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altitude activities, due to its hazardous effeatsboth humans and instrumentation. A be
understanding of cosmic radiation, by studying ititensity of radiation at different altitudeg
can help to pave the road to a wide range of agiubics.
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The proposed experiment will measure the intensitgosmic radiation with respect
form of this experiment was previously conducted,L@abor Day 2007, by another team fr
outcome, it was decided to take this experimenth® next level, and modify the design
eliminate the failure elements, one of which caubedlast year's apparatus to stop workin

night. It is important to note that the rate ollas@atrticles is at its minimum during sundowr
very important time frame for studying the radiatmming from outside the solar system.

University Mechanical and Aerospace Department ame student from WVU Physig
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altitude and time, and classify different typegadiation according to their energies. An iniiial
West Virginia University, through the HASP prograni.o achieve a more reliable scientific

changing the instrumentation to obtain a wider eanff measurements. This team will 150
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1 Theory and Background
1.1 Theory

Cosmic rays are high-ionizing, high energy pariqlalso known as HZE particles) that
come from outer space. The composition of cosmais rincludes the nuclei of atoms and
energetic particles such as positrons, high eneftggtrons, neutrinos, and other high energy
particles. Energetic particles from the sun akllbihto the category of cosmic rays. Cosmic
rays are normally measured in units of MeV or Gé&dhe eV is the energy of an electron that is
accelerated through a potential difference of 1.v@alactic cosmic rays have energies between
100 MeV (corresponding to a velocity for protons48f6 of the speed of light, where the speed
of light is 3x1& m/s), and 10 GeV (corresponding to a velocity @626 of the speed of light)
[1]. The source of Galactic cosmic rays is belteve be supernova explosions, which occur
around once every 50 years in the Milky Way Galaxiyhe composition of cosmic rays is
estimated to be about 89% protons (Hydrogen nudédo alpha particles (Helium nuclei), and
1% heavier elements [1]. Cosmic rays are sepamtedwo categories, primary and secondary.
Cosmic rays that reach Earth’s atmosphere are tegnenary cosmic rays. These primary
particles collide with other particles in the uppémosphere, at very high speeds, to produce a
shower of subatomic particles known as secondasynegorays. These secondary cosmic rays
have a much lower energy than the primary radiadioth include pions, muons, neutrinos, and
gamma rays. The number of cosmic rays that rdaeliarth’s surface is related to the energy of
the particle that struck the upper atmosphere. tNMbshe cosmic rays that reach the Earth’s
surface are muons with an intensity of about 1afhtoper mper second [1]. Although this is a
relatively large intensity, the resulting radiati@vels are harmless. However, this intensity
grows with altitude and can be harmful to pilotsl @stronauts. These high energy particles can
also cause damage to electronic devices at highdss and in space. Just as these cosmic rays
are deflected by the magnetic fields in interstedlgace, they are also deflected by the magnetic
field inherent in solar winds. For this reasonrimg periods of high solar activity, galactic
cosmic rays have trouble reaching the inner Sojateen. The sun is also a source of cosmic
rays that varies along its eleven year solar cydter instance, during times of solar flares or
coronal mass ejections the intensity of energeitigles can increase by a factor of 10 16
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[1]. Due to this fact, the team is interestedotiecting data when the sun goes down, in order to

obtain more accurate readings of galactic cosnys.ra

1.2 Background

Cosmic rays were first discovered by Victor HesslBi12, when he noticed that an
electroscope discharged more rapidly as he ascandedalloon [1]. In 1936, he was awarded
the Nobel Prize for his discovery. It was firstliéeed that cosmic rays were part of the
electromagnetic spectrum. It has since been dedtlw they must be electrically charged
because they are affected by magnetic fields. mefoan-made particle accelerators were
developed that could reach the GeV range, cosmgg weere a source for High Energy Physics.
Initially, cosmic ray research led to the discoveifythe positron, among other high energy
particles. Now, current research is focused more¢he astrophysical questions of where they
originate, how they are accelerated to such higbcitees, and what their composition tells
scientists about the galaxy. The best way to nreagese cosmic rays is with detectors on
spacecraft or with high altitude balloons. Westgifiia University’s 2006-2007 HASP project
sought to measure the intensity of cosmic raysugesadtitude and time. The resulting data was
analyzed and efforts were made to relate it toddwecer rate in pilots. This year, the West
Virginia University High Altitude Research Team’ssEant Aerial Cosmic Radiation Acquisition
Package has much more ambitious goals. The te@esho build on the astrophysical research
of others; thus the students will focus their resieand data analysis on the physics of cosmic
rays. More specifically, the researchers will fean classifying the energy and intensity levels

at various altitudes and points in time.

2 Payload

2.1 Experiment Description

The measurement of cosmic radiation remains agrafisant issue, especially in the
High Energy Physics community, yet is seldom ingegéd in real world environments, outside
of particle accelerators. Therefore, the needtcémst-effective experimentation is most abundant
for further, more frequent, investigation of cosmadiation. One such method for cost-effective
experimentation is through Louisiana State UnivgisHigh Altitude Student Platform (HASP).
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LSU’s HASP allows for 8 small payloads and 4 lapggloads to be attached to a central data
acquisition system, all of which is suspended bedorero pressure balloon. The balloon, which
is launched from Columbia Scientific Balloon Fagil(CSBF) through the NASA Balloon
Program Office, allows the payloads to ascend talatude of 36 km (22.4 mi), just below the
Ozone layer in the Stratosphere, for a durationl®fto 20 hours, allowing for thorough
experimentation at altitude. To perform cosmiciaidn testing at this altitude, the Distant
Aerial Cosmic Radiation Acquisition Package hasnbaeveloped.

Firstly, contained within this payload are a paifr szintillation blocks. The solid
scintillation material is a solid rectangular prighcrystalline Nal(TI) structure. As a cosmic
particle passes through the scintillation materidhses energy and ionizes electrons within the
material. As the electrons strive to settle baxlkhieir original states, energy is emitted in the
form of visible light that is dependent upon theu@cteristics of the scintillation material. This
flash of light climaxes to peak intensity withimanosecond (ns), and is emitted over a duration
of between 1 ns to 1 microsecong) [2]. In addition, these scintillation blocksarriented a
distance apart along the gravity gradient, in otlwerds, radially oriented from the Earth’s
surface, for no other reason than to have a cemistientation throughout the duration of the
flight. Hence, when a particle creates a flasHigift in both blocks of scintillation material
within a specified time interval, known here asifmpdence,” it is approximated that a solid
angle represents the local direction of the pascpossible path. Since there are two blocks,
this solid angle represents a certain percentagesphere’s volume. This angle is shaped as a
square pyramid, with the tip chopped off (represgnthe block of scintillation material),
however, the wider base of the pyramid is roundit astersects the edge of the sphere. The
same is true for both blocks of scintillation mé&ikrthereby representing only a certain
percentage of the overall spherical area that issipte for particles to pass through.
Additionally, this solid angle depends upon thetatise between the two scintillation blocks.
The farther apart the blocks, the narrower the gnghd the inverse is true as the scintillation
blocks near one another. Thus, the farther apartbtocks, the more accurate the local path
approximation, however, the number of particle ¢euhat will be encountered will decrease.
Therefore, there is a trade-off between separatistance and the number of particles that are

measured.
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Furthermore, to record the flashes of light, phattiipliers are perpendicularly
connected to the broad surface of the scintillatiwaterial, as the scintillation material is not a
cube, but rather a rectangular prism. As the inognparticle interacts with the scintillation
material and emits luminescence, the light thatdisanearly at the speed of light based on the
scintillation material characteristics, which iethdetected by the photomultipliers. When the
light reaches the photomultiplier, it first hitstphotocathode, the “lens” of the photomultiplier.
The photocathode then turns the visible light emmmparable amount of photoelectrons. These
photoelectrons then continue to hit a series obdgs, each of which multiplies the number of
photoelectrons, creating a chain reaction-like @ffeThe amplified number of electrons finally
reaches the anode of the photomultiplier, wherelactrical signal is produced, in the form of a

voltage pulse. Two diagrams of a photomultiplierynbe observed in Figures 1 and 2. This
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Figure 1: Sequential Schematic of a Generic Phtomultiplier [3]

Figure 2: Amplification Schematic of a Generic Photomultiplier [3]

voltage pulse then passes through the circuitrg tmmparator, which creates a pulse width of
specified amplitude and length. This pulse widtant passes to an electrical “AND” gate. If
both comparators create pulse widths that are gnastérlapping during the specified time

interval, the “AND” gate returns a digital 1, indiing coincidence in both scintillation materials.
If coincidence occurs, the particle is assumedaeehcome from a direction within the altered

square pyramidal volume, described previously adithits of the solid angle.
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2.2 Payload Specifications

This project will be designed to meet all of the $fAsmall payload requirements. The
platform for this year’s project will build upondayear’'s model, making several modifications.
Based on the 2007 model, it is believed that tlogept will weigh approximately 800 g to 1 kg.
However, it is unclear as to whether the maximungitefor the 2008 small payload is 1 kg or 3
kg. Depending on the weight limit, modificationsillwbe discussed in the Section 3
(Justification and Modifications for Reflight). The payload will also meet the maximum
footprint specifications of 15 cm x 15 cm. It mbg necessary as construction begins that the
payload box include an overhang on two sides b&ggnmpproximately 5 cm above the
mounting plate, as allowed in the HASP-Student &aylinterface Manual. The payload will be
designed to be shorter than the 30 cm maximum hdigfitation. Epoxy and bracketing
assembly will be used to attach the project torttmunting plate. The payload will also be
mounted such that it is compressively restrainethéamounting plate. The material used for the
bracketing will most likely be aluminum. The pagtbwill adhere to the allotted 28 V DC limit
and 0.5 A current limitations, supplied from the $A bus, to power the photomultipliers,
onboard electronics, and a thermal managementmsyskach of these subsystems will require
different input voltages. Therefore, the supphedtage will be run through voltage switchers,
which will be integrated in the payload electronstack. One of the main power consumers in
the payload will be the photomultipliers, each dfiehh require a 1000V input. This voltage can
be achieved using a switching power supply. Alllpad operations will be managed by a CPU,
embedded with executable commands. An onboarduRvill be used for tracking. This will
allow for the data recovered from the electricatuit to be associated with the altitude and
position of the coincident strike. The payload|wike the standard DB9 and EDAC 516
connectors to interface with the HASP. Based shyaar’s project, data will be transmitted to
the HASP for downlink every 10 seconds. This willow the team to confirm the proper
operation of the payload throughout the flight. isTlhansmitted data will include a GPS time
stamp, payload temperature, and photomultiplientgwsing a checksum or CRC format and a
package size of 1400 bytes. This allows multigladings to be packed together. The inside
temperature of the payload will be managed by 8&af Minco Thermofoll heaters. These
heaters will be controlled using an onboard routivag¢ will switch them on and off, according to
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the internal temperature measured by a thermistbese heaters will not significantly add to the
payload weight. The payload will also stay under 8.5 Amp current limit. The construction
and preparation of the Distant Aerial Cosmic Radra®cquisition Package will be completed
prior to integration in July 2008. During this #mthe team plans to attach the payload, verify
proper communication and supplied power, and asb the package at low temperature and

pressure in an environmental chamber.

3 Justification and M odifications for Reflight

Even though last year’'s project yielded useful Itesut encountered problems that
caused some apparatus failures, the most impartavitich occurred during flight. No data was
collected after sunset, consequently eliminatirggdhta needed to study cosmic radiation while
the Earth blocked the sun’s rays. This periochefproject was of key importance, because the
amount of solar particles is at its minimum at nigthich allows for the accurate measurement
of radiation that comes from sources other thanstne As of now, there are no definitive
answers as to why this problem happened. It has benjectured that this problem was caused
by a malfunction of the potting associated with gi®tomultipliers. A primary goal of this
year’s team is to find the cause of this failuré &orrect it in preliminary testing. However, to
do so with certainty, the team will need to test #pparatus in a simultaneously-controlled low-
pressure-low-temperature environmental chambeqr ga or during the payload integration
process in Palestine, TX.

Another failure, which occurred prior to flight, wé#hat the apparatus had a high voltage
startup transient, and consequently blew the HASRHup fuse. This problem was fixed prior
to the launch with some last-minute adjustmentsoweéler, to avoid encountering the same
problem this year, the current team will design tireuit to include a Field-Effect Transistor
(FET), which gradually increases the startup vatagd limits the current transient.

There were also some problems with the data admpmisiwhere random bits of
information were generated, which had no physiceaamngs. These random bits were later
believed to possibly be glitches in the softwardjolv are easily modified to account for the
problem. However, it is also possible that themedom bits were caused by Single-Event
Upsets (SEUs). As stated by NASA scientists, S&fldslefined as:
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“... a change of state or transient induced by amgatie particle such as a cosmic ray or

proton in a device. This may occur in digital, laga and optical components or may

have effects in surrounding interface circuitrys(@gset known as Single Event Transients

(SETs)). These are ‘soft’ errors in that a regeteavriting of the device causes normal

device behavior thereafter” [4].
To alleviate this problem, the team plans to shile&circuitry in Polyethylene, a material which
has a dense Hydrogen structure, acting as an esfticdeterrent to cosmic radiation. If not
restricted by the 1 kg weight limit, Lead (Pb) isnsidered as another possible shielding
material. Placing the shielded circuitry near boétom will also block the secondary cosmic
“spray” from particles interacting with the extarmluminum frame. Last year, another problem
arose when there was a miscommunication, whichdetie decision to change the data format
from ASCII to Transistor-Transistor Logic (TTL). ater, however, it was discovered that the
original ASCII format was correct. This year, tinescommunication will be avoided and the
data will be formatted properly. Overall, thesolpems will be fixed by redesigning the
circuitry and using more reliable measurement desvic

In addition to these modifications, the team plémsadd a temperature and pressure
sensor to the package. These two instrumentsaillollv the team to obtain atmospheric data for
that specific date, to more accurately model theoapheric conditions rather than relying on the

standard atmospheric model.

4 Possible Advanced M odifications

Based upon several varying factors, the WVU HARidves that possible advanced
modifications could be designed to study cosmidateeh more in depth. The possibility of
these modifications depends heavily on the accu#cyhe instrumentation available, the
circuitry associated with the instrumentation, #melavailable funding.

Firstly, if the advanced circuitry that is to besgmed, and the weight restrictions permit,
the team is currently working on a new configunatior detecting cosmic particles. This
configuration will allow for the coordinate detemti of incoming cosmic particles, in three-
dimensional space, within the scintillation materidhus, this configuration could lead to the
approximate determination of the cosmic particlesalized, linear path. This updated design

contrasts with current measurement methods, wharttan a pair of scintillation blocks a
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certain distance apart, that can only measure ©@nce and approximate the path based on an
arbitrarily desired solid angle, contained withie taltered square pyramidal volume.

Secondly, it is planned that the reduced datapvitharily focus on the classification of
cosmic particles based on their varying energid¢schivcan then be applied to current research
focused on the interaction between human biology @smic radiation, as well as electrical
circuitry interference. The classification of casnparticles may be performed by simple
measurements based on the electrical output gsltbtomultipliers, in the current configuration.
The electrical voltage reported by the photomukisl is proportional to the time interval over
which the light is emitted within the scintillationaterial. Additionally, the square wave pulse
that is produced by the comparators is of specifiegplitude, as to include the lowest voltage
output by the photomultiplier according to partitdeninescence, yet eliminating electrical noise
output during periods when no particle counts &iadrecorded. Thus, when the voltage output
crosses the comparator square wave pulse, the thatethe photomultiplier output remains
below the square wave amplitude can determineivelatassifications of particles based on the
energy level, which is proportional to the duratiohtime that light is emitted within the
scintillation material. Furthermore, it may be gib%e to determine the speed of incoming
particles. The scintillation blocks are separabgda specified distance. When an incoming
particle’s path is such that it lies within theea#td square pyramidal volume, coincidence is
bound to occur, and thus an output from both phatoptiers will produce two square waves,
one from each comparator. However, these two squaves will not perfectly overlap one
another, but be offset by some time interval. Tdfifset time interval represents the delay
between the detection of light within each sciatibn block by its representative
photomultiplier. Thus, the time the particle takedravel between two scintillation blocks, and
the distance between the blocks is known, therdoywiag for the calculation of the speed of
that particle. It is hoped that this data willedst be able to confirm the order of magnitude of
the particle velocity. The accuracy of this caltidn will be limited, however, by the speed at
which the photomultipliers can respond to the féaslof light, and how fast the circuitry can

produce pulses accurately.
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5 Project Management

5.1 Team Structure

The West Virginia University’s High Altitude Resear Team consists of two faculty
members Dr. Mike Palmer and Dr. John Kuhlman, agisads, from the West Virginia
University Mechanical and Aerospace (MAE) Departmémno dual major MAE students, Kyle
Phillips and Mehran Mohebbi, and one Physics styydirstin Ellis. The team leader and point
of contact is Mehran Mohebbi. The tasks are evddiributed between the team members and
the progress is reported to the advisors duringklyemeetings. The project timeline can be
seen in Table 1. All team members and advisorsaitgnd the payload integration at Columbia
Scientific Balloon Facility (CSBF), in June 200&dathe launch from Ft. Sumner, NM in
September.

As of now, team has a verbal commitment from NASAS{VVirginia Space Grant
Consortium (WVSGC) and West Virginia University (&ge of Engineering and Mineral
Resources (WVU CEMR) to fund the anticipated eq@ptand travel expenses.

5.2 Project Timeline

Table 1: One-year Project Timeline

©
o

©
Team's Project Timeline =
]
8

Nov-07
Mar-08
Jun-08
Jul-08
Aug-08
Sep-08
Oct-08
Nov-08
Dec-08

oo}
e
o
0]
w

Dec-0
Apr
May-0

Team Formation

Preliminary Research

Pre-Proposal

Technical Research and Theoretical
Developments

Proposal Submission

Acceptance Notification

Purchasing Equipment

Constructing Apparatus

Testing and Analyzing Data

Final Testing, Construction, and
Modification
Integrating with HASP Platform dt

CSBF

Post-Proposal & Pre-Launch

Preflight Testing and Modificatior

Launch at Ft. Sumner, NM

Data Reduction and Analysis

Post-Launc

Final Report Submission
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Appendix A*

Payload Schematic

! The figures contained within Appendix A are taltemm WVU's previous HASP research team [6], assame
structural drawings are representative of this 'geatvU HART.
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Figure A1: High Altitude Student Platform (HASP) General Configuration [5, 6]

Note: West Virginia University’'s High Altitude Remeh Team’s payload will be
specified as a “small payload,” in accordance WAKSP guidelines. In Figure Al, small
payloads are represented by blue boxes. The atientof WVU HART’s payload must
be oriented such that it lie vertically along theawgty gradient, for the purpose of

maintaining a constant reference frame of knowartaation.
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