communicate with a PC. The PC
must have USB compatible drivers, which are available standard on Windows 2000 and later
releases. The performance of the USB on older systems may affect the perceived performance of
the software; so we recommend that you use a Pentium 111 or greater class of microprocessor
running at 550 MHz or greater to achieve desirable performance.

Installing Software

Insert the included CD in your CD-ROM drive. The install program will automatically run.
Follow the instructions to select the options you want to install.

The default installation directory is C:\Program Files\Spectrum Techniques\UCS 30

Spectrum Techniques UCS-30 7
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Example files:

Spectrum (*.spu) files:
Normal.spu — contains an uncalibrated spectrum of CS-137.
Calibrated.spu — contains a calibrated spectrum of CS-137.

Setup (*.sup) files:
Normal.sup — has settings used in Normal.spu.
Calibrated.sup — has settings used in Calibrated.spu.

Library (*.itm) files

Isotopes.itm — contains a list of common isotope peaks for use with the IsoMatch
function.

Uninstalling Software

Go to the Windows Start Menu, select Settings, then Control Panel. On the Control Panel, select
Add/Remove Software. Find UCS-30, double click and follow the instructions.

Connections On Rear Panel

WARNING — ELECTRICAL SHOCK HAZARD

TO AVOID ANY POSSIBLILITY OF ELECTRICAL
SHOCK, ALWAYS TURN OFF THE INSTRUMENT
POWER BEFORE CONNECTING THE EXTERNAL
CABLES. DANGEROUS HIGH VOLTAGE CAN EXIST
ON THE EXTERNAL HY CONNECTOR WHEN THE
UNIT IS OPERATING. NEVER REMOVE OR
CONNECT CABLES WITH THE INSTRUMENT
RUNNING.

SERVICE BY AUTHORIZED PERSONNEL ONLY.

PREAMP POWER POS NEG  WARNING: MANUFACTURED BY SPEC TRUM TECHNIQUES
DANGEROUS VOL TAGES OAK RIDGE TENNESSEE 37830
ON HV CONNECTORS
MADE IN USA
ey o O O
gg — égg&/Ac HIGH VOLTAGE
MSB ROl GATE  MCS TCoMP
Uss out  out IN N NPUT
e OO 0O O
DANGEROUS VOLTAGES INSIDE
SERVICE BY AUTHORIZED
PERSONNEL ONLY
Rear Panel

Spectrum Techniques UCS-30
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CAUTION: Be sure to use the correct high voltage polarity for your device to prevent
possible damage to equipment.

POS HIGH VOLTAGE: MHYV (or optional SHV) connector supplies positive 0 - 2048 volt
@ 1mA maximum current to power scintillation detectors. High voltage is fully regulated and
computer controlled in 2 volt increments.

NEG HIGH VOLTAGE: Negative High Voltage is an Option. If this option is added, the
UCS30 can also supply negative 0 - 2048 volt @ 1mA maximum current to power scintillation
detector through an MHV (or optional SHV) connector. High voltage is fully regulated and
computer controlled in 2 volt increments.

Either the POS HIGH VOLTAGE or NEG HIGH VOLTAGE may be selected for use. Go to
the “Settings” menu, then choose the “Amp/HV/ADC Settings” sub menu to gain access to the
polarity selection.

WARNING: HIGH VOLTAGE must be “OFF” before switching between POS HIGH
VOLTAGE or NEG HIGH VOLTAGE. Failure to comply with this WARNING may result in
severe instrument damage.

INPUT: BNC connector. This input is for signals from a scintillation detector, scintillation
preamplifier, or other type detector amplifiers (proportional counter, germanium detector) for
eventual processing by the ADC. The internal scintillation preamplifier and also the scintillation
amplifier can be bypassed using the “Mode” menu.

MCS IN: BNC connector to input positive Multichannel Scaling (MCS) TTL pulses, > 150nsec.
5 MHz maximum rate.

ROI OUT: (OPTIONAL) BNC connector supplies a pulse output when data is acquired in a
channel marked as a Region of Interest (ROI). The pulse width is adjustable from 100 usec to 25
msec by an internal pot. The pulse amplitude is adjustable from 0 volt to 7.5 volts by an internal
pot.

GATE IN: BNC connector for connection to external coincidence unit. A positive TTL pulse
causes the ADC to accept the next pulse. The Gate pulse must be present before the peak of the
input Pulse. Gate pulse width = 50 nsec to 2 psec.

MSB OUT: BNC connector to output the most significant MCS bit for Mossbauer Applications.
The output pulse period in seconds is equal to the dwell time multiplied by the conversion gain.
Used as a trigger for an external device (i.e. constant acceleration drive). Output will begin after
the first pass in Mossbauer mode.

T/COMP: Modular connector for connection to temperature compensated tube base.

USB: Universal Serial Bus connector for communication with computer.

PREAMP POWER: DB-9 connector, supplies +12v power for External preamplifier.

Spectrum Techniques UCS-30 9
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(NOTE: An OPTIONAL £24v preamplifier power output is available to ensure compatiblity

with germanium detectors.)

Analysis Modes

Pulse Height Analysis (PreAmp In)

This is the normal operating mode for
collecting sample gamma emission spectra.
The amplitude of each detector pulse is
measured by the ADC and stored as an
amplitude (energy) spectrum.

The X axis is scaled to the selected channels
and the Y axis is scaled for the counts for each
channel. Y axis counts that exceed the
maximum Y axis value are ‘wrapped’; they no
longer are scaled to the Y axis, and they
appear in a different color.

Pulse Height Analysis (Amp In)

trum Techniques - UCS30 - Li

Spectrum Techniques UCS-30

Similar to the 'PHA PreAmp In' operating
mode except that the incoming signal
bypasses the instrument's internal Pre-
Amplifier.

The amplitude of each detector pulse is

measured by the ADC and stored as an
amplitude (energy) spectrum.

Pulse Height Analysis (Direct In)

Similar to the 'PHA PreAmp In' operating
mode except that the incoming signal
bypasses both the instrument's internal Pre-
Amplifier and Amplifier.

The amplitude of each detector pulse is

measured by the ADC and stored as an
amplitude (energy) spectrum.
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Multi Channel Scaling (Internal)

_‘_?_'-ptrr:.tlum Iechnigues - UCS520 - Live Mode
File Edt Mode Display Seftings Stip Background Yiew Help

ENER2O0BEE N NS XE B EE S
|

Channel: 482 Tirne: 066 sec
Counts: 1.3 Dwall: 2 sao

Heady [HV:B300N LT IRT:D Davica SMN:96 -

(UCS20 MCS Spectrum shown; UCS30 similar)

Multi Channel Scaling mode is used for measuring time related phenomena such as half-life
decay or single photon counting. The ADC is bypassed and incoming events are routed directly
into memory for specific predetermined times (dwell time) and stored in sequential memory
locations.

To use this mode, first acquire a spectrum using the Pulse Height Analysis mode. While
acquiring the spectrum, adjust the LLD and the ULD to select the energy range of interest (for
example, selecting only the 662 keV peak from CS-137 will eliminate unwanted background and
produce a superior decay curve when using a Cs-137/Ba-137 mini-generator.)

Click the Mode menu and select MCS

trum Techniques - UC530 -

Spectrum Techniques UCS-30 11
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Click the Settings menu and select MCS

ﬂ UCS30 - 5N: 1018 - MCS Internal - version 1.1.07 USB
File Spectrum Mode Display | Settings | Strip Background 3

Q -
High Voltage o[ of in:

Time

Integral Count
High Voltage | Amp | ADC
%S Settings

Restore Default Settings

The Setup MCS Dwell Time dialog box will appear:

setup M-S
Chweell Time
[100 ms i j
B Cancel i
[ Halp |

Enter the Dwell Time. This time is for each memory location (channel). Remember the total pass
time will be equal to (Conversion Gain x Dwell Time).

Erase any current memory data and click START COUNTS. The UCS-30 will proceed to count
incoming events for the selected dwell time, store the total in the first channel location, reset the
counter and repeat the cycle storing each total count in sequential channels.

Spectrum Techniques UCS-30 12
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External Multi Channel Scaling

trum Techniques - UC530 -

| Mode.

If you wish to use an external pulse generation system such as a coincidence circuit, it will be
necessary to bypass the on-board amplifier and discriminators. Connect the external counts
connector to the Ext MCS connector on the back of the instrument and select the menu item
MODE, then select External MCS.

When operating in this mode, the MCS input requires positive TTL signals (>2.5v, >150 ns
duration).

Spectrum Techniques UCS-30 13
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Mossbauer (Internal)

ctrum Techniques - UCS530 - L

This mode uses the internal preamp. Connect the signal into the INPUT BNC connector. The
Mossbauer mode has variable dwell time ranging from 100 uSec to 6 Sec. A Preset number of
passes can be set to the desired number or left at zero (0) for infinite passes.

The following is the Mossbauer spectrum of a Co-57 source with an enriched Fe-57 absorber,
showing nuclear Zeeman splitting.

# Spectum Techniques - UCS30 - File Mode - Mossbauer_Spectrum. spu

Spectrum Techniques UCS-30 14
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Mossbauer (External)

trum Techniques - UCS30 - L

This mode requires the use of an external amplifier. The signal must connect to the MCS
INPUT BNC connector. The Mossbauer External mode has variable dwell time ranging from
100 pSec to 6 Sec. A Preset number of passes can be set to the desired number or left at zero (0)
for infinite passes.

The following is the Mossbauer spectrum of a Co-57 source with an enriched Fe-57 absorber,
showing nuclear Zeeman splitting.

Spectrum Techniques UCS-30 15
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Operation

) instrument and is used only to view and
Live Mode manipulate files that have been saved to disk.

_,g@g._ﬁpectrum Techniques - UC530 - Live Mode File Mode

The software starts up in the Live Mode. This A Spectrum Techniques - UC530 - File Mode - iczdemo.spe
mode uses the USB to communicate with the

Instrument. File Mode is accessible from the live mode by
going to the File Menu and clicking on Open.

If you access the File Menu and click on Select the file you want to view. Some

Open, a new window appears which looks like  functions, which have no use when viewing

the current window, except that the title bar files, are disabled in the Menus and the

shows “File Mode’ instead of ‘Live Mode’. Toolbar.

File mode does not communicate with the

Amp/HVIADC

Click the Amp/HV/ADC Button on the
toolbar:

Or use the settings menu and click on
Amp/HV/ADC

AmpHVAADC

7l EESEEES

Spectrum Techniques UCS-30 16
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The Amp/HV/ADC dialog box will appear.

Amp/HY/ADC Sethings

Adjustments may be made to the
amplification, high voltage, conversion gain,
low level discriminator, and the high level
discriminator.

Selecting OK will cause these values to be
written to the UCS-30 instrument.

Spectrum Techniques UCS-30
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Configuring System
Parameters:

Once the program is running it will be
necessary to configure the system parameters
for correct operation and calibration.

Place a gamma emitting check source near the
detector face. Cesium-137 (Cs-137) is a good
choice. It has a single peak at 662 keV.

Click on Settings, then click on
Amp/HV/ADC

Set the high voltage to the voltage as listed by
the detector manufacturer. As an example, set
the high voltage to positive 600 volts; click
ON.

DO NOT exceed the maximum high voltage
rating of the detector, usually 1200 volts.

Set the amplifier COARSE GAIN to 8, and
set the FINE GAIN to 1 as a starting position.
Click on OK, to set adjustments and exit the
menu.

Start the data acquisition and adjust the
amplifier gain until the 662 keV peak is
approximately mid-scale.

Once the acquisition is started, you may enter
the Amp/HV/ADC menu and make
adjustments while viewing the spectrum. This
will allow you to position the peak in the
desired channels.

Spectrum Techniques UCS-30

High Voltage

Amp/HY/ADC Settings

High Voltage may be entered directly in the
text box or may be scrolled to the value
desired. A warning will be issued if you
attempt to input a value higher than 1200
volts, since this is the highest value that many
probes can tolerate without damage. If you
know that your probe can accept higher than
1200 volts, you may increase the voltage up to
2048 volts.
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Amplifier Coarse Gain Amplifier Fine Gain

Amp/HY/ADC Sethings Amp/HY/ADC Settings

{ . {
Aol . Al e

I T

{

Amplifier coarse gain may be set by clicking Amplifier fine gain may be directly entered as
the radio-button next to the desired multiplier.  a multiplier value between 1.0 and 2.275 in
0.005 increments.

Spectrum Techniques UCS-30 19
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ADC Conversion Gain

Amp/HY/ADC Sethings

Conversion Gain represents the number of
channels that will be sampled and displayed
on the screen. Smaller values save as smaller
files

The conversion gain default setting is
maximum channels. This is preferred for most
scintillation detector applications and
generally no adjustment is required.

For certain applications, such as alpha
spectroscopy, it may be necessary to change
this parameter to either 256, 512, 1024, 2048
or 4096 channels.

Spectrum Techniques UCS-30

Lower and Upper Level Discriminators

Amp/HY/ADC Settings

LLD and ULD, Lower Level Discriminator,
and Upper Level Discriminator, allow the user
to set a value between 0 and 102.3 (roughly
percent) that cuts off the input signal before it
gets to the ADC. The LLD is often used to
block high-count signals (noise) in the low
range that are not of interest, but require
excessive time to sample. The ULD may be
set up to 102.3.

Low level discrimination (LLD) may be
scrolled or directly entered.
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Upper level discrimination (ULD) may be The ability to switch between positive and
scrolled or directly entered. negative high voltage polarities is an add-on
option.

An alternative method to change the LLD and  NPut Polarity
ULD is to use the mouse to move the triangles
under the X axis. Move the mouse over the

triangle to be moved, press the left button, Amp/HV/ADC Settings
drag the triangle and release it where desired.
The software will not allow the LLD and the
ULD to be set outside appropriate ranges.

Voltage Polarity

Amp/HYFADC Settings

Some detectors require a positive input
polarity. This option is only available in PHA
Amp In mode.
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Peak Time Shaping

Amp/HY/ADC Sethings

)

{

I T

{

Amplifier Peaking Times of 1, 2, 4, or 8
microseconds are selectable in Amp In mode
only.

Peaking times longer than 1 microsecond are

useful with solid state detectors such as Ge(Li)
or HPGE detectors.

Spectrum Techniques UCS-30
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Presets

Preset Time
The real time count and the live time count
may be changed using the Preset function.

Click the Preset Time Button on the toolbar:

Preset Integral
The instrument can be set to stop
automatically after a ROI integral.

Click the Preset Integral Button on the toolbar:

B

Or use the settings menu and click on Presets:

Preset Time

Preset Time

* Real Time
0 Live Time
|1 23

OK

IR
Canicel |

Preset Live Time provides automatic
correction for counting losses caused by the
system deadtime, or the amount of time
required by the system to process pulses.
Events which occur during the pulse
processing cycle are lost to the system so the
timer is automatically updated to compensate
for these losses. When operating at
excessively high count-rates the deadtime
meter will indicate a high value and the real
counting time may be more than doubled.
Increasing the LLD setting can help reduce
some high deadtime effects.

Preset Real Time sets the counting timer to
run for actual clocktime and makes no
correction for losses due to deadtime effects.

Click on Settings, click on Presets

Enter the LIVE or REAL time in the correct
box. Click on OK, to set adjustment and exit
menu.

IReady [Hy: 650 DN

LT:249

[RT:251 [Lmit #120 ,;l

Both the LIVE TIME and REAL TIME values are displayed on the UCS-30 status bar as LT
and RT. These values are saved in the file during data storage.

Spectrum Techniques UCS-30
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Preset Integral

Preset Count

Set integral counk:

|12345q

Cancel |

Go, Stop and Erase

Region of Interest (ROI)

Set Integral

To set an integral count it is necessary to
first establish a ROI and then position the
marker within the region.

Selecting an ROI and setting a value other
than O in preset integral will cause the
system to STOP counting when the total
counts of all the channels within the ROI
reaches that value.

Go, Stop and Erase functions are accessed
with the Tool Bar buttons. Clicking on Start
begins data collection. Clicking on Stop ends
data collection. Clicking on Erase sets each
channel’s data to zero. Additionally, three 'hot
key' combination are defined as shortcuts for
data acquisition functions. Pressing the
appropriate action key while pressing the 'Ctrl'
and 'Shift' keys will provide Go, Stop and
Erase action. To Go press 'Ctrl+Shift+A’; to
Stop press 'Ctrl+Shift+S'; and to Erase press
'Ctrl+Shift+E".

Region of interest (ROI) selection is an
advanced feature which provides
instantaneous computation of peak gross and
net counts. These values may be used along
with isotope decay tables and detection
efficiency to calculate absolute or relative
isotopic activities. ROIs must not overlap and SeleatVevice
need to be separated by at least one channel
for correct area calculation. Up to 16 different
ROls are possible using the color selector
from the pull down Settings menu.

Spectrum Techniques UCS-30
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Set ROI

To set an ROI around a peak, click the ROI
button on the Tool Bar. Click the left mouse
button at the beginning of the ROI, hold down
the left mouse button and drag the marker to
the other side of the peak, release mouse
button.

Clear ROI
Move marker to the ROI to be cleared. Open

the Setting Menu, open ROI and select Clear
ROI.

Gross and Net Count

When the marker is positioned in a region of
interest (ROI), the UCS-30 software
automatically calculates the Gross and Net

Functions

Energy Calibration

el et

% =il =et Bl ==

The energy calibration feature allows the
marker to read directly in energy units. Two
calibration functions are possible, a 2-point
linear, or a 3-point quadratic fit.

Spectrum Techniques UCS-30

area of the region. In order to minimize
statistical effects at the ROI endpoints, a 3-
point averaging technique is applied. The
contents of channels (n-1), (n), and (n+1) are
summed and averaged to derive the content of
the endpoint channel for the net area
computation. A linear interpolation is
performed between these averaged endpoint
values and counts below this interpolation are
subtracted to arrive at the Net area of the
peak. Gross counts is the sum of all channels
in the ROL.

Position the marker in the peak of interest.
The Gross and Net areas are automatically
computed and displayed on the spectrum
screen.

In order to perform an energy calibration, it
is first necessary to acquire a spectrum using
known isotopes. Cs-137 together with Co-60
works well for many applications, producing
gamma lines at 32 keV, 662 keV, 1173 keV
and 1332 keV.

Select 2-point or 3-point mode and enter
the calibration units to be used, (keV or
MeV). Position the marker at the highest
channel of the first peak and enter the peak
energy value. Move the marker to the high
point on the second peak to be used for the
calibration, enter energy number. If a 3-
point calibration is required, continue by
moving the marker to the peak channel of
the third peak, enter its energy and click OK.
The system will now be calibrated and the
marker position will read directly in energy.

To return to the channel number mode, click
on Settings, click on Uncalibrate.
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Energy Calibration may also be selected
using the right mouse button.

Energy Calibration

Energy Calibrate

Energy Calibrate E

Paint 1 Foirnt 2

Channel: |13 Chennel: (644

ke |34 ke [662]
ok | cancel | [ ok ] cencsl |

Auto Calibrate is a convenience provided
for users working in the under 1000 keV
energy range. Selecting Auto Calibrate will
initiate an acquisition sequence that attempts
to determine optimum detector voltage and
gain settings for a calibrated energy
spectrum display. This calibration is
specifically designed to place the primary
peak of a Cesium-137 source at a point
approximately 65% of the x-axis scale. Once
located, the energy calibration coefficients
are calculated to provide a two point
calibration (32 and 662 keV. Use of other
sources will result in erroneous calibration.

AutoCalibration in Progress - SN:001 20

Autocalbration will take a few minutes to complete.
Pleaze stand by,
Thiz mezzage wil close when process is complete.
[f woL wigh ko abort the operation early,
preszs the '"Cancel’ buttan.

| Cancel |

The calibration sequence can require a few
minutes to complete. In the absence of an
adequate source or improper cable
connection, the process may not succeed.
Once Auto Calibrate begins, an

Spectrum Techniques UCS-30

information dialog box is displayed which
advises to wait for completion and provides
an opportunity to cancel the calibration.
Pressing of the Cancel button will result in
the auto-calibration process being aborted
and the high voltage setting being reset to
zero. If allowed to work to completion, the
gains and voltage will be left at the
determined calibration settings and the
spectrum scale will be displayed in energy.
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Temperature Compensation

- UCS530 - Live Mode

| Seings.

b

Temperature Compenzation b ‘

---THIS FUNCTION IS NOT
CURRENTLY AVAILABLE ---

The temperature compensation feature
allows the UCS 30 to automatically adjust
the fine high voltage to correct for
temperature variation.

In order to perform temperature
compensation, the fine high voltage factor
(measured in channels/step) and temperature
coefficient (measured in channels / degree
celsius) most be known. These can be
provided by the use in the Parameters
menu, or found by allowing the UCS-30 to
calibrate for temperature compensation
using a cesium source.

Spectrum Techniques UCS-30

Setup

Temperature Compensation Setup ¥|

—
—

The setup menu provides the UCS 30 with
the length of time it should monitor
temperature variations to calculate the
temperature coefficient. The interval,
which must be set to 5~60 minutes, is how
often the UCS 30 measures the temperature
and cesium peak. The time, which must be
set to 4~24 hours, is how long the UCS 30
will stay in calibration mode.

Parameters

Temperature Cormrection

The fine high voltage factor (measured in
channels/step) and temperature coefficient
(measured in channels / degree celsius) can
be entered in the parameters menu. Also,
temperature compensation may be enabled
in this dialog box by clicking the enable
checkbox.

The parameters are automatically changed
and temperature compensation is enabled
after calibrating for temperature
compensation.
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Selecting calibrate will initiate an
acquisition sequence that attempts to
determine the compensation parameters.
First it attempts to AutoCalibrate the
system. Once energy calibrated, the UCS 30
will attempt to find the temperature
compensation parameters by finding the
cesium peak at the specified interval over
the specified time.

Isotope Matching

_&_Spechum Techniques - UC530 - Live Mode

Spectrum Techniques UCS-30

Temperature Calibration in Progress

Since the calibration will take several hours,
an information dialog box is displayed
which advises to wait for completion and
provides an opportunity to cancel the
calibration. Pressing of the Cancel button
will result in the temperature compensation
calibration process being aborted.

HM:

Centroid:
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Displaying Isotope Peaks

Isotope peaks may be indicated on calibrated spectra. These peaks are selected from a list
provided by selecting the Display menu and clicking on Iso Match. The following dialog box
will be displayed:

Show Isotopes El

Diepiey lzotope. Half-Life
Peak Report
Diats Report

¥ Calibration
v ROls
Iso Match

Fivel Size *

BT Uaats

2441 days

Cancel | I

Click the isotopes peaks in the window that you want to display. These will be highlighted to
indicate selection. When your list is complete, click Okay to display them.

Editing the Iso Match list
Select the Edit menu and click Iso Match. The following dialog box will be displayed:

Edit
| Expariment
lzo Match

| Emooth Data

Spectrum Techniques UCS-30
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Isotope Match Edit

lzotope

Half-Life

Add |

Crelete |

EDIT |

o]

Cancel |

IsoMatch Library NOT loaded.

The dialog box top window labeled *Select an existing isotope” will be empty unless an 1so
Match library has been loaded. If a library has been loaded, you can select on of the entries from
the window, if a library has not been loaded, or you want to add an entry to the list, enter the
name in the second window titled ‘or enter and isotope name’. Enter the number of peaks you
want to add for this isotope in the third box labeled ‘Enter number of peaks [10 max]’ and click

on Edit.

Isotope Match Edit
lzotope Half-Life

Co-B0 B.27 years
Cd-109 1.27 pears
Cz137 A pearz

Ba133 10.4 vears
kn-hd MN2.2 davs
Ma-22 1465 pears
Zn-Bh 2441 dayz

sdd | Delete | EDIT |
0k | Cancel |

IsoMatch Library IS loaded

Further dialog boxes will appear that allow you to enter peak(s) for the isotope.

Isotope Edit

|zotope Half-Life
IES-1 a7 IEEI pears

Feak Energy [Kel) Bbundance

BE1.62 2462

3218 ha

Add | Drelete | Edit I
ok | Cancel |

If you want to save the Iso Match to a disk file, open the File Menu and click on Save Library.

Spectrum Techniques UCS-30
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Strip Background

I Sﬁp'Badcgomd' Wiew  Help
Load Spsactrum
Load Background

¥ Showw spectrum
Show Background

Cwverlay Spectrum and Background

Sirp Background from Specium

Allows the user to load a spectrum and a background and then strip the background from the
spectrum.

Strip Background

it SRt T T T
Strip Backaround  View  Help

! Load Spectrum
I Load Background

The Strip Background option is available only in the File Mode. The user may load two files
(Spectrum and Background) and subtract the second file from the first. The portion subtracted is
based on a time adjustment to the data in the second file. For example if the first file was
measured with 100 seconds live time and the second file was measured with 200 seconds live
time, then the data in the second file is divided by 2 (200 seconds / 100 seconds) before it is
subtracted.

Background Subtraction

This is a special case of spectrum stripping. Collect a background sample spectrum, usually for a
long collection time. Load this spectrum as Background and click on “Strip Background from
Spectrum.” The live time fraction of the background is subtracted from spectrum. This provides a
convenient method of removing naturally occurring background from a sample spectrum and can
be very useful when working with low level environmental samples.

Spectrum Techniques UCS-30 31
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Load Spectrum
ittt At e T T T T
Sirip Background  View  Help
Load Spectrum
I Laad Background

o spectLIm

Click on Load Spectrum and in the File
Dialog Box that opens, select the spectrum
you intend to have the background stripped
from. For example, the spectrum may be taken
for an isotope; the background may be the
readings with no isotope present.

Load Background
ittt At e T T T T
Sirip Background  View  Help
Load Spectrum
I Laad Background

o spectLIm

Click on Load background and in the File
Dialog Box that opens, select the background
you intend to strip from the first. For example,

Spectrum Techniques UCS-30

the spectrum may be taken for an isotope; the
background may be readings with no isotope
present.

Show Spectrum

| Strp Background  View  Help
Load Spectrum
Load Backgrournd

¥ Show spectrum
Show Background

Cwerlay Spectrum and Background

Sirp Background from Spacirum
B

Click Show Spectrum to view spectrum.

Show Background

Strip Background  View  Help
[ Load Spectrim
| LoadBackground

Show spectrum
¥ Show Background

Owverlay Spectrum and Background

Strip Background from Spectrum

Click Show Background to view background.
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Overlay Spectra

Click Overlay Spectra to view the spectrum and the background at the same time.

l".’npr:t:l:umTL*L‘hr!iquus UCS20 - File Mode - TEST1 . zpu
Eie Edt Mode Display Settings Ship Backgrourd Yiew Help

NN 2 BN BEN A EEERAA

Charnnel: 511 Energy: dross. FiHb:
Counts: 5 Centroid:

Ready Hy:880 LT FileMode -

Strip Background from Spectrum

| Strip Background  View  Help
Load Spectrum
Load Background

Show spectrum
« Show Background

Cwerlay Spectrum and Background
Strip Background from Spectrum

Click Strip Background from Spectrum to subtract the two spectra, where the background is
corrected for the difference in the data collection time to give a correct proportion. As an
example, if the background count time is 10 minutes and the sample count time is 60 minutes,
then the Strip Background from Spectrum function will subtract 1/6 (10 minutes background
count time/60 minutes sample count time) of the background counts from the sample spectrum.
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Data Smoothing

it
Exparimeant
lzo Match

| Smonoth Data

Click Smooth Data to perform a 3-point averaging of the data currently being displayed. The
function uses the following algorithm to average data in each channel, where ‘n’ is the channel
number.

(n-1)+(n)+(n+1) .
3

Menu Bar

Many advanced functions are possible via the pulldown menus. This section describes each
operation in the sequence they appear. Black letters indicate the function is operational, gray
indicates not-operational, highlighted indicates the function to be activated.

File Edit Mode Display, Setkings  Strip Background Wiew  Help

File

| File:

Dpem.. . Chrl+i
Save Chrl+5

Load Setup
Save Setup
Load Isobope Library
Save Tsotope Library

Print. ., Zhrl+P
Prink Prewview
Print Setup. ..
Exit
Spectrum Techniques UCS-30 34
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File Open

File Open allows the user to open data files. A new instance of the UCS-30 application in the
File Mode is generated.

File Save

The spectrum data and the associated setup and experiment data are saved to a *.spu file.

File Load Setup

Used if power has been turned off to the USC30, Load Setup loads a previously saved setup file
and quickly restores the analyzer to its previous operating condition.

High Voltage must be turned on after loading setup !

File Save Setup
Once the UCS-30 has been setup and calibrated, Save Setup stores all operating parameters as a

disk file for subsequent retrieval. See Load Setup description, above, for this procedure to
restore the UCS30 to a previous condition.

File Load Library

Allows loading of an Iso Match library file (*.itm).
File Save Library

Allows saving of an Iso Match library file (*.itm).
File Print

Allows the user to print the displayed spectrum.

File Print Preview

Allows the user to preview the spectrum as it will be printed.

File Print Setup

Allows the user to adjust the printer parameters before printing.

File Exit

Spectrum Technigues UCS-30 35
L



Closes the application.

Edit

Edit
Exparimeant
lzo Match

| Smonoth Data

Edit Experiment

Spectrum Mame

|Lab Test234-432

Descripion

|Deterrr‘ir*c the unknown isotope
Student IO

|Selly 12345678

Detactor Usad
[Acme 98765-a

Comments
|F'|=-t1ke indicate that this is Ce-1 ﬁﬂ

omes_| |

Edit Experiment provides a means of inserting text into spectral file headers for referencing
specific measurements. This text is saved along with data and parameter information in .SPE and
.TSV files, and it is used for the Peak Report and the Data Report. The comments field saves a
maximum of 50 characters.

Enter the desired text into the dialog box and click OK when finished.

Edit Iso Match

Editing the Iso Match list
Select the Edit menu and click Iso Match. The following dialog box will be displayed:

Edit
Experiment
lzo Match

| Smooth Data
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Isotope Match Edit EI Isotope Match Edit EI
lzotope Half-Life lzotope Half-Life

Co-B0 B.27 years

Cd-109 1.27 pears

Cz137 A pearz

Ba133 10.4 vears

kn-hd MN2.2 davs

Ma-22 1465 pears

Zn-Bh 2441 dayz

sdd | Delete | EDIT | sdd | Delete | EDIT |
0k | Cancel | 0k | Cancel |

Iso Match Library NOT loaded. Iso Match Library IS loaded

The dialog box top window labeled ‘Select an existing isotope” will be empty unless an 1so
Match library has been loaded. If a library has been loaded, you can select on of the entries from
the window, if a library has not been loaded, or you want to add an entry to the list, enter the
name in the second window titled ‘or enter and isotope name’. Enter the number of peaks you
want to add for this isotope in the third box labeled ‘Enter number of peaks [10 max]’ and click
on Edit.

Further dialog boxes will appear that allow you to enter peak(s) for the isotope.

Isotope Edit

|zotope Half-Life
IES-1 a7 IEEI pears

Feak Energy [Kel) Bbundance

BE1.62 2462

3218 ha

Add | Drelete | Edit I
ok | Cancel |

If you want to save the Iso Match to a disk file, open the File Menu and click on Save Library.

Spectrum Techniques U

CS-30
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Edit Smooth Data

Edit Smooth Data allows the user to apply a three-point smoothing algorithm to the displayed
data.

Mode Display

| Displey
Peak Report
Data Report
¥ Calibration
v BOls
1o Match

Fivel Size P

Display Peak Report

If regions of interest have been set around peaks in a spectrum, the Peak Report provides a
convenient method of displaying peak information in tabular form. Readout will be in energy
units if the energy calibration is active.

Display Data Report
The Data Report includes all hardware setting, counting parameters and spectrum data. ROI

data is reported by lower and upper channels set, gross, net, FWHM, centroid, all channels and
corresponding counts.

Display Calibration

Display Calibration allows the user to switch between on/off in calibration mode and channel
numbers or energy is displayed on the horizontal line.

Display ROIs

Display ROls lets the user toggle between displaying and not displaying the ROIs.

Display Iso Match

Display Iso Match lets the user toggle between displaying and not displaying the Iso Match
peaks.
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Display Pixel Sizes

Display
Peak Report
Data Repart
¥ Calibration
» Rlls
Iso Match
EEZEDED o
. 2Points
3 Points

Allows the user to choose between 1, 2, and 3 pixels per data point displayed. The default is 2.

Spectrum Techniques UCS-30
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Settings Clear ROI

Settings ROIs Clicking on Clear ROI will clear the ROI
indicated by the marker.

Allows the user to select the option to set or o
clear an ROL. Clicking on Set ROI allows the user to set the

ROL.
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Settings Energy Calibrate

Wl Fralnate

fle e =

Opens a submenu for calibrating and uncalibrating the spectrum.
Settings Energy Uncalibrate

Clicking Energy Uncalibrate will undo energy calibration and return the spectrum to the
channel mode of data display.

Settings Energy Calibrate 2 Point

Clicking 2-Point allows the user to calibrate the data using two points.
Settings Energy Calibrate 3 Point

Clicking 3-Point allows the user to calibrate the data using three points.

Settings Energy Auto Calibrate

Clicking Auto Calibrate initiates a calibration sequence. During Auto Calibration, high voltage
and gain settings are automatically adjusted in sequence to determine optimum settings for

energy calibration assuming detection of Cs-137 source. Once started, the operator is given an
opportunity to cancel. A cancelled autocalibration does not revert to prior settings.
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AutoCalibration in Progress - SN:00120

Autocalbration will take a few minutes to complete.
Pleasze stand by,
Thiz mezzage will cloze when process iz complete.
[F wou wizh to abort the operation early,
preszz the '"Cancel’ button.

| Cancel

Settings Preset

Clicking Presets allows the user to select the Presets Dialog box.

Settings Amp/HV/ADC

Clicking Amp/HV/ADC allows the user to select the Amp/HV/ADC Dialog box.

Settings MCS

Clicking MCS allows the user to access the MCS Dwell Time dialog box, if the Mode is set to
MCS.

Setup MCS

Chazll Time
|1EIEI ms

[MOTTErn O FESEEE

Cancel
[ Help |

Scroll to the desired Dwell Time then highlight the value selected then press OK.
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Settings Color

Clicking Color allows the user to select the Colors Dialog Box to set or change the colors for
the ROIs and Background .

Change ‘ FRasatAll |

K, | Cancel | Help |

The Color Dialog Box allows the user to select custom colors for ROIs, Plot Background, Plot
Border and Text.

Select the item to change, click on Change, select the desire color, click on OK, returns to the
Color screen, make additional color changes, when all color changes have been made, click on
OK, enters data and returns to spectrum screen.

Color allows the user to select a range of Basic Colors or create Custom Colors.

Spectrum Techniques UCS-30 43
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Basic colors:

Il I [
T EE
Er T EET EE
il T T
O
I e e

Custom colors:

[ J 3y 0 1 3 00
[ §F f i F I N ¥

Define Custom Colors »» |

oK I Cancal |

Dialog Box with standard Colors.

Color

Basic colors:

A
I ol
BT ..
I ..
e 1 1 ] |
ENErERET .

Custom colaors:

S . ,
rrrrrrrrl..ﬁﬁ.ﬁﬁi

| BIEThE Cstama]Ere ; ColoriSalid |y II]_ Blue: IIZI_
ok | cancal | Addto Custom Colors

Dialog Box expanded for custom colors.

Note:
Setup of computer graphic may affect the true color of the color selected.

Settings Confirm Spectrum Erasure
Unchecking Confirm Spectrum Erasure allows the user to bypass the confirmation of erasing
current spectrum data. By default, this option is checked each time the application is started. If
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the setting is unchecked, erasure of the current spectrum is immediate and cannot be undone--use
this feature wisely. When the setting is checked, a request to erase is followed by the display of a
confirmation dialog box to give an opportunity to cancel the request.

Settings Reset All Variables To Defaults
Clicking Reset All Variables To Defaults results in configuration settings being reset to the
initialized state.

A confirmation dialog box will be presented to give an opportunity to cancel the request. Once
accepted, the changes are made and cannot be undone. Click on "Yes' to reset defaults, or on 'No'
to cancel the operation.

Strip Background

| Strip Background  View  Help
| Load Spectrum
Load Background

¥ Show spectrum
Show Background

Owerlay Spectrum and Background

Sirip Background from Spectnum

Allows the user to load a spectrum and a background and then strip the background from the
spectrum.

Strip Background

l

| Strip Background  View  Help

Load Spectrum
Load Backgraund

Show specirum

Show Background

Crverlay Spectrum and Backaround

Sirip Background fram Spectrim
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The Strip Background option is available only
in the File Mode. The user may load two files
(Spectrum and Background) and subtract the
second file from the first. The portion
subtracted is based on a time adjustment to the
data in the second file. For example if the first
file was measured with 100 seconds live time
and the second file was measured with 200
seconds live time, then the data in the second
file is divided by 2 (200 seconds / 100
seconds) before it is subtracted.

Background Subtraction

This is a special case of spectrum stripping.
Collect a background sample spectrum,
usually for a long collection time. Load this
spectrum as Background and click on “Strip
Background from Spectrum.” The live time
fraction of the background is subtracted from
spectrum. This provides a convenient method
of removing naturally occurring background
from a sample spectrum and can be very
useful when working with low level
environmental samples.

Load Spectrum
il R T T T
Sirip Background  View  Help

Load Spectrum
l Load Background

Click on Load Spectrum and in the File
Dialog Box that opens, select the spectrum
you intend to have the background stripped
from. For example, the spectrum may be taken
for an isotope, the background may be the
readings with no isotope present.

Spectrum Techniques UCS-30

Load Background
et SR e S e T T T
Strip Background  View  Help

Load Spectrum
l Load Background

Click on Load background and in the File
Dialog Box that opens, select the background
you intend to strip from the first. For example,
the spectrum may be taken for an isotope, the
background may be readings with no isotope
present.

Show Spectrum

_- Sn"t:-'Badcgﬁmd' Wiew  Help
Load Spectrum
Load Background

¥ Show spectrum
Shony Background

Cwerlay Spectrum and Background

Sirp Background from Spacirum

Click Show Spectrum to view spectrum.

Show Background

Strip Background  View  Help
Load Spectrum
Load Backgrourd

Show spectrum
¥ Show Background

Cverlay Spectrum and Background

Strip Background from Spectrum

Click Show Background to view background.
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Overlay Spectra

l".’npr:t:l:umTL*L‘hr!iquus UCS20 - File Mode - TEST1 . zpu
File  Edit _ﬂnd& Display  Settings  Ship Background  Yiew ]:[e'rq__

HEE2AEEBE DA

EEd

Charnnel: 511 Energy: dross. FiHb:
Counts: § et Centroid:

Ready Hy:880 LT | FileMode -

Click Overlay Spectra to view the spectrum and the background at the same time.

Strip Background from Spectrum

Strip Background  View  Help
Load Spectrum
Load Background

Show spectrum
¥ Show Background

Cwerlay Spectrum and Background
Strip Background from Spectrum

Click Strip Background from Spectrum to subtract the two spectra, where the background is
corrected for the difference in the data collection time to give a correct proportion. As an
example, if the background count time is 10 minutes and the sample count time is 60 minutes,
then the Strip Background from Spectrum function will subtract 1/6 (10 minutes background
count time/60 minutes sample count time) of the background counts from the sample spectrum.
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View
Mg

i e

Allows the user to display or not display the Tool Bar and/or the Status Bar.
Tool Bar
Allows the user to display or not display the Tool Bar.

Status Bar

Allows the user to display or not display the Status Bar.

Help

The Help menu provides a convenient operator reference for the UCS-30 in the standard
Windows Help format.

Contents

The Help menu provides a convenient operator reference for the UCS-30 in the standard
Windows Help format.

Using Help

The Using Help item provides the standard Windows Help on using the Windows Help system.
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About

Displays a splash screen with the Application name and version number.

About UCS530

Tool Bar

e E R EE

Go allows the user to start the acquire mode of ~ Stop allows the user to stop the acquire mode
a spectrum. This can also be accomplished by ~ of a spectrum. This can also be accomplished
clicking on the green Start Icon on the by clicking on the red Stop Icon on the
display screen. Optionally, pressing ‘A" while display. Optionally, pressing 'S" while pressing
pressing and holding 'Ctrl' and 'Shift' keys will  and holding the 'Ctrl' and 'Shift' keys will stop
start acquisition. acquisition.
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Erase

&

Erase allows the user to erase the spectrum
when in stop mode. This can also be
accomplished by clicking on the Eraser Icon
on the display screen. Optionally, pressing 'E'
while pressing and holding the 'Ctrl' and 'Shift'
keys will initiate an erase request.

Caution: If Settings-Confirm Spectrum
Erasure is unchecked, erasure is immediate
and final.

Show Peak Report

If regions of interest, ROIs, have been set
around peaks in a spectrum, the Peak Report
provides a convenient method of displaying
peak information in tabular form. Readout will
be in energy units if the energy calibration is
active.

Show Data Report

Data Report includes all hardware setting,
counting parameters and spectrum data. ROI
data is reported by lower and upper channels
set, gross, net, FWHM, centroid, all channels
and corresponding counts.

Amp/HV/ADC

Spectrum Techniques UCS-30

Allows the user to select the Amp/HV/ADC
Dialog box.

Presets

-
E B

Allows the user to select the Presets Dialog
box.

ROI

A

Allows the user to set an ROI.
Spectrum Window Sizing
M

These buttons allow the user to set the size of
the X and Y axes.

If a button is grayed, its function is not
available for use. Scroll bars will appear when
a spectrum is zoomed in or when it is being
viewed in linear mode to provide further
control.

Y axis Log

Clicking the Y axis Log button sets the Y axis
to a logarithmic scale with a maximum range
of 16 million counts.

50
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X axis expand X axis contract

@ ]
Cllck|ng the X axis expand button increases CIlelng the X aX'S contract button decreases

the span of the X axis, up to the maximum set  the span of the X axis.
by the Conversion Gain.

Status Bar

Feady |[HV:7B00N LTS [RTAS  [Unit#S5 ol Polarity:Pos

The status bar at the bottom of the window displays a context sensitive help message on the left
side, the high voltage, live time, real time, the selected device, high voltage and input polarities
on the right side.
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Specifications

Hardware

Physical:

Amplifier:

ADC:

LLD & ULD:

Modes:
Timers:
Data Memory:

Deadtime:
Power:

Single instrument includes preamplifier, amplifier, detector high voltage, 4096-
channel (maximum) multichannel analyzer with data memory, LLD and ULD.
Fully compatible with many scintillation detectors and commercial tube bases.

On-board combination preamplifier/amplifier for use with scintillation detectors
and PMTs. Computer controlled coarse and fine gain from x1 to x160.

Wilkinson type with 80 MHz clock and computer selected conversion gain of
4096, 2048, 1024, 512, or 256 channels. Direct input accepts pulse peaking
times of 1 psec. to 10 psec. Includes dead-time correction when used in Live-
time mode.

Lower Level- and Upper Level-discriminators. Independently computer
controlled in 4-channel increments over entire input range. Operates prior to
ADC for reduced system dead time.

MCA for pulse height analysis, or MCS for half-life decay or other time related
studies.

Real-time or Live-time operation selectable in 1-second increments for PHA, or
dwell times from 10 msec. to 600 seconds per channel in MCS mode.

On-board static RAM, 4096 channel (x) 3 Bytes for data, plus region-of-interest
flag.

System dead-time is computed and displayed on screen during acquisition.

AC line powered with an auto sensing power supply for 100 — 250 VAC, 10
watts total.

Connections On Rear Panel:

PREAMP POWER POS NEG  WARNING: MANUFACTURED BY SPEC TRUM TECHNIQUES
DANGEROUS VOL TAGES
ON HV CONNECTORS OAK RIDGE TENNESSEE 37830
MADE IN USA
acrowern [
gg — égg&/Ac HIGH VOLTAGE
MSB ROl GATE  MCS TCOMP
UsB ouT  ouT IN N NPUT
wmns O OO0 O
DANGEROUS VOLTAGES INSIDE
SERVICE BY AUTHORIZED
PERSONNEL ONLY
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Software

System:

Display:

Time Mode:

ROls:
Integral:

Energy Cal:

Temp Comp:

Strip:

Smooth:
Control:

File:

Print:
ROI File:

IsoMatch:

Operates under Windows® 2000, Windows® XP with 600 kb disk space for the
executable file and 6 meg for the optional help file available disk space, 64 MB
RAM (128 MB recommended), and compatible mouse.

VGA or SVGA color graphics (800x600 recommended. Linear vertical scale
adjusts from 64 to 16M and full range logrithmic display. Horizontal 4096
channels with reduction down to 128 channels.

Preset live-time or preset real-time selection. Both times are recorded and
displayed.

Multiple Regions-of Interest using color coding.

When cursor is in ROI, computes gross area, net area with end point averaging,
centroid and FWHM.

2-point linear or 3-point quadratic converts cursor position reading directly to
energy units. (Time units in MCS mode.)

Temperature compensation adjusts high voltage to compensate for fluxuations
in temperature, when using a suitable PMT base.

Subtracts channel-by-channel time normalized data stored in File Mode.
Overlays two saved spectra in File Mode

3-point smoothing of selected displayed data.

Software control of High Voltage, Amplifier Gain, Lower and Upper level
discriminators, and ADC Conversion Gain.

Save or load data file and header information in binary or spreadsheet
compatible formats.

Prints current screen display to Windows printer.

Saves ROI data, centroid, FWHM, gross and net integrals, and header
information in spreadsheet compatible format.

Isotope library text file with peak markers and labeling for overlaying on
spectrum for quick isotope identification. Library may be edited from Edit,
IsoMatch pull down menu.

Spectrum Techniques Contact

SPECTRUM TECHNIQUES, LLC.
106 Union Valley Road
Oak Ridge, TN 37830
USA.
Tel. (865) 482-9937 Fax. (865) 483-0473
e-mail. sales@SpectrumTechnigues.com
Web Site. http://www.SpectrumTechniques.com

Spectrum Technigues UCS-30 53
L



567"

Time-to-Ampl itude Converter/SCA |

The EG&G ORTEC Model 567 Time-
to-Amplitude Converter/Single-
Channel Analyzer (TAC/SCA), meas-
ures the time interval between start
and stop input pulses, generates an
analog output pulse proportional to
the measured time, and provides
built-in single-channel analysis of the
analog signal. Additional gating mod-
ules are not necessary with this unit,
and timing experiments requiring time
ranges of 10 ns to 2 ms may be
performed with single-channel analy-
sis, giving the experimenter unparal-
leled flexibility in analyzing random
nuclear events that occur within a
selected time range. Time ranges from
50 ns to 2 ms are provided via the
front-panel controls.

Separate gating (anticoincidence or
coincidence) of the start and stop
inputs eliminates unwanted events
-from the time spectra via externally
nposed energy or timing restrictions.
The Model 567 also incorporates a
built-in SCA inhibit feature in which a
TAC output is available only if the
output pulse falls within the window
restrictions imposed by the SCA. This
feature may be switched in or out by
a convenient front-panel switch.

In addition to its start and stop input
gating capabilities, the Model 567
provides for a puised or dc-level
Reset/Inhibit signal via a front-panel
input connector. A Reset/Inhibit input
signal terminates the conversion cycle
and maintains a reset condition, in-
hibiting further TAC conversions for
the duration of the Reset/Inhibit pulse.
A TAC output pulse that is in process
at the time a Reset/Inhibit input is
received will be completed before
converter reset is initiated.

Valid Start and Valid Conversion out-
puts are provided for each accepted
start and stop input respectively. The
‘uration of the Valid Start output indi-

- cates the interval from the accepted
start until the end of reset. Valid Con-
version occurs from the end of the

internal delay after stob to the end of
reset. ’ '

The selectable TAC output width and
variable delay, which are easily ad-
justable, further serve to make the
Model 567 a flexible instrument. The
output of the TAC may be synchro-
nized with the stop signal or an exter-
nal strobe signal to further enhance
its versatility.

The single-channel analyzer section

of the Model 567 allows the experi--

menter to place very specific time
restrictions on the timing spectrum.
The SCA is operated in the Window
position, where the upper-level dis-
criminator setting is added to that of
the lower-level discriminator. The SCA
output pulse width is equal to the
time from the occurrence of the TAC
output until the end of the reset pulse
or the end of the TAC output. The syn-
chronization of the SCA output with
the stop input virtually eliminates any
time walk in the SCA output.

All Model 567 inputs are printed wiring
board (PWB) jumper-selectable to ac-
cept either negative or positive NIM-
standard signals. All inputs and out-
puts are dc-coupled so that changing
input count rates will not hinder nor-
mal operation of the Model 567. The
TAC output should be connected to
the dc-coupled input of a multichannel
analyzer (MCA) for optimum high-
count-rate performance.

~ -

For time spectroscopy in the range
from1i0nsto2 ms

Includes SCA to set a time window for
coincidence experiments

Valid Start and Valid Conversion

. outputs
® Selectable output delay and width
o Output synchronized with a stop or

external strobe signal ]

Provision to reject unwanted start or
stop input signals

Positive or negative input signals !z;
[ e . .v..f/ ; -t .'
i

RANGE (v 6}

100 ...
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Time-to-Amplitude Converter/SCA (continued)

Specifications

PERFORMANCE
Time-to-Amplitude Converter

TIME RESOLUTION FWHM <0.01% of full
scale plus 5 ps for all ranges.

TEMPERATURE INSTABILITY <10.01%/°C
(100 ppm/°C) of full scale plus 10 ps/°C, 0
to 50°C.

DIFFERENTIAL NONLINEARITY Typically
<1% from 10 ns or 2% of full scale (whichever
is greater) to 100% of fuil scale.

INTEGRAL NONLINEARITY <10.1% from
10 ns or 2% of full scale (whichever is greater)
to 100% of full scale.

RESET CYCLE Fixed 1.0 us for X1 and X10
Multipliers, fixed 5 us for X100 Multiptier, and
fixed 50 us for X1K and X10K Multipliers.
Occurs after Over Range, Strobe cycle, or Ext
Strobe Reset cycle.

START-t0-STOP CONVERSION TIME Mini-
mum <5 ns.

Single-Channel Analyzer

THRESHOLD INSTABILITY <10.01%/°C
5100 ppm/°C}) of full scale, 0 to 50°C (refer-
_iced to +12 V NIM bin).

"THRESHOLD NONLINEARITY  <+0.5% of full
scale.

comﬁds (Front Panel)

RANGE (ns) Three-position rotary switch se-
lects full scale time interval of 50, 100, or
200 ns between accepted Start and Stop input
gignals.

MULTIPLIER Flve-position rotary switch ex-
tends time range by a muitiplying factor of 1,
“10, 100, 1K, or 10K.

DELAY 20-turn screwdriver-adjustable po-
tentiometer varies the deiay of the TAC and
SCA outputs from 0.5 us to 10.5 us, relative to
an accepted Stop input signal; operable in the
Int Strobe mode only.

STROBE MODE Two-position locking toggle
switch selects either internal or External source
for initiating the strobe cycle to strobe valid
information from the TAC and SCA outputs.

START GATE MODE Two-position locking
toggle switch selects Coincidence or Anti-
coincidence mode of operation for the Start
circuitry. Start circuitry is enabled in the Coinc
position or inhibited in the Anti position during
the interval of a Start Gate input signal.

STOP GATE MODE Two-position locking
toggle switch selects Coincidence or Anti-
coincidence mode of operation for the Stop
csircuitry. Stop circuitry is enabled in the Coinc
position or inhibited in the Anti position during
the interval of a Stop Gate input signal.

SCA WINDOW (AT) 10-turn precision locking
potentiometer sets the SCA upper-level dis-
cniminator threshold from 0.05 V to 10.05 V

Ve the L twar c_ayel [T gerting,

SCA LOWER .LEVEL (T) 10-turn precision
locking potentiometer sets the SCA lower-
level discriminator threshold from 0.05 V to
10.05 V.

TAC INHIBIT Two-position lockmg toggle
switch. In the Inhibit position, the TAC outputis
available only if the output amplitude is within
the SCA window. In the Out position, the SCA
has no effect on the TAC output.

CONTROLS (Rear Panel)

EXT STROBE RESET Two-position locking
toggle switch allows the converter to be reset
nominally 10 us or 100 us after an accepted
Stop input signat if an Ext Strobe signal has not
been received.

INPUTS

All six front-panel inputs listed below are dc-
coupled, edge-triggered, and printed wiring
board (PWB) jumper selectable to accept either
negative or positive NIM-standard signals. Input
impedance is 50 (2 in the negative position and
>1K in the positive position, The threshold is
nominally —~400 mV in the negative position
and +2 V in the positive position.

STROBE Provides an external means to
strobe a valid output signal from the TAC in the
Ext Strobe mode. The input signal, exceeding
threshold within the Ext Strobe Reset interval
after the Stop input, initiates the read cycle for
the linear gate to the TAC output. Factory-set
in the positive input position. Ext Strobe Reset
interval has a minimum value of ~0.5 us and a
maximum value of nominaily 10 us or 100 us,
switch-selectable on rear panei.

START Time conversion initiated when Start
input signai exceeds threshold. Factory-set in
negative input position.

STOP Time conversion terminated when Stop
input signal exceeds threshold. Factory-set in
negative input position.

RESET/INHIB Terminates conversion cycle
and maintains reset condition, inhibiting further
TAC conversions, for the duration of the reset
cycle or the Reset/inhib puise, whichever is
longer. A TAC output pulse in process at the
time of a Reset/Inhib signal will be completed
before converter reset is initiated. Factory-set
in the positive input position.

START GATE Provides an external means of
gating the Start circuitry in either Coincidence
or Anticoincidence with the Start input signal.
Start Gate input signal must cross threshold
=10 ns prior to the Start input signal and
overtap the trigger edge of the signal. Factory-
set in the positive input position.

STOP GATE Provides an external means of
gating the Stop circuitry in either Coincidence
or Anticoincidence with the Stop input signal.
Stop Gate input signal must cross threshold
>10 ns prior to the Stop input signal and
overiap the trigger edge of the signal. Factory-
set in the positive input position.

4

OUTPUTS

TAC Front- and rear-panel BNC connectors
provide unipolar pulse.

Amplitude 0 to +10 V proportional to Start/
Stop input time difference. .
Time End of delay period in Int Strobe mode;
prompt with Strobe input in Ext Strobe mode.
Width Adjustable by PWB potentiometer from
1usto3ps.

impedance Front panel Z, <10 £; rear panel
a3 Q.

Rise Time ~250 ns.

Fall Time ~250ns.

VALID START Rear-panel BNC connector
provides NIM-standard slow positive logic level
signal.

Amplitude Nominally +5 V. Complement sig-
nal selectable by PWB jumper.

Time and Width From accepted Startinputto
end of reset

Impedance Z,<10Q.

Rise Time <50 ns.

Fall Time <50 ns.

VALID CONV Rear-panel BNC connector .

provides NiM-standard slow positive logic |eve! !
signal to indicate a Valid Conversion. :
Amptitude Nominally +5 V. Complement sug-
nali seiectable by PWB jumper. ;
Time and Width From end of internal delay
after Stop to end of reset. It
impedance Z, <1000 ;
Rise Time <50 ns.
Fall Time <50 ns.

SCA Front- and rear-panel connectors pro
vide NiM-standard slow positive logic Ievei ’
signals. : <
Amplitude Nommally +5V. Compiement sug
nal selectable by PWB jumper.

Time and Width From start of TAC linear out-
put to either end of reset or end of linear

output, PWB selectable Factory-set at end of '

reset.
impedance
Rise Time
Fail Time

<50 ns.
<50 ns.

POWER REQUIRED +24 V, 95 mA; +12
210 mA; —24 V, 185 mA; —12 V330 mA.

WEIGHT : 7
Net 1.4 kg (31b).
Shipping 3.2 kg (7 Ib).

DIMENSIONS NIM-standard double-wide
module 6.90 X 22.13 cm (2.70 X 8.714in)} per
TID-20893 (Rev). :

Ordering Information

To order, specily:

Model Description
567 Time-to-Amplitude
Converter/SCA



Scientific Disciminator

' FEATURES

* INDIVIDUAL THRESHOLD AND WIDTH CONTROLS
¢ LINEAR SUMMED OUTPUT

® BOTH FAST VETO AND BIN GATE

* LOW COST

® EIGHT (8) CHANNELS IN A SINGLE
WIDTH NIM MODULE

DESCRIPTION

The Model 705 was specifically designed for modern
experiments with large counter arrays, offering high per-
formance and reliability at a reasonable cost. The 705
features eight (8) totally independent channels with in-
dividual threshold and width controls. In addition, a fast
veto input and a summed output are common to all
channels.

Each channel has a threshold adjustment continuously
variable from -10 mV to —1 VoIt with a front panel test
point providing a DC voltage ten (10) times the actual
threshold setting. Likewise, each channel has a non-
updating regeneration circuit for adjustable output widths
from 6 nSEC to 150 nSEC.

A unique summed output is common to all eight chan-
nels providing —1 mA of current for each activated channel,
thus allowing a fast decision to be made on the number of
channels simultaneously hit. Up to 16 channels can be
“OR'D" directly by cable to other summed outputs allowing
a versatile scheme to form a trigger.

A fast veto input allows simuitaneous inhibiting of all
channeis to reject unwanted events early in the system.
Similarly, a bin gate will inhibit the entire module when
applied via the rear connector.

The outputs are the current source type with one pair
of negative bridged outputs and one complement for each »
channel. When only one output of the bridged pair is used,
a double-amplitude NIM puilse (-32mA} is generated, g e
when both connectors are used normal NIM levels (-16mA)
are produced. The outputs have crisp, clean transitions, and
their shapes are unaffected by the loading conditions of
the other outputs.




INPUT CHARACTERISTICS

General:

One LEMO connector input per channel; 50
ohms, + 1%, DC coupled:; less than +2%
input reflection for a 2.0 nSEC input risetime.
Input protection clamps at +.7 Volts and -5
Volts and can withstand +2 amps for 1 uSEC
with no damage to the input.

OUTPUT CHARACTERISTIC

General: :

Three LEMO connector outputs per channel;
One negative bridged pair and one comple-
mentary output; The bridged outputs deliver
-32mA into a single 50 ohm load {-1.6 volts),

or -16mA (-800mV) when both outputs 50 ohm
terminated. The complement is quiescently -16mA

{-800mV) and goes to OmA during output. The
output rise and fall times are less than
1.5 nSEC from 10% to 90% levels.

Width Control:

One control per channel; 15-turn screwdriver
adjustment; outputs continuously variable
Fast Veto: from 6 nSEC to 150 nSEC non-updating

One LEMO connector input common to all +.2%]°C stability.

eight (8} channels; accepts normal NIM level Summed Output:

pulse {- 500 mV), 50 ohms, direct coupled; One LEMO connector output common to all

must precede the negative edge of input pulse eight (8) channels; —1 m AP output pulse

by 5 nSEC; 5 nSEC minimum input width. (=50 mV into 50 ohms] for each channel

" fired. Output duration is equal to the out-

Bin Gate: put width setting of the respective channel.
Output rise and fall times less than 2.5 nSEC
into 50 ohms. Up to 16 channels can be direct-
ly “OR'D” by cable.

Threshold:

-10mV to -1 Volit; 15-turn screwdriver ad-
Jjustment; better than +0.2%/°C stability; front
panel test point provides a DC voltage ten
{10} times the actual threshold setting.

Rear panel slide switch enables or disables
slow bin gate in accordance with TID-20893.

GENERAL PERFORMANCE

Continuous Repetition Rate:
Greater than 75 MHz, with output width set at minimum.
Pulse-Pair Resolution:
Better than 12 nSEC, with output width set at minimum.
input to Output Delay:
Less than 9 nSEC.
Mulitiple Pulsing:
One and only one output pulse regardiess of input pulse amplitude or duration.
Power Supply Requirements:

- 6 Volts @ 420 mA + 6 Volts @ 415 mA

—12 Volts @ 165 mA +12Volts@ O mA

—24 Volts@ 80 mA +24 Volts@ 80 mA
115 Voits AC @ 65 mA

NOTE: All currents are within NIM specification limits permitting a full powered bin to be
operated without overloading.
Operating Temperature:
0°C to 70°C ambient.
Packaging:
Standard single width NIM module in accordance with TID-20893 and section ND-524.
Quality Control:
Standard 36-hour, cycled burn-in with switched power cycles.

Options:

Call Phillips Scientific to find out about available options.




MODEL 705 OCTAL DISCRIMINATOR

(FRONT PANEL DESCRIPTION)

Standard #1 NIM Packaging
in accordance with
TID-20893

Threshold Control; 15-turn
Screwdriver Adjustment,
Variable from =25 mV

to -1 Volt

50 Ohm Input
: Threshold Monitor; Test

Point provides a DC
Voltage 10 times the
actual Threshold Setting
(=250 mV to -10 V)

One Complemented NIM Output?
Quiescently -16 mA (-800 mV)
Goes to 0 mA (0 Volts) during
output. '

Output Width Control;
15-turn Screwdriver

6 nSec to 150 nSec.

Double amplitude bridged
~output; -32 mA (-1.6 Volts
across 50 ohms, -.8 Volt

Fast Inhlblt Input accepts
normal NIM logic (=500 mV)
50 Ohm Impedance

| “ Linear summed output; .

NOTE: Bin Gate Enable/
Disable Switch on Rear
Panel permits Inhibiting
‘'via Bin Connector.

Requirements

‘Adjustment, Variable from

with two 50 ohm terminations)

Woltage and Current MAkaf

Phillips Sclentific 13 Ackerman Avenue ¢ Suffern. New York 10901 * USA + (914) 357-9417




FEATURES

MODEL «»

® VERSATILE LOGIC MODULE WITH MAJORITY LEVEL SELECTION 755

GUAD FOUR~TOLD

® FOUR INDEPENDENT CHANNELS -, tosic
® 125 MHz RATE CAPABILITY

® DEADTIMELESS UPDATING OUTPUTS
® FAST ANTI-COINCIDENCE CAPABILITY

DESCRIPTION

The model 755 logic unit contains four channels of four input
logic with veto in a single width NIM module. Logic AND, OR
majority logic, fan-in/fan-out, and anti-coincidence functions
can be performed with this versatile module. All functions are
direct coupled and operate to over 125 MHz with input overlap
times as narrow as 1 nSEC.

Each channel has four logic inputs, an anti-coincidence input, v
a coincidence level switch, and five outputs with common width come
control. The inputs are enabled by connecting the input cable to the ' S
desired input, eliminating errors often occuring with switched
inputs. The setting of the coincidence level switch then determines
whether a logic OR, AND, or majority logic function will produce
an output.

After the inputs have satisfied the logic function desired,
triggering of an updating regenerative stage produces a standard-
ized output pulse, variable from 4 nSEC to 1 uSEC, independent
of the input puise shapes or overlap times. The updating feature
ensures deadtimeless operation, while the double-pulse resolution
is 7.5 nSEC for fast counting applications.

The outputs are the current source type with two pairs of
negative bridged outputs and one complement for each channel.
When only one output of a bridged pair is used, a double-amplitude
NIM pulse (-32 mA] is generated for driving long cables with
narrow pulse widths. The outputs have transition times of typically
1.0 nSEC, and their shapes are virtually unaffected by the loading
conditions of the other outputs.

wipTH  OuT



INPUT CHARACTERISTICS
A B, C, D1

OUTPUT CHARACTERISTICS

Four inputs per section, LEMO connectors;
accepts NIM level logic signals (-500 mV); 50
ohm input impedance direct coupled; input
reflections are less than +5% for a 1 nSEC rise-
time. Inputs are protected against damage from
450 volt input transients. Inputs respond to a

1 nSEC or greater input width.

Five outputs per section, two pairs of negative
bridged and one compiemented NIM. The two
pairs of bridged outputs are quiescently 0 mA
and -32 mA during output. {-1.6 V into 50 ohms
or -8 Vinto 25 ohms). The complemented
output is quiescently -16 mA and 0 mA during
output. Risetimes and falitimes are less than 1.5

Fast Veto: nSEC, and the output pulse shapes are
One input per section, LEMO connector; accepts optimized when the bridged outputs are 50 ohm
NIM level logic signal (-500 mV); 50 ohm input terminated.

Width Control:

One control per section; 15-tum screwdriver
adjustment. Outputs are continuously variable
from 4 nSEC to 1 USEC; better than 0.15%/°C.
Updating Operation:
The output pulse will be extended if a new input
pulse occurs while the output is active. This
provides deadtimeless operation and 100% duty
cycle can be achieved.

impedance, direct coupled; less than £5% input
reflection for a 1 nSEC risetime, protected against
damage +50 volt input transients. Requires a 3.5
nSEC minimum input width in time with the input
pulse leading edge to inhibit.

Bin Gate:

Rear-panel slide switch enables or disables the
slow bin gate via the rear connector. Signal levels
are in accordance with the TID-20893 standard.

GENERAL PERFORMANCE

Functions:

Logic AND, OR, majority logic, and logic fan-in/fan-out. All functions have leading edge inhibit with standard-
ized outputs.

Rate:

150 MHz minimum, input to output. Typically 160 MHz.
Double-Puise Resolution:

Less than 6.5 nSEC; Typically 6 nSEC with output width set at minimum.
Input to Output Delay:

Less than 8 nSEC.
Muitiple Puising:

One and only one output pulse regardless of input puise amplitude or duration.
Power Supply Requirements:

-6V @ 400 mA +6 V @ 250 mA
12V @ 165 mA +HZV@ 0 mA
-24 V @ 60 mA +24 V@ 35 mA

115 VAC @ 60 mA
Note: All currents within NIM specifications limits allowing a full-powered bin to be
operated without overioading.
Operating Temperature:
O°C to 70°C ambient.

Packaging:

Standard single width NIM module in accordance with TID-20893 and Section 524.
Options:

Call Phillips Scientific to find out about available options.




MODEL 755 QUAD FOUR-FOLD MAJORITY LOGIC UNIT

(FRONT PANMEL DESCRIPTION)

Standard #1 NIM Packaging
in accordance with
TID-20893

Four Logic Inputs; Accepts
Normal NIM Logic (=500 mV)
50 ohm Impelance

Four Position Coincidence
Level Switch; Selects

Logical "OR", "AND",
or Majority Logic
Functions.

One Complemented NIM
Output. Quiescently
-16 mA (-800 mV). Goes

to 0 mA (0 Volts) during
output.

NOTE: Bin Gate Enable/
Disable Switch on Rear
Panel permits Inhibiting
via Bin Connector.

Output Width Control;
15-turn Screwdriver
Adjustment, Variable from
4 nSec to 1 uSec.

Two pairs of bridged §

outputs; each pair delivers
=32 mA (-1.6 Volts across
50 ohms, -.8 Veolt with
both outputs 5C ohm
terminated).

Fast Inhibit Input accepts
normal NIM Logic (=500 mV)
50 ohm Impedance

Voltage and Current
Requirements

Phillips Scientific 13 Ackerman Avenue + Suffern. New York 10901 ¢ USA « (914] 357-9417
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QuarkNet
Cosmic Ray Muon Detector

User’s Manual
Series "6000" DAQ

January, 2010
Version 1.1

This manual provides information for setting up and using a cosmic ray muon detector
(CRMD) with the QuarkNet Version 2.5 Data Acquisition (DAQ) board and ancillary
hardware. It serves both beginning and advanced users.

This January, 2010 version includes an extensive rewrite of the original "Cosmic Ray
Detectors User's Manual, Version 2, August, 2008" which applied to the Series "200" and
"5000" DAQEs.

Much of the technical information was originally compiled in a user’s manual written by R.
J. Wilkes. Hans Berns, Rik Gran, Sten Hansen, and Terry Kiper contributed some of the
technical documentation with input from the practical experience of many beta testers.'

Although some of the components of your cosmic ray muon detector may have come from
various sources, the heart of the detector is the QuarkNet DAQ board. The development of
this board is a collaborative effort involving Fermilab, the University of Nebraska and the
University of Washington. Appendix A has a description of the history of this project.

DAQ Development Team

Fermilab: Sten Hansen, Tom Jordan, Terry Kiper

University of Nebraska: Dan Claes, Jared Kite, Victoria Mariupolskaya,
Greg Snow

University of Washington: Hans Berns, Toby Burnett, Paul Edmon,
Rik Gran, Ben Laughlin, Jeremy Sandler, Graham Wheel, Jeffrey Wilkes

'For more technical documentation on the DAQ board, see <http://www.phys.washington.edu/~walta/qnet_daq/>.
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Chapter 1: In the Classroom

Cosmic Ray Experiments

For most of today’s particle physics
experiments, large accelerators accelerate
particles to very high energies. However, it
is possible to do high-energy physics in your
school without a particle accelerator! Nature
serves as an accelerator for cosmic rays—
particles that are of astrophysical origin and
seem to be everywhere throughout the
universe. Astronomers are presently
researching the origin of energetic cosmic
rays. Scientists at the Pierre Auger
Observatory, in Las Pampas, Argentina,
point to black hole activity at the centers of
distant galaxies.

“Primary” cosmic rays, which are mainly
protons (and a few heavier nuclei), interact
with nucleons in the earth’s upper
atmosphere in much the same way that fixed
target collisions occur at particle physics
laboratories. Some primary cosmic rays can
exceed human-made particle detector
energies a million-fold. When these primary
particles interact with nucleons in the
atmosphere, they produce mainly pions and
kaons. In the collisions, if most of the
incoming momentum is transferred to an
atmospheric proton, the following reactions
are common:

p+tp>pt+p+m +nt+m
and
prp>p+n+m +x +o.

If most of the momentum is transferred to a
neutron, then these reactions are common:

prfnDp+p+a +w+m
and
prn>p+n+a +a°+m.

The products of such interactions are called
“secondary” particles or “secondary” cosmic
rays. Some of these products, however, are
very short-lived and generally decay into
daughter particles before reaching the
earth’s surface. The charged pions, for
instance, will decay into a muon and a
neutrino:

ToWtv,
or
Tou v,

Although these reactions are not the only
possibilities, they are examples of common
reactions that produce secondary particles
and their daughters. Counting all secondary
particles detected at sea level, 70% are
muons, 29% are electrons and positrons and
1% are heavier particles.

If these secondary particles have sufficient
energy, they may in turn interact with other
particles in the atmosphere producing a
“shower” of secondary particles. The
particles in this shower will strike a wide
area on the earth’s surface (perhaps several
m” or even km?) nearly simultaneously.
Figures 1 and 2 illustrate these showers.
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Figure 1: An ultra-high-energy proton triggers a
cascade of secondary particles in this animation

from the Auger array.

Figure 2. A cosmic ray shower produced by
a primary cosmic ray entering the earth’s
atmosphere.

Although your students can do several
cosmic ray experiments with a single
classroom setup, the QuarkNet cosmic ray
website <http://www.i2u2.org/elab/cosmic/>
provides student access to data from
multiple cosmic ray muon detectors to study
larger showers. Several professional
versions of this same experiment are taking
data that may help determine the origin of
some of these highly energetic primary

cosmic rays. See the Auger site for recent
information. <http://www.auger.org/>

How Can I Use a Cosmic Ray
Muon Detector in My

Classroom?

The very nature of cosmic ray experiments
is quite different from traditional labs that
can be completed in a single lab period.
Cosmic ray experiments typically require a
great deal of run time to collect data. Extra
class time, however, is not something most
teachers have in an already full course. You
may also wonder how to provide each
student time to do an experiment when you
have only one setup. These are realistic
questions. As a possible solution, the
following approach allows you not only to
incorporate these experiments into your
course but also to help your students
discover how high-energy physics
experiments are really done.

Organize the cosmic ray experiments as a
long-term project that spans a quarter or
even more. If students work on this project
intermittently, you can run these cosmic ray
experiments in parallel with your standard
curriculum, setting aside a day or two
periodically for cosmic ray muon detector
(CRMD) work.

After an introduction to cosmic rays, the
equipment, and the research questions that
physicists ask in this field, have student
groups write up a proposal for the
experiment that they want to perform.
Background articles and animations
describing the equipment and cosmic rays in
general can be found at the QuarkNet
Cosmic Ray e-Lab website
<http://www.12u2.org/elab/cosmic/>.

These experiments might include calibration
and performance studies, muon lifetime
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experiments, shower studies, or flux studies
as a function of one of many variables, e.g.,
time of day, solar activity, east/west
asymmetry, angle from vertical, barometric
pressure, etc. Your students can also look
for particles that are strongly correlated in
time and may be part of a wide-area shower.

Once proposals are accepted, give each
student “collaboration” a few days to a week
to run their experiment. In some cases, two
groups might pool their time and share the
same data but for different physics goals.
This is not unlike how real high-energy
physics experiments are done! If time
permits, students can do a second run with
the student-suggested modifications.

While one group is using the hardware,
other groups can design their setup, analyze
their data (or other data), visit the “Poster”
section of the QuarkNet cosmic ray website
to research the results of other student
groups, etc. Having your students post their
work here and/or having them give oral
presentations (sometimes with guest
physicists!) may make for a great summary
to the project.

What Experiments Can My

Student Perform?

There are four categories of experiments that
students can do with the cosmic ray muon
detectors:

1. Calibrations and performance studies
2. Flux experiments

3. Muon lifetime experiments

4. Shower studies

Calibrations and Performance

Studies
Before students can “trust” the cosmic ray
equipment, they can and should do some

calibrations to study the response of the
counters and the board. Calibration studies
include plateauing the counters, threshold
selection and barometer calibration. These
are discussed in Chapter 5. A PowerPoint
slideshow and Excel template make the
plateauing process even easier. You may
download these files from:
<http://www.i2u2.org/elab/cosmic/library/re
sources.jsp>. Additionally, the QuarkNet
online analysis tools include a
“performance” study for uploaded data. The
details of this study are outlined in Chapter 5
and on the website.

Flux Experiments

Your students can do a variety of flux
experiments investigating such things as
cosmic ray flux as a function of time of day,
solar activity, east/west asymmetry
(showing the w'/u” ratio by assuming these
charged particles will bend in the earth’s
magnetic field), angle from vertical,
barometric pressure, altitude. The list goes
on. Flux experiments are especially exciting
because students select the factors that they
want to test. Chapter 5 discusses flux studies
in more detail.

Muon Lifetime Experiment to

Verify Time Dilation

A classic modern physics experiment to
verify time dilation is the measurement of
the muon mean lifetime. Since nearly all of
the cosmic ray muons are created in the
upper part of the atmosphere (~30 km above
the earth’s surface), the time of flight for
these muons as they travel to earth should be
at least 100 us:

. __d _30x10'm
Slght =, 3x10%m /s

muon

=100us .
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This calculation assumes that muons are
traveling at the speed of light—anything
slower would require even more time. If a
student can determine the muon lifetime (as
described in Chapter 5) and show that it is
significantly less than this time, they are
presented with the wonderful dilemma that
the muon’s time of flight is longer than its
lifetime!

This time dilation “proof” assumes that all
muons are created in the upper atmosphere.
Although this is actually a good
approximation, your students cannot test it.
However, by using the mean lifetime value
and by measuring flux rates at two
significantly different elevations, you can
develop experimental proof for time
dilation. This experiment requires you to
have access to a mountain, an airplane, or
collaboration with a team from another
school that is at a significantly different
altitude! Here is a wonderful opportunity for
schools to work together proving time
dilation. A very thorough explanation of this
experiment is outlined in the 1962 classroom
movie titled, “Time Dilation: An
Experiment with Mu Mesons.”” This movie
helps you (and your students) understand
how the muon lifetime measurement (along
with flux measurements at two different
altitudes) can be used to verify time dilation.

Shower Studies

With the GPS device connected to your
DAQ board, the absolute time stamp allows
a network of detectors (at the same site or at
different schools) to study cosmic ray
showers. Your students can look for small
showers over their own detectors, or
collaborate with other schools in the area to
look for larger showers. The online analysis

2This 30-minute movie can be ordered on CD for $10
from http://www.physics2000.com/.

tools of the e-lab can check for multiple
detectors firing in coincidence.

The QuarkNet online analysis tools allow
students to not only look for showers but to
make predictions about the direction from
which the shower (and thus the primary
cosmic ray) originated. Details for doing
shower studies can be found in Chapter 5
and in the QuarkNet Cosmic Ray e-Lab.
See:
http://www.i2u2.org/elab/cosmic/analysis-
shower/tutorial.jsp
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Chapter 2: Hardware Introduction

GPS module.

GPS antenna.

Temperature sensor.

5 VDC power supply.

9. PDU power cable.

10. Power distribution unit, PDU.

11. Power extension cables for PMTs.
12. USB cable.

13. Personal Computer.

Hardware Overview

See Appendix G for alternate setup.
Figure 7 shows QuarkNet’s most recent
cosmic ray muon detector (CRMD) setup
composed of:

o =N

1. Counters — Scintillators,
photomultiplier tubes and PVC
housing.

2. BNC signal extension cables.

3. QuarkNet DAQ data acquisition
board.

4. CAT-5 network cable.

Figure 7. The components of the 6000 series QuarkNet cosmic ray muon
detector.
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For this setup, the DAQ board takes the
signals from the counters and provides
signal processing and logic basic to most
nuclear and particle physics experiments.
The DAQ board can analyze signals from up
to four PMTs. (We show two in the figure.)
The board produces a record of output data
whenever the PMT signal meets a pre-
defined trigger criterion (for example, when
two or more PMTs have signals above some
predetermined threshold voltage, within a
certain time window).

The output data record, which can be sent
via a standard USB cable to any PC,
contains temporal information about the
PMT signals. This information includes:
how many channels had above-threshold
signals, their

relative arrival times (precise to 0.75 ns),
detected pulse. In addition, an external GPS
receiver module provides the absolute UTC
time of each trigger, accurate to about 50 ns.
This allows counter arrays using separate
DAQ boards—such as different schools in a
wide-area array or two sets of counters at the
same site—to correlate their timing data.
Keyboard commands allow you to define
trigger criteria and retrieve additional data,
such as counting rates, auxiliary GPS data,

Figure 8. Close-up view of the DAQ: data
acquisition card..

and environmental sensor data (temperature
and pressure).

This chapter includes an overview of each
major component shown in Figures 7 and 8.
Additional details regarding some
components are in the appendices.

DAQ Readout Board
Figure 8 is a picture of the DAQ board with
several major components numbered.

GPS input

GPS fanout to another DAQ board

Board reset button

Coincidence counter display

Inputs for 4 counters (channels 0-3)

CPLD (programmable fast logic)

Time-to-digital converter (TMC)

USB port (output to PC)

5 VDC input

0. 5 VDC output to power distribution
unit

This board is the logic link between the

scintillation counters and the PC. The board

provides discriminators and trigger logic for

four channels of PMTs. The board includes

five built-in scalers, allowing simultaneous

counts of singles on each channel, plus

triggers at whatever logic level you specify

(2 to 4- fold majorlty logic).

—

S0 N LR W
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A standard USB interface can be connected
to any PC (Windows, Linux or Mac). The
datastream consists of simple ASCII text
lines readable by any terminal emulation
program. In addition, a GPS clock provides
accurate event time data synchronized to
Universal Time (UTC), so widely separated
sites can compare data. In datastream mode,
the DAQ board outputs a series of text lines
reporting event data: trigger time in UTC
(with 10 ns resolution and absolute accuracy
about 100 ns), leading and trailing edge
times for each pulse recorded within the

1 PULSEEDGE | Ao

| P TIME
x:}—;v{AM P>—COMP 4 to
LT et DIGITAL
5 threshold
PMT1|

threshold

coincidence time window (with 1.25 ns
precision), and data from the GPS and
internal clocks. Additional keyboard
commands allow reading of temperature,
barometric pressure and other sensors.

Board Components

Figure 9 is a block diagram of the QuarkNet
DAQ v2.5 board. (See Appendix B for a
schematic diagram.)

TIMES

FAST | | SLOW |

-
-

=

O—AMP>—»[COMP
P set

i

threshold
PMT3!
IS TIME
D—fsAMJE:::b COMP—+» to
L LT set DIGITAL
_Wreshod ——

— ‘
Y LOGIC{ | LOGIC 1
~cpLD)' Y| o) | Rrs2s2
& iComputer
TCXO |: Serial
1250 || Port
MHz ||
-
PLL |:
1:3.333] | mwiics

41.667 MHz

1 17122203

— —ead

Figure 9. Block diagram of the QuarkNet DAQ v2.5 board..
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Discriminators

PMT signals are first pre-amplified by a
factor determined from a set of changeable
resistors (Amplification factor x10 is used
for QuarkNet DAQ.) Discriminators are
implemented using voltage comparator chips
with the reference threshold voltage varied
through the terminal emulator program and
the TL command. Default settings on the
DAQ card are -300-mV threshold. It is
important to remember that the voltage
comparators look at the amplifier output, so
raw PMT signal levels are multiplied by any
amplification factor present before being
compared. For example, if you used a

-30 mV threshold with NIM discriminators
and have x10 amplification, your threshold
level on the QuarkNet DAQ board should be
set to -300 mV.

Complex Programmable Logic Device
(CPLD)

Trigger logic is implemented using a CPLD
chip. Software revisions for this chip must
be prepared using special software but can
be downloaded via the serial port. This
flexibility allows the engineers to distribute
updates that alter the fast logic, if necessary.
Any trigger logic level from singles to 4-
fold can be set by keyboard commands to
the board. Majority logic is used: any
combination of three active channels causes
a trigger at the 3-fold level, for example.

Time-to-Digital Converters (TDCs)
Discriminator output pulses are fed into
TDCs’ which measure the arrival time of
leading and trailing pulse edges. TDCs keep
track of their state (high or low) at 1.25 ns

3 .

“TDC” is a generic term in particle physics technology. The
specific chips used on the board are TMCs (“Time Measurement
Chips”). You may see this designation in some documentation.

time intervals (pre-6000 DAQ: 0.75 ns). If
the trigger criterion is satisfied, the TDC
data are latched and read out, giving leading
and trailing edge times for each channel
relative to the trigger time in units of 1.25
ns. This allows you to calculate PMT pulse
widths (time over threshold, or ToT; see
Figure 10) as a crude estimate of pulse area
and thus energy.

thresh

T

Figure 10. Typical PMT pulse from which
the time over threshold (ToT) can be
determined.
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Microcontroller (MCU)

The MCU is really just a special-purpose
CPU that provides the onboard “slow” logic
(with a time scale of microseconds, not
nanoseconds) to interface the board to you
via a terminal window or equivalent on your
PC. At present, the MCU can be
reprogrammed to redefine functionality only
by using special software and burn-in
hardware.

Auxiliary Sensors

There is a temperature sensor built into the
microcontroller chip. This sensor is present
so that CPU temperature can be measured.
This temperature and the supply voltage are
reported whenever the board is started up.
While the board components are rated for
temperatures between —20 °C and +80 °C,
the board temperature should not normally
go above +50 °C.

A second temperature sensor is located on
the booster board built into the GPS cable’s
“far-end” DB9 connector. This sensor can
be used to log outdoor temperature at the
counter locations, and is read out with a
keyboard command. The GPS module may
be damaged if its temperature goes below
—40 °C or above +85 °C.*

A barometric pressure sensor is built into the
board as well. It can also be calibrated and
read out (in units of millibars) with a
keyboard command.

At DAQ card power-up or reset, the temperature on the DAQ card
(actually, inside the MCU chip) is reported. Note that this is not a
good indicator of air temperature at the card site, even if the card is
located outdoors, since the chip generates considerable heat while
operating. It is a useful way to make sure the card is healthy,
however! Temperatures over +40 °C may be dangerous to the
card’s chips.

10

Board Functionality

Threshold Detection and Setting

After amplification, the PMT signals are fed
to voltage comparators. The comparators set
a HIGH logic level whenever the amplified
PMT signal exceeds their negative threshold
voltage setting as shown in Figure 11. This
logic level has 1.25 ns resolution. This
means that we can measure the time
difference between pulses on different
channels at the same site down to less than a
nanosecond! We depend on the GPS clocks,
with 10 ns resolution (pre-6000 DAQ: 24
ns), for timing between school sites.

Reference
ground

Signal after
amplification

User determined
threshold

Figure 11. A typical negative PMT pulse
showing the user-defined threshold value
compared to reference ground.
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Setting the threshold level too high will miss
all but those events that correspond to a
large amount of energy deposited in the
detector; setting the threshold too low will
result in background noise within the
electronics being mistaken as event counts.

So how do you determine the appropriate
threshold setting? Consider the graph in
Figure 12 below as a “ballpark”
determination of the optimum threshold
value to use for a channel. For the data
shown in this graph, the PMT voltage was
set to that determined by plateauing the
counter (see section 6.1 for help on how this
is done) and kept constant throughout the
experiment.

The plot shows the singles rate in that
channel as a function of threshold value.
You can see that the counting rate decreases
as the threshold setting increases. Once the
threshold value became as high as 0.5 V, the
counting rate decreased much more slowly.
The “kink™ in the graph suggests that noise
contaminated the counting rate when the
threshold was set below 0.5 V. Operating
slightly above this value is probably the
optimum threshold value to choose.

Change the threshold by using the TL
command from hyperterm. For instance,

TL 2 500 will set the threshold of channel 2
to -500 mV. The command TL 4 800 will set
all four channels to a threshold of -800 mV.
The default threshold equals -300mV.

900

Threshold Determination

800

*

700
600

500

400

300
200

Frequency
(counts/minute)

100

0 0.1 0.2 0.3

0.4 0.5 0.6 0.7 0.8
Threshold (V)

Figure 12. A graph of frequency vs. threshold for a counter used to

determine threshold setting.
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Coincidence Logic

The DAQ board can also determine whether
signals in separate channels are coincident in
time. For example, if the trigger criterion is
set to 2-fold, then as soon as any channel
goes above threshold, a time window is
opened. (Window time width is adjustable.)
If any other channel goes above threshold
during this time window, al/ event data are
latched and outputted for the overlap time
interval when both are active. Notice that
pulse data are reported for a time interval
that is not of fixed length but just covers the
overlap period when two or more channels
are active. Leading and trailing edge times
are reported for any active channels (not just
for the two channels that launched the
trigger), with empty data entries for
channels that remained inactive during the
trigger window. For a single event trigger,
the DAQ board may need to output several
lines of data. The first line has an “event
flag” for identification. Any following lines
without this flag are simply additional data
for the same event.

Rate Counters

The card has five built-in counters,
numbered 0 through 4: counters 0 through 3
record the singles count for each channel,
and counter 4 records the trigger count for
whatever coincidence level you have set. By
zeroing these counters with a software
command (RB), then running the board for a
fixed length of time and reading out the
counters at the end, you can obtain singles
rates for each channel as well as the
coincidence rate.

Power Supply
The board requires a stable +5 VDC power

supply, with 800 mA or greater output
current. A 110 VAC to 5 VDC/2 4A

12

modular switching power supply, of the type
used for many small electronic devices, is
supplied with the board. Replacements are
readily available at Radio Shack or a similar
electronics store.

PMT bases provided by QuarkNet can be
powered by the same +5 VDC power supply
that is plugged into the DAQ board. The
PMTs are connected to the board through a
power distribution unit (PDU: item #10 in
Figure 7). This simple box of four
potentiometers allows one to easily change
the voltage to each independent PMT for
optimal settings.

Note: It is important to distinguish these
DAQ power supply modules from other
units used for computers or other electronic
devices requiring DC voltage. Connection of
the wrong power supply to your DAQ board
will probably damage it with too much
current or voltage.

GPS Receiver

Figure 13. The GPS unit consists of a
100-ft. CAT-5 network cable (green
cable), a GPS module (gray box), an
antenna (black cable), and a
temperature probe (gray cable, red
end).
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The GPS unit shown in Figure 13 is
connected to the DAQ with a standard
Ethernet cable. An external temperature
sensor and the GPS antenna plug into one
side of the GPS module (a circuit board),
while the Ethernet cable plugs into the other
side. The GPS antenna is weatherproof with
magnetic backing, but the module should be
protected.

GPS Startup

Once powered-up, the GPS module should
quickly “find itself” if it is in a location with
a clear view of at least half the sky. Usually
it does not work well through windows and
should be physically outdoors. The receiver
will lock onto four or more satellites,
download the data needed to operate
accurately and start averaging its position
and clock settings at one-second intervals.
Within a few minutes after startup, you
should obtain accurate GPS data. The unit’s
LED display blinks red when first powered-
up and searching, and changes to long green
followed by short greens for number of
satellites when it has acquired enough
satellite data to locate itself accurately. Time
data are not accurate until then.

The GPS module provides several kinds of
data. The commercial GPS module directly
supplies the date and “coarse” time (in UTC,
not local time) down to milliseconds, or
three decimal places after seconds, and
reports its geographic location in latitude

13

and longitude down to the equivalent of a
few 10 s of meters.

The “1PPS” Signal

The stock NavSync GPS module was
modified slightly for our application to
allow the more precise timing we need down
to 10 s of nanoseconds (eight decimal places
following integer seconds). The GPS
receiver outputs a logic pulse at the
beginning of each UTC second, called the
1PPS (1 Pulse Per Second) signal.

The GPS receiver sends two types of
datastreams to the board. The first is RS-232
ASCII data telling what time it is, at what
latitude, longitude and altitude the receiver
is, and information about the satellites the
receiver is using. The other dataisa 5V,
100-ms pulse telling exactly when the data
is true. Each stream of 5 V, 100-ms pulses
arrives every second, thus the 5 V pulse is
named 1 pulse per second (1PPS). The
microcontroller on the board records the
counter value during which the pulse is
received. The time is according to a counter
running at ~25 MHz.

In principle, the leading edges of 1PPS
signals from GPS receivers anywhere in the
world are all in synch, to within the
accuracy of the non-military GPS system
(about 100 ns.) This feature allows accurate
time synchronization between school sites.
The special connector and cable attached to
the commercial GPS module transmits the
1PPS signal about 100 ft. or more without
excessive timing degradation.
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How to Calculate Event Times

The DAQ board has onboard a 25 MHz
oscillator, which “ticks” every 40
nanoseconds (1/25 x 10° sec). Such a device
does not maintain its frequency very
accurately, and our oscillator’s frequency
may drift by 10-100 Hz from its nominal
value (perhaps even more under extreme
temperature changes). A counter (scaler)
keeps counting the clock ticks. Whenever
this 32-bit counter reaches its maximum
capacity of 4.3 billion, approximately every
100 seconds, it just “rolls over” back to zero,
like an old car’s odometer, and continues
counting. Clock calibration occurs in the
internal clock counter every time a 1PPS
signal arrives.

Find the precise event time by getting the
date and time down to the nearest second
from the GPS module’s coarse time (with
one correction described below), finding the
number of clock ticks between the last 1PPS
and the event trigger, and dividing by the
number of clock ticks between the last two
1PPS pulses to get the fraction of a second
down to 40 ns precision. Of course, you
have to know whether the counter rolled
over during the last second when doing the
arithmetic.

There is a caveat to the previous paragraph:
If the data rate is very slow—Iess than about
one event per 100 sec—the internal counter
may roll over more than once between
readings. In this case, all bets are off, and
the seconds cannot be reliably calculated.
The next firmware update will include
commands to produce an output line at each
1PPS, and/or automatic DG commands at
regular intervals, ensuring that the necessary
information is logged between counter
rollovers.

One minor correction is also needed: the
GPS module reports the time down to the
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millisecond, but there is a delay of a fraction
of a second relative to the 1PPS edge. For
example, when the 1PPS signal says it is
exactly 12:01:25.000000000, the GPS time
field in the data record may say it is
12:01:24.850. This delay (reported as
+0.150 sec in this example) will cause you
to associate the wrong integer second with
the event time if you are not careful. (The
GPS time delay may be negative, i.e., a
forward shift, with the ASCII time data
ahead of the 1PPS signal.) The DAQ board
is programmed to list the delay in
milliseconds for each data record so the
reported time in seconds can be corrected to
match the 1PPS data. The algorithm
described in Appendix D implements these
calculations.

For people who like really deep-down
details, the delay mentioned above, which
you can determine and correct, is not the
whole story. There is an additional delay of
150-250 ms, which is unresolvable, since it
is buried in the manufacturer’s firmware.
Luckily, it is too small to cause the rounding
procedure described above to go wrong.
Remember, all this is just about determining
the integer seconds part of the time.
Nanosecond-level timing is not affected.
Also, we have not discussed corrections for
the antenna cable delay—the event time
calculated is when coincidence occurs at the
DAQ board, not at the counters. This is of
no consequence as long as all school sites in
an array use approximately the same cable
lengths, within a few 10 s of meters. The
algorithm showing how to get the precise
event time is shown in Appendix D.
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Power Supply

@

Figure 14. Power distribution unit.
One black and four yellow test
points allow one to check voltage
on the PMTs.

A power distribution box (shown in Figure
14) has taken the place of the previous
power supply option. The PMT/counters are
powered by stereo audio cables from the
box. The power distribution box is
connected to the DAQ and is attached via a
mono cable. This box provides 0.3 to 1.8 V
which scales by 10° to represent the voltage
on the PMT.

Scintillation Counters

Since muon flux at sea level is ~1 x 10
muons/cm?/sec, and since these comprise
about 70% of the cosmic rays at sea level, a
detector of significant surface area will help
to increase the counting rate to 10 s or even
100 s of events each minute. If shower
experiments or flux studies are of interest,
then increasing surface area is the primary
way to increase the counting rate. If muon
lifetime experiments are of interest,
however, then increasing the thickness of
the scintillator will also increase the
counting rate since only the muons that have
stopped and decay within the detector can be
used for lifetime studies.

The process by which a scintillator
scintillates light when a changed particle

15

traverses is not discussed in this manual.
This phenomenon, however, is an important
one in helping your students understand the
operation of the detectors.

A typical counter used in this experiment is
shown in Figure 15. A counter is comprised
of a plastic scintillator wrapped in foil and a
PMT. The PMT provides the necessary
operating voltage and sends an electrical
signal to the DAQ board when a light pulse
is “seen” by the PMT. QuarkNet glues an
optical “cookie” to a corner of the
scintillators and the user then joins the
cookie to the PMT and wraps it all in light-
tight material. The PVC tube allows for easy
manipulation and transportation of the
counters.

i % ’,/ 4 -' 7 : /," ] = ///'/7

Figure 15. The latest version of the cosmic ray
counter consists of scintillator, cookie (the flat
paddle region), PVC pipe support (white
cylinder, partially wrapped in black tape), and
the PMT (black wrapped portion of the PVC

pipe).

It will be necessary to “plateau” your
counter before the counting rate can be
trusted. Small fluctuations in the high
voltage can offer significant variations in
counter response if the operating voltage is
not near the voltage plateau. Details for how
to plateau a counter are in Chapter 6. When
calculating the surface area of the active
portion of your detector, use the entire
square portion.
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PMT

Along with the newer versions of the GPS
and other components, QuarkNet and
Fermilab have gone to a PMT which has a
built in power base. (See Figure 16.) The
P30CWS5 requires the same power input of
+5V, 35 mA as the previously used PMT;
however, the HV is now contained within
the black cylinder.

BNC signal extension cables, which are thin
coaxial cables carry the PMT signal to the
DAQ board.

Figure 16. The newest version of the PMT
has no high-voltage base.

The potentiometer is located in the power
distribution box, not on the end of the PMT.

Plateauing the Counters

To determine the operating voltage for a
particular counter, you must “plateau the
counter.” To do this, set up double
coincidence and stack the detectors. Run the
top counter as the trigger and the next
counter as the one to be plateaued. Record
the voltage as you increase it. Run for 2-3
minutes at each voltage and record the
number of coincidences. You want your
trigger counter to be set high enough that it
takes a good number of hits but not so much
that it records a lot of noise. Setting it
around 0.7-0.9 volts is a good range. Make
sure the trigger is set constant at all times
during the testing of the array. Run the
detector you are plateauing from 0.5 to 1.5
volts (in 0.1 V steps) and record the number
of coincidences (the S4 column). A plot of
counts per time vs. voltage will show the
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plateau. QuarkNet Cosmic Ray e-Lab
provides an informative PowerPoint
slideshow and an Excel template to help
with the plateauing process. See:
http://www.12u2.org/elab/cosmic/library/
resources.jsp
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Chapter 3: Data Display

Data Disp]ay on a PC that a single event may result in more than
View the data with a terminal emulation one line of data. In this section, we discuss
program such as Zterm (Mac or Windows), the meaning of some of the keyboard
Hyperterminal (Windows) or a “homemade” commands that you can type in order to
Unix-based program you can download modify or view various values of the board.
from the QuarkNet website. See Appendix C
for details on setting up these terminal
emulation programs.

Your PC is capable of sending commands fo
the DAQ board in addition to receiving the
datastream from the board. Figure 18 shows
an example of three keyboard commands
that you type in order to measure the
temperature at the GPS sensor, the value of
the scalers, and to display GPS data.

Keyboard Commands

Once the terminal emulator is initialized and
the scintillation counters and board are
powered, you should begin to see data on The help commands “H1” and “H2” send a
the screen that looks something like that summary of all keyboard commands.
shown in Figure 17. Figures 19 and 20 show these command

) summaries.
The meanings of these “words” are

discussed in great detail in Chapter 6. Note

Quarknet Scintillator Card "ONEIZ _VUZ” HE~HELP CL*Clear Screen

3 | P036D3B RB 01 00 01 w o 00 01 IDCD'?BED 005526 219 050803 A @8 A +B543
1FA36 D65 28 &1 1 DCD?7SED 885526 .219 3 A B8 A +0543
1FB36D66 01 21 00 01 20 81 eo 01 1 DCD7SED 05526 219 %0803 A 88 8 +0543
24267C0E BF 01 00 91 00 401 00 91 22050015 GO5528 .219% 950803 N B8 A +8542
24267C37 B8 32 98 91 99 91 00 91 22C58015 G05528.218 B50883 N B8 A +8543
24267C38 @1 3C 00 91 90 B1 00 91 22058015 GO5528.218 A50803 A B8 A +0543
24267C39 21 2D 60 91 99 81 99 91 22C58DP15 €05527.218 A5V A B8 A 0457
24267C3RA 28 28 90 91 90 81 99 A1 22058015 #95529.218 AS0883 A B8 8 9457
ZBFOFBBES 80 81 00 91 2A 2E 99 91 2A386851 0085531 .218 A56883 A B8 A +8541
ZBFOFBEB 80 91 90 91 J7 ©1 00 91 ZRISEESL ©O5531.21% D080 A B8 A +*0511
2BFOFBEE 982 91 90 91 @1 3F 99 91 2a386E51 095531 .218 A508893 A B8 8 +8544
2F697E34 80 91 99 91 31 81 99 91 2F2FFF78 895533.218 A50893 A BB A +0543
2F697E41 890 91 88 91 24 22 49 01 2]’2!’!’1’73 wssaa.zu 50883 A A8 8 +01543

Figure 17. Sample screen of datastream from DAQ board when viewed with a terminal
emulation program.

17
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HL1

Quarknet scintillator Card, QqQnet2.5 vers 1.06 cCompiled Oct 10 2007 HE=Help
Serial#=6156 uc_volts=3.32 GPS_TempC=0.0 mear=1012.9

CE - TMC Counter Enable.

CD - TMC Counter Disahle.

DC - Display Control Registers, (C0-C3).

wC a d - write Control Registers, addr(0-6) data hyte(H).

DT - Display TMC Reg, 0-3, (l=PipeLinebelayRd, 2=PipeLineDelaywr).

WT a d - write  TMC Reg, addr(l,2) data byte(H), if a=4 write delay word.

DG - Display GPS Info, Date, Time, Position and Status.

DS - Display scalar, channel(s0-53), trigger(s4), time(ss).

RE - Reset complete board to power up defaults.

RE - Reset only the TMC and Counters.

SB p d - Set Baud,password, 1=19K, 2=38K, 3=57K ,4=115K, 5=230K, 6=460K, 7=920K
SA N - Save setup, 0=(TMC disable), 1=(TMC enable), 2=(Restore Defaults).

TH - Thermometer data display (@ GPS), -40 to 99 degrees C.

TL ¢ d - Threshold Level, signal ch(0-3)(4=setall), data0-4095mv), TL=read.
View - view setup registers(cmd=vl), voltages(v2), GPS LOCK(V3).

HELP - HE,Hl=Pagel, H2=Page2, HBE=Barometer, HS=Status, HT=Trigger.000

Figure 19. A list of keyboard commands viewable by typing “H1.”

HZ2
Barometer Qnet Help Page 2

BA - Display Barometer trim setting in mvolts and pressure as mBar.

?A ﬁ - Calibrate Barometer by adj. trim DAC ch in mvits (0-4095mv).
Flas

FL p - Load Flash with Altera binary file(*.rbf), p=password.

FR - Read FPGA setup flash, display sumcheck.

FMR p - Read page 0-3FFCh), (264 b¥tes/page)

Page 100h= start fpga *.rbft file, page O=saved setup.
GPS

NA O - Append NMEA GPS data Off, (include 1pps data).

NA 1 - Append NMEA GPS data oOn, (Adds GPS to output).

NA 2 - Append NMEA GPS data Off, (no lpps data).

NM 0 - NMEA GPS display, off, (default), GPS port speed 38400, Tocked.

MM 1 - NMEA GPS display (RMC + GGA + GSV) data.

NM 2 - NMEA GPS display (ALL) data, use with GPS display applications.
Test Pulse

TE m - EnabhTle run mode, 0=0ff, 1l=0ne cycle, 2=Continuous.

TD m - Load sample trigger data 1list, 0O=Reset, 1l=Singles, 2=Majority.

TV m - voltage level at pulse DAC, 0-4095mv, Tv=read.
serial #

SN p n - Store serial # to flash, p=password, n=(0-65535 BCD).

SN - Display serial number (BCD).

Status

ST - Send status Tine now. This reset the minute timer.

ST 0 - status Tine, disahled.

ST 1m - Send status_Tine every (m) minutes.(m=1-30, def=5).

ST 2m - Include scalar data 1ine, chs s0-54 after each status Tine.

ST 3 m - Include scalar data line, plus reset counters on each timeout.
TI n - Timer (day hr:min:sec.msec), TI=display time, (TI n=0 clear).
UL n - Display Uart error counter, (Ul n=0 to zero counters).

vM 1 - View mode, 0x80=Event_Demarcation_Bit outputs a blank Tine.
- Vview mode returns to normal after 'Cp','CE','ST' or 'RE'.0DOD
HE

Figure 20. A list of keyboard commands viewable by typing “H2.”

Some of the most commonly used descriptions of how and when to use
commands are discussed in Table 1. See these and other commands.
Chapters 4 and 6 for more detailed

18
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Keyboard
Command

HI, H2
CD

CE

DS

RE
TH

BA
DG

V1, V2
DC, DT
ST35

SA'1

Description

Help Commands. Listing of all DAQ commands; see Fig.19, 20.

Counters Disabled. Does not write event lines on the PC monitor
even though the scalars will still increment. This is useful when you do
not want to “see” all the data coming in.

Counters Enabled. Writes event lines on the PC monitor. This
command has the opposite effect of the CD command.

Display Scalars. Displays values of the scalars in hexadecimal.
Scalars 0-3 store the singles rates for channels 0-3, and counter 4
records the number of n-fold coincidences, where “n” is whatever
level you set. These counts are running totals since the last time the
counters were zeroed.

Reset Board. Resets scalars and TMC only.

Reset Everything. Resets everything (including card setup parameters
that you may have modified); will zero all scalars.

Thermometer. Reports reading of temperature sensor on the GPS
module connector, about 3 feet from the GPS module itself.

Barometer. Read and adjust barometer.

GPS Data. Displays current date, time, GPS position, and number of
satellites visible.

Setup Registers. View registers in readable form.
Setup Registers. View registers in hexadecimal form.

Status Line. Show status line plus counts: channels & coincidence.
Important: run this command for each data session.

Save. Save any configuration changes.

Table 1. Commonly used DAQ commands.
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Chapter 4: The DAQ Card, V2.5

GPS Observation

To read out the current GPS time, latitude,
longitude, altitude and number of satellites
in view, type “DG” as shown in the previous
section. You can also directly monitor the
GPS module’s serial datastream by sending
the command “NM 1.” This command will
pass all data from the GPS module directly
to your PC. Normally, the board’s MCU
reads, interprets and distills the raw GPS
information to produce the DG command
output. Although this will continue to be
true even after you send the “NM 17
command, you will get many more lines of
detailed data (in the GPS industry’s standard
NMEA format). Refer to the link to
understand this data format.

<http://www.phys.washington.edu/~berns/ar
chive/Leadtek/GPS Protocol ReferenceMa

nual.pdf>

To disable NMEA data forwarding and
return to normal operation, send the
command NM (i.e., no “17).

If you connect the GPS module directly to
your PC’s serial port, as discussed before,
you can also use a software package
provided to display sky maps of satellites
and other interesting data. This can be found
online.
<http://www.phys.washington.edu/~berns/ar
chive/Leadtek/GMonitor.exe>

Singles and Coincidence Rate
Measurement

Two methods:

1) Important measurements you want to
make are the rate at which an individual
counter is hit (“singles rate”) as well as the
rate at which a 2- to 4-fold coincidence
occurs (“coincidence rate”). To determine
these, type the following commands shown
in Table 2:

Display GPS Data. Gives the initial time—when you began counting. (You

Display Scalar. After an adequate amount of time has passed (say 5 minutes

or s0) take the final reading of the scalers and then immediately type . . .

CD Counter Disabled. Prevents the datastream from off your screen.
RB Reset Scalars. But immediately after type . . .
DG
could use a stopwatch to measure the elapsed time instead.)
DS
DG Display GPS Data. Give the final time.

Table 2. The keyboard command sequence performed for determining

counting rate.

20
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The counting rates for any particular corresponding board outputs. As an
scaler (0-3) can be determined by example of the singles rate, consider the
dividing the hex-valued scaler by the data in which the counting rate for
difference of the beginning and ending channel 0 was BCFex = 30234¢c. The
times. The number of n-fold elapsed run time was 21:35:45 —
coincidences that occurred within the 21:30:46 = 4:59 or 4.98 minutes. Thus,
elapsed time is recorded in scaler 4. the singles rate is:
Dividing the number of coincidences by
the elapsed time will yield the 3023counts counts
L : . ey = =607 ———.
coincidence rate. Figure 21 illustrates singles 4 98 min min

this command sequence and the

e =

File Edit View Call Transfer Help

>CD
i
) o, .
Date+Time: 06/07/04 21:30:46.204 «— Initial GPS time
Status: ¥ (invalid)

PosFix#: 0

Latitude: 41:50.2848 N

Longitude: 088:15.7064 U

Altitude: 285.3m

Sats used: 00

PPS delay: -0228 msec [574C-590B]

CPLD time: 00000000 [last 2: FAD611DB,F85A49711

CPLD frea: 86634021 Hz [2-sec: 64150343 Hzl
>DS
@00 000BBBCF
@01 000003B3
@02 00000000
@03 00000000
@04 0OOOBE7D
@35 E4174ADD

Scaler values after elapsed time

>DG
Date+Time: 06/07/04 21:35:&5.187‘_ . .
gtalt:US: g (invalid) Ending GPS time
osFix#:

Latitude: 41:50.2848 N

Longitude: 088:15.7064 W

Altitude: 285.3m

Sats used: 00

PPS delay: -0217 msec [4083-422B]

CPLD time: E6931346 [last 2: E4174ADD,E19B82751
CPLD freq: 41666665 Hz [2-sec: 41666664 Hzl

Figure 21. An example of keyboard commands and board responses used to
determine the singles counting rate in a particular channel.
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2) One can also display the counts using
the “ST 3 1” command. The middle
number “mode 3” will reset the counters
after each display. The final number is
the time interval in minutes. Figure 22
shows what the computer displays after
an ST sequence.

Data Collection

Once you have set up and tested your
equipment and have plateaued the
counters, you are ready to collect and
save data for a run. Although the
commands for starting and stopping a
run vary slightly with each terminal
emulation program (see Appendix C for
these commands), the idea is the same:
Once the datastream appears on your
monitor, select the command that will
allow you to begin capturing text. You
will be prompted to type a name and a
folder into which these data will be
saved. Your emulator will save these

data as a text file that can be analyzed
later. The data will be written to this file
continuously. For example, opening this
text file while data is being saved will
display all the data collected up to that
moment.

When you want to stop a run (which
could be minutes, hours, or even weeks
later!), use the stop command for your
particular emulator. (See Appendix C for
this command.) This file can be
uploaded to the server and the data
analyzed.

Each data collection should include the
following commands at the beginning
and end of a data session:

H1, H2, DG, DC, DS, DT, BA, TH, TI,
V1,V2,ST35,SA 1

ST 1013 +1018 +000 3316 164720 V 03 00000000 106 6156 004D4900 000A703F
DS 000002A8 000OO2E2 000002BD 00VOO2BF 00000113

Ch0  Chl

Singles

Ch 2

Ch 3

Coincidence
Count

Figure 22. Display of scalar counts from an ST command.
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Chapter 5: Data Upload and Analysis

Cosmic Ray e-Lab

Why cosmic rays? Logout
. . i - If you are not CRyork,
Spendingallyour timeinashower?

Whenyou're sleeping or sitting in class, cosmicrays shower
the earth and everything oniit

What are cosmic rays?

Where do they come from?

Where do they hit?

Some cosmicrays have so much energythat scientists are
notsure where they come from. Anumber ofreseach projects
are looking atthis question.

N f \ Who are we?

We're a collaboration of high school students andteachers
collecting and analyzing cosmicray datato answer some of
these questions. We're working with computer scientists to
provide cutting edge tools thatuse grid techniques to help
you share data, graphs, and posters and collaborate with
other students nationwide.

Who can join?

You! Think about steps you'dtake to investigate cosmicrays.
Howwould you get started?What do you need to know? Can
you collectand use data?

Figure 23. The QuarkNet Cosmic Ray Collaboration webpage serves as the student homepage
for the Cosmic Ray project.

QuarkNet Website Overview <http://eddata.fnal.gov/lasso/quarknet g_act

R ; -
Teacher Pages 1vities/view.lasso>.

The QuarkNet teacher activities database is
found at

By selecting the “Grid Cosmic Ray
Collaboration” link, you can find out more
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about this project and use online tools for
implementing this project in your classroom.
You will find a page to register their school
as part of the cosmic ray investigations
network so that your students may upload
data from their detector. A link to the
student homepage is also located here.

Student Pages

The student homepage for this project is
<http://www.i2u2.org/elab/cosmic/home/>
(Figure 23).

Among many resources, students will find:

= Studies — Interesting questions along
with ideas to answer these questions
through experiment.

= Resources — Links to related projects,
physicists and other student group
contacts.

= Upload Data — Links to upload data and
geometry files.

= Data Analysis — Powerful analysis tools
to analyze data for a variety of
experiments. Even students without a
detector can analyze data.

= Poster Session — A method for students
to share their results, search the work of
other students and collaborate with
students at other schools.

Data Upload to the Server

While many of the cosmic ray muon
detector experiments that your students can
do require only the equipment at your local
site, analyzing the data is cumbersome with
software such as Excel. Working locally
discourages student collaboration like that
found in real high-energy experiments.
Accordingly, QuarkNet is developing a
website that allows data uploads and
analysis. This simplifies the analysis of
these complex data and supports student
collaboration.
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Before students can upload data to the
server, you will need to register your
detector as part of the cosmic ray
investigations network. This is easily done
on the teacher website. Registration will
require you to enter the serial number of the
detector found on the bottom of the DAQ
card itself, or by typing the keyboard
command “SN” in the terminal emulator.

By selecting the “Upload” link from the
<http://www.12u2.org/elab/cosmic/data/upload.jsp
> page, you will see instructions and links for
uploading data. (You do not need to worry about
uploading data that may be “contaminated” by
keyboard command lines typed during the
operation of this run, as the analysis software will
create a new file for this data using only data lines
that are the complete 16 words across.)

Once you have uploaded data, to see that it
has been loaded successfully, select the
“Data” link. You can “View” your data in
your school’s folder. The link to view this
data lists the date the data was collected. If a
data run spans more than one day, the data
will be broken into separate files labeled
with the appropriate date.

Analysis Tools

Once your students have collected and
uploaded the data, there are four studies they
can do. Analyze data from your detector as
well as any other detector that has uploaded
data. You can even look for coincidences
between your school and other schools if run
times overlap! This section will explain the
nature of each study/analysis and provide a
framework from which you can get started.

System Performance

The main objective of the “system performance”
study is to understand the quality of the data that
you have collected or want to analyze.
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The primary technique used to evaluate data
in the performance study is a histogram of
the number of events as a function of time
over threshold (ToT, see Chapter 2). In a
very loose sense, ToT is a measure of the
amount of energy deposited in the
scintillator for a given event. Ideally, the
DAQ board would have been equipped with
an analog-to-digital converter (ADC) to
measure pulse height and thus the energy

deposited in the scintillator. To keep the cost
down, however, a TDC (Time to Digital
Converter) was used. (See Chapter 2 for
more on the TDC.). Since taller pulses
(pulses with more energy) are generally
wider, there is a correlation between the
time that the pulse exceeded the threshold
value and the amount of energy deposited in
the scintillator.

Number of Events

Number of Events

20080 T T T T T T T

00080

0000

20080

00080

9008

00080

00080

Time over Threshold (ns)

a

1 1 s
a S 19 15 20 25 30 35 40

Time over Threshold (ns)

b

Figure 24. (a) The Gaussian distribution expected from an “ideal” system performance
graph; (b) an actual system performance graph.

Figure 24 (a)’ shows the ideal, Gaussian-
shaped distribution about a mean value for
the time over threshold; Figure 24(b) shows
an actual data run plot.

The actual data run histogram peak does
occur around 12 ns (which is typical for the
1/2”-thick scintillator, the PMT efficiency,

5Figure is used with permission. Eric W. Weisstein.
"Gaussian Distribution." From MathWorld--A
Wolfram Web Resource.

http://mathworld.wolfram.com/GaussianDistribution.

html
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and threshold settings used in our
experiment). This actual data, however,
appears more skewed than Gaussian. This
histogram may tell us that there is “good”
data in our actual run data, but that it is
contaminated with short pulses (a.k.a. noise)
that were just above threshold. Increasing
the threshold value may “clean-up” this
channel in the future.

There is probably a large portion of the actual run
data in Figure 18(b) that represents actual muons
traversing the counter. No real data histogram will

ever look perfectly Gaussian, but a shape

somewhat resembling that of Figure 18(a) can be
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a reasonable indicator that much of your data is

“good” and represents real muons.

One factor you can modify in plotting a
histogram is the number of bins into which
the data are divided. Choosing a different
number of bins for the same dataset can
significantly change the shape of the graph
and may help evaluate the quality of the
data.

Flux Experiments
Cosmic ray flux, ® ., can be defined as

events

D=
o (time Xarea)

Since the area of your detector will probably
not be varied during an experiment, flux
studies ask the question, “How does the rate
at which cosmic rays pass through my
detector depend on __ ?” Since there are
many ways to complete this question, this
study is a fairly straightforward yet excellent
open-ended research question for your
students.

Flux experiments may include several
geometries of your detectors such as (1) a
single counter, (2) multiple counters placed
in the same plane to increase detector area,
(3) closely stacked counters that require
coincidence, and (4) separated, stacked
counters that require coincidence used to
look at flux from only a particular direction
of the sky. There are several interesting
variables to test in flux studies. Have your
students generate the questions that they
want to study.
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Cosmic Ray Flux - 5/28/84

T T
May 28, 2084.

T T T
Data taken at Fermilab on

° L L L L L
16 1e.2  18.4 18.6 16.8 11

Figure 25. Cosmic ray flux
(events/detector area/sec) vs. time
graph over a period of two hours.

In analyzing flux study data, students select
the dataset and channel(s) to be analyzed.
The analysis tools produce a histogram of
flux vs. time similar to the one shown in
Figure 25. Students can juxtapose data
regarding their independent variable as a
function of time to look for correlations.

Muon Lifetime Experiments

Figure 26. A three-counter muon lifetime
detector system using the older version of
counters.

A classic modern physics experiment is the
measurement of the muon mean lifetime.
This experiment has historical significance
as the very first experimental evidence of
time dilation. Chapter 1 discusses how the
lifetime measurement can be used to verify
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time dilation. Here we develop the muon
lifetime measurement itself.

Consider Figure 26. When a muon enters a
counter, a signal is generated in that counter.
If the muon traveled through counter 1 and
into counter 2, both of these counters should
have a signal at approximately the same
time. If the muon has stopped within counter
2, however, it will “wait around” until it
decays and generate a second signal in
counter 2 upon decay. The time tpgcay, the
time between the two signals in counter 2,
can be extrapolated from the data file. Since
no signal occurred in counter 3, this is a
strong indication that a muon did indeed
decay in counter 2. Theory suggests that the
muon lifetime exhibits the characteristic
exponential decay that is common to other
physical phenomena, such as radioactive
decay. In the case of radioactive materials,

the decay expression is given by
t

N(#)=Nse 7,
where Ny is the initial population, N(t) is the
population after time t, and T is the mean
lifetime. The fact that muons in our
experiment do not coexist, whereas they do
in radioactive materials, does not change the
decay expression. This does, however, give
a slightly different meaning to N(t) and N.
In this experiment, Ny is not the number of
muons present at t = 0 but represents the
total number of muons that were captured
and decayed within the detector. N(t) is then
the number of these muons with tpgcay > t.
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Figure 27. A lifetime graph showing
number of number of decays as a function
decay from when the muon entered the
scintillator. Fitting this data to an
exponential decay function can yield the
lifetime.

It should also be mentioned here that the
muon’s time of flight before it entered the
detector is of no concern. Though tpgcay is
not its entire lifetime, plotting the number of
decays as a function of decay time will yield
the same exponential decay shape from
which lifetimes can be found. The common
“zero time” that we use here is when each
muon entered the detector. If a large number
of decays are collected in the manner
described above, a plot can be produced
using the web analysis tool. (See Figure 27.)

While doing a lifetime study, no coincidence
level should be set locally. Instead,
coincidence levels may be requested in the
web analysis. Students select the data file to
be analyzed, the coincidence level, and the
time interval between which coincidences
must have occurred. The lifetime can be
determined by fitting this decay plot with an
exponential decay function of the form
described above. It is also possible for
students to estimate the background value
that should be subtracted from each bin
before fitting. (See Figure 27 pink line.)
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Shower Studies

With the absolute time stamp that GPS
offers, a network of detectors (at the same
site, or at different schools) can study
cosmic ray showers. The web analysis tools
allow students to make predictions about
which direction in the sky the shower (and
thus the primary cosmic ray) came from.
Students select the specific datasets to
analyze (these may be from different
locations) the coincidence level required,
and the time interval between which
coincidences must have occurred. A 3-D
plot of position on the earth (xy) is graphed
as a function of signal time (z). This graph
allows them to “see” the direction from
which the shower came. (See Figure 28.)
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Shower Study Event Plot (S-fold coincidence)

Shower Study from Detectors 57 and 58 taken on August 8, 20083

Figure 28. Shower study plot showing
coincidences within a 70 ns time window.
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Chapter 6: Advanced Topics

Plateauing Counters

In order to determine the operating voltage
of each of your counters, it is necessary to
perform a procedure in which you “plateau
the counter.” This step is necessary at least
once a year because counting variations due
to drifts in the tube gain or voltage occur
over time. By using an operating voltage
near the center of the plateau, drift effects
are minimized. QuarkNet Cosmic Ray e-Lab
provides an informative PowerPoint
slideshow and an Excel template to help
with the plateauing process. See:
http://www.12u2.org/elab/cosmic/library/
resources.jsp

How to Plateau a Counter

There are two methods to plateau a counter:
1) Plateauing using a single counter

2) Plateauing using multiple counters

The first technique is simpler, however, it
may make “seeing” the plateau more
challenging.

Plateauing Using a Single Counter

To plateau a single counter, choose a
threshold value for the discriminator and
hold this constant for your experiment.
(Chapter 2 discusses how to choose a
threshold value.) Turn on the DAQ board
and connect it to your computer so that you
can view the datastream on your monitor
using a terminal emulation program. (See
Appendix C for help setting up a terminal
emulation program.) Once you see the
datastream, convince yourself that lower
potentiometer dial values result in a lower
counting rate while higher settings produce a
very high datastream rate on your monitor,
or a fast increase of numbers on the DAQs
on-board scalar display.
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Use a digital multimeter at the power
distribution box to find the voltage applied
to the PMT that you are plateauing. On a
regular basis note the scalar output from the

counter. Use the DS command to display
scalers and RB to reset the counters.

Continue the process for many different
voltages (potentiometer settings) to produce
a graph similar to the one shown in Figure
29. Remember that the scalar increments are
in hexadecimal format when they are
displayed in the terminal emulator. Also,
note that the channels are numbered 0, 1, 2,
and 3 respectively on the monitor and the
board. This numbering scheme (starting
from 0 instead of 1) is consistent with
engineering and computer programming
practice.

Counter Plateau Plot

100000 +
10000 & T
5
£ 1000 DS A
o
.
100 5 4
.
10 -*
. I‘
4 4.5 5 55 6 6.5 7 7.5
Potentiometer Value

Singles Frequency
(counts/minute)

1

Figure 29. Example of counter plateau graph
(log scale) used to determine optimal
operating voltage of PMT.

The optimum operating voltage is where the
semi-log graph looks the most horizontal.
For the graph shown, this occurs around 5.5
V. Sometimes it is difficult to “see” the
plateau with this technique. If multiple
counters are available, the second technique
outlined below will make the plateau more
apparent.
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Plateauing Using Multiple Counters
Consider the four-counter setup in Figure
30. Let’s plateau counter 1. (This can occur
even if the other counters have not been
plateaued.) Set up an experiment to
investigate the coincidence frequency
between counters 0 and 1 as a function of
the potentiometer setting on the base of

Figure 30. Shown here is a four-counter setup used
in plateauing counters using the multiple counter
method. Each counter is paired with another and
coincidences are plotted over increasing voltages.

Since the coincidences between 0 and 1
should remain relatively constant over the
experiment, this can serve as a baseline from
which to find the plateau, and therefore the
optimal operating voltage.

Coincidence Rate

@ 800
2
S 600 s 5 F T T
& 400
Q
£ 200 pe
3 0le
(&)
0.6 0.7 0.8 0.9 1 1.1

Ch 1 Tube Voltage

Figure 31. Example of a multiple-counter plateau
graph used to determine the optimal operating
voltage of counter 1.
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Counter #1 plateau curve,

+singles ch0
w coincidence ch 0 & 1

086 08 1 1.2
voltage ch 1

Figure 32. Graph showing counts per minute of
mudtiple counter platequ using counter 0 as a
background and sweeping voltage on counter 1.

You can also plot singles of the counter
being plateaued along with the coincidences.
The graph is shown in Figure 32. Set the
voltage not far after the plateau begins.

Data Words

This section explains the meaning of each of
the data “words” that appear as a result of a
single event. It is not imperative for you to
understand these words in order to collect
and analyze data, but understanding these
words can help as you attempt to evaluate
the quality of your data.

The datastream from the DAQ board is in
ASCII format. Each data line contains 16
words as shown are a sample set of data in
Figure 33. Words 1-9 are in hex format. The
data shown below is for a single event—a
single event can span several lines of data!
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80EE0049 80 01 00 01 38 01 3C 01 7EB7491F 202133.242 080803 A 04 2 -0389
80EEO004A 24 3D 2501 00 01 00 01 7EB7491F 202133.242 080803 A 04 2 -0389
80EE004B 21 01 00 23 00 01 00 01 7EB7491F 202133.242 080803 A 04 2 -0389
80EE004C 01 2A 00 01 00 01 00 01 7EB7491F 202133.242 080803 A 04 2 -0389
80EE004D 00 01 00 01 00 39 32 2F 81331170 202133.242 080803 A 04 2 +0610

Figure 33. A sample event containing five lines of data. Each line is comprised
of the same 16-word format with each word separated by a space.

Below is a brief description of each of the
“words.”

Word 1: A 32-bit trigger count of the 25
MHz CPLD clock mounted on the DAQ
board with a range from
00000000...FFFFFFFF. Its resolution (1
LSB increment) is 10 ns.®’ A trigger count
of 00000000 means that the DAQ card is
still in the initialization phase, i.e., the GPS
receiver has not started to generate 1PPS
pulses yet. Do not use the initial data until
the trigger count becomes nonzero!

Word 2: TMC count of the Rising Edge at
input 0 (REO). It is also the trigger tag. The
format used is shown below:

Bits 0-4 = TMC count of rising edge;
resolution = 1.25 ns (=10 ns/8).

Bit 5 = channel edge tag (1 = valid rising
edge, 0 = no rising edge).

Bit 6 = not used, always 0.

Bit 7 = trigger tag (1 = new trigger, start of
a new event; () = follow-up data of a
trigger event).

6

10.00 ns if the CPLD clock is exactly 25 Hz. It is reasonable to
assume that an error within +£1000 ns is acceptable for a school
network if the schools are more than 1 mile apart from each other.

7The CPLD clock frequency fluctuates slightly over time,
depending on temperature changes and oscillator ageing drifts.
Therefore, in order to achieve high accuracy (£50 ns) in computing
the absolute trigger times, you need to poll the current CPLD
frequency at a regular basis (say once every 5 minutes) with
command DG (Display GPS data). If the event rate is high enough
(at least 1 event per 100 seconds), the CPLD frequency can be
computed from the 1PPS counter numbers of consecutive events.
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Word 3: TMC count of Falling Edge at
input 0 (FEO). The format used is shown
below:

Bits 0-4 = TMC count of falling edge.

Bit 5 = channel edge tag (I = valid falling
edge, 0 = no falling edge).

Bits 6-7 = not used, always 0.

Word 4: TMC count of rising edge at input
1 (RE1); same format as REO, except bit 7 is
always 0.

Word 5: TMC count of falling edge at input
1 (FE1); same format as FEQ.

Word 6: TMC count of rising edge at input
2 (RE2); same format as RE1.
Word 7: TMC count of falling edge at input
2 (FE2); same format as FE1.

Word 8: TMC count of rising edge at input
3 (RE3); same format as REI.

Word 9: TMC count of falling edge at input
3 (FE3); same format as FE1.

Word 10: A 32-bit CPLD count of the most
recent 1PPS (1 pulse per second) time mark
from the GPS receiver. This hex word
ranges from 00000000...FFFFFFFF and has
a resolution of 10 ns just like word 1.°

Word 11: UTC time of most recent GPS
receiver data update. Although one update is
sent each second, it is asynchronous with the

8 . .
The same uncertainty comments apply here as in word 1.
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1PPS pulse. The format used is shown
below:

HHMMSS.mmm
where: HH = hour [00...23]
MM = minute [00...59]
SS = second [00...59]
mmm = millisecond [000...999]

Word 12: UTC date of most recent GPS
receiver data update. The format used is
shown below:

ddmmyy

where: dd = day of month [01...31]
mm = month [01...12]
yy = year [00...99]
e.g., [03=2003]

Word 13: A GPS valid/invalid flag.

A =valid (GPS data OK).

V = invalid (insufficient satellite lock for 3-
D positioning, or GPS receiver is in
initializing phase), time data might be
OK if number of GPS satellites is three
or more and previous GPS status was
"A" (valid) within the last minute.

Word 14: The number of GPS satellites
visible for time and position information.
This is a decimal number between 00...12.

Word 15: This hex word is a DAQ status
flag. The format used is shown below:

Bit 0: 0 = OK.

1 = IPPS interrupt pending. (Warning flag:
If DAQ card is busy, then 1PPS count
might lag behind or get mismatched.)

Bit1: 0 = OK.

1 = trigger interrupt pending (possibly high
trigger rate; if continues, then data
might be corrupted).

Bit2: 0 = OK.

1 = GPS data possibly corrupted while DAQ

uC was/is busy.
Bit3: 0 = OK.

1 = Current or last 1PPS rate is not within
25 CPLD clock ticks. (This is a result of
a GPS glitch, the DAQ uC being busy, or
the CPLD oscillator not tuned
correctly.)

Word 16: The time delay in milliseconds
between the 1PPS pulse and the GPS data
interrupt. A positive number means 1PPS
pulse is ahead of GPS data, and negative
number means GPS data is ahead of 1PPS.
To get the actual GPS time to the nearest
second, round (word 11 + word 16/1000) to
nearest full second. This gives the actual
GPS time at the last 1PPS pulse.

See Appendix F for the interpretation of the
data for the previous example.
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Coincidence Counting
Variations

Setting with Keyboard Commands
Chapter 4 discusses how to use some
keyboard commands to read scaler values
over a known period of time in an effort to
determine basic counting rate. That simple
calculation does not discuss two
parameters—gate window and TMC delay
(w and d respectively). The gate window, w,
refers to how close in time pulses must be to
cause a trigger. The TMC delay, d, more
difficult to define, determines which pulse
edges get read out into the datastream when
a trigger occurs, by delaying this
information until the trigger actually
happens. (See Appendix E for a full
explanation of each quantity and the details
of time coincidence and data handling.)

Consider the actual physical quantities and

relate them to the two parameters, d and w.

®  Tyrgrg: This quantity is the maximum
time window during which real physics
processes might cause a trigger. In other
words, if you set the card for 2-fold
coincidences, and one channel receives a
signal at t =0, at least one other channel
must show a signal before t = Trrg or
you will not receive any information
about that pair of pulses. The examples
in Appendix E may help.

" Twmpra: This quantity is the duration
after the first pulse in a trigger during
which you want to record all rising and
falling edge times. The channel in which
these extra pulses occur does not matter;
all of them will be saved.

The physical quantities Ttrg and Twipry are
the values for d and w you set on the board.
You set Ttrg and Twiptn based on the type
of experiment that you want to perform.
Below is a list of several types of

32

experiments and typical parameter values
for each.

Muon Telescope Flux Experiments

Set d =4 and w = 10.

If you want to build a muon telescope with
counters less than a meter apart, Ttrg is the
time it takes a muon to go from the top
counter to the bottom counter. Since these
muons travel at essentially the speed of light
(= 1 ft/ns), the T1rg is only a few ns so you
set d to the minimum value of four clock
ticks, or 40 ns. Similarly, to simply count
muons, you are only interested in a short
time window for edges, so you could take
Twipta = 100 ns as well. The DAQ default
values would work well for this experiment.

Muon Lifetime Measurements

Set d =4 and w = 400.

If you want to look for muons that stop and
decay (2.2 us mean lifetime) in a counter,
you look for the decay electron pulses
several microseconds after the trigger, so
you have Twipra = 400 (10240 ns, or about

10 us).

Cosmic Ray Showers

Set d =50 (= 1.2 ps) and w = 100.

In extensive air showers, the main
“pancake” of arriving particles should be
between 10 m and 200 m thick. The earliest
and latest particles might arrive at the
counters about 0.6 us apart, for a vertical
shower. Thus you want Ttrg to e about 1 us.
Twiptn can be about the same.

However, you should not set huge time
windows “just to be safe.” Doing this causes
the card to be busy all the time, and its
effective dead time will become a serious
problem. The values of d and w should be as
small as possible for the given physics goals.

Default values, effective when the DAQ
card is powered up, are d =40 ns and w =
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100 ns. These values may be restored using values serve as a good guide. If you want to
command 'SA 2'. Modifying these values is use the values of d = 50 and w = 100, Table
probably unnecessary for muon telescope 3 shows how to set the DAQ card to these
flux experiments. However, for air shower values:

detectors or muon lifetime experiments, you
should set them at larger values. These

RE
CD

WT 01 00
WT 02 32

WC 00 IF

WC 02 64
WC 03 00

CE
DS

Resets the card by setting all counters to zero and returns everything to
defaults.

Disables the counters and TMC.

Sets the time register with read pointer (register 01) = 00 and the write
pointer (register 02) to d, in hexadecimal. The TMC delay d will be the
difference of these values (so in fact you could set 01 to some value nn, and
02 to nn + d). This example sets d = 50; 500 ns. We have set register 02 to
32, =50,. The maximum is 7F, = 127,,.

Sets the coincidence level and enable desired channels. Set control
registers with the WC (Write Control register) command. Register 0 sets the
coincidence level, using its first (left) hex character. Here, 0 means singles,
1 means 2-fold, and n-1 means n-fold coincidence level is to be required.
This is different from how coincidence is described in the data analysis
software found online. The second (right) hex character represents the
desired pattern of enabled/disabled channels in its bits, with Os for disabled
channels and 1s for enabled channels. In this example, 1F means set 2-fold
coincidences with all four channels enabled: F, = 1111. If you wanted to
disable channel, 2 you would use 1101 = D,.. If you wanted to enable 3-fold
coincidences with channel 2 turned off, you would use WC 00 2D.

Sets the value of w (gate width). Registers 2 and 3 hold the gate width
setting in integer clock ticks (units of 10 ns). The lower 8 bits of the binary
number representing w go in register 2, and the higher 8 bits in 3. Thus, the
desired gate width w is given as abcd and is typed as:

WC 02 cd

WC 03 ab
As an example, to get w = 100 clock ticks (100,, = 0064, = 0000 0000 0110
0100,) you would type what is shown to the left; 1000 ns.

Re-enables the onboard counters.
Displays the scaler values.

Table 3. A keyboard command sequence that allows for coincidence counting
variations of the gate window and TMC delay.
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Interpreting Coincidence Data from
the DAQ Board

This example shows how to interpret the
coincidence data from the board. Assume
you are looking for 2-fold coincidence
between any two of the inputs. As discussed
in the previous section, “WC 00 1F” will set
up this 2-fold coincidence. If, after some

“& 6 - HyperTerminal
File Edit View Call Transfer Help

time has past, you type “DS,” the card will
return the scaler values for each channel as
discussed previously. In addition, the “S4="
line returns the value of the 2-fold
coincidences. This number is also in
hexadecimal. The screen capture on the next
page (Figure 34) illustrates these commands
and outputs.

CEX

>

@0000=001F
>

@00 00000OCK
@01 00000040
@02 00000000
@03 00000000
@04 0000002E
@05 36A33909

N signal (@)5).

>
o 4+—  RBresets the scalers and TMC.
>HC 00 1F ——— W(C 00 IF sets up 2-fold coincidence between any of

V\the four channels.
> o . .
0 Board responds that coincidence is set as specified.

DS displays the scalers for channels 0-3 (@00 through
@03), displays the number of coincidences (@04)
N present for above defined criteria, displays the 1PPS

Figure 34. A sample terminal emulation window displaying how to set coincidence
levels and how to read this coincidence data.
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On-Board Barometer
Calibration

Pressure Sensor Calibration Plot

y=0.0188x + 61.33
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Figure 36. Calibration plot used to convert ADC
counts to air pressure in kPa.

You can measure air pressure with a
barometer on the DAQ board. The
barometer sensor must be calibrated before
it can yield pressure in units of kPa. To
calibrate the sensor, you will need a real

“& hyperterminal - HyperTerminal

barometer (or some way to retrieve actual
pressure in the local area). The actual
barometer reading should be recorded every
time the command “BA” is typed on the
keyboard. The “BA” command displays a
number that represents the ADC (analog-to-
digital converter) count readout of the on-
board barometer. Figure 35 illustrates this
command. Notice that the value changes
each time the “BA” command is typed due
to fluctuations in local air pressure. If you
take actual barometer readings each time the
ADC count is recorded (over a period of
significant fluctuation in air pressure), a
graph similar to the one shown in Figure 36
can be produced.

File Edit View Call Transfer Help

>BA
1886
>
>BA
1940
>
>BA
1939

Quarknet Scintillator Card, QNET2 Firmware Ver2.3, 02/16/04

Figure 35. The ADC count is displayed each time
the “BA” command is typed.
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HE=Help »
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Determine the slope and y-intercept for the the reciprocal of the slope
best-fit line and input those values into the 1 )
board via a keyboard command and your (0.0188 =53 '2) is what the software calls

pressure sensor is calibrated. “gain,” while the y-intercept (61.3) is what

. . the software calls “baseline.”
Figure 37 illustrates the command sequence

used in the barometer calibration. Note that

& hyperterminal - HyperTerminal Q@@
File Edit View Call Transfer Help

Quarknet Scintillator Card, QNET2 Firmware Ver2.3, 02/16/64 HE=Help »
N HB is barometer help command.
BA - Display data as raw counts{BCD) and kPa.

BA bbb.b ggg.g - Calibrate for kPa using Baseline and Gain parameters.
kPa= Stored_Baseline_Data + (BAR_ADC / Stored_Gain_Data)
Stored Baseline_Data=10 =0000

Stored Gain_Datax10 =0000

>BA 061.3 853.2 4— User types inputs “baseline” and “gain” from graph in
>BA format asked for (see above).

1945 97.8

>HB

BA - Display data as raw counts(BCD) and kPa.

BA bbb.b ggg.g - Calibrate for kPa using Baseline and Gain parameters.
kPa= Stored_Baseline_Data + (BAR_ADC / Stored_Gain_Data)

Stored Baseline_Data=10 =0613}

Stored Gain_Datax10 =0532 S~ Values are stored in board.

Figure 37. Command sequence used to calibrate the
barometer.
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Appendices

Appendix A: History of Card Development

After participating in the 1994 Teacher
Research Associates (TRAC) Program at
Fermilab under the mentorship of Dane
Skow, high school physics teacher Jeff
Rylander was excited about his experience
doing high-energy physics research and
wanted to bring a real high-energy physics
experiment back to his classroom. During
the next year, Jeff collected the equipment
needed to perform a cosmic ray muon
lifetime experiment in his class. Fermilab
electrical engineer Sten Hansen developed a
low-cost circuit board for the setup that
served as the logic board to analyze a single
counter output and then deliver a readable
signal to a classroom computer. In 1996,
high school students at Maine East High
School in Park Ridge, Illinois did this muon
lifetime experiment.

Independent of Rylander’s experiment,
projects like CROP and WALTA began
supplying schools with NIM crates and
modules, on loan from Fermilab, to
participants in school-network cosmic ray
muon detector projects. The loaned
equipment had a book value of about
$10,000 per school. Although most of the
modules were obsolete and no longer in
demand for current experiments, the large
cost drove the need to provide a very low-
cost set of front-end electronics to these
teachers. Also, off-the-shelf NIM modules
could not handle GPS timing data and PC
interfacing. Thus, while adequate for
training teachers, these wide-area network
projects could not begin taking real data in
schools with the NIM hardware.

During 2000, Tom Jordan of Fermilab
worked on the possibility of using new
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programmable logic and time digitizer
chips—similar to ones used in Rylander’s
experiment—to put cosmic ray experiments
in the hands of QuarkNet teachers around
the country. At Tom’s request, Fermilab
engineers Sten Hansen and Terry Kiper
developed a prototype front-end card for a
simple tabletop cosmic ray demonstration
detector. This “Version 1” QuarkNet board
put together components that were cheap,
reliable and highly capable of integrating on
a small board the discriminator, logic and
scaler functions of NIM modules for four
PMT channels, and a universal PC interface.
However, only relatively coarse (~20 ns)
pulse timing information could be provided.

At the SALTA Workshop, held as part of

the Snowmass 2001 meeting, QuarkNet

joined CROP and WALTA to plan an

improved Version 2 board. The goals were:

= Nanosecond local timing.

= <100 nanosecond absolute timing.

= Reporting of all pulse edge times within
a reasonable time window.

= Up to 4-fold majority logic.

» Total cost per board under US$500.

Remarkably, these goals were quickly
achieved! A team at KEK, the Japanese
equivalent of Fermilab, had developed a
time-to-digital module for the ATLAS
particle physics experiment using a custom-
made ASIC chip called TMC (Time
Measurement Cell). Samples, available at
Fermilab, are used in the new board design
to provide the detailed, precise timing data
needed for air shower detectors. In addition,
the TMC chips allowed for time-over-
threshold (ToT) estimates of pulse area.
University of Washington engineer Hans
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Berns designed and implemented an on-
board system to integrate data from a very
low-cost (US$100) GPS receiver module.
This provided the final piece of missing
functionality. The Fermilab team revised the
board and its firmware to better encompass
the needs of air shower experiments. After
lab-testing prototypes, QuarkNet distributed
the production specimens of the Version 2
cards in the summer of 2003.
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Currently, Fermilab is helping to produce
several hundred DAQ boards and PMT
bases for distribution to QuarkNet teachers
around the country. A software development
team has developed a web interface by using
grid computing tools and techniques to
allow cosmic ray data networks nationwide.
Now students across the country are able to
collaborate as they perform real HEP
experiments. See:
http://www.i2u2.org/elab/cosmic/home/
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Appendix B: DAQ V2.5 Board Schematic Diagrams
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Appendix C: Terminal Emulator Setup

Hyperterminal

Hyperterminal, a terminal emulation
program, often comes with a Windows-
based PC or can be downloaded from the
Internet. Hyperterminal allows the PC’s
monitor to display the data that is sent from
the DAQ board to the PC’s serial port or
USB port. Note: Hyperterminal no longer
comes as a standard application with
Windows Vista or Windows 7. Contact the
Cosmic Ray e-Lab HelpDesk for solution:
https://www.i2u2.org/elab/cosmic/teacher/fo
rum/HelpDeskRequest.php

?X

Connect To

% 6-30

Enter details for the phone number that you want to dial:

Country/region: :United States (1) v

Area code: 1630
Phone number:

Connect using: | Actiontec MD560ORD V92 MDC Mc v
Actiontec MD560RD V52 MDC Mode:

COoM1
TCP/IP (Winsock)

Once this program is opened, a window
appears that asks for a name for the
connection that you are making. Enter a
convenient name so that in the future you
will not have to go through the initial setup
routine each time you want to establish a
connection.

Once you select “OK,” the window shown
in Figure 38 appears. You need to select the
COM port that the DAQ board is connected
to on the back of your computer.

Choose the COM port that the DAQ
board is plugged into on the back of
your computer (Serial port is COM1
and USB is COM3 for this computer.)
COM3, the USB port, is selected here.

Figure 38. This window illustrates where the COM port selection is made,
which tells the computer to which port the DAQ board is connected.

You need to change two settings from their
default values on the next screen. These
modifications are shown in Figure 39.

Once these settings have been made, select
the “Capture Text” — “Start Capture”
command from the “Transfer” menu. A
window appears in which you type a name
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for the text file to which the datastream will
be written. Once a file name and folder for
that file have been selected, the “Start”
button begins the process of writing data to
the text file. As long as the connection is
open, data is written to the file. This text file
contains data for later analysis. To stop
writing data to the file, select “Capture
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Text” — “Stop Capture.” The connection analysis.
may be closed, and the text file is ready for

This window will appear

corresponding to the COM3 Properties @@
properties of the COM port -
selected S

Change this to

e w—p Bic pal second | 115200 v
115200 bfs
Databes: |8 v
Parity: | None v
Stop bts: | 1 v
. vhie to Lonl¥ofF
Change this to Xon/XofL. > Aow cortrol: | IR NBT] 3

The rest of the settings | Restore Defouts |

keep the default values

l OK I[ Cancel ][ Poply ]

Figure 39. Where baud rate and low control settings are modified for
Proper reading of the DAQ datastream with Hyperterminal.

Zterm the shift button while Zterm is opening. This

Zterm is a terminal emulation program that opens a window showing all possible

can be downloaded and used on either a devices that are connected. You can select

Mac- or Windows-based PC. This program the USB device or serial port connection.

allows the computer to display the data that

is sent from the DAQ readout board to the Select the “Settings” — “Connection”

computer’s serial port or USB port. menus. The window shown in Figure 33
appears. You need to change two values

Once this program is installed and opened from the default settings: Data Rate =

on your machine, the computer should auto 115000 bits/sec and Flow Control =

detect the port your DAQ board is connected Xon/Xoff.

to. If this is in question, you can hold down

42
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|
l Change Data Rate to

7 115200 for “6000” DAQ.

| Service Name: |Lo<:al

Phone Number: |

Pre-dial init: |

Account:

Data Rate: | 19200 8 [0 ]
Parity: None top Bits: | 1 v !
"l Local Echo

Flow Control: @Xon/Xoff " 1 Hardware Handshake

( OK ) ' Cancel .

Figure 40. Where baud rate and flow control settings are modified
for proper reading of the DAQ datastream with Zterm. Note: the
Data Rate should be set 0 11520 for the “6000” series DAQ.

Once the settings have been made, select the
“Start Capture” command from the “File”
menu. A window appears in which you type
a name for the text file to which the
datastream will be written. Once a file name
and folder for that file have been selected,
the “Start” button begins the process of
writing data to the text file. As long as the
connection is in place, data is continually
written to the file. This text file contains
data to be analyzed. To stop writing the data
to the text file, select “Hang Up” from the
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“Dial” menu or just quit Zterm. The
connection is closed, and the text file is
ready for analysis.

Unix/Linux

The application 'screen', standard on most
Linux distros, allows the capture of DAQ
data coming to a USB port. Contact the
Cosmic Ray e-Lab HelpDesk for details:
https://www.i2u2.org/elab/cosmic/teacher/fo
rum/HelpDeskRequest.php
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Appendix D: Precise Event Time Calculation

Algorithm

Leoupse = Mh :mm : ss.sss, mm:dd : yy
delay = * 0.ddd
integer seconds : ss = round (ss.sss + 0.ddd) to nearest second
N,
NP A/ A/ V ti ol fomp
Clock rate R, = (N yyp5r jpps = N previous iees ) ticks/sec
(.'\" N

{ TRIGGER ~— 1Y LATEST 1pps)
NANOSEC —
Rn

Sfrom data record

= clock count at time X:

Levenr = S8+ Lyanosec
Alternatively, use a K - second running average for the clock rate :
N - N
. (N LATEST 1PPS N A’//uI'R/-.‘l’/()l’.\'71/'/'.\')

R, = e

Examp]e Calculation triggered by a pulser. One was captured on a

Note: this example uses data from the
previous generation DAQ (clock: 41.66
MHz). The following two simultaneous

laptop and one on a PC. For the purpose of
discussing the data format, each column is
labeled with a letter. The lines are split in

events were recorded by two boards half for readability.
A B C D E F G H 1
Trigger Count | REO | FEO | RE1 FE1 RE2 FE2 RE3 FE3
Laptop 1BB7FB6A B7 01 37 01 00 01 00 01
1BB7FB6D 01 24 01 24 00 01 00 01
PC 1BB7FB52 B5 01 35 01 00 01 00 01
1BB7FB55 01 21 01 21 00 01 00 01
J K L M N [¢] P
1PPS Count Time Date Valid? # Satellites Error Bits Correction
(GMT)
Laptop 1B1F27A0 210727.72 110603 A 06 A +0096
7
1B1F27A0 210727.72 110603 A 06 8 +0096
7
PC 1B1F2787 210727.37 110603 A 06 A +0450
2
1B1F2787 210727.37 110603 A 06 8 +0450
2

Table 4. Example event data from PC and laptop used to illustrate how to
calculate precise event times.
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Column A is the clock value at which the
triggers came. Columns B through I
contain timing information in fractions of a
clock period. Each input has data for the
rising edge (RE) and falling edge (FE) of the
pulse for each channel. Column J is the
clock value at which the 1PPS arrived.
Column K is the time and Column L the
date at which the 1PPS arrived. This value
must be corrected by Column P and
rounded to the next second. Column M is
“A” when the GPS data in a row is valid and
“V” when it is invalid. Column N is the
number of satellites the receiver is using.
Column O is four error bits, each of which
indicates the trigger IRQ status. Bit 0
indicates that the 1PPS interrupt is pending,
bit 1 that the trigger interrupt is pending, bit
2 that the GPS data could be corrupt (write
in progress during readout), and bit 3 that

the current or last 1PPS pulse was not within
tolerance of clock ticks.

To calculate the absolute time of the 1PPS,
we must add K to P and round to the nearest
integer second, first converting to seconds
after midnight. Separate K into hours,
minutes, seconds, and milliseconds.
Multiply by 3600 for hours and 60 for

msec

minutes. Round(KSec + m) =T pps -

To calculate the relative time between the
input pulses, you must understand the edge
data represented in columns B through I.
Each column contains a tag bit (bit 5) to
indicate whether the column contains data.
Bits 0-4 are the data. Bit 6 is always 0. Bit 7
of column B only indicates whether a new
trigger is contained in the line; for columns
C through I, bit 7 is always 0. See bit map.

7 6 |5

0 (Trig tag for REOQ) 0 | Channel Tag

Data

Data Data Data Data

Table 5. Bit map for columns B through I for event data shown in Table 4

above.

Bit 7 of Column B indicates a new trigger.
To calculate the time of each trigger, the
relative time between the 1PPS and the
trigger must be found. This can be
calculated by subtracting the counts in
Column J from those in A (first converting
to decimal). 4 - J = AT, . The data from

columns B through I may be added but give
superfluous precision (for small datasets)
given the 1PPS is measured only in integer
clock periods. To calculate the absolute time
of column A, convert AT, to seconds
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(multiply by the reciprocal of the clock

L
Sew )

T, pps - Thus the absolute time of the trigger

= AT, and add to

sec ?

frequency), ATC,k(

is: Tipps + AT =T, . The long form is:

+ P’"““)+ (A_J)=T In this

ec 1000 f;,[k abs *

case the triggers happen at the following
times in seconds after midnight:

Round (KS
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PC:

(465042258 - 455026567 )

4
T, = Round|76047.372 + 0,
‘ 1000

Laptop:

=76048.240376582 sec

41666667

after midnight.

= 76048.240376558 sec

T,. = Round| 76047.727 + +
| 1000

a

Note: for "6000" series DAQ, fox =25 MHz
for all older DAQ, foi = 41.666667 MHz

The difference between the two times in this
example is the length of one clock period.
This is to be expected because the clock
period is the limit of the resolution of the
triggers. By writing a program to examine
the files containing readout data, you can

0096\ (465042282 - 455026592)
41666667
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after midnight.

easily check the time difference for each
event. For these data, the time differs no
more than two clock periods verifying that
the GPS data can be used in correlating data
between QuarkNet DAQ v2 cards.
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Appendix E: Details of Time Coincidence and Data

Handling

This appendix explains the operation of the
card’s time coincidence and data handling at
a deeper level. To keep the cost low, the
project engineers created a very clever
scheme for handling the tasks needed with
minimal resources. Of course, “clever” also
means “not simple.” For this reason, the way
in which triggering is handled differs in
some details from what one might expect for
simple modular fast electronics like NIM
coincidence units. The card handles
coincidences as described below.

Descriptions of Gate Window
and TMC Delay

We define two parameters, which you can

set:

1. w=Gate Window: Just like the “width”
setting in a NIM module, the gate
window determines how close together
pulses must be to cause the card to
trigger. Note: In digital electronics, the
term “gate” means a signal used to
enable (“open the gate for”) passage of
other signals or data.

2. d=TMC Delay: This quantity
determines which pulse edges get read
out into the datastream when a trigger
occurs by delaying this information until
the trigger actually happens.

Both w and d are measured in units of 10
nanoseconds, the internal clock tick interval.

Consider the actual physical quantities and

relate them to the two parameters listed

above.

®  Tyrgrg: This quantity is the maximum
time window during which real physics
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processes that we want to study might
cause a trigger. In other words, if we set
the card for 2-fold coincidences and one
channel gets a signal at t = 0, at least one
other channel must show a signal before
t = Ttrg or you lose detailed information
about that pair of pulses. The examples
below may help.

" Twmpra: This quantity is the duration
after the first pulse in a trigger during
which we want to record all rising and
falling edge times. The channel in which
these extra pulses occur does not matter;
all of them are saved.

Set the values of w and d as follows:

®  Set d > Ttrg, but no smaller than two
clock ticks.

" Setw>Twmpm+d-1.

Whenever an above-threshold voltage is
detected on any channel, that channel turns
on an internal trigger bit for w clock ticks (w
x 10 ns). At the end of that time the internal
trigger bit is reset to zero.

The card’s startup default setting is for 1-
fold coincidence, which means it

triggers on singles: any above-threshold
signal on any channel produces output data.
Unless your PMTs are extremely quiet,
actually triggering on singles will quickly
overwhelm the card.

When the card is set for 2-fold coincidences,
a trigger is declared any time that two or
more channels' trigger bits are “1”
simultaneously. If the card is set for 3-fold
coincidence, then it requires three channels
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with their bits set simultaneously, and
similarly for 4-fold.

The trigger bits must overlap by at least one
10 ns clock tick to activate a trigger. If one
channel's bit drops and another rises, no
trigger occurs. Also, the trigger is active for
exactly the overlap period. The card has a
TRG output that goes high when a trigger
occurs. You can watch this on the
oscilloscope and see its duration change as
the signals are closer or further apart.

The TMC delay d is very different than the
almost-just-like-NIM coincidence described
above. The reason for this is that we want to
do more than count triggers; we also want to
record all the edges that contributed to a
given trigger. It is hard to program the
circuits inside the board to look back in time
to the first pulse that contributed to the
trigger when the second pulse might have
arrived a significant amount of time later. (It
was also hard to make the old NIM modules
do this.) Instead, we separate the part that
generates the trigger from the part that reads
out the timing information and then we
delay this detailed timing information so
that it is read out after the trigger is
generated. The card needs to save only
information that happens when the gates
overlap.

Consider the card’s startup default settings,
d =6 and w = 10. Imagine a physics event
where one pulse arrives three clock ticks
after another. The trigger will occur when
the second pulse arrives—three clock ticks
after the first. At this point, the card detects
trigger bit overlap, and the TRG output goes
high. Internally, however, pulse edge time
information is delayed six clock ticks (d =
6), so the information about that first pulse
is available after just three more clock ticks
(the trigger is still on). The information
about the second pulse arrives after another
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three ticks. (Again, the trigger is still on.)
Because both edges appear when the trigger
is on, they appear in the datastream sent to
the computer.

Examples of Event Timing

Diagrams

Below are four examples of event timing
diagrams showing 2-fold coincidences, with
d =6, w = 10. In each case, pulses of width
two clock ticks (10 ns) arrive at inputs 0 and
1, but with different time separations in each
example. The timing diagrams show the
discriminator output, the channel trigger
gate, and the TMC output after delay d, for
each channel, plus the coincidence trigger
gate, and the edge time information obtained
from the TMC upon readout.

Example A

The signal in channel 1 arrives two clock
ticks (20 ns) after the signal in channel 0.
Figure 41 illustrates that the trigger gate is
eight ticks long (overlap time of the two ten-
tick channel gates). All edges get reported.

Signal and gate timing

T —input 0
- gate 0

TMC delay 0
—input 1
— gate 1
— TMC delay 1
— 2-fold TRG
— Edges 0
— Edges 1

0 4 8 12 16 20 24 28

10 ns time bin

Figure 41. Signal and gate timing diagram
for Example A.

Example B

The signal in channel 1 arrives three clock
ticks (30 ns) after the signal in channel 0. In
this case, the trailing edge of the delayed
TMC signal for channel 1 lies outside the
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card trigger gate (overlap time of the
individual channel gates), so only its leading
edge is reported. This is illustrated in Figure
42.

Signal and gate timing

i — input 0
- gate O
- 7 TMC delay O
—HH —input 1

—gate 1

— TMC delay 1
T — 2-fold TRG
— Edges 0

— Edges 1

0 4 8 12 16 20 24 28
10 ns time bin

Figure 42. Signal and gate timing diagram for
Example B.

Example C (Figure 43)

The signal in channel 1 arrives five clock
ticks (120 ns) after the signal in channel 0.
Note that the delay value is six clock ticks
(144 ns). In this case, both edges of the
signal on channel 1 lie outside the trigger
(overlap) window and are not reported. If
your physics application involves simply
counting triggers (as in a muon telescope),
this does not present a problem. However, if
you are analyzing edge time data, as in a
muon decay or air shower experiment, this
would appear to be a 1-fold event! If this
situation represented a real physics process
you wanted to study, you would need to
lengthen the values of d and w to accept all
the edges in this event. If this is not done,

this looks like a random background event
that you have to eliminate or ignore when
you analyze the data.

Signal and gate timing

i —input 0

- gate 0

- — TMC delay Q
—input 1
—gate 1

— TMC delay
— 2-fold TRG
— Edges 0

— Edges 1

0 4 8 12 16 20 24 28
10 ns time bin

Figure 43. Signal and gate timing diagram for
Example C.

The next example is an actual event
recorded by the DAQ card, on Aug. 8, 2003,
with a mini-array of four counters. In this
example, the card was set with d =6, w =10
(the default startup values), and for 2-fold or
greater coincidence level. (The
interpretation of the data words for this
event can be found in Appendix F.)

Example D (Figure 44)

Notice the datastream had five lines of data
for this single event.

80EE0049 80 01 00 01 38 01 3C 01 7EB7491F 202133.242 080803 A 04 2 -0389
80EE004A 24 3D 25 01 00 01 00 01 7TEB7491F 202133.242 080803 A 04 2 -0389
80EE004B 21 01 00 23 00 01 00 01 7EB7491F 202133.242 080803 A 04 2 -0389
80EE004C 01 2A 00 01 00 01 00 01 7TEB7491F 202133.242 080803 A 04 2 -0389
80EE004D 00 01 00 01 00 39 32 2F 81331170 202133.242 080803 A 04 2 +0610

Figure 44. A sample event containing five lines of data. Each line is
comprised of the same 16-word format with each word separated by a space.
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The pulse-timing diagram, Figure 45, shows
the four PMT channels’ trigger bits as a
function of time in nanoseconds.
(Remember, channels are numbered 0
through 3). Pulse edge times are recorded
with 1.25 ns precision. Recall, however, that
the trigger logic works in time bins of 10 ns.

Discriminator outputs

|
]

channel

o -

o ‘I‘!‘ e L‘ ey
0 10 20 30 40 50 80 70 80 90 100 110 120
nanoseconds

Figure 45. Discriminator output timing
diagram for Example D.

Figure 46 shows the channel trigger bits as a
function of time, in units of 10 ns.

Channel gates

w

N
I

Channel

-
L

o

o
N

4 6 8 10 12
10 ns time bin

Figure 46. Channel gate-timing
diagram (card trigger interval is shaded)
for Example D.

The following sequence of events occurs:

1. The first pulse arrives on channel 2 at t =
1 (in units of 10 ns). Trigger gate 2 is set
for 10 ticks. The TMC records the
pulse’s leading edge at 3 ns relative to
the last 10 ns clock tick.

2. Three nanoseconds later, a pulse arrives
on channel 3. Trigger gate 3 is set for 10
ticks. The TMC records this pulse’s
leading edge at 6 ns.

3. Trigger gates 2 and 3 are set
simultaneously, so a trigger gate (TRG)

50

is asserted. If no further signals arrived,
the trigger would stay on for ten 10 ns
time bins (100 ns) since the signals on
channels 2 and 3 arrived inside the same
clock tick.

4. In 10 ns time bin 2, pulses arrive in
channels 0 and 1, setting their trigger
gates for 10 ticks. Thus, the 2-fold
coincidence requirement is met
continuously from time bin 1 until time
bin 11, a total of 11 clock ticks or 110 ns
(shaded area in Figure 46).

5. At the end of this interval the trigger
gates for all channels are down, so the
TRG gate is dropped. The pulse edge
times stored during the time the trigger
was on are read out of the TMC chip and
reported.

6. Only edges that are within the trigger
interval after they have been delayed by
six ticks are put into the datastream.
Thus, all the pulses in Figure 43 are
recorded, but the second falling edge of
channel 3 (which is off the figure to the
right) will fall outside the shaded area in
Figure 46 and will not be recorded.

Note: The actual values encoded in the
datastream represent the delayed times. If it
is vital to get the actual time for each edge,
then each of them actually arrived d x 10 ns
earlier than the time given in the data record.
Usually only relative timing matters, and
this kind of accuracy is not necessary.
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Appendix F: Acronym and Jargon Dictionary

Acronym or
Term

1 PPS
AC
ASCII

ASIC

ATLAS

Binary

Bit

Byte

BNC

Coincidence

Counter

CPLD

CPU
CROP

DAQ
DB9

Description

One Pulse Per Second. GPS signal used for precise time synchronization.
Alternating Current.

American Standard Code for Information Interchange. Numeric code for
text files.

Application-Specific Integrated Circuit. A custom-made chip, like the
TMC chip used in the DAQ board.

A Toroidal LHC ApparatuS. A large international collaborative
experiment at the Large Hadron Collider (LHC) at CERN Laboratory in
Switzerland. <http://atlas.web.cern.ch/>

Base 2 number system with only 2 digits: 0 and 1. For example, the
decimal numbers 1, 2, 3, and 4 are written 1, 10, 11, and 100 respectively
in binary notation. To distinquish a binary number from a decimal (base
10) number, a subscript “2” follows the number: 100, is the same as 4.

Binary Digit. Component of a number expressed in the binary system
using only Os and 1s.

A block of four binary bits which can store one ASCII character. Also, a
unit of capacity for computer storage devices (hard drives, memory
chips, etc.).

Either Bayonet/Neill-Concelman (the inventors of the BNC connector),
or Berkeley Nucleonics Corporation (opinions differ). The name for a
commonly used connector for coaxial cable.

In high-energy and nuclear physics, a set of events that occur
“simultaneously” (i.e., within some small period of time). For example,
“3-fold coincidence” means particles are detected simultaneously in three
separate detectors.

The detector element in high-energy physics experiments. Refers to the
scintillator, light guide, photomultiplier tube (PMT) and base assembly.

Complex Programmable Logic Device. A general-purpose integrated
circuit chip which can be used in many ways, as programmed by the
user.

Central Processing Unit. The “heart” of a computer.

Cosmic Ray Observation Project. Nebraska-based project to study large
scale cosmic ray showers.
<http://physics.unl.edu/~gsnow/crop/crop.html>

Data Acquisition.
Serial Communications D-shell connector with 9 pins. Used on the GPS
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DC

Discriminator

DOE
Event

FIFO
FNAL

FPGA
Gate

GPS
HEP

Hex

HV

LED
LEMO

MCU
NIM

NMEA

ns
NSF
Op-Amp

device.
Direct Current.

In high-energy and nuclear physics, an electronic circuit that produces an
output pulse only when its input voltage exceeds a selected (threshold)
level.

United States Department of Energy. <http://www.doe.gov/>

In high-energy and nuclear physics, a coincident pattern of detected
particles that is likely to be of interest, and should be recorded. (Derived
from the use of the same term in special relativity: an occurrence at a
particular point in space and time.)

First In, First Out. A type of memory buffer where data is taken out in
the same order as it is put in.

Fermi National Accelerator Laboratory. Also known as Fermilab.
<http://www.thal.gov>

Field-Programmable Logic Array. One variety of CPLD.

In digital electronics, a signal that enables another signal to be
transmitted. The digital equivalent to a toggle switch.

Global Positioning System. <http://tycho.usno.navy.mil/gps.html>

High-energy physics. The branch of physics that studies the nature and
behavior of high-energy particles.

Hexadecimal. A number system with base 16. Use the characters 0-9 and
A-F to represent numbers with decimal values of 0-15. Widely used in
computers, since one hex digit represents 4 binary bits. Data storage in
‘bytes’ of 4 bits or multiples of 4 (8, 16, 32, etc.) is very common.
Example: A37Fy =41855,0=10100011 0111 1111,. The subscript “H”
denotes a hex number.

High Voltage

Koh-Enerhughi-Ken-Kyu-Sho. A high-energy accelerator research
organization in Tsukuba, Japan. The Japanese equivalent to Fermilab.
<http://www .kek.jp/intra.html>

Light-Emitting Diode

(Company name) Miniature coax cable connectors—serve the same
function as BNCs.

Micro Controller Unit. (See also “CPU.”)

Nuclear Instrument Module. A standard for interchangeable nuclear
physics electronic modules dating back to the 1950s.

National Marine Electronics Association. Commonly used data
specification with navigation instruments, e.g., GPS receivers.

Nanosecond = 1 billionth (10™) of a second.

National Science Foundation. <http://www.nsf.gov/>

Operational Amplifier. An integrated circuit element that amplifies a
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PC
PMT
QuarkNet
RS-232
SALTA

Scaler
TDC
T™™C

ToT
TRG

UNL
USB
UTC

Uw
VAC
VDC

WALTA

signal. Op-amps are the building blocks of many kinds of digital circuits.

Personal Computer. A generic term that covers Windows-, Mac-, or
Linux-based computers.

Photomultiplier Tube. Vacuum tube that converts extremely low light
levels (down to single photons) into electrical signals.

National science outreach program funded by NSF and DOE.
<http://quarknet.fnal.gov>

Recommended Standard 232. A connector commonly used for computer
serial interfaces.

Snowmass Area Large-scale Time-coincidence Array.
<http://faculty.washington.edu/~wilkes/salta/>

Pulse counter.

Time-to-Digital Converter.

Time Memory Cell. Name of the specific TDC chip used in the DAQ
board. <http://research.kek.ip/people/araiy/TEG3/teg3.html>

Time over Threshold.

Trigger. In high-energy and nuclear physics, the digital signal that
indicates an event of interest has occurred and data should be logged.

University of Nebraska, Lincoln.
Universal Serial Bus.

Universal Time Coordinated. Formerly known as Greenwich Mean Time
(GMT).

University of Washington, Seattle.
Volts of Alternating Current system. Most U.S. appliances use 110 VAC.
Volts of Direct Current system. The DAQ board used 5 VDC.

Washington Large-scale Time-coincidence Array.
<http://www.phys.washington.edu/~walta>
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