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1 Introduction to the Project

This project involves using a Cosmic Ray Muon Detector (CRMD) to detect and perform exper-
iments on muons produces when primary cosmic ryas interact in the atmosphere. The detector
involves 4 scintillation counters and a data aquisition board (DAQ) set up as shown above. The
counters are made up of a scintillating material, which emmits a flash of light when a charged
particle like a muon passes through. This light is then detected by a photomultiplier tube which
converts it into a signal. That signal is then fed into the DAQ board and processed. The board
can check for coincidences in time between the signals. Since a muon is travelling at nearly the
speed of light, they will pass through all the detectors at essentially the same time. The DAQ
board then looks for signals which come from all detectors within a short time (about 100ns) as
evidence that a muon has passed through. Information from the DAQ board is then fed into the
computer through a USB port and can be viewed using a terminal emulator such as Hyperterm.
More information about how to use Hyperterm can be found in the appendix.

The great thing about this project is the Cosmic e-lab website, which is the resource which allows
you to analyse the data you collect and easily plot graphs using off site computing power. This al-
lows you to quickly and easily analyse the data that students collect. They can obtain a plot of the
flux of cosmic rays over time, test the performance of the counters, calculate the lifetime of a muon,
look for air showers produced by high energy primary cosmic rays and produce posters to present
their results. The address for this website is http://www18.i2u2.org/elab/cosmic/home/project.jsp
This project does not only teach the pupils about muons and cosmic rays, but it also introduced
them to how particle physics experiments are carried out. They will understand how large scale
collaborations work and how we actually detect particles which we can’t see.

This pack is aimed at teachers to help you let your students get as much as possible out of the
project. I have included students’ learning outcomes, possible ways of running the project and
detailed descriptions of how to set up and use the detector, and how to use the Cosmic e-lab web-
site. I have also included all of the worksheets in the Student Pack, but with extra annotations
(in italic) which describe how long each section should take, possible downfalls etc.

1.1 Student Prior Knowledge and Skills

Before doing this project, students should know how to:
e Make basic measurements.

e Make basic calculations.

Interpret basic graphs.

Write a research question.

Make a research plan.



1.2 Learning Outcomes
Students will know and be able to:

e Content and Investigation:

Identify cosmic ray sources and describe how the resulting muons are created in the
atmosphere.

— Explain what the cosmic ray detector measures.
— Manipulate the data in a way that helps them understand characteristics of the muon.
— Design an investigation that asks a testable hypothesis, which can be answered from

the cosmic ray data and provides a description of cosmic ray phenomena.

e Process:

Explain the data collection process including what corrections need to be made in order
to obtain reliable data.

— Evaluate the data to decide which are reliable/usable and which are not and explain
how they arrived at the decision to include some data and exclude others.

Collect, organize and analyze data to obtain meaningful findings.

Use the data to provide evidence to support their claims.
e Computing:

— Explain why they used specific computing resources in their analysis.
e Literacy:

— Demonstrate an ability to express meaning in writing (such as in science notebooks,
reports) and come to agreement about meaning with others (such as peer review, dis-
cussion).

1.3 Possible Project Structure

There are many ways this project could be run, depending on how much time you have an how
many students are part of the project.

1.3.1 Short Experiment/Demonstration

The first option is to just use the setup as a demonstration experiment in one lesson. It could
be shown collecting data and it should be explained exactly how it works. Then students could
use the cosmic e-lab website to analyse data which already exists and has been uploaded on the
website. Each worksheet in the student pack includes details of some example data to use for each
study. This is data which has been recorded by the University of Birmingham and should provide
good plots which are easy to understand. The disadvantage of this is that students will not get
a chance to take their own data, which can help the students to understand the process much
better. However, it can easily fit into 1 hour so is ideal if you only have 1 lesson spare.

1.3.2 Short Project

Another option is to run the project over about 4 weeks. The idea here is to split up your class
into groups of 2 or 3, depending on how large the class is. The first 2 weeks will be the same for
all students. Then they will have a chance to use the detectors to take data for their own research
topic, which they suggest themselves. It could be investigating a factor which affects the flux of
cosmic rays, calculating the lifetime of a muon or investigating air showers. They may need to
take data with different settings, and so will need to work together to decide who can use the
detector and when. Finally, they can make a poster and present their results to their class mates.



e Week 1: Introduction to the project. Teach them the theory behind it and how the detector
works. They can play about with the detector and teh website to get used to using it. Before
they can use the website, they will need to take the preliminary test. This will allow you
to find out what they know before the project starts. They can also write a short research
proposal including what they will want to investigate and how they plan to investigate it.
Work for this week is covered in Worksheet 1 of the student pack.

e Week 2: Calibrating and testing the counters. Worksheet 2 teaches how to plateau the
counters to find their optimum operating voltages. Worksheet 3 describes how to use the
cosmic e-lab website to test the counters to ensure they are working well.

e Week 3: This is when they use the detector to answer the research question they posed in
week 1. They may need to carry out their experiments at different times as each group will
probably need to take different data. This will encourage collaboration to organise who can
have the detector when and to see if some data can be reused for different groups. Different
methods of collecting data are described in Worksheet 4 - 6.

e Week 4: They can use the e-lab website to create a poster displaying their results. This
is described in Worksheet 7. They can end the week by presenting their results to their
classmates, by showing their poster and preparing a short talk describing how they obtained
those results. This is a nice way to round off the project and means that all students learn
from the other groups.

1.3.3 Long Project

This project would run for 7 or 8 weeks and is ideal if you only have a small number of students.
It is suggested that it could be run as an after school activity, so that you have time to fit in your
curriculum. There are 7 worksheets in total, and it should’t take more than an hour or two to
work through them (except Worksheet 2: plateauing the counter, this takes a few hours). The
project should therefore last about 7 weeks, unless you aim to get through 2 worksheets each week.
This time does not include the time it takes to collect data, but once the data is being recorded,
the experiment can be left to run. You may need to organise it so that you split one worksheet
into 2 sessions. The first session will be an introduction to the worksheet and using data already
uploaded to learn how to run the analysis. They can then set up the detector, leave it recording
data and analyse the data in the next session.

1.4 Using the Cosmic e-lab Website

The Cosmic e-lab website is the main resource for analysing data from the detector. The website
is http://www18.i2u2.org/elab/cosmic/home/project.jsp Hyperterm is used to record data to a
.txt file which can then be uploaded and analysed. There are two sections of the website, the
Student Home and the Teacher Home. If you do not have a password for a teacher account please
get in touch with the University of Birmingham.

1.4.1 Student Home

This section is taken from Worksheet 1 of the student pack, and provides all the information for
using the website. Specific analysis options are discussed in the relavent worksheets

Your most valuable tool for this project is going to be the cosmic ray e-lab website. This contains
all the resources you need to get your head around cosmic rays, and contains the tools to analyse
the data you collect. The website is http://www18.i2u2.org/elab/cosmic/home/
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your teacher apprised of your work and publish your results.

The first page you are presented with is then the project map. This shows you the various

milestones you are expected to complete through the project. Clicking on each of the circles will
give you more information about that milestone.
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Resources breaden your understanding of cosmic rays and
research

Biq Picture - Read a project overview and view a sample poster.

FAQs - Find answers for frequently asked questions:

Site Tips - Check out tips for using the website.
Project Milestones (text) - An alternate version.

By clicking on the “library” tab at the top of the page, you can access all of the learning resources
available on the site. The glossary contains a list of technical terms along with what they mean,
and the resources page contains useful information about cosmic rays, and step-by-step tutorials
about how to use the website. Refer to this section if you ever need help navigating through the
site or using the analysis tools, and you cannot find the information in this Student Pack. It
would be a good idea to spend some time getting yourself familiar with the website and the tools
available to you.

1.4.2 Uploading the geometry of the detectors

Once you have the detector set up and working, you need to enter the geometry of the detector
into the e-lab website. It is essential that this is correct, since they use the information to calculate
the flux of muons from the data you collect.

e To upload the geomtery of the detector click on the upload tab on the e-lab website and
then click on the geometry tab.

e Click on “add entry”.

CRuob1

Cosmic Ray e-Lab o

Home Library Data Posters Site Index ~ Assessment
Data Geometry

Please choose an action to your left.

Canfused? Sasing arrors? Please consult the tutorial

Click to upload geometry

Cosmic Ray e-Lab @S chuom

Home Library Data Posters Site Index  Assessment
Data Geometry

Detector 6430 E, Edit Detector 6430 Entry Aug/16/10 @ 00:20 UTC:
Aug 16,2010@ 00:20 # X

Detector Configuration
Gt Seang oo pins mest venns. Select channels used

Active
Channels: 1 a zd B e
Cable
Length (m) Area (cm?) E-W (m) N-S (m) Up-Dn (m)
I 083 | 7800 03 065 15
ﬂ 093 | 7800 03 065 164
A Enter the details of each channel
7
Select
= e stacked
- e Stackedor
Q) Stackes Orientation Urstackes unstacked
GPS Location
tetitudes (o507 0222 | ™= 0155 7221w | Enter

g, 47:39.2347 N eg. 1221868 W

info
GPS Cable Length (m) 250 from GPS

Commit Geometry

Altieude (m): (13,



e Fill in the details of the detector setup. First, tick the boxes corresponding to the channels
which you are using.

e Next, enter the required details for each counter.
e The cable length is the length of cable from the PMT to the DAQ board.
e The area is the surface area of the counter in units of cm?.

e The E-W (East-West), N-S (North-South) and Up-Down measurements are the distances
of the counters from the GPS antenna. The values do not have to be completely accurate
but difference between the Up-Down measurements of your counters should be the distance
between the counters, which you can measure quite accurately.

e Next you need to select the orientation of the detector. Select stacked if the counters are on
top of each other or unstacked if they are all on the same level. To start with, your detector
should be stacked.

e Finally, you need to enter details of the GPS antenna. The longitude, lattitude and altitude
measurements can be found by typing the DG command into Hyperterm.

e The GPS cable length is the length of cable connecting the GPS module to the DAQ board.

1.4.3 Collecting data

Now that the detectors are set up and the geometry has been uploaded to the website, you are
ready to start taking data.

e Open up Hyperterm.

e From the “Transfer” menu, select “Capture Text”. Choose where you want to save your data
and write a memorable file name to write the data to. The file name must end in “.txt”,
e.g. “example.txt”. Anything that now appears on the Hyperterm screen will also be saved
to the file you selected.
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Before you start taking any data, you need to enter the following commands:

V1

V2

DG

ST 25

The first 3 commands display information about the status of the detector, which is needed

by the website to analyse your data. The last command writes out a status line every 5
minutes, which is also required during analysis of the data you collect.

You can now start reading out the data from the counters by typing the command CE. Now,
everytime the counters detect a cosmic ray muon, data about the signal received will be
shown on the screen and recorded in the text file.

You can then leave the detector running and collecting data for as long as you wish. Just
remember that the more data you take, the more accurate your results will be, so there is
an advantage to leaving the detector running for as long as you can.

Once you have collected enough data, tpe the command CD to stop reading the data to the
screen.

Now select “Stop” from the Transfer menu in order to stop recording the data.



1.4.4 Analysing data

Now that you have your data recorded on a file, you can upload it to the e-lab website for analysis.
e Click on the upload tab, and then click on data.
e Now select the file that you recorded the data and on click on “upload”.
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1.4.5 Teacher Home
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When you log onto a teach account, you are first presented with the Teacher Home. This page
contains alot of the information you need about the project. Expand each section to get more
advice on how to get the most out of the project. You can also access the Student Home page to
use the same resources available to the students.



1.4.6 Registering Students and Groups

Cosmic Ray e-Lab L cRuom
Teacher Home Share Ideas Standards Site Index Registration
12U2 Home Project Home Student Home
e-Lab Registration
Redister student research aroups. Use this page to register less than ten students. You can link new students to existing
research groups or you can create new research groups for students.
Update your previously created groups. Update your research groups.
Assign your research groups to new e-Labs. WWhen you register a group, they are registered for the current e-Lab. If you wantto
register them for new e-Labs as more become available, you need to use this page.
Update detector |Ds for your group. When you analyze data in the Cosmic Ray Elab, most of the analyses need to know

information about your detector. This page allows you to assign detector IDs to your
aroup.

Click on the “Registration” tab to create or update groups and to add or remove students to groups.
Having groups of students helps you to easily keep track of who is uploading and analysing which
data.
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12U2 Home Project Home Student Home

* Register new students below. To register more students, click on the + button

« We will create new groups and their associated passwords for you

* Select 5 ifyou want to grantthe new group uplead permissions for your detectors.
* Selact if you want the new group to take the pre-test
|First Name: | |Last Name || Choose group G || Make New Group +

I'm done

Click on “Register student research groups” to add students to an existing group or create a new
group. Just type the students name and select the group your wish to add them to. To add them
to a new group, click “Make new group” and enter the group name you want. Tick the two boxes
to say that the students can upload data and take the pre-test. There is more information on the
pre-tests in the next section. The system will automatically make a password for this group to
log into the e-lab website with the group name as a username. You can change the settings and
password at a later date if needed. You can now add more students to this group from the same

page.
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Academic Year 2010-2011 | &

Role: User
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Update Group Information

From the registration page click on “Update your previously created groups” to change anything
about a group. Select the group you want to update and click on “Show Group Info”. You can
change the academic year the group belongs to, their uploading permissions or their password. If
you select the tick boxes next to the pupils name then that student will be deleted from the group.
When you are done, click on “Update Group Information”.
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Teacher Home Share Ideas SIELLELCE Site Index Registration
12U2 Home Project Home Student Home
Update the e-Lab Assignment for your groups.
CRuobl | ¢ || show Group Info
Group Name: CRueb1

e-Labs for CRuob1: ¥ cosmic ([ ems (J1igo O ems-tb

Update e-Lab Assignments

You can change the e-lab each group can use by clicking on “Assign your research groups to new
e-Labs”. Click on “Show Group Info” and click on the e-labs you want to use. We only need to
use the cosmic e-lab.
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12U2 Home Project Home Student Home

Update your groups

Successfully updated DAQ D(s) for group "CRuob1"

Every DAQ board has a detector id (DAQ number) based on the serial number on the board. Students select it when they upload data. Tofind
it, type "SN" when connected with your detector.

CRuchl | & || Show Group Info

Group Name: CRucb1
Detector ID(s)for CRuobl (o0 —p2n
{comma or cpaca separatad) 24118430 |

Update Group Detector IDs

You can assign the detector serial numbers to your groups by clicking on “Update detector IDs
for your group” from the registration page. The number of the detector is on the bottom of the
DAQ board, or it can be found by typing SN in Hyperterm. Type in the correct serial number
and click on “Update Group Detector IDs”.

1.4.7 Preliminary Tests

Before the students start the project they all need to take a pretest, which is a set of 21 multiple
choice questions about experimentation methods and cosmic rays. The aim is to find out how
much the students already know before they start the project. They can then take the same test
again at the end of the project to see how their knowledge has improved.
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« Content and Investigation
o ldentify cosmic ray sources and describe how the resulting muons are created in
the atmosphere.
o Explain what the cosmic ray detector measures.
o Manipulate the data in a way that helps them understand characteristics of the
muon
o Design an investigation that asks a testable hypothesis, which can be answered
from the cosmic ray data and provides a description of cosmic ray phenomena
* Process:
o Explain the data collection process including what corrections need to be made in
order to obtain reliable data.
o Evaluate the data to decide which are reliable/usable and which are not and
explain how they arrived at the decision to include some data and exclude others.
o Collect, organize and analyze data to obtain meaningful findings.
o Use the data to provide evidence to support their claims.
« Computing
o Explain why they used specific computing resources in their analysis.
» Literacy:
o Demonstrate an ability to express meaning in writing (such as in science
notebocks, reports) and come to agreement about meaning with others (such as
peer review, discussion).

Assessment is aligned to learner outcomes. While many teachers will want to design their own
assessments, we provide some options.

+ Rubrics: Content & Investigation, Process, Computing, Literacy aCIICk to view the qUEStIDnS
« Tests (for groups created before Summer 2009). Pre- and t-tests of content
knowledge and student results for pre- and post-tests.
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Review all students’ entries IClick to view the results ray descriptions,
and make notes in your logbook Tor next year. Look at inis sample 1ogoock.
+ Milestone Seminars: Check student understanding before they move from one section
of the project milestones to another,

» Suggestions for Getting Started
Navigating Students Through the e-Lab
» Help Desk & Sharing Ideas

» e-Lab Technology Requirements

Cosmic Ray e-Lab O F cRuobt

P
Teacher Home Share Ideas Standards Site Index Registration
12U2 Home Project Home Student Home

Your students’ pre-test results

Students' answers are listsd under sach qusstion. Click on the answer to ses the quastion and answers. Corsct answers ars displaysd in
green; incorrect answers are displayed in red. The black and white version uses + and - signs sothat correct answers can be seen when
printed on a black and white printer

Research Student CorrectiTotal Answers
Group Name
YiLab mccarth 1321 Q1 02 Q3 Q4 Q5 Q6 Q7 QB Q9 Q10 Q11 @12 Q13 Q14 Q15 Q16 Q17

Qie Q19 Q20 Q21
Printable version (opens in new window)

You can view the test, and the results of the tests, from the “Learner Outcomes and Assessment”.
Click the links to either view the questions or to view the students’ results. From the results page
you can see exactly which questions the student answered correctly. By clicking the questions you
can view the student’s answer plus the correct answer.

The next pages are the worksheets from the student pack. The have been annotated with italics
with some useful comments. The first worksheet is an introduction to the project. It is designed
to be a useful revision tool, but most of the material can be taught at the board to enhance their
understanding. It is also a good idea to take advantage of the opportunity for them to log onto the
cosmic e-lab website and let them investigate what exactly can be done. If there is time, ask them
to set up the muon detector themselves. Instructions can be found in the appendiz. This will give
them the chance to familiarise themselves with the different parts of the detector and hopefully help
them to understand how it works.
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2 Worksheet 2: Plateauing the Counter

The aim of this worksheet is to get the pupils to find the optimum operating voltage to use for
each counter. This is done by using a method called “plateauing the counters”. This exercise helps
them to understand how the PMT works, but it is possible to contiue without carrying out this
experiment. If this experiment is skipped then the following control voltages should be used:

e S1: 0.9V
e S2: 0.95V
e S3: 0.85V
e S4: 0.9V

It is possible to plateau 2 counters in about an hour. I would suggest splitting the class into 2
groups, plateauing 2 counters each.

2.1 Aim

Before you use any detector you need to make sure that it is set up properly and working correctly.
Otherwise, you cannot trust the data which you are recording. When you come to present your
results, nobody will accept them unless you can show that the detector is working as expected.
The aim of this worksheet is the find the optimum operating conditions for your detector. For
this worksheet you will need a stopwatch.

2.2 The Control Voltage

Counters in stacked configuration

PDU plugged into

DAQ board

12
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The aim of the Power Distribution Unit (PDU) is to apply a voltage across the photomultiplier
tube, called the control voltage. The size of the signal produced by the PMT is determined by the
control voltage, the higher the voltage, the larger the signals will be. Usually, signals which are
produced when muons pass through the scintillator will be quite large. Signals which are produced
by other sources tend to be smaller. Since we are not interested in these types of signals, they are
usually called noise, and they get in the way of detecting the cosmic rays. We therefore want to
ignore these small signals and only count large signals from muons. To do this, the DAQ board
only accepts signals above a certain threshold, which is by default set to 300mV. Noise signals
will usually be below this, and so will be ignored by the card. However, if the control voltage is
set too low, then the signals produced by cosmic rays will be below the threshold, and so we will
not detect every particle which passes through. Conversly, if the control voltage is too high then
the noise signals will be above the threshold and so will be incorrectly counted as cosmic rays. At
the same time, operating at a high voltage puts a lot of strain on the PMTs, so to extend their
lifetime we need to operate at the lowest voltage possible while still detecting as many cosmic rays
as we can. To find this optimum control voltage we go through a process called “Plateauing the
counters”. The reason for calling it this will soon become apparent.

2.3 Finding the Plateau

In order to plateau a counter, you need to set up the detector with 2 counters, one on top of the
other. One will be the counter which you want to plateau, which we will call Counter 1, and the
other will be your reference counter, which we will call Counter 2.

13



Use a screwdriver to
adjust the control

You can test the control voltage on each counter by plugging a digital multimeter (DMM) into
the PDU across the 0V (black) and control voltage (white) plugs. Each counter has a separate
plug for its control voltage. The control voltage can then be changed by turning the corresponding
variable resistor in the PDU.

Follow the steps below to plateau the first counter:

1. Set the control voltage across Counter 2 to 1V.
2. Set the control voltage across Counter 1 to 0.65V

3. Open up hyperterminal. Details of how to use hyperterminal can be found in the appendix
to this pack. Type WC 00 13, which will set up the DAQ board to look for coincidences
between the two counters.

4. Type TL 4 300 to set the threshold of all 4 counters to 300mV.

# qnet - HyperTerminal ¥ il ol
File Edit View Call Transfer Help
D » 3 DH

“fun Mode  : g _Channels which are enabled ),
Ch(s) Enabled :(1,6Y" Cmd OF "Reg CB using {bits 3-B)
8&10 En?ble . Off VE 8 (Off), VE 1 (Un%b -

eto Select 6 ST . its

Coincidence 1-& C_q_l_nc_ldg_llc_e_ L?ye,l (bits 5,4)

Pipe Line Delay: Cmd DT Reg Tl=rDelay Reg T2=
Gate Width : S>> Cmd DC Reg C2=LowByte Reg C3=HighByte 10nS/cnt
Chd Threshold : 0.300 vlts ™ Largest time between

Chl Threshold : 8.388 vlts sjignals for a coincidence

Ch2 Threshold : 0.300 vlts
Ch3 Threshold : 0.300 vlts
Test Pulser V1t: 3.000 vlts
Test Pulse Ena : Off

Example line for 1 of 4 channels. (Line Drawing, Not to Scale)
Input Pulse edges (beginfend) set rising/falling tags bits.

"""" Input Pulse, Gate cycle begins
Delayed Rise Edge 'RE’ Tag Bit
Delayed Fall Edge 'FE’ Tag Bit
Tag Bits delayed by PipelnDly
1 | PipeLineDelay :  40nS

| |___ Capture Window:  60nS
|_ Gate Width :100nS

n

If 'RE', 'FE' are outside Capture Window, data tag bit{s) will be missing.
Capturellindow = GateMidth - PipeLineDelay

The default Pipe Line Delay is 40nS, default Gate Width is 100nS.

Setup CHMD sequence for Pipeline Delay. CD, WT 1 0, WUT 2 nn (10nS/cnt)

Setup CHD sequence for Gate Width. CD, WC 2 nn{10nS/cnt), WC 3 nn (2.56uS/cnt)

Connected 00:01:15 Auto detect 115200 8-N-1

5. Type V1 to check that the last two commands worked.
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6.

10.
11.

We now need to find out how many cosmic rays are detected in a minute. The DAQ board
starts counting as soon as the counters are plugged in. To start the counters again you can
use the command RB. Type RB and start the stopwatch at the same time.

E "gnet - HyperTerminal |l
File Edit View Call Transfer Help
D& @3 0B &

Example line for 1 of & channels. (Line Drawing, Not to Scale)
Input Pulse edges (begin/end) set rising/falling tags bits.
"""""" Input Pulse, Gate cycle hegins
- Delaved Rise Edge 'RE’ Tag Bit
- Delaved Fall Edge 'FE' Tag Bit
Tag Bits delayed by PipelLnDly
1 | PipelineDelay : AONS

| |__ Capture Window:  60nS
1 |__ Gate Hidth : 100nS

If 'RE’, 'FE’ are outside Capture Window, data tag bit(s) will be missing.
CaptureHlndnw = Gatellidth - PlpeLlneDelay
The default Pipe Line Delay is 40nS, default Gate Hidth is 100nS.

D e En ~eline Delay. CD, MWT 1 8, WT 2 nn (18n$/cnt)
Type RB to fesetthe counters e Width. €D, HC 2 nn(18nS$/cnt), WC 3 nn (2.56uS/cnt)
&
BB =0069CACE S1=00000369 $2=00000000 83=@@ﬁbﬁ00!hhd=@@@@@00-ﬂ 5=33CF5098
Values of Counters 1-4 Number of
comneceann(in hexadecimal format) coincidences

After one minute, type the command DS. This displays the counters on the board and tells
you how many cosmic rays have been seen. The numbers are all in a hexadecimal format.
The value of S4 is the number of coincidences, i.e. the number of comsic rays detected.

Type the value of the control voltage and the value of S4 into MS Excel. Use the hex2dec()
function to convert the flux into a decimal number.

Increase the control voltage across Counter 1 to 0.6V and repeat the process to find out how
many coincidences there are in a minute.

Repeat this until you reach a control voltage of 1.3V

Now use MS Excel to obtain a plot of counts per minute against control voltage.
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Plateau 1
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500 —Reference Counter: 2 e T —
Reference Voltage: 1V .
Gate: 100ns .
<o Thresh:300mv— Plateau
£ Not separated |
=
|
g
.g 300 1
3 ¢
£ |
200 I
100 » i
|
. |
PO -
’ ' ' ¢ ' | Optimum Control
’ " o . o8 Voltage
ControlVoltage (V)

The plateau they obtain should be similar to the one above. We have noticed that the PMTs
are quite noisy, meaning you do not get a perfectly level plateau. It is also very sensitive to the
reference voltage used on the other counter. If the plot they obtain is rising too sharply then you
can try again with a slightly lower reference voltage.

Your plot should look similar to the one above. There should be very few counts below a certain
point, and when the control voltage is large enough that the signals are above the threshold, then
the counts per minute should increase. The counts per minute should level off when all the cosmic
rays are being detected. This levelling off is called the plateau. The operating voltage should be
set to the voltage just above where the plateau begins.

You can now plateau the other counters using Counter 1 as a reference counter. Set the control
voltage across Counter 1 to the optimum voltage found, and use it to plateau the other counters.
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3 Worksheet 4: Flux Study

This worksheet describes different methods of measuring the cosmic ray flux. It can be done by
recording data to be uploaded to the cosmic e-lab, or simply by reading teh scalars on the DAQ
board after 1 minute. The main point of this experiment is for them to come up with a research
topic of their own. They can investigate any factor which they think will affect teh cosmic ray flux.
I would be a good exercise to get them to write a short research proposal, including what they are
investigating, how they plan to investigate it and what they expect to find. This will make them
think about the best way to carry out the investigation, and will give you the chance to steer them
in the right direction. The amount of data they need to record will depend on what it is they are
inwvestigating. This will need to be taken into account when runmning the project. ALso, since there
is only one detector, if you want each pupil to perform their own study, they will have to organise
themselves to each use it at a different time. This worksheet may therefore need to be Tun over a
few sessions.

3.1 Aim

The aim of this worksheet it to find out the flux of cosmic rays and to investigate the different
factors which may affect the cosmic ray flux.

3.2 Introduction

The flux of cosmic rays is the number of cosmic rays passing through a certain area at any given

time. It can be measured in different units, but we will measure it in units of events/m?/60 —
seconds . That means we are measuring the number of cosmic rays passing through an area of 1m?

in every minute. Using the tools in the Cosmic e-lab website (http://www18.i2u2.org/elab/cosmic/home/)
it is possible to measure the cosmic ray flux, and monitor how it changes over time. This is the

first thing we will do in the worksheet, and then you will have the opportunity to create your own
research question and investigate a factor which affects the cosmic ray flux.

3.3 Running a Flux Study

Firstly, we will use some data which has already been uploaded to learn how to perform a flux
study. Start by logging onto the e-lab website (http://www18.i2u2.org/elab/cosmic/home/).

Cosmic Ray e-Lab

{ ProjectMap Library Upload

Click on “Data” and then “Flux”, and you should see the screen above.
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Cosmic Ray e-Lab

ProjectMap  Library Upload

Posters

|Choose data for flux study.

Things in nature change over time. Populations grow, stars explode, galaxes spin, and the universe
a 2ed the chan;

expands. Measuring some
o the physical

x: [ Univ of Birmingham | [ Birmingham | [ GeR | Al

Anayzo
cry B | Search ata

Fun flu study |

Giearsslected data

vu

£A0:
stacked, 21,646,756 total events.

States inciuda provinces and couniries. Enfr ihe abbraviation

Rolated Milostones

¥ 1ue0z Pz

62175 events
Oweass PF

589,715 events 139,960 events

Use the search box to select “School” and find data from the “Univ of Birmingham”. Select the
data from 19/08/2011 and click on “Run Flux Study”.

Understand the araph

You're analyzing,

Chant  Chanz  Chan3  Chand Raw Data Remove from
evenls  events  events  events analysis.
Univ of Birmingham Aug 1,20111319:15UTC 188966 186435 194637 186306 View Statistics Geornetry, o
Univ of Birmingham Aug 2,2011 00:00:00 UTC 154079 153715 160459 153340  View Statistics Geometry o
Total (2 files 1376137 event <

4104 1015¢ 9846 Comparefiles [ Remove |

Analyze the same files n lifetime or shower

Click Analyze to use the default parameters. Control the analysis by expanding the:
options below

 Analysis Gontrols

2] Ghannel Number: [1/2 |
121 6in widtn (secondisy
¥ Plot Controls
12l v-min
[2]-max.

PlotSize: [Vagium 3 |

PIatTile: (Fluy Study 01/08/2011 - 02/08/2011

o \:

¥ Execution Mode 2]

@ Local (estimated time: 00:09:57)

© 1202 Gluster (estimated time: 00-2355)
Grid (temporarily disabled)

O Automatie (estimated time: 00:15:34)

| Analyze |

You can change the properties of the plot from the next screen, shown above. If you have collected
data over a long period of time, you may want to have a larger bin width, so that the data points
are not so cramped. Conversely, if you do not have much data, you may want to use smaller

bin widths so that more data points are plotted. Once you have set your own plot title click on
“Analyze”
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Flux Study 01/08/2011 - 02/08/2011

4500 T T T T T
Toolbox
4000 |-
ﬁ@ Run time
¥ 000957 (est)
as00 I i 0001:13 {actual)
flype plot name here

o Save Plot
£ o0 - .
3 Changs parameters
o Analysis directory.
2 2500 | g
R
£
£ 2000 1 B
2
o
5 1500 |- .
[

1000 |- B

500 - B

0 1 1 1 1 1 1
12 15 18 21 0 3 6 k]

Time UTC (hours)

You should obtain a plot which looks like the one above. Click on “Change parameters” to the
side if you are not happy with how the graph looks. Now you can take data with your detector to
obtain your own flux plot.

3.4 Taking your Own Data

Counters in stacked configuration

Monitor the control
voltage using the

Set up your counters in the stacked configuration shown above and set the control voltages to the
optimum voltages found by the plateau method. Open Hyperterminal and follow the steps below
to collect data:
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o S 1 ol et
File Edit View Call Help

D& & :DE Send File... {

I | Ch2 Thre&ho Capture Text...
Ch3 Thres| end Text File.
Test Pulser
Test Pulse Capture to Printer

Example line for 1 of 4 channels. (Line Drawing, Not to Scale)
Input Pulse edges (begin/end) set rising/falling tags bits.
""" Input Pulse, Gate cycle begins
- Delayed Rise Edge 'RE’ Tag Bit
- Delayed Fall Edge 'FE' Tag Bit
Tag Bits delayed by PipelLnDly
1 | PipelLineDelay : BnS

| |_ Capture Window:  68nS
1 |__ Gate Width :100n$

If 'RE’,’FE’ are outside Capture Window, data tag bit(s) will be missing.
Capturellindow = GateWidth - PipelineDelay

The default Pipe Line Delay is 40nS, default Gate Width is 100nS.

Setup CHD sequence for Pipeline Delay CD, WI 18, WT 2 nn (10nS/cnt)

Setup CMD sequence for Gate Width. CD, WC 2 nn(10nS/cnt), WC 3 nn (2.56uS/cnt)

Creates a file of all incoming text

it JgnetHyperTerminal 3 [==] =]

File Edit View Call Transfer Hely

0w E DB

Test Pulser Y1t: 3.008 vlts
Test Pulse Ena : Off

Example line for 1 of & channels. (Line Drawing, Not to Scale)
Input Pulse edges {begin/end) set rising/falling tags bits.
"""""" Input Pulse, Gate cycle begins
- Delaved Rise Edoe 'RE’ Tag Bit
Capture Text l@.we38lge 'FE' Tag Bit

- by PipelnDly
| Folder:  C:\Users'sysadmin\Desktop\example TXT i 0.0

P 5
_ | Fe CA\Users\sysadmin\Desktop ammp\em'h Select a file

destination and

Start ‘{ Cancel ]name

If 'RE’,’FE’ are outside Capture Window, data tag bit(s) will be missing.
Capturellindow = Gatelidth - PipeLineDelay

The default Pipe Line Delay is 40nS, default Gate Width is 160nS.

Setup CHD sequence for Pipeline Delay cD, 10, WT 2 nn (10nS/cnt)

Setup CMD sequence for Gate Width. CD, WC 2 nn(lﬂnS/cnt) HWC 3 nn (2.56uS/cnt)

ST 1021 +212 +B64 3315 182054 250711 V 01 BDASAOIA 112 6441 00292500 BO0A7013
DS 00801DC3 000G1ADG 00000000 BEOOEONO 0BEOO2C6

Connected 00:04:49 Auto detect 115200 8-N-1

" gnet - HyperTerminal
File Edit View Call Transfer Help

0= 3 DB F

DG
DG

Date+Time: 25/07/11 10:30:20.031
Status: V (invalid)

PosFix#i: @

Latitude: 52:27.016426 N
Longitude: 001:55.716881 W
Altitude: 161.872m b
Sats used: 2 f
PPS delay: +B064 msec (CE=1 updates PPS,FPGR data)
FPGA time: 49C56CAB

FPGA freq: 25000000 Hz (Cmd Y3, freq history)
S%h%ngErr: 0

gg Enabled, with scalar data.
53FC3162 AC 06 2B 00 60 00 00 00 S2F8049A 103027007 250711

¥ 02 0 ~0040
53FC3162 00 08 3D 38 00 00 00 00 S2F8049A 103827.007 250711 V 02 0 ~0040 |
93FC3103 00 22 00 21 00 00 00 00 S2F8049A 103027.007 250711 v 02 O ~0040
04332914 BA 06 38 0O 00 00 00 00 S2F8049A 103027.007 250711 ¥ 02 0 +0040
04332915 00 06 00 24 00 00 00 00 S2F8049A 103027.007 250711 V 02 O +0040
54332915 00 2B 00 00 00 00 00 00 S2F8049A 103827.007 250711 V 02 0 ~0040 L

Connected 00:08:35 Auto detect 115200 8-N-1

1. Set up the DAQ board to record 4-fold coincidences by typing WC 00 3F.
2. From the “Transfer” menu select “Capture Text”

3. Choose a file name ending with “.txt” and save your file somewhere memorable. Then select
“Start”
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4. Anything which now appears in the Hyperterminal window will also be written to the “.txt”
file. Start by typing the commands V1, V2, DG, ST 2 5. This ensures your data file contains
the necessary information about the detectors.

5. Type the command CE to enable the counters and start writing data to the “.txt” file. Leave
this running for about 2 hours. Make sure that the computer you are using is set to never
sleep, otherwise you will not continue to collect data.

6. Once you have collected enough data type the command CD to stop writing out data.

7. From the “Transfer” menu select “Capture Text” and “Stop”.

Once you have your data, you can upload it to the Cosmic e-lab website. But before you do that
you need to upload the geometry.

e To upload the geomtery of the detector click on the upload tab on the e-lab website and
then click on the geometry tab.

e Click on “add entry”.

Cosmic Ray e-Lab &/ CRuaw

Home Library Data Posters Site Index  Assessment

Data Geometry

Detector 64:

b &
Aug 16, 29

Please choose an action to your left.

Confused? Sesing errors? Please consult the

Click to upload geometry

Cosmic Ray e-Lab G F o

Home Library Data Posters Site Index  Assessment

[ Data [ Geometry

Detector 6430 5, Edit Detector 6430 Entry Aug/16/10 @ 00:20 UTC:
Aug 16,2010 @ 00:20 # X

Detector Configuration

Sesrg e P et S€l€CE Channels used

Active

Channels: 10 2 E 3

Cable
Length (m)  Area (em?)  E-W (m) N-S (m)  Up-Dn (m)

083 780.0 09 0865 15

g 09 780.0 09 0.65 1.64

Enter the details of each channel

ARRN

Select
=== stacked or
e ynstacked

©

suses  Orientation

GPS Location
Latitude.

52270222 N | 0 01657221 W | Enter
e5,47:39.2347 N e, 122118.60 W

info
GPS Cable Length (m): 250 from GPS

Commit Geometry

Altitude (m); (43,

e Fill in the details of the detector setup. First, tick the boxes corresponding to the channels
which you are using.

e Next, enter the required details for each counter.
e The cable length is the length of cable from the PMT to the DAQ board.
e The area is the surface area of the counter in units of cm?.

o The E-W (East-West), N-S (North-South) and Up-Down measurements are the distances
of the counters from the GPS antenna. The values do not have to be completely accurate
but difference between the Up-Down measurements of your counters should be the distance
between the counters, which you can measure quite accurately.
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e Next you need to select the orientation of the detector. Select stacked if the counters are on
top of each other or unstacked if they are all on the same level. To start with, your detector
should be stacked.

e Finally, you need to enter details of the GPS antenna. The longitude, lattitude and altitude
measurements can be found by typing the DG command into Hyperterm.

e The GPS cable length is the length of cable connecting the GPS module to the DAQ board.

Cosmic Ray e-Lab o F CRuob

Project Map Library Posters Site Map Assessment

+ Selectthe detector associated with the data you are uploading.
+ Click Choose File/Browse to locate the data file on your computer.
+ Click Upload to upload the file.

Please do norupload files larger than 2 GB in size. You'll have to split them
up into smaller pieces. Questions? See the FAQ

Choose detector
@ 6430

Choose File | No fite chosen

plignal commentg-0n raw data

Raw Data Fijé

Select your
detector and
click to find
your data file

M\Once you have selected your
file click on "Upload"

Upload your data by clicking “Upload” and then “Data”. It is now ready to be analysed. Repeat
the steps above with the data you have just taken to obtain your own flux studies. How does the
flux you measure compare with the flux measured at the University of Birmingham? Does the
flux change over the two hours you were collecting data for. Once you are happy with your plot,
click on “Save Plot” so that you can easily access it again.

3.5 Alternative Flux Measurements

This is not the only way to measure the flux of cosmic rays. If you merely want to find out the
rate of cosmic rays detected by your counters, you can use the DAQ board and Hyperterm.

1. Open up hyperterminal and type WC 00 3F. This will set up the DAQ board to look for
coincidences between all 4 counters.

2. We now need to find out how many cosmic rays are detected in a minute. The DAQ board
starts counting as soon as the counters are plugged in. To start the counters again you can
use the command RB. Type RB and start the stopwatch at the same time.
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7 Tanet- HyperTerminal | o).
File Edit View Call Transfer Help

e &3 0B &

Example line for 1 of & channels. (Line Drawing, Not to Scale)
Input Pulse edges (begin/end) set rising/falling tags bits.
"""" Input Pulse, Gate cycle begins
N Delayed Rise Edge 'RE' Tag Bit
N Delayed Fall Edge 'FE' Tag Bit

Tag Bits delayed bi PépeLnDly

1 | PipelineDelay :
| |__ Capture Window:  60n$
1 |___ Gate Hidth :100nS

If 'RE’,’FE’ are outside Capture Window, data tag bit(s) will be missing.
CaptureHlndnw = Gatelidth - PlpeLlneDelay

The default Pipe Llne Delay 1s AOnS, default Gate Width i1s 100nS.

Qo ko DMNG oo e - Pi-aline Delau WT 1 8, WT 2 nn (10nS/cnt)

TVPG RB toresetthe CU“"tETS e Width. CD, NC 2 nn{10nS/cnt), WC 3 nn (2.56uS/cnt)

3
BB =0069CACE S1-00000369 $2-00000000 SS=UU@bﬁﬂﬂikkd=@@@@@00-d 5=33CF5098

Values of Counters 1-4 Number of
conneceaooso(in hexadecimal format) coincidences

N

3. After one minute, type the command DS. This displays the counters on the board and tells
you how many cosmic rays have been seen, and should look like the screen above. The
numbers are all in a hexadecimal format. The value of S4 is the number of coincidences,
i.e. the number of comsic rays detected. You can use MS Excel to convert the hexadecimal
number into a decimal number using the hex2dec() function. The values of S0-S3 are the
number of pulses above the threshold measured in counters 1-4.

This method is not as accurate as the first method and so you may want to repeat the measurement
a few times and take an average. It will not allow you to monitor the flux over time and it is
dependent on your setup (i.e. how far apart your detectors are etc.) This means it will not give
you an absolute flux. However, it is much easier to use if you want to measure the rate and then
change your setup and measure the rate again. You will have to decide which method is the best
to use for your own investigation.

3.6 Choose a Research Topic

Now is a good time for them to write their research proposal. They can then carry out their
proposal when the detector is free. Possible experiments could be investigating whether the fluzx
changes during the day, or at night time, the distance between the counters, the angle between the
counters and the vertical, pressure, altitude. Some are easier to investigate than others, e.g. the
day/night effect only requires you to record data overnight. Some may not be possible, e.g altitude
may involve moving the detector to different floors of a building. It is thereofer quite important
that the pupils check that their research proposal would be feasible before writing it up.

You now have free reign to pick a question which you would like to research yourself. You want
a question which is something like “How is the comsic ray flux affected by...?” Think about
something which you really think would affect the flux of cosmic rays, and see if you can come up
with a prediction of exactly how the flux will be affected. This could either be something to do
with how the flux is affected by where you are, do you measure a different rate on higher floors
of the building? Does being inside make a difference to the rate you measure? If you want to
investigate this type of question you need to be careful to keep the geometry of the detectors the
same, they should always be the same distance apart. Or you could investigate whether changing
the geometry of the detector affects the rate of cosmic rays which are measured. Does changing
the distance between the counters affect the rate? Or the angle of the counters from the vertical?
Think about something that you would find interesting to investigate. Ask your teacher if you
have an idea but you are not sure how to investigate it.

The most important thing to remember here is to only investigate one variable at a time. If you
want to change one thing with the detector, then everything else must be kept exactly the same
to make the investigation fair.
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4 Worksheet 5: Measuring the Lifetime of a Muon

Using the detectors and the cosmic e-lab website, pupils can calculate the lifetime of the muon. As
with most experiments, the more data you collect, the more accurate the result will be. I recommend
recording about 24 hours of data. Because all signals from all 4 counters need to be recorded, the
data file can quickly become too large for the website to handle, so more than 24hours might not
work.

4.1 Aim

The aim of this worksheet is to use your cosmic ray detector to calculate the lifetime of a muon.

4.2 Introduction

You have probably come across the idea in nuclear physics of radioactive isotopes. These are nuclei
which are not stable, and will decay into different nuclei. A similar concept applies in particle
physics. Not all particles are stable, and those which aren’t will decay into different, lighter,
particles. For example, when primary cosmic rays interact in the atmosphere, pions are created
from the energy of the collision. These pions then decay into muons, and we detect the muons with
our cosmic ray detectors. The characteristic time that it takes for a particle to decay is known as
its lifetime, and the lifetime of a pion is 2.6 x 10~® s. This is an extremely short lifetime, and so
the pion will not travel very far towards the Earth before it decays. It is important to remember
that this lifetime is only an average time before the pion decays. Some pions will decay well before
this time and some will decay well after. However, there is a nice mathematical expression which
describes the number of particles which decay in a certain time.

Expaonential Decay

Number of decays

[ 2 4 6 8 10 12 14 18

Time before decay (microseconds)

The graph above shows the typical shape we expect from the decay time of particles. The x-axis
shows the time before the particle decays, and the y-axis shows the number of particles with this
decay time. The general shape, common to all particle decays, is called an exponential decay, and
has a very useful mathematical form:

N(t) = Noe™t/7 (1)

N(t) is what appears on the y-axis, the number of particles with a decay time larger than t, Ny
is the total number of particles detected, t is the decay time (the x-axis) and 7 is the lifetime of
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the particle. Decays with different lifetimes will produce slightly different graphs. Knowing that
this is the shape we expect means we can use our detector to draw a graph like this, and use it to
work out what lifetime would produce that graph.

4.3 Measuring a Lifetime

Counters in stacked configuration

PDU plugged into
power supply.
Monitor the control
voltage using the

DAQ board

In order to measure the decay time of a muon, we need it to decay actually inside our detector.
To do this, set up the counters in the stacked configuration shown above. In order to make sure
we have a muon which decays inside the detector, we need a coincidence between the first two or
three counters and then no signal in the next counter. This would mean that a muon has passed
through the first counters and then stopped within the detector. After a short period of time,
the muon will decay into an electron, which will produce a signal in the counter which it stopped
in. The time between the original coincidence signal and this second signal is therefore the decay
time, which we can plot to see the exponential decay and measure the lifetime.

Of course it is not possible to make a muon stop inside the detector, nature has its own ideas of
where the muons will stop. All we can do is look through all the events we record and try to find
events which involve a muon stopping in the detector. As with any physics experiment you are
likely to come across, the more events we use to make our measurement, the more accurate the
measurement will ultimately be. Since it is quite rare to have a muon stop in the detector, we
would recommend recording data over about 24 hours to make sure you have enough useful events
to make your plot.

4.4 Running a Lifetime Study

We will first run a Lifetime study on data we have already taken so you can get used to using the
website. Log onto the Cosmic e-lab webiste at http://www18.i2u2.org/elab/cosmic/home/ The
data contains informatation on all pulses produced by each counter. The software then looks for
events where 2 adjacent counters produced a coincidence, with no coincidence in the next counter.
This is the indication that a muon has stopped in the detector, and the next signal in the second
counter gives the decay time.
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1. Click on the “Data” tab and then “Lifetime”.

CRuob1

Cosmic Ray e-Lab e

Project Map Library Upload PETES Posters Site Map Assessment

[ ViewData JPerformance] Flux | ¢ _Lifetime ) ViewPlots | Analyses |

Lifetime: Choose data for lifetime study.

One way to classify objects is by Al have the same mass, charge and spin. What
characteristics can you m re about the cosmic ray particles that reach Earth's surface? These unstable particles decay
with a istic signal in a istic time. Can you measure it? If so, that characteristicis one way to determine
what the particles are.
Gain i by watching a lifetime analysis done.
Quick Searches: |_Univ of Birmingham || Birmingham || GBR || All Help
School < | |Univ of Birmingham || search Data Tutorial on lfetime study

¥ Advanced Search

Step-by-step instructions

Please enter dates in MM/ddlyyyy format (e g. 08/25/2011).
‘ou may leave one or both date fields blank i EAQs

Start Date | & ||08/16/2011 [ to [0B/16/2011 [l States include provinces and cou
Stacked: | All | & Blessed: [ Al | & H Related Milestones

Analyze Data F0

Searchina 37542 data files from 410 schools in 54 states.

Search data from "Univ of Birmingham" Comect Dag B
on 16th August 2011 Assemble Evidence B0
Legend

Cosmic Ray e-Lab 4 cRuop

Project Map  Library Upload Data Posters SiteMap  Assessment
|_ViewData_JpPerformance]  Fiux | Shower | Lifetime | ViewPlots | Analyses |

Choose data for lifetime study.

One way to classify objects is by measurable characteristics. All electrons have the same mass, charge and spin. What
characteristics can you measure about the cosmic ray particles that reach Earth’s surface? The se unstable particies decay
with a characteristic signal in a characteristic time. Can you measure it? If so, that characteristic is one way to determine.
what the particles are.

Gain confidence by running a practice analysis

Quick Searehes: [ Univ of Birmingham | [ Birmingham | [ GBR | [ All | —-Enaiyze

City < || search Data
* Advanced Search

Run fifetime study

/

Results 11 o7 for school Univ of Birmingham (Searched 1 iss in 0,023 seconds)] TP
Tulorial on felime study
Clearselected data

Step-by step insiructions

¥ Univ ot Birmingham £a0s
Birmingham, GBR
T data flew. 0 blossed, 1 stacked, 4,403,678 fotal vens States includs proviness and count
August 2011, 1fle
Select data from 16/08/2011 Related Milestones

D, 1file

and click "Run lifetime study" Analvze Data O

Corect Data (0

Assemble Evidence B

2. Search for data from 19/08/2011 from the school “Univ of Birmingham”. Select the data
from this day to analyse, as in the figures above.
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Click Analyze to use the default parameters. Control the analysis by expanding the

options below.

¥ Analysis Controls

ﬂ Coincidence level:
ﬂ Gate width (seconds):

ﬂ MNumber of Bins:

¥ Plot Controls

ﬂ)(—min:
ﬂ)(—max:
ﬂ‘r’-min:
ﬂ\r’—max:
Flot Size:
Flot Title:

Figure caption:

¥ Fit Controls

ﬂ Fitting Turned On:
(2] -min ot

ﬂ H-max of fit:

2[] Set coincidence level to 2

se5 Set gate width to 50 ps
40

Use plot
controls to set
range of axis
and plot title

Medium |Z|

Lifetime Study

Data: Univ of Birmingham Zug 10,
2011 09:34:48 UIC

Detector: 6430

Coincidence level: 2

Turn fitting on
Yes|Z|
A
& Set max of fit to 50

ﬂ Fit Y-intercept: | Yes El ﬂ Alpha:
ﬂ Fit Lifetime: | Yes El ﬂ Lifetime:

ﬂ Fit Background: | Yes El ﬂ Background:

¥ Execution Modeﬂ

@ Local (estimated time: 00:16:13)

() 12U2 Cluster (estimated time: 00:30:52)
Grid (temporarily disabled)

() Automatic (estimated time: 00:22:41)

3. Set the coincidence level to 2 so that the software will look for a coincidence in 2 adjacent
counters followed by no signal in teh next one. Expand the “Plot Controls” tab to change
the range of the axes and the plot title. Expand the “Fit Controls” tab and make sure
“Fitting turned on” is set to yes. If you want, you can make an estimate of the y intercept,
the lifetime and the background for the plot fit. This could help to make your fit more
accurate, but a bad guess could make it completely wrong. I would suggest leaving them
blank unless the fit is not giving a sensible result. Once you have done that then click on

“Analyze”.

" Click on analyze
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Lifetime Study

25

:20:56 UTC

Detector: 6411
ncidence level: 2

Lifetime extracted
from fit

Number of Decays

Decay Length (microsec)

Analysisrun time: 00:16:43, estimated: 00:18:25

Show analysis directory  Click to run again with
Yo parameters  different parameters
OR

To save this plot permanently, enter the new name you want

) Type a filename
and click to
png| Save Plat ave plot

You should obtain a plot similar to the one above. The green points are your plotted data and the
blue line is the exponential decay line which has been fitted. The formula for this fit is written
at the top of the plot, and tells you the best fit for the lifetime of the muon. This is given in
microseconds (us, which is 1 millionth of a second.
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4.5 Collecting Data

Set up your counters in the stacked configuration and set the control voltages to the optimum
voltages found by the plateau method. Open Hyperterminal and follow the steps below to collect
data:

v e A i e
File Edit View Call Help
= B =DE Send File... {

EFile. =

I | Ch2 Thresho Capture Text...

Ch3 Thres] end Text File..,
Test Pulser
Test Pulse Capture to Printer

Example line for 1 of & channels. (Line Drawing, Not to Scale)
Input Pulse edges (begin/end) set rising/falling tags bits.
""" Input Pulse, Gate cycle begins
- Delayed Rise Edge 'RE’ Tag Bit
- Delayed Fall Edge °'FE’ Tag Bit
Tag Bits delayed by PipelLnDly
1 | PipeLineDelay : OnS

| |___ Capture Window:  60nS
1 |__ Gate Width : 100nS

If 'RE’,'FE' are outside Capture Window, data tag bit(s) will be missing.
Capturellindow = GateWidth - PipelLineDelay

The default Pipe Line Delay is 4BnS, default Gate Width is 100nS.

| | Setup CHD sequence for Pipeline Delay. CD, HT 1 @, WT 2 nn {10nS/cnt)

Setup CMD sequence for Gate Width. CD, HC 2 nn{10nS/cnt), HWC 3 nn (2.56uS/cnt)

Creates a file of all incoming text

it Jaaets HipeiTermina1 " [=E@] = |

File Edit View Call Transfer Help

n—2 & DB F

Test Pulser Y1t: 3.000 vlts
Test Pulse Ena : Off

Example line for 1 of 4 channels. {Line Drawing, Not to Scale)
Input Pulse edges (begin/end) set rising/falling tags bits.
"""" Input Pulse, Gate cycle begins
Delaved Rise Fdge 'RE’ Tag Bit
Wowtiel Jge 'FE° Tag Bit
by PipelnDly
in.o

Capture Text

| Folder: C:\Users'sysadmin\Desktop \example TXT

_ | re C:\Users \sysadmin\Deskiop\example. m‘b Select a file

destination and

T St Y Cancel name

If 'RE’,’FE’ are outside Capture Window, data tag bit(s) will be missing.
Capturellindow = Gatelidth - PipelineDelay

The default Pipe Line Delay is 40nS, default Gate Width is 166nS.

Setup CHD sequence for Pipeline Delay. CD, HT 1 0, WT 2 nn (10n$/cnt)

Setup CHD sequence for Gate Width. CD, WC 2 nn{18nS/cnt), HC 3 nn (2.56uS/cnt)

ST 1821 +212 ~B64 3315 182554 250711 V 01 BDASAAIA 112 6441 80292500 80BA7013
DS 00801DC3 0OAA1ADA GO0AN0GE PEOOGOAG OBOOB2CH L

Connected 00:04:49 Auto detect 115200 8-N-1

[ anet - HypeTerminal | = =
File Edit View Call Transfer Help
0O & 3 DB &

Date+Time: 25/07/11 10:30:20.031
Status: Y (invalid)
PosFixtt: @

Latitude: 52:27.016426 N
Longitude: 801:55.716881 W
Altitude: 161.872m "
Sats used: 2 f
PPS delay: +00864 msec (CE=1 updates PPS,FPGA data)
FPGA time: 49CS56CAB

FPGA freq: 25000000 Hz (Cmd Y3, freq history)
S%hSSEMErr: ']

ST Enabled, with scalar data.
CE

03FC3162 AC 08 2B 00 00 00 0O 00 S2F8049A 103027.087 250711
93FC3162 00 08 3D 38 00 00 0O 00 HS2F8049A 103027.007 250711
93FC3163 00 22 00 21 060 00 00 00 S2F8049A 103027 087 250711
54332914 BA 08 38 00 00 00 08 00 S2F8049A 103027 087 250711
54332915 00 00 00 24 00 00 00 00 S2F8049A 103027 087 250711
04332915 00 2B 00 00 00 00 00 00 S2F8049A 103027.007 250711

+~0040

A
OEEEDE
RRRRSRR
oD ®

+

=

@

£~

=]

~0040

‘Cnnne(tad 00:08:35 Auto detect 115200 8-N-1

1. For the muon lifetime study we need all the data that we can get. We want to record all of
the signals coming from the counters, not just the ones with coincidences. Type WC 00 OF
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to look at 1-fold coincidences from all counters. We will use the analysis page of the website
to search the data for coincidences at a later time.

2. From the “Transfer” menu select “Capture Text”

3. Choose a file name ending with “.txt” and save your file somewhere memorable. Then select
“Start”

4. Anything which now appears in the Hyperterminal window will also be written to the “.txt”
file. Start by typing the commands V1, V2, DG, ST 2 5. This ensures your data file contains
the necessary information about the detectors.

5. Type the command CE to enable the counters and start writing data to the “.txt” file. Leave
this running for about 24 hours to collect enough data.Make sure that the computer you are
using is set to never sleep, otherwise you will not continue to collect data.

6. Once you have collected enough data type the command CD to stop writing out data.

7. From the “Transfer” menu select “Capture Text” and “Stop”.

Now you can use your data to repeat the steps above and calculate the lifetime of a muon. How
does it compare to the true muon lifetime, which is 2.2us? If it is wrong then it could be that you
have to play about with the plot controls. Try changing the bin width, or using 2.2 as a starting
point for the lifetime estimate.

The next sections may be beyond the level of the pupils, but could provide some interest for the
brighter students.

4.6 Note on Uncertainties

You will notice that the lifetime is given to you as a number with some uncertainty, for example
2.2 £ 0.2ps. This uncertainty tells you how accurate the measurement you have made is. No
experiment is perfect, and any measurement which you make will have an uncertainty associated
with it. The better experiments will have a smaller uncertainty and so the value is more accurate.
The technical definition of the uncertainty is that if you repeated the experiment a numer of times,
then on average the value you measure will be within these limits 68% of the time. So for the
example above, if we repeat the experiment, we expect the value of the lifetime we measure to be
within 2 - 2.4 68% of the time. So about a third of the time it will be outside these limits. We can
use this to work out if our measurement is correct, and to quantify exactly how close to the true
value it is. If it is only 1 or 2 times the uncertainty away from 2.2 then we can say confidently
that our measurement is consistent and correct. If teh uncertainty is 0.2 and our measured value
is less than about 1.8 then we might start to worry that our measured value doesn’t match the
true value. Of course if the uncertainty is large then it will probably be consistant with the true
value, but isn’t very useful to us.

The more data we use, the smaller the uncertainty will be, so if your uncertainty seems particularly
large, then try collecting more data.

4.7 A little bit of Special Relativity

We have already discussed the fact that muons are produced in the upper atmosphere, which is
about 30km above sea level. If we assume that muons are travelling at the speed of light (which
they very nearly are) then we can calculate how long they take to reach our detectors.

d 30 x 10%

b= = 3%

= 100us (2)

So it takes 100us for the muons to reach our detectors. But this is much longer than the lifetime
of the muons we jsut calculated, so most muons should decay before they reach us. So how is it
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we are detecting them? For the answer we need to turn to Einstein’s theory of Special Relativity.
This theory includes a concept called time dilation which states that when something is travelling
close to the speed of light, time appears to be dilated to an observer who isn’t travelling fast. So
if we were travelling with the muon, we would measure the time which passes before decay to be
2.2us. However, since we are a stationary observer, the time that the muons exist for seems to
become longer. This is called time dilation. The exact amount that the time is extended by is
determined by exactly how fast the muons are travelling, and can be calculated with the following
formula:

po 0 (3)

_ v?
C2

Muons are typically travelling at 99.9985% of the speed of light, so the time they actually exist

for is: 99
t=————— =109 x 2.2 = 415us (4)
V1 — 0.9999862
which is plenty of time for the muons to reach our detectors before decaying.
So we need another experiment to prove that the muons are actually produced in the upper
atmosphere, but if we assume that is true then my calculating the muons lifetime you can just

proved that Einstein was correct in his theory of Special Relativity.

31



5 Worksheet 6: Shower Study

The sections uses the detectors in an unstacked configuration to detect cosmic ray showers. Once
again, it requires about 10 hours of data to see many showers, but more accurate results can be
obtained with more data. For each shower detected, the cosmic e-lab can provide information
about the number of particles in the shower and the direction of the shower. Once again this is a
great opportunity for pupils to write their own research proposal and investigate their own research
question.

5.1 Aim

The aim of this worksheet is to investigate large cosmic ray showers and to find out where they
come from and how they are produced.

5.2 What are air showers?

p—proton
n—neutron
p , , n'—pions
u', p-—muons
¢ —electron
¢ —positron
v—neutrino
| —gamma-ray

We have already discovered that cosmic ray muons are produced when primary cosmic rays interact
in the atmosphere. However, there is often more than one particle produced in an interaction.
Each of the particles which are produced will then interact with other molecules in the atmosphere
to produce even more particles. With each interaction, the particles end up with a lower energy,
until eventually there is not enough energy left to create more particles. The particles then decay,
and you have a handful of muons produced by a single primary cosmic ray. This is called an Air
Shower.
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The muons will spread out as they travel towards Earth, but since they are all produced at the
same time, they will reach sea level within about 100ns of each other. We can therefore spread
our counters out flat, and see if we can detect a handful of muons arriving at the same time. We
can then use the Cosmic e-lab website to analyse the data, and it will tell us how many muons
were in the shower and what direction the shower came from.

The size of the air shower and the number of particles in the shower are determined by the energy
of the primary cosmic ray. The higher the energy of the primary cosmic ray, the more particles
there are and the further the shower spreads. There are sources of cosmic rays which produce
particles with such high energy that the showers created are the size of a small town. The origin of
these ultra high energy cosmic rays are still not fully known to physicists, but you can investigate
them. If you know of some schools near you using the cosmic ray muon detector (CRMD) then
you can organise yourself to take data at the same time. If you see a coincidence between signals
in the detectors from different schools, then it is likely that you are detecting particles which are
a part of the same large air shower, produced by an ultra high energy cosmic ray.

5.3 Performing a Shower Study

We will first analyse data which has already been recorded by the University of Birmingham to
show you how a shower study is done. The counters were unstacked, as in the picture above, and
covered an area of about 0.5m?. The data was recorded for about 24hours.
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Cosmic Ray e-Lab

Project Map Library Upload Data Posters

|_ViewData_JPerformancef{ _ Flux |7 Showsr ]
——

Shower: Choose data for shower study.

< 4 CRuobt

Site Map Assessment

| ViewPlots | Analyses |

The universe is a big place. Cosmic ray primaries drift around and get energy boosts from multiple sources. Some primaries
attain enormous energies. When they strike the upper atmosphere, these create Extended Area Showers. These events
create thousands of particles that simultaneously reach a small section of Earth’s surface. More energetic primaries affect
larger sections of the surface. Gan you find out how often nearby dstectors simultaneously "light up” with cosmic rays? If

they do, is it arandomness or ameasurement of one of these showers?

Gain confil by watching a shower analysis done.

School

Quick Searches: | Univ of Birmingham Birmingham GBR All

< | [Univ of Birmingham || search Data
¥ Advanced Search

Please enter dates in MM/ddiyyyy format (e.. 08/25/2011)
You may leave one of both date fields blank

startDate | % |(08/13/2011 10 (08/13/2011 =

stacked: | Al | Blessed: | Al [$

Search for School "Univ of Birmingham
on 13th August 2011

Cosmic Ray e-Lab

Project Map  Library Upload Data Posters

Help
Tutorial on shower study
Step-by.step instructions
FAQs

States include provinces and ¢
Related Milestones

Analyzs Data B0

Correct Data B3
Assemble Evidenee (T

Legend

/  cRuobt

SiteMap  Assessment

| ViewData JPerformance] Flux | Shower | Lifetime ] ViewPlots | Analyses |

Choose data for shower study.

The universe is a big place. Cosmic ray primaries drift around and get energy boosts from multiple sources. Some primaries

attain enormous energies. When they st

he upper atmosphere, they create Extended Area Shi

These events create

thousands of particles that simultaneously reach a small section of Earth's surface. Can you find out how of ten nearby
detectors "light up” with cosmic rays? If they do, Is it a random coincidence or ameasurement of violent conditions in

another galaxy?

Gain confidence by running a practice search.

Quick Searches: | _Univ of Birmingham || Birmingham | [ GeR | Al

City 3 | [ search Data
* Advanced Search

Resls 11011 o school Unv of Birmingham (Ssarchad 1 fies In 0028 seconds)

Clearselected data

¥ Univ o1 Birmingham
Birmingham, GER
1 data files: 0 blessed, 0 stacked, 5,336,249 total events.
TAugUst 2011, 1 fle

Detec file

5,336,249 events

Select data from 13/08/2011
and click "Run shower study"

alyze

Run shower study

Tutorial on shower study

Step-by-step instructions

Faqs

States include provinces and countr
Related Milestones

Analyze Data (0

Correct Data B3

Assemble Evidence (3

Log into the cosmic e-lab website and select “Shower” from the “Data” tab. Change the dropdown
menu to school and search for “Univ of Birmingham”. Select data from 13/08/2011 from detector
6411 and click on “Run shower Study”, as shown in the figures above.

34



Click Analyze to use the default parameters. Control the analysis by expanding the

ptions below. . . Rk
SPONSRE T Click on ? for information

¥ Analysis Con, -_

[ Center of graph view: | Univ of Birmingham, Birmingham, GBR (6411) | £ |

ﬂEventGate nel Set the Event

ﬁDetedorCoincidence: 1 Gate and
2| Channel Coincidence: Coincidence
levels

.ﬂ Event Coincidence:

¥ Plot Controls

2xmn: [ ] Use Plot Controls

2] x-max to set range of

JﬂY-min: [ Jaxis and plot title
? Y-max:

Plot Size: | madiym cll

PlotTitle [Shower Study

Detector: 6411

Event Coincidence: 4
Detector Coincidence: 1

¥ Execution Mode .ﬂ
® Local (estimated time: 00:10:35)
O 12U2 Cluster (estimated time: 00:21:47)
Grid (temporarily disabled)
O Automatic (estimated time: 00:17:02)

| Analyze ———Click on Analyze

You can then change the coincidence levels. Click on the question mark by each setting for find
out what it means. The detector coincidence is the number of different detector (i.e. different
schools) you want the shower to have hit. Since we are just looking at one detector, set this to
1. The channel coincidence is the number of counters which need to be hit. Since we want all 4
counters to be hit to define an air shower, set this to 4. The event coincidence is the number of
signals which are detected among the 4 counters within the gate width. Set this to 4 also. The
value of the gate width should not affect how many particles you see in a shower, since they should
all arrive within 100ns. Having a gate width which is too high can mean that you detect particles
which are not part of the shower. Set the gate width to 100ns. You should not need to change
the plot controls except to change the title of the plot. Once you have set the coincidences, click
on “Analyze”.
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Event Detector

Coincidence Coincidence. Click on image for a larger view
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1(8411)
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1(8411)
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1(8411)

Event Date

®

Aug 12,2011 082227 UTC
Aug 12,2011 00:38:44 UTC
Aug 11,2011 135513 UTC
Aug 11,2011 17:56:56 UTC
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Aug 12,2011 07:20:04 UTC
Aug 12,2011 051826 UTE
Aun 12,2011 051013 UTC
Aug 11,2011 1528:56 UTC
Aug 122011032514 UTC
Aug 11,2011 16:32:38 UTC
Aug 12,2011 11:28:10 UTC
Aug 12,2011 10.08:02 UTC
Aug 12,2011 095137 UTC
Aun 17 2011 DS394AUITE

Click on an event to
view the plot and
information

Aug 12,2011 01:42:29 UTC
Aug 12,2011 01:14:14 UTC
Aug 12,2011 01:0923UTC
Aug 12,2011 01:08:44 UTC
Aug 12,2011 00:21:41 UTC
Aug 12,2011 00:07:22 UTC
Aug 11,2011 21:57:36 UTC
Aug 11,2011 21:28°57 UTC
Aug 11,2011 16:27:44 UTC
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Click to
enlarge
picture

View raw data or geometry for Aug 12, 2011 08:22:27 UTC
for detector ID 8411

Plot datapeints:

East/West North/South  Time

(meters) (meters) (nancsec)
-1.0 7.8 0.0 8411 3
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)
)
)
)
)
; Detector Channel
)
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1(ealn) 11 83 37
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0.9 83 275
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Information about
events in shower
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) )
View more events

Analysis run time: D0:11:44; estimated: 00:19:37

Show shower analvsis directory or sventolctanaivsis Change parameters

EmEE—>—of study

You will then see a page with all of the events which match your select criteria. They should
therefore all be air showers. At the top of the page you will see the number of shower candidates.
The list below tells you the date of the shower and the event coincidence, i.e. the number of
particles in the shower. By clicking on an event, it will produce a plot of that event on the right
hand side of the page. Click on the plot to make it larger.

Plot of position and arrival time of each event in shower

Data: Univ of Birmingham Aug 11| 2011 13:48:02 UTC
Univ of Birmingham Aug 12| 2011 00:00:00 UTC

P - Detector: 6411

40 = Event Coincidence: 4
tor Coincidence: 1
vent Gate (ns): 100

B -

30
Time 25
(ns)

20

15

10

0.4,

East/West (meters) -0.91

Data for each event including position, arrival time
and channel. The position of first event tells you
the direction of the shower

Plot datapoints

East/West (meters) North/South (meters) Time (nanosec) Detector Channel

-1.0 76 0.0 6411 3
0.9 8.3 25 6411 1
-1.0 8.8 37 6411 2
ER 8.3 37 6411 4
-1.0 8.8 238 6411 2
0.9 8.3 275 6411 1
BN 8.3 a8 6411 4
1.0 7.6 413 6411 3

To save this plot permanently, enter the new name you want

Then click Save Plot Remember to

( |.png [ save Pt | S@VE your plot
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You will now see a graph and a table of data for that particular study. The graph is a 3-dimensional
plot of the shower. For each particle in the shower, the North/Shouth and East/West measurement
are plotted on the x- and y-axes and is determined by which channel the event was recorded in,
and the geometry which you uploaded for the counter in that channel. The time of arrival is then
plotted on the z-axis. This is relative to the time of the first signal, which has a time of 0.0ns.
The position of the first signal tells you the direction of the cosmic ray shower. So for the plot
above, the shower originated from the north. You can see a plot like this for each of the shower
candidates by clicking on them from the page of events.

5.4 Your Own Investigation

Set up your counters in an unstacked configuration, as shown in section 5.3, and you can start
your own shower study. You can be flexible with what it is you really want to investigate. Think
about what might affect the air showers, or what properties of air showers you want to investigate,
and come up with a research question. For example, what is the average number of particles in a
shower? How is the shower affected if you move the counters further apart? Is there one particular
direction that the showers tend to originate from? Is there a relationship between the number of
particles in a shower and their direction? Try to come up with your own idea and then you are
ready to start taking data. Open up Hyperterminal and follow the instructions below:

5.4.1 Upload Geometry

Before you start collecting data, be sure to upload your geometry with the new, unstacked con-
figuration.

e To upload the geomtery of the detector click on the upload tab on the e-lab website and
then click on the geometry tab.

e Click on “add entry”. You should see the following pages.

Cosmic Ray e-Lab D F cRuow

Home Library Posters Site Index Assessment

| Data | Geometry

Detector 64:

Aug 16, 20 To-g-aefa

Please choose an action to your left.

Confused? Sesing erors? Please cansult the tutorial.

Click to upload geometry

Cosmic Ray e-Lab O cRuo

Home Library Data Posters Site Index Assessment

| Dpata | Geometry

Detector 6430 [, Edit Detector 6430 Entry Aug/16/10 @ 00:20 UTC:
Aug 16,2010 @ 00:20 # X
Detector Configuration
Confunet? Seeing eroc? P et v iz S€1@Ct Channels used
Active 1 @ > @ g a
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able
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ARRNY

Select
—a e ctacked
- stacked or
® suzes  Orientation s=uszs | nctacked

GPS Location
Letitude Longitude:

52:27.0222 N 0156721 W | Enter
e, 47:39.2347 N e, 122:18.68 W

info
from GPS

Altitude (m): |9, @PS Cable Length (m): 5¢

Commit Geometry
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e Fill in the details of the detector setup.

5.4.2

— First, tick the boxes corresponding to the channels which you are using.
— Next, enter the required details for each counter.

— The cable length is the length of cable from the PMT to the DAQ board.
— The area is the surface area of the counter in units of cm?.

— The E-W (East-West), N-S (North-South) and Up-Down measurements are the dis-
tances of the counters from the GPS antenna. In the stacked configuration, the Up-
Down measurements for all counters should be the same.

— Next you need to select the orientation of the detector. Select unstacked for a shower
study.

— Finally, you need to enter details of the GPS antenna. The longitude, lattitude and
altitude measurements can be found by typing the DG command into Hyperterm.

— The GPS cable length is the length of cable connecting the GPS module to the DAQ
board.

Collecting Data

e e . | o
File Edit View Call Help
(= & DE Send File...

gy om

Ch2 Thresho! Capture Text

Ch3 Thres end Text File...
Test Pulser
Test Pulse Capture to Printer

Example line for 1 of 4 channels. (Line Drawing, Not to Scale)
Input Pulse edges (begin/end) set rising/falling tags bits.

”””””” Input Pulse, Gate cycle begins
Delayed Rise Edge 'RE’ Tag Bit
Delayed Fall Edge 'FE’ Tag Bit
Tag Bits delayed by PipelLnDly
1 | PipelineDelay : £0nS

| |_ Capture Window:  60nS
1 |__ Gate Width : 100n$

If 'RE’,'FE' are outside Capture Window, data tag bit(s) will be missing.
Capturellindow = GateWidth - PipelineDelay

The default Pipe Line Delay is 4BnS, default Gate Width is 100nS.

Setup CMD sequence for Pipeline Delay. CD, T 1 8, MT 2 nn (18nS/cnt)

Setup CHD sequence for Gate Width. CD, WC 2 nn{18nS/cnt), WC 3 nn (2.56uS/cnt)

Creates a file of all incoming text

- : EEr=]

File Edit View Call Transfer Help
O ©3 08

Test Pulser Y1t: 3.000 vlts
Test Pulse Ena : Off

Example line for 1 of 4 channels. {Line Drawing, Not to Scale)
Input Pulse edges (begin/end) set rising/falling tags bits.
"""" Input Pulse, Gate cycle begins
Delaved Rise Edge 'RE’ Tag Bit
2 weswllge 'FE' Tag Bit
bynPipeLnDIU

Capture Text

Folder: C:\Users'sysadmin\Desktop‘example TXT

|
[ — P —— -
| me Ci\Jsers\sysadimin\Desklop \example m‘b Select a file

destination and

|7 Start * Cancel ]name

If 'RE’,’FE’ are outside Capture Window, data tag bit(s) will be missing.
Capturellindow = Gatelidth - PipelineDelay

The default Pipe Line Delay is 40nS, default Gate Width is 160nS.

Setup CHD sequence for Pipeline Delay. CD, HT 1 @, WT 2 nn (10nS$/cnt)

Setup CHD seauence for Gate Width. CD. WC 2 nn{1BnS/cnt), HC 3 nn (2.56uS/cnt)

ST 1821 +212 +B64 3315 182554 250711 V 01 BDASAAOA 112 6441 00292500 BOBA7013
DS 60001DC3 000O1ADO 0OGO00NO 0OG0OODOD 00O0B2CE L

Connected 00:04:49 Auto detect 115200 8-N-1

38



6.
7.

derminal 3 = | B |t

B DY &

Date+Time: 25/07/11 10:30:20.831
Status: Y (invalid)

PosFix#i: @

Latitude: 52:27.016426 N
Longitude: 001:55.716881 W
Altitude: 161.872m b
Sats used: 2 W
PPS delay: +B064 msec (CE=1 updates PPS.FPGA data)
FPGA time: 49C56CAB

FPGA freq: 25000000 Hz (Cmd Y3, freq history)

ChkSumErr: @

§T 25

gg Enabled. with scalar data.

93FC3162 AC 00 2B 00 00 00 0O 00 HS2F8049A 103027.007 250711
93FC3162 00 08 3D 38 060 00 00 00 S2F8049A 103027 087 250711
S3FC3163 00 22 00 21 00 00 08 00 S2F8049A 103027 087 250711
94332914 BN 00 I8 00 00 00 00 00 S2F8049N 103027.007 250711
04332915 00 06 00 24 00 00 0O 00 S2F8049A 103027.007 250711
54332915 00 2B 00 00 00 00 PO 00 H2F8049A 103027.007 250711

+~0040

T
ooee@m®
RIRIRIRIRSRS
coooes
+

=

=]

=

1=

+~0040

‘(nnnettad 00:08:35 Auto detect 115200 8-N-1

For a shower study we want to record all of the signals coming from the counters, not just
the ones with coincidences. Type WC 00 OF to look at all signals from all counters. We will
use the analysis page of the website to search the data for coincidences at a later time.

From the “Transfer” menu select “Capture Text”

Choose a file name ending with “.txt” and save your file somewhere memorable. Then select
“Start”

Anything which now appears in the Hyperterminal window will also be written to the “.txt”
file. Start by typing the commands V1, V2, DG, TL, ST 2 5. This ensures your data file
contains the necessary information about the detectors.

Type the command CE to enable the counters and start writing data to the “.txt” file. Leave
this running for about 24 hours to collect enough data.Make sure that the computer you are
using is set to never sleep, otherwise you will not continue to collect data.

Once you have collected enough data type the command CD to stop writing out data.

From the “Transfer” menu select “Capture Text” and “Stop”.

Now that you have your data recorded on a file, you can upload it to the e-lab website for analysis.

e Click on the upload tab, and then click on data.

e Now select the file that you recorded the data and on click on “upload”.

Repeat the steps in section 5.3 and use the data you have collected to answer your research question
and write up some conclusions.
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6 Worksheet 7: Making a Poster

The cosmic e-lab website also allows you to create a poster to present your results. This is a
great opportunity for pupils to present their findings from their own research topic to their fellow
classmates. They can create a poster and then present it to the class with a short talk followed by
time for questions. This is a nice way to round of the project and ensures that everybody learns
about each part of the project. After the presentations they can then all take the post-test to see
how much their knowledge has improved by taking the project.

6.1 Introduction

With any experiment, when you have finished analysing your results and have come up with a
conclusion you will want to share your findings with the world. Science does not progress unless
we tell people what we have done and what we found out. There are different ways we can do
this. We can write a paper which is published in a journal. This is usually reserved for significant
results. As well as this, we may also be lucky enough to be asked to give a presentation about our
work at a major conference. This is a great way to tell people about our results as it also gives
them an opportunity to ask us questions about our experiment. A much quicker and easier way
of presenting our results is to make a poster. This very briefly outlines the experiment, and when
small groups come round to look at it, we can discuss with them the procedure and results.You
will now be making a poster to present to your fellow classmates. You should then prepare a 5
minute talk about your poster, explaining the experiment and your results. The will then have
a question and answer session, where your classmates can ask you about the method and discuss
with you your results.

6.2 Making your Poster

Cosmic Ray e-Lab &/ CcRuopt

e —til Upload Data ( [MNPSSEFEMN )Site Map  Assessment
e Eotter | it Postore-] tiew Posteee ] Dei = ——
—

Click on "New Poster" _

« Fillin all the fields including Poster File Name ifitis missing. This s the name nC | je K 0 View 1 are making a new
u have

postr o o uae 8 nama o nava aieady uss o
.+ Coneating ietea of a goed Dmranﬁj":g/‘example poster

I e

e B v v o TEIEIET e A i A €5y 1SS ) S i

upto five figures. You don't have tofill them ailin
« Click Make Poster o save the data for the poster and display your poster. If you have "pop-ups” blocked, you will need to click on Display

Fosereeen Fill in the fields
i S for your poster

Title

Authors.

)
J
)
)

Date.

(
Subtitie: |
[
[08r17/2011

Abstract

@rier overviewor B 7 U |
purpose
procedures, resulls
& conclusions)

SE | %, x| F m

Introduction = . = N
Backgroundand B 7 U |[EEZTE[EE | = 8% x| JFm

researchable
question)

Procedure:
(Research or study

plan)

BIU | x x| e

40



Caption7 [ ]

Captions [ ]

Caption9 [ ]

Figurel0.( sajact graphic for figure | & |
Caption1o | )

Conclusion
(Interpret results
suggest further
study)

B i U|EEEE|EE £ | % ) [ F o

Click on "Make Poster"

B 1 U |=:If it doesn't show up you
probably have pop-ups
blocked so click on
"Display Poster"

Bibliography

| Make Poster | To see poster, don't block popups! Ctherwise click Display Poster below.

Making a poster is easy with the Cosmic e-lab. Log in and click on “New Poster” from the
“Posters” tab. Now simply fill out all the fields, including a file name, the title and the authors
names’. This section will give you advice about exactly what to write in each field. Once you
have written everything you need to and uploaded your figures, click on “Make Poster” at the
bottom of the screen. It will only appear if you do not have pop-ups blocked. If it does not appear
automatically then click on “Display Poster”.

6.2.1 Abstract

In some ways the Abstract is the most important part of the poster. It is the first thing people
read (after the title), and it is what they use to decide whether they are going to read the whole
thing or not. It should not be too long, but should very briefly describe the experiment you carried
out, and what your most important results and conclusions were. It is often useful to write this
after you have written the rest of the poster, so that you can simply summarise the poster in a
couple of lines.

6.2.2 Introduction
In the introduction you should write about the main physics behind the experiment. You should
also discuss what your research question is, and what the ultimate goal of the experiment is.

6.2.3 Procedures

This is where you outline the method you used to carry out your research. It should not be
step-by-step instructions, but should be detailed enough that somebody reading the poster will
be able to understand how you attempted to answer your research question.

6.2.4 Results

This is where you discuss your results. You should state clearly what the data show and how you
have interpreted it. You will also have to upload figures and plots after this section. Make sure
these plots are relavent and that you refer to them in this section. You should explain your graphs
and what the data shows.

6.2.5 Figures

You can include up to 10 figures for your poster, but 1 or 2 should be enough. Make sure your
graphs are clear and are relavent to the poster. Include a caption to explain what the graph shows.
You can inlude any of the graphs which you saved, so select the appropriate graph from the drop
down list.
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Cosmic Ray e-Lab @ F oruom

Home Library Upload Data Posters Site Index  Assessment

New Poster Edit Posters View Delete View Plots Upload
Posters Poster Image

* Click Choose File/Browss to locate the data file on your computer
 Give yourfile a name to save as.

® Click Upload to upload the file, Click "Browse to
find the image file
to upload

Image File:
[“Browse... |

Name to save as: J

Optional comments on image:

Click "Upload"

| Upload |

If you want to include a graph which is not saved in the Cosmic e-lab, for example if you used
MS Excel to create a graph, then you will need to upload it before you can include it in a poster.
You can do this by clicking on “Upload” under the “Posters” tab, as shown in the figure above.
Click on “browse” to find the image you want to upload. It has to be saved as an image file, for
example with a filename ending “.png” or “.jpg”. Once you have uploaded it, it will appear in the
drop-down list of figures and you can include it in your poster.

6.2.6 Discussions and Conclusions

This is where you interpret your results and give the answer to your research questions. Ex-
plain how the data presented in the results section supports these conclusions and why you have
interpreted them in that way. What new physics do these conclusions imply? Afterwards you
should suggest improvements to the procedure or extensions to the experiment. What can you
now investigate knowing what you have learnt from this experiment?

6.2.7 Bibliography

Include a list of any books or web pages that you used when researching material for this project.

6.3 Editing your poster

Cosmic Ray e-La

ProjectMap  Library

ham  GER. Al
Search Data

Click on title

to view poster
See comments

o [state o vear o \

View orAda Comments
‘Cakulaing e e ofthe e August 18,2011 ot wmwisn | unvaemnn See the poster as text —- viwsspaer
Aeutietadata
View poster data

Once you have made you poster, you can view it by clicking on “View Posters” in the “Posters”
tab. By searching for a school you can also view any other poster uploaded to the website. Just
click on the title to view the poster. You can add comments to it by clicking on “View or add
comments”. If you want to view the poster as a paper, so as plain text and figures, click on “View
as paper”. If you want to view the data for the poster click on “View as Metadata”.
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Cosmic Ray e-Lab @ cruen

Project Map Librasy Upload Data Posters Site Map Assessment
| _New Poster/ | Fdit Posters | )iew Posters | Del Vi |__Upload |
S

Poster Title to Edit Poster File Name
aiciifatin g the Lifstme of the ; ._poster

Click on title to see and
edit poster

If you want to edit your poster, select “Edit Posters” from the “Posters” tab. Click on the title
of the poster you wish to edit and it will bring up the fields for the poster, which you can edit.
When you are done click on “Save Changes”.

6.4 Presenting your poster

When your poster is finished you can present it to the class. Prepare a 5 minute talk about your
poster. Summarise each section but don’t just read the poster, try and explain it more clearly.
When you are finished invite your classmates to ask you questions about the poster, either about
the physics behind it, the procedure or the conclusions. They may have some insight which leads
you to interpret the results slightly differently. You can then edit your poster based on their
feedback.

6.5 Post-test

Cosmic Ray e-Lab 4 v
—

[ Text Version | Cool Science |

News Alert

All Cosmic Ray Muon Detector owners
Reminder -- include these commands with all data-taking
sT25

TL

1
This will embed status lines in the raw data needed to "bless” your data.
Send concems to; HELPDESK

Use this Cosmic Ray e-Lab URL: www.i2u2 org/elabicosmic

Published Mon Aug 01 1300:00 GDT 2011

Click on post-test

Prajsct Map: To navigate the Gosmic Ray e-Lab, follow the path; complets the miestones, Hovar oder each hot
spot to preview; click to open. Along the main line are milestons seminars, opportunities to check hdw you
work is going. Project milestones are on the four branch lines.

T -
Pretest  CoolScience e YT Get Started Figure it Out
The Basics (Optional)

Legend

Cortect

Publn Sesults

aH\Q OY

PlotyGraphs

Collcy Anslyas Dats
Upload Data

Cosmic Ray e-Lab £ i

Students in research group Y1Lab who need to take the posttest.

Student Click the link next
mecarTake posed ) to your name to take
the post-test

Finally, to round off the project, you will need to take to post-test. This is designed to test how
much your knowledge has imporoved through the project, compared with the pre-test which you
took. From the Project Map page, click on the post-test icon at the end. Then click the link next
to your name to start the post-test.
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A Connecting the Muon Detector

Counters in stacked configuration

voltage using the
white plugs

(R )

Figure 1: The setup for the muon detector.

A.1 Downloading Drivers

The first thing you need to do is to download the drivers for the Data Aquisition Board (DAQ).
The driver can easily be dowloaded from
https://www.silabs.com/products/mcu/Pages/USBtoUARTBridgeVCPDrivers.aspx
Select the driver for the operating you are using and click the relevant link. The DAQ can now
be used with the Hyperterm program, described in the next Appendix.

A.2 Positioning the Counters

Counters in stacked configuration

The counters should first be positioned one on top of the other. This can be done using retort
stands. Support the clear tubes at either end, with the scintillators flat and at 90° to the retort
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stand. The counters should be around 30cm apart.

A.3 The Power Distribution Unit (PDU)

PDU plugged into
power supply.
Monitor the control
voltage using the

Connect the PDU to a power supply, as shown in the figure, and supply it with 5V. Note that
supplying more than 5V can damage the PMTs. Connect the PMTs to the PDU via the 9 pin
d-type connector. You can change the control voltage across the PMT by changing the variable
resistor in the PDU. Use a digital voltmeter in the monitor points to test the control voltage on
each counter. This should not go above 1.9V as it may damage the PMT.

A.4 The DAQ board

The figure above shows the function of each part of the DAQ board. The numbers correspond to
the following;:

1. GPS Input.
2. Board reset button.

3. Coincidence counter display.
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=~

. Inputs for 4 counters (channels 0-3).

(V21

. CPLD (programmable fast logic).
6. Time-to-digital converter (TMC).
7. USB port (output to PC).
8

. 5V Supply Input

e Plug the 5V supply available for the DAQ board into point 8.

e Connect the ethernet cable from the GPS module to point 1, which is the ethernet slot next
to the PMT inputs. Place the GPS antenna at a window with a good view of the sky. When
the GPS module flashes green with no red night, then it has fixed onto a satellite. This
could take up to an hour. While the GPS has not fixed a position, the red LED on the GPS
module will flash. Once a position has been fixed, the green LED on the GPS module will
flash. In both cases the number of flashes corresponds to the number of sattelites currently
being used. You can also check the GPS status with the DG command through Hyperterm
(see the worksheet ‘Using Hyperterm’).

e Plug the signal wires from the counters into inputs at 4.

e Plug the board into a USB port on the computer from point 7.

Make sure everything is plugged in and you are ready to detect cosmic rays!
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B Using Hyperterminal

B.1 Introduction

Hyperterminal is a terminal emulator program which we can use to send commands to the DAQ
board. This is our way of interacting with the counters, and allows us to manipulate settings and

to record the events we are detecting.

B.2 Installing Hyperterm

Hyperterm is sometimes installed as standard on windows PCs.

If it is then it can be found

under “Accessories”, “Communications”. If it is not already installed, then we have a copy at the
University of Birmingham which we can install for you. There may be a shortcut on your desktop
for it.

B.3 Opening Hyperterminal

Connect using the

usually COM10

Connect To ? [ |
anet
Enter details for the phone number that you want to dial:
Country/region: | Linited Kingdom (44
Area code: 0121
Phone number:
nnect using: (COM1D -]
highest available port,
a comio Properties @Iél
e Port Settings
Bits per second: | 115200 -
party
Restore Defautis
o) (s ) o)

Open hyperterminal and type a name for the connection (for example ‘gnet’). When asked to
enter a phone number, change “Connect using” to the highest available port (usually COM10),
and use the following settings:

Bits per second: 115200
Data bits: 8

Parity: None

Stop bits: 1

Flow control: Xon/ Xoff



You can now send commands to the DAQ board to view and manipulate the settings of the
counters.

B.4 Hyperterminal Commands

—
' gnet - HyperTerminal = | B |

File Edit View Call Transfer Help

oz =3 on

I'
Véun Mode . hannels which are enabled ;.

Ch(s) Enabled : @ Cmd OC "Reg (@ using {bits 3-6]

Yeto Enable . Off VE 8_(0ff), VE 1 (On)

Veto Select {(bits 7,6)
Colncldence 1-4 COIHCId,ence Level (bits 5,4)

Pip a Dolay: Al nS Cmd DT Reg T1= }Delay Reg T2=
J ate Hldth 160 n§ > Cmd DC Reg C2=LowByte Reg C3=HighByte 10nS/cnt
Chd Threshold : 0.308 vlts ™~ Largest time between
Chl Threshold : 08.380 vlts signals for a coincidence
Ch2 Threshold : 0.300 vlts
Ch3 Threshold : 0.300 vlts

Test Pulser V1t: 3.000 vlts
Test Pulse Ena : Off

-~

Example line for 1 of 4 channels. (Line Drawing, Not to Scale)
Input Pulse edges (begin/end) set rlslng/falllng tags bits.

”””””” Input Pulse, Gate cycle begins
Delayed Rise Edge 'RE’ Tag Bit
Delayed Fall Edge °FE’ Tag Bit
Tag Bits delayed by PipelnDly
1 | PipeLineDelay : 4BnS

| |___ Capture Hindow: 60nS
1 |__ Gate Width :100nS

i

If 'RE','FE’ are outside Capture Window, data tag bit(s) will be missing.
Capturellindow = GateMidth - PipelineDelay

The default Pipe Line Delay is &40nS, default Gate Wldth is 100nS.

Setup CMD sequence for Pipeline Delay. CD, . WT 2 nn (18nS/cnt)

Setup CHD sequence for Gate Width. CD, HC 2 nn(1@n3/cnt) WC 3 nn (2 S6uS/cnt)

Connected 00:01:15 Auto detect 115200 8-N-1

You can use the commands V1 and V2 to view the current settings of the detector. This is useful
to check whether the commands you used to change settings have had the desired efect.

# gnet - HyperTerminal = | B |
File Edit View Call Transfer Help
[nl—2 B 0B &

Tag Bits delayed by PipelnDly
40n$

1 | PipelLineDelay :
| |__ Capture Yindow:  60n$
1 |__ Gate Width :100nS

If 'RE’,’FE' are outside Capture Window, data tag bit{s) will be missing.
Capturetlindow = GateWidth - PipelineDelay
The default Pipe Line Delay is 40nS, default Gate Hldlh is 100nS.

Setup CMD sequence for Pipeline Delay. CD, T 2 nn {18nS/cnt)

Setup CMD sequence for Gate Width. CD, HC 2 nn(llnS/cnt) WC 3 nn (2 S56uS/cnt)

DG

DG

Date+Time:  Status: ¥ (invalid)

PosFix#:

Latitude: Longitude: Altitude: m

Sats used:

PPS delay: +0000 msec (CE=1 updates PPS.FPGA data) L
FPGA time: 442CFIDO 3
FPGA freq: 2 Hz {(Cmd ¥3, freq history)

ChkSumErr: 0

Connected 00:02:59 Auto detect 115200 8-N-1

Using the DG command will display the settings of the GPS unit. You shouldn’t start taking data
until PosFix# = 1. This means that the GPS module has managed to fix on to a satellite, and
this is important to make sure that the data we are recording is valid.

Some useful commands are listed at the end of the sheet, and are also available by using the H1
and H2 commands.
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B.5 Setting up the detector

The detector can be set up differently depending on the number of counters you are using, and
the type of experiment you are doing.You can use Hyperterm to change the settings of the DAQ
board to suit your experiment.

B.5.1 Channels and Coincidences

For example, if you are using only two counters, you can set up the board to only use the required
channels. In order to detect muons, we want to look for a coincidence between the signals from
the two counters, indicating that a particle travelled through them at almost the same time. So
for this setup, we say you need a two-fold coincidence between channels 0 and 1. To do this you
use the command WC 00 nm. ‘n’ sets up an n+1-fold coincidence, so for a two-fold coincidence
we use n=1.

m is a hexadecimal number representing the channels which are enabled and disabled. The pattern
of enabled channels form a 4-bit binary number, with a 1 representing an enabled channel and 0
a disabled channel. So to enable all 4 channels the binary number is 1111, which is 15 in decimal,
or F in hexadecimal. To enable channels 0 and 1, the binary number is 0011, which is 3 in
hexadecimal. So to set up a two-fold coincidence between channels 0 and 1, we use the command
WC 00 13. You can check this has worked with the V1 command.

B.5.2 Threshold

You can also change the level of the threshold of the DAQ board. The DAQ board will only
register signals with a voltage above a certain level, known as the threshold. By default this is
set to 300mV, but it can be changed using the TL command. You can also change each channel
individually. So TL n 300 set channel n to have a threshold of 300mV. Remember that the channels
are labelled 0,1,2,3. Typing TL 4 300 will set the threshold of all 4 counters at once. Just typing
TL will display the value of the threshold for each channel.

B.5.3 Gate Width

The gate width is the largest time between signals for it to still be considered a coincidence. By
default, this is set to 100ns. To change it you need two commands WC 02 cd followed by WC 03
ab. The combination abed is the number of clock ticks required for the gate width. 1 clock tick
is 10ns, so that a 100ns gate width requires 10 clock ticks. In hexadecimal, 10 is 000A, so to set
this gate width, you need to type the commands WC 02 00, WC 03 0A.

B.5.4 Save

To save the settings which you are using, typwe the command SA 1.
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B.6 Recording Data

File Edit View Call Help

= B =DE Send File... {

I | Ch2 ThreSho Capture Text...
Ch3 Thres] end Text File..,
Test Pulser
Test Pulse Capture to Printer

Example line for 1 of & channels. (Line Drawing, Not to Scale)
Input Pulse edges (begin/end) set rising/falling tags bits.

""" Input Pulse, Gate cycle begins
Delayed Rise Edge 'RE’ Tag Bit
Delayed Fall Edge ‘FE’ Tag Bit
Tag Bits delayed by PipelLnDly
1 | PipeLineDelay :  40nS

| |___ Capture Window:  60nS
1 |__ Gate Width : 100nS

If 'RE’,'FE' are outside Capture Window, data tag bit(s) will be missing.
Capturellindow = GateWidth - PipelLineDelay

The default Pipe Line Delay is 40n$S, default Gate Width is 100nS.

| | Setup CHD sequence for Pipeline Delay. CD, HT 1 @, WT 2 nn (10nS/cnt)

Setup CMD sequence for Gate Width. CD, HC 2 nn{10nS/cnt), HWC 3 nn (2.56uS/cnt)

Creates a file of all incoming text

it Lo et minal . ==l = ]

File Edit View Call Transfer Help

0= 3 DB F

Test Pulser ¥1t: 3.000 vlts
Test Pulse Ena : Off

Example line for 1 of & channels. (Line Drawing, Not to Scale)
Input Pulse edges (begin/end) set rising/falling tags bits.
"""" Input Pulse, Gate cycle begins
- Delaved Rise Edge 'RE’ Tag Bit
2wl Jge 'FE® Tag Bit
bynPipeLnDIy

Capture Text

| Folder:  C:\Users\sysadrin\Desklop\example TXT

P an—— 3|
T e csemapmncepeame o Camee. J3 0 | Select a file

destination and

— St |y Cancel hame

If 'RE’,’FE’ are outside Capture Window, data tag bit(s) will be missing.
Capturelindow = Gatelidth - PipelineDelay

The default Pipe Line Delay is 4BnS, default Gate Width is 166nS.

Setup CMD sequence for Pipeline Delay. CD, MWT 1 08, WT 2 nn (18nS5/cnt)

Setup CHD sequence for Gate Width. CD, WC 2 nn(18nS/cnt), HC 3 nn (2.56uS/cnt)

ST 1021 +212 +064 3315 102554 250711 V 01 BDASAOOA 112 6441 00292500 0006A7013
DS 00801DC3 0OAA1ADA BO0AN0AE BROCBNAG VBBOEB2C6 L

Connected 00:04:49 Auto detect 115200 8-N-1
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Date+Time: 25/07/11 10:30:20.031
Status: V (invali

PosFix#:

Latitude: 52:27.016426 N
Longitude: 001:55.716881 Y
161.872m

Altitude: b
Sats used: 2 f
PPS delay: +BB6L msec (CE=1 updates PPS,FPGA data)

FPGA time: 49CS56CAB

FPGA frea: 25000000 Hz (Cnd ¥3, freaq history)

ChkSunErr: @
§T 25
gg Enabled, with scalar data.

53FC3162 AC 08 2B 00 00 00 00 00 S2F8049A 103827.007 250711 V 02 0 ~0040 i
03FC3102 00 08 3D 38 00 00 00 00 S2F8049A 103027.007 250711 v 02 O ~0040
93FC3163 00 22 00 21 00 00 00 00 S2F8049A 103027.007 250711 ¥ 02 0 +0040
|| |94332914 BA 00 38 00 00 00 00 00 D2F8O4A9A 103027.007 250711 V 02 0 0040
54332915 00 08 00 24 00 00 00 00 S2F8049A 103827.007 250711 V 02 0 ~0040
54332915 00 2B 00 00 00 00 00 00 S2F8049A 103827.007 250711 V 02 0 ~0040

‘Cunne(ted 00:08:35 Auto detect 115200 8-N-1

1. From the “Transfer” menu select “Capture Text”

2. Choose a file name ending with “.txt” and save your file somewhere memorable. Then select
“Start”
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3. Anything which now appears in the Hyperterminal window will also be written to the “.txt”
file. Start by typing the commands V1, V2, DG, ST 2 5. This ensures your data file contains
the necessary information about the detectors.

4. Type the command CE to enable the counters and start writing data to the “.txt” file. Leave
this running for about 24 hours to collect enough data.Make sure that the computer you are
using is set to never sleep, otherwise you will not continue to collect data.

5. Once you have collected enough data type the command CD to stop writing out data.

6. From the “Transfer” menu select “Capture Text” and “Stop”.

Command Description

H1, H2 Help commands

CD Counters Disabled: Prevent event lines being written in hyperterm

DS Display Scalers: shows the values of the scalers in a hexadecimal format

RB Reset Board: resets the scalers

RE Reset Everything: resets the whole board

TH Shows values of the thermometer on the GPS module

BA Read and adjust the baromoter on the GPS module

DG Displays information about the GPS modue

V1, V2 View the registers

ST 35 Displays the staus line every 5 minutes with counts and resets the counts. Using ST
2 5 doesn’t reset the counters

SA1 Save any changes to the settings.

WT 01 00 Sets the TMC delay, d: nm is the value entered in hexadecimal, and this will set

WT 02 nm the value of d as nm in decimal. (d is actually the difference between register 01 and
02)

WC 00 nm Sets the coincidece level and enables the desired counters: n sets an n+1-
fold coincidence (i.e. an event is recorded if there is a coincidence in signals between
n+1 counters.) m is the hexadecimal number representing the channels on the DAQ
board which are enabled. 1 represents an enabled counter and 0 represents a disabled
counter. So to have all the channels enabled would be 1111, or Fpes

WC 02 cd Sets the value of the gate width, w. abcd represents the number of clock ticks required

WC 03 ab for the gate width (1 clock tick is 10ns). For example, a gate width of 100ns requires
10 clock ticks, which is 000A in hexadecimal, so you would use the command WC 02
00 followed by WC 03 0A.

TL n 300 Sets the threshold of channel n to 300mV. Using n=4 changes the threshold of all 4

channels at once.
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